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ANTI-COCAINE COMPOSITIONS AND TREATMENT

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. provisional application
no. 60/818,569, filed July 10, 2006, which is hereby mcorporated by reference in
its entirety.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT

(00021 This invention was made in part with U.S. Government support
under NIDA Grant No. DA021416. The U.S. Government has certain rights in the
invention.

INCORPORATION-BY-REFERENCE OF MATERIAL SUBMITTED ON A
COMPACT DISC

{00031 The Sequence Listing, which is a part of the present disclosure,
includes a computer readable form and a written sequence listing comprising
nucleotide and/or amino acid sequences of the present invention. The sequence
listing information recorded in computer readable form is identical to the written
sequence listing. The subject matter of the Sequence Listing is incorporated
herein by reference in its entirety.

FIELD OF THE INVENTION

[0004] The invention disclosed herein generally relates to anti-cocaine
therapeutics.

BACKGROUND

(00051 Abuse of cocaine is an intractable social and medical problem
that is resistant to-remedi_ation through pharmacotherapy. Cocaine acts to block
the reuptake of monoa.mines, dopamine, norepinephrine, and serotin thus

1
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prolonging and magnifying the effects of these neuratransmitters in the central
nervous system (Benowitz NL (1993) Pharmacol Toxicol 72, 3-12). Cocaine

toxicity is marked by both convulsions and cardiac dysfunction (e.g., myocardial

infarction, cardiac arrhythmias, increased blood pressure, stroke, or dissecting
aneurysm, and increased myocardial oxygen demand), due to effects on
neurotransmitter systems and myocardial sodium channel blockade (Bauman JL
and DiDomenico RJ (2002) J Cardiovasc Pharmacol Ther 7, 19'54202; Wilson
LD and Shelat C (2003)J Toxicol Clin Toxicol 41, 777-788; Knuepfer MM
(2003) Pharmaco! Ther 97, 181-222). Because of cocaine's ability to readily
cross the blood brain barrier and its widespread effects on the central and
peripheral nervous systeslns overdose can result in sudden death (see Bauman
JL and DiDomenico RJ (2002) J Cardiovasc Pharmacol Ther 7, 195 202, for
review).

(00061 Although the mechanism of cocaine's action is well understood,
this information has not yet resulted in the development of an effective
antagonist of cocaine that could be used in abuse and overdose situations. The
rapid and pleiotropic effects of cocaine present a complex problem for the
treatment of acute cocaine toxicity (Carroll FI, Howell LL and Kuhar M.J (1999)
J Med Chem 42, 2721-2736). The two types of therapies that are available for
the treatment of opioid abuse, antagonism (e.g., naltrexone) and replacement
(e.g., methadone), do not have paraliels in the case of cocaine, although
attempts at the latter are being considered (e.g., J. Grabowski et al. (2004)
Addictive Behaviors 29, 1439-1464). One approach is to prevent or reduce the
cocaine from reaching sites of action by administering either endogenous
esterases, cocaine specific antibodies, or a catalytic antibody.

(00071 Naturally occurring cocaine is hydrolyzed at the benzoy! ester
by serum butyrylcholinesterase (BChE) to nontoxic ecgonine methyl ester and

benzoic acid. In the liver, carboxylesterase hCE-2 hydrolyzes the methy! ester to

yield benzoylecgonine and methanol (see 6.g., Figure 1). The elimination half-
life of cocaine in the blood ranges from 0.5 to 1.5 hr (T. Inaba (1989)

2
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Canadian Journal of Phy;iology & Pharmacology 67, 1154-1157). There have
been a few attempts to use naturally occurring BChE or genetically engineered
BChE to increase cocaine breakdown (see e.g., Carmona et al. (2000) Drug
Metabolism & Disposition 28, 367-371: Xie et al. (1999) Molecular Pharmacology
55, 83-9‘1; Sun et al. (2002a) Molecular Pharmacology; Sun et al. (2002b)
Pharmacology & Experimental Therapeutics 302, 710-716; Duysen et al. (2002)
Journal of Pharmacology & Experimental Therapeutics 302, 751-758; Gao Y and
Brimijoin S (2004) Journal of Pharmacology & Experimental Therapeutics 310,
1046-1052; Gao et al. (2005) Molecular Pharmacology 67, 204-211). Other
researchers have utilized a monoclonal antibody, Mab 15A10, as a catalytic
antibody to cocaine (see e.g., Landry et al, 1993; Mets et al., 1998; Baird et

“al., 2000; Larsen et al., 2004), while others are exploring the use of cocaine
vaccines (see e.g., Kosten et al. (2002) Vaccine 20, 1 196-1204). |

|

Table 1: Kinetics of several cocaine hydrolyzing enzymes against (-

)} cocaine.
Enzyme Keat (min-1) | Km (uM) | Efficiency (kcat/Km) Reference
BChE 4.1 | 4.5 9.1 x 10° Sun et al., 2002a
Ala328W/Y332A 154 18 , 8.5x10° Sun et al., 2002a
Mab15A10 2.2 220 1x10* Larsen et al., 2004
AME 359 620 20 3.1x107 Gao et al., 2005
CocE 468 0.64 7.2x10° | Tumer et al., 2002

[00081 A bacterium, Rhodococcus sp. MB 1, indigenous to the soil
surrounding the coca plant, has evolved the capacity to utilize cocaine as its sole

~ carbon and nitrogen source. The bacterium expresses a cocaine esterase

(CocE) that acts similarly to BChE to hydrolyze the benzoyi ester of cocaine,
yielding ecgonine methyl ester and benzoic acid (see e.g., Figure 1) (Bresler et
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al. (2000) Appi Environ Microbiol 66, 904-908; Turner et at. (2002)
Biochemistry 41, 12297-12307; Larsen et al. (2002) Nature Struct Biol 9,
17-21). The gene for CocE has been isolated and cloned (Bresler et al. (2000)
Appl Environ Microbiol 66, 904-808), and the crystal structure of CocE has been
determined (Turnef et at. (2002) Biochemistry 41, 12297-12307; Larsen et al.
(2002) Nature Struct Biol 9, 17-21). The structure of CocE (see e.g., Figure 2)
reveals a classic serine esterase fold in addition to two other domains that
combine to form & cocaine binding pocket. Altering any of three amino acids
(Asp, His, or Ser) within the catalytic triad in the active site (for reView. see
Dodson G and Wiodawer A (1998) Trends Biochem Sci 23, 347-352)
inactivates the esterase activity against cocaine. Furthermore, mutation of
residues that make contact with the benzoate moiety of cocaine (e.g'., Tyra4)
also disrupts cocaine hydrolysis, presumably through impairing oxyanion
stabilization in the transition state (Turner et al. (2002) Biochemistry 41, 12297-
12307; Larsen et al. (2002) Nature Structural Biology 9, 17-21). The purified
enzyme (MW ~65kDa) catalyzes cocaine very efficiently with Michaelis-Menten
kinetics kea =7.2 s and Km = 640 nM (Turner et al. (2002) Biochemistry 41,
12297-12307; Larsen et al. (2002) Nature Structural Biology 9, 17-21), nearly
three orders of magnitude greater than endogenous esterases and, most likely,
would act quickly enough to detoxify humans who have overdosed on cocaine
(Lavndry et al. (1993) Science 259, 1899-1901; Mets et al. (1998) National
Academy of Sciences of the United States of America 95, 10176-10181).
Additionally, the esterase also metabolizes cocaethylene, a potent metabolite of
cocaine and alcohol, almost as efficiently as it metabolizes cocaine (Keat = 9.4 57!
and Km = 1600 nM) (Turner et al. (2002) Biochemistry 41, 12297-12307; Larsen
et al. (2002) Nature Structural Biology 9, 17-21).

[0009] Thus, it would be desirable to provide a stable CocE for anti-

cocaine therapeutics.
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SUMMARY OF THE INVENTION

{00101 Accordingly, the present inventors have succeeded in
discovering highly efficient, thermostabie, and long-tasting cocaine esterase
mutants that can protect against the toxic and reinforcing effects of cocaine in
subjects.

£0011] One aspect of the invention provides isolated mutant cocaine
esterase (CocE) polypeptides of the wild-type CocE amino acid sequence (e.g.,
SEQ ID NO: 1) but with at ieast one amino acid residue substituted. The mutant
CocE polypeptides have esterase activity with increased thermostability at 37°C
as compared to wild-type CocE. ‘

[0012] Various‘embodiments include mutant CocE polypeptides with at
least two, three, four, five, or more substitutions of the wild-type CocE amino
acid sequence. Examples of mutant CocE polypeptides within the scope of the
invention include those with an amino acid sequence of SEQ ID NO: 3 (L163V);
SEQID NO: 7 (V22Sl); SEQ ID NO: 8 (1218L); SEQ ID NO: 9 (A310D); SEQ ID
NO: 10 (A149S); SEQ ID NO: 11 (S159A); SEQ ID NO: 12 (S265A); SEQ ID NO:
13 (S56G); SEQ ID NO: 14 (W220A); SEQ ID NO: 16 (S140A); SEQ ID NO: 17
(F189L); SEQ ID NO: 18 (A193D); SEQ ID NO: 19 (T254R); SEQ ID NO: 20
(N42V), SEQ ID NO: 21 (V262L); SEQ ID NO: 22 (L508G); SEQ ID NO: 23
(Y152H); SEQ ID NO: 24 (V160A); SEQ ID NO: 25 (T172R);, SEQ ID NO: 26
(Y532F); SEQ ID NO: 27 (T74S); SEQ ID NO: 28 (W285T); SEQ ID NO: 29
(L146P); SEQ ID NO: 30 (D533S); SEQ ID NO: 31 (A194R); SEQ ID NO: 32
(G173Q); SEQ ID NO: 33 (C477T); SEQ ID NO: 34 (K531A); SEQ ID NO: 35
(R411);, SEQ ID NO: 36 (L119A); SEQ ID NO: 37 (K46A); SEQ ID NO: 38 (F84Y),
» T172R-G173Q (SEQ ID NO: 39 ); L169K (SEQ ID NO: 40); F189A (SEQ ID
NO: 41}, N197K (SEQ'ID_NO: 42), R182K (SEQ ID NO: 43), F189K (SEQ ID
NO: 44), V190K (SEQ ID NO: 45), Q191K (SEQ ID NO: 46), and A194K (SEQ ID
NO: 47), or a functional fragment(s) thereof. Additional exemplary mutant CocE
polypeptides include, F189A/T172R, T1 72R/A1930 T172R/G173Q-1175- G-G-

A186, T172R/G173Q-T176-G-G-D185, and the llke Given the naming
5



WO 2008/008358 v PCT/US2007/015762

conventions and polypeptide sequences disclosed herein, one skilled in the art
could determine the polypeptide sequences for the above-named mutant CocE
polypeptides.

[0013] Another aspect of the invention provides pharmaceutical
compositions that include among their components a mutant CocE polypeptide
within the scope of the invention and a pharmaceutically acceptable carrier or
excipient.

-

[0014]1 Another aspect of the invention provides isolated nucleic acids
encoding the mutant CocE polypeptide described herein. In various
embodiments, the nucleic acids include those with sequences that hybridize to
the nucleic acid encoding wild-type CocE (e.g., SEQ ID NO: 2), or the
complement thereto, under high stringency conditions. Such isolated nucleic acid
encodes a mutant CocE polypeptide having esterase activity with increased
thermostability at 37°C as compared to wild-type CocE. Various embodiments of
the isolated nucleic acid sequence have at least about 85% sequence i'dentity
with the nucleic acid sequence of wild-type CocE (e.g., SEQ ID NO: 2). For
example, the isolated nucleic acid se:quehce has at least about 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, and 99% sequence
identity of wild-type CocE (e.g., SEQ ID NO: 2).

[0015] [n various embodiments, mutant CocE polypeptides (or
polypeptides encoded by nucleic acids within the scope of the invention) have
increased melting tempeératures as compared to wild-type CocE. In various
embodiments, mutant CocE polypeptides (or polypeptides encoded by nucleic
acids within the scope of the invention) increase mutant CocE polypeptide
thermostability over wild-type CocE by at least about 2.0 kcal/mol. For example,
the increased thermostability can be at least about 2.1 kcal/mol, at least about
2.2 kcal/mol, at least about 2.3 kcal/mol, ét least about 2.4 kcal/mol, at least
about 2.5 kcal/mol, at least about 2.6 kcal/mol, at least about 2.7 kcal/mol, at
least about 2.8 kcal/mol, at least about 2.9 kcal/mol, at least about 3.0 kecal/mal,

at least about 3.1 kcal/mol, at least about 3.2 kcal/mol, at least about 3.3
6
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kcal/mol, at least about 3.4 l{cal/mol, at least about 3.5 kcal/mol, at least about
3.6 kcal/mol, at least about 3.7 kcal/mol, at least about 3.8 kcal/mol, at least
about 3.9 kcal/mol, at least about 4.0 kcal/mol, at least about 4.1 kcal/mol, at

least about 4.2 kcal/mol, at least about 4.3 kcal/mol, at least about 4.4 kcal/mo!,
or at least about 4.5 kcal/mol.

[0016] In various embodiments, mutant CocE polypeptidés {or
polypeptides encoded by nucleic acids within the scope of the invention) have
reduced immunogenicity as compared to wild-type CocE.

[0017] In some embodiments, the thermostable mutant CocE
polypeptides have less esterase activity than wild- -type CocE. For example,
thermostable CocE mutants can have about 10%, about 20%, about 30%, about

0% about 50%, about 60%, about 65%, about 70%, about 75%, about 80%,
about 85%, about 90%, about 95%, or about 99% of the esterase activity of wild-
type CocE. In other embodiments, the mutant CocE polypeptides have
approximately the same, or greater, catalytic efficiency of wild-type CocE
polypeptides. For example, thermostable CocE mutants can have about 100%,

about 110%, about 120%, about 130%, about 140%, about 150%, or more of the

esterase activity of wild-typé CocE.

[0018] In various embodiments, the mutant CocE polypeptides are
pegylated. In various embodiments, the m'utant CocE polypeptide is
encapsulated in a red blood cell. For example, a pegylated mutant CocE
polypeptide(s) (or a pharmaceutical composition including a pegylated mutant
CocE polypeptide(s)) can be encapsulated in a RBC.

[0019] In some embodiments, the mutant CocE polypeptides are
stabilized by a substrate, product, and/or inhibitor.

[0020] \ Another aspect of the invention provides for methods of treating
a cocaine-induced condition. In such methods, a therapeutically effective amount
of a mutant CocE polypeptide(s) (or a pharmaceutical composition including a
~mutant CocE polypeptide(s)) within the scope of the invention'is administered to

i 7
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a subject in need thereof. In various embodiments, the cocaine-induced
condition includes cocaine overdose, cocaine toxicity, cocaine addiction, cocaine
dependence, and/or some combination thereof.

[0021] Yet another aspect of the invention provides for a high

throughput screening method for identification of thermostable mutant CocE

polypeptides. In such screening method, a cell is stably transformed with a
nucleic acid encoding a mutant CocE polypeptide candidate. The mutant Cock
polypeptide is expressed in the cell. The expressed mutant CocE polypeptide is
isolated or displayed. The esterase activity of the isolated mutant CocE
polypeptide is measured at one or more temperatures to determine
thermostability of the isolated mutant CocE polypeptides. Such temperature(s)
can be from about 30°C to about 50°C. Mutant CocE polypeptide with esterase
activity at the predetermined temperature(s) are selected.

[0022] In some embodiments of the screening method, measuring
esterase activty of the isolated mutant polypeptides can be accomplished by
contacting the isolated mutant CocE polypeptide with (i) cocaine and a pH
indicator or (ii) a thio-derivative of cocaine and a thiol indicator. Any change in
the pH indicator or the thiol indicator is then detected. Such a change is
correlated with the formation of benzoic acid from the hydrolysis of cocaine or
cocaine derivative by the mutant CocE polypeptide.

[0023) Some émbodiments of the screening method further include
g_onducting several cycles of the screening procedure at increasing temperatures
for measuring esterase activity. For example, the the first cycle can employ a
temperature for measuring esterase activity of about 30°C while a subsequent
cycle can employ a temperature for measuring esterase activity of about 45°C.

[0024] In some embodiments of the screening method, expression of
mutant CocE polypeptide occurs at a temperature at which wild type CocE
substantially retains catalytic activity. In other embodiments of the screening
method, expression of mutant CocE polypeptide occurs at a temperature at

i 8
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which wild-type CocE polypeptide substantially partitions into inclusion bodies.
For example, the expression temperature can be at least about 35°C, at least
about 36°C, at least about 37°C, at least about 38°C, at least about 39°C, or at
least about 40°C.

{00253 Other objects and features will be in part apparent and in part
pointed out hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Those of skill in the art will understand that the drawings,
described below, are for illustrative purposes only. The drawings are not
intended to limit the scope of the present teachings in any way.

[0027] Figure 1is a diagram illustrating the metabolism of cocaine by
various enzymatic reactions.

[0028] . Figure 2 is a ribbon diagram illustrating the CocE structure.
Domain 1 (DOM1), domain 2 (DOM2), and domain 3 (DOM 3) are indicated,
along with the active site located at the intersection of the three domains. A
benzoic acid molecule is shown in the active site.

[0029] Figure 3 is a line plot depicting the elution profile for CocE by
FPLC (Q-Sepharose), where UV absorbance and sodium chloride concentration
is shown over time. For further methodology information, see Example 1.

[0030] Figure 4 is a line and scatter plot showing the in vitro
degradation of cocaine in the presence of CocE in human plasma. For further
methodology information, see Example 2. '

[0031]) Figure 5 is Michaelis-Menten enzyme kinetics plot for wild-type
CocE, the T172R mutant CocE (SEQ ID NO: 26), and the S159A mutant CocE
(SEQ ID NO: 11) for reactions carried out at 30°C and 37°C. For further
methodology information, see Example 4.

[0032] Figure 6 is a set of photographs of the total protein staining

after PAGE separation of wﬂd -type and T172R mutant CocE using denaturlng
9
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(SDS+BMe) or non-denaturing (Native) conditions after incubation at 37C for
various time points. For more information see Example 4.

[0033] Figure 7 is a line plot depicting the circular dichroism
determined melting temperatures of wild-type and T172R CocE. The full
spectrum is shown in A, the near-UV spectrum is shown in B, and the estimated
meiting temperature for each mutant is shown in C. For more information see
Example 4.

[0034] Figure 8 contains (A) a drawing of the hydrolysis of the
benzoylthioester derivative of cocaine (thio-1) and the des—carbométhoxy
cocaine (thio-2) folvlowed by reaction of the released thiols (R-SH) with Eliman’s
reagent; and (B) a line plot showing the colorimetric reaction of control BL21
cells and BL21 cells cOntaining CocE incubated with the benzoyithioester
derivative (thio-1) and Eliman’s reagent. For more information see Example 15.

[0035] Figure 9 is a line and scatter showing the effect of 1.0 mg CocE
(closed circles) or PBS (vehicle, open cirdes) on cocaine-induced lethality when
administered one minute after increasing doses of cocaine (n = 6-7). Data
presented are expressed as percent and its standard error. For further
methodology information, see Example 5.

[00361 Figure 10 is a bar graph showing the effect of increasing doses
of CocE (CE) or human BChE (BChE), or PBS, on cocaine-induced lethality
when administered one minute before 180 mg/kg cocaine (n = 6-7). Data
presented are expressed as percent and its standard error mean. Fbr further
methodology information, see Example 5.

[0037) Figure 11 is a bar graph showing the effect of CocE mutants
S$117A and Y44F, or PMSF treated CocE on cocaine-induced convulsions and
lethality when administered 1 minute before 180 mg/kg cocaine (n = 5-6). For
further methodology information, see Example 5.

£00381 Figure 12is a bar graph showing the effect of 1.0 mg CocE or
PBS administered one minute after the 560 mg/kg WIN-35065-2, the determined
|
10
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LD100 of the compound (n 6-8). For further methodology information, see
Example 5.

{00391 Figure 13 is a line and scatter plot showing time-dépendent
inactivation of CocE (125 ng/mi) in vitro. Exponential decay t1, was calculated
as 13.2. For further methodology information, see Example 6.

[0040] Figure 14 is a bar graph showing time-dependent protective
effects of 1 mg CocE when administered at various times before and after 100
mg/kg cocaine (n = 6-8). For further methodology information, see Example 6.

[0041] Figure 15 is a bar graph showing the cocaine concentrations in
human plasma treated with 0.8 UM cocaine esterase or esterase vehicle at zero
and one minute followmg esterase admmlstratlon For further methodology
m‘ormatlon see Example 6.

[0042] Figure 16 is a series of line and scatter plots showing the effect
of 0.32 mg CocE (closed circles), 0.32 mg of T172R mutant CocE (close
triangles), or PBS (vehicle, ©open circles) on cocaine-induced lethality when
administered one minute after inoreasing doses of cocaine (left panel) and
minutes to death after cocaine administration (right pénel). For further
methodology information, see Example 7.

[0043]1 Figure 17 is a line and scatter plot showing the effect of 0.32
mg/kg of CocE (closed circles) or T172R mutant CocE (closed triangles) on
cocaine-induced lethality when administered at 1, 10, 30, and 60 minutes before
adminstration of 320 mg/kg cocaine (n=6). For further methodology information,
see Example 7.

toou: Figure 18 is a series of line and scatter plots showing the effect
of 1 mg of hBChE (closed triangle), 0.32 mg CocE (closed circle),' or 1 mg of
CocE (closed square) on cocaine-induced lethality. Figure 18A shows lethality as
a function of cocaine concentration. Figure 18B shows minutes unitil death after
cocaine administration as a function of cocalne concentration. For further
methodology information, see Example 8.
. 11
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{0045] Figure 19is a trace of the MALDI-TOF mass spectrum of
pegylated CocE. Mass difference between peaks corresponds to ~5500 Da;
equivalent to the molecular weight of a single PEG chain. For further
methodology information, see Example 11.

[0046]1 Figure 20is an SEM image of gluteraldehyde fixed red blood
cells. Figure 20A is normal RBC without treatment. Figure 20B is osmotic ruptire-
reseal RBC loaded with L-ASNase. Figure 20C is RBC loaded with LMWP-
ASNase. For further methodology information, see Example 12.

{00471 Figure 21 is a scatter plot showing percent Asperaginase
aclivity in blood as a funciton of time (days) for RBC/LLMP-ASNase or RBC
ghost/ASNase. For further methodology information, see Example 12.

[0048] Figure 22 is a line plot showing survival of DBA/2 mice bearing
L5178Y lymphoma cells. Enzyme or saline were given on day 5, at which time
symptoms were present. For further methodology information, see Example 12.

[0048] Figure 23 is a line and scatter plots demonstrating protective
effects of CocE and its mutants against cocaine-induced toxicity. The figure
depicts percentage of mice lethality exhibiting cocaine-induced lethality as a
function of injected cocaine concentration in mice adminstered wild type CocE
(0.3 mg), T172R (0.3 mg), T172R-G173Q (0.3 mg), or L169K (1 mg). CocE or
rr?utants (mg) was administered intravenously 1 minute before cocaine
administration (mg/kg, i.p.). Different symbols represent dose-response curves
of cocaine-induced lethality in the absence or presence of CocE or mutants.
Each data point represents the percentage of mice (n=8 for each dosing
condition) exhibiting cocaine-induced lethality.

(00501 Figure 24 is a series of line and scatter plots demonstrating
time course of protéctive effects of CocE against cocaine toxicity. CocE or
mutaljts (0.1, 0.3, and 1 mg, i.v.) was administered at different time points before
administration of i.p. cocaine 180 mg/kg. Figure 24A depicts percentage of mice
exhibiting cocaine-induced fethality as a function of time of administration of wild

12
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type CocE (0.1 mg), T172R (0.1 mg), L169K (0.1 mg), or T172R-G173Q (0.1
mg) before administration of i.p. cocaine 180 mg/kg. Figure 24B depicts
percentage of mice exhibiting cocaine-induced lethality as a function of time of
administration of wild type CocE (0.3 mg), T172R (0.3 mg), L169K (0.3 mg), or
T172R-G173Q (0.1 mg) before administration of i.p. cocaine 180 mg/kg. Figure
24C depicts percentage of mice exhibiting cocaine-induced lethality as a function
of time of administration of wild type CocE (1 mg), T172R (1 mg), L169K (1 mg),
or T172R-G173Q (1 mg) before administration of i-p. cocaine 180 mg/kg. Each
data point represents the percentage of mice (n=8 for each dosing condition)
exhibiting cocaine-induced lethality.

[0051] Figure 25 is a line and scatter plot demonstrating estimated

duration of protection for 50% lethality: The figure depicts the estimated duration _

(hours) of protection (50% lethality) of CocE mutants in mice as a function of
dosage (mg, i.v.) of T172R-G173Q, L169K T172R,-and wild type CocE. The
time required to reach 50% lethality was determined from Figure 24.

[0052]1 Figure 26 is a series of line and scatter plots demonstrating
protective effects of CocE, T1 72R-G173Q, and their pegylated forms against
cocaine-induced toxicity. Each enzyme (0.3 mg) was administered intravenously
1 min before cocaine administration (mg/kg, i.p.). Different symbols represent
dose-response curves of cocaine-induced lethality in the absence or presence of
the enzyme. Each data pomt represents the percentage of mice (n=8 for each
dosing condition) exhibiting cocaine-induced lethality. Figure 26A depicts the
percentage occurrence of lethality as a function of cocaine dosage (mg/kg, i.p.)
for Vehicle/PBS, CocE wild type (0.3. mg), and PEG-CocE wild type (0.3 mg).
Figure 26B depicts the percentage occurrence of lethality as a function of
cocaine dosage (mg/kg, i.p.) for Vehicle/PBS, T172R-G173Q (0.3. mg), and
PEG-T172R-G173Q (0.3. mg).

(00531 Figure 27 is a series of line and scatter plots showing the
thermal stability of cocaine esterase and mutants: (A) wild-type CocE, (B)

13
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T172R, (C) T272R/G173Q and L169K. For further methodology information, see _
Example 17.

[0054] Figure 28 is a series of chromatograms showing enzymes
preincubated at 37°C for 0 minutes or 60 minutes and resolved by size exclusion
chromatography (A) wild-type CocE, (B) T172R, (C) T172R/G173Q. Molecular
weight standards, BSA (66Kda) and AD (150Kda) are included in A. For further
methodology information, see Example 18.

[0055] Figure 29 is a series of smoothed CD spectra of wild-type CocE
and four mutants shoWing tempature dependent melting observed between 200
and 250nm. For further methodology information, see Example 19.

[00561 Figure 30 is a series of spectra for wild-type CocE and four
mutants deconvoluted to 3 curves via the CCA algorithm suggesting that the
meilting of CocE is at least a two-step process moving from he original curve
(curve 1) to an intermediate unfolding step (curve 2) to a fully denatured protein
(curye 3). For further methodology information, see Example 19.

(00571 Figure 31 is a series of line and scatter piots showing
percentage contribution of each temperature in describing the 3 deconvoluted
CCA curves shown In Figure 30. For further methodology information, see

Example 19.

[0058]1 Figure 32 is a line and scatter plot showing melting and
formation temperatures for (1) the initial spectra melts, (2) the formation and melt
of the intermediate state, and (3) the accumulation of the fully melted protein. For
further methodology information, see Example 19.

)
[0059] Figure 33 is a picture of a gel showing that Cocaine (mM range
prevented 37°C-induced formation of high molecular weight CocE aggregates

(0.1mg/mi enzyme concentrations. For further methodology information, see
Example 20.

14
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[0060] Figure 34is a line and scatter plot showing that Cocaine (uM
quantities) stabilized 37°C-induced activity loss. For further methodology
information, see Example 20.

[0061] Figure 35 is a picture of a gel showing that Benzoic acid (mM
range prevented 37°C-induced formation of high molecular weight CocE
aggregates (0.1mg/ml enzyme concentrations. For further methodology
information, see Example 20.

{00621 Figure 36 is a line and scatter plot showing that Cocaine (uM
quantities) stabilized 37°C-induced activity loss. For further methodology
information, see Example 20.

-DETAILED DESCRIPTION OF THE INVENTION

[0063] Embodiments of the invention disclosed wherein provide
compositions and methods for a catalytic degradation approach to anti-cocaine
therabeutics. The technology described herein is based in part on the discovery
of highly efficient, thermostable, and long-lasting cocaine esterase mutants that
can protect against the toxic and reinforcing effects of cocaine in subjects. Such
mutants provide treatment options for cocaine-induced conditions such as
cocaine overdose and‘ cocaine addiction.

MUTANT COCE POLYPEPTIDES

[0064] Despite the potency of wild-type CocE (see e.g., SEQ ID NO: 1,

Accession No. AF173165) in metabolizing cocaine (see e.g., Example 2;
Example 4; Example 5), application of wild-type CocE as a therapeutic agent in
the treatment of cocaine overdose may be limited because of its low thermai
stability at the physiological temperature (se e.g., Example 4; Example 6).
Thermo-instability contributes to the short plasma half-life of wild-type CocE.
Significant decay (>50%) of CocE activity was observed following incubation of
the enzyme in plasma at 37°C, or after lt‘: mtravenous administration into a

mouse. The t12 of CocE at 37Cis approximately 15 minutes whereas at 4°C the
15

z5



WO 2008/008358 : PCT/US2007/015762

ti2 is greater than 6 monthé. Preliminary studies in rats demonstrated a relatively
short duration of anti-cocaine effect of little more than 30 minutes for CocE.

[0065]1 One aspect of the invention thus provides purified mutant CocE
polypeptides that exhibit increased thermal stability and plasma haif-life as
compared to wild-type CocE. The mutan't CocE polypeptides of the invention
hold significant clinical value because of their capability to efficiently hydrolyze
cocaine, while also exhibiting increased thermostability and/or plasma half-life.

[0066]1 The invention provides mutant CocE polypeptides in which at
least one amino acid residue of the wild-type CocE is substituted, where the
mutant CocE has increased thermostability while retaining relatively high

- catalytic efficiency. In some embodiments, mutant CocE polypeptides
substantially maintain the wild-type CocE polypeptide functional esterase activity
(i.e., hydrolysis of cocaine). Mutant CocE polypeptides have a peptide sequence
that differs from a native CocE polypeptide in one or more amino acids. The
peptide seqﬁence of such mutants can feature a substitution, deletion, or
addition of one or more amino acids of a native CocE polypeptide. Amino acid
insertions are preferably of about 1, 2, 3, and 4 to 5 contiguous amino acids, and
deletions are preferably of about 1, 2, 3, 4,5,6,7,8, and 9 to 10 contiguous
a;nino acids. In various embodiments, the mutant CocE polypeptide can contain
at least one, two, three, four, or more amino acid substitutions, deletions, or
‘additions, where the resulting mutant CocE polypeptide has increased

i

thermostability.

[0067) The term amino acid, as used herein, is intended to include
naturally occurring amino acids as well as non-naturaily occurring amino acids,
including amino acid analogs and derivatives. The latter includes molecules
containing an amino acid rﬁoiety. One skilled in the art will recognize that
reference herein to an amino acid includes, for example, naturally occurring
proteogenic L-amino a'cids" D-amino acids; chemically modified amino acids
such as amino acid analogs and denvatlves naturally occurring non-proteogemc

amino acids, and chemlcally synthesized compounds having propertles known in
16
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- the art to be characteristic of amino acids. For all the amino acid sequences
disclosed herein, it is understood that equivalent nucleotides and amino acids
can be substituted into the sequences without affecting the function of the
sequences. Such substitution is within the ability of a person of ordinary skKill in
the art.

[0068) The invention also provides purified mutant CocE polypeptides
with the following substitutions: L163V (SEQ ID NO: 3); V121D (SEQ ID NO: 4);
S167A (SEQ ID NO: 5); Q123E (SEQ ID NO: 6), V225! (SEQ ID NO: 7); 1218L

(SEQ ID NO: 8); A310D (SEQ ID NO: 9); A149S (SEQ ID NO: 10); S159A (SEQ

ID NO: 11); $265A (SEQ ID NO: 12); S56G (SEQ ID NO: 13); W220A (SEQ ID
NO: 14); T122A (SEQ ID NO: 15); S140A (SEQ ID NO: 16); F189L (SEQ ID NO:
17), A193D (SEQ ID NO: 18); T254R (SEQ ID NO: 19); N42V (SEQ ID NO: 20);
V262L (SEQ ID NO: 21); L508G (SEQ ID NO: 22); Y152H (SEQ ID NO: 23);
V160A (SEQ ID NO: 24); T172R (SEQ ID NO: 25); Y532F (SEQ ID NO: 26);
T74S (SEQ ID NO: 27); W285T(SEQ ID NO: 28); L146P (SEQ ID NO: 29);
DS533S (SEQ ID NO: 30); A194R (SEQ ID NO:; 31); G173Q (SEQ ID NO: 32);
C477T (SEQ ID NO: 33); K531A (SEQ ID NO: 34), R41l (SEQ ID NO: 35);
L119A (SEQ ID NO: 36); K46A (SEQ ID NO: 37), FBAY(SEQ ID NO: 38), T172R-
G173Q (SEQ ID NO: 39 ); L169K (SEQ ID NO: 40); F189A (SEQ ID NO: 41),
N197K (SEQ ID NO: 42), R182K (SEQ ID NO: 43), F189K (SEQ [D NO: 44),
V190K (SEQ ID NO: 45), Q191K (SEQ ID NO: 46), and A194K (SEQ ID NO: 47).
For example, the T172R mutant CocE polypeptide (SEQ ID NO: 25) has
increased thermostability, increased Vmax and Km at 37°C, increased melting
temperature (Tm), increased plasma half-life, greater reductions in lethality due
to cocaine toxiclty, and longer lasting anti-cocaine effects, as compared to wild-
type CocE (see e.g., Example 4, Example 7).

(00691 The resulting increase in thermostability of the mutant CocE
polypeptide is at least about 2 kcal/mol. Thermostability of a given polypeptide
can be assessed by a variety of methods known to the art, including for example
circular dichroism (CD) spectroscopy or differential scanning calorimeter. For
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exampile, the resultiné increase in thermostability can be at least about 2.1, at
least about 2.2, at least about 2.3, at least about 2.4, atleast about 2.5, at least
about 2.6, at least ébout 2.7, at least about 2.8, at least about 2.9, at least about
3.0, at least about 3.1, at least about 3.2, at least about 3.3, at least about 3.4, at
least about 3.5, at least about 3.6, at least about 3.7, at least about 3.8, at least
about 3.9, at least about 4.0, at least about 4.1, at least about 4.2, at least about
4.3, at least about 4.4, or at least about 4.5 kcal/mol. Even greater
thermostability increases are contemplated. it is thought that lowering the energy
by about 2.1 to about 4.5 kcal/mol can extend the half-life time of the protein
about 30 to about 1000 fold longer at room temperature.

. 100701 Generally, the mutant CocE polypeptides have esterase activity
with increased thermostability as compared to wild-type CocE. In some
embodiments, the thermdstable mutant CocE polypeptides can have less
esterase activity than wild-type CocE. For example, thermostable CocE mutants
can have about 10%, about 20%, about 30%, about 40%, about 50%, about
60%, about 65%, about 70%, about 75%, about 80%, about 85%, about 90%,
about 95%, or about 99% of the esterase activity of wild-type CocE. In other
embodiments, the mutant CocE polypeptides have approximately the same, or
greater, catalytic efficiency of wild-type CocE polypeptides. For example,
thermostable CocE mutants can have about 100%, about 110%; about 120%,
about 130%, about 140%, about 150%, or moré of the esterase activity of wild-
type CocE.

{00711 Variants of the mutant CocE polypeptides such as fragments,
analogs, and derivatives are also within the invention. CocE polypeptide
fragments corresponding to one or more particular motifs and/or domains or to
arbitrary sizes, for example, at least 5,6,7,8,9,10, 11, 12, 13, 14; 15, 16, 17,
18, 19, 20, 21, 22, 23.‘24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38,
39, 40, 50, 75, 100, 125, 150, 200, 250, 300, 400, 500, 600, 700, 800, 900,
1000, 1100, 1150 and 1200 amino acids in length are intended to be within the
scope of the invention disclosed herein. Isolated peptidyl portions of CocE
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polypeptides can be obtained by screening peptides recombinantly produced
from the borresponding fragment of the nucleic acid encoding such peptides. In
addition, fragments can be chemically synthesized using techniques known in
the art such as conventional Merrifield solid phase f-Moc or t-Boc chemistry. For
example, a.CocE polypepiide as describéd herein can be arbitrarily divided into
fragments of desired length with no overiap of the fragments, or preferably
divided into overlapping fragments of a desired length.

[0072]) Another éspect of the invention disclosed herein concerns
recombinant forms of the CocE polypeptide. In some embodiments, isolated
nucleic acid molecules of the invention inélude those polynucleotides encoding
the above described CocE polypeptides. In other embodiments, th_e recombinant
polypeptides of the invention disclosed herein are encoded by a nucleic acid that
has at least 85% sequence identity (e.g., 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, and 99%) with the nucleic acid
sequence of SEQ ID NO: 2, where the expressed recombinant CocE polypeptide
retains substantially the same or more catalytic efficiency of wild-type CocE
polypeptide and has increased thermostability as compared to wild-type CocE.

{0073] NUcleic acids that hybridize under stringent conditions to the
nucleic acids of SEQ ID NO: 2 or the complements of SEQ |D NO: 2 can also be
used in the invention. For example, such 'ndcleic acids that hybridize to SEQ ID
NQO: 2 or the'complement of SEQ ID NO: 2 under low stringency conditions,
moderate stringency conditions, or high stringency conditions and also encode a
mutant CocE polypeptide that has esteraée activity with increased
thermostability as compared to wild-type CocE, are within the invention.
Preferred nucleic acids are those having a nucleotide sequence that is the
complement of all or a portion of SEQ ID NO: 2. Other variants of the native
CocE gene within the invention are polynucleotides that share at least 65% (e.g.,
65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 714%, 75%, 76%, 77%, 78%, ‘
79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, and 89%) sequénce. identity to SEQ ID NO: 2
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or the complement of SEQ ID NO: 2. Nucleic acids that hybridize under stringent
conditions to or share at least 65% sequence identity with SEQ ID NO: 2 or the
complement of SEQ ID NO: 2 can be obtained by techniques known in the art
such as by making mutations in the native CocE gene, or by isolation from an
organism expressing such a nucleic acid (e.g., an allelic variant).

[0074]1 Nucleic acid molecules encoding mutant CocE fusion proteins
are also within the invention. Such nucleic acids can be made by preparing a
construct (e.g., an expression vector) that expresses mutant CocE fusion protein

. when introduced into a suitable host. For example, such a construct can be

made by ligating a first polynucleotide encoding mutant CocE protein fused in
frame with a second polynucleotide encoding another protein such that
expression of the construct in a suitable expression system yields a fusion

protein. ,

f0075] The nucleic acid malecules of the invention can be modified at
a base moiety, sugar moiety, or the phosphate backbone, e.g., to improve
stability of the molecule, hybndlzatlon and the like. Nucleic acid molecules
utilized in embodiments of the invention disclosed herein can be in the form of
RNA or in the form of DNA (e.g., cDNA, genomic DNA, and synthetic DNA). The
DNA can be double-stranded or single-stranded, and if single-stranded can be
the coding (sense) strand or non-coding (anti-sense) strand. The coding
sequence which encodes a mutant CocE polypeptide can be identical to the
claimed nucleotide Sequence. or it can also be a different coding sequence
which, as a result of the rédundancy or degeneracy of the genetic code, encodes
the same polypeptide as the polynucleotides of SEQ ID NOS: 3-37.

|

DEsiGN oF MUTANT CocE

{00761 CocE thermostabilizing mutations can be designed. to either
increase the thermodynamic stability of a polypeptide through lowering ”
AG(unfoIded—»foIded) or decrease rate of unfolding through increasing the
activation free energy of the unfolding process. The AG(unfolded—folded) is the
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free-energy difference between the unfolded and the folded state. For a
thermodynamically stable polypeptide, AG(unfolded—folded) should be a
negative value. Generally, the lower the AG(unfolded—folded) value, the more
stable the folded state, The activation free energy of the unfolding process is the
free energy difference between the folded state and the transition state of
unfolding (Steipe, 1999).

[0077] Mutant CocE polypeptides with increased thermostability can
be designed and generated by a variety of methods known to the art including,
for example, rational design, directed evolution (e.g., random mutagenesis,
mutagenesis of the CocE host organism), or a combination thereof. Directed
evolution can be achieved through mutation and recombination followed by
either screening for the desired trait or by applying a selective pressure to obtain
the trait of interest (see e.g., Lehmann and Wyss, 2001). Mutagenesis can be
performed either on the specific gene of interest or through mutagenesis and
selection of a host organism such that the engineered property is conferred to
the protein of interest. Preferably, the thermostability of CocE mutants are
engineered thrbugh a three-prong approach of (i) rational design through
computation-guided site-directed mutagenesis (see e.g., Example 3: Example 4)
(i) random mutagenesis of the CocE gene and high throughput screening (see
e.g., Example 4; Example 15); and (iii) mutagenesis of the CocE host organism
foliowed by genetic selection (see e.g., Example 14).

[0078] Various rational design concepts are known to those of skill in
the art to accomplish loweéring AG(unfolded—folded) and/or increasing the
activation free energy of the unfolding process (see e.g., Lehmann, 2001). For
example, one can: decrease the entropy of the unfolded state by introducing
additional disulfide bridges or by X—Pro mutations; increase a-helix propensity
by Gly—Ala substitutions or by stabilization of a-helix macrodipoies; improve
electrostatic interactions between charged surface residues by introducing
additional salt bridges or even salt-bridge networks, or by thermostabilizing
mutations based on calculations of electrostatic potentials.
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[0079] Molecular modeling, based on appropriate molecular dynamics
(MD) simulations, can rationally guide site-directed mutagenesis so as to design
mutant CocE polypeptides possessed of increased thermostability. Classical MD
simulation enables the study of time evolution of a large system by taking many
small successive time ste;ﬁs under atomic forces determined by a set of
parameterized interaction functions (force field), including bonded interactions
(bonds, angles, and dihedral angles), non-bonded van der Waals interactions,
and electrostatic interactions based or net atomic charges. Due to the simple
force field form, the MD simulation may be performed for a sufficiently long
simulation time to give meaningful ensemble-averaged properties, even for a
very large system involving over a hundred thousand atoms. So, for CocE and _
each proposed mutant, the MD simulation can lead to a reasonable, dynamically
averaged 3D structure of the simulated polypeptide in water.

[0080] One approach used successfully herein focuses on the rational
design of thermostabilizing mutations that lower the AG(unfolded—folded) value
of the polypeptide (See e.é., Example 3). Such approach requires only the
calculation of AG(unfolded—folded), without performing a more time-consuming
computation on the structure and energetics of the transition state of the
unfolding. Hence, to increése the thermostability of a polypeptide before
pegylation, one can use a method implem‘énted in a rational design program
(e.g., RosettaDesign) that uses an energy function for evaluating the fitness of a
particular sequence for a given fold and a Monte Carlo search aigori.thm for
sampling sequence space. Such approach is known to produce increased
thermostability of other enzymes with no reduction in catalytic efficiency (see
e.g., Korkegian, 2005). Fbr example, the fold used in the computation can
correspond to that of the available CocE X-ray crystal structure. '

[0081] The ratioﬁal design program allows prediction of a set of
modified amino acid sequences that potentially have lower energies (e.g., the
AG(unfolded—folded) values) and, therefore, higher thermostability. Thus, one
.can use the computational design described herein to predict mutations in the
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CocE polypeptide core that can lead to thermostabilization of the polypeptide
without loss of catalytic efficiency. This approach minimizes experimental test
time and greatly inéreases the success of experimental outcomes. The predicted
thermostabilizing mutations can be tested individually by site-directed
mutagenesis and then in combination, in an iterative process (see e.g., Example
15). )

[0082] Directed evolution can also be used to generate thermostabie
CocE mutants. Directed evolution encompasses a series of experimental
techniques that produce accelerated diversity and adaptation through mutation
and recombination followed by either screening for the desired trait or by
applying a selective pressure to obtain the trait of interest (Lehmann & Wyss
(2001) Current Opinion in Biotechnology 12, 371 -375). Thus directed evolution
involves both a proceSs to generate diversity and an efficient screening or
selection method for the detection or enrichment of the desired trait. Directed
evolution has previously been successfully applied to the production of
thermostable' proteins, and the generation of diversity has been achieved
through, for example, error prone PCR, saturation mutagenesis, DNA shuffling,
chemical mutagenesis, and combinations thereof. Error prone PCR amplifies the
gene of interest with non-proofreading polymerases and stressful conditions
designed to randomly generate single base pair mutations. After each round the
best mutants are selected'and are used as parent sequences in the next round
of mutagenesis. This technique has been.used to generate a number of
thermostable protein variants, including propyl endopeptidase (Uchiyama ma., et
al. 2000), betaglucuronidase (Flores, H. and A. D. Ellington (2002) Journal of
Molecular Biology 315, 325-337) and family 10 xylanases (Andrews et al. (2004)
J Biol Chem 279, 54369-79). Saturation mutagenesis also amplifies the gene of
interest but incorporates universal bases during amplification to generate a much
higher number of mutations. This technique has been used to generate
thermostability in a psychrbph’ilic enzyme (Miyazaki et al. (2000) Journal of
Molecular Biclogy 297, 1015-1026). DNA shuffling involves one or more cycles
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of recombination betweenta set of homologous sequences to obtain improved
variants of a given enzyme. This technique can also be used in tandem with
error-prone PCR, where the best mutants obtained by error-prone PCR are
combined by DNA shuffling to generate a new subset of mutants.‘DNA shuffling
has been implemented to generate thermostable variants of beta-glucuronidase
(Flores, H. and A.D. Elllington (2002) Journal of Molecular Biology 315, 325-
337). Chemical mutagenesis involves treating plasmid DNA with chemicals that
introduce point mutations into the sequence such as hydroxylamine,
nitrosamines or dimethyl sulfate. Plasmid treatment with hydroxylamine has
been used to generate thermostable mutants of Bacillus polymyxa beta-
glucosidase A (Lopez-Camacho et al. (1996) Biochemistry Journal 314, 833-
838)-and firefly luciferase (White et al. (1996) Biochemistry Journai 319 (Pt 2),
343-350).

(00831 Mutagenesis of the CocE host organism can also be used to
generate thermostable CocE mutants. A simple and fast method for the
p}oduction of thermostable CocE variants can be achieved by utilizing the
enzyme's ability to confer metabolism of cocaine as a sole carbon source on its
host organism. The CocE gene was originally sequenced from Rhodococcus
MB1 by subcloning gene fragments into Rhodococcus erythropolis CW25 a
bacterlum unable to metabolize cocaine but able to grow on the cocaine
esterase byproducts ecgonine methyl ester and benzoate (Bresier et al. (2000)
Applied & Environmen_tal Microbiology 66, 904-908). Another organism
previously shown to metabolize cocaine byproducts is Pseudomonas
fluorescens (MBER), which was able to grow in a symbiotic relationship with
another bacterium able to metabolize cocaine via the esterase Comamonas
acidovorans (MBLF). |

[oo843 While difficult to transform with plasmids at high efficiencies,
these bacterial strains can be relatively easily transformed with the native CocE
gene cloned into appropriate shuttle vectors and then traditional bacterial
mutagenesis can be performed (see e.g., Example 14). Because these bacteria
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would normally only grow at 25-30°C on cocaine hydrolysis products, selection
for mutants able to metabolize cocaine efficiently at 37°C would be expected to
select for highly active and CocE mutants that are stable at 37°C.

(00851 The exposure of bacteria to radiation or chemical agents for the
production of mutants carrying new phenotypes is well known in the art (see e.g.,
Maron, D.M. and Ames, BN (1983) Mutation Research 113, 173-215).
Mutagenesis by irradiation can involve both ionizing and non-ionizing radiation;
however, non-ionization radiation is the widely used, and UV radiation at 260nm
is most effective as a lethal agent. Mutagenesis is caused by the induction of
pyrimidine dimers, increasing the likelihood of incorporating mismatches during
replication. Cells are exposed to UV radiation at a dose predetermined to kill 90-
95% of the cell population, and mutants are then sought among the survivors.
Chemical mutagenesis includes the use of base analogs such as 5-bromouracil
and 2-aminopurine which increase copy error during replication, or the use of
agents that react directly Mth DNA such as hydroxylamine or nitrosoguanidine
which induce mutations at a higher frequency than base analogs.

GENERATING MUTANT COCE POLYPEPTIDES

[0086] Embodiments of thé invention further pertain to methods of
broducing the mutant CocE polypeptides. For example, a hdst cell transfected
with a nucleic acid vector directing expression of a nucleotide sequence
encoding the mutant CocE polypeptides can be cultured under appropriate
conditions to aliow 'expression of the peptide to occur. The cells can be
harvested, lysed, and the protein isolated. A mutant CocE polypeptide can be

. Isolated from host cells using techniques known in the art for purifying proteins
including ion-exchange chromatography, gel filtration chromatography,
ultrafiltration, electrophoresis, and immunoaffinity purification with antibodies
specific for such protein (see e.g., Example 1).

(00873 For example, after a mutént CocE polypeptide has been

expressed in a cell, it can be isolated using any immuno-affinity chromatography.
25
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More specifically, an anti-CocE antibody can be immobilized on a column
chromatography matrix, and the matrix can be used for immuno-affinity
chromatography to purify the mutant CocE polypeptide from cell iysates by

- standard methods (ses, e.g., Sambrook and Russel (2006) Condensed

Protocols from Molecular Cloning: A Laboratory Manual, Cold Spring Harbor

4Laboratory Press, ISBN 0879697717; ). After immuno-affinity chromatography,

the mutant CocE polypeptide can be further purified by other standard
techniques, e.g., high performance liquid chromatography. In another
embodiment, a mutant CocE polypeptide is expressed as a fusion protein
containing an affinity tag (e.g., Hisx6) that facilitates its purification (see e.g.
Example 1). |

PEGYLATION OF MUTANT COCE PoL YPPETIDES

[0088] The mutant CocE can be pegylated so as to increase the
duration of action and heat stability, and decrease immunogenicity. Pegylation
can further enhance the thermostability of the mutant CocE of the invention and
increasing serum half life by decreasing renal clearance, proteolysis,
macrophage uptake, and immunological response.

[0089] Pegylation is the process of attaching repeating units of
ethylene glycol (i.e., polyethylene glycol, or PEG) to a polypeptide to reduce the
polypeptide's immunogenicity and its rate of renal clearance (see generally
(Veronese, FM and Harris, JM (2002b) Advanced Drug Delivery Reviews 54,
457-606, Veronese, FM and Harris, JM (2002¢) Advanced Drug Delivery
Reviews 55, 1259-1348, reviewing PEGyl_ation technology). Each ethylene glycol
unit can bind to two or three water molecules, which effectively increases the
size of the peptide, and can protect the pebtide from immune responses,
enzymatic de'gradation, and/or rapid renal clearance. The polyethylene glycol
can also stabllize against changes in temperature and pH. The net resuit is that

‘the therapeutic polypeptlde can be mamtamed longer in the blood, and induces a

lesser immune response (Harrls JM and Chess RB (2003) Nature Reviews.
‘ 26
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Drug Discovery 2, 214-221"). PEG possesses a unique set of properties,
including absence of toxicity, antigenicity, and immunogenicity, a mass-
dependent diminution of renal clearance, and a high flexibility and solubility in
water. It imparts these characteristics to the proteins to which it is bound
(Veronese, FM and Harris, JM (2002b) Advanced Drug Delivery Reviews 54,
457-606).

[0090] A PEG polymer can first be activated with a functional group
that encourages covalent binding to an amino acid of the protein. The terminal
hydroxyl group of the PEG can be modified by an active carbonate active ester,
aldehyde or tresylate denvatwe The PEG can be attached to lysines or to
mtroduced cysteine re5|dues of the mutant CocE. Repeating units of ethylene
oxide can be constructed i |n many configurations having different lengths with or
without branchlng, and with various molecular weights. Means of incorporation
can include site-directed mutagensis or use of maleimide derivatives of '
transglutaminase, '

{0091] PEG is FDA approved for use as a vehicle or base in
pharmaceuticals, includiné injectable, top‘ical. rectal and nasal formulations
(Harris and Chess, 2003). And PEGylated drugs have been apbroved for clinical
use (see e.g., PEG-interferon alpha-2a (Hamidi, M and Tajerzadeh, H (2003)
Drug Delivery 10, 9-20; PEG-interferon alpha-2b (Reddy et al. (2002) Advanced
Drug Delivery Reviews 54, 571-586).

{00921 Owing to the unparalle! spatial dynamic mobility of PEG,
modification of the surface of a mutant CocE by the PEG polymer can shield the
coated enzyme from actions by the proteolytic enzymes and recognition by the
immune system; thereby reducing the immunogenicity and prolonging the

'circulating half-life of the pegylated mutant CocE. Success of pegylation
strategies include PEG-modified liposomes (i.e., stealth liposomes, so termed
due to their ability in dodging immune detection and renal clearance to yield a
sngmf‘cantly extended c;rculatmg time (Lasic, DD (1997) Journal of Controlled

,Release 48, 203-222), as well as pegylated asparaginase whose in vivo half-life
‘ 27
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has been drastically improved from 26 hours seen for free asparagioase to 15
days (Avramis et al. (2002) Biood 99, 1986-1994). Further, _it is recognized in the
art that pegylation can significantly enhance the thermal stability of an enzyme
(Kazan, D. and Erarslan, A. (1997) Applied Biochemistry & Biotechnology 62,
1-13; Efremova et al. (1998) Biochemistry (Moscow)‘63, 441-447) and reduce
activation of the complem’ent system (Chang et al. (2005) Bioconjugate
Chemistry 16, 147-155). Thus, PEGylation technology is well suited to improve
the pharmacolegical and pharmaceutical effects of the mutant CocE of the
invention (see e.g., Example 11). Pegylation of mutant CocE can also be used in
conjunction with RBC encapsulation.

+

ENCAPSULATING MUTANT CocE 1n RBC

. [0093] The mutiemt CocE can be encapsulated into red blood cells
(RBC) so as to increase the duration of action and heat stability, and decrease
immunogenicity. Cocaine, just as it rapidly crosses the blood-brain barrier, also
rapidly transits the RBC plasma membrane, and this uptake has been
demonstrated in a study of intravenous cocaine administration in man (Javaid et
al. (1978.) Journal of Chromatography 15, 105-113). Furthermore, cocaine
concentrations in RBC exceed the concentrations in plasma (Javaid et al. (1978)
Journal of Chromatography 15, 105-113). As such, RBC encapsulatlon can be
utilized to shield thermostable forms of CocE from clearance.

{00941 Erythrocytes have been exploited extensively for their potential
applications as drug carriers (Wang et al. (2002) Advanced Drug Delivery
Reviews 54, 547-570). Being the most abundant cells of the human body, RBC
offers unmatched advantages to function as a drug carrier. First, erythrocytes
are completely biocompatible and biodegradable, particularly when the
autologous cells are used for drug loading. In addition, the biconcave disk shape
of erythrocytes provides them with the highest surface to volume ratio (1.9x10*
cm/g) (Guyton, AG & Hall, JE (1996) Textbook of Medical Physiology, 425-433)
usable for drug encapsul?tion. Encapsulation in RBC also prevents the loaded
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drug from inactivation by endogenous factors as well as protects the organisms
from toxic effects of the encapsulated drug (Wang et al. (2002) Advanced Drug
Delivery Reviews 54, 547-570). Furthermore, RBC encapsulation enables
avoidance of undesirable immune fesponses (i.e. antigenicity and
immunogenicity) that may be triggered by foreign bodies (Wang et al. (2002)
Advanced Drug Delivery Reviews 54, 547-570). And, erythrocytes possess
longer circulation haif-life in comparison to other synthetic carriers. For example,
the normal life-span of an ‘erythrocyte in systemic circulation is reported to be
about 120 days (Guyton, AG & Hall, JE (1996) Textbook of Medical Physiology,
425-433)..

[0085] Encapsulation of mutant CocE in erythrocytes can be according
to several techniques known in the art, including electroporation, drug (e.g.,
primaquine)-induced endocytosis, and vosmosis (see e.g., Green, R. and Widder,
KJ (1987) Methods In Enzymology, Vol. 149). These methods can include
swelling and disrupting the cell membrane, releasing the interior content
including primarity hemoglobin and also cytoskeleton, entrapping the drug, and
then resealing the membrane to yield the cup-shaped, spherical, pink or white-
colored RBC (generally termed “RBC-Ghost").

[0096] Aiternatively, membranéspenetrating peptides can be employed
to encapsulate mutant CocE in erythrocytes (see e.g., Example 12). Membrane-
penetrating peptides, or protein transduction domain (PTD) peptidés are a family
of small (normally consists of 10-15 amino acid residues) peptides inciuding
TAT, LMWP, and other arginine-rich cationic peptides (see generally, Dietz,
GPH and Bahr, M (2004) Molecular Cell Neurosciences 27,85-131). Itis known
to the art that, by covalently linking PTD to almost any type of molecular species
including proteins (MW>150 kDa; more than 60 different proteins have already
been tested (Dietz, GPH and Bahr, M (2004) Molecular Cell Neurosciences 27,
85-131) and nano-carriers (e.g. liposomeé), PTD can ferry the attached species
across cell membrane of all organ types including the brain (Schwarze et al.
(1999) Science 285, 156§-1572). PTD is neither toxic nor immunogenic
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(Schwarze et al. (1999) Science 285, 1569-1572), and the PTD-mediated cell
internalization does not induce perturbation or alteration of the erythrocytes cell
membrane (Suzuki et al. (2002) Journal of Biological Chemistry 25, 2437-2443).
PTD has been used succéssfully in protein loading RBC, and results in
erythrocytes with unaltered physical and chemical attributes (see e.g., Li et al.
(2003) American Pharmaceutical Review 6, 22-26). Thus, PTD peptide
conjugation to mutant CocE can facilitate RBC encapsulation. RBC
encapsulation can also be carried out by using pegylated mutant CocE.

STABILIZING MUTANT COCE

[0097]1 Another aspect of the invention is directed toward stabilization
of mutant CocE polypeptides using substrates, products, and/or inhibitors of
cocaine. Substrates and products useful In embodiments disclosed herein
include, for example, but ére not limited to, cocaine; cocaine derivatives, such
as, for example, (-)-cocaine, (+)-cocaine, tropococaine, and the like; thio-cocaine
derivatives, such as, for example, Thiol-1, Thiol-2, and the like; amide-cocaine
derivatives; provitamin-cocaine derivatives, such as PABA cocaine, Niacin
cocaine, and the like; ben_zoic acid; 4-nitrophenyl acetate (4NPA); 4-nitrophenol
(4NP), and the like. Exemplary inhibitors include, but are not Iimited.to, substrate
analogues, such as, phospho-fiuorococaine, O-Phospho-cocaine, O-
methylphosphococaine, S-Methylphophococaine, and the like; product
analogues, such as, Ecgohine and Ecgonine derivatives, such as, boronic acid
ecogonine methylester analog; phenylborenic acid; benzoic acid derivatives,
such as, 4-tert-Butyl benzoic acid, 1-Naphthoic acid, 2,3,4—trimethyi-benzoic acid
methyl ester, and the like. Additional chemicals include, for example, but are not
limited to, SDS, glycerol, PEG, and the like. |

[0098] Preferably, the substrates, products, and/or inhibitors stabilize
thermal denaturation of the polypeptides disclosed herein. In some
embodiments, the substrates, products and/or inhibitors also prevent thermaliy-
induced aggregation in gel electrophoresis. Generally, use of a subsirate.
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product, and/or inhibitor results in at least about a 10% increase in stability
and/or inhibition, respectively. For example the increase can be about 15%,
20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
90%, 95%, 100%, 120%, 150%, 200%, 300%, or even 500% or greater. Thus,
substrates, products, and/or inhibitors are well suited to stabilize the mutant
CocE polypeptides disclosed herein (see e.g., Example 20).

{00993 Inone embodiment, small molecules are used to
thermostabilize the mutant CocE polypeptides disclosed herein. In a preferred
embodiment, such molecules do not occupy the active site of the polypeptide.

[0100]1 In some embodiments, the polypeptideé disclosed herein can
be co-infused with a stabilizing molecule. In other embodiments, the stabilizing
molecules can be used to stabilize the polypeptide during manufacturing. In still
other embédiments, the stabilizing molecules can be used to stabilize the mutant
CocE polypeptides until ready for use.

TREATMENT MET! HOPS

[0101] Another aspect of the invention is directed toward catalytic
degradation approach to anti-cocaine therapeutics. Provided are treatments,
bpth prophylactic and therapeutic, of cocaine-induced conditions through the
administration of thermostable, esterase aCtive, mutant CocE polvypeptides to a
subject in need thereof. The cocaine esterase variants of the invention hold
significant clinical value because of their ihcreased thermostability and longer
plasma half-life than known naturally occurring CocE. It is this increase in
thermostability and plasma half-life that enables a much more rapid response to
the Iife-threafening Symptoms of cocaine toxicity that sets the CocE variants of
the invention apart from other treatment options. |

[0102] A determination of the need for treatment will typically be
assessed by a history and physical exam consistent with the cocaine-induced
condition. Cocaine-induced conditions include, but are not limited to, cocaine
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overdose, cocaine toxicity, and cocaine dependence and/or addiction. For

example, the diagnosis of cocaine toxicity can include convulsions, grand-mal

. seizures, cardiac arrest, myocardial infarction, cardiac arrhythmias, increased

blood pressure, stroke, drug-induced psychosis, dissecting aneurysm, and
increased myocardial oxygen demand. As another example, in the case of
cocaine dependence and/or addiction, withdrawal symptoms include subjective
sensations of mild to severe dysphora, depression, anxiety, or irritability.
Subjects with an identified need of therapy include those with a diégnosed
cocaine-induced condition, an indication of a cocaine-induced condition, and
subjects who have been t}eated. are being treated, or will be treated for a
cocaine-induced condition. The subject is preferably an animal, including, but not
limited to, mammals, reptiles, and avians, more preferably harses, cows, dogs,
cats, sheep, pigs, and chickens, and most preferably human.

[0103] An effective amount of the mutant CocE polypeptides described

herein is generally that which can reduce the cocaine-toxicity or the severity of a
cocaine-induced condition. Reduction in severity includes, for example, an arrest
or a decrease in symptoms, physiological.indicators, biochemical markers, or
‘metabolic indicators. When used in the methods of the invention, a.
therapeutically effective amount of mutant CocE polypeptide described herein
can be employed in pure form or, where such forms exist, in pharmaceutically
aéceptable salt form and with or without a pharmaceutically acceptable excipient.
For example, the mutant CocE polypeptides of the invention can be administered
at a reasonable benefiVrisk ratio applicable to any medical treatment, in an
amount sufficient to su}bstantially reduce the cocaine concentration in the blood
and/or tissues of the subjcject.

[0104]1 Toxicity and therapeutic efficacy of mutant CocE polypeptides
can be determined by standard pharmaceutical procedures in cell cultures
and/or experimental animals for determining the LDsg (the dose lethal to 50% of
the population) and the EDso, (the dose therapeutically effective in 50% of the
population). The dose ratio between toxic and therapeutic effects is the
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therapeutic index that can be expressed as the ratio LDso/EDso, where large
therapeutic indices are preferred.

- [0105] The amount of mutated CocE polypeptide that can be combined
with a pharmaceutfcally acceptable carrier to produce a single dosage form will
vary depending upon the host treated and the particular mbde of administration.
It will be appreciated by those skilled in the art that the unit content of agent
contained in an individual dose of each dosage form need not in itself constitute
a therapeutically effective amount, as the necessary therapeutically effective
amount could be réached‘ by administration of a number of individual doses.
Agent administration can occur as a single event or over a time course of
treatment. For example, an agent can be administered daily, weekly, bi-weekly,
or monthly. For some conditions, treatment could extend from several weeks to
several months or even a year or more.

[01061 The specific therapeutically effective dose level for any
particular subject will depend upon a variety of factors including the cocaine-
induced condition being treated and the severity of the cocaine-induced
'condition; activity of the mutant CocE polypeptide employed: the specific
composition employed; the age, body weight, general health, sex and diet of the

“patient; the time of administration; the route of administration; the plasma half-life
of the mutant CocE polypeptide; the rate of excretion of the mutant CocE
polypeptide employed; the duration of the treatment; drugs used vin combination
or coincidental with the mutant CocE polypeptide employed; and like factors well
known in the medical arts (see e.g., Koda-Kimble et al. (2004) Applied
Therapéutics: The Clinical Use of Drugs, Lippincott Williams & Wilkins, ISBN
0781748453; Winter (2003) Basic Clinical Pharmacokinetics, 4™ ed., Lippincott
Williams & Wilkins, ISBN_O781741475; Sharqel (2004).Applied
Biopharmaceutics & Pharmacokinetics, McGraw-Hill/Appleton & Lange, ISBN
0071375503). It will be understood by a skilled practitioner that the fotal daily
usage of the mutant CocE polypeptide for use in embodiments of the invention

g
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disclosed herein will be decided by the attending physician within the scope of
sound medical judgment.

[01071 Mutant CocE polypeptides described herein can also be used in
combination with other therapeutic modalities. Thus, in addition to the therapies
described herein, one can also provide to the subject other therapies known to

be efficacious for particular cocaine-induced conditions.

[0108] The mutant CocE polypeptides described herein can be
formulated by any conventional manner using one or more pharmaceutically
acceptable carriers and/or excipients (see e.g., Gennaro (2005) Remington the
Science and Practice of Pharmacy 21 ed. Lippincott Williams & Wilkins, ISBN
0781746736). Such formulations will confain a therapeutically effective amount
of the mutant CocE pblypeptide, preferably in purified form, together with a
suitable amount of carrier so as to provide the form for proper administration to
the subject. The formqlation should suit the mode of administration. Mutant CocE
polypetides of use with the current invention can be formulated by known
methods for administration to a subject using several routes which include, but
are not limited to, parenteral, pulmonary, oral, topical, intradermal, intramuscular,
intraperitoneal, intravenous, subcutaneous, intranasal, epidural, ophthalmic,
buccal, and rectal. The mutant CocE polypeptide can also be administered in
combination with one or rhore additional agents disclosed herein and/or together
with other biologically active or biologically inert agents. Such biologically active
or inert agents can be in fluid or mechanical communication with the agent(s) or
attached to the agent(s) by ionic, covalent, Van der Waals, hydrophobic,
hydrophillic or other physical forces.

[0109] Mutant CocE polypeptides described herein can be
administered parenterally, including intravenous, intramuscular, subcutaneous,
and intraperitoneal injections. Excipients, "commonly used in the parenteral
delivery of small drug moiecules. including solubility enhancers, osmotic agents,
buffers, and preservative;s-, can also be included @n biomolecule formulatiqns.

Inclusion of antiaggregation and antiadsorption agents, such as surfactants and
: 34
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albumin, when formulating and delivering biomolecules can add increased
stability and decrease the risk of the active biomolecule interacting with an
interface, which can lead to unfoiding, aggregation, and/or precipitation. The
mutant CocE polypeptide can be lyophilized for added stability durmg storage,
and re-processed before parenteral administration.

[0110] Preferably. the mutant CocE polypeptide is pegylated, thus
providing increased stability and lessened immunogenicity (see above).

[0111] Pulmonary delivery of macromolecules, such as' mutant CocE
polypeptides, provide for relatively easy, non-invasive administration to the
circulatory system for systemic distribution (see e.g., Cryan (2004) AAPS J. 7(1)
article 4, £20-41, providing a review of pulmonary delivery technology). '
Advantages of pulrhonary delivery include noninvasiveness, large surface area
for absorption (~75 m?), thin (~0.1 to 0.5 pm) alveolar epitheliuem permitting
rapid absorption, absence of first pass metabolism, decreased proteolytic
activity, rapid onset of action, and high bioavailability. Various inhalation delivery
devices, such as metered-dose inhalers, hebulizers, and dry-powder inhalers,
that can be used to deliver the biomolecules described herein are known to the
art (e.g., AErx (Aradigm, CA); Respimat (Boehringer, Germany); AeroDose
(Aerogen Inc., CA)). Dry powder inhalation devices are particularly preferred for
pulmonary delivery of protein-based agents (e.g., Spinhaler (Fisons

‘Pharmaceuticals, NY); Rotohaler (GSK, NC); Diskhaler (GSK, NC); Spiros (Dura

Pharmaceuticals, CA); Nektar (Nektar Pharmaceuticals, CA)).

(01121 Controlied-release (or sustained-release) preparations can be
formulated to extend the activity of the mutant CocE polypeptide and reduce
dosage frequency. Contrblled-release preparations can also be used to effect
the time of onset of action or other characteristics, such as blood levels of the
agent, and consequently affect the occurrence of side effects. Controlled-release
preparations can be designed to initially release an amount of mutant CocE
polypeptide that p;oduce§ the desired therapeutic effect, and gradually and

continually release other amounts to maintain the level of therapeutic effect over
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an extended period of time. In order to maintain a near-constant level of mutant
CocE polypeptide in the body, the agent can be released from the dosage form
at a rate that will replace the amount of agent being metabolized and/or excreted
from the body. The controlled-release of an agent can be stimulated by various
inducers, e.g., change in pH, change in temperature, enzymes, water, or other

- physiological conditions or molecules.

[0113) Controlléd-release systems can inélude; for example, an
infusion pump which can be used to administer the agent in a manner similar to
that used for delivering insulin or chemotherapy to specific organs or tumors.
The agents of the invention can be administered by other controlled-release
means or delivery devices that are well known to those of ordinary skill in the art,
including, for example, hydropropylmethyl cellulose, other polymer matrices,

, gels, permeable membranes, osmotic systems, depots, muitilayer coatings,

microparticles, liposomes, microspheres, or the like, or a combination of any of
the above to provide the desired release profile in varying proportions. Other
methods of controlled-release delivery of agents will be known to the skilled
artisan and are within the! scope of the invention.

(01141 Mutant CocE polypeptides can be encapsulated and
administered in a variety of carrier delivery systems. Carrier-based systems for
biomolecular agent delivéry can: provide for intracellular delivery; tailor
biomolecule/agent release rates; increase the proportion of biomolecule that
reaches its site of action; improve the transporf of the drug to its site of action:
allow colocalized depositibn with other agents. or excipients; improve the stability
of the agent in vivo; prolong the residence time of the agent at its éite of action
by reducing clearance; decrease the nonspecific delivery of the agent to
nontarget tissues; decrease irritation caused by the agent; decrease toxicity due
to high initial doses of the agent; alter the immunogenicity of the agent; decrease
dosage frequency, improve taste of the product; and/or improve shelf life of the
product. : I ’
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[0115) Examplés of carrier delivery systems for with mutant CocE
Rolypeptides described herein include microspheres (see e.g., Varde & Pack
(2004) Expert Opin. Biol. 4(1) 35-51), hydrogels (see generally, Sakiyama et al.
(2001) FASEB J. 15, 1300-1302), polymeric implants(see generally, Teng et al
(2002) Proc. Natl. Acad. Sci. U.S.A. 99, 3024-3029), smart ploymeric carriers
(see generally, Stayton et al. (2005) Orthod Craniofacial Res 8, 219-225; Wu et
al. (2005) Nature Biotech (2005) 23(9), 1137-1 146), and liposomes (see o.g.,
Galovic et al. (2002) Eur. J. Pharm. Sci. 15, 441-448; Wagner et al. (2002) J.
Liposome Res. 12, 259-270). Preferably, the mutant CocE polypep‘tide is

encapsulated in RBC (see above; Example 12).
L ,

SCREENING METHODS

(01161 Another aspect of the invention is directed toward screening
methods for the generation, identification, and purification of thermostable
mutant CocE polypeptides. Generally, mutant CocE polypeptides can be initially
designed according to the approaches described above. Such designed
polypeptides can then be screened for preferred characteristics, such as
retention of hydrolytic efficiency, increased thermostability, increased plasma-
half-life, and/or reduced antigenicity. Also, random mutant CocE polypeptides
can be screened for the desired characteristics.

{0117] Detection methods to screen for thermostable mutants
encompass a wide variety of techniques. The following is an exemplary
summary of a generic brotocol. Nucleic acid encoding the mutant CocE
polypeptides (generated, for example, through rational design, random
mutagenesis, or host mutagensis) is transformed into an appropriate expression
host (for example, E. coli cells such as E. coli BL21 Gold (Stratagene)), and
expression of the mutant polypeptide is induced according to standard protocols
(e.g. by IPTG). Expression is performed at temperatures to produce optimal
protein expression (e.g., 16°C for CocE, see e.g., Example 1) for a pre-
determined period of time (e.g., anywhere from 30 minutes to 24 hours or
37
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longer). Alternatively, expression is performed at an elevated temperature (for
example, the elevated temperature can be at least about 35°C, at least about
36°C, at least about 37°C, at least about 38°C, at least about 39°C, at least

-about 40°C, or even higher). Preferably, the elevated temperature at which
mutated CocE polypeptide is expressed is 37°C. Around this temperature, wild-

type CocE polypeptide partitions almost exclusively into inclusion bodies. Cells
containing the expressed mutant polypeptides are screened for the presence of
thermostable variants of CocE.

[0118] Screening for the presence of thermostable variants of CocE
generally involves either direct measurement on cultured cells, on cell lysates, or
following cellular disruption and isolation of the mutant CocE polypeptide.
Cellular disruption can include osmotic shock, chemical lysis, soniciation, and/or
homogenization, and isolétion of the mutant polypeptide can be obtained through
numerous methods including either direct absorption to a matrix or éffinity
absorption through the use of anti-cocaine antibodies or fusion-protein specific
capture systems. Suitable matrix for absorption includes nitrocellulose paper,
ﬁl;ters, untreated or affinity-treated microtiter plates, agarose or sepharose resins,
and/or affinity-coated tips.

[0119] The esterase activity of the cultured cells or isolated mutant
polypeptide can be'subsequently measured at one or more temperatures to
determine the thermostability of the mutants. The temperature at which the
activity assay is performed determines the d egree of thermostability detection.
Thus, while the final mutants will preferably have a melting temperature of 45°C
or higher (as determined by, for example, circular dichroism), often, the initial
screening at 45 °C will noi find active enzymes. Rather, several cycles of
mutagenesis and screening at subsequently increasing temperatures can be
performed to acheive thermostable mutants. Thus, initial screening can be
performed at 30°C, and after further cycles of mutagenesis, screening can be
performed with increment;ally increasing temperatures (for example, 34 °C, 37°C
40°C, 42.5°C, 45°C, etc.), until a mutant of suitable thermostability is achieved.
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The incremental temperature increases are determined empirically during the
procedure, and are affected by the number of hits at particular temperatures and
the determined Tm of the generated mutants.

[0120] While under no obligation to do so, and while not wishing to be
bound by theory, herein follows what is believed to be a mechanistic explanation
of melting of various embodiments of mutant CocE polypeptides described
herein. CD spectra data illustrate that the CD melting of cocaine esterase and
mutants is ireversible, as cooling to 0 degrees does not reform the original
spectra (see, e.g., Example 19). While thermodynamic parameters cannot be
ascertained, CD spectra 6an be used to comparatively determine whether
mutants are more or less stable, whether they have different secondary
structures or aggregation properties. It is believed that the CocE polypeptides
described herein melt vua an intermediate step that is, the polypeptides undergo
a 2-step melting process.

[0121] Detection of esterase activity can be performed using a variety
of methods, where substrates are coupled to a specific detection system.
Appropriate substrates for use in determining esterase activity can include
cocaine, tritiated (3H) cocaine, cocaine substrate derivatives such as a thio-
cocaine derivative (see e.g., Figure 6), and/or substrates that report general
esterase activity such as 4-nitrophenyl acetate. The detection system can be
directly coupled to the specifics of the substrate, for example: cleavage of
unmodified cocaine can be detected by monitoring changes in cocaine
absorbance at 240nm (see e.g., Example 4), or by monitoring pH'c'hanges that
resuit from the accumulation of the acidic benzoic acid product (see e.g.,
Example 15), or through the use of cocaine aptamers (see e.g., Stojanovic, M.
N., de Prada, P. & Landry, D. W. (2001) J Am Chem Soc 123, 4928-4931;
Stojanovic, M. N. & Landry, D. W. (2002) J Am Chem Soc 124, 9678-9679) by
monitorihg changes in fluorescence upon degradation of cocaine (see example
15); cieavage of tritiated (3H) cocaine can be detected by acidification and
detection of tritiated benzoic acid product' through separation by chromatography
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(see example 1 and 15); éleavage of cocaine derivatives such as thio-cocaine
can be monitored by the detection of reactive sulfthydryl groups, through the
addition of Ellman’s reagent and determination of absorbance changes at412nm
(see e.g., Example 15), or. by the addition and visualization of precipitating
sulfhydryl reacting heavy metals; cleavage of 4-nitrophenyl acetate can be
detected by monitoring changes in absorbance at 420nm (see e.g., Halgasova,

N. et al. (1994) Biochem J 298 Pt 3, 751-755; O'Conner, C.J. & Manuel, R.D.
(1993) J Dairy Sci. 76, 3674-3682).

[0122] Mutant CocE polypeptides identified through the above
procedures, or a similar high throughput assay, can be furfher evaluated using in
vitro procedures describeé herein (e.g., Kcat and Km values, stability at 37°,
meilting temperature (_Tm).‘ endotoxin levels, ability to degrade cocaine in
plasma). Mutant CocE polypeptides with thermostable esterase acﬁvity and/or
reduced immunogenicity, can be further evaluated using in vivo procedures
described herein (e;g., potency, duration of action, effects with repeated dosing,
and/or immunological evaluation). Preferably, mutant CocE polypeptides
magnitudinal decrease of cocaine toxicity is examined first (see e.g., Examples
5, 7, and 8), and those mutants that reduce toxicity by at least about 5-10 fold
can be further evaluated for time course of action (see e.g., Example 6).
Candidate mutant CocE polypeptides can be further stabilized by, for example,
pegylation and/or encapsulation in RBC and re-evaluated in the above described
procedures. |

(01231 Having described the invention in detail, it will be apparent that
modifications, variations, and equivalent embodiments are possible without
departing the scope of the invention defined in the appended claims.
Furthermore, it should be appreciated that all examples in the present disclosure
are provided as non-limiting examples.
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EXAMPLES

[0124] The folldwing non-limiting examples are provided to further
illustrate various embodiments of the invention disclosed herein. It should be
apprecilated by those of skiil in the art that the techniques dlsclosed in the
examples that follow represent approaches the inventors have found function
well in the practice of the invention, and thus can be considered to constitute
examples of modes for its practice. However, those of skill in the art should, in
light of the present disclosﬁre. appreciate that many changes can be made in the
specific embodiments that are disclosed and still obtéin a like or similar resuit
without departing from the spirit and scope of the invention.

EXAMPLE 1 : COCE EXPRESSION

[0125] A method for expression and purification of CocE was
established where CocE is expressed in £. Coli as a fusion protein' with a
carboxyl terminus Hisx6-tag. The cocaine esterase gene was subcloned into the
E. coli expression vector pET- -22b(+) and high levels of cocaine esterase

. énzyme containing a C-terminal histidine tag were induced upon the addition of
IPTG at 23C. The recombinant protein accumulated to approximately 10-15% of
total protein. CocE was enriched on either a cobalt-chelate column (TalonTM
Clontech) or a nickel-chelated agarose column (Pierce) by virtue of the Hisx6
tag. The eluted protein was approximately 95% pure by SDS- PAGE and
Coomassie blue staining, and was subsequentiy resolved by ion-exchange
chromatography FPLC column (Q- -Sepharose) using an NaCl gradient. The
protein eluted as a single peak was approximately 99% pure, as indexed by
SDS-PAGE and Coomassié blue staining (see e.g., Figure 3).

{01261 Enzyme activity was determined through two assays: a radio-
ligand activity assay in which tritated cocaine was hydrolyzed and then after
acidification, the tritiated bénzoic acid product was separated from tritiated
cocaine hydrpchloride by chromatography; and a spectrophotometric asay under

sirpilar conditions as described by Turner et al. (2002) Biochemistry 41, 12297-
41
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12307. The unique absorption spectra of cocaine (extinction coefficient 6.7
L/mmol/cm, at 240 nm) allows for the observation of remaining cocaine following
enzymatic cleavage. The initial linear rates of decay of cocaine, representing
velocity, were determined in a SpectraMax 190 plate reader (Molecular Devices)
using SOFTmax Pro software (v1.13). The reaction was initiated by adding 150
HL of a 2x enzyme solution to the 150 ul of a 2x cocaine solution. Final CocE
concentrations ranged from 100 ng/mL to 20 ng/mL. Final cocaine
concentrations were as follows: 250, 126, 62.5, 31.25, 15.63, 7.81, 3.91, and
1.95 M. ?or the kinetics of all enzymes, the buffer was phosphate buffered
saline, pH 7.4. Initial rates were fitted to the Michaelis-Menten equation, with
kcat and Km as adjustable parameters (GraphPad; PRISM, v4),

[0127] As determined using the cocaine spectrophotometric assay, the
purified wild-type CocE polypeptide hydrolyzes cocaine with a Kcat of abprox.
500 min™ and a Km of approx. 2 uyM, which is consistent with previously reported
values (see e.g., Turner et al. 2000).

[0128] Such expression procedures can be u_tilized for the mutant
CocE polypeptides described herein.

EXAMPLE 2: Ex VIvo COCE PLASMA Acnivity

[0129] Ex vivo determination of cocaine levels following cocaine
esterase was examined in human plasma (University of Michigan Hospital blood
bank). Cocaine was obtained from The National Institute of Drug Abuse
(Bethesda, MD, USA). Cocaine was disolved in sterile water. Aliquots (3 ml) of
human plasma were maintained at 37° C in a water bath for 10 minutes prior to
the start and for the duration of the experiment. After equilibrating plasma in
water bath, cocaine was added to a final concentration of 300 uM and vortexed

- for 30 seconds. Plaéma samples were removed and placed in a microcentrifuge
tube containing the internal standard and a saturated sodium fluoride solution to
prevent further cocaine metabolism. Immediately after taking the first plasma

ample (cocaine alone), 0.05 mg/mi CocE or vehicle CocE was added and
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vortexed. Plasma samples were collected at 1, 2, 4, 6, 8, 10, 15, 30, 45, 60, and
120 minutes after adding CocE. Levels of cocaine were measured usnng high
performance liquid chromatography tandem mass spectrometry.

[0130] Liquid chromotography was performed using a Surveyor HPLC

‘ system (ThermoElectron Corp., Franklin, MA) with a quanternary pump and
autosampler configured with a 10 pl injection loop. Separation was achieved
using a Phenomex C18 3 um 30 x 4.6 mm column with corresponding guard
column (Waters Corp., Milford, MA) at a flow rate of 600 pi/min. Solvent A
consisted of a 0.1% formic acid solution, and solvent B was 0.1% formic acid in
acetonitrile (high purity grade; Burdick and Jackson, Muskegon, Mi). A 3 minute .
ballistic gradient was used with cocaine and the internal standard co-eluting at
2.3 min,

(0131] For detection and quantification by mass spectrometry, a
Finnigan TSQ Quantum Ultra AM triple quadrapole mass spectrometer equipped
with an lonMax electrospray ionization source (ThermoElectron Corp., Franklin,
MA) was used in positive ion, selected reaction monitoring mode. Nitrogen
served as the nebulizing gas and argon as the collision gas. Gas flow rates,

‘ : ,spray voltages, and coliision energies were optimized. Calibration curves were
determined for cocaine with 50 nM deuterated cocaine (cocaine D3) as the
internal standard in untreated plasma samples. Unknown samples were also
spiked with cocaine Dj. All samples were evaluated in triplicate. Standard curves
and unknowns were analyzed by Quan Browser program in Xcalibur version 1.4
(ThermoElectron Corp., Ffanklin, MA) software. Calibration curves were
constructed using linear regression of coéaine peak area /internal standard area
ratio as a function of standard concentration with a weighting factor of 1/x.
Standard curve fit values were accepted at a value is greater than 0.99, and
RSD values for repllcate samples are between 0-10%.

[0132] Results demonstrate that CocE is able to degrade cocaine very
rapldly when the two are mlxed briefly in human pfasma (see e.g., Flgure 4).

The first time point mducates the cocaine concentration prior to the add:tlon of
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cocaine esterase or esterase vehicle. Prior to esterase treatment, cocaine levels
were similar, but within 1 min of cocaine esterase administration, cocaine levels
were decreased at least 100-fold to approximately 2 uM as compared with the
vehicle-treated plasma sample. Cocaine levels continued to decrease in the
esterase-treated plasma samples, falling below 1 microM by the 2-minute
timepoint.

(0133] The therapeutic efficiency of the enzyme was demonstrated by
the increasing dose of cocaine required to produce toxic effects after a single
intravenous injection of CocE. The wild-type enzyme demonstrated rapid kinetics
for cocaine degradation ex vivo in rat and human serum. Two inactive mutants of
Cock failed to protect the rats from the toxic effects of cocaine, confirming the
protective effects are due to hydrolytic activity. Furthermore, CocE did not
change the lethality of WIN-35065-2, a cocaine analog that lacks the benzoyl
ester moiety targeted by CocE. The in vivo and ex vivo characterization of CocE
supports the role of the enzyme as a suitable antidote to toxicity in humans.

- EXAMPLE 3: PREDICTED THERMOSTABLE MuranT CocE

(0134] Rational design of mutant CocE described herein was based
upon molecular dynamics (MD) simulations. A computational model of CocE was
constructed using the published crystal structure of wild-type CocE (see e.g.,
Figure 2). Such models can be used to identify certain amino acid modifications
that increase the theoretic%al meiting temperature of the protein without disrupting
the structure at the active $ite. Classical MD simulation enables the study of time
evolution of a large system by taking many small successive time steps under
atomic forces determined by a set of parameterized interaction functions (force
field), including bonded interactions (bonds, angles, and dihedral angles), non-
bonded van der Waals interactions, and electrostatic interactions based or net
atomic charges. Due to the simple force field form the MD simulation may be
performed for a sufruently long simulation time to give meaningful ensemble-
averaged properlies, even for a very large system involving over a hundred
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thousand atoms. So, for CocE and each proposed mutant, the MD simulation will
lead to a reasonable, dynamically averaged 3D structure of the simulated
polypeptide in water.

[0135] Based on the X-ray crystal structure (PDB code 1JU3) of the
bacterial cocaine esterase (CocE) (Larson et al. (2002) Nature 9, 17), a
complete 3D model of CocE binding with (-)-cocaine suitable for computational
modeling its thermodynamic stability was built. To increase the thermostability of
CocE, a computational method was implemented in RosettaDesign program
(Kuhiman and Baker (2000) PNAS 97, 10383) capable of predicting
thermostabilizing mutations within a given fold while minimizing any shift in the
backbone that might structurally disrupt the active site structure or quench its
fiexibility. The method implemented in the RosettaDesign program uses an
energy function for evaluating the fitness of a particular Sequence for a given fold
and a Monte Carlo search algorithm for sampling sequence space. A similar
method has been successfully used by other researchers to increase
thermostability of an enzyme with no reduction in catalytic efficiency (Korkegian
et al. (2005) Science 308, 857). The partial atomic charges for the non-standard
residue atoms were calculated by using the standard RESP protocol
implemented in the Antechamber module of the Amber7 {or 8) program packagé
(Case, 2002). The computational modeling using the RosettaDesign program
allowed prediction of a set of CocE mutations calculated as having lower energy
and, therefore, increased thermostability (see e.g., Table 2). For this example,
computation considered only possible mutations on the amino acid residues
having a distance of between 6-25 A from the cocaine substrate molecule.

[0136] Identified single mutation CocE polypeptides calculated to
stabilize CocE by about 2.1 to about 4.5 kcal/mol included: L163V (SEQ ID NO:
3); V121D (SEQ ID NO: 4); S167A (SEQ ID NO: 5); Q123E (SEQ ID NO: 6);
V2251 (SEQ ID NO: 7); 1218L (SEQ ID NO: 8); A310D (SEQ ID NO: 9); A149S
(SEQ ID NO: 10); S159A (SEQ ID NO: 11); S265A (SEQ ID NO: 12); S56G
(SEQ ID NO: 13); W220A (SEQ ID NO: 14), T122A (SEQ ID NO: 15); S140A
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(SEQ ID NO: 16); F189L (SEQ ID NO: 17); A193D (SEQ ID NO: 18); T254R
(SEQ ID NO: 19); N42V (SEQ ID NO: 20); V262L (SEQ ID NO: 21); L508G
(SEQ ID NO: 22); Y152H (SEQ ID NO: 23); V160A (SEQ ID NO: 24); T172R
(SEQ ID NO: 25); Y532F (SEQ ID NO: 26); T74S (SEQ ID NO: 27); W285T(SEQ
ID NO: 28); L146P (SEQ ID NO: 29); D533S (SEQ ID NO: 30); A194R (SEQ ID
NO: 31); G173Q (SEQ ID NO: 32); C477T (SEQ ID NO: 33); K531A (SEQ ID
NO: 34); R411 (SEQ ID NO: 35); L119A (SEQ ID NO: 36); K46A (SEQ ID NO:
37); and F84Y(SEQ ID NO: 38)

Table 2: Summary of computational modeling using the
RosettaDesign program with consensus approach

j Consensus Energy

R1 | Rz | R3 { Ra | RS | Re | R | R8 | Ro Rip | Mmutation | o e
(kcal/mol)

163 | 163 | 163 | 163 | 163 | 163 | 163 | 163 163 | 163 L1e3v 4.5
121 1121 { 121 | 121 1:21 121 ) 121 | 121 { 121 | 121 - V121D -3.9
167 | 167 | 167 | 167 | 167 | 167 | 167 167 | 167 | 167 S167A - -3.9
123 1 123 1 123 | 123 | 123 | 123 | 123 123 123 | 123 » Q123E -3.8
2251310 { 310 | 225 | 225 | 225 | 225 | 310 2251 218 - Vazsi -3.6
218 | 225 | 218 | 218 | 218 | 218 | 218 | 225 | 218 | 225 1218L 3.5
310 | 218 | 225 { 310 3‘i0 310 | 310 | 218 | 310 | 152 A310D -3.4
149 '149 j52 148 1“39 149 | 149 | 149 | 149 | 310 A149S -3.3
159 | 159 | 140 | 159 159 158 | 159 { 1 5‘9 169 | 149 S159A -3.3
189 | 265 | 148 | 265 | 265 | 265 ‘265 265 | 189 | 265 S265A -3.3
265 | 140 | 265 | 56 568 56 58 » 220 | 265 | 159 S$56G : -3.2
56 | 220 | 159 | 220 2éo 220 | 220 1é2 56 | 220 ‘W220A -3.2
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220 | 122 { 220 | 122 122 [ 122 | 122 | 140 | 220 | 56 T122A -3.1
122 | 189 | 122 | 140 | 140 | 140 | 140 | 189 | 122 | 122 S140A -3.1
140 | 193 { 189 [ 189 | 189 | 189 | 189 | 193 | 140 | 140 F189L -3.1
254 | 42 | 193 .1 93 1193 {193 | 193 | 42 | 254 | 189 A193D -3.1
262 1262 | 42 | 254 | 254 | 254 | 254 254 42 } 193 T254R -3.1
508 | 6508 | 262 | 42 | 42 | 42 | 42 | 262 ) 262 | 262 N42v -3.0
152 | 152 | 508 | 262 | 262 | 262 | 262 | 508 | 508 | 508 va262L -3.0
160 1.60 198 | 508 | 508 | 508 { 508 | 152 | 152 | 198 L508G 2.9
74 198‘ 160 1 162 | 152 | 152 | 152 | 160 | 160 | 254 Y15éH -2.9

- 172 | 74 74 | 160 | 160 | 160 | 160 | 198 | 198 | 74 V160A -2.8
193 | 172 | 172 | 198 | 198 | 74 [ 198 | 74 | 172 | 160 T172R -2.8
532 | 532 | 532 | 532 74 172 | 74 1;72 74 | 172 Y532F -2.7
146 | 146 | 56 | 74 | 172 | 532 | 172 | 532 | 193 | 532 T74S 2.7
285 | 285|285 (172 | 532 | 146 | 532 | 146 | 532 | 285 w2857 -2.6
533 [ 290 | 146 | 285 | 146 | 285 | 146 285 | 285 | 290 L146P -2.6
173 | 254 | 533 | 146 | 285 | 533 | 285 533 | 146 | 148
194 | 533 [ 173 { 533 | 533 | 173 | 533 | 173 | 533 533' 05633s -2.5
477 | 56 194 [ 173 { 194 [ 194 | 173 | 194 | 173 | 173 A194R -2.4
531 | 173 | 200 1‘94 200 { 260 | 194 | 200 | 194 | 194 G173Q -2.4
42 | 194 | 477 | 200 290 | 477 § 200 | 290 | 200 | 200 C477T -2.4
118 | 200 | 531 | 290 | 477 | 631 | 477 | 477 | 290 477 K531A -2.4
200 | 477 | 305 §77 5§31 { 200 | 531 531 477 | 531
41 1 631 | 41 41 41 41 41 41 | 531 { 42 R411 -2.2
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46 | 41 1119 11191119 [ 119 | 119 | 119 | 41 | 119 L119A 2.2
84 | 119 46 | 46 | 173 | 46 | 46 | 46 | 119 | 41 K46A 2.1
305 | 46 | 84 | 84 | 46 | 84 | 84 | 56 | 46 | 46 F8dy 2.1

-1'a78 | 57 | 158 | 478 | 84 | 478 | 305 84 | 84 | 57
57 | 84 (307 | 57 | 478 | 57 | 478 [ 307 | 478 | 84
B7 | 478 | 478 | 142 57 87 | 57 | 478 | 57 | 158
142 | 87 | 57 | 263 | 87 |142| 87 | 57 | 142 | 478
263 | 142 | 142 | 307 | 142 | 263 | 142 | 142 | 263 | 142
307 | 263 | 263 | 78 2‘63 307 | 263 | 263 | 307 | 263
78 | 3071 78 | 257 307 | 78 {307 | 78 | 78 | 78
257 | 78 [ 257 | 531 | 48 (257 | 78 | 257 | 257 | 257
280 | 257 | 290 | 4g 78 | 49 | 257 | 49 | 49 | 49
291 | 201 | 49 | 201 1;757 305 | 201 | 201 | 201 | 201
49 | 49 [ 201 | 305 | 45 291 [ 290 | 412 | 305 | 307
176 1 281 | 281 412 | 49 | 176 | 291 | 291 | 412 | 291
45 13054121291 | 201 | 45 | 49 | 176 { 291 | 176
54 | 176 | 176 | 176 [ 305 | 54 | 176 | 45 | 45 | 305
406 | 45 | 254 ‘45 201 406 4st 413 [ 176 | 45
50 | 54 | 45 | 413|176 | 50 | 54 | 54 | 413 | 54

406 | 54 | 54 54 406 | 305 | 54 | 406
50 | 413 | 50 | 406 50 | 406 | 406 | 50
406 | 406 | 50 50 | 50
50

48

53



59

WO 2008/008358 PCT/US2007/015762

EXAMPLE 4: KINETIC PARAMETERS OF T172R AND 8159A MuTaNnT COoCcE

[0137]1 Wild-type CocE and the T172R and S159A mutant CocE
polypeptides were tested’[for catalytic efficiency.

(0138] Site directed mutagenesis (QuickChange™, Invitrogen) of
CocE was performed to generate the S159A (SEQ ID NO: 11) mutant CocE
polypeptide. Cloning and expression techniques used to produce the S159A
were the same as in Example 1, except as indicated otherwise. The CocE gene
was ampllf' ed through Polymerase Chain Reaction (PCR) in the presence of
primers that contain the specific mutation required (Integrated DNA
Technoiogies, Inc.). The specific mutation was subcloned back into the
expression plasmid and the nucleotide sequence of these plasmids determined
to verify the presence of the mutation.

[0139] Mutant T172R was generated by overlapping PCR using 5' and
3’ primers containing the specific T172R mutation, as well as an additional Sac i
restriction enzyme site for easy detection of the mutated gene. Primer pairs
CocE 20-5'F-Nde | (5° GATATACA TATGGTGGACGGGAATTAC 3’) and T172R-
3'R (5 CAGACCTCGACGTGATGAGCCCGCGGCCTATGAGAGCTGACCAGC
3') as well as CocE-1800-3'R (5' GTGGTGCTCGAGTCGCTTGATAATCG 3)
and T172R-5'F (5’ ’
GCTGGTCAGCTCTCATAGG CCGCGGGCTCATCACGTCGAGGTCTG 3’') were
PCR-amplified using the high-fidelity Pfu enzyme (Stratagene) with an annealing
temperature of 55°C. Resultant PCR products were combined and re-amplified,
generating a full-length CocE gene encoding the T172R mutation. The gene was |
digested with Nde | and Xho I; subcloned into the expression vector, and
sequenced in its entirety to verify both the presence of the mutation and the
absence of addxglonal PCR-copy error mgtatnons.
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[0140] Plasmias containing the mutations were transformed into E. coli
BL21 cells and IPTG-induced enzyme was purified on Ni-Agarose. Expressed
proteins were then tested for enzymatic activity and for thermostability at 37°C.
Enzyme activity was measured using the spectrophotometric asay as described
in Examplé 1. Thermostability was also tested via the spectrophotometric assay
by pre-incubation of both wild-type and mutants at 37° C for various times.
Additionally, the nature of the thermo- -instability of both the wild-type and T172R
mutant was analyzed by polyacrylamlde gel electrophoresis under denaturmg
and non-denaturing conditions. Briefly, mutant and wild-type enzyme at
0.1mg/mi were incubated at 37°C for various time-points, cooled to 4°C, mixed
with SDS'-IQading dye containing B-mercaptoethanol and run on 10% SDS-PAGE
gels (denaturing conditions) or run on native 10% polyacrylémide Qels (non-
denaturing conditions) at 4°C. Gels were fixed with 10% methanol, 7% acetic
acid for 30 minutes, and then stained with Sypro-Ruby protein gel stain
(Molecular Probes, Invitrogen) for 3 hours. Protein staining was visualized under
UV-light using an Alphaimager™ 3400 (Alpha Innotech). Finally, the exact
melting temperature of both the wild-type and T172R muant were determined by
circular dichroism using a JASCO-810 spectropolarimeter driven by a JASCO
V500/FP-750 analysls program for Windows. The CD spectra were measured in
millidegrees and normalized against PBS buffer.

[0141] Results from the spectrophotometric assay showed that T172R
had an increased Vmax and Km at room temperature and a greatly increased
Vmax and Km at 37° C as compared to wild- -type CocE (see e.g., Table 3; Figure
5). In fact, the T172R Vmax and Km at 37° C was comparable to the Vmax and
Km of wild-type CocE at room temperature. The S159A mutant CocE showed a
slightly increased Vmax and Km at 37° C, but a decreased Vmax and Km at
room temperature, as compared to wild-type CocE. Electrophore5|s under
denaturing conditions (Figure 6a) indicated a single protein band for both the
wild-type and T172R of approximately 65000 Da, regardless of incubation-
temperature, indicating the proteolytic degradation does not adequately describe
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the mechnanism for thermoinstability. The non-denaturing gels (Figure 6b)
showed a single protein band for the wild-type enzyme prior to incubation at
37°C, however upon incubation at 37°C, higher molecular weight species are
seen to appear as the original band fades. These putative protein aggregates ;
can also be observed for the T172R mutant, however the time to aggregation
upon 37°C incubation is longer, and in this procedure the T172R mutant was
approximated to have a 8x longer half-life at 37°C than the wildtypé. Analysis of
the protein melting temperature by circular dichrosim (Figure 7) Indicated
temperature sensitive chénges in protein tertiary structure were occurring in the
near-UV'-range of the spectrum (between 260nm and 320nm). Curve-fitting of
témperature-éensitive changes in this region of the spectrum indicated the wild-
type CocE has a melting temperature of 36.156°C, with detectable denaturation
beginning at approximately 30°C. The T172R mutant was determined to have a
meiting temperature of 4‘i .43°C, with detectable denaturation beginning at
approximately 28°C. Thus the single amino acid change from Tyrosfne to
Arginine at Amino acid 172, with an estimated 2.8kCa/mol increase in
thermostability, was determined to have a full 5 degrees increased melting
temperature compared to the wild-type CockE.

TABLE 3: Kinetic parameters for T1 72R, S159A, and wt CocE.

S159A S159A T172R T172R (40 | wt CocE wt CocE

(40min @ min@ (40 min@
| 37°C) 37°C) 37°C)
Vmax 876.6 130.7 1466 1267 1264 94.06
Km 4365 15.69 88.20 78.80 71.81 12.30
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EXxAmMPLE §: IN VIVO WiLD-TypPeE COCE PREVENTION OF COCAINE LETHALITY IN

RATS

[0142] To determine CocE's esteratic activity in vivo, a rodent model of
acute cocaine toxicity was implemented. When treated with high doses of
cocame rats first exhibit oonvulsuons followed by cessation of respiration and
movement. The lowest toxic dose of cocaine, when administered
intraperitoneally, will produce fatality within 15 minutes of treatment.

[0143] Protection against cocaine-induced lethality by wild-type CocE
was determined and compared to the protective effects of human BChE. The
esteratic activity of CocE'was established by assessing th‘e activity of two mutant
enzymes, each lacking one of three amino acids in the active site. Additionally,
activity of a modified wild-type enzyme by a covalent modification of Ser17 within
the active site, by phenylmethyl sulphonate fluoride (PMSF) was determined.
Esteratic degradation of cocaine was shown to be the mechanism of CocE's
protective effects by verifying if the enzyme protected against toxicity induced by
WIN 35065-2 (Madras etfal (1989) J Pharmacol Exp Ther 251, 13-141), a
cocaine analog which lacks the ester bndge at the proposed site of enzymatic
hydrolysis.

[0144]) Male Sprague-Dawliey rats (300 grams) (Harlan Sprague
Dawley, Indianapolis, IN).were housed three animals per cage. Following
surgical implantation of a jugular catheter, all rats were individually‘housed until
termination of the experiment. Rats were maintained on a 12-h light/dark cycle,
with lights turned on at 7:30 a.m. and food and water were available ad libitum.
After rats were aneéthetized with ketamine hydrochloride (100mg/kg, i.p.)and
xylazine (10 mg/kg, i.p.), lintravenous catheters (Micro-renethane tubing, 15 cm,
MRE-040, Braintree Scientific Inc., Braintree, MA) were implanted into the right
jugular vein. Approximately 3 cm of the catheter was inserted into the vein; the
remaining tubing was passed subcutaneously to the back, where it exited from
an incision made bétween the shoulder biades. The exposed tubing was capped

with a 1 cm piece of stain{less steel (0.28 diamter, Small Parts Inc., Miami, FL).

|
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Catheters were flushed daily with 0.5 mi of heparinized saline (50 U/ml) to
maintain catheter patency. Following surgery, rats were allowed one week to
recover. Each rat was used for a single experiment, and all experimental groups
consisted of 6-8 rats.

[0145] To determine the lowest effective dose of CocE that blocked
cocaine-induced convulsions and death, 0.1, 0.32, or 1.0 mg CocE or vehicle
(phosphate buffered saline, PBS) was administered intravenously one minute
after 180 mg/kg cocaine (i.p.). To determine the catalytic limits of CocE,
increasing doses of cocaine were administered (100, 560, 1000 mg/kg, i.p.) one
minute prior to 1.0 mg CocE (i.v.). Mutants and PMSF-blocked CocE were
administered (1mg, i.v.) one minute before 180 mg/kg cocaine (i.p.). CocE (1.0
mg, i.v.) was also administered one minute after the lowest dose of WIN-35065-2
(560 myg/kg, i.p.). CocE (1.0 mg, i.v.) was given before and after cocaine (100
mg/kg, i.p.) to determine the in vivo half-life of the esterase. All intravenous
injections were followed by a heparinized saline flush (0.5 mi). After treatment,
rats were observed for 'convulsion; and death. Number of convulsant episodes,
duration of each episode, and type of convulsion were recorded. Death was
defined as cessation of observed movement and respiration. Percent of animals
in each experimental grohp exhibiting convuisions and lethality were calculated.
Percent standard error mean was then calculated for each data point.

[0146] Results showed that, in the rodent model of acute toxicity,
cocaine dose-dependently induced convulsions and death in rats; death was
observed in less than 15 minutes after administration in 100% of animals given
100 mg/kg cocaine (see e.g., Figure 9). CocE (1.0 mg) infused after cocaine
administration prbduced a ten-fold shift in the cocaine-toxicity dose effect curve
(see e.g., Figure 9), such that 1000 mg/kg cocaine was required to surmount the
protective, catalytic properties of CocE. This treatment regimen closely
resembles human toxicity situations, where the antidote to overdose is given
only after cocaine has been ingested, inhaled, or injected.
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(01471 Wild-type CocE showed superior catalytic efficiency over
human BChE. Given one minute before 180 mg/kg cocaine, 1 mg CocE offered
100% protection against é;ocaine-induced lethality (see e.g., Figure 10), while a
10-times molar eqvuivalent dose of human BChE (13 mg) offered no protection,
similar to a ten-fold lower dose of CocE (0.1 mg) (see e.g., Figure 10).

(01481 Both mutations of CocE (Ser117Ala or Tyrd44Phe) lacked in vivo
activity and, therefore, had no pfotectiVe effects (Figure 11b). Furthermore,
PMSF-treated enzyme also eliminated CocE's protective effect agéinst cocaine
(Figure 11b). Additionally, the lethal effect of the nonhydrolyzabie cocaine
analog, WIN 35065-2, was not overcome by treatment with CocE (Figure 12).
Based upon in vivo protection studies performed with catalytically inactivated
prepa.rations of the enzyme (PMSF-treated and CocE inactive mutants), itis
clear that the protective effects of the enzyme are due to its ability to hydrolyze
cocaine. Taken together, these data comply with in vitro assessments of CocE's
esteratic activity and confirm the enzyme's mechanism of protection against
cocaine-induced lethality in vivo. '

ExAmPLE 6: TIME-DEPENDENT EFFECTS OF WiLD-TYPE CocE

[01491 The effects of administering wild-type CocE prior to cocaine
dosage was examine..The rat toxicity model was as described in Example 5.
Wild-type CocE was adminstered 100, 30, 10, 3, and 1 minute before and 1 and
6 minutes after cocaine administration. Compound extractions from human
plasma samples were performed in 100% acetronitrile (3x volume), incubated
for approximately 15 min, centrifuged at 13,000 rpm for 4.5 min, and the
resulting supernantant was collected. The extracts were concentrated on a
Savant Speed Vac (ThermoElectron Corp., Franklin, MA) to remove the
acetonitrile. Extracted samples were reconstituted in water and further diluted
10-1000 times.

[0150] Human plasma samples were spiked with 300 MM cocaine and

maintained at 37°C. One aliquot of plasma was sampled prior to the addition of
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65



WO 2008/008358 PCT/US2007/015762

cocaine esterase or esterase vehicle, and another aliquots was collected 1 min
following esterase administration. Plasma aliquots were mixed immediately
with the internal standard (cocaine-Dj) and a saturated sodium fluoride solution
to prevent further cocaine metabolism. Tissue extractions were performed and
levels of cocaine and internal standard were quantified by HPLC with tandem

mass spectrometry.
|

[0151] For time-dependent inactivation of CocE in vitro, purified CocE
enzyme (at 250 ng/ml) was incubated in assay buffer in the absence of cocaine
at 37° C for various times. Following incubation at 37° C the samples were
placed on ice. To assess. the effect of temperature on CocE activity, samples
were incubated with (-) cocaine at various concentrations as indicated at a final
enzyme concentration of 125 ng/ml. The rate of decay of (-)}-cocaine at A240
was measured on a multiplate reader. The data wére fitted to a single
exponential decay using Kaleidagraph™ (Synergy software) yielding a tn of
13.2.-

[0152] Wild-type CocE was found to have time-dependent protective
effects; 100% of rats were saved when treated with CocE (1 mg) 1 minute before
cocaine, while only 66% énd 32% of rats survived when treated with CocE 30
and 1 minutes before coéaine respectively (see e.g., Figuré 14). CocE's
protective effects were eltmmated when rats were treated 100 min prior to
cocaine. This t:me—dependent effect is most likely due to the thermal deactivation

of the enzyme in vivo. In rat plasma, CocE was found to have a remarkably short -

half-life (about 10 mmutes Figure 13), most likely due to sensutlwty to changes in
pH and temperature. Addmonally, preliminary in vitro data with the purified
enzyme suggests that chE undergoes a temperature-dependent inactivation
with a typ of approximateljy 15 min at 37° C.

[0153]) Given these data, it can be approximated that a 1 mg of CocE
dose administered 30 minutes prior to cocaine, will decay approximately 3 half-
lives, Ieaving 0.25 mg of wild-type enzyme in the general circulation when

cocaine is administered.
|
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[0154] Previous studies have suggested that lethal blood
concentrations of cocalne in the rat vary between 50-128 uM (Mets B and Virag
L (1995) Anesth Analg 81, 1033-1038; Mets et al. (1999) Life Sci 65, 1317-
1328), and peak plasma levels of cocaine occur about 13 minutes after an
intraperitoneal injection (Sun et al. (2002) J Pharmacol Exp Ther 302, 710-716).
Based on reported kinetics of intraperitoneal cocaine administration (Sun et al.
(2002) J Pharmacol Exp Ther 302, 710-716), it is estimated that 100 and 320
mg/kg cocaine yield peak cocaine blood concentration of 35 M and 113 uM,
respectively. Lethal concentrations of cocaine are of a similar magnitude in
humans (20-200 uM) (Finkie BS and McCloskey KL (1978) J Forensic Sci 23,
173-189; Wetli and Wright (1979) J Am Med Assoc 241, 2519-2522). As 1 mg
of wild-type CocE saved rats treated with these doses of cocaine (Figure 9), it
can be justifiably predicted that the enzyme would protect agaihst cocaine-
toxicity in the human. Furthermore, cocaine levels measured using high
performance liquid chromatography tandem mass spectrometry in human
plasma spiked with 300 KM cocaine, a concentration that exceeds reported
toxic levels of cocaine, and then treated with CocE (a molar equivalent of our in
vivo 1.0 mg dose), reduced the cocaine concentration to approximately 2 uM in
less than a minute (Figure 10).

[0155] Protection against an LD50 dose of cocaine in rats requires a
10 mg/kg treatment of BChE (Lynch et al. (1997) Toxicol Appl Pharmacol 145,
363-371), assuming that the enzyme is distributed similarly in the human, a 70
kg individual would require a 700 mg dose of exogenous BChE to protect against

~an overdose. Furthermore, there Is no evidence that BChE can act to reverse

cocaine-toxicity when administered after cocaine, a necessary characteristic of
an antidote for cocaine toxicity.

[0156] Itis thus demonstrated that a dose of 1 mg wild-type CocE in a
300 gram rat is sufficient to protect against a dose of cocaine that exceeds the
LD100 (Figure 9). Additionally, the enzyme given both before, and more
importantly, up to 6 minu:tes after the LD100 dose of cocaine, provided
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protection from toxicity (Figure 14). CocE metabolized cocaine concentrations

in serum by 150-fold in less than one minute (Figure 15).

[01571 Given these data, it is predicted that a 250 mg of CocE
administered to a 70 kg human after toxic cocaine ingestion WOuld rescue the
individual from certain death. The above demonstrates that wild-type CocE is
an efficient anti-cocaine molecule but that the short activity time of the enzyme
under physiological conditions limits it therapeutic value. Such results point to
the importance of extending the thermostability of the wild-type CocE.

EXAMPLE 7: IN vivo T172R MUTANT COCE PREVENTION OF CocAINE

LETHALITY IN RATS

{01581 The hydrolytic activity of wild-type CocE and T172R mutant
CocE was characterized and confirmed in vivo by assessing its ability to prevent
cocaine-induced lethality in rats.

[0159] Animal treatment was as described in Example 5. Increasing
doses of cocaine wére administered (i.p.) to rats, and one minute after, wild-type
CocE (0.32 mg), mutant CocE T172R (0.32 mg), or vehicle was administered
intravenously. All intravenous injections were followed by a heparinized flush
(0.5 ml). After treatment, rats were observed for death. Time until death was
recorded for the 1g/kg cocaine dosége. Wild-type and T172R CocE (0.32 mg)
was administered at various times preceding (1, 10, 30, and 60 minutes)
administration of 320 mg/kp i.p. of cocaine, with rats then monitored for death.

[0160] Results aemonstratez the:' ability of intravenous CocE and,
especially, mutant CocE tb reverse or prevent the lethal effects produced by .
cocaine. Wild-type CocE adminstered one minute after cocaine administration
prevented lethality at cocaine dosages that killed control rats and 100%
lethality did not occur until cocaine dosages of 1g/kg (see e.g., Figure 16). The
T172R mutant CocE treated rats were able to tolerate even higher dosages,

~with the 1g/kg of cocaine resulting in only abou; 70% lethality. And the .
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prophylactic effects of T172R mutant CocE was longer lasting than the wild-
type CocE (see e.g., Figure 17).

EXAMPLE 8:_IN Vivo REPEATED CocE DOSE IN MICE

[0161] Additional studles were done on the effect of CocE on toxicity in
the mouse, particularly with respect to repeated doses.

[0162] The animal toxicity model was similar to that described
previously, except as described. Male NIH Swiss mice were used. For tail
intravenous injection, rhfce are placed in a small restraint chamber that exposes
their tail. A heat lamp with an infrared, 250w bulb is placed about 4 inches from
the tail, and left for a couple of minutes. The tail is then cleansed with an alcohol
wipe and a 30G 1/2 precision glide needle (Fisher Scientific), is inserted into one
of the side veins for infusion. To verify whether the needle is in the vein a small
amount of drug is infused, if in the correct location the solution should infuse
easily without any indication of an incorrect subcutaneous location, which
appears white at the site of injection. For intravenous catheterization, Male NIH
Swiss mice are anesthetized with ketamine 100 mg/kg and xylazine 10 mg/kg
co-administered i.p. When mice are no longer responsive to paw pressure, the
neck is shaved and prepped by alternating Betadine and alcohdl wipes. Under
clean conditions, a right transverse neck incision is made and the external
jugular vein is isolated. A catheter is inserted into the vein with the aid of a
dissecting microscope to the level of the right atrium, and is secured in the vein
with nylon, 4-0 sutures and tissue adhesive, 3M Vetbond (3M Animal Care
Products, St. Paul, MN). The catheters are a short length of Tygon tubing with an
inner diameter of 0.010 in. and an outer diameter of 0.030 in. (Small Parts, Inc.,
Miami Lakes, FL). A small incision is madé in the middle of the animal's back,
and a trocar inserted subcutaneously to exit at the ventral incision site. The
catheter is then pulled through the trocar and brought out the animal's back
where it is held in place with nylon suture material and the tissue adhesive. A
short piece of steel wire with a diameter of 0.011 in. (Small Parts, inc., Miami
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Lakes, FL)is inserted into the end of the catheter. The ventral incision is closed
with 4-0 Vicryl suture material and the mouse placed under a heat lamp for
recovery. Approximately an hour later, the mouse is returned to its home cage.

[0163] Mice that survived a first administration of the combination of
0.32 mg CocE and 320 mg/kg cocaine were given this combination again, 14
days following the initial administration. All of the mice survived thls second
administration. All mice also survived a third administration 21 days following the
first dose combination. The effectiveness of repeated administration suggests
that a strong Immune response is not belng mounted to CocE in this preparation,

- perhaps because of its rapid clearance.

[9‘164] Results showed that a dramatic shift to the right in the potency
of cocaine in producing death was afforded by both 0.32 and 1.0 mg/kg cocaine
(see e.g., Figure 18). The latency to death was markedly extended by CocE:
following 180 mg/kg i.p. cocaine, mice typically died in about 3 min. After a dose
of 1.0 gm/kg cocaine plus 1.0 mg of CocE, death occurred at 28 minutes on
average. Data was also eéxamined for the ability of hBChE to block the toxicity of
cocaine. At a dose of 1 mg, hBChE produced a slight increase in the dose of
cocaine necessary to kill the mice (see e.g., Figure 18). This enzyme is markedly
less effective than CocE. Although larger doses of cocaine were necessary to kill -

‘the mice following administration of hBChE, the time to death was not modified

by this.enzyme,

ExAMPLE 8: IN Vivo HALF-LiFE AND B10DISTRIBUTION TESTS

[0165] Thé in vivo half-life and biodistribution of the mutant CocE
polypeptides are examined in BALB/c mice. In brief, '25 is labeled to the tyrosine
residues of mutant CocE by using the well-established chloramine-T iodination
method (Hunter, WM énd_ Greenwood, FC (1962) Nature 194, 495-496). BALB/c
mice are injected via their tail veins with 0.1 mL of either 0.5 p-Ci’f125lMlgbeled
mutant CocE or the mutant CocE-PEG conjugates. Each experimental group

consists of 24 mice. Three mice are sacrificed by cervical dislocation at the 15-,
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30-, 90-minute, 3-, 12-, 24-, 48-, and 72-hour time intervals following the drug
injection. Blood samples as well as tissue samples of liver, lung, heart, kidney,
and spleen are collected, weighed, and measured for radioactivity using a
gamma counter. The blood samples are also centrifuged, and the supernatants
will be collected and counted for estimation of plasma-associated radiolabels.
The ratio of the peak to that of the internal standard is used as the assay
parameter. PK parameters are calculated by using the KINFT (Kalienbach, ML
and Vistelle, R (1994) Aﬁticancer Research 14, 2375-2377) nonlinear least-
Squares computer program by fitting the plasma radioactivity data toa
biexponential equation (Gibaldi, M. and Perrier, D. (1982) Pharmacokinetics):

A(t) = Ae™'+ Ae™!

[0166]1 Where A(t) = %ID/mL plasma and ID = injected dose. k; will be
used to calcula‘te’the first-order elimination time t. The area under the curve
(AUC) of the plasma concentration-time curve, the steady-state volume of
distribution (Vss), total plasma clearance (Cl), and the mean residence time
(MRT) are calculated from A, Az, kg, ks, and the body weight (kg) of the mouse
as described by Gibaldi and Perrier, 1982) The organ permeablhty-surface area
(PS) product is calculated as: ‘

PS = [Vd_-vo]cp(GOmln)/AUC(MOmln)

[0167] Where CPomin)is the terminal plasma concentration (dpm/uL)
at 60 min after injection, Vy is the tissue volume of distribution determined from
the ratio of disintegrations per minute per gram of tissue to Cpeominy and Vo is
the organ plasma volume. The organ delivery of the samples is determined as:

%lD/g = PS x AUC(MOmln)

. [01681 Where %ID/g is the percent injected dose taken up by gram of
organ.
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ExXAMPLE 10: IMMUNOLOGY

(0169) CocE can be used in incomplete Freund's adjuvant (IFA) to
immunize mice (see Table 4). A direct ELISA specific for CocE antibodies was
set up by a standard protocol. CocEwas used (1 ug/ml) to coat a 96-well micro-
titer plate using a borate buffered saline (1.5 M NaCl, 0.5 M H3BO3,1.0 M
NaOH) to resuspend the cocaine esterase (50 ul/well). The coating plates was
left overnight at 4 C. The coating buffer was removed the following morning and
the plates blocked with 2% normal goat serum in PBS for 1 hr at 37C and
washed 3 times. Serum from the various groups of mice was serially diluted in
50 ul of PBS ih the wells in a range of 10% to 10" and run in duplicate. The plates
were covered and incubated for 30 midutes at 37C. Subsequently, the plates
were washed 3 times and 50 HU/well of Goat anti-mouse IgG peroxidase labeled
antibody diluted 1:400. The plates were then washed 3 times and 100 ul
peroxidase substrate solution (OPD dissolved in citratelphoéphate buffer) was
added to each well. After a 5-10 minute incubation (based upon color
development in the positive controls) the reaction was stopped using 3M H2S04
(50 pliwell). The plates were read at 490 nm and titer determined by the highest
dilution that showed increases over background absorbance. Positive controls
were derived by immunizing Balb/c mice with 100 Mg in 100 pL of Cocaine
esterase emulsified in incomplete Freund's adjuvant (IPA) by intraperitoneai (1P)
injection. In Positive 1 group the serum was isolated from 2 week immunized
mice. In Positive 2 group |mmun|zed mice were boosted using 100 pg in 100 pL
by IP injection at 2 weeks post-primary lmmumzatlon and the serum collected
after an additional week (3 week post-primary).

[0o170] High tlters were derlved from the two positive control groups
immunized with CocE, 10° and 10°, respectively. The antibody tlters from
animals given CocE i.v. during cocaine challenges demonstrated detectable but
relatively low titers compared to the positive control animals immunized by CocE
plus IFA. Serum collected from animals immunized once with CocE/IFA
~ demonstrated high titer of 10°, while serum from animals given an additional
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boost were had a higher titer of 10° (3 mice/group). The serum collected from
these animals will serve as positive controls for all subsequent titering
experiments. |

TABLE 4: CockE titers ofvimmunized mice

Group f Protocol Titer (log10 dilution +/- SE
Positive 1 (n=3) 2 weeks Immunized (IFA/IP) 5 7
Positive 2 (n=3) 3weeks lmhunlzed / Boost (IFA/IP) 6
Challenged at;xd Treéted (3x) Cch given with cocaine 3.33 +/-0.333
Challenged and Treated (4x) | CocE given with cocaine ' 3.56+/-05

EXAMPLE 11! CbcE_ PFEGYLA TION

[0171] Conjugation of one to two PEG polymers per enzyme molecule
is generally sufficient to yield the desired protective effects (Avramis et al. (2002)
Blood 99, 1986-1994). Because each wild type CocE molecule is reported to
contain 8 lysine residues, with none in the active site but only 2 being close to
the active site (Turner et al. (2002) Biochemistry 41, 12297-12307), targeting
lysine for pegylation is unlikely to inactivate the enzyme. The mutant CocE is
mixed with various monomethoxy-PEG (rh—PEG) polymers (MW ranging from 3-
12 KDa); all contain an activated N-end functional hydroxysucciniyl ester group
(mPEG-NHS; from Shear Water inc., Birrhingham, AL). PEG with a molecular
weight of 5.5 KDa will be first attempted, because the inventors’ results and
those of other investigators (see e.g., Veronese, FM and Harris, JM (2002)
Advanced Drug Delivery Reviews 54, 453-456: Avramis et al. (2002) Blood 99,
1986-1994) demonstrated that this molecular weight yields the beneficial
protection. Different molar ratios of [NH]:ImPEG] (the former is calculated based

on the total moles of lysine residues of mutant CocE) ranging from 1:2 to 1:10

l

I3
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are tested to obtain optimal conditions. Conjugation proceeds for about 40
minutes at 4°C with gentle agitation. The reaction products are then purified by
ultrafiltration (MVWCO 10,000) at 4°C. Activities of the pegylated mutant CecE
products are determined by measuring the initial rates of cocaine hydrolysis
using the previously established procedure (Turner et al. (2002) Biochemistry
41, 12297-12307). In addition, MALDi-TOF mass spectraphotometry is
performed on these products to analyze the degree of pegylation and their
molecular weight. The pegylated products are stored at -40°C and thawed
immediately prior to their uses.

{0172] Standard characterization, including determination of the
optimal pH, temperature, ionic strength, as well as kinetic parameters (e.g. Km,
Vm), of the mutant CocE-PEG conjugates are conducted in PBS. Furthermore,
thermal stability of the pegylated products and their stability against proteolytic
degradation are examined in the presence of human plasma or blood. In vivo
functional tests of the mutant CocEA-PEG products are conducted as described
above. The in vivo half-life and biodistribution of the mutant CocE-PEG

conjugates, as compared to free CocE are cdnducted as described above (sege
Example 9).

(01731 Statistical analysis is performed on the results obtained from
the pegylation experiments. Random block two-way ANOVA with Dennett's post-
test is performed on data sets with two variables using GraphPad (San Diego,

CA) Prism for Windows and GraphPad Software Paired t-test is performed for
experiments with two condmons

[0174] ConjUgation of mutant CocE to high molecular weight (e.g., up
to 60 KDa) branched PEG can also be performed (see e.g., Reddy et al. (2002)
Advanced Drug Delivery Reviews 54, 571- 586)

(01751 Additionally, site specific PEGylation can be a viable
alternative to reduce functional and structural heterogeneity. The removal of
cysteine residues near the active site or mcorporatlon of cysteine residues on
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the protein suﬁace can ser\}e as better PEGylation substrates (through
maleimide coupling). Similarly, amine-coupling of PEG to CocE can be
employed through, for example, the conservative substitution of arginine
residues for any of mutant CocE's (nine lysines total in wild-type CocE, seven
of which are surface lysines).

(01761 Preliminary findings have shown that wild-type (WT) CocE was
successfully linked with monomethoxy-PEG (m-PEG) polymars (MW: 5.5KDa)
containing an activated succinimidy! functional group at one end, using the
procedures described abové. A high yield of the initial CocE activity (>70%) was
recovered after the pegylation reaction. MALDI-TOF mass spectra revealed four
primary peaks for the PEG-CocE preducts, indicating the presence of a
heterogeneous mixture of the conjugates containing different numbers of the
PEG chains (ranging from 1 to 4, respectively) (see e.g., Figure 19). It has been
suggested in the literature that conjugation of merely 1-2 PEG chains per protein
molecule would be able to yield PEG-induced protective effects (Veronese, FM
and Harris, JM (2002b) Advanced Drug Delivery Reviews 54, 457-606; Avramis
et al (2002) Blood 99, 1986-1994). To this regard, the pegylation method
employed here apparently s‘atisﬂes such a requirement.

I

ExampLE 12: RBC ENCAPSULATION

(01771 RBC encapsulation of CocE can be accomplished via a linked
PTD peptide. LMWP is selected as the PTD peptide to ferry mutant CocE into
RBC, because of its potency in translocating proteins across cell membrane
(Park et al. (2005) FASEB Journal, in press) and its lack of toxicity (Chang et
al. (2001) AAPS Journal 3, Article #17, #18 and #19). To ensure that the
encapsulated mutant CocE is permanently embedded in RBC, the linkage
between CocE and LMWP ;can degrade automatically and rapidly once the
mutant CocE-LMWP conjuéates enter RBC. A linker such as a disulfide (S-S)
bond that will be degraded quickly inside the RBC due to the presence of

_elevated cytosolic glutathione and reductase activity (Trouet et al. (1982)
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Proceeding of the National Academy of Science 79, 626-629), ensures that
CocE will stay in the RBC.

{01781 To prodUce mutant CocE- LMWP conjugates linked with S-S
bonds, the amine group at the N-end of LMWP (this is the only -NH» group on
LMWP) is first activated with SPDP, and the activated LMWP then mixed with
mutant CocE in the presence of dithiothretol (DTT) to allow for the formation of
the 5-S bond with one of the (four in wild-type) free cysteine residues on
mutant CocE (Turner et al. (2002) Biochemistry 41, 12297-1 2307); according
to a modified procedure previously developed (Liang et al. (2000) AAPS
Pharmaceutical Science 2, Article 7). CocE is stable when being stored in
DTT (Turner et al. (2002) Biochemistry 41, 12297-12307), sUggesting that use
of these free cysteine groups for conjugation is not likely to impéir the
‘catalytic activity of this enzyme (already performed mutation of each cysteine
in wild-type CocE to a serine resulted in no dimunition of activity). The final
LWMP-CocE products is then purified via a heparin column, and is stored by

P

lyophilization. |

[0179] Encapsulation is achieved by incubating RBC with mutant
CocE-LMWP for 30-60 minutes. Because PTD-mediated cell entry is
temperature-independent (Schwarze et al. (1999) Science 285, 1569-1 572),
encapsulation is conducted at 4°C {o maximally preserve the functionality of
RBC. The process aﬁd extent of mutant CocE entrapment inRBC is
monitored by confocal microscopy and flow cytometry analysis using FITC-
labeled mutant CocE. The morphology of mutant CocE-entrapped RBC is also
be examined by SEM.

(01803 Basic characterization—including assessment of the
functionality of both RBC (e.g. oxygen-transfer activity) and mutant CocE (e.g.
cocaine-hydrolyzing activity, kinetic properties such as Km, Vm, etc.), leakage
of mutant CocE from RBC (i.e. by incubating mutant CocE-loaded RBC in
buffer and thlen measuring enzyme activity in the supernatant), and stability of

the entrapped mutant CocE against proteolytic degradation—is conducted
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either in buffer or in plasma. Results obtained for the RBC- -encapsulated
mutant CocE are compared with those obtained for the free enzyme. In vivo
functional tests of the mutant CocE-encapsulated RBC are conducted as
described above.

(61811 Human RBC (from American Red Cross, Detroit, Ml) are used
for in vitro studies. For in vivo animal studies including the functional tests and
pharmacokinetic studies, however, autologous RBC from the same animal

species are be used to avoid cell incompatibility and possuble toxic effects.

[0182] Circulation half-life (t1/2) of mutant CocE-entrapped RBC is
determined by injecting '2%I-labeled mutant CocE (i.e. prior to its loading into
RBC) into mice, according to the same procedures described above. Each set
of experiments consists of 24 mice. Mice (3) are sacrificed at 3-, 6-, 12-, 24-
hour and 3-, 6-, 10-, and 15-day time intervals. Blood and tissue samples are
c.ollected. welighed, and measured for radioactivity. PK parameters including
the elimination tq., as well as tissue distribution are calculated by using the
KINFT program as desc,rib[ed above. Pharmacokinetic results obtained for the
RBC-encapsulated mutant CocE are compared with those obtained for free
mutant CockE. (

[0183] Statistical analysis is performed on the results obtained from
the RBC encapsulation experiments. Random block two-way ANOVA with
Dennett's post-test is performed on data sets with two variables using
GraphPad (San Diego, CA) Prism for Windows and GraphPad Software.
Paired t-test is performed for experiments with two conditions.

[0184]1 To examine if the previously suggested could fulfill the latter two
requirements, preliminary studies of F’TDQmediated RBC encapsulétion were
conducted using L-asparaginase as a model enzyme. LMWVP, a PTD
peptide previously developed in Dr. Yang's laboratory (Chang et al. (2001)
AAPS Journal 3, Article #17, #1, and #19) with proven, potent membrane-
penetrating activity (Park et al. (2005) FASEB Journal, in press), was linked to
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asparaginase uSing a procédure similar {o that described above, The LMWP-
ASNase conjugates were then incubated with RBC (collected from DBA/Z mice)
for 2 hrs at 4°C. For comparison, RBC-Ghosts containing encapsulated ASNase
were also prepared according to the previously established procedures (Updike
et al. (1976) Science 193, 681-683). Preliminary results demonstrated that
Ioading efficiency of the LMWP-mediated method was at least comparable to, if
not better than, the conventional, osmosis-based cell rupturing technique. A
major advantage of the PTD-mediated method, however, is that it only
requires a single step for processing; unlike the other cell entry methods that
all require multiple steps of the loading and washing procedures.

(01851 Figure 20 presents scanning electron microscopy (SEM) ,
images taken from samples of normal RBC, ASNase-loaded RBC-Ghost, and
LMWP-ASNase-loaded RBC. As seen, while the ASNase-loaded RBC from
osmotic rupture/resealing method (i.e. RBC-Ghost) exhibited significant change
in shape and morphology, the LMWP-ASNase-loaded RBC showed virtually
indistinguishable shape and morphology (i.e. biconcave disk) from those of
normal RBC. These findings are in agreement with those reported by many other
investigators that PTD-rnediated cell encapsulation does not cause any
significant perturbation or alteration of the cell membrane (Dietz, GPH and Bahr,
M (2004) Molecular Cell Neurosciences 27, 85-131; Schwarze et al. {(1993)
Science 285, 1569-1572; Suzuki et al. (2002) Journal of Biological Chemistry 25,
2437-2443).

[0186] To further evaluate these two RBC-encapsulation systems,
preliminary clearance studies were carried out. The half-life of ASNase activity in
plasma was evaluated after intravenous injection of: (1) ASNase-loaded RBC-
Ghost, and (2) LMWP-ASNase-loaded RBC. Each animal group consisted of 4
DBA-2 mice, and each mouse was given 8 units of loaded ASNase activity.
Blood samples were withdrawn at different time intervals from the tail vein, and
the amount of ASNase activity in the whole blood was measured by direct
Nesslerization of produced ammonia (Ho et al. (1970) Journal of Biological
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Chemistry 245, 3708-15). Resuits demonstrated that there was almost a two-fold
increase in the circulation half-life for the LMWP-ASNase-encapsulated RBC
(t12: 9.2 days) compared to that (ty,: 5.9 days) for the RBC-Ghost (see e.g.,
Figure 21). It is currently uhknown what the difference between the half-lives of
the encapsulated RBC and the normal, untreated RBC. Nonetheless, these
results of 2-fold increase of ty, over RBC-Ghost demonstrate the merit of this
approach, as it was reported in the literature that even by utilizing the RBC-
Ghost encapsulation method, the in vivo ASNase activity had already been
prolonged from 26 hours for the free ASNase to 29 days for the RBC-Ghost-
encapsulated ASNase (Kravtzoff et al. (1996) European Journal of Clinical
Pharmacology 49, 465-470): already a 10-fold increase. Hence, another 2-fold
increase of this ty2 by the encapsulation method described herein is particularly
effective. !

(01871 To conflrm that the RBC-encapsulated ASNase could still retain
its original biological functlons anti-tumor effects by both the RBC-Ghost-
ASNase and the RBC-ASNase were examined on tumor-bearing mice. L5178Y
mouse lymphoma cells were cultured, and to each DBA/2 mouse 7x10° cancer
cells were injected intrapeyitonially. Five d_éys after tumor implantation, mice with
similar bodyweighfs were selected and divided into three groups: (1) Control
group given saline only; (2) ASNase-loaded RBC-Ghost; and (3) LMWP-
ASNase-loaded RBC. Each group consisted of 5 mice, and each experimental
mouse was given 0.1 mL of the drug-encapsulated RBC (or Ghost). Results
showed that the average survival times for the untreated control, ASNase-RBC-
Ghost-treated, and LMWP-ASNase-RBC-treated groups were 10.0, 12.6, and
14.4 days, respectively (see e.g., Figure 22). It should be noted that although the
survival time among the three groups differed by only about 2 days, the effects of
the treatment by the RBC-encapsulated ASNase was still quite dramatic;
considering the fact that only 0.1 mL of the RBC suspension, which was
equwalent to merely 5% of the total blood volume of the mouse, was given to
each. mouse for the antl-tumor treatment. Overall, these findings with the

j 68



WO 2008/008358 PCT/US2007/015762

ASNase model enzyme demonstrated that the RBC-encapsulated enzyme was
still therapeutiéally active. It is noted that cocaine is more permeable across the
RBC membrane than the asparaginase substrate.

[0188] ThLls, utilization of RBC-encapsulated CocE in treating cocaine-
related conditions is an effective approach because cocaine readily crosses the
RBC membrane (and actually somewhat concentrates in RBC) (Javaid et al.
(1978) Journal of Chromatography 15, 105-113), PTD-mediated encapsulation
does not alter the physical and/or chemical properties of the‘ RBC, and the RBC-
encapsulated enzyme functions as if free.

ExamMpPLE 13: ENDOTOXIN REMOVAL

[0199] Endotoxin contamination of CocE mutant§ can be performed in
several ways. Ideally, endotoxin decontamination decreases the concentration to
levels less than 10 EU/mg protein. Methods of decontamination inciude
alternative ion-exchange column chromatography conditions, size exclusion,
polyethyleneimine (PEI) and hydrophobic column chromatography, ultrafiltration
and detergent extraction. An endotoxin detection system (PYROGENT 5000,
Cambrex) is used to determine the endotoxin content of preparations. The assay
is based on the anti-LPS factor from Limulus amebocyte lysate (LAL). The
sensitivity of the assay is-between 0.01 and 100 EU/mI, well within the levels
required. The spectrophofometric assay i's' designed in a 96-well microtiter-plate
f;:'>rmat. Fractionation of endotoxin and CocE and/or mutant CocE by the
following procedures can be assayed for both endotoxin leve! and cocaine
esterase activity. Cocaine esterase activify is measured utiliizing a
spectrophotometric assay that takes advantage of the intrinsic absorption of
cocaine at 240 nm. Upon hydrolysis, the absorption spectra reveais a dramatic

reduction in the 240 nm peak (Turner et al. (2002) Biochemistry 41, 12297-
12307).

(01901 Anion exchange chromatography: Current conditions involve

the use of fast performance liquid chromatography (FPLC)ona Q- Sepharose
69
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column at pH 8.0 for endotoxin decontamination. The buffer conditions (pH) can -
be optimized to maximize the both the adsorption of CocE and/or mutant CocE
and separation of endotoxin. Fluted fractions are assessed by activity measure

of CocE or mutant CocE activity (spectroscopic assay of the hydrolysis of
cocaine, absorption at 240 nm). Endotoxin levels are assessed using
PYROGENT 5000 (above).

[0191] Size Exclusion Chromatography and Ultrafiltration: Endotoxin
can exist as monomenc forms (MW~1-2 x 10%) or in micellar form (MW~4 x 10°
to 1 x 10%), dependlng on the buffer conditions. The presence of detergents such
as cholate favors the monomeric form whereas divalent cations (e.g. Ca*") favor
the micellar form (Hirayama, C and Sakata, M (2002) Journal of
Chromatography B Analytical Technology Biomedical Life Science 781, 419-
432). This property of endotoxin is used to separate the micellar (i.e. in the
presence of divalent cations such as Mgz’ or Ca**) from CocE and/or mutant
éocE by Gel filtration chromatography using either a Sephadex 75 or Sephadex
200 (Pharmacia) column resin. Micellar endotoxin should not be retained on the
column and should pass through the void whereas CocE and/or mutant CocE
should elute as a monodispersed protein corresponding to a 65 kDa protein.
Similarly, the capacity of ultrafiltration units to separate the miceliar forms of
endotoxn from CocE and/or mutant CocE will be assessed. Ultrafiltration units
are now available with molecular weight cutoffs of 3 x 10% to 1 x 10°, well within
the range required to retain micellar endotoxin but not CocE itself.

[0192] Polyethyieneimine Chromatography: Mitzner et al. (1993) and
Morimoto et al. (1985\) have used PE[-immobilized on cellulose beads or on
celluiose fiber, respectivel‘y to remove endotoxin from BSA preparations. PE|-
chromatography column is a very weak anion exchanger that may in fact take
advantage of some hydrophobic properties of endotoxin and thus preferentlally
adsorb it. Various PE!-silica bead preparations are available from Sigma,
depending on the bead size. While silica-based beads are more classically
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associated with HPLC applications we will pack columns for lower pressure work
and will select the 200 um mesh sizes.

[0193] Triton X-114 Extraction: Triton X-114 phase separation has
been successfully used to separate endotoxin from albumin and catalase (Aida,
Y-and Pabst, MJ (1990) J immunological Methods 132, 191-195). Adia and
Pabst report a 1000-fold decrease in endotoxin concentration following a single
Triton X-114 extraction step. CocE and mutant CocE samples are incubated with
equal volumes of Triton 114 and allowed to incubate first on ice and then at
37°C for 156 minutes. The Triton X-114 phase that contains the endotoxin is
removed by centrifugation. As noted earlier it has been demonstrated that CocE
is considerably thermal lébile, but may be protected somewhat by the presence
of the substrate, cocaine. If incubation of CocE with Triton X-114 at 37°C results
in significant CocE inactivation, the enzyme will be stabilized by including excess
substrate during the extraction.

EXAMPLE 14: MUTAGENESIS OF THE COCE HOST ORGANISM

{01941 There exists several bacterial strains that exhibit temperature
sensitive growth on cocaine esterase byproducts, including several
Pseudomonas strains, ahd these organisms can be adapted for temperature
sensitive growth on cocaine by addition of the CocE gene encoded within
suitable blasmid vectors. For example, the CocE gene was originally sequenced
from Rhodococcus MB1 by subcloning gene fragments into Rhodococcus
erythropolis CW25, a bacterium unable to metabolize cocaine but able to grow
on the cocaine esterase byproducts ecgonine methyl ester and benzoate
(Bresler et al. (2000) Applied & Environmental Microbiology 66, 904-908).. The
CocE gene has been subcloned into shuttle vectors pJAK-14 and pMMB6G7EH
(ses 6. g., Example 1). These plasmids are capable of expression in any gram-
negative bacterium lncludmg Pseudomonas and additionally the pMMB67EH
plasmid enables high leveis of expression and ease of transformation by
bacterial conjugation with the use of helper plasmid pRK2013. Transformation of
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either plasmid into bacteria that exhibit température sensitive growth on cocaine
esterase byproducts (e.g., Pseudomonas strains), enables temperature sensitive
growth on plates containin§ cocaine as a sole source of carbon. Mutagenesis of
both the original Rhodococcus MB1 and the CocE plasmid-containing
Pseudomonas strains is performed using UV-light radiation at 260nm, Exposure
is titrated such that 80-95% of cells are killed. The remaining cells are recovered
in nutrient media for 1 hr at 26°C, collected and enriched in the presence of
cocaine as previously described (Britt, et al. (1992} Journal of Bacteriology 174,
2087-2094). Enrichment is performed at 37°C to select for thermostable variants
of the CocE. Finally, cells are plated onto minimal media agar plates containing
10mM cocaine and incubated at 37°C. Single colonies are grown and tested for
CocE activity at 37°C. PCR amplification of the CocE gene is performed on
mutants found to produce active and soluble CocE at 37°C, and the
amplification products are subcloned into the pET-22B(+) plasmid for further
characterization. As a prelude to CocE mutagenesis, it may be necessary to
mutagenize the native Pseudomonas strains in order to preselect for no
temperature sensitivity at 37°C when grown on cocaine hydrolysis products, and
then demonstrate temperature sensitivity on cocaine at 37°C after cloning in
CocE.

ExampLE 15: HiGH THROUGHPUT SCREENING METHOD FOR IDENTIFICATION OF

THERMOSTABLE COCE MUTANTS

(01951 Several high throughput screening methods for identification of
thermostable CocE Var_iants were implemented. Because the wild-type enzyme
is known to have thermal-instability at temperatures above 30°C, after
transformation into E. coli BL21 cells, colonies are subcuitured and protein
expression induced at 16°C. Expressed proteins are then tested for esterase
activity at temperatures 30°C and above. After several rounds of mutagenesis
and testing at increasing temperatures thermostable mutants are achieved. Each
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individual mutant CocE is then prepared, purified, and tested for activity and
thermostability at 37°C, as described above (see Examples 1 and 4)

[0186] Bacterial colonies containing mutant pollypeptides are screened
from directly from agar plates by nitroceliulose filter imprint of replica piates
followed by lysis of the baéteria and protein fixation. Determination of enzymatic
activity at various tempera‘tures is achieved by monitoring the accumulation of
benzoic acid, the acidic by product of (-)cocaine. A moist nitrocellulose imprint is
placed ontoA a dried filter paper previously saturated with a mixture of cocaine at
pH 7.4 with no buffer and a pH indicator that transitions from colorless to color
upon acidification e.g., methyl red. Active enzyme is identified by color change
and colonies are appropriately harvested. The detection method based on
acidification through the formation of benzoic acid is employed for the detection
of cell expression of catalytic antibodies that hydrolyze cocaine at the benzoyl
ester group, the same site cleaved by CocE. Alternatively, detection by
nitrocellulose imprint is achieved by exposure to a cocaine thiol-derivative and
subsequent detection of sulfhydry! groups via a precipitating heavy-metal (e.g.,
mercury-based) indicator system.

[0197]1 Bacterial colonies containing mutant polypeptides are also
screened by subculturing into liquid medium and testing directly for cocaine
esterase activity using a cocaine thiol-derivative and detection using the
colorimetric thiol indicator; Ellman’s reagent (see e.g., Figure 6). Ellman's
reagent rapidly forms a disulfide bond with free thiol-groups and releases a
colored thiolate ion which 'absorbs at 412 nm. Cultures incubated overnight at
16°C in the presence of IPTG to induce protein expression (20ut) are mixed with
1mM benzoylthioester cocaine derivative, and 500uM Ellman’s reagent in
100mM sodium phosphate pH 7.4 to a ﬁn:al volume of 200p!. Resu'lts (see e.g.,
Figure 6) indicate that cells containing the wild-type CocE enzyme are able to
cleave the benzoylthioester at much higher levels than cells alone.

[0198] Finally bacterial colonies containing mutant polypeptides are

screened by subculturing into liquid medium followed by lysis and isolation of
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mutant polypeptides using an affinity medium. For example, lysed cells are
washed through nickel-agarose filter-plates allowing collection and subsequent
elution of 6xHIS tagged proteins (for example, Ni-NTA Superflow 96-Bio-robot kit
(Qiagen). Alternatively, cells are lysed within nickel-coated microtiter plates
allowing binding of 6xHIS fusion proteins and subsequent removal of
contaminants (for example, immobilizer nickel chelate plates {Nunc) or NEN
Nickel-chelate flash plates (Perkin Eimer)). Similarly, lysed cells are incubated
with nickel coated microbeads (such as Ni-NTA magnetic agarose beads
(Qiagen)). followed by subsequent removal of contaminating proteins. Isolated
esterase protein activity are then tested using any of the assays previously
mentioned (such as the spectrophotometric activity assay (Examples 1 and 4),
the tritiated cocaine activity assay (Example 1), the benzoic acid pH indication
activity assay, the thlol-denvatwe cocaine detection systems, the use of cocaine
aptamers (Stojanovic, M.'N., de Prada, P & Landry, D. W. (2001) J Am Chem
Soc 123, 4928-31; Stojanovic, M. N. & Landry, D. W. (2002) J Am Chem Soc
124, 9678-9) by monitoring changes in fluorescence upon degradation of
cocaine, or by the use of ia generic esterase substrate such as 4-nitrophenyl
acetate and monitoring of colorimetric changes at 420nm as described
previously (Halgasova, N‘.“et al. (1994) Biochem J 298 Pt 3, 751-5; O’Conner,
C.J. & Manuel, R.D. (1993) J Dairy Sci. 76:3674-3682).

EXAMPLE 16: PRELIMINARY ANALYSIS OF N197K MUTANT POLYPEPTIDE

[0199] Preliminary analysis of the N197K mutant polypeptide (SEQ ID
NO: 42) showed good stability after 1 hour at 37°C on day 0. Vmax and Km
values are shown in Table 5. A recheck on day 3 showed similar stability. Vmax
and Km values are shown in Table 6. Higher Km values on day 3 were due to
reuse of old cocaine. Gel filtration of samples incubated at 37°C showed

formation of aggregates.:
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TABLE 5: N197K initial test (Day 0)

[Nte7k @) N197K (60)
Equation 1
Best-fit values '
VMAX 2928 2187
KM 33.77 | 24.24

TABLE 6: N197K repeat test {Day 3)

N1S7TK (0) N197K (60)
Equation 1
Best-fit values
VMAX - 13357 3085
KM 17022 113.5

EXAMPLE 17: IDENTIFICATION OF THERMALLY STABLE MUTANT COCE
POLYPEPTIDES

[0200] Thermaliy stable mutant CocE polypeptides were identified by -
determining t4,2 of the mutant CocE polypeptides. Briefly, enzymes were
preincubated at 37°C for varying times. Activity measurements were determined
at RT (25°C). Mutant enzymes with t1,; of greater than 12 minutes (the T2 of
wild type CocE) were considered thermally stable (See, e.g., Figure 27 and
Table 7). As demonstrated by the combination mutant CocE polypeptide
T172R/G173Q, in various embodiments, the combination of two single mutations

with lower or no stability {:an result in a thermally stable combination.
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TABLE 7: Thermally stable mutant CocE polypeptides

Mutant Stability @ 37°C (ti)
T122A “No
Q123E : No
S159A : No
S140A No
S167TA/WS2L ' No
TI172R ~46 min
V121D No
L163V ‘ No
F189A l No
FI89A/TI7R ' ~d0 min (Similar to TI72R)
C1078’ ’ No
W220A No
F189L No
A193D . ‘ No
T172R/AI93D ~40 min (Similar to TI72R)
GI73Q ~25 min
T254R \ No
N42V No
T172R/G173Q | ~ 326 min
G171Q/T172R/G173Q No
G171A No
L GIT3A No
wt-1175-G-D185 No
wt-T176-G-G-D185 No
T172R/G173Q-1175-G-D185
T172R/G173Q-I175-G-G-A186 ~75 min
T172R/G173Q-T176-G-G-D185 ~75 min
$177Q No
D45R No
F47R No



a
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LI6IK J ~ 274 min

L174R No

Al81K No

S179R No

Fl89K 25 min

V190K No

A194K ‘ No

RI82K - " No

EXAMPLE 18: PROTECTION OF AGGREGATION OF THERMAL STABLE COCAINE
ESTERASE MUTANTS .

[0201] Protection from aggregation of thermal stable CocE mutants
was assessed using size exclusion chromatography. Briefly, enzymes were
preincubated at 37°C for 0 minutes or 60 minutes and resolved by size exclusion

chromatography. Results for wild-type CocE, T172R and T1 72R/G173Q are
shown in Figure 28.

EXAMPLE 19: Low-UV sPECTRA

{02021 Low-UV CD spectra data were obtained using an Aviv
Spectropolarimeter Mode 400, with the help of Norma Greenfield, UMDNJ, using
a 5-cell holder and 0.2mg/mi protein concentrations. Raw data values obtained
were blanked on control PBS, smoothed, and deconvoluted using the CCA
algorithm as described by A. Perczel, K. Park, and G.D. Fasman, [Analysis of
the circular dichroism spectrum of proteins using the convex constraint
algorithm: a practicai guide. Analytical Biochemistry 203, 83-93 (1992).] This
algorithm finds the minimum number of curves needed to reconstruct a data set,
and expresses the percentage each curve contributes to the data setas a
function of temperature.
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[0203] Belowis presented alow UV CCA denconvolution analysis of
CocE WT and 4 mutants, obtained in a single CD spectra melt using a 5-cell
holder. The experiment was performed over the period of 8 hours, from 0-80°C.

[0204] Temperat‘ure dependent melting was observed between the
wavelengths tested (200-250nm), and the smoothed spectra for eaph mutant are
shown in Figure 29. Deconvolution via the CCA algorithm indicated that each
spectra was best described by a set of three curves, as shown in Figure 30. This
suggests that the melting of CocE is at least a two step process, moving from an
original curve (curve 1) to an intermediate unfolding step (curve 2), and finally
fully denatured protein (curve 3). The % contribution that each temperature
played in describing these three curves is shown in Figure 31. Dose response
analysis was used to approximate the temperature at which the initial spectra
melts (1), the formation and melt of the intermediate state (2), and the
accumulation of the fully melted protein (3). These numbers were collected and
plotted in Figure 32 and shown in Table 8.

- TABLE 8: Melting points of each step

_ #1 melt #2 formation #2 melt #3 formation
——WT 37.04 34.57 50.98 59.86
—=—T172R : 39.22 38.11 54,56 56.85
-T172R-A193D: 38.11 46.47 47.68 58.72
—— T172R-F189K 38.8 46.81 48.42 57.23
—»— T172R-G173Q 40.62 45.61 46.17 56.61

(0205]) The most thérmostable mutant T172R-G173Q (as determined
in other assays) showed the highest temperature melting of the original curve 1
(40°C vs 37°C for wild-type), and the lowest temperature for both disappearance

78

87



WO 2008/008358 : PCT/US2007/015762

of the curve 2 intermediafe (46°C vs 50°C for wild-type) and appearance of the
fully melted curve 3 (56°C vs 59°C for wild-type).

[0206] Insummary, it appears that all mutants undergo a 2-step
melting process.

EXAMPLE 20: STABILIZATION USING PRODUCTS AND INHIBITORS

[0207] Cocaine esterase (CocE) cleaves cocaine to produce Benzoic
acid and Ecgonine methyl ester. Briefly, alternative substrates and inhibitors of
cocalne, as well as compounds able to thermostabilize the enzyme, were
mvestlgated generally by substituting amide and thiol analogues at the reactive
ester bond, or removing the bond (for mhlbltors) substituting benzoyl analogues
in place of the benzoic acid leaving group, and/or removing or altermg the
methyl-ester group on the ecgonine portion of the molecule. As dlscussed below,
it was determined that some substrates, products, and inhibitors stabilized
thermal denaturation of wild type CocE, as well as prevented thermally-induced
aggregation in gel electrophoresis.

[0208] Cocaine is the natural substrate of Cocaine esterase (CocE).
Cocaine cieavage was monitored by a drop in absorbance at 240nm. Cocaine
(mM range) prevented 37°C-induced formation of high molecular weight CocE
aggregates (0.1 mg/ml enzyme concentrétions) (see, e.g., Figure 33); Cocaine
(uM quantities) stabilized 37°C-induced aétivity loss (see, e.g., Figure 34),
although the mechanism of this stabilization is complicated due to substrate
inhibition at higher concentrations.

(02091 Benzoic acid is the natural product of CocE and a weak inhibitor .
of CocE cleavage of 4-nitrophenyl acetate (Ki 310uM). Benzoic acid prevented'
37°C-induced formation of high molecular weight CocE aggregates (0.1 mg/m!
enzyme concentrations) (see, e.g., Figuré 35). Benzoic acid (uM quantities)
stabilized 37°C-induced aétivity loss (see, ‘e.g., Figure 36), although the
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mechanism of this stabilization is complicated due to substrate inhibition at
higher concentrations. :

. [0210] CocE catalyzes the cleavage of 4-nitrophenyl acetate (4NPA) to
4-nitrophenol (4NP) and acetate. The cleavage reaction was monitored by
observation of product formation at 400 nm. Both 4NP and 4NPA (mM range)
prevented 37°C-induced formation of high molecular weight CocE aggregates
(0.1 mg/ml enzyme concentrations).

[0211] Phenylboronic acid is a potent inhibitor of CocE (Ki 250nM).
Phenylboronic acid stabilized 37°C-induced aggregation of CocE with an EC50
of 0.2UM by densitometry analysis.

[0212] Using the above, a screening assay is developed to screen for
small molecules that might similarly stabilize the enzyme but not necessarily
occupy the active site. Molecules identified as stabilizing molecules are used to

stabilize the proteins disclosed herein until ready for use.

80

PCT/US2007/015762

q)



®

WO 2008/008358 PCT/US2007/015762

CLAIMS

What is claimed is:
?

1. An isolated mutant cocaine esterase (CocE) polypeptide comprising an
amino acid sequence of SEQ ID NO: 1, wherein at least one amino acid residue
is substituted such that the mutant CocE polypeptide has esterase activity with
increased thermostability at 37°C as compared to wild-type CocE.

2. The isolated CocE polypeptide of claim 1, wherein at least two amino
acid residues are substituted.

. 3. The isolated CocE polypeptide of claim 2, wherein at least threé amino
acid residues are substitgted.

4. The isolated CocE polypeptide of claim 3, wherein at least four amino
acid residues are substituted.

5. The isolated CocE polypeptide of claim 4, wherein at least five amino
acid residues are substituted.

6. An isolated mufant cocaine esterase polypeptide comprisingan amino
acid sequence selected from the group consisting of SEQ ID NO: 3 (L163V);
SEQ ID NO: 7 (V2251); SEQ ID NO: 8 (1218L); SEQ ID NO: 9 (A310D); SEQ
ID NO: 10 (A149S); SEQID NO: 11 (S159A); SEQ ID NO: 12 (S265A),; SEQ
ID NO: 13 (S56G); SEQ ID NO: 14 (W220A); SEQ ID NO: 16 (S140A); SEQ
ID NO: 17 (F189L); SEQ ID NO: 18 (A193D); SEQ ID NO: 19 (T254R); SEQ
ID NO: 20 (N42V); SEQ ID NO: 21 (V262L); SEQ ID NO: 22 (L508G); SEQ
ID NO: 23 (Y152H); SEQ ID NO: 24 (V160A); SEQ ID NO: 25 (T172R); SEQ
ID NO: 26 (Y532F); SEQ ID NO: 27 (T74S); SEQ ID NO: 28 (W285T); SEQ
ID NO: 29 (L146P); SEQ ID NO: 30 (D533S); SEQ ID NO: 31 {A194R); SEQ
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ID NO: 32 (G173Q); éEQ ID NO: 33 (C477T); SEQ ID NO: 34 (K531A); SEQ
1D NO: 35 (R411); SEQ ID NO: 36 (L119A); SEQ ID NO: 37 (K4_6A); SEQID
NO: 38 (F84Y), SEQ ID NO: 39 (T172R-G173Q); SEQ ID NO: 40 (L169K);
SEQ ID NO: 41 (F189A), SEQ ID NO: 42 (N197K), SEQ ID NO: 43 (R182K),
SEQ ID NO: 44'(F189K), SEQ ID NC: 45 (V190K), SEQ ID NO: 46 (Q191K),
and SEQ ID NO: 47 (A194K), or a functional fragment thereof.

7. An isolated nucleic acid encoding the mutant CocE polypeptide of any
one of claims 1-6.
I
8. An isolated nucleic acid comprising a nucleotide sequence that
hybridizes to SEQ ID NO: 2 orthe complement of SEQ ID NO: 2 under high
stringency conditions, wherein the isolated nucleic acid encodes a mutant CocE
polypeptide having esterase activity with increased thermostability at 37°C as
compared to wild-type CocE.
|
9. An isolated nucleic acid encoding a mutant CocE polypeptide
comprising an amino acid sequence that has at least 85% sequence identity with
the nucleic acid sequence of SEQ ID NO: 2, wherein the encoded mutant CocE
polypeptide has esterase activity' with increased thermostability at 37°C as
compared to wild-type' CocE.
10. The isolated nucleic acid of claim 7 wherein the sequencé identity is
selected from the group consisting of at least 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, and 99%.

11. The polypeptide or nucleic acid of any one of claims 1-10 wherein the
increase in mutant CocE polypeptide thermostability over wild-type CocE is at
least about 2.1 kcal/mol, at least about 2.2 kcal/mol, at least about 2.3 kcal/mol,
at least about 2.4 kcal/mol, at least about 2.5 kcal/mol, at least about 2.6

kcal/mol, at least about 2.7 kcal/mol, at least about 2.8 kcal/mol, at least about
82 '
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2.9 kcal/‘mol, at least about 3.0 kcal/mol, at least about 3.1 kcal/mol, at least
about 3.2 kcal/mol, at least about 3.3 kcal/mol, at ieast about 3.4 kcal/mol, at
least about 3.5 kcal/mol, at least about 3.6 kcal/mol, at least about 3.7 kcal/mol,
at least about 3.8 kcal/mol, at least about 3.9 kcal/mol, at least about 4.0
kcal/mol, at least about 4.1 kcal/mol, at least about 4.2 kcal/mol, at least about
4.3 kcal/mol, at least about 4.4 kcal/mol, or at least about 4.5 kcal/mol.

12. The polypeptide or the nucleic acid of any one of claims 1-11 wherein
the mutant CocE polypeptide has reduced immunogenicity as compared to wild-
type CocE.

13. The' polypeptide or the nucleic acid of any one of claims 1-12 wherein
the mutant CocE polypeptide has at least about 60%, at least about 65%, at
least about 70%, at least about 75%, at least about 80%, at least about 85%, at
least about 90%, at least about 95%, at least about 100%, at least about 105%,
at least about 110%, at least about 115%, at least about 120%, at least about
125%, at least abbut 130%, at least about 135%, or at least about 140% of the
esterase activity of wild-type CocE polypeptide.

t .

14. The polypeptide or the nucleic acid of any one of claims 1-12 wherein
the mutant CocE polypeptide retains at least substantially the same or greater
catalytic efficiency of wild-type CocE polypeptide.

|

15. A pharmacedtical composition comprising the mutant CocE
polypeptide or the mutant CocE polypeptide encoded by the nucleic acid of any
one of claims 1-14 and a pharmaceutically acceptable carrier or excipient.

L
16. The polypeptide, polypeptide encoded by the nucleic acid, or the
pharmaceutical composjtion of any one of claims 1-15, wherein the mutant CocE
polypeptide is pegylated.
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17. The polypeptic{e, polypeptide encoded by the nucleic acid, or the
pharmaceutical composition of any one of claims 1-16, wherein the mutant CocE

polypeptide is encapsuiated in a red blood cell.

18. The polypeptide, polypeptide encoded by the nucleic acid, or the
pharmaceutical composition of any one of claims 1-17, wherein the mutant CocE
polypeptide is stabilized by a substrate or inhibitor.

19. The polypeptide, polypeptide encoded by the nucleic acid, or the
pharmaceutical composition of any cne of claims 1-56 and 7-18, wherein the
poypeptide comprises a plurality of amino acid residue substitutions selected
from the group consisting of: T122A; 123E; S159A; S140A; S167A/WS2L:;
T172R; V121D; L163V; F189A; F189A/T172R; C107S; W220A; F189L; A193D;
T172R/A193D; G173Q; T254R; N42V; T172R/G173Q; G171Q/T172R/G173Q;
G171A; G173A; wt-1175-G-D185; wt-T176-G-G-D1 85; T172R/G173Q-I1175-G-
D185; T172R/G173Q-1175-G-G-A1 86:'T1' 72R/G173Q-T176-G-G-D185; S177Q;
D45R,; F47R; L169K; L1 ‘74R; A181K; S179R; F189K; V190K; A194K; and
R182K. -

|

20. A method of treating a cocaine-induced condition comprising
administering to a subject in need thereof én effective amount of the mutant
CocE polypeptide, the mutant CocE polypeptide encoded by the nucleic acid, or
the pharmaceutical composition of any one of claims 1-19. '

21. The method of claim 20, wherein the cocaine-induced condition is
selected from the group consisting of cocaine overdose, cocaine toxicity, cocaine
addiction, and cocaine dependence.

|

22. A high throughput screening method for identification of thermostable

mutant CocE polypeptides coMprising the steps of:
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!

stably transforming a cell with a nucleic acid encoding a mutant CocE
polypeptlde .

expresslng the mutant CocE polypeptide in the celi;

isolating the expressed CocE polypeptide;

‘ measuring esterase activity of the isolated mutant CocE polypeptide at
one or more predetermined temperatures of at least about 30°C up to about
50°C to determine thermostability of the isolated mutant CocE polypeptides;

selecting isolated mutant CocE polypeptide with esterase activity at the
predetermined temperatUre(s).

’ |

23. The high throughput screening method of claim 22 wherein
measuring esterase activty of the isolated mutant polypeptides comprises:

contacting the isolated mutant CocE polypeptide with (i) cocaine and a pH
indicator or (ii) a thio-derivative of cocaine and a thiol indicator;

detecting a change in the pH indic{ator or the thiol indicator; wherein a
change of the pH indicator or the thiol indicator is correlated with formation of
benzoic acid from hydrolysis of cocaine or cocaine derivative by the mutant
CockE polypeptide.

24. The high throughput screening method of any one of claims 22-23
further comprised of repeating one or more steps of the screening method at
least once at an increased temperature for measuring esterase activity.

25. The high throughput screening method of claim 24 wherein a first
screening cycle has a first temperature for measuring esterase activity of about
30°C and a subsequent screening cycle has a temperature for measuring
eslerase activity of about 45°C.

26. The high th‘roughput screening method of any one of claims 22-25
wherein expression of mutant CacE polypeptide occurs at a temperature at
which wild type CocE substantially retains catalytic activity.
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|

i

27. The high throughput screening method of any one of claims 22-25
wherein expression of mutant CocE polypeptide occurs at a temperature at
which wild-type CocE poiypeptide substantially partitions into inclusion bodies.

o
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FIG. 6
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FIG. 16
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COMPOSICIONES ANTI-COCAINA Y TRATAMIENTO
REFERENCIA CRUZADA A SOLICITUDES RELACIONADAS

[0001] Esta solicitud reivindica prioridad a la solicitud
provisional de los Estados Unidos No. 60/819,569, presentada el 10 de julio

de 2006, la cual se incorpora aqui por referencia en su totalidad.

DECLARACION CON RESPECTO A INVESTIGACION O
DESARROLLO PATROCINADOS CON RECURSOS FEDERALES

[0002] Esta invencion se realizd en parte con apoyo del
Gobierno de los Estados Unidos bajo la Donacion NIDA No. DA021416. El

Gobierno de los Estados Unidos tiene ciertos derechos en la invencion.

INCORPORACION POR REFERENCIA DE MATERIAL
PRESENTADO EN UN DISCO COMPACTO

[0003] El Listado de Secuencias, que constituye una parte de la
presente divulgacion, incluye un formato de lectura por computador y un
listado de secuencias escrito, que comprende secuencias de nucleétidos y/o
aminoacidos de la presente invencion. La informacién del listado de
secuencias registrado en formato de lectura por computador es idéntica al
listado de secuencias escrito. El asunto del Listado de Secuencias se

incorpora en esta especificacion por referencia en su totalidad.
CAMPO DE LA INVENCION

[0004] La invencion divulgada en esta especificacion se refiere

generalmente a terapéutica de la cocaina.
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ARTE PREVIO
[0005] El abuso de cocaina es un problema médico y social

persistente, que se resiste a la curacion mediante farmacoterapia. La cocaina
actiia bloqueando la reabsorcion de monoaminas, dopamina, norepinefrina
y serotonina, prolongando y magnificando los efectos de estos
neurotransmisores en el sistema nervioso central (Benowitz NL (1993)
Pharmacol Toxicol 72, 3-12). La toxicidad de la cocaina se caracteriza tanto
por convulsiones como por disfuncion cardiaca (por ejemplo, infarto del
miocardio, arritmias cardiacas, aumento de la presion sanguinea, derrame
cerebral, o aneurisma disecante y elevada demanda de oxigeno del
miocardio), debido a efectos sobre los sistemas neurotransmisores y
bloqueo de canal de sodio miocardico (Bauman JL. and DiDomenico RJ
(2002) J Cardiovasc Pharmacol Ther 7, 195-202; Wilson LD and Shelat C
(2003) J Toxicol Clin Toxicol 41, 777-788; Knuepfer MM (2003)
Pharmacol Ther 97, 181-222). Debido a la capacidad de la cocaina de
cruzar facilmente la barrera hematoencefalica y sus efectos generalizados
sobre los sistemas nerviosos central y periférico, la sobredosis puede
resultar en muerte subita (véase Bauman JL. and DiDomenico RJ (2002) J

Cardiovasc Pharmacol Ther 7, 195-202, para una revision).

[0006] Aunque el mecanismo de accion de la cocaina es bien
entendido, esta informacién no se ha traducido atn en el desarrollo de un
antagonista efectivo de la cocaina que pudiera emplearse en situaciones de
abuso y sobredosis. Los efectos rapidos y pleiotropicos de la cocaina
plantean un problemaj complejo para el tratamiento de la toxicidad aguda de
la cocaina (Carroll Fl, Howell LL and Kuhar M.J (1999) J Med Chem 42,
2721-2736). Los dos tipos de terapias disponibles para el tratamiento del
abuso de opioideos, antagonismo (por ejemplo, naltrexona) y reemplazo
(por ejemplo, metadona), no registran paralelos en el caso de la cocaina, si
bien se estan considerando intentos hacia éstos ultimos (por ejemplo, J.

Grabowski et al. (2064) Addictive Behaviors 29, 1439-1464). Un enfoque

{36
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es impedir que la cocaina alcance sitios de accion, o reducir su impacto,
administrando esterasas endogenas, anticuerpos especificos de la cocaina, o

un anticuerpo catalitico.

[0007] La'cocaina de origen natural se hidroliza con el éster de
benzoilo por la butirilcolinesterasa sérica (BChE) en ecgonina metil éster
no toxico y acido benzoico. En el higado, la carboxilesterasa hCE-2
hidroliza el metil éster para producir benzoilecgonina y metanol (véase a
este respecto, Figura 1). La semi-vida de eliminacion de la cocaina en la
sangre varia de 0.5 1.5 horas (T. Inaba (1989) Canadian Journal of
Physiology & Pharmacology 67, 1154-1157). Ha habido unos cuantos
intentos de emplear BChE de origen natural o BChE genéticamente
modificada para aumentar la degradacion de la cocai’na (véase a este
respecto, Carmona et al. (2000) Drug Metabolism & Disposition 28, 367-
371; Xie et al. (1999) Molecular Pharmacology‘ 55, 83-91; Sun et al.
(2002a) Molecular Pharmacology; Sun et al. (2002b) Pharmacology &
Experimental Therapeutics 302, 710-716; Duysen et al. (2002) Journal of
Pharmacology & Experimental Therapeutics 302, 751-758; Gao Y and
Brimijoin S (2004) Journal of Pharmacology & Experimental Therapeutics
310, 1046-1052; Gao et al. (2005) Molecular Pharmacology 67, 204-211).
Otros investigadores han utilizado un anticuerpo monoclpnal, Mab 15A10,
como un anticuerpo catalitico contra la cocaina (véase por ejemplo, Landry
et al, 1993; Mets et al., 1998; Baird et al., 2000; Larsen et al., 2004),
mientras que otros estdn explorando la posibilidad del uso de vacunas

(véase por ejemplo, Kosten et al. (2002) Vaccine 20, 1 196-1204).

Tabla 1: Cinética de varias enzimas que hidrolizan cocaina contra (-)

cocaina.
Enzima Kcat(min-1) | Km (uM) Eficiencia (kcat/Km) Referencia
BChE 4.1 4.5 9.1 x 10° Sun et al., 2002a
Ala328W/Y332A 154 18 8.5x 10° Sun et al., 2002a

13
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Mab15A10 2.2 220 1x10* Larsen et al., 2004
AME 359 620 20 3.1x 10’ Gao et al., 2005
CocE 468 0.64 72x 10° Tumer et al., 2002

[0008] Una bacteria, Rhodococcus sp. MB 1, nativa del suelo
que rodea la planta de coca, ha desarrollado la capacidad de utilizar cocaina
como su sola fuente de carbono y nitrogeno. La bacteria expresa una
cocaina esterasa (CocE) que actua en la misma. forma que la BChE para
hidrolizar el éster de benzoilo de la cocaina, produciendo ecgonina metil
éster y acido benzoico (véase a este respecto, Figura 1) (Bresler et al.
(2000) Appl Environ Microbiol 66, 904-908; Turner et at. (2002)
Biochemistry 41, 12297-12307; Larsen et al. (2002) Nature Struct Biol 9,
17-21). El gen para CocE se ha aislado y clonado (Bresler et al. (2000) Appl
Environ Microbiol 66, 904-908), y la estructura cristalina de CocE se ha
determinado (Turner et at. (2002) Biochemistry 41, 12297-12307; Larsen et
al. (2002) Nature Struct Biol 9, 17-21). La estructura de CocE (véase a este
respecto, Figura 2) revela una serina esterasa clasica plegada ademas de los
otros dos dominios que se combinan para formar un receptaculo de unién de
cocaina ("a cocaine binding pocket'). La alteracion de cualquiera de los
tres aminoacidos (Asp, His, o Ser) en la triada catalitica en el sitio activo
(para una revision, véase por ejemplo Dodson G and Wlodawer A (1998)
Trends Biochem Sci 23, 347-352) inactiva la actividad esterasa contra la
cocaina. Mas aln, la mutacion de residuos que hacen contacto con la
fraccion benzoato de la cocaina (por ejemplo, Tyrd4) desestabiliza
igualmente la hidrolisis de la cocaina, presumiblemente deteriorando la
estabilizacion del oxianion en el sitio de transicion (Turner et al. (2002)
Biochemistry 41, 12297-12307; Larsen et al. (2002) Nature Structural
Biology 9, 17-21). La enzima purificada (MW ~65kDa) cataliza la cocaina
muy eficientemente con una cinética de Michaelis-Menten ke =7.2 s y
Km = 640 nM (Turner et al. (2002) Biochemistry 41, 12297-12307; Larsen
et al. (2002) Nature Structural Biology 9, 17-21), casi tres ordenes de

magnitud mayor que las esterasas enddgenas y, muy probablemente,
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actuaria suficientemente rapido para desintoxicar humanos que se hayan
tomado una dosis excesiva de cocaina (Landry et al. (1993) Science 259,
1899-1901; Mets et al. (1998) National Academy of Sciences of the United
States of America 95, 10176-10181). Adicionalmente, la esterasa
metaboliza asimismo cocaetileno, un potente metabolito de la cocaina y
alcohol, casi tan eficientemente como metaboliza la cocaina (ke = 94 5™ y
Km = 1600 nM) (Turner et al. (2002) Biochemistry 41, 12297-12307;
Larsen et al. (2002) Nature Structural Biology 9, 17-21).

[0009] En consecuencia, seria deseable proveer una CocE

estable para terapéutica anti-cocaina.
SUMARIO DE LA INVENCION

[0010] Por consiguiente, los presentes inventores han tenido
éxito en descubrir mutantes de cocaina esterasa altamente eficientes,
termoestables y de lérga duracidn, que pueden proteger contra los efectos

toxicos y reforzantes. de la cocaina en sujetos.

[0011] Un aspecto de la invencion provee polipéptidos de
cocaina esterasa (CocE) mutantes aislados de la secuencia de aminoécidos
de CocE tipo silvestre (por ejemplo, SEQ ID NO: 1), pero con por lo menos
un residuo de aminodcido sustituido. Los polipéptidos CocE mutantes
tienen actividad esterasa con termoestabilidad creciente a 37°C,

comparados con la CocE tipo silvestre.

[0012] Varias incorporaciones incluyen polipéptidos CocE
mutantes con por lo menos dos, tres, cuatro, cinco, o mas sustituciones de la
secuencia de aminodcidos de la CocE tipo silvestre. Ejemplos de
polipéptidos CocE mutantes en el 4mbito de la invencion incluyen aquellos
con una secuencia gie aminoacidos de SEQ ID NO: 3 (L163V); SEQ ID
NO: 7 (V2251); SEQ ID NO: 8 (1218L); SEQ ID NO: 9 (A310D); SEQ ID

29
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NO: 10 (A149S); SEQ ID NO: 11 (S159A); SEQ ID NO: 12 (S265A); SEQ
ID NO: 13 (S56G); SEQ ID NO: 14 (W220A); SEQ ID NO: 16 (S140A);
SEQ ID NO: 17 (F189L); SEQ ID NO: 18 (A193D); SEQ ID NO: 19
(T254R); SEQ ID NO: 20 (N42V); SEQ ID NO: 21 (V262L); SEQ ID NO:
22 (L508G); SEQ ID NO: 23 (Y152H); SEQ ID NO: 24 (V160A); SEQ ID
NO: 25 (T172R); SEQ ID NO: 26 (Y532F); SEQ ID NO: 27 (T74S); SEQ
ID NO: 28 (W285T); SEQ ID NO: 29 (L146P); SEQ ID-NO: 30 (D533S);
SEQ ID NO: 31 (A194R); SEQ ID NO: 32 (G173Q); SEQ ID NO: 33
(C477T); SEQ ID NO: 34 (K531A); SEQ ID NO: 35 (R411); SEQ ID NO:
36 (L119A); SEQ ID NO: 37 (K46A); SEQ ID NO: 38 (F84Y), T172R-
G173Q (SEQ ID NO: 39); L169K (SEQ ID NO: 40); F189A (SEQ ID NO:
41), N197K (SEQ ID NO: 42), R182K (SEQ ID NO: 43), F189K (SEQ ID
NO: 44), VI90K (SEQ ID NO: 45), Q191K (SEQ ID NO: 46), y A194K
(SEQ ID NO: 47), o un fragmento funcional) de las mismas. Polipéptidos
ejemplares adicionales de CocE mutante incluyen FI189A/T172R,
T172R/A193D, T172R/G173Q-1175-G-G-A186, T172R/G173Q-T176-G-
G-D185, y similares. Dadas las convenciones de denominacion y las
secuencias polipeptidicas divulgadas en esta especificacion, una persona
experta en el arte podria determinar las secuencias polipeptidicas para los

polipéptidos CocE mutantes ya mencionados.

[0013] Otro aspecto de la invenciéon provee composiciones
farmacéuticas que incluyen, entre sus componentes un polipéptido CocE
mutante en el ambito de la invencion y una sustancia portadora o excipiente

farmacéuticamente aceptable.

[0014] Otro aspecto de la invencidon provee acidos nucleicos
aislados que codifican el polipéptido CocE mutante descrito en esta
especificacion. En varias incorporaciones, los acidos nucleicos incluyen
aquellos con secuencias que se hibridan al acido nucleico que codifica
CocE tipo silvestre ,(por ejemplo, SEQ ID NO: 2), o al complemento del

mismo, bajo condiciones de alta restriccion. Tal acido nucleico aislado
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codifica un polipéptido CocE mutante que tiene actividad esterasa con
termoestabilidad incrementada a 37°C, comparada con la CocE tipo
silvestre. Varias incorporaciones de la secuencia de acido nucleico aislado
tiene por lo menos alrededor del 85% de identidad de secuencia con la
secuencia de acido nucleico de la CocE tipo silvestre (por ejemplo, SEQ ID
NO: 2). Por ejemplo, la secuencia de acido nucleico aislado tiene por lo
menos alrededor de 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, y 99% de identidad de secuencia de la CocE tipo
silvestre (por ejemplo, SEQ ID NO: 2).

[0015] En varias incorporaciones, polipéptidos CocE mutantes
(o polipéptidos codificados por acidos nucleicos en el ambito de la
invencion) tienen temperaturas de fusiéon mayores, comparados con la CocE
tipo silvestre. En varias incorporaciones, polipéptidos CocE mutantes (o
polipéptidos codificados por 4cidos nucleicos en el ambito de la invencion)
aumentan la termoestabilidad de los polipéptidos CocE mutantes sobre la
CocE tipo silvestre en por lo menos alrededor de 2.0 kcal/mol. Por ejemplo,
la termoestabilidad incrementada puede ser por lo menos alrededor de 2.1
kcal/mol, por lo menos alrededor de 2.2 kcal/mol, por lo menos alrededor
de 2.3 kcal/mol, por lo menos alrededor de 2.4 kcal/mol, por lo menos
alrededor de 2.5 kcal/mol, por lo menos alrededor de 2.6 kcal/mol, por lo
menos alrededor de 2.7 kcal/mol, por lo menos alrededor de 2.8 kcal/mol,
por lo menos alrededor de 2.9 kcal/mol, por lo menos alrededor de 3.0
kcal/mol, por lo menos alrededor de 3.1 kcal/mol, por lo menos alrededor
de 3.2 kcal/mol, por lo menos alrededor de 3.3 kcal/mol, por lo menos
alrededor de 3.4 kcal/mol, por lo menos alrededor de 3.5 kcal/mol, por lo
menos alrededor de 3.6 kcal/mol, por lo menos alrededor de 3.7 kcal/mol,
por lo menos‘ alrededor de 3.8 kcal/mol, por lo menos alrededor de 3.9
kcal/mol, por lo menos alrededor de 4.0 kcal/mol, por 16 menos alrededor
de 4.1 kcal/mol, por lo menos alrededor de 4.2 kcal/mol, por lo menos
alrededor de 4.3 kcgl/mol, por lo menos alrededor de 4.4 kcal/mol, o por lo

menos alrededor de 4.5 kcal/mol.

1
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[0016] En varias incorporaciones, polipéptidos CocE mutantes
(o polipéptidos codificados por acidos nucleicos en el dmbito de la
invencion) tienen una inmunogenicidad reducida, comparados con la CocE

tipo silvestre.

[0017] En algunas incorporaciones, los polipéptidos CocE
mutantes termoestables tienen menos actividad esterasa que la CocE tipo
silvestre. Por ejemplo, mutantes de CocE termoestable pueden tener
alrededor de 10%, alrededor de 20%, alrededor de 30%, alrededor de 40%,
alrededor de 50%, alrededor de 60%, alrededor de 65%, alrededor de 70%,
alrededor de 75%, alrededor de 80%, alrededor de 85%, alrededor de 90%,
alrededor de 95%, o ‘alrededor de 99% de la actividad esterasa de la CocE
tipo silvestre. En otras incorporaciones, los polipéptidos CocE mutantes
tienen la misma eficiencia catalitica, o mayor, de los polipéptidos CocE tipo
silvestre. Por ejemplo, mutantes de CocE termoestables pueden tener
alrededor de 100%, alrededor de 110%, alrededor de 120%, alrededor de
130%, alrededor de 140%, alrededor de 150%, o mas, de la actividad

esterasa de CocE tipo silvestre.

[0018] En varias incorporaciones, los polipéptidos CocE
mutantes se pegilan. En varias incorporaciones, el polipéptido CocE
mutante se encapsula en un glébulo rojo. Por ejemplo, un polipéptido(s)
CocE mutante pegilado (o una composicion farmacéutica que contenga un
polipéptido(s) CocE mutante pegilado) puede encapsularse en un glébulo

rojo (RBC - red blood cell).

[0019] En algunas incorporaciones, los polipéptidos CocE

mutantes se estabilizan por un sustrato, producto, y/o inhibidor.

[0020] Otro aspecto de la invencidon provee los métodos de

|
tratar una afeccién inducida por la cocaina. En tales métodos, una cantidad

'
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terapéuticamente efectiva de un polipéptido(s) CocE mutante (o una
composicién farmacéutica que contenga un polipéptido(s) CocE mutante)
en el ambito de la invencidn se administra a un sujeto necesitado de ello. En
varias incorporaciones, la afeccion inducida por la cocaina incluye
sobredosis de cocaina, toxicidad de la cocaina, adiccién a la cocaina,

dependencia de la cocaina, y/o alguna combinacién de las mismas.

[0021] Aun otro aspecto de la invencion posibilita un método
de deteccion selectiva de gran productividad ("a high throughput
screening') para ]a identificacion de polipéptidos CocE mutantes
termoestables. En tal método de deteccion selectiva, una célula se
transforma en forma estable con un &cido nucleico que codifica un
polipéptido CocE mutante candidato. El polipéptido CocE mutante se
expresa en la célula. El polipéptido CocE mutante expresado se aisla o
despliega. La actividad esterasa del polipéptido CocE mutante aislado se
mide a una o0 mas temperaturas para determinar la termoestabilidad de los
polipéptidos CocE fnutantes aislados. Tal temperatura(s) puede ser desde
alrededor de 30°C a alrededor de 50°C. Se selecciona(n) el polipéptido(s)

CocE mutantes con actividad esterasa a la temperatura(s) predeterminada.

[0022] En algunas incorporaciones del método de deteccion
selectiva, la medicion de la actividad esterasa de los polipéptidos mutantes
aislados puede llevarse a cabo contactando el polipéptido CocE mutante
aislado con (i) cocaina y un indicador de pH o (ii) un tio-derivado de
cocaina y un indicador de tiol. A continuacion se detecta cualquier cambio
en el indicador de pH o el indicador de tiol. Tal cambio se correlaciona con
la formacién de 4cido benzoico de la hidrélisis de cocaina o un derivado de

cocaina por el polipéptido CocE mutante.

[0023] Tales incorporaciones del método de deteccion selectiva
incluyen ademdas conducir varios ciclos del procedimiento de deteccion

selectiva a temperaturas incrementadas para medir la actividad esterasa. Por
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ejemplo, el primer ciclo puede empelar una temperatura para medir la
actividad esterasa de alrededor de 30°C, mientras que un ciclo subsiguiente

puede emplear una temperatura para medir la actividad esterasa de

alrededor de 45°C.

[0024] En algunas incorporaciones del método de deteccion
selectiva, la expresion de un polipéptido CocE mutante ocurre a una
temperatura a la cual la CocE tipo silvestre conserva sustancialmente la
actividad catalitica. En otras incorporaciones del método de deteccion
selectiva, la expresion del polipéptido CocE mutante ocurre a una
temperatura a la cual el polipéptido CocE tipo silvestre se divide
sustancialmente en cuerpos de inclusidon. Por ejemplo, la temperatura de
expresion puede ser por lo menos alrededor de 35°C, por lo menos
alrededor de 36°C, por lo menos alrededor de 37°C, por lo menos alrededor

de 38°C, por lo menos alrededor de 39°C, o por lo menos alrededor de

40°C. '

b

|
[0025] Otros objetos y caracteristicas seran en parte evidente y

en parte se destacaran en mas adelante.
BREVE DESCRIPCION DE LOS DIBUJOS

[0026] Los expertos en el arte entenderan que los dibyjos,
descritos a continuacion, son para fines ilustrativos inicamente. Los dibujos
no tienen como finalidad limitar el &mbito de las presentes ensefianzas en
modo alguno.

;

[0027] 'Figura 1 es un diagrama que ilustra el metabolismo de la
cocaina por varias reacciones enzimaticas.

[0028] Figura 2 es un diagrama de cintas que ilustra la

estructura de CocE. Se indican el dominio 1 (DOM1), el dominio 2

10
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(DOM2) y el dominio 3 (DOM 3), junto con el sitio activo localizado en la
interseccion de los tres dominios. En el sitio activo se muestra una molécula

de acido benzoico.

[0029] Figura 3 es un grafico de curvas que describe el perfil de
elucion para CocE por FPLC (Q-Sepharose), en el que se muestra la
absorbencia de UV y la concentracion de cloruro de sodio con el transcurso
del tiempo. Para una mayor informaciéon sobre la metodologia, véase

Ejemplo 1.

[0030] Figura 4 es un grafico de curvas y diagrama de
dispersién que muestra la degradacion in vitro de cocaina en la presencia de
CocE en plasma humano. Para una mayor informacién sobre la

metodologia, véase Ejemplo 2.

[0031] Figura 5 es una grafico de la cinética enzimatica
Michaelis-Menten para la CocE tipo silvestre, la CocE mutante T172R
(SEQ ID NO: 26); y la CocE mutante S159A (SEQ ID NO: 11) para
reacciones llevadas a cabo a 30°C y 37°C. Para una rflayor informacion

sobre la metodologfa, véase Ejemplo 4.

[0032] Figura 6 es un conjunto de fotografias de la coloracién
total de proteina luego de la separacion por PAGE (polyacrylamide-gel
electrophoresis) de la CocE tipo silvestre y mutante T172R empleando
condiciones desnaturalizantes (SDS+Me) o no desnaturalizantes (Native)
luego de la incubacion a 37°C durante varios puntos de tiempo. Para mayor
informacion, véase: Ejemplo 4.

[0033] ‘Figura 7 es un grafico de curvas que describe el
dicroismo circular determinado con temperaturas de fusion de CocE tipo
silvestre y T172R. El espectro total se muestra en A, el espectro cercano a

UV se muestra en B, y la temperatura de fusion estimada para cada mutante

11
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se muestra en C. Para mayor informacién, véase Ejemplo 4.

[0034] Figura 8 contiene (A) un dibujo de la hidrdlisis del
derivado benzoiltioéster de cocaina (tio-1) y la des-carbometoxi cocaina
(tio-2) seguida por reaccion de los tiols liberados (R-SH) con reactivo de
Ellman; y (B) un grafico de curvas que muestra la reaccidn colorimétrica de
células BL21 de control y células BL21 que contienen CocE incubada con
el derivado benzoiltioéster (tio-1) y reactivo de Ellman. Para mayor

informacion, véase Ejemplo 15.

[0035] Figura 9 es un grafico de curvas y diagrama de
dispersion que muestra el efecto de 1.0 mg CocE (circulos cerrados) o PBS
(vehiculo, circulos abiertos) sobre la mortalidad inducida por cocaina
cuando se administra un minuto después de dosis crecientes de cocaina (n=
6-7). Los datos presentados se expresan como porcentaje y su error

estandar. Para una mayor informacion sobre la metodologia, véase Ejemplo
5.

[0036] Figura 10 es un grafico de barras que muestra el efecto
de dosis crecientes Lie CocE (CE) o BChE humana (BChE), o PBS, sobre la
mortalidad inducida por la cocaina cuando se administran un minuto antes
180 mg/kg cocainell (n = 6-7). Los datos presentados se expresan como
porcentaje y su error estandar. Para una mayor informacion sobre la

metodologia, véase Ejemplo 5.

[0037] F igura 11 es un grafico de barras que muestra el efecto
de los mutantes de CocE S117A y Y44F, o CocE tratada con PMSF sobre
las convulsiones inducidas por cocaina y la mortalidad cuando se
administran 1 minuto antes 180 mg/kg de cocaina (n = 5-6). Para una
mayor informaci(’)r} sobre la metodologia, véase Ejemplo 5.

|

[0038] Figura 12 es un grafico de barras que muestra el efecto

12
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de 1.0 mg CocE o PBS administrado un minuto después de los 560 mg/kg
WIN-35065-2, la LD100 determinada del compuesto (n = 6-8). Para una

mayor informacion sobre la metodologia, véase Ejemplo 5.

[0039] Figura 13 es un grafico de curvas y un diagrama de
dispersion que muestran la inactivacién en funcién del tiempo de CocE
(125 ng/ml) in vitro. El decrecimiento exponencial t,, se calculé como 13.2.

Para una mayor informacio6n sobre la metodologia, véase Ejemplo 6.

[0040] Figura 14 es un grafico de barras que muestra los efectos
protectores en funcion del tiempo de 1 mg CocE cuando se administra
varias veces antes y después de 100 mg/kg de cocaina (n = 6-8). Para una

mayor informacidn sobre la metodologia, véase Ejemplo 6.

[0041] Figura 15 es un grafico de barras que muestra las
concentraciones de cocaina en plasma humano tratado con 0.8 uM de
cocaina esteras o vehiculo de esterasa en el minuto 0 y en el minuto 1 luego
de la administracién de esterasa. Para una mayor informacion sobre la

metodologia, véase Ejemplo 6.

[0042] Figura 16 es una serie de graficos de curvas y diagramas
de dispersion que muestran el efecto de 0.32 mg CocE (circulos cerrados),

0.32 mg de CocE mutante T172R (triangulos cerrados), o PBS (vehiculo,

circulos abiertos) sobre la mortalidad inducida por cocaina cuando se

administra en el minuto 1 luego de dosis crecientes de cocaina (panel
izquierdo) y minutos antes de la muerte luego de la administracion de de
cocaina (panel derecho). Para una mayor informacion sobre la metodologia,

véase Ejemplo 7.
[0043] Figura 17 es un grafico de curvas y un diagrama de

dispersion que muestran el efecto de 0.32 mg/kg de CocE (circulos

cerrados) o CocE mutante T172R (triangulos cerrados) sobre la mortalidad

13
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inducida por cocaina cuando se administra en los minutos 1, 10, 30 y 60
antes de la administracion de 320 mg/kg de cocaina (n=6). Para una mayor
informacidn sobre la metodologia, véase Ejemplo 7.

[0044] F iéura 18 es una serie de graficos de curvas y diagramas
de dispersion que muestran el efecto de 1 mg de hBChE (tridngulo cerrado),
0.32 mg de CocE (circulo cerrado), o 1 mg de CocE (rectangulo/cuadrado
cerrado) sobre la mortalidad inducida por cocaina. Figura 18A muestra la
mortalidad como unaf funcién de la concentracién de la cocaina. Figura 18B
muestra los minutos hasta la muerte luego de la administracion de cocaina
como una funcién de la concentracién de la cocaina. Para una mayor
informacion sobre la;meto'dologia, véase Ejemplo 8.

[0045] F’igura 19 es una trazado del espectro de masas MALDI-
TOF de CocE pegiléda. La diferencia de masa entre picos corresponde a -
5500 Da; equivalentes al peso molecular de una sola cadena PEG. Para una

mayor informacion sobre la metodologia, véase Ejemplo 11.

[0046] Figura 20 es una imagen SEM de globulos rojos fijados
con gluteraldehido. Figura 20A es RBC normales sin tratamiento. Figura
20B es un RBC de ruptura osmotica-resellado cargado con L-ASNasa.
Figura 20C es RBC cargado con LMWP-ASNasa. Para una mayor

informacidn sobre la metodologia, véase Ejemplo 12.

[0047] ‘Figura 21 es un diagrama de dispersiéon que muestra la
actividad porcentual de la asperaginasa en la sangre como una funcion del
tiempo (dias) para RBC/LMP-ASNasa o RBC Ghost/ASNasa. Para una
mayor informacion sobre la metodologia, véase Ejemplo 12.

[0048] {Figura 22 es un grafico de curvas que muestra la
supervivencia de ratones DBA/2 que portan células de linfoma L5178Y. El

dia 5 se administré enzima o solucion salina, momento en el cual los

14
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sintomas estaban presentes. Para una mayor informacién sobre la

metodologia, véase Ejemplo 12.

[0049] Figura 23 es un grafico de curvas y diagramas de
dispersion que demuestran los efectos protectores de CocE y sus mutantes
contra la toxicidad inducida por la cocaina. La figura presenta el porcentaje
de ratones que exhiben mortalidad inducida por la cocaina como una
funcién de la concentracion de cocaina inyectada en ratones a los que se
administré CocE tipo silvestre (0.3 mg), T172R (0.3 mg), T172R-G173Q
(0.3 mg), o L169K (1 mg). CocE o mutantes (mg) se administraron
intravenosamente 1 minuto antes de la administracion de cocaina (mg/kg,
i.p.). Diferentes simbolos representan curvas de respuesta la dosis de
mortalidad inducida por la cocaina en la ausencia o presencia de CocE o
mutantes. Cada punfo de datos representa el porcentaje de ratones (n=8 para
cada estado de dosificacion) que exhiben mortalidad inducida por la

cocaina.

[0050] Figura 24 es una serie de graficos de lineas y diagramas
de dispersion que presentan el transcurso del tiempo de los efectos
protectores de CocE contra la toxicidad de la cocaina. CocE o mutantes
(0.1, 0.3, y 1 mg, i.v.) se aplicaron en diferentes puntos de tiempo antes de
la administracion de 180 mg/kg de cocaina ip. Figura 24A indica el
porcentaje de ratones que presentaron mortalidad inducida por la cocaina
como una funcioén del tiempo de administracion de CocE tipo silvestre (0.1
mg), T172R (0.1 mg), L169K (0.1 mg), o T172R-G173Q (0.1 mg) antes de
la aplicacion de 180 mg/kg de cocaina i.p. Figura 24B presenta el
porcentaje de ratones que exhibieron mortalidad inducida por la cocaina
como una funcién del tiempo de aplicacion de CocE tipo silvestre (0.3 mg),
T172R (0.3 mg), L169K (0.3 mg), o T172R-G173Q (0.1 mg) antes de la
aplicacion de 180 mg/kg de cocaina i.p.. Figura 24C indica el porcentaj'e de
ratones que prese:ntaron mortalidad inducida por la cocaina como una

funcién del tiempo de aplicacion de CocE tipo silvestre (1 mg), T172R (1

15
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mg), L169K (1 mg), o T172R-G173Q (1 mg) antes de la administracion de
de 180 mg/kg de cocaina i.p. Cada punto de datos representa el porcentaje
de ratones (n=8 para cada condicion de dosificacion) que presentaron

mortalidad inducida por la cocaina.

[0051] Figura 25 es un grafico de curvas y diagrama de
dispersion que demuestran la duracion estimada de proteccion para el 50%
de mortalidad. La' figura presenta la duracién estimada (horas) de
proteccion (50% de monalidad) de mutantes de CocE en ratones como una
funcion de la dosificacion (mg, i.v.) de T172R-G173Q, L169K, T172R y
CocE tipo silvestre. El tiempo requerido en alcanzar el 50% de mortalidad

se determiné a partir de la Figura 24.

[0052] Figura 26 es una serie de graficos de curvas y diagramas
de dispersion que demuestran los efectos protectores de CocE, T172R-
G173Q y sus formas pegiladas contra la toxicidad inducida por la cocaina.
Cada enzima (0.3 rhg) se aplico por via intravenosa 1 minuto antes de la
administracion de cocaina (mg/kg, i.p.). Diferentes simbolos representan
curvas de respuesta a la dosis de la mortalidad inducida por la cocaina en la
ausencia o presenéia de la enzima. Cada punto de datos representa el
porcentaje de ratones (n=8 para cada condicion de -dosificacion) que
exhibieron mortalidad inducida por la cocaina. Figura 26A presenta la
ocurrencia porcentual de mortalidad como una funcion de la dosificacion de
cocaina (mg/kg, i.p.) para vehiculo/PBS, CocE tipo silvestre (0.3. mg), y
PEG-CocE tipo silvestre (0.3 mg). Figura 26B presenta la ocurrencia
porcentual de la mortalidad como una funcion de la dosificacién de cocaina
(mg/kg, i.p.) para vehiculo/PBS, T172R-G173Q (0.3. mg) y PEG-T172R-
G173Q (0.3. mg).

L

[0053] Figura 27 es una serie de graficos de curvas y diagramas

de dispersion que muestran la termoestabilidad de la cocaina esterasa y sus

mutantes: (A) una CocE tipo silvestre, (B) T172R, (C) T272R/G173Q y

\
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L169K. Para una ma&or informacion sobre la metodologia, véase Ejemplo

17.

[0054] Figura 28 es una serie de cromatogramas que muestran
enzimas preincubadas a 37°C durante 0 minutos o 60 minutos y resueltas
por cromatografia de exclusion molecular ("size exclusion
chromatography') (A) CocE tipo silvestre, (B) T172R, (C) T172R/G173Q.
Estandares de peso molecular, BSA (66Kda) y AD (150Kda) se incluyen en

A. Para una mayor informacion sobre la metodologia, véase Ejemplo 18.

[0055] Figura 29 es una serie de espectros CD emparejados
(alisados estadisticamente) de CocE tipo silvestre y cuatro mutantes, que
muestran la fusiéon dependiente de la temperatura observada entre 200 y

250nm. Para una mayor informacion sobre la metodologia, véase Ejemplo

19.

[0056] Figura 30 es una serie de espectros para CocE tipo
silvestre y cuatro mutantes restaurados a 3 curvas ("deconvoluted to 3
curves') mediante el algoritmo CCA, que sugieren que la fusion de CocE
es por lo menos un proceso de dos pasos que transcurre desde la curva
original (curva 1) a un paso de desdoblamiento intermedio (curva 2) a una
proteina completamente desnaturalizada (curva 3). Para una mayor
informacién sobre la metodologia, véase Ejemplo 19.

[0057] i:igura 31 es una serie de graficos de curvas y diagramas
de dispersion que muestran la contribucion porcentual de cada temperatura
en describir las 3 curvas CCA restauradas, mostradas en Figura 30. Para
una mayor informacion sobre la metodologia, véase Ejemplo 19.

|

[0058] :Figura 32 es un graficos de curvas y un diagrama de

dispersion que muestra las temperaturas de fusion y formacion para (1) las

fusiones de espectros iniciales, (2) la formacion y fusion del estado

17

15



WO 2008/008358 PCT/US2007/015762

intermedio, y (3) la acumulacidon de la proteina completamente fundida.

Para una mayor informacion sobre la metodologia, véase Ejemplo 19.

[0059] Figura 33 es un es una fotografia de un gel que muestra
que la cocaina (rango mM impidi6 la formacién inducida por 37°C de
agregados de CocE cjie alto peso molecular (concentraciones de enzima de
0.lmg/ml. Para una mayor informaciéon sobre la metodologia, véase

Ejemplo 20.

[0060] Figura 34 es un grafico de curvas y un diagrama de
dispersién que muestran que la cocaina (cantidades uM) estabilizo la
pérdida de actividad inducida por 37°C. Para una mayor informacion sobre

la metodologia, véase Ejemplo 20.

[0061] Figura 35 es una fotografia de un gel que muestra que el
acido benzoico (rango mM impidid la formacion inducida por 37°C de
agregados de CocE de alto peso molecular (concentraciones de enzima
0.lmg/ml. Para una mayor informaciéon sobre la metodologia, véase

Ejemplo 20.

t

t

[0062] Figura 36 es un grafico de curvas y un diagrama de
dispersion que muestra que la cocaina (cantidades uM) estabilizo la pérdida
de actividad inducida por 37°C. Para una mayor informacién sobre la

metodologia, véase Ejemplo 20.

i

DESCRIPCION DETALLADA DE LA INVENCION

[0063] 'Las incorporaciones de la invencion divulgadas en esta
especificacion proveen composiciones y métodos para una metodologia de
degradacién catalitica a la terapéutica anti-cocaina. La tecnologia descrita
en esta especificacion se basa en parte en el descubrimiento de mutantes de

cocaina esterasa altamente eficientes, termoestables y de larga duracion,
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que pueden proteger contra los efectos toxicos y reforzantes de la cocaina
en sujetos. Tales mutantes ofrecen opciones de tratamiento para afecciones
inducidas por cocaina tales como sobredosis de cocaina y adiccion a la

cocaina.
POLIPEPT. IDOS COCE MUTANTES

[0064] A pesar de la potencia de la CocE tipo silvestre (véase a
este respecto, SEQ ID NO: 1, No. de Accesion AF173165) en metabolizar
cocaina (véase a este respecto, Ejemplo 2; Ejemplo 4; Ejemplo 5), la
aplicacion de CocE tipo silvestre como agente terapéutico en el tratamiento
de sobredosis de cdcaina puede limitarse debido a su baja estabilidad
térmica a la temperatura fisioldgica (véase a este respecto, Ejemplo 4,
Ejemplo 6). La inestabilidad térmica contribuye a la corta vida media
plasmatica de la CocE tipo silvestre. La caida significativa (>50%) de la
actividad de la CocE se observod luego de la incubacion de la enzima en
plasma a 37°C, o luego de su administracion intravenosa a un raton. El t,
de la CocE a 37°C es de aproximadamente 15 minutos mientras que a 4°C
el t, es superior a 6 meses. Estudios preliminares en ratas demostraron una
duracion relativamente corta del efecto anti-cocaina de poco mas de 30

minutos para CocE.

[0065] En consecuencia, un aspecto de la invencién provee
polipéptidos CocE mutantes purificados, que exhiben estabilidad térmica y
vida media plasmatica incrementadas, comparados con la CocE tipo
silvestre. Los polipéptidos CocE mutantes de la invencién poseen un valor
clinico significativo, debido a su capacidad de hidrolizar eficientemente la
cocaina, exhibiendo al mismo tiempo una termoestabilidad y/o vida media
plasmatica incrementadas.

[0066] La invencién provee polipéptidos CocE mutantes en los

cuales se sustituye por lo menos un residuo de aminoacido de la CocE tipo

i
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silvestre, donde la CocE mutante tiene una termoestabilidad incrementada
conservando al mismo tiempo una eficiencia catalitica relativamente alta.
En algunas incorporaciones, los polipéptidos CocE mutantes mantienen
sustancialmente la actividad esterasa funcional del polipéptido CocE tipo
silvestre (es decir, hidrolisis de la cocaina). Los polipéptidos CocE
mutantes tienen una secuencia peptidica que difiere de un polipéptido CocE
nativo en uno o mas aminoéacidos. La secuencia peptidica de tales mutantes
puede exhibir una sustitucion, eliminacién, o adicion de uno o mas
aminoacidos de un polipéptido CocE nativo. Las inserciones de
aminoacidos son pfeferiblemente de alrededor de 1, 2, 3, y 4 a 5
aminoacidos contiguos, y las eliminaciones son preferiblemente de
alrededor de 1, 2, 3,‘4, 5,6,7,8,y 9 a 10 aminoacidos contiguos. En varias
incorporaciones, el polipéptido CocE mutante puede contener por lo menos
una, dos, tres, cuatro, o mas sustituciones, eliminaciones, o adiciones de
aminoécidos, donde el polipéptido CocE mutante resultante posee una

termoestabilidad incrementada.

[0067] El término aminodcido, tal como se emplea en esta
especificacion, tiene como finalidad incluir aminoécidos de origen natural
asi como aminoacidos de origen no natural, incluidos analogos y derivados
de aminoéacidos. Los ultimos incluyen moléculas que contienen una
fraccion de aminoacido. Una persona experta en el arte reconocera que la
referencia en esta especificacion a un aminoacido incluye, por ejemplo, L-
aminoacido protedgenos de origen natural; D-aminodcidos; aminoacidos
quimicamente modificados tales como andlogos y derivados de
aminoacidos; aminoacidos no protedgenos de origen natural, y compuestos
quimicamente sintetizados que tienen propiedades conocidas en el arte por

ser caracteristicas de los aminoacidos. Para todas las secuencias de

aminoacidos divulgadas en esta especificacion, se entiende que nucleotidos |

y aminodcidos equivalentes pueden sustituirse en las secuencias sir: afectar
la funcién de las secuencias. Tal sustitucion estd dentro de la capacidad de

una persona de habilidad ordinaria en el arte.
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[0068] La invencién provee asimismo polipéptidos CocE
mutantes purificados con las siguientes sustituciones: L163V (SEQ ID NO:
3); V121D (SEQ ID NO: 4); S167A (SEQ ID NO: 5); Q123E (SEQ ID NO:
6); V2251 (SEQ ID NO: 7); 1218L (SEQ ID NO: 8); A310D (SEQ ID NO:
9); A149S (SEQ ID NO: 10); S159A (SEQ ID NO: 11); S265A (SEQ ID
NO: 12); S56G (SEQ ID NO: 13); W220A (SEQ ID NO: 14); T122A (SEQ
ID NO: 15); S140A (SEQ ID NO: 16); F189L (SEQ ID NO: 17); A193D
(SEQ ID NO: 18); T254R (SEQ ID NO: 19); N42V (SEQ ID NO: 20);
V262L (SEQ ID NO: 21); L508G (SEQ ID NO: 22); Y152H (SEQ ID NO:
23); V160A(SEQ ID NO: 24); T172R (SEQ ID NO: 25); Y532F (SEQ ID
NO: 26); T74S (SEQ ID NO: 27); W285T (SEQ ID NO: 28); L146P (SEQ
ID NO: 29); D533S (SEQ ID NO: 30); A194R (SEQ ID NO: 31); G173Q
(SEQ ID NO: 32); C477T (SEQ ID NO: 33); K531A (SEQ ID NO: 34);
R411 (SEQ ID NO: 35); L119A (SEQ ID NO: 36); K46A (SEQ ID NO:
37); F84Y(SEQ ID NO: 38), T172R-G173Q (SEQ ID NO: 39 ); L169K
(SEQ ID NO: 40); F189A (SEQ ID NO: 41), N197K (SEQ ID NO: 42),
R182K (SEQ ID NO: 43), F189K (SEQ ID NO: 44), V190K (SEQ ID NO:
45), Q191K (SEQ ID NO: 46), y A194K (SEQ ID NO: 47). Por ejemplo, el
polipéptido CocE mutante T172R (SEQ ID NO: 25) tiene una
termoestabilidad incrementada, Vmax y Km incrementados a 37°C,
temperatura de fusion incrementada (Tm), vida media incrementada en el
plasma, mayores reducciones en la mortalidad debida a la toxicidad de la
cocaina, y efectos anti-cocaina més prolongados, comparados con la CocE

tipo silvestre (véase a este respecto, Ejemplo 4, Ejemplo 7).

[0069] | El incremento resultante en la termoestabilidad del
polipéptido CocE mutante es por lo menos alrededor de 2 kcal/mol. La
termoestabilidad de un polipéptido dado puede evaluarse por una variedad
de métodos conocidos en el arte, incluidos por ejemplo espectroscopia de
dicroismo circulgir (CD) o calorimetria de barrido diferencial. Por ejemplo,

el aumento resgiltante en la termoestabilidad puede ser por lo menos
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alrededor de 2.1, por lo menos alrededor de 2.2, por lo menos alrededor de
2.3, por lo menos alrededor de 2.4, por lo menos alrededor de 2.5, por lo
menos alrededor de 2.6, por lo menos alrededor de 2.7, por lo menos
alrededor de 2.8, por lo menos alrededor de 2.9, por lo menos alrededor de
3.0, por lo menos alrededor de 3.1, por lo menos alrededor de 3.2, por lo
menos alrededor de 3.3, por lo menos alrededor de 3.4, por lo menos
alrededor de 3.5, por lo menos alfededor de 3.6, por lo menos alrededor de
3.7, por lo menos alrededor de 3.8, por lo menos alrededor de 3.9, por lo
menos alrededor de 4.0, por lo menos alrededor de 4.1, por lo menos
alrededor de 4.2, pof lo menos alrededor de 4.3, por lo menos alrededor de
4.4, o por lo menos alrededor de 4.5 kcal/mol. Se contemplan aumentos de
la termoestabilidad ain mayores. Se cree que reducir la energia en
alrededor de 2.1 a alrededor de 4.5 kcal/mol puede ampliar el tiempo de
vida media de la proteina alrededor de 30 a alrededor de 1000 veces mas a

temperatura de la sala.

[0070] Generalmente, los polipéptidos CocE mutantes tienen
una actividad esterasa con termoestabilidad incrementada, comparada con
la CocE tipo silveétre. En algunas incorporaciones, los polipéptidos CocE
mutantes termoestables pueden tener menos actividad esterasa que la CocE
tipo silvestre. Por ejemplo, mutantes CocE termoestables pueden tener
alrededor de 10%, alrededor de 20%, alrededor de 30%, alrededor de 40%,
alrededor de 50%, alrededor de 60%, alrededor de 65%, alrededor de 70%,
alrededor de 75%, alrededor de 80%, alrededor de 85%, alrededor de 90%,
alrededor de 95%, o alrededor de 99% de la actividad esterasa de la CocE
tipo silvestre. En otras incorporaciones, los polipéptidos CocE mutantes
tienen aproximadémente la misma eficiencia catalitica, o mayor, de los
polipéptidos CociE tipo silvestre. Por ejemplo, los mutantes de CocE
termoestables puéden tener alrededor de 100%, alrededor de 110%,
alrededor de 120%, alrededor de 130%, alrededor de 140%, alrededor de

150%, o mas de la actividad esterasa de la CocE tipo silvestre.
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[0071] Variantes de los polipéptidos CocE mutantes tales como
fragmentos, andlogos y derivados se encuentran igualmente dentro de esta
invencion. Fragmentos del polipéptido CocE correspondientes a uno o mas
motivos y/o dominios particulares o a tamatfios arbitrarios, por ejemplo, por
lo menos 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 50, 75, 100,
125, 150, 200, 250, 300, 400, 500, 600, 700, 800, 900, 1000, 1100, 1150 y
1200 aminoacidos de longitud pretenden quedar dentro del 4mbito de la
invencion divulgada en esta especificacion. Porciones peptidilo aisladas de
polipéptidos CocE pueden obtenerse detectando selectivamente péptidos
producidos recombinantemente a partir del fragmento correspondiente del
acido nucleido que; codifica tales péptidos. Adicionalmente, fragmentos
pueden sintetizarse Quimicamente empleando técnicas conocidas en el arte,
tales como quimica f-Moc o t-Boc de fase solida Merrifield convencional.
Por ejemplo, un polipéptido CocE, como se describe en esta especificacion,
puede dividirse arbitrariamente en fragmentos de longitud deseada sin
traslapamiento de los fragmentos, o dividirse preferiblemente en fragmentos

traslapantes de una longitud deseada.

[0072] btro aspecto de la invencion divulgada en esta
especificacion concierne a formas recombinantes del polipéptido CocE. En
algunas incorporaciones, moléculas de A4cido nucleico aisladas de la
invencion incluyen aquellos polinucleétidos que codifican los polipéptidos
CocE descritos anteriormente. En otras incorporaciones, los polipéptidos
recombinantes de la invencion divulgados en esta especificacion se

codifican por un 4cido nucleico que tiene por lo menos 85% de identidad de

secuencia (por eje_fnplo, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, y 99%) con la secuencia de acido nucleico de
SEQ ID NO: 2, donde el polipéptido CocE recombinante expresado
conserva sustancialmente la misma eficiencia catalitica, o mayor, del
polipéptido CocE tipo silvestre y tiene una termoestabilidad incrementada,

comparada con la CocE tipo silvestre.
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[0073] Puéden utilizarse asimismo en la invencién 4acidos
nucleicos que se hibridan bajo condiciones de alta restriccion a los acidos
nucleicos de SEQ ID NO: 2 o los complementos de SEQ ID NO: 2. Por
ejemplo, aquellos acidos nucleicos que se hibridan a SEQ ID NO: 2 o al
complemento de SEQ ID NO: 2 bajo condiciones de baja restriccion,
condiciones de restriccion moderada, o condiciones de alta restricciéon y
codifican ademas un polipéptido CocE mutante, que tiene actividad esterasa
con termoestabilidad incrementada, comparada con CocE tipo silvestre, se
encuentran dentro de la invencién. Acidos nucleicos preferidos son aquellos
que tienen una secuencia de nucledtidos que es el complemento de la
totalidad o una porcion de SEQ ID NO: 2. Otras variantes del gen CocE
nativo dentro de la invencion son polinucledtidos que comparten por lo
menos 65% (por ejémplo, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%,
73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
y 99%) de identidad de secuencia con SEQ ID NO: 2 o ¢l complemento de
SEQ ID NO: 2. Acidos nucleicos que se hibridizan bajo condiciones de
restriccion a, o comparten por lo menos 65% de identidad de secuencia con
SEQ ID NO: 2 o el complemento de SEQ ID NO: 2, pueden obtenerse por
técnicas conocidas en el arte tales como introduciendo mutaciones en el gen
CocE nativo, o mediante aislamiento de un organismo que expresa tal acido
nucleico (por ejemplo, una variante alélica).

[0074] 'Moléculas de 4cido nucleico que codifican proteinas de
fusion CocE mutantes se encuentran igualmente dentro de la invencién.
Tales 4cidos nucleicos pueden elaborarse preparando un constructo (por
ejemplo, un vector de expresion) que exprese la proteina de fusion CocE
mutante cuando se introduzca en un hospedero apropiado. Por ejemplo, tal a
constructo puede hacerse ligando un primer polinucledtido que codifica la
proteina CocE mutante fusionada sin alteracion en el marco de lectura ("in

rame"’) con un segundo polinucledtido que codifica otra proteina de tal
p
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modo que la expresion del constructo en un sistema de expresion adecuado

produzca una proteina de fusion.

[0075] Las moléculas de 4cido nucleico de la invencién pueden
modificarse en una fraccidn base, fraccion azucar, o el esqueleto fosfato,
por ejemplo, para méjorar la estabilidad de la molécula, la hibridacion, y
similares. Las moléculas de acido nucleico utilizadas en incorporaciones de
la invencion divulgada en esta especificacion pueden estar en la forma de
ARN o en la forma de ADN (por ejemplo, ADNc, ADN genémico y ADN
sintético). El ADN puede ser bicatenario o monocatenario y, si
monocatenario, puede ser la hebra codificante (transcrita) o la hebra no
codificante (complementaria). La secuencia codificante que codifica un
polipéptido CocE mutante puede ser idéntica a la secuencia nucleotidica
reivindicada, o i;uedé ser también una secuencia codificante diferente que,
como resultado de la redundancia o informacién repetida del codigo

genético, codifica el mismo polipéptido que los polinucleétidos de SEQ ID

- NOS: 3-37.
DISENO DE CocE MUTANTE
[0076] Mutaciones termoestabilizadoras de CocE pueden

disefiarse o bien para aumentar la estabilidad termodindmica de un
polipéptido disminﬁyendo AG (desdoblado — plegado) o disminuir la tasa
de desdoblamiento incrementando la energia libre de activécién del proceso
de desdoblamiento. La AG (desdoblado — plegado) es la diferencia de
energia libre entre el estado desdoblado y el estado plegado. Para un
polipéptido termodihémicamente estable, AG (desdoblado — plegado)
debe ser un valor negativo. Generalmente, entre menor sea el valor AG
(desdoblado — plegado), mas estable es el estado plegado. Tal energia libre

de activacion del proceso de desdoblamiento es la diferencia de energia

libre entre el estado plegado y el estado de transicion del desdoblamiento

(Steipe, 1999).
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[0077] Polipéptidos CocE mutantes con termoestabilidad
incrementada pueden disefiarse y generarse por una variedad de métodos
conocidos en el arte incluidos, por ejemplo, disefio racional, evolucion
dirigida (por ejemplo, mutagénesis aleatoria, mutagénesis del organismo
hospedero de CocE), o una combinaciéon de las mismas. La evolucion
dirigida puede lograrse mediante mutacién y recombinacion, seguidas por
deteccion sistematica del rasgo deseado o aplicando una presion selectiva
para obtener el rasgo de interés (véase a este respecto, Lehmann and Wyss,
2001). La mutagénesis puede llevarse a cabo en el gen especifico de interés
o mediante mutagénesis y seleccion de un organismo hospedero, de modo
que la propiedad obtenida por técnicas de ingenieria se confiere a la
proteina de interés. Preferiblemente, la termoestabilidad de los mutantes
CocE se manipula por técnicas de ingenieria mediante una estrategia
enfoque triple (""through a three-prong approach') de (i) disefio racional
mediante mutagénesis dirigida al sitio, asistida por computador (véase a
este respecto, Ejemplo 3; Ejemplo 4), (ii) mutagénesis aleatorio del gen
CocE y deteccion selectiva de gran productividad (véase a este respecto,
Ejemplo 4; Ejemplo 15); y (iii) mutagénesis del organismo hospedero de

CocE, seguida por seleccion genética (véase a este respecto, Ejemplo 14).

[0078] Varios conceptos de disefio racional son conocidos por
las personas de habilidad en el arte para reducir AG (desdoblado —
plegado) y/o aurﬁentar la energia libre de activacion del proceso de
desdoblamiento (véase a este respecto, Lehmann, 2001). Por ejemplo, se
puede: disminuir la entropia del estado desdoblado introduciendo puentes
adicionales disulfuro o mediante mutaciones X—Pro; aumentar una
propension  o-hélice mediante sustituciones Gly—Ala o mediante
‘estabilizacion d)e macrodipoles a-hélice; mejorar las interacciones
electrostaticas entre residuos de superficie cargada introduciendo puentes
sal adicionales 6 incluso redes de sal-puente, o mediante mutaciones

termoestabilizadoras basadas en calculos de potenciales electrostaticos.
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[0079] Modelamiento molecular, basado en simulaciones de
dindmica molecular apropiada (MD - molecular dynamics), puede guiar
racionalmente la mutagénesis dirigida al sitio con el fin de disefiar
polipéptidos CocE mutantes dotados de termoestabilidad creciente. La
simulacion MD clasica permite el estudio de la evolucion en el tiempo de
un sistema grande tomando muchos pequefios pasos de tiempo sucesivos
pequefios bajo fuerzas atdmicas determinadas por un conjunto de funciones
de interaccion parametrizadas (campo de fuerza), incluidas interacciones
enlazadas (enlaces, angulos, y éngulos dihédricos), interacciones no
enlazadas de van der'Waals, e interacciones electrostaticas basadas o cargas
atomicas netas. Debido a la forma simple de campo de fuerza, la simulacion
MD puede llevarse a cabo durante un tiempo de simulacién suficientemente
prolongado para producir propiedades significativas promediadas por el
ensamble, incluso para un sistema muy grande que incluya mas de cien mil
atomos. En consecuencia, para CocE y cada mutante propuesto, la
simulacion MD puede llevar a una estructura 3D promediada

dindmicamente, razonable, del polipéptido simulado en agua.

[0080] Una estrategia usada exitosamente en esta especificacion
se centra en el diéeﬁo racional de mutaciones termoestabilizadoras que
disminuyen el valor AG (desdoblado — plegado) del polipéptido (véase a
este respecto, Ejemplo 3). Tal estrategia requiere unicamente el calculo de
AG (desdoblado — plegado), sin realizar un computo mas dispendioso en
la estructura y la energética del estado de transiciéon del desdoblamiento.
Por lo tanto, para aumentar la termoestabilidad de un polipéptido antes de la
pegilacion, se puede emplear un método implementado en un programa de
disefio racional (por ejemplo, RosettaDesign) que utiliza una funcién de
energia para evaluar adaptabilidad de una secuencia particular para un
pliegue dado y un algoritmo de busqueda Monte Carlo para muestrear el
espacio de la secuencia. Tal estrategia es conocida por producir una

termoestabilidad 'incrementada de otras enzimas sin reduccién en la
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eficiencia catalitica (véase a este respecto, Korkegian, 2005). Por ejemplo,
el pliegue usado en el computo puede corresponder al de la estructura

cristalina de rayos X de la CocE disponible.

[0081] El programa de disefio racional permite la prediccion de
un conjunto de secuencias de aminoacidos modificadas, que potencialmente
poseen energias mas bajas (por ejemplo, valores AG (desdoblado —
plegado)) y, por lo tanto, una mayor termoestabilidad. En consecuencia, se
puede usar el disefio computacional descrito en esta especificacion para
predecir mutaciones en el nucleo del polipéptido CocE, que puedan llevar a
la termoestabilizacién del polipéptido sin pérdida de la eficiencia catalitica.
Esta estrategia mirhlimiza el tiempo de prueba experimental y aumenta en
gran medida el éxito de los resultados experimentales. La mutaciones
termoestabilizadorés predichas pueden examinarse individualmente por
mutagénesis dirigida al sitio y luego en combinacion, en un proceso

iterativo (véase, por ejemplo, Ejemplo 15).

[0082] quede usarse asimismo evolucion dirigida para generar
mutantes CocE termoestables. La evolucion dirigida abarca una serie de
técnicas experimentales que producen una diversidad y adaptacion
aceleradas mediante mutaciéon y recombinacion, seguidas o bien por
deteccion selectiva del rasgo deseado o bien aplicando una presion selectiva
para obtener el rasgo de interés (Lehmann & Wyss (2001) Current Opinion
in Biotechnology 12, 371-375). Por consiguiente, la evolucion dirigida
involucra tanto un proceso para generar diversidad y una deteccion
selectiva eficiente o método de seleccion para la deteccion o
enriquecimiento del rasgo deseado. La evolucion dirigida se ha aplicado
previamente en forma exitosa a la produccion de proteinas termoestables, y
la generacion de diversidad se ha alcanzado, por ejemplo mediante PCR
propensa a error, mutagénesis de saturacion, barajado de ADN, mutagénesis
quimica, y combinaciones de las mismas. La PCR propensa a error

amplifica el gen de interés con polimerasas no a prueba de lectura y
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1

condiciones estresantes, disefiadas para generar aleatoriamente mutaciones
de par de bases {inicas. Luego de cada ronda se seleccionan los mejores
mutantes y se usan como secuencias progenitoras en la siguiente ronda de
mutagéﬁesis. Esta té(":nica’ se ha utilizado para generar un numero de
variantes de proteinas termoestables, incluida propil endopeptidasa
(Uchiyama ma., et al. 2000), betaglucuronidasa (Flores, H. and A. D.
Ellington (2002) Journal of Molecular “Bui‘ology 315, 325-337) y la familia
de 10 xilanasas (Andrews et al. (2004) J Biol Chem 279, 54369-79). La
mutagénesis de saturacion amplifica también el gen dﬁ “jnterés, pero

. . - T o Ay
incorpora bases universales durante la amplificacion: :

numero mucho mas alto de mutaciones. Esta técnica se ha utilizado para:

generar termoestabilidad en una e_nzirria psicréfila (Miyazaki et al. (2000)
Journal of Molecular B~ioldgy 297, 1015-1026). El barajado de ADN
implica uno o mas ciles de recombinacién entre un conjunto.de secuencias
homéloga;@ para obténer variantes mejoradas de una enzima -déda. Esta
técnica puede usarse igualmente en téndem con' PCR propensa a error,
donde los mejores mutantes" -obtenidos por PCR propensa a error se
combinan median'tg;.barajado de ADN para generar un nuevo subconjunto

de mutantes. Elgl{g‘grajado de 'ADN se ha implementado para genefar

T
variantes termoestables de beta-glucuronidasa (Flores, H. and A.D.

Elllington (2002) Journal of Molecular Biology 315, 325-337). La
mutagénesis quifgica implica tratar €' ADN de un. plasmido coh quimicos
que introducen mutaciones puntuales en la secuencia tales como
hidroxilamina, nitrosaminas o sulfato de dimetilo.. El tratarhiento del
plasmido con hidroxilamina se ha usadb -pafa generar muténtes
termoestables de la beta-glucosidasa A del Bacillus polymyxa (Lopez-
Camacho et al. (1996) Biochemistry Journal 314, 833-838) y luciferasa de
luciérnaga (White et al. (1996) Biochemistry Journal 319 (Pt 2), 343-350).

[0083] La mutagénesis del _organismo hospe’derb de CocE

puede empelarse igualmente para generar mutantes CocE termoestables. Un

método sencillo y rdpido para la produccion de mutantes CocE
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termoestables puede conseguirse utilizando la capacidad de la enzima para

conferir metabolismo de cocaina como una fuente exclusiva de carbono a su

organismo hospedero. El gen CocE se secuencio originalmente de

Rhodococcus MB1 ‘subclonando fragmentos del gen en ' Rhodococcus
erythropolis CW25, 'una bacteria incapaz de metabolizar cocaina, pero
capaz de crecer en los subproductos de cocaina esterasa ecgonina metil
éster y benzoato (Bresler et al. (2000)  Applied & Environmental
Microbiology 66, 904-908). Otro organismo que demostré previamente
metabolizar subi)rodlllctos de cocaina es Psqudomonas fluorescens (MBER),
que fue capaz de crecer en una relacién simbiética con otra bacteria capaz

de metabolizar cocaina mediante la esterasa Comamonas acidovorans

(MBLF).

[0084] Aunque dificiles de transformar con plasmidos con
eficiencias incrementadas, estas cepas bacterianas pueden transformarse en
forma relativamente facil con el gen CocE tipo silvestre clonado en vectores
lanzadera apropiados y, luego, puede realizarse mutagénesis bacteriana
tradicional (véase a este respecto, Ejemplo 14). Debido a que estas
bacterias, normalrneqte, solo crecen a 25-30°C en productos de hidrolisis de
la cocaina, la seleccién de mutarifes capaces de metabolizar cocaina
eficientemente a 37°C se esperaria seleccionar mutantes CocE altamente
activos que son estables a 37°C.

[0085] Lo exposicion de bacterias a radiacién o agentes
Quimicos para la produccién de mutantes que portan nuevos fenotipos es
bien conocida en el arte (véase a este respecto, Maron, D.M. and Ames, BN
(1983) Mutation Re;se_arch 113, 173-215). La mutagénesis por irradiacion
puede implicar tanto radiacion ionizante como no ionizante; no obstante, la
radiacion no ionizante se usa ampliamente, y la radiacion con UV a 260nm
es la més efectiva como agente letal. La mutagénesis se causa por la
induccion de dimefos de pirimidina, aumentando la probabilidad de

incorporar errores de coincidencia ("mismatches'’) durante la replicacion.
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Las células se exponen a radiacion con UV en una dosis predeterminada
para eliminar 90-95% de la poblacidn celular, y luego se buscan mutantes
entre los sobrevivientes. La mutagénesis quimica incluye el uso de analogos
~ de base tales como 5-bromouracilo y 2-aminopurina que aumentan el error
de copia durante la replicacién, o el uso de agentes que reaccionan
directamente con ADN tales como hidroxilamina o nitrosoguanidina, las
cuales inducen mutaciones con una frecuencia mayor que los analogos de

base.
GENERACION DE POLIPEPTIDOS CocE MUTANTES

[0086] Iﬂcorporaciones de la invencién atafien ademas a
métodos de producir los polipéptidos CocE mutantes. Por ejemplo, una
célula hospedera, transfectada con un vector de 4cido nucleico que dirige la
expresion de una secuencia de nucleétidos que codifica los polipéptidos
CocE mutantes, puede cultivarse bajo condiciones apropiadas para permitir
que se produzca la éxpresién del péptido. Las células pueden recolectarse,
lisarse y aislarse la proteina. Un polipéptido CocE mutante puede aislarse
de células hospederas empleando técnicas conocidas en el arte para
purificar proteinas, incluidas cromatografia de intercambio 1i0nico,
cromatografia de filtracion en gel, ultrafiltracién,  electroforesis, y
purificacién por inmunoafinidad con anticuerpos especificos de tal proteina

(véase a este respecto, Ejemplo 1).

[0087] Por ejemplo, luego que un polipéptido CocE mutante se
ha expresado en una célula, puede aislarse usando cualquier cromatografia
de inmunoafinidad.'Mas especificamente, un anticuerpo anti-CocE puede
inmovilizarse en una matriz de cromatografia de columna; y la matriz puede
usarse para cromato‘graﬁa de inmunoafinidad para purificar el polipéptido
CocE mutante de lisados de células por métodos estandar (véase, por
ejemplo, Sambrook and Russel (2006) Condensed Protocols from
Molecular Cloning:iA Laboratory Manual, Cold Spring Harbor Laboratory
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Press, ISBN 0879697717). Luego de la cromatografia de inmunoafinidad,
el polipéptido CocE mutante puede purificarse posteriormente por otras
técnicas estandar, por ejemplo, cromatografia liquida de alto rendimiento.
En otra incorporacion, un polipéptido CocE mutante se expresa en una
proteina de fusion que contiene una marca de éﬁnidad (por ejemplo, Hisx6)

que facilita su purificacidn (véase a este respecto, Ejemplo 1).
PEGILACION DE POLIPEPTIDOS CocE MUTANTES

[0088] La CocE mutante puede pegilarse con el fin de aumentar
la duracion de la accidén y la estabilidad al calor, y disminuir la
inmunogenicidad. La pegilacion puede aumentar ain mas la
termoestabilidad de la CocE mutante de la invencion e incrementar la vida
media sérica disminuyendo la depuracion real, la protedlisis, la captura de

macrofagos y la respuesta inmunologica.

[0089] La pegilacion es el proceso de unir unidades repetitivas
de etilen glicol (es decir, polietilen glicol, o PEG) a un polipéptido para
reducir la inmunogenicidad del polipéptido y su tasa de depuracion renal
(véase generalmente (Veronese, FM and Harris, JM (2002b) Advanced
Drug Delivery Reviews 54, 457-606, Veronese, FM and Harris, JM (2002c¢)
Advanced Drug Delivery Reviews 55, 1259-1345, reviewing PEGylation
technology). Cada unidad de etilen glicol puede unirse a dos o mas
moléculas de agua, lo cual aumenta efectivamente el tamafio del péptido, y
puede proteger el ;péptido contra respuestas inmunitarias, degradacion
enzimatica, y/o depuracion renal rapida. El polietilen glicol puede
estabilizar también contra variaciones en temperatura y pH. El resultado
neto es que el polipéptido terapéutico puede mantenerse durante mas
tiempo en la sangre, e induce una respuesta inmunitaria menor (Harris, JM
and Chess, RB (2003) Nature Reviews. Drug Discovery 2, 214-221). El
PEG posee un cogjunto unico de propiedades, incluidas ausencia de

toxicidad, antigenicidad e inmunogenicidad, una disminucién, dependiente
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de la masa, de la depuracion renal, y una alta flexibilidad y solubilidad en
agua. El PGE imparte estas caracteristicas a las proteinas a las cuales se
enlaza (Veronese, FM and Harris, JM (2002b) Advanced Drug Delivery
Reviews 54, 457-606).

[0090] Un polimero PEG puede activarse primeramente con un
grupo funcional que estimula la unién covalente a un aminoacido de la
proteina. El grupo hidroxilo terminal del PEG puede modificarse por un
carbonato activo, un éster activo, aldehido o derivado de. tresilato. E1 PEG
puede unirse a lisinas o a residuos introducidos de cisteina del a CocE
mutante. Unidades repetitivas de 6xido de etileno pueden construirse en
muchas configuraciones con longitudes diferentes, con o sin ramificacion, y
con varios pesos moleculares. Medios de incorporacién pueden incluir
mutagénesis dirigida al sitio o el uso de derivados maleimida de

transglutaminasa.

[0091] El PEG cuenta con la aprobacién de la FDA para uso
como vehiculo o ba§e en Productos Parmacéuticos, incluidas formulaciones
inyectables, topicas, rectales y nasales (Harris and Chess, 2003). Ademas,
se han aprobado medicamentos PEGilados para uso clinico (véase a este
respecto, PEG-interferén alpha-2a (Hamidi, M and Tajerzadeh, H (2003)
Drug Delivery 10,‘9-20; PEG-interferon alpha-2b (Reddy et al. (2002)
Advanced Drug Delivery Reviews 54, 571-586).

[0092] bebido a la movilidad dindmica espacial sin paralelo del
PEG, la modificacion de la superficie de una CocE mutante por el polimero
PEG puede blindar la enzima recubierta de acciones efectuadas por las
enzimas proteolitiéas y el reconocimiento por el sistema inmunitario;
reduciendo en esa forma la inmunogenicidad y prolongando la vida media
en circulacion de la CocE mutante pegilada. El éxito de las estrategias de
pegilacion incluyeﬁ liposomas modificados con PEG (es decir, liposomas

furtivos, asi llamados debido a su capacidad de eludir la deteccion
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inmunitaria y la depuracion renal para proporcionar un tiempo de
circulacion significativamente ampliado (Lasic, DD (1997) Journal of
Controlled Release 48, 203-222), asi como asparaginasa pegilada, cuya vida
media in vivo se ha mejorado drasticamente desde las 26 horas observadas
para la ésparaginasa libre hasta 15 dias (Avramis et al. (2002) Blood 99,
1986-1994). Ademas, se reconoce en el arte que la pegilacion puede
mejorar significativamente la estabilidad térmica de una enzima (Kazan, D.
and Erarslan, A. (1997) Applied Biochemistry & Biotechnology 62, 1-13;
Efremova et al. (1998) Biochemistry (Moscow) 63, 441-447) y reducir la
activacion del sistema de complemento (Chang et al. (2005) Bioconjugate
Chemistry 16, 147-155). En consecuencia, la tecnologia de la PEGilacion es
bien adecuada para mejorar los efectos farmacologicos y farmacéuticos de
la CocE mutante de la invencién (véase a este respecto, Ejemplo 11). La
pegilacion de CocE mutante puede usarse igualmente en conjunciéon con

encapsulacion en RBC.
ENCAPSULACION DE CocE MUTANTE EN RBC

[0093] Iia CocE mutante puede encapsularse en globulos rojos
(RBC) con el fin de aumentar la duraciéon de la accién y la estabilidad al
calor, y disminuir la inmunogenicidad. La cocaina, justamente a medida que
atraviesa répidaménte la barrera hematoencefilica, .transita también
rapidamente la membrana plasmatica del RCB, y esta captura se ha
demostrado en un estudio de administracion de cocaina intravenosa en el
hombre (Javaid et ’al. (1978) Journal of Chromatography 15, 105-113).
Ademas, las concentraciones de cocaina en RBC excedieron las
concentraciones en el plasma (Javaid et al. (1978) Journal of
Chromatography 15, 105-113). Como tal, la encapsulacion en RBC puede
utilizarse para blindar formas termoestables de CocE contra la depuracion.

i
[0094] Los eritrocitos se han aprovechado extensivamente por

sus potenciales aplicaciones como sustancias portadoras de medicamentos
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(Wang et al. (2002) Advanced Drug Delivery Reviews 54, 547-570).
Siendo las células mas abundantes del cuerpo humano, el RBC ofrece
ventajas sin precedentes para funcionar como sustancia portadora de
medicamentos. En primer lugar, los eritrocitos son completamente
biocompatibles y biodegradables, particularmente cuando se utilizan células
autdlogas para carga de medicamentos. Ademas, la forma de disco
biconcavo de los eri{rocitos los dota con la maxima relacidn de superficie a
volumen (1.9x10* cm/g) (Guyton, AG & Hall, JE (1996) Textbook of
Medical Physiology, 425-433) utilizable para encapsulacion de
medicamentos. De igual forma la encapsulacion en RBC evita que el
medicamento cargado se inactive por factores enddgenos, asi como protege
los organismos de los efectos toxicos del medicamento encapsulado (Wang
et al. (2002) Advanced Drug Delivery Reviews 54, 547-570). Mas atn, la
encapsulacién en RBC permite evitar respuestas inmunitarias indeseables
(es decir, antigenicidad e inmunogenicidad) que pueden desencadenarse por
cuerpos extrafios (Wang et al. (2002) Advanced Drug Delivery Reviews 54,
547-570). Adicionalmente, los eritrocitos poseen una vida media en
circulacion mas prolongada en comparacion con otras sustancias portadoras
sintéticas. Por ejemplo, se informa que la expectativa de vida normal de un

eritrocito en la circulacion sistémica es de alrededor de 120 dias (Guyton,

AG & Hall, JE (1996) Textbook of Medical Physiology, 425-433).

[0095] La encapsulacion de CocE mutante en eritrocitos puede
realizarse de acuerdo con varias técnicas conocidas en el arte, incluidas
electroporacion, endocitosis inducida (por ejemplo, por primaquina) del
medicamento, y Osmosis (véase a este respecto, Green, R. and Widder, KJ
(1987) Methods In‘ Enzymology, Vol. 149). Estos métodos pueden incluir
dilatar y romper  la membrana celular, liberar el contenido interior
incluyendo principalmente hemoglobina y el citoesqueleto, atrapar el
medicamento y lue;go volver a sellar la membrana para producir el RBC en
forma de copa, esférico, de color rosado o blanco (denominado

generalmente "RBC-Ghost").
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[0096] Aiternativamente, pueden empelarse péptidos que
penetran la membrana para encapsular CocE mutante en eritrocitos (véase a
este respecto, Ejemplo 12). Péptidos que penetran la membrana, o péptidos
de dominio de transduccion de la proteina (PTD - protein transduction
domain) son una familia de péptidos pequefios (que consisten normalmente
de residuos de 10-15 aminodcidos) incluidos TAT, LMWP, y otros péptidos
cationicos ricos en arginina (véase generalmente, Dietz, GPH and Bahr, M
(2004) Molecular Cell Neurosciences 27, 85-131). Se sabe en el arte que,
enlazando covalentemente PTD a casi cualquier tipo de especie molecular,
incluidas proteinas (MW>150 kDa; ya se han probado mas de 60 diferentes
proteinas (Dietz, GPH and Bahr, M (2004) Molecular Cell Neurosciences
27, 85-131) y narfo-portadores (por ejemplo, liposorﬁas), PTD puede
transbordar la especie enlazada a través de la membrana celular de todos los
tipos de o6rganos, incluido el cerebro (Schwarze et al. (1999) Science 285,
1569-1572). PTD no es toxico ni inmundgeno (Schwarze et al. (1999)
Science 285, 1569-1572), y la internalizacién de células mediada por PTD
no induce perturbacion o alteracion de la membrana celular de los
eritrocitos (Suzuki et al. (2002) Journal of Biological Chemistry 25, 2437-
2443). El PTD se ha utilizado con éxito en cargar RBC con proteinas, y
resulta en eritrocitos con atributos fisicos y quimicos inglterados (véase a
este respecto, Li et al. (2003) American Pharmaceutical Review 6, 22-26).
En consecuencia, 15;1 conjugacion del péptido PTD a CocE mutante puede
facilitar la encapsulacion de RBC. La encapsulaciéon de RBC puede llevarse

igualmente a cabo usando CocE mutante pegilada.

ESTABILIZACION DE CocE MUTANTE
:
[0097] Otro aspecto de la invencion se dirige a la estabilizacion
de polipéptidos COL:E mutantes usando sustratos, productos, y/o inhibidores
de cocaina. Sustratos y productos utiles en incorporaciones divulgadas en

esta especificacion incluyen, por ejemplo, pero no se limitan a, cocaina;
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derivados de cocaina, tales como, por ejemplo, (-)-cocaina, (+)-cocaina,
tropo cocaina, y similares; derivados de tio- cocaina, tales como, por
ejemplo, Tiol-1, Tiol-2, y similares; derivados de amida-cocaina; derivados
de provitamina—cocaina, tales como cocaina PABA, cocaina de niacina, y
similares; acido benzoico; 4-nitrofenil acetato (4NPA); 4-nitrofenol (4NP);
y similares. Inhibidores ejemplares incluyen, pero no se limitan a, analogos
de sustrato, tales como, fosfo-fluorococaina, O-fosfo-cocaina, O-
metilfosfococaina, S-metilfosfococaina, y similares; analogos de producto,
tales como, ecgonipa y derivados de ecgonina, tales como, analogo de
ecogonina metil éster de acido bérico; acido fenilborico; derivados de acido
benzoico, tales como, acido 4-terc-butil benzoico, acido 1-naftoico, metil
éster de acido 2,3,4-trimetil-benzoico, y similares. Quimicos adicionales

incluyen, por ejemplo, pero no se limitan a, SDS, glicerol, PEG, y similares.

I
i

[0098] Preferiblemente, los sustratos, productos, y/o inhibidores
estabilizan la desnaturalizacion térmica de los polipéptidos divulgados en
esta especificacion. En algunas incorporaciones, los sustrétos, productos y/o
inhibidores impiden también la agregacion inducida térmicamente en
electroforesis en gel. Generalmente, el uso de un sustrato, producto, y/o
inhibidor resulta enlpor lo menos alrededor de un incremento del 10% en la
estabilidad y/o inhibicion, respectivaménte. Por ejemplo el aumento puede
ser de alrededor de; 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 100%, 120%, 150%, 200%,
300%, o incluso 500% o mayor. Por consiguiente, sustratos, productos, y/o
inhibidores son bien apropiados para estabilizar los polipéptidos CocE
mutantes divulgados en esta especificacion (véase a este fespecto, Ejemplo

20).

[0099] En una incorporacion, se utilizan moléculas pequefias
para termoestabilizar los polipéptidos CocE mutantes divulgados en esta
especificacion. En'una incorporacion preferida, tales moléculas no ocupan

el sitio activo del polipéptido.
I
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[0100] En algunas incorporaciones, los polipéptidos divulgados
en esta especificacion pueden co-infusionarse con una molécula
estabilizadora. En otras incorporaciones, las moléculas estabilizadoras
pueden usarse para estabilizar el polipéptido durante la elaboracion. En
todavia otras incomoraciones, las moléculas estabilizadoras pueden
emplearse para estabilizar los polipéptidos CocE mutantes hasta que estén
listos para uso.

l
METODOS DE TRATAMIENTO

[0101] Otro aspecto de la invencion se dirige a un enfoque, de
degradacion catalitic~a, a terapéuticos anti-cocaina. Se proveen tratamientos,
tanto profildcticos como terapéuticos, de afecciones inducidas por la
cocaina mediante la administracion de polipéptidos CocE mutantes,
termoestables, estera{sa activos, a un sujeto necesitado de ello. Las variantes
de cocaina esterasa de la invencién poseen un valor clinico significativo
debido a su termoestabilidad incrementada y vida media plasmatica mas
prolongada, que la CocE de origen natural conocida. Es este aumento en la
termoestabilidad y la vida media plasmatica lo que permite una respuesta
mucho mas rapido a los sintomas mortales de la toxicidad de la cocaina que
distinguen las variantes CocE de la invencién de otras opciones de

tratamiento.

[0102] I‘Jna determinaciéon de la necesidad de tratamiento se
evaluara tipicamente por una historia y un examen fisico consistente con la
afeccion inducida por la cocaina. Las afecciones inducidas por la cocaina
incluyen, pero no 'se limitan a, sobredosis de cocaina, toxicidad de la
cocaina y dependencia de la cocaina y/o adiccion. Por ejemplo, el
diagnostico de la toxicidad de la cocaina puede incluir convulsiones,

|

convulsiones tonicoclénicas generalizadas ("grand-mal seizures'), paro

cardiaco, infarto del miocardio, arritmias cardiacas, presion sanguinea
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elevada, apoplejia, psicosis inducida por drogas, aneurisma disecante, y
elevada demanda de oxigeno del miocardio. Como otro ejemplo, en el caso
de dependencia de la cocaina y/o adiccién, los sintomas de abstinencia
incluyen sensaciones subjetivas de disforia moderada a severa, depresion,
ansiedad, o irritabilidad. Los sujetos con una necesidad identificada de
terapia incluyen aquellos con una afeccién diagnosticada, inducido por la
cocaina, un indicio de afeccion inducida por la cocaina, y sujetos que han
sido tratados, estén‘ siendo tratados, o seran tratados por una afeccidn
inducida por la cocaina. Preferiblemente, el sujeto es un animal, incluidos,
pero no limitados 5, mamiferos, reptiles, y aves, mas preferiblemente
caballos, vacas, perros, gatos, ovejas, cerdos, y gallinas y, muy

o4 2

J
preferiblemente, un humano.

[0103] Una cantidad efectiva de los polipéptidos CocE
mutantes descritos en esta especificacion es generalmente aquella que
puede reducir la toxicidad de la cocaina o la gravedad de una afeccién
inducida por la cocaina. La reduccién en la gravedad incluye, por ejemplo,
una detencién o una disminucién en los sintomas, indicadores fisiologicos,
marcadores bioldgicos, o indicadores metabdlicos. Cuando se usa en los
métodos de la invencidn, una cantidad terapéuticamente efectiva del
polipéptido CocE mutante descrito en esta especificacion puede emplearse
en forma pura o, donde tales formas existen, en forma de sal
farmacéuticamente aceptable y con o sin un excipiente farmacéuticamente
aceptable. Por ejemplo, los polipéptidos CocE mutantes de la invencion
pueden administrarse con una relacion razonable riesgo/beneficio aplicable
a cualquier tratamiento médico, en una cantidad suficiente para reducir
sustancialmente la concentracién de cocaina en la sangre y/o tejidos del

sujeto.

[0104] La toxicidad y eficacia terapéutica de los polipéptidos
!
CocE mutantes pueden determinarse por procedimientos farmacéuticos

estandar en cultivos de células y/o animales experimentales para determinar
|
i
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|
|
!

la LDsy (Ia dosis letal al 50% de la poblacion) y la EDsy, (la dosis
terapéuticamente efectiva en 50% de la poblacion). La relacion de la dosis
entre efectos toxicos y terapéuticos es el indice terapéutico que puede
expresarse como la relacion LDsy/EDs, prefiriéndose indices terapéuticos

elevados.

[0105] La cantidad de polipéptido CocE mutante que puede
combinarse con una sustancia portadora farmacéuticamente aceptable para
producir una presentacion farmacéutica unica variard dependiendo del
hospedero tratado y del modo de administraciéon. Se observara por los
expertos en el arte que el contenido unitario de agente .contenido en una
dosis individual de éada presentacion farmacéutica no necesita constituir en
si mismo una cantidad terapéuticamente efectiva, ya que la cantidad
terapéuticamente  efectiva  necesaria podria alcanzarse mediante
administracion de uil numero de dosis individuales. La administracion del
agente puede ocurrir como un episodio unico o durante el tiempo de ciclo
de tratamiento. Por ejemplo, un agente puede administrarse diaria, semanal,
bi-semanal, o mensualmente. Para algunas afecciones, el tratamiento puede

prolongarse desde varias semanas a varios meses, 0 incluso un afio o mas.

b
{

[0106] El nivel especifico de dosis terapéuticamente efectiva
para cualquier sujeto particular dependera de una variedad de factores,
incluida la afeccién inducida por la cocaina que se estd tratando y la
- gravedad de la afeccién inducida por la cocaina; la actividad del polipéptido
CocE mutante empleado; la composicion especifica empleada; la edad, el
peso corporal, el estado general de salud, el sexo y la dieta del paciente; el
tiempo de administracién; la via de administracion; la vida media
plasmatica del polipéptido CocE mutante; la velocidad de excrecion del
polipéptido CocE 'mutante empleado; la duracién del tratamiento; los
medicamentos utilizados en combinacion o coincidentes con el polipéptido
CocE mutante empleado; y factores similares bien conocidos en las artes

médicas (véase a| este respecto, Koda-Kimble et al. (2004) Applied
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Therapeutics: The Clinical Use of Drugs, Lippincott Williams & Wilkins,
ISBN 0781748453; Winter (2003) Basic Clinical Pharmacokinetics, 4" ed.,
Lippincott Williams & Wilkins, ISBN 0781741475; Sharcjel (2004) Applied
Biopharmaceutics & Pharmacokinetics, McGraw-Hill/Appleton & Lange,
ISBN 0071375503). Se entendera por un facultativo experto que la
utilizacion diaria total del polipéptido CocE mutante para uso en
incorporaciones de la invencién, divulgada en esta especificacion, se
decidira por el médico especialista dentro del 4mbito de un juicio médico

acertado.

[0107] Los polipéptidos CocE mutantes descritos en esta
especificacion pueden usarse igualmente en combiﬁacién con otras
modalidades terapéuticas. Por consiguiente, ademas de las terapias descritas
en esta especificacion, se le pueden aplicar también al sujeto otras terapias
conocidas por su eficacia en afecciones particulares inducidas por la

cocaina.

[0108] Los polipéptidos CocE mutantes descritos en esta
especificacion pueden formularse en cualquier manera convencional usando
una o mas sustancias portadoras farmacéuticamente aceptables y/o
excipientes (véase a este respecto, Gennaro (2005) Remington the Science
and Practice of Pharmacy 21% ed. Lippincott Williams & Wilkins, ISBN
0781746736). Tales formulaciones contendrdn una  cantidad
terapéuticamente efectiva del polipéptido CocE mutante, preferiblemente en
forma purificada, junto con una cantidad apropiada de una sustancia
portadora, con el fin de proveer la forma de administracion adecuada al
sujeto. La formulacion debe adaptarse al modo de administracion. Los
polipéptidos CocE mutantes de uso con la actual invencién pueden
formularse por métodos conocidos para la administracién a un sujeto
utilizando varias vias que incluyen, pero no se limitan a, la via parenteral,
pulmonar, oral, topica, intradérmica, intramuscular, intraperitoneal,

intravenosa, subcutanea, intranasal, epidural, oftalmica, bucal y rectal. El
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polipéptido CocE mutante puede administrarse ademds en combinacion con
uno o mas agentes adicionales divulgados en esta especificacion y/o junto
con otros agentes inertes, bioldgicamente activos o biologicamente inertes.
Tales agentes biolégicamente activos o inertes pueden estar en
comunicacion fluida o mecéanica con el agente(s) o unirse al agente(s) por
fuerzas idnicas, covalentes, de Van der Waals, hidrofobas, hidrofilas u otras

fuerzas fisicas.

[0109] Los polipéptidos CocE mutantes descritos en esta
especificacion pueden administrarse parenteralmente, incluidas las
inyecciones intravenosas, intramusculares, subcutdneas e intraperitoneales.
Excipientes usados comunmente en la aplicacién parenteral de moléculas
pequeiias de medicamentos, incluidos potenciadores de solubilidad, agentes
osmdticos, soluciones amortiguadoras y preservantes, pueden incluirse
igualmente en formulaciones de biomoléculas. La inclusion de agentes de
anti-agregaciéon y anti-adsorcion, tales como tensioactivos y albumina,
cuando se formulan y aplican biomoléculas, puede agregar una estabilidad
incrementada y disminuir el riesgo de que la biomolécula interactie con una
interfase, la cual puede llevar al desdoblamiento, agregacion y/o
precipitacién. El polipéptido CocE mutante puede liofilizarse para
impartirle estabilidad adicional durante el almacenamiento, y re-procesarse

antes de la administracion parenteral.

[0110] Preferiblemente, el polipéptido CocE mutante se pegila,
proporcionando en esta forma una estabilidad incrementada y una

inmunogenicidad disminuida (véase mds arriba).

[0111] La aplicacion pulmonar de macromoléculas, tales como
polipéptidos CocE mutantes, permite una administracion no invasiva,
relativamente facil, al sistema circulatorio para distribucion sistémica
(véase a este respecto, Cryan (2004) AAPS J. 7(1) article 4, E20-41, que

ofrece una revision de la tecnologia de aplicacion pulmonar). Las ventajas
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de la aplicacién pulmonar incluyen no-invasividad, un érea superficial
grande para absorcion (~75 m?), epitelio alveolar delgado (~0.1 a 0.5 pum)
que permite una ripida absorcion, ausencia de metabolismo de primer paso,
actividad proteolitica disminuida, iniciacién répida de la accion y alta
biodisponibilidad. Varios dispositivos de aplicacion por inhalacion, tales
como inhaladores de dosis medida, nebulizadores e inhaladores de polvo
seco, que pueden usarse para aplicar las biomoléculas descritas en esta
especificacion son conocidos en el arte (por ejemplo, AErx (Aradigm, CA);
Respimat (Boehringer, Alemania); AeroDose (Aerogen Inc., CA)). Los
dispositivos de inhalacion de polvo seco son particularmente preferidos
para aplicacion pulmonar de agentes a base de proteinas (por ejemplo,
Spinhaler (Fisons Pharmaceuticals, NY); Rotohaler (GSK, NC); Diskhaler
(GSK, NC); Spiros (Dura Pharmaceuticals, CA); Nektar (Nektar
Pharmaceuticals, CA)).

[0112] Preparaciones de liberacion controlada (o liberacion
sostenida) pueden formularse para extender la actividad del polipéptido
CocE mutante y reducir la frecuencia de dosificacion. Las preparaciones de
liberacién controlada pueden usarse igualmente para concretar el tiempo de
iniciacién de la accién u otras caracteristicas, tales como niveles en la
sangre del agente y, en consecuencia, afectar la ocurrencia de efectos
secundarios. Las preparaciones de liberacion controlada puede disefiarse
para liberar inicialmente una cantidad del polipéptido CocE mutante, que
produce el efecto terapéutico deseado, y liberar en forma gradual y continua
otras cantidades para mantener el nivel de efecto terapéutico durante un
periodo extendido de tiempo. Con el fin de mantener un nivel casi constante
del polipéptido CocE mutante en el cuerpo, el agente puede liberarse de la
forma farmacéutica a una velocidad que reemplace la cantidad de agente
que se estd metabolizando y/o excretando del cuerpo. La liberacion
controlada de un agente puede estimularse por Varioé inductores, por
ejemplo, cambio en el pH, cambio en la temperatura, enzimas, agua, u otras

condiciones fisiologicas o moléculas.
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[0113] Los sistemas de liberacion controlada pueden incluir,
por ejemplo, una bomba de infusién, que puede usarse para administrar el
agente en una manera similar a la empleada para aplicar insulina o
quimioterapia a érganos o tumores especificos. Los agentes de la invencion
pueden administrarse por otros medios de liberacion controlada o
aplicacion, que son bien conocidos por las personas de habilidad ordinaria
en el arte, incluidos, por ejemplo, hidropropilmetilcelulosa, otras matrices
poliméricas, geles, membranas permeables, sistemas osmoticos,
medicamentos de absorcion  ("depots"), cubiertas  multi-capa,
microparticulas, liposomas, microesferas, o similares, o una combinacion
de cualesquiera de los anteriores, para ofrecer el perfil de liberacion
deseado en proporciones variables. Otros métodos de aplicacion con
liberacion controlada de agentes seran bien conocidos por el profesional

experto y se encuentran dentro del ambito de la invencion.

[0114] Los polipéptidos CocE mutantes pueden encapsularse y
administrarse en una variedad de sistemas de aplicacion de sustancias
portadoras. Sistemas a base de sustancias portadoras para aplicacion de
agentes biomoleculares pueden: posibilitar la aplicacion intracelular;
adaptar las velocidades de liberacion de biomoléculas/agentes; aumentar la
proporcion de biomolécula que alcanza su sitio de accion; mejorar el
transporte del medicamento a su sitio de accion; permitir la deposicion co-
localizada con otros agentes o excipientes; mejorar la estabilidad del agente
in vivo; prolongar el tiempo de permanencia del agente del agente en su
sitio de accién reduciendo la depuracion; disminuir la aplicacion no
especifica del agente a tejidos distintos al tejido diana; disminuir ia
irritacion causada por el agente; disminuir la toxicidad debida a dosis
iniciales elevadas del agente; alterar la inmunogenicidad del agente;
disminuir la frecuencia de la dosificacién, mejorar el sabor del producto;

y/o mejorar la vida util del producto.
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[0115] Ejemplos de sistemas de aplicacion con sustancias
portadoras para polipéptidos CocE mutantes descritos en esta especificacion
incluyen microesferas (véase a este respecto, Varde & Pack (2004) Expert
Opin. Biol. 4(1) 35-51), hidrogeles (véase generalmente, Sakiyama et al
(2001). FASEB J. 15, 1300-1302), implantes poliméricos (véase
generalmente, Teng et al (2002) Proc. Natl. Acad. Sci. U.S.A. 99, 3024-
3029), sustancias portadoras poliméricas inteligentes (véase generalmente,
Stayton et al. (2005) Orthod Craniofacial Res 8, 219-225; Wu et al. (2005)
Nature Biotech (2005) 23(9), 1137-1146), y liposomas (véase a este
respecto, Galovic et al. (2002) Eur. J. Pharm. Sci. 15, 441-448; Wagner et
al. (2002) J. Liposome Res. 12, 259-270). Preferiblemente, el polipéptido

CocE mutante se encapsula en RBC (véase mas arriba; Ejemplo 12).
METODOS DE DETECCION SELECTIVA

[0116] Otro aspecto de la invencion se dirige a métodos de
deteccion selectiva para la generacion, identificacion y purificacion de los
polipéptidos CocE mutantes termoestables. Generalmente, los polipéptidos
CocE mutantes pueden disefiarse inicialmente de acuerdo con los métodos
ya descritos. Tales polipéptidos disefiados pueden detectarse entonces
selectivamente tomando en cuenta caracteristicas preferidas, tales como
retencién de eficiencia hidrolitica, termoestabilidad incrementada, vida
media plasmatica incrementada, y/o antigenicidad reducida. Ademas, los
polipéptidos CocE mutantes aleatorios pueden detectarse selectivamente

tomando en cuenta las caracteristicas deseadas.

[0117] Los métodos de deteccion para identificar
selectivamente mutantes termoestables abarcan una amplia variedad de
técnicas. El siguiente es un resumen ejemplar de un protocolo genérico.
Acido nucleico que codifica los polipéptidos CocE mutantes (generados,
por ejemplo, mediante disefio racional, mutagénesis aleatoria, o

mutagénesis de hospedero) se transforma en un hospedero de expresion
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apropiado (por ejemplo, células de E. coli tales como BL21 Gold de E. coli
(Stratagene)), y se induce expresion del polipéptido mutante de acuerdo con
protocolos estandar (por ejemplo, mediante IPTG). La expresion se lleva a
cabo a temperaturas para producir expresion optima de la proteina (por
ejemplo, 16°C para CocE, véase a este respecto, Ejemplo 1) durante un
periodo de tiempo predeterminado (por ejemplo, donde sea desde 30
minutos a 24 horas o mas). Alternativamente, la expresion se realiza a una
temperatura incrementada (por ejemplo, la temperatura incrementada puede
ser por lo menos alrededor de 35°C, por lo menos alrededor de 36°C, por lo
menos alrededor de 37°C, por lo menos alrededor de 38°C, por lo menos
alrededor de 39°C, por lo menos alrededor de 40°C, o incluso mayor).
Preferiblemente, la temperatura incrementada a la cual se expresa el
polipéptido CocE mutado es 37°C. Alrededor de esta temperatura, el
polipéptido CocE tipo silvestre se escinde casi exclusivamente en cuerpos
de inclusioén. Células que contienen los polipéptidos mutantes expresados se
detectan selectivamente tomando en cuenta la presencia de variantes

termoestables de CocE.

[0118] La deteccion selectiva de la presencia de variantes
termoestables de CocE implica generalmente la medicion directa en células
cultivadas, en lisados de células, o luego del rompimiento celular y
aislamiento del polipéptido CocE mutante. El rompimiento celular puede
incluir choque osmético, lisis quimica, sonicacion, y/o homogeneizacion, y
el aislamiento del polipéptido mutante puede obtenerse mediante
numerosos métodos, incluidos absorcion directa a una matriz o absorcion
por afinidad a través del uso de anticuerpos anti-cocaina o sistemas de
captura especificos de proteina de fusion. Una matriz apropiada para
absorpcion incluye papel de nitrocelulosa, filtros, placas de microvaloracién
tratadas por afinidad o no tratadas, resinas de agarosa o sefarosa, y o puntas

recubiertas con afinidad.

[0119] La actividad esterasa de las células cultivadas o un
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polipéptido mutante aislado puede medirse posteriormente a una o mas
temperaturas para determinar la termoestabilidad de los mutantes. La
temperatura a la cual se realiza el analisis de la actividad determina el grado
de deteccion de la termoestabilidad. Por consiguiente, aunque los mutantes
finales tendran preferiblemente una temperatura de fusion de 45°C o mas
(determinada, por ejemplo, mediante dicroismo circular), a menudo la
deteccion selectiva inicial a 45°C no encontrara enzimas activas. Mas bien,
pueden llevarse a cabo varios ciclos de mutagénesis y deteccion selectiva, a
temperaturas consecutivamente crecientes, para obtener mutantes
termoestables. Por consiguiente, la deteccion selectiva inicial puede
realizarse a 30°C vy, luego de ciclos adicionales de mutagénesis, puede
llevarse a cabo una deteccion selectiva con temperaturas incrementalmente
crecientes (por ejemplo, 34°C, 37°C, 40°C, 42.5°C, 45°C, etc.), hésta
obtener un mutante de termoestabilidad apropiada. Los aumentos de
temperatura incremental se determinan empiricamente durante el
procedimiento, y se afectan por el numero de aciertos a temperaturas

particulares, y la Tm determinada de los mutantes generados.

[0120] Aunque sin obligacion de hacerlo, y sin querer entrar en
limitaciones tedricas, sigue en esta especificacion lo que se cree ser una
explicacién mecénica de la fusion de varias incorporaciones de los
polipéptidos CocE mutantes descritos en esta especificacion. Los datos de
espectros CD ilustran que la fusion CD de cocaina esterasa y mutantes es
irreversible, ya que enfriar a 0 grados no reforman los espectros originales
(véase, por ejemplo, Ejemplo 19). Aunque no pueden verificarse
parametros termodindmicos, los espectros CD pueden utilizarse para
determinar comparativamente si los mutantes son mas o menos estables, si
tienen estructuras secundarias diferentes o propiedades de agregacion. Se
cree que los polipéptidos CocE descritos en esta especificacion se funden
mediante un paso intermedio, es decir, los polipéptidos experimentan un

proceso de fusion de 2 pasos.
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[0121] La deteccion de la actividad esterasa puede realizarse
usando una variedad de métodos, donde sustratos se acoplan a un sistema
de deteccién especifico. Sustratos apropiados para uso en determinar la
actividad esterasa pueden incluir cocaina, cocaina tritiada (3H), derivados
de sustrato de cocaina tales como un derivado de tio-cocaina (véase a este
respecto, Figura 6), y/o substratos que dan cuenta de actividad esterasa
general tales como 4-nitrofenil acetato. El sistema de deteccion puede
acoplarse directamente a las especificidades del sustrato, por ejemplo:
escision de cocaina no modificada puede detectarse monitorizando cambios
e la absorbencia de la cocaina a 240nm (véase a este respecto, Ejemplo 4), o
monitorizando cambios de pH que resultan de la acumulacion del producto
acidico acido benzoico acidico (véase a este respecto, Ejemplo 15), o
mediante el uso de aptameros de cocaina (véase a este respecto, Stojanovic,
M. N., de Prada, P. & Landry, D. W. (2001) J Am Chem Soc 123, 4928-
4931; Stojanovic, M. N. & Landry, D. W. (2002) ] Am Chem Soc 124,
9678-9679) monitorizando cambios en fluorescencia luego de la
degradacion de la cocaina (véase ejemplo 15); la escision de cocaina tritiada
(3H) puede detectarse mediante acidificacion y deteccion de producto de
4cido benzoico tritiado mediante la separacion por cromatografia (véase
Ejemplo 1 y 15); la escision de derivados de cocaina tales como tio-cocaina
puede monitorizarse mediante la deteccion de grupos sulfhidrilo reactivos,
mediante la adicion del reactivo de Ellmany la determinacion de cambios de
absorbencia a 412nm (véase a este respecto, Ejemplo 15), o mediante la
adicion y visualizacién de metales pesados que reaccionan con sulthidrilo
de precipitacion; la escision de 4-nitrofenil acetato .puede detectarse
monitorizando cambios en la absorbencia a 420nm (véase a este respecto,
Halgasova, N. et al. (1994) Biochem J 298 Pt 3, 751-755; O'Conner, C.J. &
Manuel, R.D. (1993) J Dairy Sci. 76, 3674-3682).

[0122] Los polipéptidos CocE mutantes identificados a través

de los procedimientos anteriores, o un analisis similar de gran

productividad, pueden evaluarse ademas empelando procedimientos in vitro
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descritos en esta especificacion (por ejemplo, valores Kcat y Km,
estabilidad a 37°, temperatura de fusion (Tm), niveles de endotoxina,
capacidad de degradar cocaina en plasma). Los polipéptidos CocE mutantes
con actividad esterasa termoestable y/o inmunogenicidad reducida, pueden
evaluarse ademas utilizando procedimientos in vivo descritos en esta
especificacion (por ejemplo, potencia, duracién de la accidn, efectos con
dosificacion repetida, y/o evaluacion inmunolégica). Preferibleménte, en
los polipéptidos CocE mutantes se examina primero 1a disminucién en
magnitud de la toxicidad de la cocaina (véase a este respecto, Ejemplos 5, 7
y 8), y aquellos mutantes que reducen la toxicidad en por lo menos
alrededor de 5-10 veces pueden evaluarse adicionalmente con respecto al
ciclo de tiempo de accion (véase a este respecto, Ejemplo 6). Los
polipéptidos CocE mutantes candidatos pueden estabilizarse adicionalmente
mediante, por ejemplo, pegilacion y/o encapsulacion en RBCy re-evaluarse

en los procedimientos ya descritos.

[0123] Habiendo descrito la invencion en detalle, serd evidente
que son posibles modificaciones, variaciones e incorporaciones
equivalentes sin apartarse del dmbito de la invencion definida en las
reivindicaciones adjuntas. Mds alin, se observara que todos los ejemplos en

la presente divulgacion se proveen como ejemplos no limitantes.
EJEMPLOS

[0124] Los siguientes ejemplos no limitantes se proveen para
ilustrar aGin mas varias incorporaciones de la invencion divulgada en esta
especificacion. Debe observarse por los expertos en el arte que las técnicas
divulgadas en los ejemplos que siguen representan métodos que los
inventores han descubierto que funcionan bien en la practica de la
invencién y, por consiguiente, pueden considerarse que constituyen
ejemplos de modos para su practica. No obstante, a la luz de la presente

divulgacion, los expertos en el arte deben observar que pueden introducirse
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muchos cambios en las incorporaciones especificas que se divulgan y
obtener aun un resultado parecido o similar sin apartarse del espiritu y el

ambito de la invencidn.
EJEMPLO 1: EXPRESION DE CocE

[0125] Se establecié un método para la expreéién y purificacién
de CocE, donde CocE se expresa en E. Coli como una proteina de fusion
con una marca-Hisx6 del término carboxilo. El gen de la cocaina esterasa se
subclono en el vector de expresion de E. coli pET-22b(+) y se indujeron
altos niveles de la enzima cocaina esterasa que contenia una marca histidina
C-terminal luego de la adicion de IPTG a 23°C. La proteina recombinante
se acumulé a aproximadamente 10-15% de la proteina total. CocE se
enriquecié en una columna de cobalto-quelato (TalonTM Clontech) o una
columna de agarosa quelada con niquel (Pierce) en Virtud de la marca
Hisx6. La proteina eluida fue aproximadamente 95% pura por SDS-PAGE
y coloracién con azul Coomassie y, posteriormente, se resolvido por
columna FPLC de cromatografia de intercambio ionico (Q-Sepharose)
usando un gradiente NaCl. La proteina eluida como un pico simple fue
aproximadamente 99% pura, como se indico por SDS-PAGE y coloracion

con azul Coomassie (véase a este respecto, Figura 3).

[0126] La actividad enzimatica se determind mediante dos
andlisis: un analisis de actividad de radio-ligando en el cual cocaina tritiada
se hidrolizé y luego, después de la acidificacion, se separd el producto
4cido benzoico tritiado a partir del clorhidrato de cocaina tritiado mediante
cromatografia; y un anélisis espectrofotométrico bajo condiciones similares,
como se describe por Turner et al. (2002) Biochemistry 41, 12297-12307.
Los espectros de absorcion Gnicos de cocaina (coeficiente de extincion 6.7
L/mmol/cm, a 240 nm) permiten la observacion de cocaina remanente luego
de la escision enzimatica. Los porcentajes lineales ideales de descenso de la

cocaina, representando velocidad, se determinaron en un lector de placas
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SpectraMax 190 (Molecular Devices) usando software SOFTmax Pro
(v1.13). La reaccion se inicié agregando 150 pL de una solucion enzimatica
2x a los 150 pL de una solucion de cocaina 2x. Las concentraciones finales
de CocE variaron desde 100 ng/mL a 20 ng/mL. Las concentraciones
finales de cocaina fueron las siguientes: 250, 126, 62.5, 31.25, 15.63, 7.81,
3.91 y 1.95 uM. Para la cinética de todas las enzimas, el amortiguador fue
solucion salina amortiguada con fosfato, pH 7.4. Los porcentajes iniciales
se ajustaron a la ecuacion de Michaelis-Menten, con Kcat y Km como

parametros ajustables (GraphPad; PRISM, v4).

[0127] Como se determind utilizando el  andlisis
espectrofotométrico de cocaina, el polipéptido CcoE tipo silvestre
purificado hidroliza la cocaina con un Kcat de aproximadamente 500 min”
y un Km de aproximadamente 2 pM, lo cual es consistente con valores

informados anteriormente (véase a este respecto, Turner et al. 2000).

[0128] Tales procedimientos de expresion pueden utilizarse

para los polipéptidos CocE mutantes descritos en esta especificacion.
EJEMPLO 2: ACTIVIDAD PLASMATICA DE CocE EX VIVO

[0129] La determinacioén ex vivo de los niveles de cocaina luego
de la cocaina esterasa se examind en plasma humano (University of
Michigan Hospital blood bank). Se obtuvo cocaina de The National
Institute of Drug Abuse (Bethesda, MD, USA). La cocaina se disolvié en
agua esterilizada. Alicuotas (3 ml) de plasma humano se mantuvieron a
37°C en un bafio maria durante 10 minutos antes del inicio y durante el
experimento. Luego de equilibrar el plasma en un bafio maria, se agrego la
cocaina a una concentracion final de 300 pM y se homogeiniz() durante 30
segundos. Se retiraron muestras del plasma y se pusieron en un tubo de
microcentrifuga que contenia el estandar interno y una solucion de ﬂuorufo

de sodio saturada para impedir el metabolismo posterior de la cocaina.
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Inmediatamente después de tomar la primera muestra de plasma (cocaina
sola), se agregd 0.05 mg/ml CocE o vehiculo CocE y se homogeinizo. Se
recogieron las muestras de plasma a 1, 2, 4, 6, 8, 10, 15, 30, 45, 60 y 120
minutos después de agregar CocE. Se midieron los niveles de cocaina
usando cromatografia liquida de alto rendimiento en tandem con

espectrometria de masas.

[0130]  Se realizo cromatografia liquida usando un sistema
HPLC Surveyor (ThermoElectron Corp., Franklin, MA) con una bomba
cuaternaria y autosampler configurado con un ciclo de inyeccion de 10 pl.
La separacion se logro empleando una columna Phenomex C18 3 um 30 x
46 mm con una columna de guarda correspondiente (Waters Corp.,
Milford, MA) con un caudal de 600 pl/min. El disolvente A consistia de
una solucion de acido formico 0.1%, y el disolvente B acido férmico 0.1%
en acetonitrilo (alto grado de pureza; Burdick and Jackson, Muskegon, MI).
Se empled un gradiente balistico de 3 minutos con cocaina y el estandar

interno co-eluyendo a 2.3 minutos.

[0131] Para la deteccién y cuantificacion por espectrometria de
masas, se usé un espectrometro de masas triple quadrapole Finnigan TSQ
Quantum Ultra AM, equipado con una fuente de ionizacion electrospray
JonMax (ThermoElectron Corp., Franklin, MA), en i6n positivo, en modo
de monitorizacion de reaccion seleccionado. Nitrégeno sirvié como el gas
nebulizador y argén como el gas de colision. Se optimizaron los caudales de
gas, voltajes de aspersion y energias de colision. Se determinaron las curvas
de calibracion para la cocaina con 50 nM de cocaina deuterada (cocaina D3)
como el estandar interno en muestras de plasma no tratado. Las muestras no
conocidas se fijaron también con cocaina Ds. La evaluacion de todas las
muestras se realizé en triplicado. Las curvas estandar y las no conocidas se
analizaron mediante el programa Quan Browser en software version
Xcalibur 1.4 (ThermoElectron Cbrp., Franklin, MA). Se construyeron

curvas de calibracién empleando regresion lineal de la relacion area de
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pico/area del estandar interno de la cocaina como una funcién de la
concentracion estandar con un factor de ponderacion de 1/x. Se aceptaron
valores estandar de ajuste de curva con un valor mayor que 0.99, y los

valores RSD para muestras replicadas estan entre 0-10%.

[0132] Los resultados demuestran que la CocE es capaz de
degradar cocaina muy rapidamente cuando las dos se mezclan brevemente
en plasma humano (véase a este respecto, Figura 4). El primer punto de
tiempo indica la concentracion de cocaina antes de la adicion de cocaina
esteras o vehiculo esterasa. Antes del tratamiento con esterasa, los niveles
de cocaina fueron similares, pero en el término de 1 minuto de la
administracion de la cocaina esterasa, los niveles de cocaina disminuyeron
por lo menos 100 veces a aproximadamente 2 pM comparados con la

muestra de plasma tratada con vehiculo. Los niveles de cocaina siguieron

disminuyendo en las muestras de plasma tratadas con esterasa, cayendo por

debajo de 1 microM en el punto de tiempo de 2 minutos.

[0133] Se demostro la eficiencia terapéutica de la enzima
aumentando la dosis de cocaina requerida para producir efectos toxicos
luego de una inyeccion intravenosa Unica de CocE. La enzima tipo silvestre
demostrd una cinética rapida para la degradacion de la cocaina ex vivo en
suero de rata y suero humano. Dos mutantes inactivos de CocE no
protegieron las ratas de los efectos toxicos de la cocaina, confirmando que
los efectos protectores son debidos a la actividad hidrolitica. Ademas, la
CocE no cambi6 la mortalidad de WIN-35065-2, un analogo de cocaina que
carece de la fraccion éster de benzoilo dianizada por CocE. La
caracterizacion in vivo y ex vivo de CocE sustenta el papel de la enzima

como un antidoto apropiado a la toxicidad en humanos.
EJEMPLO 3: CoCE MUTANTE TERMOESTABLE PREVISTA

[0134] El disefio racional de la CocE mutante descrita en esta
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especificacion se basd en simulaciones de dinamica molecular (MD). Se
construyé un modelo computacional de CocE usando la estructura cristalina
publicada de CocE tipo silvestre (véase a este respecto, Figura 2). Tales
modelos pueden emplearse para identificar ciertas modificaciones de
aminogcidos que aumentan la temperatura de fusion tedrica de la proteina
sin alterar la estructura en el sitio activo. La simulacion MD clésica permite
el estudio de la evolucién en el tiempo de un sistema grande, tomando
muchos pasos de tiempo sucesivos pequefios bajo fuerzas atdmicas
determinadas por un conjunto de funciones de interaccion parametrizadas
(campo de fuerza), incluidas interacciones enlazadas (enlaces, angulos y
angulos dihédricos), interacciones van der Waals no enlazadas e
interacciones electrostaticas basadas o cargas atomicas netas. Debido a la
forma simple de campo de fuerza la simulacion MD puede llevarse a cabo
durante un tiempo de simulacion suficientemente largo para ofrecer
propiedades significativas promediadas por el ensamble, incluso para un
sistema muy grande que implica mas de cien mil atomos. Asi, para CocE y
cada mutante propuesto, la simulacion MD llevara a una estructura 3D

dinamicamente promediada, razonable, del polipéptido simulado en agua.

[0135] Basado en la estructura cristalina de rayos X (cédigo

PDB 1JU3) de la cocaina esterasa bacteriana (CocE) (Larson et al. (2002)

Nature 9, 17), se construyé un modelo 3D completo de CocE que se une

con (-)-cocaina, apropiado para modelacion computacional de su estabilidad
termodinamica. Para aumentar la termoestabilidad de CocE, se implemento
un método computacional en el programa RosettaDesign (Kuhlman and
Baker (2000) PNAS 97, 10383) capaz de predecir mutaciones
termoestabilizadoras en un multiplo dado, minimizando al mismo tiempo
cualquier cambio en el esqueleto que pudiera alterar estructuralmente la
estructura del sitio activo o extinguir su flexibilidad. El método
implementado en el programa RosettaDesign usa una funcién de energia
para evaluar la idoneidad de una secuencia particular para un multiplo dado

("a given fold') y un algoritmo de busqueda Monte Carlo para muestrear el
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espacio de la secuencia. Un método similar se ha empelado exitosamente
por otro investigadores para aumentar la termoestabilidad ‘de una enzima sin
reduccidn en la eficiencia catalitica (Korkegian et al. (2005) Science 308,
857). Las cargas atdmicas parciales para los atomos residuales no estandar
se calcularon usando el protocolo RESP estandar implementado en el
modulo Antechamber del paquete del programa Amber7 (u 8) (Case, 2002).
El modelamiento computacional que utiliza el programa RosettaDesign
permitio la prediccion de un conjunto de mutaciones CocE calculadas como
poseedoras de energia mdas baja y, por lo tanto, termoestabilidad
incrementada (véase a este respecto, Tabla 2). Para este ejemplo, la
computacion consider6 Unicamente las mutaciones posibles en los residuos
de aminoéacidos con una distancia de entre 6-25 A de la molécula de

sustrato de cocaina.

[0136] Los polipéptidos CocE de mutacion tnica identificados,
calculados para estabilizar CocE en alrededor de 2.1 a alrededor de 4.5
kcal/mol incluian: L163V (SEQ ID NO: 3); V121D (SEQ ID NO: 4); SWA
(SEQ ID NO: 5); QI123E (SEQ ID NO: 6); V2251 (SEQ ID NO: 7); 1218L
(SEQ ID NO: 8); A310D (SEQ ID NO: 9); A149S (SEQ ID NO: 10);
S159A (SEQ ID NO: 11); S265A (SEQ ID NO: 12); S56G (SEQ ID NO:
13); W220A (SEQ ID NO: 14); T122A (SEQ ID NO: 15); S140A (SEQ ID
NO: 16); F189L (SEQ ID NO: 17); A193D (SEQ ID NO: 18); T254R (SEQ
ID NO: 19); N42V (SEQ ID NO: 20); V262L (SEQ ID NO: 21); L508G
(SEQ ID NO: 22); Y152H (SEQ ID NO: 23); V160A (SEQ ID NO: 24);
T172R (SEQ ID NO: 25); Y532F (SEQ ID NO: 26); T74S (SEQ ID NO:
27); W285T (SEQ ID NO: 28); L146P (SEQ ID NO: 29); D533S (SEQ ID
NO: 30); A194R (SEQ ID NO: 31); G173Q (SEQ ID NO: 32); C477T
(SEQ ID NO: 33); K531A (SEQ ID NO: 34); R41I (SEQ ID NO: 35);
L119A (SEQ ID NO: 36); K46A (SEQ ID NO: 37); y F84Y (SEQ ID NO:
38)

Tabla 2: Resumen del modelamiento computacional usando el
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programa RosettaDesign con estrategia de consenso

Rl |[R2 |R3 | R4 [R5 |R6 |R7 | R8 |'R9 |R10 | Mutacion [Cambio de
de Energia
Consenso | (kcal/mol)
163 [ 163 {163 | 163 |163 |163 | 163 |163 [163 | 163 | L163V -4.5
121 121 | 121 |121 [121 |121 |121 |121 |121 [121 | V121D -3.9
167 {167 | 167 167 | 167 | 167 | 167 [167 | 167 | 167 | S167A -3.9
123 123 | 123 [123 (123 |123 |123 [123 |123 |123 | QI23E -3.8
225 [310 | 310 {225 {225 |225 |225 (310 (225 |218 | V225I -3.6
218 [225 |218 [ 218 218 |218 |218 [225 (218 |225 1218L -3.5
310 [218 | 225 {310 {310 |310 |310 |218 [310 |152 | A310D -3.4
149 | 149 | 152 | 149 | 149 | 149 | 149 | 149 [ 149 |310 | A149S -3.3
159 (159 | 140 159 | 159 | 159 | 159 [159 | 159 |149 | S159A -3.3
189 265 | 149 265 |265 |265 |265 [265 | 189 |265 | S265A -3.3
265 |140 |265 | 56 | 56 | 56 | 56 |[220 |265 |159 S58G -3.2
56 220 [ 159 |220 {220 (220 |220 |122 | 56 (220 | W220A -3.2
220 | 122 220 |122 122 |122 |122 | 140 {220 | 56 T122A -3.1
122 [ 189 | 122 {140 | 140 | 140 | 140 189 | 122 |122 | S140A -3.1
140 (193 | 189 [ 189 [ 189 |189 |189 (193 |140 | 140 | FI89L -3.1
254 | 42 | 193 | 193 [193 | 193 |193 | 42 [254 | 189 | A1930 -3.1
262 [262 | 42 | 254 |254 254 {254 |254 | 42 [193 | T254R -3.1
508 [508 262 | 42 | 42 | 42 | 42 262 |262 | 262 | N42V -3.0
152 | 152 | 508 |262 [282 |262 |262 |508 [508 {508 | V262L -3.0
160 | 160 {198 | 508 |[508 | 508 |508 |[152 152 | 198 | L508G -2.9
74 | 198 | 160 |152 152 | 152 | 152 |160 | 160 |254 | Y152H 2.9
172 | 74 | 74 | 160 [160 | 160 | 160 {198 [198 | 74 | VI60A -2.8
193 {172 | 172 | 198 [198 | 74 |198 | 74 |[172 [160 | T172R -2.8
532 1532 532 (532 |74 |172 | 74 172 | 74 |[172 | Y532F 27
146 | 146 | 56 | 74 |172 |532 |172 |532 {193 |532 T74S -2.7
285 | 285 |285 | 172 532 | 146 |532 | 146 [532 | 285 | W285T -2.6
533 |290 | 146 | 285 146 |285 |146 | 285 [285 |290 | LI146P -2.6
173 254 | 533 |146 [285 |533 |285 533 |146 | 146
194 | 533 | 173 |533 [533 | 173 |533 |173 | 533 [533 | D533S -2.5
477 | 56 | 194 | 173 | 194 (194 | 173 | 194 {173 |173 | Al94R 2.4
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531 [173 (200 (194 |200 [290 [194 (200 |194 |194 | G173Q 2.4
42 (194 477 (200 {290 | 477 |200 [290 |200 |200 | C477T -2.4
119 [200 [531 [290 | 477 | 531 [477 (477 |290 |477 | KS31A 2.4
200 | 477 | 305 477 {531 [200 | 531 |531 [477 |531

41 |531 |41 |41 |41 |41 |41 |41 [531 |42 R411 2.2
46 | 41 (119 |[119 |119 [119 |119 |[119 | 41 |119 | L119A 2.2
84 119 |46 |46 [173 [ 46 | 46 | 46 |119 | 41 K46A -2.1
305 |46 | 84 |84 146 |84 | 84 |56 |46 | 46 F84Y -2.1

478 | 57 | 158 (478 | 84 |478 |305 | 84 | 84 | 57

57 | 84 |307 | 57 (478 | 57 |478 |307 (478 | 84

87 478 |478 |142 | 57 | 87 | 57 (478 | 57 |158

142 | 87 | 57 |263 | 87 |142 | 87 | 57 |142 |478

263 | 142 | 142 307 [142 263 | 142 | 142 |263 |142

307 [263 |263 | 78 |[263 |307 |263 [263 [307 |263

78 (307 | 78 257 {307 | 78 (307 | 78 | 78 | 78

257 | 78 | 257 |531 | 48 |257 | 78 |257 |257 |257

290 |257 [290 {49 |78 |49 (257 |49 |49 | 49

291 |201 | 49 201 (257 |[305 {201 |201 [201 |201

49 | 49 |201 |305 | 45 |291 290 [412 |305 |307

176 |291 |291 |412 | 49 |176 |291 |291 [412 |291

45 |305 |412 (291 [201 | 45 | 49 |176 |291 | 176

54 [176 | 176 | 176 (305 | 54 {176 | 45 | 45 |305

406 | 45 254 | 45 [291 |406 | 45 413 [176 | 45

50 | 54 |45 |413 [176 | 50 | 54 | 54 413 | 54

406 | 54 | 54 | 54 406 | 305 | 54 |406
50 {413 | 50 |406 50 | 406 406 | 50
406 | 406 | 50 50 | 50

50

EJEMPLO 4: PARAMETROS CINETICOS DE CocE MUTANTE
TI72R Y S1594

[0137] “CocE tipo silvestre y polipéptidos CocE mutantes

T172R y S159A se analizaron con respecto a eficiencia catalitica.
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[0138] Se  realizd  mutagénesis  dirigida al  sitio
(QuickChange™, Invitrogen) de CocE para generar el polipéptido CocE
mutante S159A (SEQ ID NO: 11). Las técnicas de clonacion y expresion
utilizadas para producir el S159A fueron las mismas del Ejemplo 1,
excepto lo indicado en contrario. Se amplifico el gen CocE a través de
Reaccion en Cadena de Polimerasa (PCR - Polymerase Chain Reaction) en
la presencia de cebadores que contienen la mutacion requerida (Integrated
DNA Technologies, Inc.). La mutacidn especifica se volvid a clonar en el
plasmido de expresién y se determiné la secuencia nucleotidica de estos

plasmidos para verificar la presencia de la mutacion.

[0139] El mutante T172R se gener6 por PCR traslapante
utilizando cebadores 5' y 3' que contenian la mutacion T172R especifica,
asi como un sitio de enzima de restriccion Sac II para facil deteccion del
gen mutatado. Las parejas de cebadores CocE 20-5F-Nde 1 (&'
GATATACATATGGTGGACGGGAATTAC 3') y TI172R-3R (&'
CAGACCTCGACGTGATGAGCCCGCGGCCTATGAGAGCTGACCAG
C 3" asi como CocE-1800-3'R (5'
GTGGTGCTCGAGTCGCTTGATAATCG 3") y T172R-5'F (5'
GCTGGTCAGCTCTCATAGGCCGCGGGCTCATCACGTCGAGGTCT
G 3') se amplificaron mediante PCR empleando la enzima Pfu de alta
fidelidad (Stratagene) con una temperatura de hibridacion de 55°C. Los
productos PCR resultantes se combinaron y se re-amplificaron, generando
un gen CocE de longitud total que codificaba la mutacion T172R. El gen se
digirié con Nde I y Xho I; se subclond en el vector de expresion y se
secuencio en su totalidad para verificar tanto la presencia de la mutacion

como la ausencia de mutaciones adicionales por error de copia de PCR.

[0140] Plasmidos que contenian las mutaciones se
transformaron en células BL21 de E. coli y la enzima inducida por IPTG se
purificé en Ni-Agarosa. Las proteinas expresadas se probaron luego con

respecto a actividad enzimadtica y termoestabilidad a 37°C. Se cuantificé la
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actividad enzimatica empleando el analisis espectrofotométrico como se
describe en el Ejemplo 1. [gualmente se probd la termoestabilidad mediante
el andlisis espectrofotométrico por pre-incubacion de la enzima tipo
silvestre y de los mutantes a 37° C durante varios tiempos. Adicionalmente,
se analizé la naturaleza de la termoinestabilidad de la enzima tipo silvestre
y del mutante T172R por electroforesis en gel de poliacrilamida bajo
condiciones desnaturalizantes y no desnaturalizantes. Concretamente,
mutante y enzima tipo silvestre a 0.1mg/ml se incubaron a 37°C durante
varios puntos de tiempo, se enfriaron a 4°C, se mezclaron con colorante de
carga SDS que contenia B-mercaptoetanol y se corrieron en geles 10%
SDS-PAGE'(condiciones desnaturalizantes) o se corrieron en geles de 10%
de poliacrilamida nativa (condiciones no desnaturalizantes) a 4°C. Los geles
se fijaron con 10% metanol, 7% &4cido acético durante 30 minutos, y luego
se colorearon con colorante de gel de proteina Sypro-Ruby (Molecular
Probes, Invitrogen) durante 3 horas. La coloracion de la proteina se
visualizé bajo luz UV utilizando un Alphalmager™ 3400 (Alpha Innotech).
Finalmente, se determind la temperatura exacta de fusion de la enzima tipo
silvestre y del mutante T172R mediante dicroismo circular usando un
espectropolarimetro JASCO-810 operado por un programa de analisis
JASCO V500/FP-750 para Windows. Los espectros CD se cuantificaron en

miligrados y se normalizaron contra amortiguador PBS.

[0141] Los resultados del andlisis espectrofotométrico
mostraron que T172R tenia Vmax y Km elevados a temperatura de la sala y
un Vmax y Km sumamente elevados a 37°C, comparado con CocE tipo
silvestre (véase a este respecto, Tabla 3; Figura 5). En efecto, el Vmax y
Km de T172R a 37° C fue comparable con el Vmax y Km de CocE tipo
silvestre a temperatura de la sala. La CocE mutante S159A mostré un Vmax
y Km ligeramente elevados a 37°C, pero un Vmax y Km disminuidos a
temperatura de la sala, comparada con la CocE tipo silvestre. La
electroforesis bajo condiciones desnaturalizantes (Figura 6a) indic6 una

banda de proteina Unica para la enzima tipo silvestre y T172R de
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aproximadamente 65000 Da, sin importar la temperatura de incubacion,
indicando que la degradacién proteolitica no describe adecuadamente el
mecanismo de la inestabilidad térmica. Los geles no desnaturalizantes
(Figura 6b) mostraron una banda de proteina Unica para la enzima tipo
silvestre antes de la incubacion a 37°C; sin embargo, luego de la incubacion
a 37°C, se observa aparecer especies de peso molecular mas alto a medida
que la banda original se desdibuja. Estos supuestos agregados de proteina
pueden observarse igualmente para el mutante T172R; no obstante, el
tiempo hasta la agregaciéon luego de la incubacién a 37°C es mayor, y en
este procedimiento el mutante T172R se aproximé a tener una vida media
8x mas prolongada a 37°C que la enzima tipo silvestre. El andlisis de la
temperatura de fusidn de la proteina mediante dicroismo circular (Figura 7)
indico que cambios sensibles a la temperatura en la estructura terciaria de la
proteina estaban ocurriendo en el rango cercano a UV del espectro (entre
260nm y 320nm). El ajuste de curva de los cambios sensibles a la
temperatura en esta region del espectro indicé que la CocE tipo silvestre
tiene una temperatura de fusion de 36.15°C, comenzando la
desnaturalizacion detectable a aproximadamente 30°C. Se determiné que el
mutante T172R tenia una temperatura de fusion de 41.43°C, empezando la
desnaturalizacion detectable a aproximadamente 28°C. En consecuencia, se
determind el cambio Unico de aminoacido de tirosina a arginina en el
aminoacido 172, con un aumento 2.8kCa/mol estimado en termoestabilidad
tenia una temperatura incrementada en 5 grados completos, comparado con

la CocE tipo silvestre.

TABLA 3: Parametros cinéticos para T172R, S159A y CocE tipo

silvestre.
S159A S159A T172R T172R | CocE tipo | CocE tipo
(40min @ (40min @ | silvestre silvestre
37°C 37°C (40 min@
' 37°C
Vmax 876.6 130.7 1466 1267 1264 94.06
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Km 43.65 15.69 88.20 78.80 71.81 12.30 J

EJEMPLO 5: PREVENCION POR COCE TIPO SILVESTRE IN
VIVO DE LA MORTALIDAD DE LA COCAINA EN RATAS

[0142] Para determinar la actividad esteratica de la CocE in
vivo se implementé un modelo de roedores de la toxicidad aguda de la
cocaina. Cuando se trataron con altas dosis de cocaina, las ratas exhibieron
primeramente convulsiones seguidas por cesacion de lé respiracion y el
movimiento. La dosis toxica minima de cocaina, cuando se administro
intraperitonealmente, producird una fatalidad en el término de 15 minutos

del tratamiento.

[0143] La proteccion contra la mortalidad, inducida por la
cocaina, mediante la CocE tipo silvestre se determind y compar6 con los
efectos protectores de BChE humana. La actividad esteratica de la CocE se
establecio evaluando la actividad de dos enzimas mutantes, cada una de las
cuales carecia de uno de tres aminoacidos en el sitio activo.
Adicionalmente, se determiné la actividad de una enzima tipo silvestre,
modificada por una modificacion covalente de Serl7 en el sitio activo, con
fluoruro de fenilmetil sulfonato (PMSF - phenylmethyl sulphonate

fluoride). Se demostré que la degradacion estearica de la cocaina era el

mecanismo de los efectos protectores de la CocE verificando si la enzima

protegia contra la toxicidad inducida por WIN 35065-2 (Madras et al.
(1989) J Pharmacol Exp Ther 251, 13-141), un andlogo de cocaina que

carece del puente éster en el sitio propuesto de hidrolisis enzimatica.

[0144] Ratas machos Sprague-Dawley (300 gramos) (Harlan
Sprague Dawley, Indianapolis, IN) se alojaron en jaulas de tres animales.
Luego de la implantacion quirdrgica de un catéter yugular, todas las ratas se
alojaron individualmente hasta la terminacion del experimento. Las ratas se

mantuvieron en un ciclo de 12 horas de luz/oscuridad, encendiendo las
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luces a 7:30 a.m. y disponiendo de alimento y agua ad libitum. Luego de
anestesiar las ratas con clorhidrato de ketamina (100mg/kg, i.p.) y xilazina
(10 mg/kg, i.p.), se implantaron catéteres intravenosos (tubos Micro-
renetano, 15 cm, MRE-040, Braintree Scientific Inc., Bréintree, MA) en la
vena yugular derecha. Aproximadamente 3 cm del catéter se insertaron en
la vena; el tubo restante se pas6 subcutdneamente a la espalda, donde sali6
de una incisidn practicada entre las paletillas. El tubo expuesto se tapé con
una pieza de 1 cm de acero inoxidable (0.28 de diametro, Small Parts Inc.,
Miami, FL). Los catéteres se lavaron diariamente con 0.5 ml de solucion
salina heparinizada (50 U/ml) para mantener la patencia del catéter. Luego
de la cirugia, se dejo que las ratas se recuperaran durante una semana. Cada
rata se utilizd para un solo experimento, y todos los grupos experimentales

constaban de 6-8 ratas.

[0145] Para determinar la dosis efectiva minima de CocE
bloqueaba las convulsiones inducidas por la cocaina y la muerte, se
administraron 0.1, 0.32, o 1.0 mg de CocE o vehiculo (solucion salina
amortiguada con fosfato, PBS - phosphate buffered saline)
intravenosamente un minuto después de 180 mg/kg de cocaina (i.p.). Para
determinar los limites cataliticos de la CocE, se administraron dosis
crecientes de cocaina (100, 560, 1000 mg/kg, i.p.) un minuto antes de 1.0
mg CocE (i.v.). Se administraron mutantes y CocE bloqueada en PMSF
(1mg, i.v.) un minuto antes de 180 mg/kg de cocaina (i.p.). Se administrd
igualmente CocE (1.0 mg, 1.v.) un minuto después de la dosis minima de
WIN-35065-2 (560 mg/kg, i.p.). CocE (1.0 mg, i.v.) se aplico antes y
después de la cocaina (100 mg/kg, i.p.) para determinar la vida media in
vivo de la esterasa. Todas las inyecciones intravenosas fueron seguidas por
un lavado con solucion salina heparinizada (0.5 ml). Luego del tratamiento,
se observaron las ratas en cuanto a convulsiones y muerte. Se registraron el
namero de episodios convulsivos, la duracion de cada episodio y el tipo de
convulsion. La muerte se definid como la cesacion de movimiento y

respiracion observados. Se calculd el porcentaje de animales en cada grupo
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experimental que exhibian convulsiones y mortalidad. Seguidamente se

calculo la media de error estdndar porcentual para cada punto de datos.

[0146] Los resultados mostraron que, en el modelo con
roedores de toxicidad aguda, la cocaina indujo convulsiones, dependientes
de la dosis, y muerte en las ratas; la muerte se observdé en menos de 15
minutos después de la en 100% de los animales a los que se administraron
100 mg/kg de cocaina (véase a este respecto, Figura 9). CocE (1.0 mg)
infundida después de la administracion de la cocaina produjo un cambio de
10 veces en la curva de efecto de la dosis de la cocaina sobre la toxicidad
(véase a este respecto, Figura 9), de modo que se requirieron 1000 mg/kg
de cocaina para superar las propiedades cataliticas protectoras de la CocE.
Este régimen de tratamiento se asemeja muy de cerca a situaciones de
toxicidad humana, donde el antidoto a sobredosis se da inicamente después

que la cocaina se ha ingerido, inhalado, o inyectado.

[0147] La CocE. tipo silvestre mostré eficiencia catalitica
superior sobre la BChE humana. Aplicada un minuto antes de 180 mg/kg de
cocaina, 1 mg de CocE ofrecié6 una proteccion del 100% contra la
mortalidad inducida por la cocaina (véase a este respecto, Figura 10),
mientras que una dosis equivalente molar de 10 veces de BChE humiana (13
mg) no ofrecid proteccion, similar a una dosis 10 veces mas baja de CocE

(0.1 mg) (véase a este respecto, Figura 10).

[0148] Ambas mutaciones de la CocE (Ser117Ala o Tyr44Phe)
carecieron de actividad in vivo y, por lo tanto, no tuvieron efectos
protectores (Figura 11b). Mas aun, la enzima tratada con PMSF eliminé
igualmente el efecto protector de la CocE contra la cocaina (Figura 11b).
Adicionalmente, el efecto letal del analogo de cocaina no hidrolizable, WIN
35065-2, no fue superado por el tratamiento con CocE (Figura 12).
Basandose en estudios de proteccion in vivo realizados con preparaciones

cataliticamente inactivadas de la enzima (mutantes tratados con PMSF e

63

19>



WO 2008/008358 PCT/US2007/015762

inactivos de CocE), es claro que los efectos protectores de la enzima son
debidos a su habilidad de hidrolizar cocaina. Tomados én conjunto, estos
datos satisfacen las evaluaciones in vitro de la actividad estearica de la
CocE y confirman el mecanismo de proteccion de la enzima contra la

mortalidad inducida por la cocaina in vivo.

EJEMPLO 6: EFECTOS DEPENDIENTES DEL TIEMPO DE
LA CocE TIPO SILVESTRE

[0149] Se examinaron los efectos de administrar CocE tipo
silvestre antes de la dosificacién de cocaina. El modelo de toxicidad en
ratas fue como se describe en Ejemplo 5. La CocE tipo silvestre se aplico
100, 30, 10, 3 y 1 minutos antes y 1 y 6 minutos después de la
administracion de la cocaina. Se realizaron extracciones compuestas de
muestra de plasma humano en 100% de acetronitrilo (volumen 3x), se
incubaron durante aproximadamente 15 minutos, se centrifugaron a 13.000
rpm durante 4.5 minutos, y se recogioé el sobrenadante resultante. Los
extractos se concentraron en un Savant Speed Vac (ThermoElectron Corp.,
Franklin, MA) para retirar el acetonitrilo. Las muestras extraidas se

reconstituyeron en agua y se diluyeron 10-1.000 veces.

[0150] Muestras de plasma humano se fijaron con 300 uM de
cocaina y se mantuvieron a 37°C. Se tom¢ una alicuota de plasma antes de
la adicion de cocaina esterasa o vehiculo de esterasa, y otra alicuota se
recogié 1 minuto luego de la administracion de esterasa. Las alicuotas de
plasma se mezclaron inmediatamente con el estandar interno (cocaina-D3)
y una solucioén de fluoruro de sodio saturado para impedir el metabolismo
posterior de la cocaina. Se practicaron extracciones de tejido y se
cuantificaron los niveles de cocaina y estdndar interno por HPLC con

espectrometria de masas en tandem.

[0151] Para la inactivacion dependiente del tiempo de CocE in
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vitro, se incubé enzima CocE purificada (a 250 ng/ml) en solucién
amortiguadora de analisis en la ausencia de cocaina a 37°C durante varios
tiempos. Luego de la incubacion a 37°C las muestras se pusieron en hielo.
Para evaluar el efecto de la temperatura sobre la actividad de la CocE, las
muestras se incubaron con (-)cocaina a diferentes concentraciones como se
indica con una concentracion enzimatica final de 125 ng/ml. El porcentaje
de decrecimiento de la (-)-cocaina a A240 se cuantifico en un lector
multiplacas. Los datos se ajustaron a un decrecimiento exponencial Unico

usando Kaleidagraph™ (software Synergy) produciendo un t,, de 13.2.

[0152] Se descubriéo que la CocE tipo silvestre tenia efectos
protectores dependientes del tiempo; 100% de las ratas se salvaron cuando
se trataron con CocE (1 mg) 1 minuto antes de la cocaina, sobreviviendo
unicamente el 66% y el 32% de las ratas cuando se trataron con CocE 30 y
1 minutos antes de la cocaina, respectivamente (véase a este respecto,
Figura 14). Los efectos protectores de la CocE se eliminaron cuando las
ratas se trataron 100 minutos antes de la cocaina. Este efecto dependiente
del tiempo se debe muy probablemente a la desactivacion térmica de ia
enzima in vivo. En el plasma de rata, se encontré que la CocE tenia una vida
media notablemente corta (alrededor de 10 minutos, Figura 13), muy
probablemente debido a la sensibilidad a cambios en pH y temperatura.
Adicionalmente, datos preliminares in vitro con la enzima purificada
sugieren que la CocE experimenta una inactivacion dependiente de la

temperatura con un t,, de aproximadamente 15 minutos a 37° C.

[0153] Dados estos datos, se puede que un 1 mg de dosis de
CocE administrada 30 minutos antes de la cocaina, decrecera 3 vidas
medias, dejando 0.25 mg de enzima tipo silvestre en la circulacion natural

cuando se administra cocaina.

[0154] Estudios previos han sugerido que concentraciones

letales en la sangre de cocaina en la rata varian entre 50-128 pM (Mets B
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and Virag L(1995) AnesthAnalg 81, 1033-1038; Mets et al. (1999) Life Sci
65, 1317-1328), y niveles pico en el plasma de cocaina ocurren alrededor de
13 minutos después de una inyeccion intraperitoneal (Sun et al. (2002) J
Pharmacol Exp Ther 302, 710-716). Con base en informes de la cinética de
la administracidn de cocaina intraperitoneal (Sun et al. (2002) J Pharmacol
Exp Ther 302, 710-716), se calcula que 100 y 320 mg/kg de cocaina
producen una concentracién pico de cocaina en la sangre de 35 uM y 113
uM, respectivamente. Concentraciones letales de cocaina son de una
magnitud similar en humanos (20-200 uM) (Finkle BS and McCloskey KL
(1978) J Forensic Sci 23, 173-189; Wetli and Wright (1979) ] Am Med
Assoc 241, 2519-2522). Como 1 mg de CocE tipo silvestre salvé las ratas
tratadas con estas dosis de cocaina (Figura 9), puede predecirse
justificadamente que la enzima protegera contra la toxicidad de la cocaina
en el humano. Adicionalmente, los niveles de cocaina medidos usando
espectrometria de masas en tandem con cromatografia liquida de alto
rendimiento en plasma humano fijado con 300 uM de cocaina, una
concentracion que excede los niveles toxicos de cocaina informados, y
luego tratado con CocE (un equivalente molar de nuestra dosis in vivo de
1.0 mg), redujo la concentracion de cocaina a aproximadamente 2 uM en

menos de un minuto (Figura 10).

[0155] La proteccidn contra una dosis LDs, de cocaina en ratas
requiere un tratamiento de 10 mg/kg de BChE (Lynch et al. (1997) Toxicol
Appl Pharmacol 145, 363-371), asumiendo que la enzima se distribuya
analogamente en el humano, un individuo de 70 kg necesitaria una dosis de
700 mg de BChE exdgena para protegerlo contra una sobredosis. Ademés,
no existe evidencia de que la BChE pueda actuar para revertir la toxicidad
de la cocaina cuando se administra después de la cocaina, una caracteristica

necesaria de un antidoto para la toxicidad de la cocaina.

[0156] Queda asi demostrado que una dosis de 1 mg de CocE

tipo silvestre en ‘una rata de 300 gramos es suficiente para proteger contra
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una dosis de cocaina que excede la LD (Figura 9). Adicionalmente, la
enzima administrada antes, y més importante aun, hasta 6 minutos después
de la dosis LDjgy de cocaina, brindé proteccion de la toxicidad (Figura 14).
La CocE metabolizé concentraciones de cocaina en el suero en 150 veces

en menos de un minuto (Figura 15).

[0157] Dados estos datos, se predice que 250 mg de CocE
administrados a un humano de 70 kg luego de la ingestion toxica de cocaina
liberaran al individuo de una muerta cierta. Lo anterior demuestra que la
CocE tipo silvestre es una molécula eficiente anti-cocaina pero que el corto
tiempo de actividad de la enzima bajo condiciones fisioldgicas limita su
valor terapéutico. Tales resultados sefialan la importancia de ampliar la

termoestabilidad de la CocE tipo silvestre.

EJEMPLO 7: PREVENCION POR CocE MUTANTE T172R
IN VIVO DE LA LETALIDAD DE LA COCAINA EN RATAS

[0158] La actividad hidrolitica de la CocE tipo silvestre y la
CocE mutante T172R se caracterizd y confirmé in vivo evaluando su

capacidad de prevenir la mortalidad inducida por la cocaina en ratas.

[0159] El tratamiento de los animales fue como se describe en
Ejemplo 5. Se administraron dosis crecientes de cocaina (i.p.) a las ratas y,
un minuto después, se administraron por via intravenosa CocE tipo silvestre
(0.32 mg), CocE T172R mutante (0.32 mg), o vehiculo. Todas las
inyecciones intravenosas fueron seguidas por un lavado heparinizado (0.5
ml). Después del tratamiento, se observé la muerte de las ratas. El tiempo
hasta la muerte se registré para la dosificacién de 1g/kg de cocaina. CocE
tipo silvestre y CocE T172R (0.32 mg) se aplicaron en varios tiempos
precedentes (1, 10, 30 y 60 minutos) a la administracion de 320 mg/kp i.p.

de cocaina, monitorizando entonces las ratas en cuanto a muerte.
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[0160] Los resultados demuestran la capacidad de la CocE
intravenosa y, especialmente, la CocE mutante de revertir o prevenir los
efectos letales producidos por la cocaina. La CocE tipo silvestre aplicada un
minuto después de la administracion de la cocaina evitd la mortalidad con
dosificaciones de cocaina, que mataron las ratas de control, y no ocurrid
mortalidad del 100% hasta las dosificaciones de cocaina de 1g/kg (véase a
este respecto, Figura 16). Las ratas tratadas con CocE mutante T172R
fueron capaces de tolerar dosificaciones incluso mayores, resultando el
1g/kg de cocaina en Uinicamente alrededor de 70% de mortalidad. Ademas,
los efectos profilacticos de la CocE mutante T172R fueron mas prolongados

qué la CocE tipo silvestre (véase a este respecto, Figura 17).

EJEMPLO 8: DOSIS REPETIDA DE CocE IN VIVO EN
RATONES

[0161] Se realizaron estudios adicionales del efecto de la CocE
sobre la toxicidad en el raton, particularmente con respecto a dosis

repetidas.

[0162] El modelo de toxicidad animal fue éimilar al descrito
previamente, excepto como se describe. Se emplearon ratones machos NIH
Swiss. Para inyeccion intravenosa en la cola, los ratones se ponen en una
pequefia camara de reclusion que deja libre su cola. Se ubica una ldmpara
de calor con una bombilla infrarroja de 250w en una distancia de alrededor
de 4 pulgadas de la cola, y se dejo durante un par de minutos. A
continuacion la cola se limpia frotandola con alcohol y se inserta una aguja
deslizante de precision 30G 1/2 (Fisher Scientific) en una de las venas
laterales para infusion. Para verificar si la aguja estd en la vena se infunde
una pequefia cantidad de droga, [y] si estd en la ubicacion correcta, la
solucion se difundira facilmente sin ninguna indicacion de localizacion
subcutdnea incorrecta, que aparece en color blanco en el sitio de inyeccion.

Para caterizacion intravenosa, ratones machos NIH Swiss se anestesiaron
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~con 100 mg/kg de ketamina y 10 mg/kg de xilazina, co-administradas i.p.
Cuando los ratones ya no responden mas a la presion en la pata, se rasura el
cuello y se prepara frotandolo alternadamente con betadina y alcohol. Bajo
condiciones de limpieza, se practica una incision en el cuello transversal
derecho y se aisla la vena yugular externa. Se inserta un catéter en la vena
con la ayuda de un microscopio disecante al nivel de la auricula derecha, y
se asegura en la vena con nylon, 4-0 suturas y adhesivo de tejido, 3M
Vetbond (3M Animal Care Products, St. Paul, MN). Los catéteres son un
tramo corto de tubo Tygon con un didmetro interno de 0.010 pulgadas y un
diametro exterior de 0.030 pulgadas. (Small Parts, Inc., Miami Lakes, FL).
Se practica una pequefia incision en el centro de la espalda del animal, y se
inserta subcutdneamente un trocar con salida en el sitio de incision ventral.
El catéter se hala entonces a través del trocar y se saca de la espalda del
animal donde se mantiene en su sitio con material de sutura de nylon y el
adhesivo de tejido. Una corta pieza de alambre de acero con un didmetro de
0.011 pulgadas (Small Parts, Inc., Miami Lakes, FL) se inserta en el
extremo del catéter. Se cierra la incision ventral con material de sutura 4-0
Vicryl y el raton se pone bajo una lampara de calor para su recuperacion.
Aproximadamente una hora después, el ratdn se devuelve a su jaula de

residencia.

[0163] A los ratones que sobrevivieron una primera
administracion de la combinacion de 0.32 mg CocE y 320 mg/kg de
cocaina se les aplico esta combinacién una vez mas, 14 dias después de la
administracion inicial. Todos los ratones sobrevivieron esta segunda
administracion. Todos los ratones sobrevivieron también una tercera
administracion 21 después de la primera combinacion de dosis. La
efectividad de la administracion repetida sugiere que no se estd montando
una respuesta inmunitaria fuerte a la CocE en esta preparacion, quiza

debido a su rapida depuracion.

[0164] Los resultados mostraron que un cambio dramatico a la
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derecha en la potencia de la cocaina en producir la muerte fue facilitado por
0.32 y 1.0 mg/kg de cocaina (véase a este respecto, Figura 18). La latencia a
la muerte se amplio apreciablemente por la CocE: luego de la
administracion de 180 mg/kg i.p. de cocaina, los ratones murieron
generalmente en alrededor de 3 minutos. Luego de una dosis de 1.0 gm/kg
de cocaina mas 1.0 mg de CocE, la muerte ocurrio en 28 minutos en
promedio. Los datos se examinaron asimismo en cuanto a la capacidad de
la hBChE de bloquear la toxicidad de la cocaina. Con una dosis de 1 mg, la
hBChE produjo un ligero aumento en la dosis de cocaina necesaria para
matar los ratones (véase a este respecto, Figura 18). La eﬁzima es
notablemente menos efectiva que la CocE. Aunque dosis mayores de
cocaina fueron necesarias para matar los ratones luego’de la administracién

de la hBChE, el tiempo hasta la muerte no se modifico por esta enzima.

EJEMPLO 9: VIDA MEDIA IN VIVO Y PRUEBAS DE

BIODISTRIBUCION
[0165] La vida media in vivo y la biodistribucién de los

polipéptidos CocE mutantes se examinan en ratones BALB/c.
Concretamente, '’ se etiqueta a los residuos ti’rosina de CocE mutante
utilizando un método bien establecido de yodinacién con cloramina-T
(Hunter, WM and Greenwood, FC (1962) Nature 194, 495-496). Los
ratones BALB/c se inyectan a través de las venas de su cola con 0.1 mL de
CocE mutante etiquetada con 0.5 pCi '?I o los conjugados CocE mutante-
PEG. Cada grupo experimental se componia de 24 ratones. Se sacrifican
tres ratones por dislocacion cervical en intervalos de tiempo de 15, 30, 90
minutos, 3, 12, 24, 48 y 72 horas luego de la inyeccion de la droga. Se
toman muestras de sangre, asi como muestras de tejido de higado, pulmén,
corazén, rifion y bazo, se pesan y se miden en cuanto a radioactividad
usando un contador gamma. Las muestras de sangre se centrifugan
también, y se recogeran los sobrenadantes y se someten a conteo para
calcular las radiomarcas asociadas con el plasma. La relacion del pico a la

del estandar interno se emplea como parametro de analisis. Se calculan los
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parametros PK usando el programa de computador de minimos cuadrados
no lineales KINFT (Kaltenbach, ML and Vistelle, R (1994) Anticancer
Research 14, 2375-2377) ajustando los datos de radioactividad plasmatica a
una ecuacion bi-exponencial (Gibaldi, M. and Perrier, D. (1982)

Pharmacokinetics):
A(t) = Ate'k]t«+ Aze-kzt

[0166] Donde A(t) = %ID/mL plasma e ID = dosis inyectada. k,
se usara para calcular el tiempo de eliminacién de primer orden t,. El area
bajo la curva (AUC - area under the curve) de la curva concentracion del
plasma-tiempo, el volumen en estado de equilibrio de la distribucién (Vss),
depuracion del plasma total (CI) y el tiempo medio de residencia (MRT -
mean residence time) se calculan de A, A,, ky, k, y el peso corporal (kg)
del ratéon, como se describe por Gibaldi and Perrier, 1982). El producto
permeabilidad-area superficial del (’)rganb (PS - permeability-surface) se
calcula como:

PS = [V 4-VolCpsominy AUC 0-60min)

[0167] Donde CPgomin) €s la concentracion plasmatica terminal
(dpm/pL) a 60 minutos después de la inyeccion, Vd es el volumen de tejido
de distribucion determinado de la relacion de desintegraciones por minuto
por gramo de tejido a Cpeo min), Y Vo €s €l volumen plasmatico del érgano.
El suministro al 6rgano de las muestras se determina como:

%ID/ g= PS x AUC(0-60min)

[0168] Donde %ID/g es el porcentaje de dosis inyectada

absorbida por gramo de 6rgano.
EJEMPLO 10: INMUNOLOGIA

[0169] La CocE puede usarse en adyuvante incompleto de
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Freund (IFA — incomplete Freund’s adjuvant) para inmﬁnizar los ratones
(véase Tabla 4). Se establecido un ELISA directo especifico de anticuerpos
CocE por un protocolo estandar. CocE (1 ug/ml) se utilizé para recubrir una
placa de micro-valoraciéon de 96 pocillos empleando una solucion
amortiguada con borato (1.5 M NaCl, 0.5 M H3BO3, 1.0 M NaOH) para
resuspender la cocaina esterasa (50 uL/pocillo). Las placas recubiertas se
dejaron de un dia para otro a 4°C. El amortiguador de recubrimiento se
retir0 a la mafiana siguiente y las placas se bloquearon con 2% suero de
cabra normal en PBS durante 1 hora a 37°C y se lavaron 3 veces. Se diluy6
en serie suero de los distintos grupos de ratones en 50 pulL de PBS en los
pocillos en un rango de 10> a 10' y se corrieron en duplicado. Las placas se
cubrieron e incubaron durante 30 minutos a 37°C. Posteriormente, las
placas se lavaron 3 veces y [se agregaron] 50 pL/pocillo de anticuerpo
etiquetado con peroxidasa IgG anti-raton en cabra diluido a 1:400. Las
placas se lavaron entonces 3 veces y se agregaron a cada pocillo 100 pL de
soluciéon de sustrato de peroxidasa (OPD disuelto en amortiguador de
citratelfosfato). Luego de una incubacion de 5-10 minutos (basandose en el
desarrollo de color en los controles positivos), se detuvo la reaccion usando
3M H,SO, (50 pl/pocillo). Las placas se leyeron a 490 nm y se determiné
la valoracidon por la dilucion maxima que mostrd incrementos sobre la
absorbencia de fondo. Se derivaron controles positivos inmunizando ratones
Balb/c con 100 pg en 100 pl de cocaina esterasa emulsionada en adyuvante
incompleto de Freund (IPA) mediante inyeccion intraperitoneal (IP). En el
grupo positivo 1 se aisl6 el suero de los ratones inmunizados 2 semanas. En
el grupo positivo 2 los ratones inmunizados se reforzaron usando 100 pg en
100 L mediante inyeccién IP 2 semanas de la inmunizacion pos-primaria y
se recolectd el suero luego de una semana adicional.(3 semanas pos-

primaria).
[0170] Se derivaron valoraciones elevadas de los dos grupos de

control positivos inmunizados con CocE, 10’ y 10° respectivamente. Las

valoraciones de anticuerpo de los animales a los que se administré CocE i.v.
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durante exposiciones a cocaina demostraron valoraciones detectables pero
relativamente bajas, comparadas con los animales de control positivo
inmunizados por CocE mas IFA. El suero recogido de animales
inmunizados una vez con CocE/IFA demostré una alta valoracion de 10°,
mientras que el suero de animales a los que se aplico un refuerzo adicional
tuvo una valoracion mas alta de 10® (3 ratones/grupo). El suero recogido de
estos animales servird como controles positivos para todos los experimentos

de valoracion subsiguientes.

TABLA 4: Valoraciones CocE de ratones inmunizados

Grupo _ Protocolo Valoracion (dilucion
log10 +/-SE
Positivo 1 (n=3) 2 semanas Inmunizados (IFA/IP) 5
Positivo 2 (n=3) 3 semanas Inmunizados / refuerzo ' 6
(IFA/TP)
Expuestos y tratados (3x) CocE administrada con 3.33 +/-0.333
cocaina
Expuestos y tratados (4x) CocE administrada con 3.5+/-0.5
cocaina

EJEMPLO 11: PEGILACION DE CocE

[0171] La conjugacion de uno a dos polimeros PEG por
molécula de enzima es generalmente suficiente para proporcionar los
efectos protectores deseados (Avramis et al. (2002) Blood 99, 1986-1994).
Debido a que se informa que cada molécula de CocE tipo silvestre contiene
8 residuos de lisina, sin ninguna en el sitio activo sino tnicamente 2 estando
cerca del sitio activo (Turner et al. (2002) Biochemistry 41, 12297-12307),
dianizar lisina para pegilaciéon es improbable que inactivel la enzima. La
CocE mutante se mezcla con varios polimeros monometoxi-PEG (m-PEG)
(con un peso molecular (MW) que varia desde 3-12 KDa); todos contienen
un grupo hidroxisuccinil éster funcional N-terminal activado (mPEG-NHS;
from Shear Water Inc., Birmingham, AL). Se ensayara primeramente un

PEG con un peso molecular de 5.5 KDa, porque los resultados de los
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inventores y aquellos de otros investigadores (véase a este respecto,
Veronese, FM and Harris, JM (2002) Advanced Drug Delivery Reviews 54,
453-456; Avramis et al. (2002) Blood 99, 1986-1994) demostraron que este
peso molecular ofrece proteccion benéfica. Relaciones molares diferentes
de [NH,]:[mPEG] (la primera se calcula con base en las moles totales de
residuos de lisina de CocE mutante) que varian de 1:2 a 1:10 se prueban
para obtener condiciones Optimas. La conjugacion prosiguid durante
alrededor de 40 minutos a 4°C agitando suavemente. Los productos de
reaccion se purifican entonces por ultrafiltracion (MWCO 10.000) a 4°C. Se
determinan las actividades de los productos de CocE mutante pegilada
cuantificando las tasas iniciales de hidrolisis de cocaina utilizando el
procedimiento previamente establecido (Turner et al. (2002) Biochemistry
41, 12297-12307). Adicionalmente, se realiza espectrofotometria MALD:i-
TOF en estos productos para analizar el grado de pegilacion y su peso
molecular. Los productds pegilados se almacenan a -40°C y se descongelan

inmediatamente antes de sus usos.

[0172] La caracterizacion estandar, incluida la determinacion
del pH oOptimo, temperatura, resistencia ionica, asi como los parametros
cinéticos (por ejemplo, Km, Vm) de los conjugados CocE mutante-PEG se
llevan a cabo en PBS. Mas aun, se examinan la estabilidad térmica de los
productos pegilados y su estabilidad contra degradacidn proteolitica en la
presencia de plasma o sangre humanos. Pruebas funcionales in vivo de los
productos CocE mutante-PEG se conducen como se describe anteriormente.
La vida media in vivo y la biodistribucion de los conjugados CocE mutante-
PEG, comparadas con la CocE libre se realizan como se describe
anteriormente (véase Ejeinplo 9).

[0173] Se lleva a cabo un analisis estadistico de los resultados
obtenidos de los experimentos de pegilacion. Se efectia ANOVA aleatoria
de doble via en bloque aleatorio con pos-prueba de Dennett en conjuntos de

datos con dos variables usando software GraphPad (San Diego, CA) Prism
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para Windows y GraphPad. Se efectia una prueba ¢ pareada para

experimentos con dos condiciones.

[0174] Puede realizarse asimismo la conjugacion de CocE
mutante a PEG ramificado de alto peso molecular (por ejemplo, hasta 60
KDa) (véase a este respecto, Reddy et al. (2002) Advanced Drug Delivery
Reviews 54, 571-586).

[0175] Adicionalmente, PEGilacion especifica del sitio puede
ser una alternativa viable para reducir la heterogenicidad funcional y
estructural. La eliminacién de residuos de cisteina cerca del sitio activo o la
incorporacion de residuos de cisteina en la superficie de la proteina puede
servir como sustratos mejores de PEGilacién (a través de acoplamiento de
maleimida). Andlogamente, puede emplearse acoplamiento con amina de
PEG a CocE mediante, por ejemplo, la sustitucién conservadora de residuos
de arginina para cualesquiera CocE's mutantes (total de nueve lisinas en

CocE tipo silvestre, siete de las cuales son lisinas superficiales).

[0176] Hallazgos preliminares han demostrado que la CocE tipo
silvestre (WT) se enlazd exitosamente con polimeros de monometoxy-PEG
(m-PEG) (peso molecular (MW): 5.5KDa) que contenian un grupo
funcional succinimidil activado en un extremo, utilizando los
procedimientos descritos anteriormente. Se recuperd un alto rendimiento de
actividad CocE inicial (>70%) luego de la reaccion de pegilacion. Los
espectros de masas MALDI-TOF revelaron cuatro picos primarios para los
productos PEG-CocE, indicando la presencia de una mezcla heterogénea de
los conjugados que contenian diferentes numeros de cadenas PEG (que

variaban de 1 a 4, respectivamente) (véase a este respecto, Figura 19). Se ha

sugerido en la literatura que la conjugacion de simplemente 1-2 cadenas .

PEG por molécula de proteina podria producir efectos protectores inducidos
por PEG (Veronese, FM and Harris, JM (2002b) Advanced Drug Delivery
Reviews 54, 457-606; Avramis et al (2002) Blood 99, 1986-1994). A este

+
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respecto, el método de pegilacion empleado aqui satisface aparentemente

tal requerimiento.
EJEMPLO 12: ENCAPSULACION EN RBC

[0177] La encapsulacion de CocE en RBC puede llevarse a
cabo mediante un péptido PTD enlazado. LMWP se selecciona como el
péptido PTD para transportar CocE mutante en RBC, debido a su potencia
en trasferir proteinas a través de la membrana de la célula (Park et al.
(2005) FASEB Journal,j in press) y su carencia de toxicidad (Chang et al.
(2001) AAPS Journal 3, Article #17, #18 and #19). Para garantizar que la
CocE mutante encapsqlada se inserte permanentemente en RBC, la
conexion entre CocE y LMWP puede degradarse automatica y rapidamente
una vez los conjugados CocE mutante-LMWP ingresen en RBC. Un
conector, tal como un enlace disulfuro (S-S) que se degradara rapidamente
en el interior de RBC debido a la presencia de glutation citosolico elevado y
actividad reductasa (Trouet et al. (1982) Proceeding of the National
Academy of Science 79, ‘626-629), garantiza que la CocE permanecera en el
RBC.

[0178] Para producir conjugados CocE mutante-LMWP
conectados con enlaces S-S, se activa primero con SPDP el grupo amina en
el N-terminal de LMWP (éste es el tnico grupo -NH2 en LMWP), y la
LMWP activada se mezcla entonces con CocE mutante en la presencia de
ditiotreitol (DTT) para permitir la formacion del enlace S-S con uno de los
residuos de cisteina libres (cuatro en tipo silvestre) en la CocE mutante
(Turner et al. (2002) Biochemistry 41, 12297-12307); de acuerdo con un
procedimiento modificado, desarrollado previamente (Liang et al. (2000)
AAPS Pharmaceutical Science 2, Article 7). CocE es estable cuando se
almacena en DTT (Turqer et al. (2002) Biochemistry 41, 12297-12307),
sugiriendo que es improbable que el uso de estos grupos de cisteina libres

para conjugacion deteriore la actividad catalitica de esta enzima (la
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mutacion ya realizada de cada cisteina en CocE tipo silvestre en una serina
resulté en no disminucidén de la actividad). El producto LWMP-CocE final
se purifica entonces mediante una columna de heparina y se almacena por

liofilizacion.

[0179] La encapsulacion se obtiene incubando RBC con CocE
mutante-LMWP durante 30-60 minutos. Debido a que la entrada en la
célula, mediada por PTD, es independiente de la temperatura (Schwarze et
al. (1999) Science 285, 1569-1572), la encapsulacion se lleva a cabo a 4°C
para preservar al maximo la funcionalidad del RBC. El proceso y la
magnitud de atrapamiento de la CocE mutante en el RBC se monitorizan
por microscopia confocal y andlisis de citometria de flujo, usando CocE
mutante etiquetada con FITC. La morfologia de la CocE mutante atrapada

en RBC se examina igualmente mediante SEM.

[0180] La caracterizacién basica — incluida la evaluacién de la
funcionalidad del RBC (por ejemplo, actividad de transferencia de oxigeno)
y CocE mutante (por ejemplo, actividad hidrolizante de la cocaina,
propiedades cinéticas tales como Km, Vm, etc.), fuga de CocE mutante del
RBC (es decir, incubando el RBC cargado con CocE mutante en
amortiguador y luego cuantificando la actividad enzimatica en el
sobrenadante), y la estabilidad de la CocE mutante atrapada contra
degradacion proteolitica — se lleva a cabo en amortiguador o en plasma.
Los resultados obtenidos para la CocE mutante encapsulada en el RBC se
comparan con los obtenidos para la enzima libre. Pruebas funcionales in
vivo del RBC encapsulado con CocE mutante se efectian como se describe

anteriormente.

[0181] RBC humanos RBC (de American Red Cross, Detroit,
MI) se utilizan para estudios in vitro. Para estudios animales in vivo,
incluidas las pruebas funcionales y los estudios farmacocinéticos, sin

embargo, se tienen que utilizar RBC aut6logos de la misma especie animal
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con el fin de evitar la incompatibilidad celular y posibles efectos toxicos.

[0182] La vida media en la circulacidn (t,,) de la CocE mutante
atrapada en RCB se determina inyectando CocE mutante marcada con '’
(es decir, antes de su carga en los RBC) en ratones, de acuerdo con los
mismos procedimientos descritos anteriormente. Cada conjunto de
experimentos se componia de 24 ratones. Se sacrifican ratones (3) en
intervalos de tiempo de 3, 6, 12, 24 horas y 3, 6, 10 y 15 dias. Se recogen
muestras de sangre y tejido, se pesan y se miden en cuanto al contenido de
radioactividad. Se calculan los parametros PK incluida la t,, de eliminacion,
asi como la distribucion en el tejido utilizando un programa KINFT, como
se describe anteriormente. Los resultados farmacocinéticos obtenidos para

la CocE mutante encapsulada en los RBC se comparan con lo obtenidos

para la CocE mutante libre.

[0183] Se lleva a cabo un analisis estadistico de los resultados
obtenidos de los experimentos encapsulacion en RBC. Se efectiia ANOVA
aleatoria de doble via en bloque aleatorio con pos-prueba de Dennett en
conjuntos de datos con dos variables usando software GraphPad (San
Diego, CA) Prism para Windows y GraphPad. Se efectiia una prueba ¢

pareada para experimentos con dos condiciones.

[0184] Para examinar si lo ya sugerido podia cumplir los dos
ultimos requerimientos, se condujeron estudios preliminares de
encapsulacion en RBC mediada por PTD usando L-asparaginasa como una
enzima modelo. LMWVP, un péptido PTD desarrollado previamente en el
Laboratiro del Dr. Yang (Chang et al. (2001) AAPS Journal 3, Article #17,
#1, and #19) con potente actividad demostrada de penetracion de la
membrana (Park et al. (2005) FASEB Journal, in press), se enlazd a
asparaginasa empleando un procedimiento similar al descrito anteriormente.
Los conjugados LMWP-ASNasa se incubaron entonces con RBC

(recolectados de los ratones DBA/2) durante 2 horas a 4°C. Para
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comparacion, se prepararon también RBC-Ghosts que contenian ASNasa
encapsulada de acuerdo con los procedimientos previamente establecidos
(Updike et al. (1976) ’Science 193, 681-683). Los resultados preliminares
demostraron que la eficiencia de carga del método mediado por LMWP
fueron por lo menos comparable con, si no mejores que, la técnica
convencional, de ruptura de la célula, basada‘ en 6smosis. Una ventaja
principal del método mediado por PTD, sin embargo, es que s6lo requiere
un solo paso para procesamiento; a diferencia de los otros métodos de
ingreso a la célula que requieren pasos multiples de los procedimientos de

carga y lavado.

[0185] Figura 20 presenta imagenes de microscopio electronico
de barrido (SEM — scanning electron microscopy) tomadas de muestras de
RBC normales, RBC-Ghost cargados con ASNasa y RBC cargados con
LMWP-ASNasa. Como se observa, aunque los RBC cargados con ASNasa
del método de ruptura osmotica/resellado (es decir, RBC-Ghost) exhibieron
un cambio significativo en forma y morfologia, los RBC cargados con
LMWP-ASNasa mostraron una forma y morfologia virtualmente
indistinguibles (es decir, disco biconcavo) de las de lds RBC normales.
Estos hallazgos estdn de acuerdo con los informados por muchos otros
investigadores de que la encapsulacion den células, mediada por PTD, no
ocasiona ninguna perturbacion o alteracion significativas de la membrana
de la célula (Dietz, GPH and Bahr, M (2004) Molecular Cell Neurosciences
27, 85-131; Schwérze et al. (1999) Science 285, 1569-1572; Suzuki et al.
(2002) Journal of Biological Chemistry 25, 2437-2443).

[0186] Para  evaluar aiun mas estos dos sistemas de
encapsulacion en RBC, se llevaron a cabo estudios preliminares de
depuracion. La vida media de la actividad de la ASNasa en plasma se
evalud luego de la inyeccién intravenosa de: (1) RBC-Ghost cargados con
ASNas, y (2) RBC cargados con LMWP-ASNasa. Cada grupo animal se

componia de 4 ratones DBA-2, y a cada raton se le aplicaron 8 unidades de
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actividad de ASNasa cargada. Se tomaron muestras de sangre en diferentes
intervalos de tiempo de la vena de ia cola, y se cuantifico la cantidad de
actividad de ASNasa en la sangre entera mediante Nesslerizacion directa
del amoniaco producido (Ho et al. (1970) Journal of Biological Chemistry
245, 3708-15). Los resultados demostraron que hubo un aumento casi doble
en la vida media en circulacion para los RBC encapsulados con LMWP-
ASNasa (t,,: 9.2 dias) comparada con aquella (t,,: 5.9 dias) para el RBC-
Ghost (véase a este respecto, Figura 21). Actualmente se desconoce que la
diferencia entre las vidas medias de los RBC encapsulados y los RBC
normales, no tratados. No obstante, estos resultados de un doble aumento de
la t,, sobre los RBC-Ghost demuestran el mérito de esta estrategia, como se
inform6 en la literatura, de que incluso utilizando el método de
encapsulacion de RBC-Ghost, la actividad de la ASNasa in vivo ya se habia
prolongado de 26 horas para la ASNasa libre a 29 dias para la ASNasa
encapsulada en RBC-Ghost (Kravtzoff et al. (1996) European Journal of
Clinical Pharmacology 49, 465-470): ya un aumento de 10 veces. Por lo
tanto, otro aumento de 2 veces de esta t,, por el método de encapsulacion,

descrito en esta especificacion, es particularmente efectivo.

[0187] Para confirmar que la ASNasa encapsulada en RBC
podia conservar ain sus funciones bioldgicas originales, se examinaron los
efectos anti-neoplasicos tanto por RBC-Ghost-ASNasa como por RBC-
ASNasa en ratones con tumores. Se cultivaron células de linfoma de raton
L5178Y, y a cada raton DBA/2 se inyectaron intraperitonalmente 7x10
células cancerosas. Cinco dias después de la implantacién del tumor, se
seleccionaron los ratones con pesos corporales similares y se repartieron en
tres grupos: (1) grupo de control al cual se administré solucion salina
unicamente; (2) RBC-Ghost cargados con ASNasa; y (3) RBC cargados con
LMWP-ASNasa. Cada grupo constaba de 5 ratones, y a cada raton
experimental se lé administr6é 0.1 mL de los RBC encapsulados con droga
(o Ghost). Los resultados mostraron que los tiempos medios de

supervivencia para los grupos de control no tratados, tratados con ASNasa-
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RBC-Ghost y tratados ‘con LMWP-ASNasa-RBC fueron 10.0, 12.6 y 14.4
dias, respectivamente (véase a este respecto, Figura 22). Debe observarse
que aunque el tiempo de superviviencia entre los tres grupos difirio
unicamente alrededor de 2 dias, los efectos del tratamiento con la ASNasa
encapsulada en RBC, fue todavia bastante dramatico — considerando el
hecho de que tan solo 0.1 mL de suspension de RBC, que era equivalente a
simplemente 5% del volumen total de sangre del raton, se administro a cada
raton durante el tratamiento anti-neoplasico. En general, estos hallazgos con
la enzima modelo ASNasa demostraron que la enzima encapsulada en RBC
fue aun terapéuticamente activa. Se anota que la cocaina es mds permeable

a través de la membrana RBC que el sustrato asparaginasa.

[0188] Por lo tanto, la utilizacion de CocE encapsulada en RBC
en tratar afecciones relacionadas con la cocaina es una estrategia efectiva
porque la cocaina atraviesa facilmente la membrana del RBC (y
efectivamente alguna parte se concentra en los RBC) (Javaid et al. (1978)
Journal of Chromatography 15, 105-113), la encapsulaéién mediada por
PTD no altera las propiedades fisicas y/o quimicas del RBC, y la enzima

encapsulada en RBC funciona como si fuera libre.
EJEMPLO 13: ELIMINACION DE ENDOTOXINA

[0189] La descontaminaciéon de endotoxina de los mutantes
CocE puede efectuarse en varias formas. En el mejor de los casos, la
descontaminacidon de endotoxina disminuye la concentracion a niveles
menores a 10 EU/mg de proteina. Métodos de descontaminacién incluyen
condiciones alternativas de cromatografia en columna de intercambio
ionico, exclusidon por tamafio, cromatografia de columna hidrofoba y en
polietilenimina (PEI), ultrafiltracion y extraccion con tensioactivo. Se

emplea un sistema de deteccion de endotoxina (PYROGENT 5000,

Cambrex) para determinar el contenido de endotoxina de las preparaciones.

El analisis se basa en el factor anti-LPS del lisado de amebocito de Limulus
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(LAL - Limulus amebocyte lysate). La sensibilidad del analisis esta entre
0.01 y 100 EU/ml, bien dentro de los niveles requeridos. El analisis
espectrofotométrico se disefia en un formato de placa de microvaloracion de
96 pocillos. El fraccionamiento de la endotoxina y CocE y/o CocE mutante
por los siguientes procedimientos puede examinarse tanto en cuanto al nivel
de endotoxina como a la actividad de la cocaina esterasa. La actividad de la
cocaina esterasa se mide utilizando un andlisis espectrofotométrico que
aprovecha la ventaja de la absorcion intrinseca de la cocaina a 240 nm.
Luego de la hidrdlisis, los espectros de absorcion revelan una dramatica
reduccion en el pico 240 nm (Turner et al. (2002) Biochemistry 41, 12297-
12307).

[0190] Cromatografia de intercambio anidnico: Condiciones
actuales implican el uso de cromatografia liquida de rendimiento rapido
(FPLC - performance liquid chromatography) en una columna Q-Sepharose
a pH 8.0 para la descontaminacion de endotoxina. Las condiciones de la
solucién amortiguadora (pH) pueden optimizarse para maximizar tanto la
adsorcién de CocE y/o CocE mutante como la separacion de endotoxina. Se
evaluan fracciones obtenidas por la técnica FLUTE ("fluted fractions')
midiendo la actividad de la CocE o CocE mutante (anélisis espectroscopico
de la hidrolisis de cocaina, absorcion a 240 nm). Los niveles de endotoxina

se evallian usando PYROGENT 5000 (véase mas arriba).

[0191] Cromatografia de Exclusion de Tamafio y
Ultrafiltracion: La endotoxina puede existir como formas monomeéricas
(MW~1-2 x 10*) o en forma micelar (MW~4 x 10°a 1 x 10°), dependiendo
de las condiciones de la solucién amortiguadora. La presencia de
detergentes tales como colato favorece la forma monomérica, mientras que
los cationes divalentes (por ejemplo, Ca™") favorecen la forma micelar
(Hirayama, C and Sakata, M (2002) Journal of Cflromatography B
Analytical Technology Biomedical Life Science 781, 419-432). Esta

propiedad de la endotoxina se utiliza para separar la forma micelar (es
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decir, en la presencia de cationes divalentes tales como Mg”" o Ca*") de
CocE y/o CocE mutante mediante cromatografia de filtracion en gel
empelando una resina de columna Sephadex 75 o Sephadex 200
(Pharmacia). La endotoxina micelar no debe retenerse en la columna y debe
atravesar los espacios vacios, mientras que CocE y/o CocE mutante deben
eluirse como una proteina monodispersada correspondiendo a una proteina
de 65 kDa. Analogamente, se evaluara la capacidad de unidades de
ultrafiltracion para separar las formas micelares de la endotoxina de CocE
y/o CocE mutante. Actualmente se dispone de unidades de ultrafiltracion
con separaciones de peso molecular de 3 x 10° a 1 x 10°, bien dentro del

rango requerido para retener endotoxina micelar pero no CocE en si.

[0192] Cromatografia en Polietilenimina: Mitzner et al. (1993)
y Morimoto et al. (1985) han usado PEI inmovilizada en microesferas de
celulosa o en fibra de celulosa, respectivamente, para extraer endotoxina de
preparaciones BSA. La columna de cromatografia- en PEI es un
intercambiador anioénico muy débil que, de hecho, puede sacar ventaja de
algunas propiedades hidrofobas de la endotoxina y, por consiguiente,
adsorberla preferencialmente. Varias preparaciones de microesferas de PEI-
silice se obtienen de Sigma, dependiendo del tamafio de las microesferas.
Aunque las microesferas a base de silice se asocian mas clasicamente con
aplicaciones de HPLC, empacaremos columnas para trabajo a menor

presion y seleccionaremos los tamafios de ancho de malla de 200 um.

[0193] Extraccion con Triton X-114: La separacion de fase con
Triton X-114 se ha empleado exitosamente para separar endotoxina de
albimina y catalasa (Aida, Y and Pabst, MJ (1990) J Immunological
Methods 132, 191-195). Adia y Pabst informan de una disminucién de
1.000 veces en la concentracion de endotoxina luego de un paso Gnico de
extraccion con Triton X-114. Muestras de CocE y CocE mutante se incuban
con voltimenes iguales de Triton 114 y se dejan incubar primero en hielo y

luego a 37°C durante 15 minutos. La fase Triton X-114 que contiene la
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endotoxina se retira mediante centrifugacion. Como se anot6 anteriormente,
se ha demostrado que la CocE es considerablemente labil al calor, pero
puede protegerse en cierto modo por la presencia del sustrato, cocaina. Si la
incubaciéon de CocE con Triton X-114 a 37°C resulta en una inactivacion
significativa de CocE, la enzima se estabilizara incluyendo exceso de

sustrato durante la extraccion.

EJEMPLO 14: MUTAGENESIS DEL ORGANISMO
HOSPEDERO COCE

[0194] Existen varias cepas bacterianas que exhiben
crecimiento sensible a la temperatura en subproductos de cocaina esterasa,
incluidas varias cepas de Pseudomonas, y estos organismos pueden
adaptarse para crecimiento sensible a la temperatura en cocaina por la
adicion del gen CocE codificado en vectores de plasmidos apropiados. Por
ejemplo, el gen CocE se secuencid originalmente de Rhodococcus MBI
subclonando fragmentos del gen en Rhodococcus erythropolis CW25, una
bacteria incapaz de metabolizar cocaina pero capaz de crecer ‘en los
subproductos de cocaina esterasa ecgonina metil éster y benzoato (Bresler
et al. (2000) Applied & Environmental Microbiology 66, 904-908). El gen
CocE se ha subclonado en vectores lanzadera pJAK-14 y pMMB67EH
(véase a este respecto, Ejemplo 1). Estos pldsmidos son capaces de
expresion en cualquier bacteria gram-negativa incluidas Pseudomonas 'y,
adicionalmente, el plasmido pMMB67EH posibilita niveles altos de
expreéién y facilidad de transformacién mediante conjugacion bacteriana
con el uso del plasmido' cooperador pRK2013. La transformacion de
cualquiera de los dos plasmidos en bacterias que eXhiben crecimiento
sensible a la temperatura en subproductos de cocaina esterasa (por ejemplo,
cepas de Pseudomonas), permite el crecimiento sensible a la temperatura en
placas que contienen cocaina como fuente exclusiva de carbono. La
mutagénesis de las dos cepas de Pseudo;ﬁonas, que contienen el

Rhodococcus MBI original y el plasmido CocE, se lleva a cabo usando
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radiacion con luz UV a 260nm. Se determina la concentracion de la
exposicion de modo que se elimine el 90-95% de las células. Las células
restantes se recuperan en medio nutriente durante 1 hora a 26°C, se recogen
y se enriquecen en la presencia de cocaina como se describe previamente
(Britt, et al. (1992) Journal of Bacteriology 174, 2087-2094). El
enriquecimiento se lleva a cabo a 37°C para seleccionar las variantes
termoestables de la CocE. Finalmente, las células se esparcen sobre placas
con medio agar minimo que contienen 10mM de cocaina y se incuban a
37°C. Se desarrollan colonias Uinicas y se examinan con respecto a actividad
CocE a 37°C. La amplificaciéon por PCR del gen CocE se realiza en
mutantes que se descubrié que producen CocE activa y soluble a 37°C, y
los productos de amplificacion se subclonan en el plasmido pET-22B(+)
para posterior caracterizacion. Como preludio a la mutagénesis de CocE,
puede ser necesario mutagenizar las cepas Pseudomonas nativas con el fin
de preseleccionar en cuanto a no sénsibilidad a la temperatura a 37°C
cuando crecen en productos de hidrdlisis de cocaina, y luego demuestran

sensibilidad a la temperatura en cocaina a 37°C luego de clonarse en CocE.

EJEMPLO 15: METODO DE DETECCION SELECTIVA DE
GRAN PRODUCTIVIDAD PARA IDENTIFICACION DE
MUTANTES CocE TERMOESTABLES

[0195] Se implementaron varios métodos de deteccion selectiva
de gran productividad para la identificacion de variantes CocE
termoestables. Debido a que la enzima tipo silvestre es conocida por tener
inestabilidad térmica a temperaturas por encima de 30°C, luego de la
transformacion en células BL21 de E. coli, se subcultivan colonias y se
induce la expresion de proteina a 16°C. A continuacidon las proteinas
expresadas se examinan con respecto a actividad esterasa a temperaturas de
30°C y mas. Después de varias rondas de mufagénesis y experimentacion a
temperaturas crecientes se logran los mutantes termoestables. Se prepara

entonces cada CocE mutante individual, se purifica y examina con respecto
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a actividad y termoestabilidad a 37°C, como se describe mas arriba (véase

los Ejemplos 1y 4)

[0196] Colonias bacterianas, que contienen polipéptidos
mutantes, se detectan selectivamente directamente de placas de agar
mediante huella en filtro de nitrocelulosa de placas de replicacion, seguida
por lisis de las bacterias y fijacion de proteina. La determinacidon de la
actividad enzimatica a diferentes temperaturas se logra monitorizando la
acumulacién de acido benzoico, el subproducto acido de la (-)cocaina. Una
huella humeda de nitrocelulosa se pone sobre un papel de filtro seco,
saturado previamente con una mezcla de cocaina con un pH de 7.4 sin
solucion amortiguadora y un indicador de pH que pasa de incoloro a color
luego de la acidificacion, por ejemplo, rojo metilo. Se identifica la enzima
activa por el cambio de color y se recolectan las colonias en la forma
apropiada. El método de deteccidn, basado en la acidificacion a través de la
formacion de acido benzoico, se emplea para la deteccion de la expresion
celular de anticuerpos cataliticos que hidrolizan la cocaina en el grupo éster
de benzoilo, el mismo sitio escindido por CocE. Alternativamente, la
deteccion por huella de nitrocelulosa se obtiene por exposicion a un
derivado tiol de cocaina y deteccién subsiguiente de grupos sulthidrilo
mediante un sistema indicador de metal pesado precipitante (por ejemplo, a

base de mercurio).

[0197] Las colonias bacterianas que contienen los polipéptidos
mutantes se detectan también selectivamente subcultivando en medio
liquido y examinando directamente en cuanto a la presencia de actividad
cocaina esterasa empleando un derivado tiol de cocaina y deteccion
utilizando el indicador tiol colorimétrico, reactivo de Ellman (véase a este
respecto, Figura 6). El reactivo de Ellman forma rapidamente un enlace
disulfuro con los grupos tiol libres y libera un ion tiolato coloreado que
absorbe a 412 nm. Los cultivos incubados de un dia para otro a 16°C en la

presencia de IPTG para inducir la expresion de proteina (20ul) se mezclan
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con 1mM de derivado de cocaina benzoiltioéster, y S00uM de reactivo de
Ellman en 100mM de fosfato sodico, pH 7.4, a un volumen final de 200pul.
Los resultados (véase a este respecto, Figura 6) indican que las células que
contienen la enzima CocE tipo silvestre son capaces de escindir el

benzoiltioéster en niveles mucho mas elevados que las células solas.

[0198] Finalmente, las colonias bacterianas que contienen
polipéptidos mutantes se detectan selectivamente subcultivando en medio
liquido, seguido por lisis y aislamiento de polipéptidos mutantes usando un
medio de afinidad. Por ejemplo, células lisadas se lavan a través de placas
con filtro de agarosa-niquel que permiten la recoleccion y elucion
subsiguiente de proteinas marcadas 6xHIS (por ejemplo, Ni-NTA
Superflow 96-Bio-robot kit (Qiagen). Alternativamente, las células se
desintegran por lisis en placas de microvaloracion recubiertas con niquel,
que permiten la unién de proteinas de fusion 6xHIS y la extraccion
subsiguiente de contaminantes (por ejemplo, placas inmovilizantes con
quelato de niquel (Nunc) o placas flash con quelato de niquel NEN (Perkin
Elmer)). Analogamente, células lisadas se incuban con microesferas
recubiertas con niquel (tales como las microesferas de agarosa magnéticas
Ni-NTA (Qiagen)), seguidas por extraccion subsiguiente de las proteinas
contaminantes. La actividad de la proteina esterasa aislada se examina
entonces usando cualquiera de los analisis mencionados previamente (tales
como el andlisis de actividad espectrofotométrico (Ejemplos 1 y 4), el
analisis de actividad de la cocaina tritiada (Ejemplo 1), el analisis de
actividad con indicacion del pH del acido benzoico, los sistemas de
deteccion de cocaina con. el derivado tiol, el empleo de aptdmeros de
cocaina (Stojanovic, M. N., de Prada, P. & Landry, D. W. (2001) J Am
Chem Soc 123, 4928-31; Stojanovic, M. N. & Landry, D. W. (2002) J Am
Chem Soc 124, 9678-9) monitorizando los cambios en fluorescencia luego
de la degradacion de la cocaina, o mediante el uso de un sustrato genérico
de esterasa tal como 4-nitrofenil acetato y monitorizaciéon de los cambios

colorimétricos a 420nm como se describe previamente (Halgasova, N. et al.
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(1994) Biochem J 298 Pt 3, 751-5; O'Conner, C.J. & Manuel, R.D. (1993) J
Dairy Sci. 76:3674-3682).

EJEMPLO 16: ANALISIS PRELIMINAR DEL POLIPEPTIDO
MUTANTE N197K

[0199] Analisis preliminares del polipéptido mutante N197K
(SEQ ID NO: 42) mostraron excelente estabilidad luego de 1 hora a 37°C el
dia 0. Los valores Vmax y Km se muestran en la Tabla 5. Una segunda
verificacion el dia 3 mostré una estabilidad similar. Los valores Vmax y
Km se muestran en la Tabla 6. Los valores Km maés elevados el dia 3 se
debieron a la reutilizacion de la cocaina vieja. La filtraciéon en gel de las

muestras incubadas a 37°C mostré la formacion de agregados.

TABLA 5: Prueba inicial de N197K (Dia 0)

N197K (0) " | N197K(60)
Ecuacion 1
Valores de ajuste
optimo
VMAX 2928 2187
KM 34.77 24.24

TABLA 6: Prueba inicial de N197K (Dia 3)

N197K (0) N197K(60)
Ecuacion 1
Valores de ajuste
optimo
VMAX 3357 3085
KM 102.2 113.5
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EJEMPLO 17: IDENTIFICACION DE POLIPEPTIDOS CocE
MUTANTES TERMICAMENTE ESTABLES

[0200] Polipéptidos CocE mutantes térmicamente estables se
identificaron determinando el t,, de los polipéptidos CocE mutantes. En
pocas palabras, las enzimas se preincubaron a 37°C durante tiempos
diferentes. Las mediciones de la actividad se determinaron a temperatura
de la sala (RT — room temperature) (25°C). Las enzimas mutantes con t,,
de mas de 12 minutos (el t,, de la CocE tipo silvestre) se consideraron
térmicamente estables (véase, por ejemplo, Figura 27 y Tabla 7). Como se
demostré por el polipéptido CocE mutante de combinacion T172R/G173Q,
en varias incorporaciones, la combinacién de dos mutaciones unicas con
ninguna estabilidad o estabilidad mas baja puede resultar en una

combinacidn térmicamente estable.

TABLA 7: Polipéptidos CocE mutantes térmicamente estables

Mutante Estabilidad @37°C (t.,)
T122A No

QI123E No

S159A No

S140A No

S167A/WS52L No

T172R ~46 minutos

V121D No

L163V No

F189A No

F189A4/T172R ~40 minutos (similar a T172R)
C107S No

W220A No

F189L No
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A193D No
T172R/A193D ~40 minutos (similar a T172R)
G1730Q ~25 minutos
T254R No

N42V No
T172R/G173Q ~326 minutos
G171Q/T172R/G173Q No

G171A No

G173A No
wt-1175-G-D185 No
wt-T176-G-G-D185 No
T172R/G173Q-1175-G-D185
T172R/G173Q-1175-G-G-A186 -75 minutos
T172R/G173Q-T176-G-G-D185 -75 minutos
S177Q No

D45R No

F47R No

LI169K ~274 minutos
L174R No

Al181K No

S179R No

FI89K 25 minutos
V190K No

A194K No

R182K No

EJEMPLO 18: PROTECCION CONTRA AGREGACION DE LOS

MUTANTES DE COCAINA ESTERASA TERMOESTABLES

[0201] La proteccion contra agregacion de los mutantes CocE
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termoestables se evalué usando cromatografia de exclusiébn molecular.
Concretamente, se preincubaron las enzimas a 37°C durante 0 minutos o 60
minutos y se resolvieron mediante cromatografia de exclusiéon molecular.
Los resultados para la CocE tipo silvestre, T172R y T172R/G173Q se

muestran en Figura 28.

EJEMPLO 19: ESPECTROS DE BAJA ABSORCION UV (LOW-
UV SPECTRA)

[0202] Datos de espectros CD de baja absorcion UV se
obtuvieron usando un espectropolarimetro Aviv Mode 400, con la ayuda de
Norma Greenfield, UMDNIJ, que empleaba un soporte de 5 celdas y
0.2mg/ml de concentraciones de proteina. Los valores de los datos brutos se
calibraron en PBS de control, se emparejaron (la curva se aliso
estadisticamente) y se restauraron ("deconvoluted) utilizando el
algoritmo CCA, como se describe por A. Perczel, K. Park, and G.D.
Fasman, [Analysis of the circular dichroism spectrum of proteins using the
convex constraint algorithm: a practical guide. Analytical Biochiemistry
203, 83-93 (1992).] Este algoritmo encuentra el numero minimo de curvas
necesarias para reconstruir un conjunto de datos, y expresa el porcentaje en
que cada curva contribuye al conjunto de datos como una funcion de la

temperatura.

[0203] Mas adelante se presenta un andlisis de restauracion
CCA con baja absorcion UV ("a low UV CCA denconvolution analysis")
de CocE tipo silvestre (WT) y 4 mutantes, obtenido en una fusion de
espectros CD tnicos usando un }soporte de 5 celdas. El experimento se llevo

a cabo durante un periodo de 8 horas, de 0-80°C.
[0204] Se observo fusion dependiente de la temperatura entre

las longitudes de onda examinadas (200-250nm), y los espectros

emparejados (alisados estadisticamente) para cada mutante se muestran en
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Figura 29. La restauracion mediante el algoritmo CCA indic6 que cada uno
de los espectros se describié mejor por un conjunto de tres curvas, como se
muestra en Figura 30. Esto sugiere que la fusién de CocE es por lo menos
un proceso de dos pasos, que se mueve de una curva original (curva 1) a un
paso de desenvolvimiento intermedio (curva 2) y, finalmente, una proteina
completamente desnaturalizada (curva 3). La contribucion porcentual (%)
que cada temperatura ejercié en describir estas tres curvas se ilustra en
Figura 31. Se empled analisis de respuesta a la dosis para aproximar la
temperatura a la cual el espectro inicial se fusiona (1), la formacion y fusion
del estado intermedio (2), y la acumulacion de la proteina completamente
fusionada (3). Estos nimeros de recolectaron y graficaron en Figura 32 y se

muestran en Tabla 8.

TABLA 8: Puntos de fusioén de cada paso

-

Fusion #1 Formacién #2 Fusion #2 Formacion #3
—o— WT 37.04 34.57 50.98 59.86
—a—T172R 39.22 38.11 54.56 56.85
-T172R-A193D 38.11 46.47 47.68 58.72
—¢— T172R-F 189K 38.8 46.81 48.42 §7.23
—x— T172R-G173Q 40.62 45.61 46.17 56.61

[0205] El mutante mas termoestable T172R-G173Q (segun se
determind en otros analisis) mostrd la temperatura de fusion mas alta de la
curva original 1 (40°C vs 37°C para el tipo silvestre), y la temperatura mas
baja para la desaparicion del intermedio de la curva 2 (46°C vs 50°C para el
tipo silvestre) y la aparicion de la curva de fusién completa 3 (56°C vs

59°C para el tipo silvestre).

[0206] En resumen, es evidente que’ todos los mutantes

experimentan un proceso de fusion de 2 pasos.
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EJEMPLO 20: ESTABILIZACION UTILIZANDO PRODUCTOS
E INHIBIDORES

[0207] La cocaina esterasa (CocE) escinde la cocaina para
producir acido benzoico y ecgonina metil éster. Concretamente, se
investigaron sustratos alternativos e inhibidores de cocaina, asi como
compuestos capaces de termoestabilizar la enzima, generalmente
sustituyendo amida y analogos de tiol en el enlace éster reactivo, o
eliminando el enlace (para inhibidores), sustituyendo analogos de benzolilo
en lugar del grupo saliente 4cido benzoico, y/o eliminando o alterando el
grupo metil éster en la porcion ecgonina de la molécula. Tal como se
discute a continuacion, se determind que algunos sustratos, productos e
inhibidores estabilizaron la desnaturalizacion térmica de la CocE tipo
silvestre, asi como evitaron la agregacion inducida térmicamente en

electroforesis en gel.

[0208] La cocaina es el sustrato natural de la cocaina esterasa
(CocE). La escision de la cocaina se monitoriz6 por una caida en
absorbencia a 240nm. La cocaina (rango mM) impidié la formacion
inducida a 37°C de agregados de CocE de alto peso molecular
(concentraciones de enzima de 0.1 mg/ml) (véase, por ejemplo, Figura 33).
La cocaina (cantidades uM) estabilizo la pérdida de actividad inducida a
37°C (véase, por ejemplo, Figura 34), si bien el mécanismo de esta
estabilizaciéon es complicado debido a la inhibicion del sustrato en

concentraciones mas altas.

[0209] El acido benzoico es el producto natural de la CocE y un
débil inhibidor de la escisién por CocE de 4-nitrofenil acetato (Ki 310uM).
El acido benzoico impidi6 la formacion inducida a 37°C de agregados de
CocE de alto peso molecular (concentraciones de enzima de 0.1 mg/ml)
(véase, por ejemplo, Figura 35). El 4cido benzoico estabilizé (cantidades

uM) la pérdida de actividad inducida a 37°C (véase, por ejemplo, Figura
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36), si bien el mecanismo de esta estabilizacion es complicado debido a la

inhibicidn del sustrato en concentraciones mas altas.

[0210] CocE cataliza la escision de 4-nitrofenil acetato (4NPA)
en 4-nitrofenol (4NP) y acetato. Se monitorizo la reacciéon de escision
mediante observacion de la formacion de producto a 400 nm. Tanto el 4NP
como el 4NPA (rango mM) impidieron la formacién inducida a 37°C de
agregados de CocE de alto peso molecular (concentraciones de enzima de

0.1 mg/ml).

[0211] El 4acido fenilbérico es un potente inhibidor de CocE (Ki
250nM). El acido fenilbérico estabilizé la agregacion inducida a 37°C de

CocE con una ECs, de 0.2UM mediante analisis de densitometria.

[0212] Usando lo anterior, se desarrolla un andlisis de
deteccion selectiva para identificar selectivamente pequefias moléculas que
podrian estabilizar analogamente la enzima la enzima pero que no
necesariamente ocupan el sitio activo. Las moléculas identificadas como
moléculas estabilizadoras se emplean para estabilizar las proteinas

divulgadas en esta especificacion hasta que estén listas para uso.
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REIVINDICACIONES

Lo que se reivindica es:

1. Un polipéptido de cocaina esterasa (CocE) mutante aislado que
comprende una secuencia de aminoacidos de SEQ ID NO: 1, en donde por
lo menos un residuo de aminoacido se sustituye de tal modo que el
polipéptido CocE mutante tenga actividad esterasa con termoestabilidad

incrementada a 37°C comparado con la CocE tipo silvestre.

2. El polipéptido CocE aislado de la reivindicacion 1, en donde se

sustituyen por lo menos dos residuos de aminoacido.

3. El polipéptido CocE aislado de la reivindicacion 2, en donde se

sustituyen por lo menos tres residuos de aminoacido.

4. El polipéptido CocE aislado de la reivindicacion 3, en donde se

sustituyen por lo menos cuatro residuos de aminoacido.

5. El polipéptido CocE aislado de la reivindicacion 4, en donde se

sustituyen por lo menos cinco residuos de aminoacido.

6. Un polipéptido de cocaina esterasa mutante aislado que
comprende una secuencia de aminoacidos seleccionada del grupo
conformado por SEQ ID NO: 3 (L163V); SEQ ID NO: 7 (V225I); SEQ ID
NO: 8 (1218L); SEQ ID NO: 9 (A310D); SEQ ID NO: 10 (A149S); SEQ ID
NO: 11 (S159A); SEQ ID NO: 12 (8265A); SEQ ID NO: 13 (S56G); SEQ
ID NO: 14 (W220A); SEQ ID NO: 16 (S140A); SEQ ID NO: 17 (F189L);
SEQ ID NO: 18 (A193D); SEQ ID NO: 19 (T254R); SEQ ID NO: 20
(N42V); SEQ ID NO: 21 (V262L); SEQ ID NO: 22 (L508G); SEQ ID NO:
23 (Y152H); SEQ ID NO: 24 (V160A); SEQ ID NO: 25 (T172R); SEQ ID
NO: 26 (Y532F); SEQ ID NO: 27 (T748); SEQ ID NO: 28 (W285T); SEQ
ID NO: 29 (L146P); SEQ ID NO: 30 (D533S); SEQ ID NO: 31 (A194R);
SEQID NO: 32 (G173Q); SEQ ID NO: 33 (C477T); SEQ ID NO: 34
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(K531A); SEQ ID NO: 35 (R411); SEQ ID NO: 36 (L119A); SEQ ID NO:
37 (K46A); SEQ ID NO: 38 (F84Y), SEQ ID NO: 39 (T172R-G173Q);
SEQ ID NO: 40 (L169K); SEQ ID NO: 41 (F189A), SEQ ID NO: 42
(N197K), SEQ ID NO: 43 (R182K), SEQ ID NO: 44 (F189K), SEQ ID
NO: 45 (V190K), SEQ ID NO: 46 (Q191K), y SEQ ID NO: 47 (A194K), o

u fragmento funcional de las mismas.

7. Un 4cido nucleico aislado que codifica el polipéptido CocE

mutante de una cualquiera de las reivindicaciones 1-6.

8. Un &cido nucleico aislado que comprende una secuencia
nucleotidica, que se hibrida a SEQ ID NO: 2 o al complemento de SEQ ID
NO: 2 bajd condiciones de alta restriccion, en donde el acido nucleico
aislado codifica un polipéptido CocE mutante que tiene actividad esterasa
con termoestabilidad incrementada a 37°C, comparado con CocE tipo

silvestre.

9. Un 4cido nucleico aislado que codifica un polipéptido CocE
mutante que comprende una secuencia de aminoacidos que tiene por lo
menos 85% de identidad de secuencia con la secuencia de 4cido nucleico de
SEQ ID NO: 2, en donde el polipéptido CocE mutante codificado tiene
actividad esterasa con termoestabilidad incrementada a 37°C, comparado

con CocE tipo silvestre.

10. El 4cido nucleico aislado de la reivindicacion 7 en donde la
identidad de secuencia se selecciona del grupo conformado por 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, y 99% por

lo menos.
11. El polipéptido o &cido nucleico de una cualquiera de las

reivindicaciones 1-10 en donde el aumento en termoestabilidad del

polipéptido CocE mutante sobre la CocE tipo silvestre es por lo menos

9%
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alrededor de 2.1 kcal/mol, por lo menos alrededor de 2.2 kcal/mol, por lo
menos alrededor de 2.3 kcal/mol, por lo menos alrededor de 2.4 kcal/mol,
por lo menos alrededor de 2.5 kcal/mol, por lo menos alrededor de 2.6
kcal/mol, por lo menos alrededor de 2.7 kcal/mol, por lo menos alrededor
de 2.8 kcal/mol, por lo menos alrededor de 2.9 kcal/mol, por lo menos
alrededor de 3.0 kcal/mol, por lo menos alrededor de 3.1 kcal/mol, por lo
menos alrededor de 3.2 kcal/mol, por lo menos alrededor de 3.3 kcal/mol,
por lo menos alrededor de 3.4 kcal/mol, por lo menos alrededor de 3.5
kcal/mol, por lo menos alrededor de 3.6 kcal/mol, por lo menos alrededor
de 3.7 kcal/mol, por lo menos alrededor de 3.8 kcal/mol, por lo menos
alrededor de 3.9 kcal/mol, por lo menos alrededor de 4.0 kcal/mol, por lo
menos alrededor de 4.1 kcal/mol, por lo menos alrededor de 4.2 kcal/mol,
por lo menos alrededor de 4.3 kcal/mol, por lo menos, alrededor de 4.4

kcal/mol, o por lo menos alrededor de 4.5 kcal/mol.

12. El polipéptido o 4cido nucleico de una cualquiera de las
reivindicacionesl-11 en donde el polipéptido CocE mutante tiene

inmunogenicidad reducida, comparado con la CocE tipo silvestre.

13.  El polipéptido o é4cido nucleico de una cualquiera de las
reivindicaciones 1-12 en donde el polipéptido CocE mutante tiene por lo
menos alrededor de 60%, por lo menos alrededor de 65%, por lo menos
alrededor de 70%, por lo menos alrededor de 75%, por lo menos alrededor
de 80%, por lo menos alrededor de 85%, por lo menos alrededor de 90%,
por lo menos alrededor de 95%, por lo menos alrededor de 100%, por lo
menos alrededor de 105%, por lo menos alrededor de 110%, por lo menos
alrededor de 115%, por lo menos alrededor de 120%, por lo menos
alrededor de 125%, por lo menos alrededor de 130%, por lo menos
alrededor de 135%, o por lo menos alrededor de 140% de la actividad

esterasa del polipéptido CocE tipo silvestre.

14. El polipéptido o acido nucleico de una cualquiera de las
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reivindicaciones 1-12 en donde el polipéptido CocE mutante conserva por
lo menos una eficiencia catalitica sustancialmente la misma o mayor del

polipéptido CocE tipo silvestre.

15. Una composicién farmacéutica que contiene el polipéptido

CocE mutante o el polipéptido CocE mutante codificado por le &cido
nucleico de una cualquiera de las reivindicaciones 1-14 y una sustancia

portadora o excipiente farmacéuticamente aceptable.

16.  El polipéptido, polipéptido codificado por el 4cido nucleico, o
la composicion farmacéutica de una cualquiera de las reivindicaciones 1-15,

en donde el polipéptido CocE mutante se pegila.

17.  El polipéptido, polipéptido codificado por el acido nucleico, o
la composicion farmacéutica de una cualquiera de las reivindicaciones 1-16,

en donde el polipéptido CocE mutante se encapsula en un glébulo rojo.

18.  El polipéptido, polipéptido codificado por el 4cido nucleico, o

la composicién farmacéutica de una cualquiera de las reivindicaciones 1-17,
en donde el polipéptido CocE mutante se estabiliza por un sustrato o

inhibidor.

19. El polipéptido, polipéptido codificado por el acido nucleico, o
la composicion farmacéutica de una cualquiera de las reivindicaciones 1-5 'y
7-18, en donde el polipéptido comprende una pluralidad de sustituciones de
residuo de aminoacido seleccionadas del grupo conformado por: T122A;
123E; S159A; S140A; S167A/W52L; TI172R; V121D; L163V; F189A;
F189A/T172R; C107S; W220A; F189L; A193D; T172R/A193D; G173Q;
T254R; N42V; T172R/G173Q; G171Q/T172R/G173Q; G171A; G173A;
wt-M75-G-D185;  wt-T176-G-G-D185;  T172R/G173Q-1175-G-D185;
T172R/G173Q-1175-G-G-A186; T172R/G173Q-T176-G-G-D135; S177Q;
D45R; F47R; L169K; L174R; A181K; S179R; F189K; V190K; Al194K; y
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R182K.

20.  Un método de tratar una afeccion inducida por la cocaina, que
comprende administrar a un sujeto necesitado de ello una cantidad efectiva
del polipéptido CocE mutante, el polipéptido CocE mutante codificado por
el acido nucleico, o la composicion farmacéutica de una cualquiera de las

reivindicaciones 1-19.

21. El método de la reivindicaciéon 20, en donde la afeccién
inducida por la cocaina se selecciona del grupo conformado por sobredosis
de cocaina, toxicidad de la cocaina, adiccion a la cocaina y dependencia de

la cocaina.

22.  Un método de deteccion selectiva de gran productividad para
la identificacién de polipéptidos CocE mutantes termoestables, que
comprende los pasos de:

transformar establemente una célula con un &cido nucleico que
codifica un polipéptido CocE mutante;

expresar el polipéptido CocE mutante en la célula;

aislar el polipéptido CocE expresado;

medir la actividad esterasa del polipéptido CocE mutante aislado a
una o mas temperaturas predeterminadas de por lo menos alrededor de 30°C
hasta alrededor de 50°C, para determinar la termoestabilidad de los
polipéptidos CocE mutantes aislados;

seleccionar el polipéptido CocE mutante aislado con actividad

esterasa a la temperatura(s) predeterminada.

23. El método de deteccion selectiva de gran productividad de la
reivindicacion 22 en donde medir la actividad esterasa de los polipéptidos
mutantes aislados comprende:

contactar el polipéptido CocE mutante aislado con (i) cocaina y un

indicador de pH o (ii) un tio-derivado de cocaina y un indicador de tiol;
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detectar un cambio en el indicador de pH o el indicador de tiol; en
donde un cambio del indicador de pH o el indicador de tiol se correlaciona
con la formacién de acido benzoico de la hidrdlisis de cocaina o derivado

de cocaina por el polipéptido CocE mutante.

24.  El método de deteccion selectiva de gran productividad de una
cualquiera de las reivindicaciones 22-23 que comprende ademads repetir uno
o mas pasos del método de deteccion selectiva por lo menos una vez con

una temperatura incrementada para medir la actividad esterasa.

25. El método de deteccion selectiva de gran productividad de la
reivindicacion 24 en donde un primer ciclo de deteccion selectiva tiene una
primera temperatura para medir la actividad esterasa de alrededor de 30°C,
y un ciclo subsiguiente de deteccion selectiva tiene una temperatura para

medir la actividad esterasa de alrededor de 45°C.

26. El método de deteccion selectiva de gran productividad de una
cualquiera de las reivindicaciones 22-25 en donde la expresion del
polipéptido CocE mutante ocurre a una temperatura a la cual la CocE tipo

silvestre conserva sustancialmente actividad catalitica.

27.  El método de deteccion selectiva de gran productividad de una
cualquiera de las reivindicaciones 22-25 en donde la expresion del
polipéptido CocE mutante ocurre a una temperatura a la cual el polipéptido

CocE tipo silvestre se divide sustancialmente en cuerpos de inclusion.
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FIG. 1
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FIG. 4
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FIG.5
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FIG. 6
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<110>

<120>
<130>

<140>
<141>

<150>
<151>

<160>
<170>
<210>

<211>
<212>

<213>

<400>

SEQ_LIST_2nd_Revised_88800730_0078
SEQUENCE LISTING

Columbia University
Zhan, chang-Guo
Landry, Donald
Sunahara, Roger

MacDonald, Joanne

Narasimhan, Diwa
woods, James
Holden Ko, Mei_chuan
Shi-Xian

Deng,

ANTI-COCAINE COMPOSITIONS AND TREATMENT

88800730-0003

PCTUS0715762
2007-08-03

60/819, 569
2006-07-10

4

7

PatentIn version 3.3

1
5
P

1

74
RT

Met val Asp Gly
1

Arg

Gly

val

Asp

65

Glu

Thr

Met

Asp

Pro

Phe

50

Gly

Gly

Leu

Phe

Gly

val

35

Ala

Tyr

Glu

Ser

val
20

Pro
Trp
Ala
Phe
Trp
100

val

'Rhodococcus sp. mMB1

Asn Tyr Ser
5

Arg

val

Ser

val

val

85

Ile

Ser

Leu

Leu

Thr

val

70

Pro

Leu

Tyr

Ala

Leu

GTn

55

Ile

His

Glu

Leu

val

val

val

40

Ser

GlIn

‘val

GIn

Ala

Asp

Arg

Thr

Asp

Asp

Ala

105

val

Ser Asn val
10

Leu Tyr Arg

Asn Pro Tyr

Asn Trp Leu
60

Thr Arg Gly
75

Asp Glu Ala
90

Trp Cys Asp

Thr GIn Trp

Pagina 1

Met

Pro

Asp

45

Glu

Leu

Asp

Gly

GTn
125

val

Asp

30

Lys

Phe

Phe

Ala

Asn

110

Ala

Pro Met
15 -

Ala Asp
Phe Asp
val Arg
Ala ser

80

Glu Asp
95

val Gly

Ala val



Ser

Ser

Ala

Ala

val

225

Phe

Trp

Lys

Asn

Tyr

305

His

Leu

Leu

Ala

Gly

Leu

Ala

Arg

Ala

Glu

210

val

Glu

Tyr

Asp

Leu

290

Pro

Leu

Phe

Pro

Asn

val
Tyr
Leu
ser
Ile
195
Gln
Asp
Arg
Asp
Asn
275
Thr
Ile
Arg
v§1
Asp

Thr

Gly

Arg

Leu

Asp

Gly

Ala

180

Leu

Pro

His’

Leu

Gly

260

Ala

Gly

Gln

Gly

Met

340

Thr

Ser

Asn
Leu

Pro

Asp
Arg
Glu
Glu
325
Gly

Ala

Thr

Leu
Pro
150

Trp

Arg

Leu
Asp
230
Gly
val
Ala
Asn
Ala
310
Thr
Ile

Tyr

Gly

SEQ_LIST_2nd_Revised_88800730_0078

Lys Ala Ile Ala Pro Ser Met Ala ser

135

Trp
ser
Pro
val
sly
Asn
Leu
Gly
Arg
Ala
295
Thr
Asp
AsSp

Thr

Gly

TYyr

Ala

Glu

Ala

200

Arg

ASp

Ala

Glu

Leu
280

Asp

Thr

Ala

Glu

Pro

360

Gly

Gly

Leu

185

Gly

Leu

Glu

Thr
Ser

265

val

Arg

Met

Leu

Trp

345

Phe

Thr

Pro
Ile
170

Ala

A1a

val
Lys
His
Ala
330

Arg

Tyr

Gly

155

Gly

Ala

Ala

Pro

Trp

Ala
Arg
Gly
Phe
Lys
315
Gly

ASp

Leu

140

Gly

Thr

Asp

Ser

Trp

220

GIn

Leu

Thr

Pro

Gly

Ala

val

Glu

Gly

Leu ser Thr
Pagina 2

Ala

Gly

Phe

val

205

val

Ser

Ile

Phe

Phe

Pro

Thr

,

Leu
Leu
val
190
Thr
Ile
Ile
Thr
val
270
Ser
Ala

Phe

Lys

ser

Ile

ser
Ile
175
GIn
Pro
Asp
Ser
Ala
255
Ala
His
Ala
Asp
val
335
Trp

Gly

Ser

Ala
val
160
Thr
Leu
Leu
Gln
Leu
240

Gly

val .

ser

Thr

Arg

Pro

Ala

Gly

R



Thr

385

Ser

Asp

Glu

Leu

val

465

val

Ala

val

Phe

Glu

545

Pro

370

Glu

Leu

Gln

val.

Phe

450

Asp

Arg

Gly

Phe

Pro

530

GIn

Glu

<210>
<211>
<212>
<213>

<400>
gatccagcga aggtcgggag tgaatggtgg acgggaatta

Ser

Gly

Arg

Leu

435

val

val

Met

Glu

Leu

515

Lys

Leu

His

2

DNA

Ala

Gly

Pro

420

Thr

Ser

Phe

Arg

Ile

500

Pro

TYyr

Glu

Pro

2692

Asp

Thr

405

ITe

Asp

Ser

Pro

Tyr

485

Tyr

Gly

Asp

Glu

ser
565

Thr
390
Leu
His
Pro
Ser
Asp
Arg
Glu
His
Arg

Met
550

SEQ_LIST_2nd_Revised_88800730_0078
375 380

Tyr
Leu
Asp
val
Ala
455
Glu
val
Arg
Asn

535

Cys

5 Ile

Rhodococcus sp. mB1

2

Leu Tyr

Phe His

Arg Asp

425

Glu val
440

val Asp

Arg Ala

Thr Leu

Ala Ile

505

Ile Met
520
Ser Asn

Thr Ala

val Leu

Asp Pro Ala Asp Pro val

Asn

410

Asp

Thr

Thr

Ile

val

490

Asp

val

Thr

val

Pro
570

395

Gly
val
Gly
Asp
Ala
475
Asn
Met
Gln
Gly
Asn

555

Ile

tggttccgat gcgtgatggg gtgcgtctgg cggtcgacct

gacctgttcce ggtcctgct&'gttcgcaacc catacgacaa gttcgacgtg ttcgcgtggt

~—— ey e

Asp

Leu

Thr

Phe

460

Leu

Pro

Leu

val

Gly

Arg

Ile

cagtgttgcc tcgaacgtga

gtaccgacca gatgctgatg

Pagina 3

Asn

Cys

val

445

Thr

Cys

Thr

Ala

ser

525

val

Ile

Lys

Gly
TYyr
430
Ser
Ala
Asp
Leu
Thr
510
ser
Ile
His

Arg

Pro

415

Ser

Ala

Lys

Gly

Ile

495

Ser

Ser

Ala

Arg

Pro

400

Ala

Thr

Arg

Leu

Ile

480

Asn

Asn

Arg

Gly

‘Gn
o]
o

233



cgacgcagtc

acacgcgtgg

:acgccgagga

tgttcggegt
ggctgaaggc
gccctggtgyg

ggctcatcac

cagcaattct
ttctgggecg
aatcatggca
tcacggctgg
aggacaatgc
ggaatgcgga
tgcacaaggc
ccaaagtgcg
tgccggacac
cgggtggtgg
atgatccgge
acggacccge
aggtattgac
catcagcggt
cgatcgcgcet
ccttgatcga
tattecctgcce
accgcaattc
ccgtgaaccg
agcgatagtt
gcaaccggta
ctgaaggccg
agcggtcatg
gtcacgtagt

cccctcceccaa

gacaaactgg
cttgttcgca
tacgttgagc
ttcgtacttg
gatcgcgcecg
tgcgctttca
gtcgaggtct
caatgacgtc
actgattccg
gtccattagce
gtggtacgac
cgacgcacgt
ccggaagttc
attcttcgac
gctgttegta
ggcgtatacg
aacactgtcg
cgétcccgtg
cgaccaacgt
cgacccggtg
ggacactgat
gtgtgacggg
agcgggcgaa
agggcatcgc
gaataccggc
cattcaccga
ttcggtgceag
cgcgctegec
gatfgcatcc
taattcccca
tccccacccet

ggtccacctg

SEQ_LIST_2nd_Revised_88800730_0078

cttgagttcg
tcggaaggtg
tggattctgg
ggtgtgaccc
tccatggegt
gtcgaggcgce
gacgcccggce
gctggegegg
tgggtgatcg
ttgtttgaac
gggttcgtcg
ttggttgtcg
ggcattgccg
cggcacctcec
atgggcatcg
cccttctate
acgtcgattt
ccttcgeteg
cccattcatg
gaagtaaccg
ttcaccgcca
atcgtgcgga
atctacgagg
atcatggtcc
ggagtaatcg
ggacctgagc
ccgegectgg
gccctgcact
cgacccggeg
ggttgagcgg
gggcgtgteg
9ggaaggggc

tgcgtgatgg
agttcgtccc
aacaagcgtg
agtggcaggc
cggcggactt
tgttgggctg
ccgaagacgce
cgtcggtcac
atcaggttygt
gactcggegg
gcgaatcgtt
gcccttggag
cgacctaccc
gcggcgagac
atgagtggcg
ttggaggtag
ccggaactga
gggggacgct
accgggacga
gcaccgtctc
aacttgtcga
tgcggtaccy
ttgctatcga
aagtatcaag
cacgggaaca
atcccagcéa
ctgacgctge
ttccaccaty
accctaggtce
ttcgteggte
gtcggggtygc
ccgacggtgg

ctatgccgtg
gcacgttgac
gtgcgacggce
cgccgtatcc
gtaccgcgcec
gtcagctctce
agccgacttc
gccectggcec
cgatcacccc
gttggcaaca
gcgcactttc
tcacagcaac
gattcaagaa
cgatgcactc
tgacgaaacg
€ggggctgceg
atctgctgac
gctygttccac
cgtgttgtgt
cgcceggetyg
cgtatttccc
Ccgagacgttg
catgcttgca
tagcaacttc
gctcgaagag
cattgtgctg
agctcaaacc
cgtaggtcgt
aggcgaattg
acgtaattcc
gggtgctgcet

caaggagaac

Pagina 4

gtcattcaag
gacgaagctg
aatgtgggca
ggcgttggty
ccgtggtacg
ataggtactg
gtccaactcg
gagcaaccgc
gacaacgatg
ccggecttga
gttgcggtca
ctcactggtc
gccaccacga
gcaggcegtcec
gactggccac
aatacctcca
acctacctgt
aacggagaca
tacagcactg
ttcgtgtegt
gacggtcgeg
gtcaatccaa
acctcgaatg
ccgaaatacg
atgtgcaccg
ccgattatca
caatggctcg
cageggccga
tccgaatgtce
tcaccctgec
gcaggttcgce
gtggacgatg

240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100

)



accgatctga
caggttcaga
ggcggtttcc
ggcgcactaa

cgcatcgggg
tcgagcacct
aggagaagct
gagggtcggt
gacggcggct
ggctcgtcga
<210> 3

<211> 574
<212> PRT
<213> Arti

<220>
<223>

<400> 3

Met val Asp
1
Arg Asp Gly

Gly Pro val
35

val pPhe Ala
50

Asp Gly Tyr
65
Glu Gly Glu

Thr Leu Ser

Met Phe Gly

cgatgaccga
tctcaccgge
ggactcggct
cgggtcggta
gcgaccgcgg
cggttccgea
gcaggtcgga
gatcgcggcg
cggcttcgac

accgacctcg

ficial
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tctgatggag
gtttgggatc
gacatttgcg
aaatctggcg
tgcagatcgce
cacaccgaca
cagtaggaac
aagcggtccc
gtgatcgacg

atgagcgaca

Mutant CocE polypeptide

Gly Asn Tyr ser val
5

val Arg Leu Ala val

20

®

Pro val Leu Leu val

40

Trp Ser Thr Gln Ser

55

Ala val val Ile GIn
70

Phe val Pro His val

85

Trp Ile Leu Glu Gln

val Ser Tyr Leu Gly

ttcttecgge

gaccgcaaaa

caagtagaag

agtggcggcg
cgtcaagcag
gcgagcttge
tcgacctcga
gctggttgat
acgaggtgtt
€cggccggga

Ala ser Asn
10

Asp Leu Tyr
25

Arg Asn Pro

Thr Asn Trp

Asp Thr Arg
75

Asp Asp Glu
90

Ala Trp Cys
105

val Thr Gln

actggcatgc
cctgacttgce
gccccgeggyg
tacattcgca
ggacgtcgceg
tgcgctactg
ccteggeggt
cgaggcgatc
catctaactg

atcgccgaga

val Met val

Arg Pro Asp
30

Tyr Asp Lys
45

Leu Glu phe
60

Gly Leu pPhe

Ala Asp Ala

Asp Gly Asn
110

Trp GIn Ala
125

Pagina 5

cgggcgttceg
acaagttgac
ttcgggattt
aggtcaggac
acaaggtgcyg
caggccgcecg
agcggggatc
gagaccggat
gtgatcggca

tc

Pro Met
15

Ala Asp
Phe Asp
val Arg
Ala Ser.

80

Glu Asp
95

val Gly

Ala val

2160
2220
2280
2340
2400
2460
2520
2580
2640
2692

235



Ser

3 Ser

Ala
Ala
val
225
Phe
Trp
Lys
AsSn
TYr
305
His
Leu

Leu

Ala

Leu
Ala
Arg
Ala
Glu
210
val
Glu
Tyr
Asp
Leu
290
Pro
Leu
Phe

Pro

Asn
370

val

Tyr

val

Ser

ITle

195

Gln

ASp

Arg

ASp

Asn

275

Thr

Ile

Arg

val

Asp

Thr

Gly

Arg
Leu
AsSp
180
Leu
Pro
His
Leu
Gly
A]a
Gly
Gln
Gly
Met
340

Thr

ser

Gly

Ala

Gly

Ala

Asn

Leu

Pro

Gly

Phe

ASp

Arg

Glu

Glu

325

Gly

Ala

Thr

Leu

Pro

150

Trp

Arg

Asp

Leu

Asp

Gly

val

Ala

Asn

Ala

310

Thr

Ile

Tyr

Gly

SEQ_LIST_2nd_Revised_88800730_0078

Lys

135

Trp

ser

Pro

val

Gly

Asn

Leu

Gly

Arg

Ala

295

Thr

Asp

Asp

Thr

Gly

Ala ITe Ala Pro ser Met Ala ser

Tyr

Ala

Glu

Ala
200

Arg

Asp

Ala

Glu

Leu

280

Asp

Thr

Ala

Glu

Pro

360

Gly

Gly

Leu

Asp

185

Gly

Leu

Glu

Thr

ser

265

val

Arg

Met

Leu

Trp

345

Phe

Thr

Pro

Ile

170

Ala

Ala

Ile

Ser

Pro

250

Leu

val

Lys

His

Ala

330

Arg

Tyr

Leu

Gly
155
Gly
Ala
Ala
Pfo
Trp
Ala
Arg

Gly

Phe

Asp
Leu

Ser

140

Gly

Thr

ASp

Ser

Trp

220

GIn

Leu

Thr

Pro

Gly

Ala

val

Glu

Gly

Thr
380

Pagina 6

Ala

Gly

Phe

val

205

val

ser

Ile

Phe

Trp

Ile

Phe

Pro

Thr

Gly

Ser

Leu

Leu

val

190

Thr

Ile

Ile

Thr

val

270

Ser

Ala

Phe

Lys

Asp

350

Ser

Ile

Ser

Ile

175

Gln

Pro

ASp

Ser

Ala

255

Ala

His

Ala

Asp

val

335

Trp

Gly

Ser

Ala

val

160

Thr

Leu

Leu

Gln

Leu
240

Gly

val
Ser
Thr
Arg
3

Arg
Pro
Ala

Gly

23



Thr
385

ser

Asp

Leu
val
465
val
Ala
val
Phe
Glu

545

Pro

Glu
Leu
G]n
val
Phe
450
Asp
Arg
Gly
Phe
Pro
530

GIn

Glu

<210>
<211>
<212>
<213>

<220>
<223>

<400>

4
5
p

ser

Gly

Arg

Leu
435

val
val
Met
Glu
Leu
515
Lys

Leu

His

74
RT

Ala
Gly
Pro
420
Thr
Ser
Phe
Arg
Ile
500
Pro
Tyr

Glu

Pro

Asp

Thr
405

ITe

Asp

Ser

Pro

Tyr

485

Tyr

Gly

Asp

Glu

ser
565

Artificial

Thr

390

Leu

His

Pro

Arg

Glu

His

Arg

Met

550

His
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Tyr Leu Tyr Asp Pro Ala Asp Pro val Pro
395

Leu
Asp
val
Ala
455
Gly
Glu
val
Arg
Asn

535

Ccys

"Phe

Arg

Glu

440

val

Arg

Thr

Ala

Ile

520

Ser

Thr

His

Asp

Ala

Leu

Asn

Ala

Ile val Leu

Mutant CocCE polypeptide

4

Asn

410

Asp

Thr

Thr

Ile

val

490

Asp

val

Thr

val

Pro
570

Gly
val
Gly
Asp
Ala
475
Asn
Met
Gln
Gly
Asn
555

Ile

ASp
LLeu
Thr
Phe
460
Leu
Pro
Leu
val
Gly
540

Arg

Ile

Asn

Cys

val

445

Thr

Ccys

Thr

Ala

Ser

525

val

Ile

Lys

Gly

Tyr

Ser

Ala

Asp

Leu

Thr

510

Ser

Ile

His

Arg

Pro

415

Ser

Ala

Lys

Gly

Ile

495

Ser

ser

Ala

Arg

400

Ala
Thr
Arg
Leu
Ile
480
Glu
Asn
Asn

Arg

Gly
5

%et val Asp Gly Asn Tyr Ser val Ala Ser Asn val Met val Pro Met
5 10 15

pPagina 7

237



Arg

Gly

val

AsSp

65

Glu

Thr

Met

Ser

145

Glu

Ser

Ala

Ala

Asp

Pro

Phe

50

Gly

Gly

Leu

Phe

Leu

Ala

Arg

Ala

Glu

210 -

AY AV

<223> Mutant CocE polypeptide

<400>

Met val Asp Gly Asn Tyr Ser val Ala Ser Asn val Met val Pro Met
1 5 10

Gly

val

35

Ala

Tyr

Glu

ser

Gly

val

Tyr

Leu

Ser

Ile

195

Gln

4

val

20

Pro

Trp

Ala

Phe

Trp

val

Gly

Arg

Leu

Asp

Leu

Pro

Arg

val

Ser

val

val

85

Ile

Ser

Gly

Ala

Gly

Ala

Asn

Leu

Leu

Leu

Thr

val

70

Pro

Leu

Tyr

Leu

Pro

150

Trp

Arg

ASp

Leu

- SEQ_LIST_2nd_Revised_88800730_0078

Ala val Asp Leu Tyr Arg Pro Asp Ala
25 30.

Leu
Gln
55

Ile
His
Glu

Leu

Trp
Ser
Pro
val

Gly

val

40

Ser

Gln

val

G1In

Gly

Ala

Tyr

Ala

Glu

Ala

200

Arg

Arg

Thr

Asp

Asp

Ala

105

ASp

Ite

Gly

Leu

Leu

Asn Pro
Asn Trp
Thr Arg
75

Asp Glu
90

Trp Cys
Thr GlIn
Ala Pro
Pro Gly
Ile Gly
170

Ala A]a

Ala Ala

Ile Pro

Tyr

l_eu

60

Gly

Ala

ASp

Trp

Ser

140

Gly

Thr

Asp

Ser

Trp

Pdgina 7

AsSp LyS
45

Glu Phe

Leu Phe

Asp Ala

Gly Asn
110

Gln Ala
125

Met Ala

Ala Leu

Gly Leu

Phe val
190

val Thr
205

val 1le

Phe

val

Ala

Glu

95

val

Ala

ser

Ser

Ile

175

Gln

Pro

Asp

15

Asp

Asp

Arg
ser
80

Asp

Gly

va1_

Ala

val

160

Thr

Leu

Leu

Gln

26



Arg

Gly

val

Asp

65

Glu

Thr

Met

Ser

sSer

Ala

val
225

Phe

Trp

Asp
Pro

Phe
50

Gly"

Gly

Leu

Phe

Gly

Leu

Ala

Arg

Ala

Glu

210 .

val

Glu

Tyr

Gly

val

35

Ala

Tyr

Glu

Ser

Tyr

Leu

Ser

Ile

195

Gln

Asp

Arg

Asp

val
20

Pro

Trp

Gly

Arg

Leu

ASp

180

Leu

Pro

His

Leu

Gly

Arg

val

Ser

val

val

85

Ile

Ser

Gly

Ala

Gly

Ala

Asn

Leu

Pro

Gly

Phe

Leu
Leu
Thr
val
70

Pro
Leu
Tyr
Leu
Pro
150
Trp
Arg
ASp
Leu
Asp
230

G1y

val
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Ala val Asp Leu Tyr Arg Pro Asp Ala
25 30

Leu
G1In
55

ITe
His
Glu

Leu

Trp
ser
Pro

val

Leu

Gly

val

40

Ser

Gln

val

Gln

Gly

Ala

Tyr

Ala

Glu

Ala

200

Arg

Asp

Ala

Glu

Arg

Thr

Asp

Asp

Ala

105

Asp

Ile

Gly

Leu

Asp

185

Gly

Leu

Glu

Thr

Ser
265

AsSn

Asn

Thr

Asp

90

Trp

Thr

Ala

Pro

Ala

Ala

Ile

ser

Pro
250

Pro Tyr Asp

Trp

Arg

75

Glu

Cys

Gln

Pro

Gly

Gly

Ala

Ala

Pro

Trp

Ala

Leu

60

Gly

Ala

Asp

Trp

Ser

140

Gly

Thr

Asp

ser

Trp

220

Gln

Leu

Leu Arg Thr

Pagina 8

45

Glu

Leu

Asp

Gly

Gln

125

Met

Ala

Gly

Phe

val

205

val

ser

ITe

Phe

Lys

Phe

Phe

Ala

Asn

110

Ala

Ala

Leu

Leu

val

190

Thr

Ile

Ile

Thr

val
270

Phe

val

Ala

Glu

95

val

Ala

ser

Ser

Ile

175

Gin

Pro

ASp

Ser

Ala

255

Ala

Asp

ASp

Arg

Ser

80

ASp

Gly

Va1.

Ala

val

160

Thr

Leu

Leu

GlIn

Leu

240

Gly

val

279



»

oty g

Lys

Asn

Asp

Leu

- 290

Tyr

305

His

Leu

Leu

Ala

Thr

385

Ser

Asp

Glu

Leu

val

465

val

Ala

val

Pro
Leu
Phe
Pro
Asn
370
Glu
Leu
Gln
val
Phe

450

Asp

Arg

Gly

Phe

Asn

275

Thr

Ile

Arg

val

Asp

Thr

ser

Gly

Arg

Leu

435

val

val

Met

Glu

Leu

Ala

Gly

Gln

Gly

Met

340

Thr

Ser

Ala

Gly

Pro

420

Thr

Ser

Phe

Arg

Itle

500

Pro

Asp

Arg

Glu

Glu

325

Gly

Ala

Thr

Asp

Thr

405

Ile

Asp

ser

Pro

Tyr

485

Tyr

Gly

Ala
ASn
Ala
310
Thr
Ile
Tyr
Gly
Thr
390
Leu
His
Pro

ser

G1u

His

SEQ_LIST_2nd_Revised_88800730_0078

Arg Leu val val Gly Pro Trp Ser His

Ala

295

Thr

Asp

Asp

Thr

Gly

Tyr

Leu

Asp

val

Ala

455

Gly

Glu

val

Arg

280

Asp

Thr

Ala

Glu

Pro

360

Gly

Leu

Phe

Arg

Glu

440

val

Arg

Thr

Ala

Ile

Arg

Met

Leu

Trp

Phe

Thr

Tyr

His

Asp

val

Asp

Ala

Leu

Ile

505

Met

Lys

His

Ala

330

Arg

Tyr

Leu

ASp

Asn

410

Asp

Thr

Thr

val
490

ASp

Phe
Lys
315
Gly
Asp
Leu
Ser
Pro
395
Gly
val
Gly
ASp
Ala
475

Asin

Met

Gly
300

Ala

val

Glu

Gly

Thr

380

Ala

Asp

Leu

Thr

Phe

460

Leu

Pro

Leu

val Gln val
Pagina 9

285

Ile
Phe
Pro
Thr
Gly
Ser
Asp
Asn
Cys
val
445
Thr
Cys
Thr

Ala

ser

Ala

Phe

Lys

Ile

Pro

Gly

Tyr

430

Ser

Ala

Asp

Leu

Thr

510

Ser

Ala

Asp

val

335

Trp

Gly

Ser

val

Pro

415

Ser

Ala

Lys

Gly

Ile

495

ser

Ser

Ser

Thr.

Arg

Arg

Pro

Ala

Gly

Pro

400

Ala

Thr

Arg

Leu

Ile

480

Glu

Asn

Asn

280



Phe Pro Lys Tyr Asp Arg Asn Ser Asn Thr 1

545

530

515

SEQ_LIST_2nd_Revised_88800730_0078

535

520

Glu GIn Leu Glu Glu Met Cys Thr Ala val Asn
550

555

525’

Pro Glu His Pro ser His Ile val Leu Pro Ile Ile Lys Arg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

565
5
574
PRT
Artificial

Mutant CocE polypeptide

5

Met val Asp Gly Asn
1 5

Arg
Gly
val
Asp
65

Glu
Thr

Met

Ser

145

Asp

Pro

Phe
50

Gly.

Gly

Leu

Phe

Gly

Leu

Gly

val

35

Ala

Tyr

Glu

Ser

Gly

val

Tyr

val
20

Pro
Trp
A]a
Phe
Trp
100
val

Gly

Arg

Arg

val

ser

val

val

85

Ile

ser

Gly

Ala

Tyr

Leu

Leu

Thr

val

70

Pro

Leu

Tyr

Leu

Pro
150

Ser

Ala

Leu

Gln

55

ITe

His

Leu

val
val
val
40

ser
Gln
val
Gln
Gly
A1a

Tyr

Asp

25

Arg

Thr

Asp

Asp

Ala

105

val

Ile

Gly

570

Ser Asn val
10

Leu Tyr Arg
Asn Pro Tyr

Asn Trp Leu
60

Thr Arg Gly
75

Asp Glu Ala
90

Trp Cys Asp
Thr G1n Trp

Ala pPro ser
140

Pro Gly Gly
155
Pagina 10

Met

Pro

Asp

45

Glu

Leu

Asp

Gly

Gln

125

Met

Ala

val

ASp

30

Lys

Phe

Phe

Ala

Asn

110

Ala

Ala

Leu

Pro
15

Ala
Phe
val
Ala
Glu
95

val
Ala

Ser

Ser

y Gly val Ile Ala Arg
540

Arg Ile His Arg Gly

560

Met

Asp

Asp

Arg

Ser

80

Asp

Gly

val

Ala

val

160

28(



Glu
Ser
Ala
Ala
val
225
phe
Trp
Lys
Asn
TYr
305
His
Leu
Leu
Ala
Thr
385

Ser

Ala

Arg

Ala

Glu

210

val

Glu

Tyr

Asp

Leu

290

Pro

Leu

Phe

Pro

Asn

370

Glu

Leu

Leu
Ser
Ite
195
GIn
ASp
Arg
Asp
Asn
275
Thr
Ile
Arg
val
Asp
355
Thr

Ser

Gly
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Leu Gly Trp Ala Ala Leu
165

Asp

180

Leu

Pro

His

Leu

Gly

Ala

Gly

Gln

Gly

Met

340

Thr

ser

Ala

Gly

Ala

Asn

Leu

Pro

Gly

Phe

ASp

Arg

Glu

Glu

325

Gly

Ala

Thr

Asp

Thr

Arg

Asp

Leu

val.

Ala

Asn

Ala

310

Thr

Ile

Tyr

Gly

Thr

390

Leu

Pro

val

Gly

Asn

Leu

Gly

Arg

Ala

295

Thr

Asp

Asp

Thr

Gly

Tyr

Leu

Glu

Ala

200

Arg

Asp

Ala

Glu

lLeu

280

ASp

Thr

Ala

Glu

Pro

360

Gly

Leu

Phe

ASp
185
Gly
Leu
Glu
Thr
Ser
265
val
Arg
Met
Leu
Trp
Phe
Thr
Tyr

His

Ile Gly Thr Gly Leu Ile Thr.

170

Ala

Ala

Ile

Ser

Pro

250

Leu

val

Lys

His

Ala

330

Arg

TYyr

Leu

Asp

Asn

Ala
Ala
Pro
Trp
Ala
Arg
Gly

Phe

Asp
Leu
ser
Pro

395

Gly

Pagina

Asp

Ser

Leu

Thr

PI"Q

Gly

s Ala

val

Glu

Gly

Thr

380

Ala

Asp
11

Phe

val

205

val

ser

Ile

Phe

Trp

Ile

Phe

Pro

Thr

Gly

Ser

Asp

Asn

val

190

Thr

Ile

Ile

Thr

val

270

ser

Ala

Phe

Lys

Asp
350

Ser

Ile

Pro

Gly

175

Gln

Pro

Asp

Ser

Ala

255

Ala

His

Ala

Asp

val

335

Trp

Gly

ser

val

Pro

Leu

Leu

Gln

Leu

240

Gly

val.

ser
Thr
320
Arg
Pro
Ala
Gly
Pro

400

Ala

282



Asp.

Glu
Leu
val
465
val
Ala
val
Phe
Glu
545

Pro

Gln
val
Phe
450
AsSp
Arg
Gly
Phe
Pro
530

Gln

Glu

<210>
<211>
<212>
<213>

<220>
<223>

<400>

6
5
p

Arg

Leu

435

val

val

Met

Glu

Leu

515

Lys

Leu

His

74
RT

Pro
420

Thr

Ser

Phe
Arg
Ile
500
Pro
Tyr

Glu

Pro

405

Ile

Asp

Ser

Pro

Tyr
485

Tyr

Gly

Asp.

Glu

ser
565

Artificial

His

Pro

Ser

Asp

470

Arg

Glu

His

Arg

Met

550

His

SEQ_LIST_2nd_Revised_88800730_0078
410

Asp Arg

val Glu

440

Ala val

Gly Arg

Glu Thr

val Ala

Arg Ile

520

Asn ser
535

Cys Thr

Ile val

Mutant CocE polypeptide

6

Met val Asp Gly Asn Tyr Ser val
1 5

Arg Asp Gly val Arg Leu Ala val
20

Gly Pro val Pro val Leu Leu val
35

40

Asp Asp val Leu Cys

425

val Thr Gly
Asp Thr Asp

Ala Ile Ala
475

Leu val Asn
490

Ile Asp Met
505 '

Met val Gln
Asn Thr Gly

Ala val Asn
555

Leu Pro Ile
570

Ala Ser Asn
10

Asp Leu Tyr
25

Arg Asn Pro

Pagina

Thr
Phe
460
Leu
Pro
Leu
val
Gly
5

Arg

Ile

val
Arg

Tyr

val

445

Thr

Cys

Thr

Ala

ser

525

val

Ile

Lys

Met

Pro

Asp
45

415

Tyr Ser Thr
430

Ser Ala Arg

Ala Lys Leu

Asp Gly Ile
480

Leu ITe Glu
495

Thr Ser Asn
510

‘Ser Ser Asn

Ile Ala Arg
His Arg Gly
5

Arg

val Pro Met
15

Asp Ala Asp
30

Lys pPhe Asp

2%



val

Asp

65

Glu

Thr

Met

ser

Ser

Ala

Ala

val

225

Phe

Trp

Lys

Asn

Phe
50

Gly
Gly
Leu

Phe

Gly

Leu

Ala

Arg

Ala

Glu

210

val

Glu

TYr

Asp

Leu

Ala
Tyr
Glu

Ser

Tyr
Leu
Ser
Ile
195
ASp
Arg
Asp
Asn

275

Thr

Trp
Ala
Phe
Trp
100
val
Gly

Arg

Leu

Pro
His
Leu

Gly
2

Ala’

Gly

ser

val

val

85

Ile

Ser

Gly

Ala

Gly

Ala

Asn

Leu

Pro

Gly

Phe

Asp

Arg

Thr

val

70

Pro

Leu

Tyr

Leu

Pro

150

Trp

Arg

Asp

Leu

Asp

Gly

val

Ala

Asn

SEQ_LIST_2nd_Revised_88800730_0078

Gln ser Thr Asn Trp Leu Glu Phe val
55 60

Ile

His

Glu

Leu

Trp

ser

P_FO

val

Gly

Asn

Leu

Gly

Arg

Ala

GlIn

val

Gln

Gly

Ala

Tyr

Ala

Glu

Ala

200

Arg

ASp

Ala

Glu

Leu

280

Asp

Asp

Asp

Ala

105

val

Ile

Gly

Leu

Asp

Gly

Leu

Glu

Thr

Ser

265

val

Arg

Thr

ASp

S0

Trp

Thr

Ala

Pro

Ile

170

Ala

Ala

Ile

ser

Pro

250

Leu

val

Lys

Arg

75

Glu

Cys

Glu

Pro

Ala

Ala

Pro

Trp

Ala

Arg

Gly

Phe

Pagina

Gly
Ala
ASp
Trp
Ser
140
Gly
Thr
ASp
Ser
Trp
220
Gln
Leu
Thr

Pro

Gly
13

Leu

ASp

Gly

Gln

125

Met

Ala

Gly

Phe

val

205

val

Ser

Ile

Phe

Trp

Ile

Phe

Ala

Asn

110

Ala

Ala

‘Leu

Leu

val

190

Thr

Ile

Ile

Thr

val

270

Ser

Ala

Ala

Glu

95

val

Ala

Ser

ser

Ile

175

GlIn

Pro

Asp

ser

Ala

255

Ala

His

Ala

Arg
Ser
80

Asp
Gly
val
Ala
val
160

Thr

Leu

Leu -

Gln

Leu

240

Gly

val

Ser

Thr

284



Tyr
305
His
Leu
Leu
Ala
Thr
385
Ser
Asp
Glu
teu
val
465
val

Ala

val

290

Pro

Leu

Phe

Pro

Asn

370

Glu

Leu

Gln

val

Phe

450

Asp

Arg

Gly

Phe

Pro
530

Ile

Arg

val

Ser

Gly

Arg

Leu

435

val

val

Met

Glu

Leu

515

Lys

Gln
Gly
Met
340
Thr
Ser
Ala
Gly
Pro
420
Thr
Ser
Phe
Arg
Ile
500

Pro

Tyr

Glu

Glu

325

Ala

Thr

AsSp

Thr

405

Ile

Asp

Ser

Pro

Tyr

485

Tyr

Gly

Asp

Ala

310

Thr

Ile

Tyr

Gly

Thr

390

Leu

His

Pro

Ser

Asp

470

Arg

Glu

His

Arg

SEQ_LIST_2nd_Revised_88800730_0078
295 300

Thr
Asp
ASp
Thr
Gly
375
Tyr
Leu
Asp
val
Ala
455
Gly
Glu
val

Arg

Asn
535

Thr

Ala

Glu

Pro

360

Gly

Leu

Phe

Arg

Glu

440

val

Arg

Thr

Ala

Ile

520

Ser

Met His Lys

Leu

Thr

Tyr

His

Asp

val

Asp

Ala

Leu

Ile

505

Met

Asn

Ala

330

Arg

Tyr

Leu

ASp

Asn

410

Asp

Thr

Thr

Ile

val

490

Asp

val

Thr

315
Gly
Asp
Leu
Ser
Pro
395
Gly
val
Gly
Asp
Ala
475
ASn
Met

Gln

Gly

Pagina

Ala phe phe Asp

val

Glu

Gly

Thr

380

Ala

Asp

Leu

Thr

Phe

460

Leu

Pro

Leu

val

Gly

14

Pro

Thr

Gly

Ser

Asp

Asn

Cys

val

445

Thr

Cys

Thr

Ala

Ser

525

val

Lys

Asp

350

ser

Ile

Pro

Gly

Tyr

430

Ser

Ala

Asp

Leu

Thr

510

ser

Ile

val
335
Trp
Gly
Ser
val
Pro
415
Ser
Ala
Lys
Gly
Ile
495
Ser

Ser

Ala

Arg

Arg

Pro

Ala

Gly

Pro

400

Thr

Arg

Leu

Ile

480

Asn

Asn

Arg

285



Glu GTn Leu Glu Glu Met

545

550

SEQ_LIST_2nd_Revised_88800730_0078

Cys Thr Ala val Asn Arg Ile His Arg Gly

555

Pro Glu His Pro Ser His Ile val Leu Pro Tle

'<210>

<211>
<212>
<213>

'<220>

<223>
<400>

7

5

74

PRT.
Artificial

565

Mutant CocE polypeptide

7

Met val Asp
1

Arg
Gly
val
Asp
65

Glu
Thr

Met

Ser

ser

Asp
Pro
Phe
50

Gly
sly
Leu
Phe
Gly
Leu

Ala

Arg

Gly

val

35

Ala

Tyr

Glu

Ser

Gly

val

Tyr

Leu

Ser

Gly Asn Tyr Ser val
5

val

Pro

Trp

Ala

Phe

Trp

val

Gly

Arg

Leu

Asp

Arg

val

ser

val

val

85

Ile

Ser

Gly

Ala

Leu

Leu

Thr

val

7G

Pro

Leu

Tyr

Leu

Pro

150

Trp

Arg

Ala
Leu
Gln
55

Ile
His
Glu
Leu
Lys
Trp

Ser

Pro

val

val

40

ser

GlIn

val

Gin

Gly

Ala

Tyr

Ala

Glu

Ala

ASp

25

Arg

Thr

Asp

Asp

Ala

105

val

Ile

Gly

Leu

Asp

570

ser Asn
10

Leu Tyr
AsSn Pro
Asn Trp
Thr Arg
75

Asp Glu
90

Trp Cys
Thr G1n
Ala pro
Pro Gly
170

Ala Ala
Pdgina

ITe Lys Arg

val

Arg

Tyr

Leu

60

Gly

Ala

Asp

Trp

Ser

140

Gly

Thr

Asp
15

Met

Pro

Asp

45

Glu

Leu

ASp

Gly

Glin

125

Met

Ala

Gly

Phe

val

Asp

30

Lys

Phe

Phe

Ala

Asn

110

Ala

Ala

Leu

Leu

val

Pro

15

Ala

Phe

val

Ala

Glu

95

val

Ala

Ser

ser

Ite
175

Gln

560

Met

Asp

Asp

Arg

ser

80

Asp

Gly

val

Ala

val

160

Thr

Leu

286



Ala
Ala
Ile
225
Phe
Trp
Lys
Asn
Tyr
305
His
Leu
Leu

Ala

vThr

385

Ser

Asp

Ala

Glu

210

val

Glu

Tyr

Asp

Ile

195

Gln

Asp

Arg

Asp

ASn

275

Leu

290

Pro

Leu

Phe

Pro

Asn

370

Glu

Leu

Gln

Thr

Ile

Arg-

val

Asp

355

Thr

ser

Gly

Arg

180

Leu
Pro
His
Leu
Gly
Ala
Gly
Glin
Gly
Met
340
Thr
ser
Ala
Gly

Pro
420

Asn

Leu

Pro

Gly

Phe

Asp

Arg

Glu

Glu

325

Gly

Ala

Thr

Asp

Thr

405

Ile

SEQ_LIST_2nd_Revised_888007
' 185

Asp val Ala

200

Leu Gly Arg

val

Ala

Asn

Ala

310

Thr

Ile

Tyr

Gly

Thr

390

Leu

His

215

Asn
Leu
Gly
Arg
Ala
295
Thr
Asp
Asp
Thr
Gly
Tyr
Leu

Asp

Asp

Ala

Glu

Leu

280

Asp

Thr

Ala

Glu

Pro

360

Gly

Leu

Phe

Arg

Gly Ala Ala ser

Leu

Glu

Thr

Ser

265

val

Arg

Met

Leu

Thr

TYyr

His

Asp

Ile

Ser

Pro

250

Leu

val

Lys

His

Ala

330

Arg

- Tyr

Leu

Asp

Asn

410

Asp

Pro
Trp

235

Ala

Arg

Gly
Phe
Lys
Gly
Asp
Leu
Ser
Pro
395

Gly

val

Pagina

Trp

220

Gln

Leu

Thr

Pro

Gly

300

Ala

val

Glu

Gly

Thr

380

Ala

Asp

Leu

val
205

val

Ser

Phe

Trp

Ile

Phe

Pro

Thr

Gly

ser

Asp

Asn

Cys

30_0078

190

Thr Pro Leu

ITe

Ile

Thr

val

270

Ser

Ala

Phe

Lys

350

Ser

Ile

Pro

Gly

Tyr
430

Asp

ser

Ala

255

Ala

His

Ala

Asp

val

335

Trp

Gly

ser

val

Pro

415

Ser

Gln

Leu
240

Gly

val

ser

Thr

Arg

Arg

Pro

Ala

Gly

Pro

400

Ala

Thr

289



e

Glu

Leu

val

465

val

Ala

val

Phe

Glu

545

Pro

val

Phe

450

Asp

Arg

Gly

Phe

Pro

530

Gln

Glu

<210>
<211>
<212>
<213>

<220>

<223>

<400>

Leu

435

val

val

Met

Glu.

Leu
515
Lys

Leu

His

8
574
PRT

Thr

Ser

Phe

Arg

Ile

500

Pro

Tyr

Glu

Pro

Asp

Ser

Pro

Tyr

485

Tyr

Gly

Asp

Glu

Ser
565

Artificial

Pro

ser

Asp

470

Arg

Glu

His

Arg

Met

550

His

SEQ_LIST_2nd_Revised_88800730_0078
val Glu val Thr Gly Thr val ser Ala

Ala
455
Gly
Glu
val
Arg
Asn
535

Cys

Ite

440

val

Arg

Thr

Ala

Ile

520

Ser

Thr

val

Mutant CocE polypeptide

8

Met val Asp Gly Asn Tyr ser
1 5

Arg Asp Gly val Arg Leu Ala
. 20

Gly Pro val Pro val Leu Leu
35

val phe Ala Trp ser Thr
50

GlIn
55

'Asp Gly Tyr ala val val Tle

val

val

val

40

Ser

GIn

Asp
Ala
Leu
Ile
505
Met
Asn

Ala

Leu

A]a
Asp
25

Arg

Thr

Asp

Thr Asp
Ile Ala
475
val Asn
490
AsSp Met
val GIn
Thr Gly
val Asn
555

Pro Ile
570

ser Asn
10

Leu Tyr
Asn Pro

Asn Trp

Thr Arg
Pagina

Phe
460
Leu
Pro
Leu
val
Gly
5

Arg

Ile

val
Arg
Tyr
Leu

60

Gly
17

445

Thr

Cys

Thr

Ala

ser

525

val

Lys

Met

Pro

Asp

45

Glu

Leu

Ala
Asp
Leu
Thr
510
Ser
Ile
His

Arg

val

Asp

Lys

Phe

Phe

Lys
Gly
Ile
495
Ser
ser

Ala

Arg

Pro
15

Ala
Phe

val

Ala

Arg

Leu

Ile

480

Glu

Asn

Asn

Arg

Met

Asp

Asp

Arg

Ser

c&8




65

Glu
Thr
Met

Ser

Ser
Ala
Ala
val
225
Phe
Trp
Lys

Asn

Tyr
305

Gly
Leu
Phe
Gly
Lgu
Ala
Arg
Ala
Glu
210
val
Glu

Tyr

Asp

Leu
290

Pro

Glu

ser

Tyr

Leu

ser

Ile

195

Gln

ASp

Arg

Asp

Asn

275

Thr

Phe

Gly
Arg
Leu
ASp
180
Leu
Pro
His
Leu
Gly
2

Ala

Gly

Gln

val
85

Ile
ser
Gly
Ala
Gly
Ala
Asn

Leu

Pro

Asp

Arg

Glu

70

SEQ_LIST_2nd_Revised_88800730_0078
75

Pro His val Asp Asp
: 30

Leu

Tyr

Leu

Pro

150

Trp

Arg

Asp

Leu

Asp

Gly

val

Ala

Asn

Ala
310

Glu

Leu

ser

Pro

val

Gly

Asn

Leu

Gly

Arg

Ala
295

Thr

G1n

Gly

Ala

TYyr

Ala

Glu

Ala

200

Arg

Asp

Ala

Glu

Leu

280

Asp

Thr

Ala
105
val
Ile

Gly

Leu

Leu

Glu

Thr

ser

265

val

Arg

Met

Trp
Thr
Ala
Pro
Ile
170
Ala
Ala
Leu
ser
Pro
250
Leu
val

Lys

His

Glu Ala Asp

Cys

GIn

Pro

Gly

Ala

Ala

Pro

Trp

Ala

Arg

Gly

Phe

Lys
315

Pagina

Asp

Trp

ser

140

Gly

Thr

Asp

Ser

Leu

Thr

Pro

Gly

Ala

18

Gly

Gln

125

Met

Ala

Gly

Phe

val

205

val

Ser

Ile

Phe

Trp

285

Ile

Phe

Ala Glu-

Asn

110

Ala

Ala

Leu

Leu

val

190

Thr

Ile

Ile

Thr

val

270

Ser

Ala

Phe

95

val

Ala

Ser

ser

Ile

175

Gln

Pro

Asp

ser

Ala

255

Ala

His

Ala

Asp

80

Asp

Gly

va1_

Ala

val

160

Thr

Leu

Leu

GIn

Leu

240

Gly

val

ser

Thr

Arg
320

284



His
Leu
Leu
A1a
Thr
385
Ser
Asp
Glu
Leu
val
465
val
Ala
val
Phe
Glu

545

Pro

Leu
Phe
Pro
Asn
370
Glu
Leu
Gln
val
Phe
450

Asp

Arg

Gly

Phe

Pro

530

Gln

Glu

Arg

val

Asp

Thr

Ser

Gly

Arg

Leu

435

val

val

Met

Glu

Leu

515

Lys

Leu

His

Gly

Met

340

Thr

sSer

Ala

Gly

Pro

420

Thr

Ser

Phe

Arg

Ile

500

Pro

Tyr

Glu

Pro

Glu
325

Gly

Ala

Thr

Asp

Thr

405

Ile

Asp

Ser

Pro

TYyr

485

Tyr

Gly

Asp

Glu

ser
565

Thr

Ile

Tyr

Gly

Thr

390

Leu

His

Pro

Sser

Arg

Glu

His

Arg

Met

550

His

SEQ_LIST_2nd_Revised_88800730_0078
Asp Ala Leu Ala Gly val Pro Lys val

Asp

Thr

Gly

375

Tyr

Leu

Asp

val

Ala

Gly

Glu

val

Arg

Asn

535

cys

Ile

Glu

Pro

360

Leu

Phe

Arg

‘Glu

440

val

Arg.

Thr

Ala

Ile

520

Ser

Thr

val

Trp

345

Phe

Thr

Tyr

His

ASp

val

Asp

Ala

Leu

Ile

505

Met

Asn

Ala

Leu

330

Arg

Tyr

Leu

Asp

Ash

410

Asp

Thr

Thr

Ile

val
490

Thr

val

Pro
570

ASp

Leu Gly Gly
365

ser

Pro

395

Gly

val

Gly

ASp

Ala

475

AsSn

Met

Gln

Gly

Asn

555

Ile

Péginé

Glu

Thr
380
Ala
ASD
Leu
Thr
Phe
460
Leu
Pro

Leu

val

Arg

Ile

Thr

ser

ASp

AsSn

Cys

val

445

Thr

Cys

Thr

Ala

Ser

525

val

Ile

Lys

ASp
350
Ser
Ile
Pro
Gly
Tyr
430
ser
Ala
Asp
Leu
Thr
510
Ser
Ile

His

Arg

335

Trp

Gly

Ser

val

Pro

415

ser

Ala

Lys

Gly

Ile

495

Ser

ser

Ala

Arg

Arg

Pro

Ala

Gly

Pro

400

Ala

Thr

Arg

Leu

Ile

480

Asn

Asn

Arg

240



<210>
<211>
<212>
<213>

<220>
<223>

<400>

9
574
PRT

Artificial

SEQ_LIST_2nd_Revised_88800730_0078

Mutant CocE polypeptide

9

Met val Asp
1

. Arg
Gly
val
Asp
65

Glu
Thr

!l} Met

ser

Ser

Ala

Asp

Pro

Phe

50

Gly

Gly

Leu

Phe

Gly

Leu

Ala

Arg

Ala

Gly

val

35

Ala

Tyr

Glu

ser

TYr

Leu

Ser

Ile
195

Gly Asn Tyr ser val
5

val

20

Pro
Trp
Ala
Phe
Trp
val
Gly
Arg
Leu
Asp

180

Leu

Arg

val

ser

val

val

85

Ile

Ser

Gly

Ala

Gly

Ala

Asn

Leu
Leu
Thr
val
70

Pro
Leu
Tyr
Leu
Pro
150
Trp

Arg

Asp

Ala
Leu
Glin
55

ITe
His
Glu
Leu
Lys
135
Trp
ser

Pro

val

val

val

40

Ser

Gln

val

Tyr

Ala

Glu

Ala
200

Ala

Asp

25

Arg

Thr

Asp

Asp

Ala

105

val

Ile

Gly

Leu

ser Asn
10

Leu Tyr
Asnh Pro
Asn Trp
Thr arg

75

Asp Glu
90

Trp Cys
Thr Gln
Ala Pro
Pro Gly
Ile Gly
170

Ala Ala

Ala Ala

Pagina

val

Arg

Tyr

Leu

60

Gly

Ala

ASp

Trp

Ser

140

Gly

Thr

Asp

ser

Met

Pro

Asp

45

Glu

Leu

AsSp

Gly

GlIn

125

Met

Ala

Gly

Phe

val
205

val

Asp

30

Lys

Phe

Phe

Ala

Asn

110

Ala

Ala

Leu

Leu

val

190

Thr

Pro
15

Ala
Phe
val
Ala
Glu
95

val
Ala
Ser
ser
Ile
175

Gln

Pro

Met

Asp

Asp

Arg

Ser

80

Asp

Gly

val

Ala

val

160

Thr

Leu

Leu

24/



Ala

val
225

Phe

Trp

Lys

Asn

TYyr

305

His

Leu

Leu

Ala

Thr

385

ser

Asp

Glu

Leu

Glu

210

val

Glu

Tyr

Asp

Leu

290

Pro

Leu

Phe

Pro

Asn

370

Glu

Leu

Gln

val

Phe
450

Gln

Asp

Arg

Asp

AsSn

275

Thr

Ile

Arg

val

355

Thr

ser

Gly

Arg

Leu

435

val

Pro

His

Leu

Gly

Ala

Gly

Gln

Gly

Met

340

Thr

ser

Ala

Gly

Pro

420

Thr

Ser

Leu

Pro

Gly

Phe

Asp

Arg

Glu

Glu

325

Gly

Ala

Thr

ASp

Thr

405

Ile

Asp

Ser

Leu

ASp

230

Gly

val

Ala

Asn

Asp

310

Thr

Ile

Tyr

Gly

Thr

390

Leu

His

Pro

Ser

SEQ_LIST_2nd_Revised_88800730_0078
Gly Arg Leu Ile Pro Trp val Ile Asp

215

Asn
Leu
sty
Arg
Ala
295
Thr
Asp
Asp
Thr
Gly
Tyr
Leu
Asp

val

Ala
455

Asp

Ala

Glu

Leu

280

Asp

Thr

Ala

Glu

Pro

360

Gly

Leu

Phe

Arg

Glu

440

val

Glu

Thr

Ser

265

val

Arg

Met

Leu

Trp

Phe

Thr

Tyr

His

425

val

AsSp

Ser

Pro

250

Leu

val

Lys

His

Ala

330

Arg

Tyr

Leu

Asp

Asn

410

Asp

Thr

Thr

Trp
235
Ala
Arg
Gly
Phe
Lys
315
Gly
ASp
Leu
ser
Pro
395
Gly
val

Gly

ASp

Pagina

220

Gln

Leu

Thr

Pro

Gly

Ala

val

Glu

Gly

Thr

380

Ala

Asp

Leu

Thr

Phe
460

sSer

Ile

Phe

Trp

Ile

Phe

Pro

Thr

Gly

Ser

Asp

Asn

Cys

val

445

Thr

Ile

Thr

val

270

ser

Ala

Phe

Lys

350

ser

Ile

Pro

Gly

Tyr

430

Ser

Ala

Ser

Ala

255

Ala

His

Ala

Asp

val

335

Trp

Gly

sSer

val

Pro

415

Ser

Ala

Lys

Leu
240
Gly
val

Ser

Thr

Pro

Ala

Gly

Pro

400

Ala

Thr

Arg

Leu

2q2



val

465

val

Ala

val

Phe

Glu

545

Pro

Asp
Arg
Gly
Phe
Pro
530

Gln

Glu

<210>
<211>
<212>
<213>

<220>
<223>

<400>

val

Met

Glu

Leu

515

Lys

Leu

His

10
574
PRT

Arg Tyr Arg

Ile

500

Pro

Tyr

Glu

Pro

485

Tyr

Gly

ASp

Glu

ser
565

Artificial

Glu

His

Arg

Met

550

His

SEQ_LIST_2nd_Revised_88800730_0078

Gly Arg Ala Ile Ala Leu Cys Asp Gly

Glu
Va1
Arg
Asn
535

Cys

Ile

.Thr

Ala

Ile

520

Ser

Thr

val

Mutant CocE polypeptide

10

Met val Asp Gly Asn Tyr Ser
1 5

Arg

Gly

val

Asp

65

Glu

Asp Gly val

20

Pro val Pro
35

Phe Ala Trp
50

Gly Tyr Ala

Gly Glu Phe

Arg
Ya1
Ser
val

val
85

Leu Ala-

Leu

Thr

val

70

Pro

Leu

Gln

55

Ile

His

val

val

val

40

Ser

val

Leu

Ile

505

Met

Asn

Ala

Leu

Ala

Asp

25

Arg

Thr

Asp

Asp

val

490

ASp

val

Thr

val

Pro
570

Ser

10

Asn

Asn

Thr

Asp
90

475

Asn
Met
GIn
Gly
Asn

555

Ile

AsSn
Tyr
Pro
Trp
Arg

75

Glu

Pagina

Pro

Leu

val

Arg

Ile

val

Arg

Tyr

Leu

60

Gly

Ala

Thr

Ala

Ser

525

val

Ile

Lys

Met

Pro

Asp

45

Glu

Leu

Asp

Leu

Thr

510

Ser

Ile

His

Arg

val

ASp

30

Lys

Phe

Phe

Ala

Ile

495

Ser

Ser

Ala

Arg

Pro
15

Ala

-Phe

val

Ala

Glu
95

Ile

480

Glu

Asn

Asn

Arg

Met

ASp

Asp

Arg

Ser

80

Asp

293



Thr
Met

Ser

Ser
Ala
Ala
val
225
Phe
Trp
Lys
Asn
Tyr
305
His

Leu

Leu
Phe
Gly
Leu
Ala
Arg
Ala
Glu
210
val
Glu
Tyr
Asp
Leu
290
Pro

Leu

Phe

ser

Tyr

Leu

Ser

Ile

195

GIn

Asp

Arg

Asp

Asn

- 275

Thr

Ile

Arg

val

Trp
val
Gly
Arg
Leu
180
Leu
Pro
His
Leu
Gly
2

Ala
Gly
GIn
Gly

Met
340

Ile

Ser

Gly

ser

Asn

Leu

Pro

Gly

Phe

Asp

Arg

Glu

Glu

325

Gly

Leu

Tyr

Leu

Pro

150

Trp

Arg

Asp

Leu

Asp

230

Gly

val

Ala

Asn

Ala

310

Thr

Ile

SEQ_LIST_2nd_Revised_88800730_0078
Glu GIn Ala Trp Cys Asp Gly
105

Leu

Ser

Pro

val

Gly

Asn

Leu

Gly

Arg
Ala
295
Thr

ASp

Asp

Gly

120

Ala

Tyr

Ala

Glu

Ala

200

Arg

Asp

Ala

Glu

Leu

280

Asp

Thr

Ala

Glu

val

Ile

Gly

Leu

Leu

Glu

Thr

Ser

265

val

Arg

Met

Leu

345

Thr

Ala

Pro

Ile

170

Ala

Ala

Ile

Ser

Pro

250

Leu

val

Lys

His

Ala

330

Arg

Gln

Pro

Gly

Ala

Ala

Pro

Trp

Ala

Arg

Gly

Phe

Asp

Pagina

Trp

ser

140

Gly

Thr

Asp

ser

Trp

GlIn

Leu

Thr

Pro

Gly

s Ala

val

Glu

23

GIn

125

Met

Ala

Gly

Phe

val

205

val

Ser

Ile

Phe

Trp

Ile

Phe

Pro

Thr

Asn val
110

Ala Ala

Ala ser

Leu Ser

Leu Ile
175

val G1n
190

Thr Pro

Ile Asp

Ile Ser

Thr Ala
255

val Ala
270

ser His

Ala Ala

Phe Asp

Lys val

335

Asp Trp
350

Gly

val

Ala

val

160

Thr

Leu

Leu .

Gln

Leu

240

Gly

val

ser

Thr

Arg

Arg

Pro

229



‘Leu

Ala

Thr
385

Ser

ASp

Glu

Leu

val

465

val

Ala’

Va1
Phe
Glu
545

Pro

Pro
Asn
370
Glu
Leu
Gln
val
Phe
450
AsSp
Arg
Gly
Phe
Pro
530

GlIn

Glu

<210>
<211>
<212>
<213>

<220>

Asp

355

Thr

Ser

Gly

Arg

Leu

435

val

val

Met

Glu

Leu

515

Lys

Leu

His

11
574
PRT

Thr

Ser

Ala

Gly

Pro

420

Thr

Ser

Phe

Arg

Ile

500

Pro

Tyr

Glu

Pro

Ala

Thr

Asp

Thr

405

Ile

Asp

Ser

Pro

Tyr

Tyr

Gly

ASp

Glu

Ser
565

Artificial

Tyr

Gly

Thr

390

Leu

His

Pro

Ser

Arg

Glu

His

Arg

Met

550

His

SEQ_LIST_2nd_Revised_88800730_0078

Thr Pro pPhe T

Gly

375

Tyr

Leu

Asp

val

Ala

455

Gly

Glu

val

Arg

Asn

535

Cys

Ile

360

Gly

Leu

Phe

Arg

Glu

440

val

Arg

Thr

Ala

.ITe

520

Ser

Thr

val

Thr

Tyr

His

ASp

val

ASp

Ala

Leu

Ile

505

Met

Asn

Ala

Leu

Leu

Asp

Asn

410

Asp

Thr

Thr

Ile

val

490

Asp

val

Thr

val

Pro
570

ser

Pro
395

Gly

val

Gly
Asp
Ala
475
Asn
Met
Gln
Gly
ASn
555

Ile

Pagina

Thr

380

Ala

Asp

Leu

Thr

Phe

460

Leu

Pro

Leu

val

Arg

Ile

24

Ser

Asp

Asn

Cys

val

445

Thr

Cys

Thr

Ala

Ser

525

val

Ile

Lys

Ile

Pro

Gly

Tyr

430

Ser

Ala

Asp

Leu

Thr

510

Ser

Ile

His

Arg

Ser
val
Pro
415
ser
Ala
Lys
Gly
Ile
495
Ser
Ser

Ala

Arg

yr Leu Gly Gly sSer Gly Ala
365

Gly

Pro

400

Ala

Thr

Arg

Leu

Ile

480

Asn

Asn

Arg

Gly

295



<223>

<400>

Arg

Gly
val
Asp
65

Glu

Thr

" Met

Ser

Ser

- Ala

Ala

val
225

Asp

Pro

Phe

30

Gly

Gly

Leu

Phe

Gly

Leu

Ala

Arg

Ala

Glu

210

val

Met val Asp
1

Gly

val

35

Ala

TYr

Glu

Ser

Gly

val

Tyr

Leu

Ser

Ile

195

GIn

AsSp

Gly Asn Tyr
5

val

20

Pro

Trp

Ala

Phe

Trp

val

Gly

Arg

Leu

Pro

His

Arg

val

ser

val

val

85

Ile

ser

Gly

Ala

Gly

Ala

AsSn

Leu

Pro

Leu

Leu

Thr

val

70

Pro

Leu

Tyr

Leu

Pro

150

Trp

Arg

ASp

Leu

Asp
230

SEQ_LIST_2nd_Revised_88800730_0078

Ser

Ala

Leu

Gln

Ile

His

Glu

Leu

Lys

Trp

ser

Pro

val

215

Asn

Mutant CockE polypeptide
11

val

val

val

40

Ser

Gln

val
GIn
Gly
Ala
Tyr
Ala
Glu
Ala
200
Afg

Asp

Ala

Asp

25

Arg

Thr

Asp

Asp

Ala

105

val

Ile

Gly

Leu

Leu

Glu

ser Asn
10

Leu Tyr
Asn Pro
Asn Trp
Thr Arg

75

Asp Glu
90

Trp Cys
Thr G1In
Ala Pro
Pro Gly
Ile Gly
170

Ala Ala
Ala Ala

Ile pPro

ser Trp

Pagina

val

Arg

Tyr

Leu

60

Gly

Ala

Asp

Trp

Ser

140

Gly

Thr

Asp

Ser

Trp

Gln

25

Met

Pro

Asp

45

Glu

Leu

ASp

Gly

Gln

125

Met

Ala

Gly

Phe

val

205

val

ser

val

Asp

30

Lys

Phe

Phe

Ala

Asn

110

Ala

Ala

Leu

Leu

val

190

Thr

Ile

Ile

Pro

15

Ala

Phe

val

Ala

Glu

95

val

Ala

ser

Ala

Ile

175

Glin

Pro

Asp

ser

Met

Asp

Asp

Arg

ser

80

Asp

Gly

val

Ala

val

160

Thr

Leu

Leu

GIn

Leu -

240

296



Phe
Trp
Lys

"'l Asn

Tyr
305
His
LLeu
Leu
Ala
Thr
‘ 385
Ser
ASp
Glu
Leu
¢ val

465

val

e e

Glu
Tyr
Asp
Leu
290
Pro
Leu
Phe
Pro
Asn
370
Glu
Leu
Gln
val
Phe
450

Asp

Arg

Arg

ASp

Asn

275

Thr

Ile

Arg

val

sSer

Gly

Arg

Leu

435

val

val

Met

Leu

Gly

260

Ala

Gly

GIn

Gly

Met

340

Thr

ser

Ala

Gly

Pro

420

Thr

ser

Phe

Arg

Asp

Arg

Glu

Glu

325

Gly

Ala

Thr

Asp

Thr

405

Ile

Asp

Ser

Pro

Tyr
485

SEQ_LIST_2nd_Revised_88800730_0078

Gly Leu Ala Thr-pPro Ala Leu Ile Thr Ala

val Gly
Ala Arg

Asn Ala
295

Ala Thr
310

Thr Asp

N

Ite Asp
Tyr Thr

Gly Gly
375

Thr Tyr
390

Leu Leu
His Asp
Pro val

Ser Ala
455

Asp Gly
470

Arg Glu

Glu

Leu

280

Asp

Thr

Ala

Glu

Pro

360

Gly

Leu

Phe
Arg
Glu
440
val

Arg

Thr

ser

265

val

Arg

Met

Leu

Trp

Phe

Thr

Tyr

His

Asp

val

Asp

Ala

Leu

250

Leu

val

Lys

His

Ala

330

Arg

Tyr

Thr

Thr

Ile

val
490

Arg

Gly

Phe

Lys

Gly

Asp

Leu

I ser

Pro
395
G]y
val
Gly
Asp
Ala
475

ASnh

Pagina

Thr
Pro
Gly
Ala
val
Glu
Gly
Thr
380
Ala
Asp
Leu
Thr
Phe
460
Leu

Pro

26

Phe

Phe

Pro

Thr

Gly

ser

Asp

Asn

Cys

val

445

Thr

Cys

Thr

val

270

Ser

Ala

Phe

Lys

Asp

ser

Ile

Pro

Gly

Tyr

430

ser

Ala

Asp

Leu

255

Ala

His

Ala

Asp

val

335

Trp

Gly

Ser

val

Pro

415

Ser

Ala

Lys

Gly

Ile
495

Gly -

val

Ser

Thr

Arg

Pro

Ala

Gly

Pro

400

Ala

Thr

Arg

Leu

Ile

480

Glu

29}



Ala Gly
val phe

Phe Pro
530

_i!lp Glu GIn

545

Pro Glu

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Glu

Leu
515

Lys

Leu

His

12
574
PRT

Ile
500

Tyr

Glu

Pro Gly His

Tyr

Glu

Pro

Asp

Glu

ser
565

Artificial

Arg

SEQ_LIST_2nd_Revised_83800730_0078

val Ala

Arg Ile
520

Asn Ser
535

Cys Thr

Ile val

Mutant CocE polypeptide

12

Met val Asp Gly Asn
1 5

Arg Asp
I Gly

val phe
50

Pro

Asp Gly
65
Glu Gly

Thr Leu

Met Phe

Gly

val

35

Ala

Tyr

Glu

Ser

Gly

val

20

Pro

Trp

Ala

Phe

Trp

100

val

Arg

val

ser

val

val

85

Ile

Ser

Tyr

Leu

Leu

Thr

val

70

Pro

Leu

Tyr

Ser val
Ala val
Leu val
40
Gin Ser
55
Ile G1n
His val

G1u.G1n

Leu Gly

Ile Asp Met Leu Ala Thr ser

505

Met

Asn

Ala

Leu

Ala

Asp

25

Arg

Thr

ASp

Asp

Ala

105

val

val GTn
Thr Gly

val Asn
555

Pro Ile
570

ser Asn
10

Leu Tyr
Asn Pro
Asn Trp

Thr Arg
75

Asp Glu
90

Trp Cys

Thr G1n

Pagina

val
Gly
5

Arg

Ile

val
Arg
Tyr
Leu
60

Gly
Ala

Asp

Trp

ser
525
val

Ile

Lys

Met

Pro

AsSp

45

Glu

Leu

Asp

Gly

Gln
125

510

ser

Ile

His

Arg

val

Asp

30

Lys

Phe

Phe

Ala

Asn

110

Ala

Ser

Ala

Arg

Pro

15

Ala

Phe

val

Ala

Glu

95

val

Ala

Asn

Asn

Arg

Met

Asp

Asp

Arg

ser

80

Asp

Gly

val

248



sSer

‘l'! Ser’

Ala
' Ala
val
225
Phe
Trp
Lys
Asn
Tyr
305
His
Leu

Leu

Ala

Leu

Ala

Arg

Ala

Glu

210

val

Glu

Tyr

Asp,

Leu
290
Pro
Leu
Phe
Pro

Asn
370

val

Tyr

Leu

ser

Ile

195

Gln

ASp

Arg

Asp

Asn

275

Thr

Ile

Arg

val

Asp

355

Thr

Gly

Arg

Leu

Asp

Leu

Pro

His

Leu

Gly

Ala

Gly

Gln

Gly

Met

340

Thr

Ser

Gly

Ala

Gly

Ala

Asn

Leu

Pro

Gly

Phe

Asp

Arg

Glu

Glu

325

Gly

Ala

Thr

SEQ_LIST_2nd_Revised_88800730_0078

Leu Lys Ala Ile Ala Pro Ser met Ala Ser

Pro

150

Trp

Arg

Asp

Leu

Asp

230

Gly

val

Ala

Asn

Ala

310

Thr

Ile

Tyr

Gly

135

Trp

Ser

Pro

val

Gly

Asn

Leu

Gly

Arg

Ala

295

Thr

Asp

ASp

Thr

Gly

Tyr

Ala

Glu

Ala

200

Arg

Asp

Ala

Glu

leu

280

Asp

Thr

Ala

Glu

Pro

360

Gly

Gly

Leu

Asp

185

Gly

Leu

Glu

Thr

Ala

265

val

Arg

Met

Leu

Thr

Pro
Ile
170
Ala
Ala
Ile
ser
Pro
250
Leu
val
Lys
His
Ala
330
Arg

Tyr

Leu

Gly

155

Gly

Ala

Ala

Pro

Trp

235

Ala

Arg

Gly

Phe

Asp

Leu

Ser

Pagina

140

Gly

Thr

Asp

Ser

Trp

Gln

Leu

Thr

Pro

Gly

300

Ala

val

Glu

Gly

Thr
380

28

Ala

Gly

Phe

val

205

val

Ser

Ite

Phe

Trp

Ile

Phe

Pro

Thr

Gly

ser

Leu

Leu

val

190

Thr

ITe

Ile

Thr

val

270

Ser

Ala

Phe

Lys

Asp

Ser

Ile

Ser

Ite

175

Gln

Pro

Asp

ser

Ala

255

Ala

His

Ala

Asp

val

335

Trp

Gly

Ser

Ala

val

160

Thr

Leu

Leu

Leu
240

Gly

val

ser

Thr

Arg

Arg

Pro

Ala

Gly

299



Thr

385

Ser

Asp

Glu

Leu

val

465

val

Ala

val

Phe

Glu

545

Pro

Glu

Leu

Gln

val

Phe

450

Asp

Arg

Gly

Phe

Pro

530

Gln

Glu

<210>
<211>
<212>
<213>

<220>
<223>

<400>

L

Ser

Gly

Arg

Leu

435

val

val

Met

Glu

Leu

515

Lys

Leu

His

13
574
PRT

Ala

Gly

Pro

420

Thr

Ser

Phe

Arg

Ile

500

Pro

TYyr

Glu

Pro

ASp

Thrv

405

Ile
Asp
ser
Pro
Tyr
485
Tyr
Gly
Asp
Glu

Ser
565

Artificial

Thr

390

Leu

His

Pro

Ser

Asp

470

Arg

Glu

His

Arg

Met

550

His

SEQ_LIST_2nd_Revised_88800730_0078

Tyr Leu Tyr Asp Pro Ala Asp Pro val
395

Leu

AsSp

val

Ala

455

Gly

Glu

val

Arg

Asn

535

Cys

Ile

Phe

Arg

Glu

His

440

val

Arg

Thr

Ala

Ile

520

ser

Thr

val

Mutant CocE polypeptide

13

Met val Asp Gly Asn
i 5

ASp

Ala

Leu

Tle

505

Met

Asn

Ala

Leu

Asn
410
Asp
Thr
Thr
Ile
val
490
Asp
val
Thr

val

Pro
570

Gly

val

Gly

Asp

Ala

475

Asn

Met

Gln

Gly

Asn

555

Ile

ASp

Leu

Thr

Phe

460

Leu

Pro

Leu

val

Arg

Ile

Pagina 29

Asn

Ccys

val

445

Thr

Cys

Thr

Ala

Ser

525

val

Ile

Lys

Gly

TYyr

430

Ser

Ala

Asp

Leu

Thr

510

ser

Ile

His

Arg

Tyr Ser val Ala Ser Asn val Met val

Pro

415

Ser

Ala

Lys

Gly

Ile

495

Ser

Ser

Ala

Arg

Pro
15

Pro

400

Ala

Thr

Arg

Leu

Ile

480

Glu

Asn

Asn

Arg

Gly
560

Met

200



Arg
Gly
val
Asp
65

Glu
Thr

Met

Ser

ser
Afa
Ala
vatl
225

Phe

Trp

AsSp
Pro
Phe
50

Gly
Gly

Leu

Phe

Ala
Arg
Ala
Glu
210
val

Glu

Tyr

Gly

val

35

Ala

Tyr

Glu

ser

Tyr

Leu

ser

Ile

195

GlIn

Asp

Arg

Asp

val

20

Pro

Trp

Ala

Phe

Gly

Arg

Leu

Asp

180

Leu

Pro

His

Leu

Gly

Arg

val

ser

val

val

85

Ile

Ser

Gly

Ala

Gly

Ala

Asn

Leu

Pro

Gly

Phe

Leu

Leu

Thr

val

70

Pro

Leu

Tyr

Leu

Pro

150

Trp

Arg

Asp

Leu

Asp

Gly

val

SEQ_LIST_2nd_Revised_88800730_0078

Ala val Asp Leu Tyr Arg Pro Asp Ala
25 30

Leu

Gln

55

Ile

His

Glu

lLeu

ser

Pro

val

Gly

Asn

Leu

Gly

val

40

Gly

Gln

val

GlIn

Gly

Ala

Tyr

Ala

Glu

Ala

200

Arg

Asp

Ala

Glu

Arg

Thr

ASp

Asp

Ala

val

Ile

Gly

Leu

185

Gly

Leu

Glu

Thr

AsSn

AsSn

Thr

ASp

90

Trp
Thr
Ala
Pro
Ile
170
Ala
Ala
Ile

Ser

Pro

250

Ser
265

Leu

Prro

Trp

Arg

Glu

Cys

Glin

Pro

Gly

Gly

Ala

Ala

Pro

Trp

Ala

Arg

Pagina

Tyr

Leu

60

Gly

Ala

Asp

Trp

Ser

140

Gly

Thr

Asp

ser

Trp

Gln

Leu

Thr

Asp
45

Glu
Leu
Asp
Gly
Gln
125
Met
Ala
Gly
Phe
val
205
val
ser

Ile

Phe

Lys

Phe

Phe

Ala

Asn

110

Ala

Ala

Leu

Leu

val

190

Thr

Ile

Ile

Thr

val
270

Phe

val

Ala

Glu

95

val

Ala

Ser

ser

Ile

175,

Gln

Pro

ASp

Ser

Ala

255

Ala

Asp

AsSp

Arg

ser

80

Asp

Gly

val

Ala

val

160 -

Thr

Leu

Leu

GIn

Leu

240

Gly

val

20l



Lys
Asnh
Tyr
305
His
Leu
Leu
Ala
Thr
385
Ser
Asp
Glu
Leu
val
465
val

Ala

val

ASp
Leu
290
Pro
Leu
Phe
Pro
Asn
370
Glu
Leu
Gln
val
Phe
450
Asp
Arg

Gly

Phe

Asn

275

Thr

Ile

Arg

val

Asp

Thr

ser

Gly

Arg

Leu

435

val

val

Met

Glu

Leu

Ala

Gly

Gln

Gly

Met

340

Thr

sSer

Ala

Gly

Pro

ASp
Arg
Glu
Glu
325
Gly
Ala
Thr
Asp
Thr

405

Ile

420 -

Thr

Ser

Phe

Arg

Ile

500

Pro

Asp

ser

Pro

Tyr

485

Tyr

Gly

Ala

Asn

Thr

Ile

TyYr

Gly

Thr

390

Leu

His

Pro

Ser

Asp

470

Arg

Glu

His

SEQ_LIST_2nd_Revised_88800730_0078

Arg Leu val val Gly Pro Trp Ser His

Ala
295
Thr
Asp
Asp
Thr
Gly
375
Tyr
Leu
ASp
val
Ala
455
Gly
Glu

val

Arg

280

Asp

Thr

Ala

Glu

Pro

360

Gly

Leu

Phe

Arg

Glu

440

val

‘Arg

Thr

Ala

Ile

Arg

Met

Leu

Thr

Tyr

His

ASp

Ala

Leu

Ile

505

Met

Lys
His
Ala
330
Arg
TYyr
Leu
Asp
Asn
410
Asp
Thr
Thr
Ile
val
490

ASp

val

Phe

Leu

Ser

Pro

395

Gly

val

Gly

ASp

Ala

475

Asn

Met

Gln

Pagina

Gly
300
Ala
val
Glu
Gly
Thr
380
Ala
ASp
Leu
Thr
Phe
460
Leu
Pro

Leu

val
31

285

Ile

Phe

Pro

Thr

Gly

ser

Asp

Asn

Cys

val

445

Thr

Cys

Thr

Ala

Ser

Ala

Phe

Lys

350

Ser

Ile

Pro

Gly

TYyr

430

ser

Ala

ASp

Leu

Thr

510

ser

Ala

Asp

val

335

Trp

Gly

Ser

val

Pro

415

Ser

Ala

Lys

Gly

Ile

495

Ser

ser

Ser

Thr

Arg

Arg

Pro

Ala

Gly

Pro

400

Thr

Arg

Leu

Ile

480

Glu

Asn

AsSn

362



515

SEQ_LIST_2nd_Revised

520

Phe Pro Lys Tyr Asp Arg Asn Ser Asn Thr Gly

545

530

535

Glu GTn Leu Glu Glu Met Cys Thr Ala val Asn
550

555

Pro Glu His Pro ser His Ile val Leu Pro Ile

<210>
<211>
<212>
<213>

<220>
<223>

<400>

14
574
PRT

565

Artificial

Mutant CockE polypeptide

14

Met val Asp Gly Asn Tyr Ser
1 5

Arg

“Gly

~val

Asp
65

Glu
Thr

Met

Ser

Asp

Pro

Phe

50

Gly

G]y'

Leu

Phe

Gly
val
35

Ala
Tyr
Glu
Ser
Gly

val

Tyr

val

20

Pro

Trp

Ala

Phe

100

val

Gly

Arg

Arg Leu

val Leu

Ser Thr

val val

70

val Pro

85

Ile Leu

ser Tyr

Gly Leu

Ala Pro
150

Ala

Leu

Gln

55

Ile

His

Glu

Leu

val

‘val

val

40

sSer

Gln

val

Gln

Gly

Ala

Tyr

Ala

Asp’

25

Arg

Thr

Asp

Asp

Ala

105

val

ITe

Gly

570

ser Asn
10

Leu Tyr
Asn Pro
Asn Trp
Thr Arg

75

Asp Glu
90

Trp Cys
Thr Gln

Ala Pro

Pro Gly.
155

Pagina

540

Arg

_88800730_0078
525

Gly val Ile Ala Arg
4

Ile His Arg Gly

Ile Lys Arg

val

Arg

Tyr

Leu

60

Gly

Ala

Asp

Trp

Ser

140

Gly

Met

Pro

Asp

45

Glu

Leu

Asp

Gly

GIn

125

Met

Ala

val

Asp

30

Lys

Phe

Phe

Ala

Asn

110

Ala

Ala

Leu

560

Pro Met
15

Ala Asp

Phe Asp

val Arg

Ala Ser

80

Glu Asp
95

val Gly
Ala val

Ser Ala

Ser val
160

303



Glu

Ser

“Ala

Ala

val

225

Phe

Trp

Lys

Asn

Leu

Leu

Ala

Ala
Arg
Ala
Glu
210
val
Glu
Tyr
Asp
Leu
290
Pro
Leu
Phe

Pro

Asn

370

Thr
385

ser

Glu

Leu

Leu
Ser
Ile
195
Gln
Asp
Arg
Asp
Asn
275
Thr
Ile
Arg
val
ASp
355
Thr

Ser

Gly

Leu

ASp

Leu

Pro

His

Leu

Gly

Ala

Gly.

Gln

Gly

Met

340

Thr

Ser

Ala

Gly

Asn

Leu

Pro

Asp

Arg

Glu

Glu

325

Gly

Ala

Thr

Asp

Thr

Trp

Arg

Asp

Leu

Asp

.G1y

val

Ala

Asn

Ala

310

Thr

Ile

Tyr

Gly

Thr

390

Leu

SEQ_LIST_2nd_Revised_88800730_0078

Ser Ala Leu Ile Gly Thr Gly Leu Ile

Pro

val

Leu

Gly

Arg

Ala

295

Thr

Asp

Asp

Thr

Gly

Tyr

Leu

Glu

Ala

200

Arg

Asp

Ala

Glu

Leu

280

Asp

Thr

Ala

_G1u

Pro
360
Gly

Leu

Phe

Asp

185

Gly

Leu

Glu

Thr

ser

265

val

Arg

Met

Leu

Trp

Phe

Thr

Tyr

His

170

Ala

Ala

Ser

Pro
250

Leu

val

Lys

His

Ala

330

Arg

Tyr

Leu

Asp

Asn

Ala
Ala

Pro

Arg
Gly

Phe

ASp
Leu
ser
Pro

395

Gly

Pagina

Asp

ser

Ala

220

Glin

Leu

Thr

Pro

Gly

. Ala

val

Glu

Gly

Thr

380

Ala

Asp
33

Phe

val

205

val

Ser

Ile

Phe

Trp

Ile

Phe

Pro

Thr

ASp

Asn

val
190

Thr

Ile

Thr

val

270

sSer

Ala

Phe

Lys

Asp

350

ser

Ile

Pro

Gly

175

Gln

Pro

Asp

Ser

Ala

255

Ala

His

Ala

ASp

val

335

Trp

Gly

Ser

val

Pro

Thr

Leu -

Leu .

Gln
Leu
240
Gly
val
ser
Thr
Arg
3

Arg
Pro
Ala

Gly

Pro
400

304



AsSp
b1u
Leu
val
465
val
Ala
Va1
Phe
Glu

545

Pro

GIn

val

Phe

450

Asp

Arg

Gly

Phe

Pro
530

C]n

Glu

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Arg

Leu

435

val

val

Met

Glu

Leu

515

Lys

Leu

His

15
574
PRT

Pro

420

Thr

Ser

Phe

Arg

Ile

500

Pro

Tyr

Glu

Pro

405

Ile

Asp

ser

Pro

Tyr

485

TYyr

Gly

Asp

Glu

Ser
565

Artificial

His

Pro

Ser

Glu

His

Arg

Met

550

His

SEQ_LIST_2nd_Revised_88800730_0
410

Asp Arg Asp

val

Ala

455

Gly

Glu

val

Arg

Asn

535

cys

Ile

Glu

440

val

Arg

Thr

Ala

AI1e
520

Ser

Thr

val

Mutant CockE polypeptide

15

Met val Asp Gly Asn Tyr Ser val
1 5

Arg Asp Gly val Arg Leu Ala val
20

Gly pPro val Pro val Leu Leu val
35

40

425

val
ASp
Ala
Leu
Ile
505
Met
Asn

Ala

Leu

Ala
Asp
25

Arg

078
415

Asp val Leu Cys Tyr ser Thr
430

Thr Gly

Thr Asp

Ile Ala
475

val Aasn

490

AsSp Met
val Gln
Thr Gly

val Asn
555

Pro Ile
570

ser Asn
10

Leu Tyr

Asn Pro

Pagina

Thr val Ser
445

Phe Thr Ala
460

Leu Cys Asp
Pro Thr Leu

Leu Ala Thr
510

val ser ser
525

Gly val Ile
540

Arg Ile His

Ile Lys Arg

val Met val

Arg Pro Asp
30

Tyr Asp Lys
45

Ala Arg
Lys Leu
Gly 1le
480
Ile Glu
495
Ser Asn
ser Asn

Ala Arg

Arg Gly
560

Pro Met
15

Ala Asp

Phe Asp



val

Asp

65

Glu

Thr

Met

Ser

Ser

Ala

Ala

val
225
Ehe
Trp

Lys

Asn

Phe

50

Gly

Gly

Leu

Phe

Gly

Leu

Ala

Arg

Ala

Glu

210

val

Glu

Tyr

Asp

Leu

Ala

Tyr

Glu

Ser

Gly

val

Tyr

Leu

ser

Ile

195

Gln

Asp

Arg

ASp

AsSn

275

Thr

Trp
Ala

Phe

Gly
Arg

Leu

Pro
His
Leu
Gly
2

Ala

Gly

ser

val

val

85

Ile

Ser

Gly

Ala

Gly

Ala

Asn

Leu

Pro

Gly

Phe

Asp

Arg

Thr

val

70

Pro

Leu

Tyr

Leu

Pro

150

Trp

Arg

Asp

Leu

Asp

230

Gly

val

Ala

Asn

SEQ_LIST_2nd_Revised_88800730_0078

55
Ile
His
Glu
Leu
Lys
135
Trp
ser

Pro

val

Leu
Gly
Arg

Ala

GIn

val
Gln
Gly
Ala
Tyr
Ala
Glu
Ala
200
Arg
ASp
Ala
Glu
Leu

280

Asp

Asp
Asp
Ala
105
val
Ile

Gly

Leu

Leu
Glu
Thr
Se‘r
265

val

Arg

Thr
ASp
90

Trp
Ala
Ala
Pro
Ile
170
Ala
Ala
Ile
ser
Pro
250
Leu

val

Lys

Arg
75

Glu
Cys

Glin

Pro

Gly
Ala
Ala
Pro
Trp
Ala
Afg
Gly

Phe

Pagina

Gly

Ala

ASp

Trp

Ser

140

Gly

Thr

Asp

ser

Trp

Gln

Leu

Thr

Pro

Gly
35

Leu

ASp

Gly

GlIn

125

Met

Ala

Gly

Phe

val

205

val

Ser

Ite

Phe

Trp

Ile

Phe

Ala

AsSn

110

Ala

Ala

Leu

Leu

val

190

Thr

Ile

Ile

Thr

val

270

ser

Ala

GIn Ser Thr Asn Trp Leu Glu Phe val
60

Ala

Glu

95

val

Ala

ser

Ser

Ile

175

Gln

Pro

Asp

ser

Ala

255

Ala

His

Ala

Arg

Ser

80

Asp

Gly

val

Ala

val

160

Thr

Leu

Leu

Gln

Leu -

240

Gly

val-

ser

Thr

306



Tyr
305
His
Leu
Leu

Ala

Thr
385

" Ser

Asp
Glu
Leu
val
465
val
Ala

val

Phe

290

Pro
Leu
Phe
Pro
Asn
370
Glu
Leu
Gln
val
Phe
450
Asp
Arg
Gly

Phe

Pro
530

Ile

Arg

val

Asp

Thr

Ser

Gly

Arg

Leu

435

val

val

Met

Glu

Leu

515

Lys

Gln

Gly

Met

340

Thr

ser

Ala

Gly

Pro

420

Thr

Ser

Phe

Arg

Ile

500

Pro

Tyr

Glu

Glu

325

Gly

Ala

Thr

ASp

Thr

405

Ile

Asp

Ser

Pro

TYr

485

Tyr

Gly

Asp

Ala

310

Thr

Ile

Tyr

Gly

Thr

390

Leu

His

Pro

Ser

Asp

470

Arg

Glu

His

Arg

SEQ_LIST_2nd_Revised_88800730_0078
295 300

Thr Thr met His Lys Ala phe Phe Asp é;g

Asp

Asp

Thr

Gly

Tyr
Leu
ASp
val
Ala
455
Gly
Glu
val

Arg

Asn
535

Ala
Glu
Pro
360

Gly

Leu

Phe

Arg

Glu

440

val

Arg

Thr

Ala

Ile

520

Ser

Leu

Thr

Tyr

His

Asp‘

val

Asp

Ala

Leu

Ile

505

Met

Asn

Ala
330

Arg

Asn

410

Asp

Thr

Thr

Ile

val

490

Asp

val

Thr

315

Gly

Asp

Leu

Ser

Pro

395

Gly

val

Gly

Asp

Ala

475

Asn

Met

Gln

Gly

Pagina

val

Glu

Gly

Thr

380

Ala

ASp

Leu

Thr

Phe

460

Leu

Pro

Leu

val

Gly

36

Pro

Thr

Gly

ser

Asp

Asn

Cys

val

445

Thr

Cys

Thr

Ala

Ser

525

val

Lys

350

Ser

Ile

Pro

Gly

Tyr

430

Ser

Ala

Asp

Leu

Thr

510

ser

Ile

val

335

Trp

Gly

ser

val

Pro

415

ser

Ala

Lys

Gly

Ile

495

Ser

ser

Ala

Arg

Pro

Ala

Gly

Pro

400

Ala

Thr

Arg

Leu

Ile

480

Glu

Asn

Asn

Arg

20y



Glu GIn Leu Glu Glu Met

545

Pro Glu His Pro Ser His Ile val Leu Pro Il

550

SEQ_LIST_2nd_Revised_88800730_0078

Cys Thr Ala val Asn Arg Ile His Arg Gly

Mutant CocE polypeptide

565
<210> 16
<211> 574
<212> PRT
<213> Artificial
<220>
<223>
<400> 16

Met val Asp Gly Asn
1 5

Arg

Gly

val

Asp

65

Glu

Thr

Met

Ser

Ser

T

Asp

Pro

Phe
50

Gly

Gly

Leu

Phe

Gly

Leu

Ala

Arg

Gly

val

35

Ala

Tyr

Glu

Ser

Tyr

Leu

Ser

val
20

Pro
Trp
Ala
Phe
Trp
val
Gly
Arg

Leu

Asp

Arg

val

ser

val

val

85

Ile

ser

Gly

Ala

Tyr Ser val

Leu

Leu

Thr

val

70

Pro

Leu

Tyr

Leu

Pro

150

Trp

Arg

Ala

Leu

Gln

55

ITe

His

Glu

Leu

Lys

135

Trp

Ser

Pro

val
val
40

Ser
Gln

val

.G1n

Tyr

Ala

Glu

Ala
Asp
25

Arg
Thr
Asp
Asp
Ala
105
val
Ile
Gly

Leu

ASp

555

570

Ser Asn
10 '

Leu Tyr
ASn Pro
Asn Trp

Thr Arg
75

Asp Glu
90

Trp Cys
Thr GIn
Ala Pro

Pro Gly
155

Ile Gly
170

Ala Ala
Pagina

val

Arg

Tyr

Leu

60

Ala

Asp

Trp

Ala

140

Gly

Thr

ASp
37

Met

Pro

Asp

45

Glu

Leu

Asp

Gly

Gln

125

Met

Ala

Gly

Phe

e Ile Lys Arg

ya1
ASp
30

Lys
Phe
Phe
Ala
Asn
110
Ala
Ala
Leu

Leu

val

Pro

15

Ala

Phe

val

Ala

Glu

95

val

Ala

Ser

Ser

Ile

175

Gln

560

Met

Asp

Asp

Arg

sSer

80

Asp

Gly

val

Ala

val

160

Thr

Leu

, 308



Ala
Ala
val
225
Phe
Trp
Lys
Asn
TYP
305
His
lLeu
Leu
Ala
Thr
385

ser

Asp

Ala
Glu
210
val
Glu
Tyr
ASp
L.eu
290
Pro
Leu
Phe
Pro
ASn
370
Glu
Leu

Gln

Ile

195

Gln

ASp

Arg

Asp

Asn

275

Thr

Ile

Arg

val

Asp

Thr

Ser

Gly

Arg

180

Leu.

Pro
His
Leu
Gly
2

Ala
Gly
GIn
Gly
Met
340
Thr
ser
Ala

Gly

Pro
420

Asn

Leu

Pro

Asp

Arg

Glu

Glu

325

Gly

Ala

Thr

Asp

Thr

405

Ile

Asp

Leu

Asp

230

Gly

val

Ala

Asn

Ala

310

Thr

Ile

Tyr

Gly

Thr

390

Leu

His

SEQ_LIST_2nd_Revised_88800730_0078

185

val Ala Gly Ala
200

Gly

215

Asn

Leu

Gly

Arg

Ala

295

Thr

ASp

ASp G

Thr

Gly G

Tyr

Leu

Asp

Arg

ASp

Ala

Glu

Leu

280

Asp

Thr

Ala

Pro
360

Leu:

Phe

‘Arg

Leu

Glu

Thr

Ser
265

val

Arg

Met

Leu

345

Phe

Thr

Tyr

His

Ile

Ser

Pro

250

Leu

val

Lys

His

Ala

Arg

Tyr

Leu

Asp

Ala ser val

Pro
Trp
Ala
Arg
Gly
Phe
Lys
315
Gly
Asp
Leu
Ser
Pro
395
Gly

val

Pagina

Trp

220

Gln

Leu

Thr

Pro

Gly

Ala

val

Glu

Gly

Thr

380

Ala

ASp

Leu

38

205

val

ser

Ile

Phe

Trp

Ile

Phe

Pro

Thr

ASp

Asn

Cys

190

Thr

Ile

Ile

Thr

val
270

Ser

Ala

Phe

Lys

350

Ser

Ile

Pro

Gly

Tyr
430

Pro

Asp

Ser

Ala

255

Ala

His

Ala

Asp

val

335

Trp

Gly

Ser

val

Pro

415

Ser

Leu

Leu
240

Gly

val

Ser

Thr
Arg
320

Arg

Pro

Gly

Pro

400

Ala

Thr

309



Glu
Leu
val
465
val
Ala
Va1
Phe

Glu

val
Phe
450
ASp
Arg
Gly
Phe
Pro
530

GIn

545

Pro

Glu

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Leu
435
val
val
Met
Glu
Leu
515
Lys
Leu

His

17
574
PRT

Thr

Ser

Phe

Arg

Ile

500

Pro

Tyr

Glu

Pro

Asp

ser

Pro

Tyr

485

Tyr

Gly

Asp

Glu

Ser
565

Artificial

SEQ_LIST_2nd_Revised_88800730_0078
Pro val Glu val Thr Gly Thr val Ser Ala

440

Ser Ala val

Arg

Glu

His

Arg

Met

550

His

455

Gly

Glu

val

Arg

Asn

535

Cys

Ile

Arg

Thr

Ala

Ile

520

Ser

Thr

val

Mutant CocE polypeptide

17

Met val Asp Gly Asn Tyr Ser val
1 5

Arg Asp Gly val Arg Leu Ala val
20

Gly Pro val Pro val Leu Leu val
35

40

val Phe.A1a-Trp Ser Thr Gln Ser
50 55

Asp Gly Tyr Ala val val Tle Gln

Asp Thr Asp

Ala

Leu

ITe

505

Met

Asn

Ala

Leu

Ala

Asp

25

Arg

Thr

Asp

Ile

Ala

475

val

490

Asp

val

Thr

val

Pro
570

ser

10

Leu

Asn

Asn

Thr

Met
Gln
Gly
Asn

555

Ile

Asn

Tyr

Pro

Trp

Arg

Pagina

Phe

460

Leu

Pro

Leu

val

Gly

Arg

ITe

val

Arg

Tyr

Leu

60

Gly
39

445

Thr

Cys

Thr

Ala

ser

525

val

Ile

Lys

Met

Pro

Asp

45

Glu

Leu

Ala

Asp

Leu

Thr

510

ser

Ile

His

Arg

val

Asp

30

Lys

Phe

Phe

Lys

Gly

Ile

495

Ser

ser

Ala

Arg

Pro

15

Ala

Phe

val

Ala

Arg

Leu

Ile

480

Glu

Asn

Asn

Arg

Gly

Met

AsSp

Asp

Arg

Ser

2I0



65

Glu
Thr

Met

ser
Ala
Ala
val
225
Phe
Trp
Lys
Asn

Tyr
305

Gly
Leu
Phe
Gly
Leu
Ala
Arg
Ala
Glu

210

val

Glu

Tyr

Asp

Leu

290

Pro

Glu

Ser

Gly

val

Tyr

Leu

Ser

Ile

195

GlIn

Asp

Arg

Asp

Asn

275

Thr

Phe

Gly

Arg

Leu

180

Leu

Pro

His

Leu

Gly

260

Ala

Gly

GlIn

val

85

ITe

Ser

Gly

Ala

Gly

Ala

Asn

Leu

Pro

Gly

Phe

Asp

Arg

Glu

70

Pro

Leu

Tyr

Leu

Pro

150

Trp

Arg

Asp

Leu

Asp

230

Gly

val

Ala

Asn

Ala
310

SEQ_LIST_2nd_Revised_88800730_0078
75

His val
Glu G1n

Leu Gly
120

Lys Ala
135

Trp Tyr
Ser Ala
Pro Glu

val Ala
200

Gly Arg
215

Asn Asp

Leu Ala

Gly Glu

Arg Leu
280

Ala Asp
295

Thr Thr

Asp Asp Glu Ala Asp
90

Ala

105

val

Ile

Gly

Leu

185

Gly

Leu

Glu

Thr

Ser

265

val

Arg

Met

Trp

Thr

Ala

Pro

Ile

170

Ala

Ala

Ile

Pro

250

Leu

val

Lys

His

Cys
Gln

Pro

Giy
Ala
Ala
Pro
Trp
Ala
Arg
Gly

Phe

Asp Gly

Trp G1n
125

ser Met
140

Gly Ala

5

Thr Gly

Asp Leu

Ser val
205

Trp val
220

Gln ser

Leu Ile

Thr phe

Pro Trp

285

Gly Ile
300

s Ala Phe

40

Ala

Asn

110

Ala

Ala

Leu

Leu

val

190

Thr

Ile

Ile

Thr

val

270

ser

Ala

Phe

Glu

95

val

Ala

Ser

Ser

Ile

175

Gln

Pro

ASp

ser

Ala

255

Ala

His

Ala

Asp

80

Asp

Gly

val

Ala

val

160 -

Thr

Leu

Leu

GlIn

Leu

240

Gly

val

Ser

Thr

Arg
3

E/



e

His

Leu

Leu

Ala

Thr

385

ser
Asp
Glu
Leu
val
465
val
Ala

val

Phe

Leu

Phe

Pro

Asn

370

Glu

Leu

Gln

val

Phe

450

Asp

Arg

Gly

Phe

Pro

530

Gln

Glu

Arg

val

Asp

355

Thr

ser

Gly

Arg

Leu

435

val

val

Met

Glu

Leu

515

Lys

Leu

His

Gly

Met

340

Thr

Ser

Ala

Gly

Pro

420

Thr

ser

Phe

Arg

Ile

500

Pro

TYyr

Glu

Pro

Glu
325

Gly

Ala

Thr

ASp

Thr

405

Ile

Asp

ser

Pro

Tyr

485

Tyr

Gly

ASp

Glu

ser
565

Thr
Ile
Tyr
G1y
Thr
390
Leu
His
Pro

Ser

Glu
His
Arg
Met

550

His

SEQ_LIST_2nd_Revised_88800730_0078

Asp Ala Leu Ala Gly val pro Lys val

ASp
Thr
Gly
375
TYyr
Leu
Asp
val
Ala
455
Gly
Glu
val
Arg
Asn
535

Cys

Ile

Glu

Pro

360

Gly

Leu

Phe

Arg

Glu
440
val
Arg
Thr
Ala
Ile
520
ser

Thr

val

Trp

345

Phe

Thr

Tyr

His

ASp

Ala

Leu

ITe

505

Met

Asn

Ala

Leu

330

Arg

Tyr

Leu

Asp

Asn

410

Asp

Thr

Thr

Ile

val

490

Asp

val

Thr

val

Pro
570

ASp
Leu
Ser
Pro

395

Gly

Gly
ASp
A1a{
475
Asn
Met
Gln
Gly
Asn

555

Ile

Pagina

Glu

Gly

Thr

380

Ala

ASp

Leu

Thr

Phe

460

Leu

Pro

Leu

val

Gly

540

Arg

Ile

41

Thr

Gly

Ser

Asp

Asn

Cys

val

445

Thr

Cys

Thr

Ala

ser

525

val

Ile

Lys

Asp

350

Ser

Ile

Pro

Gly

Tyr

430

Ser

Ala

Asp

Leu

Thr

510

ser

Ile

His

Arg

335

Trp

Gly

Ser

val

Pro

415

ser

Ala

Lys

Gly

ITe

495

Ser

ser

Ala

Arg

Arg

Pro

Ala

Gly

Pro

400

Ala

Thr

Arg

Leu

Ile

480

Glu

AsSn

Asn

Arg

Gly

AT



<210>
<211>
<212>
<213>

<220>
<223>

<400>

18
574
PRT

Artificial

SEQ.LIST_2nd_Revised_88800730_0078

Mutant CocE polypeptide

18

Met val Asp Gly Asn Tyr Ser val
1 5

Arg
Gly
Ya1
Asp
65

Glu

Thr

Met

Ser

Asp

L s SR

Asp

Pro

Phe

50

Gly

Gly

Leu

Phe

Leu

Ala

Arg

Ala

Gly

val

35

Ala

Tyr

Glu

ser

Tyr

Leu

ser

Ile
195

val

20

Pro

Trp

Ala

Phe

Trp

100

val

Gly

Arg

Leu

Asp

180

Leu

Arg

val

Ser

val

val

85

ITe

Ser

Gly

Ala

Gly

Ala

Asn

Leu
Leu
Thr
val
70

Pro
Leu
Tyr
Leu
Pro
150
Trp

Arg

Asp

Ala val
Leu val

40

Gln ser
55

ITe Gln
His val
Glu Gin
Leu Gly
Lys Ala
Trp Tyr
Sgr Ala

Pro Glu

val Ala
200

Ala

ASp

25

Arg

Thr

Asp

Asp

Ala

105

val

Ile

Gly

Leu

185

Gly

Ser Asn
10

Leu Tyr
Asn Pro
Asn Trp
Thr Arg

75

Asp Glu
90

Trp Cys
Thr Gin
Ala Pro
Pro Gly
Ile Gly
170

Ala Ala

Ala Ala

Pagina

val

Arg

Tyr

Leu

60

Gly

Ala

Asp

Trp

ser

140

Gly

Thr

Asp

Ser

42

Met

Pro

Asp

45

Glu

Leu

Asp

Gly

GlIn

125

Met

Ala

Gly

Phe

val
205

val

Asp

30

Lys

Phe

Phe

Ala

Asn

110

Ala

Ala

Leu

Leu

val

190

Thr

Pro

15

Ala

Phe

val

Ala

Glu

95

val

Ala

ser

Ser

Ile

175

GIn

Pro

Met

Asp

Asp

Arg

Ser

80

Asp

val

Ala

val

160

Thr

Leu

Leu

303



B S ——

Ala

val

225

Phe

Irp

Lys

ASnN

Leu
Leu
Ala
Thr
385
Ser
éSp

Glu

Leu

Glu
210
vaT
Glu
Tyr
Asp
Leu
290
Pro
Leu
Phe
Pro
Asn
370
Glu
Leu
Gln

val

Phe

450

GIn Pro

Asp His

Arg Leu

Asp Gly
260

Asn Ala
275

Thr Gly

ITe Gin

Arg Gly

val Met
340

Asp Thr
355

Thr ser

ser Ala

Gly Gly

Arg Pro
420

Leu Thr
435

val Ser

Leu

Pro

Gly

Phe

Asp

Arg

Glu

Glu

325

Gly

Ala

Thr

Asp

Thr

405

Ile

Asp

ser

Gly

val

Ala

Asn

Ala

310

Thr

Ile

Tyr

Gly

Thr

390

Leu

His

Pro

Ser

SEQ_LIST_2nd_Revised_88800730_0078
Gly Arg Leu Ile pPro Trp val ITe Asp

215

Asn
Leu
Gly
Arg
Ala
295
Thr
Asp
Asp
Thr
Gly
Tyr
Leu
Asp

val

Ala
455

Asp

Ala

Glu

Leu

280

ASp

Thr

Ala

Glu

Pro

360

Gly

Leu

Phe

Arg

Glu
440

Glu

Thr

Ser

265

val

Arg

Met

Leu

Thr

Tyr

His

ASp

val

val Asp

ser Trp
235

Pro Ala

250

Leu Arg

val Gly

LysS Phe

His Lys

Ala Gly

330

Arg Asp

Tyr Leu

Leu Ser

Asp Pro
395

Asn Gly

410

Asp val

I

Thr Gly

Thr Asp

Pagina

220

GIn

Leu

Thr

Pro

Gly

Ala

val

Glu

Gly

Thr

380

Ala

Asp

Leu

Thr

Phe
460

43

ser

Ile

Phe

Trp

Ile

Phe

Pro

Thr

Gly

Ser

Asp

Asn

Cys

val

445

Thr

Ile

Thr

val

270

Ser

Ala

Phe

Lys

350

Ser

Ile

Pro

Gly

Tyr

430

Ser

Ala

ser

Ala

Ala

His

Ala

Asp

val

335

Trp

Gly

Ser

val

Pro

415

Ser

Ala

Lys

GIn

Leu

240

Gly

val

Ser

Thr

320

Arg

Pro

Ala

Gly

Pro

400

Ala

Thr

Arg

Leu

%/4



val

465

val

Ala

val
phe
Glu
545

Pro

Asp

Arg

Gly

Phe

Pro

530

Gln

Glu

<210>
<211>
<212>
<213>

<220>
«<223>

<400>

val

Met

Glu

Leu

515

Lys

Leu

His

19
574
PRT

Phe

Arg

Ile

500

Pro

Tyr

Glu

Pro

Pro

Tyr

485

Tyr

Gly

Asp

Glu

ser
565

Artificial

Asp

470

Arg

Glu

His

Arg

SEQ_LIST_2nd_Revised_88800730_0078

Gly Arg Ala Ile Ala Leu Cys Asp Gly

Glu

val

Arg

Asn

535

Met
550

His'

Cys

Ile

Thr

Ala

-I1e

520

Ser
Thr

val

Mutant CocE polypeptide

19

Met val Asp Gly Asn Tyr ser
i 5

Arg
Gly

val

Asp

Pro

Phe

50

Gly

Gly

Gly

val
35

Tyr

Glu

Ala

val
20

Pro
Trp
Ala

Phe

Arg

val

ser

val

val
85

Leu

Leu

Thr GIn-

val
70

Pro

Ala

Leu

55

Ile

His

val
val
val
40

ser

val

Leu val
490

Ile Asp
505

Met val

Asn Thr

Ala val

Leu Pro
570

Ala ser
10

Asp Leu

25

Arg Asn

Thr Asn

Asp Thr

Asp Asp
90

475

Asn
Met
Gln
Gly
Asn

555

Ile

Asn
Tyr
Pro
Tfp
Arg

75

Glu

Pdgina

Pro
Leu
val
Gly
5

Arg

ITe

val
Arg
Tyr
Leu
60

Gly

Ala

Thr

Ala

Ser

525

val

Ile

Lys

Met

Pro

Asp

45

Glu

Leu

ASp

Leu
Thr
510
ser
ITe

His

Arg

val
Asp
30

Lys
Phe

Phe

Ala

ITe

495

ser

Ser

Ala

Arg

Pro

15

Ala

Phe

val

Ala

Glu
95

Ile

480

Glu

Asn

Asn

Arg

Met

Asp

ASp

Arg

Ser

80

Asp

319



Thr

Met

Ser

Ser

.A1a

Ala
val
225
Phe
Trp
Lys
Asn
Tyr
305

His

Leu

Leu
Phe
Gly
l.eu
Ala
Arg
Ala
Glu
210
val
G]q
Tyr
Asp
Leu
290
Pro

Leu

Phe

ser

Tyr

Leu

Ser

Ile

195

Gln

Asp

Arg

Asp

Asn

275

Thr

Ile

Arg

val

Trp

100

val

Gly

Arg

Leu

Pro

His

Leu

Gly

Ala

Gly

GIn

Gly

Met
340

Ile

Ser

Gly

Ala

Asn

Leu

Pro

Asp
Arg
Glu
Glu

325

Gly

Tyr

Leu

Pro

150

Trp

Arg

Asp

Leu

Gly

val

Ala

Asn

Ala

310

Thr

Ile

1

SEQ_LIST_2nd_Revised_88800730_0078
Leu Glu GIn Ala Trp Cys Asp Gly Asn val

Leu

Trp

Ser

Pro

val

Gly

p Asn

Leu

Gly

Arg

Ala

295 .

Thr

Asp

Asp

Gly

120

Ala

Tyr

Ala

Glu

Ala

200

Arg

ASp

Ala

Glu

Leu

280

Asp

Thr

Ala

Glu

105

val

Ile

Gly

Leu

Asp

185

Gly

Leu

Glu

Thr

sSer

265

val

Arg

Met

Leu

Trp

Thr

Ala

Pro

Ile

170

Ala

Ala

Ile

Ser

Pro

250

Leu

val

Lys

His

Ala
330

Glin

Pro

e}
[, o]
(9204

Ala

Ala

Pro

Trp

Ala

Arg

Gly

Phe

Arg Asp

Pagina

Trp

ser

140

Gly

Thr

AsSp

ser

Trp

Gln

Leu

Thr

Pro

Gly

Ala

val

Glu

Gln

125

Met

Ala

Gly

Phe

val

205

val

Ser

Ile

Phe

Trp

285

Ile

Phe

Pro

Thr

110

Ala

Ala

Leu

Leu

val

190

Thr

Ile

Ile

Arg

val

270

Ser

Ala

Phe

Lys

Asp
350

Ala

Ser

Ser

Ile

175

GIn

Pro

Asp

Ser

Ala

255

Ala

His

Ala

Asp

val

335

Trp

Gly

val

val

160

Thr

Leu

Leu

Gln

Leu .

240

Gly

val

Ser

Thr

Arg

Arg

Pro

36



Leu
Ala

Thr
385

ser

Asp
Glu
Leu
val
465
val
Ala
val
Phe
Glu

545

Pro

Pro
Asn
370
Glu
Leu
GIn
val
Phe
450
Asp
Arg
Gly
Phe
Pro
530

Gln

Glu

<210>
<211>
<212>

<213>

<220>

Asp

Thr

ser

Gly

Arg

Leu

435

val

val

Met

Glu

Leu

515

Lys

Leu

His

20
574
PRT

Thr

Ser

Ala

Gly

Pro

420

Thr

Ser

Phe

Arg

ITe

500

Pro

Tyr

Glu

Pro

‘Ala

Thr

Asp

Thr

405

Ile

Asp

sSer

Pro

Tyr

485

Tyr

Gly

Asp

Glu

Sser
565

Artificial

Tyr

Gly

Thr

390

Leu

His

Pro

Ser

470

Arg

Glu

His

Arg

Met

550

His

SEQ_LIST_2nd_Revised_88800730_0078

Thr Pro phe Tyr Leu GI

Gly
375
Tyr
Leu
Asp
val
Ala
455
Gly
Glu
val
Arg
Asn
535

Cys

360

Gly

Leu

Phe
Arg
Glu
440
val
Arg
Thr
Ala
Ile

520

Ser

Thr

val

Thr

Tyr

His

Asp

Ala

Leu

Ile

Leu

ASp

Asn

410

Asp

Thr

Thr

Ile

val

490

Asp

505

Met

Asn

Ala

Leu

val

Thr

val

Pro
570

Ser

Pro

395

Gly

val

Gly

Asp

Ala

475

AsSn

Met

GlIn

Gly

AsSn

555

Ile

Pagina

Thr

380

Ala

Asp

Leu

Thr

Phe

460

Leu

Pro

Leu

val

Ser
Asp
Asn
cys
val
445
Thr
Ccys
Thr
Ala
Ser
525
val

Ile

Lys

Ile

Pro

Gly

Tyr

430

Ser

Ala

Asp

Leu

Thr

510

ser

Ile

His

Arg

y Gly ser Gly
365

ser

val

Pro

415

Ser

Ala

Lys

Gly

Ile

495

Ser

ser

Ala

Arg

Ala

Gly

Pro

400

Ala

Thr

Arg

Leu

Ile

480

Glu

Asn

Asn

Arg

317



<223>

<400> 20

Met
1

Arg
Gly
val
Asp
65

Glu
Thr

Met

Ser

Ser
Ala
Ala

val
225

val Asp

Asp Gly

Pro val
35

Phe Ala
50

Gﬁy Tyr
Gly Glu
Leu Ser
Phe Gly
Gly val
130

Leu Tyr
Ala Leu
Arg Ser
Ala Ile

195

Glu Gln
210

val Asp

Gly

val

20

Pro

Trp

Ala

Phe

Trp

val

Gly

Arg

Leu

Asp

180

Leu

Pro

His

AsSn

Arg

val

Ser

val

val

85

Ile

ser

Gly

Ala

Gly

Ala

Asn

Leu

Pro

Leu

Thr

val

70

Pro

Leu

Tyr

Leu

Pro

150

Trp

Arg

Asp

Leu

Asp

SEQ_LIST_2nd_Revised_88800730_0078

ser
Ala
Leu
Gln
55

Ile
Hi;
Glu
Leu
Lys
Trp
Ser
Pro
val
Gly

Asn

Mutant CocE polypeptide

val

val

val

40

Ser

GIn

val

Gln

Gly

Ala

Tyr

Ala

Glu

Ala

200

Arg

Asp

Ala

Asp

25

Arg

Thr

Asp

Asp

Ala

105

val

Ile

Gly

Leu

185

Gly

Leu

Glu

ser

10

Leu

val

Asn

Thr

Asp

90

Trp

Thr

Ala

Pro

Ile

170

Ala

Ala

Ile

ser

Tyr
Pro
Trp
Arg
75

GTu
Cys
Gln
Pro
Gly
Gly
Ala
Ala
Pro

Trp
235

Pagina

val

Arg

Tyr

Leu

.60

Gly

Ala

ASp

Trp

ser

140

Gly

Thr

Asp

Ser

Trp

GIn

47

Met

Pro

Asp

45

Glu

Leu

Asp

Gly

Gln

125

Met

Ala

Gly

Phe

val

205

val

Ser

val
Asp
30

Lys

Phe

Phe-

Ala

Asn

110

Ala

Ala

Leu

Leu

val

190

Thr

Ile

Ile

Pro

15

Ala

Phe

val

Ala

Glu

95

val

Ala

Ser

ser

Ile

175

Gln

Pro

Asp

Ser

Met

ASp

Asp

Arg

Ser

80

Asp

Gly

val

Ala

val

160

Thr

Leu

Leu

Leu
240

ELY



Phe

Trp
Lys
Asn
Tyr
305
His
Leu
Leu
Ala
Thr
385
Ser
Asp
Glu
Leu
val

465

val

Glu

Tyr

ASp

Leu

290

Pro

Leu

Phe

Pro

Asn

Arg

Asp

Asn

275

Thr

Ile

Arg

val

Asp

355

Thr

370

Glu

Leu

Gln

val

Phe

450

Asp

Arg

ser

Gly

Arg

Leu

435

val

val

Met

Leu

Gly

Ala

Gly

GIn

Gly

Met

340

Thr

Ser

Ala

Gly

Pro

420

Thr

Ser

Phe

Arg

Gly

Phe

Asp

Arg

Glu

Glu

325

Gly

Ala

Thr

Asp

Thr

405

Ile

Asp

Ser

Pro

Tyr
485

Gly
val
Ala
Asn
Ala
310
Thr
Ile
Tyr
Gly
Thr
390
Leu
Hi;
Pro
Ser
Asp

470

Al"g

SEQ_LIST_2nd_Revised _88800730_0078

Leu Ala Thr Pro Ala Leu Ile Thr Ala

Gly
Arg
Ala
295
Thr
Asp
AsSp
Thr
Gly
TYyr
Leu
Asp
val
Ala
455

Gly

Glu

Glu

Leu

280

Asp

Thr

Ala

Glu

Pro

360

Gly

Leu

Phe

Arg

Glu

440

val

Arg

Thr

ser

265

val

Arg

Met

Leu

Thr

Tyr

His

Asp

Ala

Leu

250

Leu

val

Lys

His

Ala

330

Arg

Tyr

Leu

AsSn

410

ASp

Thr

Thr

Ile

val
490

Arg

Gly

Phe

ASp
Leu
Ser
Pro
395
Gly
val
Gly
ASp
Ala
475

Asn

Pagina

Thr

Pro

Gly

Ala

val

Glu

Gly

Thr
380

Ala’

Asp

Leu

Thr

Phe

460

Leu

Pro

Phe

Trp

Ile

Phe

Pro

Thr

Gly

Ser

Asp

Asn

Cys

val

445

Thr

Cys

Thr

val

270

Ser

Ala

Phe

Lys

Asp

350

Ser

Ile

Pro

Gly

Tyr

430

Ser

Ala

Asp

Leu

255

Ala

His

Ala

Asp

val

335

Trp

Gly

sSer

val

Pro

415

Ser

Ala

Lys

Gly

Ile
495

Gly

val

Ser '

Thr

Arg

Arg

Pro

Ala

Gly

Pro

400

Ala

Thr

Arg

Leu

Ile

480

Glu

219



Phe Pro

Ala Gly

val Phe

530

Glu G1In
545

Pro Glu

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Glu

Leu
515

Lys

Leu

His

21
574
PRT

Ile

500

Pro

Tyr

Glu

Pro

Tyr

Gly

Asp

Glu

ser
565

Artificial

Glu

His

Arg

Met

550

His

SEQ_LIST._2nd_Revised_88800730_0078

val

Arg

Asn

535

Cys

Ile

Ala

Ile

520

Ser

Thr

val

Mutant CocE polypeptide

21

Met val Asp Gly Asn
1 5

Arg Asp
Gly Pro
val Phe

50

Asp Gly
65
Glu Gly

Thr Leu

Met Phe

St e s e

Gly

val

35

Ala

Tyr

Glu

Ser

Gly

val

20

Pro

Trp

Ala

Phe

Trp

val

Arg

val

Ser

val

val

85

Ser

Tyr

Leu

Leu

Thr

val

70

Pro

Leu

Tyr

ser

Ala

Leu

Gln

55

Ile

His

Glu

Leu

val

val

val

40 -

Ser

GIn

val

GlIn

Gly

Ile Asp Met Leu Ala Thr Ser

505

Met
Asn
Ala

Leu

Ala
AsSp
25

Arg
Thr
Asp
ASp
Ala

105

Va]

val

Thr

val

Pro
570

ser

10

Leu

Asn

Asn

Thr

Asp

90

Trp

Thr

GlIn

Gly

Asn

555

Ile

Asnh

Tyr

Pro

Trp

Arg

75

Glu

Cys

Gln

Pagina

val

Arg

Ile

val

Arg

Tyr

Leu

60

Gly

Ala

Asp

Trp

49

ser
525
val

Ile

Lys

Met

Pro

Asp

45

Glu

Leu

ASp

Gly

GIn
125

510

Ser

Ile

His

Arg

val

Asp

30

Lys

Phe

Phe

Ala

Asn

Ser

Ala

Arg

Pro
15

Ala

Phe

‘val

Ala

Glu
95

val

110 -

Ala

Ala

Asn

Asn

Arg

Gly
560

Met

Asp

Asp

Arg

ser

80

Asp

Gly

val

320



"

Ser
Ala
Ala
val
225
Phe
Trp
Lys
Asn
Tyr
305

His

Leu

Ala

Gly

Leu

Ala

Arg

Ala

Glu

210

val

Glu

Tyr

Asp

Leu

290

Pro

Leu

Phe

Pro

Asn
370

e e

val

Tyr

Leu

ser

Ile

195

Gln

Asp

Arg

AsSp

Asn

275

Thr

Ile

Arg

val

Asp

355

Thr

Gly
Arg
Leu
AsSp
180
Leu
Pro
His
Leu
Gly
2

Ala
Gly
Gin
Gly
Met
340

Thr

ser

Gly

Ala

Asn

Leu

Pro

Gly

Phe

Asp

Arg

Glu

Glu

325

Gly

Ala

Thr

Leu
Pro
150
Trp
Arg

ASp

Leu

Leu

Ala

Asn

Ala

310

Thr

Ile

Tyr

Gly

SEQ_LIST_2nd_Revised_88800730_0078

Lys Ala Ile Ala Pro Ser Met Ala Ser Ala

135

Trp

Ser

Pro

val

Gly

AsSn

Leu

Gly

Arg

Ala

295

Thr
Asp
Asp

Thr

Gly

TYr

Ala

Glu

Ala

200

Arg

Asp

Ala

Glu

l.eu

280

Asp

Thr

Ala

Glu

Pro

360

Gly

Gly

Leu

Asp

Gly

Leu

Glu

Thr

Ser

265

val

Arg

Met

Leu

345

Phe

Thr

Pro

Ile

170

Ala

Ala

Ile

Ser

Pro

250

Leu

val

Lys

His

Ala

330

Arg

Tyr

Leu

Gly
155
Gly
Ala
Ala
Pro
Trp
Ala
Arg

Gly

Phe

Gly
Asp
Leu

Ser

Pagina

140

Gly

Thr

Asp

Ser

Leu

Thr

Pro

Gly

Ala

val

Glu

Gly

Thr
380

50

Ala

Gly

Phe

val

205

val

Ser

Ile

Phe

Trp

ITe

Phe

Pro

Thr

Gly

ser

Leu

Leu

val

190

Thr

Ile

Ile

Thr

val

270

Ser

Ala

Phe

Lys

Asp

350

Ser

Ile

Ser

Ile

175

Gln

Pro

Asp

ser

Ala

255

Ala

His

Ala

Asp

val

335

Trp

Gly

Ser

val

160 -

Thr
Leu
Leu
Gln
Leu
240
Gly
val

Ser

Thr

Arg

Arg

Pro

22]



322



Arg
Gly
val
Asp
‘l.' 55
Glu
Thr

Met

ser
Ala
Ala
val
225

Phe

Trp

Asp

Pro

Phe

50

Gly

Gly

Leu

Phe

Gly

Leu

Ala

Arg

Ala

Glu

210

val

Glu

Tyr

Gly

val

35

Ala

TYyr

Glu

Ser

Gly

val

Tyr

Leu

Ser

Ile

195

Gln

Asp

Arg

Asp

val

20

Pro

Trp

Ala

Phe

Gly

Arg

Leu

Asp

180

Leu

Pro

His

Leu

Gly

Arg

val

ser

val

val

85

Ile

ser

Gly

Ala

Gly

Ala

Asn

Leu

Pro

Gly

Phe

SEQ_LIST._2nd_Revised_88800730_0078

Leu Ala val Asp Leu Tyr Arg Pro Asp Ala
25 30

Leu
Thr
val
70

Pro
Leu
Tyr
Leu
Pro
150
Trp
Arg
Asp
Leu
ASp
230

Gly

val

Leu
Gln
55

I1Te
His

Glu

Leu

Trp
Sgr
Pro
val
Gly
Asn
Leu

Gly

val

40

Ser

GIn

val

GlIn

Gly

Ala

Tyr

Ala

Glu

Ala

200

Arg

Asp

Ala

Glu

Arg

Thr

Asp

ASp

Ala

105

val

Ile

Gly

Leu

185

Gly

Leu

Glu

Thr

Ser
265

Asn

Asn

Thr

Asp

90

Trp

Thr

Ala

Pro

Ile

170

Ala

Ala

Ile

ser

Pro

250

Leu

Pro

Trp

Arg

75

Glu

Ccys

Gln

Pro

Gly

Ala

Ala

Pro

Trp

Ala

Arg

Pagina

Tyr

Leu

60

Gly

Ala

ASp

Trp

Ser

140.

Gly

Thr

Asp

Ser

Trp

Gln

Leu

Thr

Asp
45

Glu
Leu
Asp
Gly
Gln
125
Met
Ala
Gly
Phe
val
205
val
Ser

Ile

Phe

Lys
Phe
Phe
Ala
Asn
110
Ala
Ala
Leu
Leu
val
190
Thr
ITe
Ile

Thr

val
270

Phe

val

Ala

Glu

95

val

Ala

Ser

Ser

Ile

175

GlIn

Pro

Asp
Ser
Ala
255

Ala

ASp

Asp

Arg

Ser

80

ASp

Gly

val

Ala

val

160

Thr

Leu

Leu

GlIn

Leu

240

Gly

val

323



Lys

Asn
Tyr
305
His
Leu
Leu
Ala
Thr
385
Ser
Asp
Glu
Leu
val
465
val
Ala

val

ASp
Leu
290
Pro
Leu
Phe
Pro
Asn
370
Glu
Leu
Gln
val
Phe
450
Asp
Arg

Gly

Phe

Asn

275

Thr

Ile

arg

val

Asp

355

Thr

Ser

Gly

Arg

Leu

435

val

val

Met

Glu

Leu

Ala Asp
Gly Arg
GIn Glu

Gly Glu
325

Met Gly
340

Thr Ala
Ser Thr
Ala Asp

Gly Thr
405

Pro Ile
420

Thr Asp
ser Ser
Phe Pro

Arg Tyr
485

Ile Tyr
500

Pro Gly

Ala
Asn
Ala
310
Thr
Ile
Tyr
Gly
Thr
390
Leu
His
Pro

Ser

Arg

Glu

His

SEQ_LIST_2nd_Revised_88800730_0078

Arg Leu val val Gly Pro Trp Ser His

Ala
295
Thr
Asp
Asp
Thr
Gly
Tyr
Leu
Asp
val
Ala
455
Gly
Glu

val

Arg

280

Asp

Thr

Ala

Glu

Pro

360

Gly

Leu

Phe

Arg

Glu

440

val

Arg

Thr

‘Ala

Ile

Arg

Met

Leu

Trp

Phe

Thr

Tyr

His

425

val

Asp

Ala

Leu

Ile

505

Met

Lys

His

Ala

330

Arg

Tyr

Leu

Asp

Asn

410

Asp

Thr

Thr

Ile

val

490

Asp

val

Phe

Leu

ser

Pro

395

Gly

val

Gly

Asp

Ala

475

ASH

Met

GlIn

Pagina

val

Glu

Gly

Thr

380

Ala

ASp

Leu

Thr

Phe

460

Leu

Pro

Gly

val
53

285

Ile

Phe

Pro

Thr

Gly

ser

Asp

Asn

Cys

val

445

Thr

cys

Thr

‘Ala

ser

Ala

Phe

Lys

Asp

350

Ser

Ile

Pro

Gly

Tyr

430

ser

Ala

Asp

Leu

Ala

Asp

val

335

Trp

Gly

ser

val

Pro

415

Ser

Ala

Lys

Gly

Ile

495

Thr
510

ser

Ser

ser

Ser
Thr
Arg
320
Arg
Pro
Ala
Gly
Pro
400
Thr
Arg
Leu
Ile
480
Glu

AsSn

Asn

3,24



515

SEQ_LIST_2nd._Revised_88800730_0078

520

Phe Pro Lys Tyr Asp Arg Asn Ser Asn Thr
530 535

Glu GIn Leu Glu Glu Met Cys Thr Ala val

545

Pro Glu His Pro Ser His I

‘ <210>

<211>
<212>

<213>

<220>
<223>

<400>

23
574
PRT

565

CArtificial

550

Mutant CocE polypeptide

23

get val Asp Gly Asn Tyr Ser val
5

Arg
Gly
val
ASp
65

Glu
Thr

Met

Ser

145

ASp

Pro

Phe

Gly

val
35

Ala

50

i
Gly
Leu
Phe
Gly

Leu

Tyr

Glu

ser

Gly

val

Tyr

val

20

Pro

Trp

Ala

Phe

Trp

100

val

Gly

Arg

Arg

val

Ser

val

val

85

Ile

ser

Gly

Ala

Leu

Leu

Thr

val

70

Pro

Leu

Tyr

Leu

Pro
150

Ala

Leu

Gln-

55

Ile

His

Glu

Leu

val

val

40

Ser

GlIn

val

GlIn

Gly

Ala

His

le val Leu

Ala

Asp

25

Arg

Thr

ASp

Asp

Ala

105

val

Ile

Gly

Pro
570

Ser
10

Leu

Asn

Thr

Asp

90

Trp

Thr

Ala

Pro

525

Gly Gly val ITe Ala Arg
540

Asn
555

Ile

AsSn

Tyr

Pro

Trp

Arg

75

Glu

Cys

Gln

Pro

Gly
155

Pigina

Arg

Ile

val

Arg

Tyr

Leu

60

Gly

Ala

ASp

Trp

Ser

140

Gly
54

Ile His Arg Gly

Lys

Met

Pro

ASp

45

Glu

Leu

AsSDp

Gly

Gln

125

Met

Ala

Arg

val

Asp

30

Lys

Phe

Phe

Ala

Asn

110

Ala

Ala

Leu

Pro

15

Ala

Phe

val

Ala

Glu

95

val

Ala

Ser

Ser

560

Met

Asp

Asp

Arg

Ser

80

Asp

Gly

val

Ala

val
160

%25



Glu
ser
A]a
Ala
val
225
Phe
Trp
Lys
Asn
Tyr
305
His
Leu
Leu
A]a
Thr

385

Ser

Ala
Arg
Ala
Glu
210
val
Glu
Tyr
Asp
Leu
290
Pro
Leu
Phe
Pro
Asn
370

Glu

Leu

Leu

sSer

Ile

195

GIn

Asp

Arg

AsSp

Asn

275

Thr

Ile

Arg

val

Asp

Thr

Ser

Gly

Leu

ASp

Leu

Pro

His

Leu

Gly

Ala

Gly

GlIn

Gly

Met

340

Thr

Ser

Ala

Gly

Gly

Ala

Asn

Leu

Pro

Gly

Phe

ASp

Arg

Glu

Glu

325

Gly

Ala

Thr

Asp

Thr

Trp
Arg
Asp
Leu
ASp
230
Gly
val
Ala
Asn
Ala
310
Thr
Ile
Tyr
Gly
Thr

390

Leu

SEQ_LIST_an_Revised_88800730_0078

Ser Ala Leu Ile Gly Thr Gly Leu Ile

Pro

val

Leu
Gly
Arg
Ala
295
Thr
Asp
Asp
Thr
Gly
Tyr

Leu

Glu

Ala

200

Arg

ASp

Ala

Glu

Leu

280

ASp

Thr

Ala

Glu

Pro

360

Gly

Leu

Phe

Leu

Glu

Thr

ser

265

val

Arg

Met

Leu

Thr

Tyr

His

170

Ala

Ala

Ile

Ser

Pro

250

Leu

val

Lys

His

Ala

330

Arg

Tyr

Leu

Asp

Asn

Ala

Ala

Pro

Trp

Ala

Arg

Gly

Phe

Asp

Leu

ser

Pro

395

Gly

Pagina

Asp

ser

Trp

Gln

Leu

Thr

Pro

val

Glu

Gly

Thr

380

Ala

Asp
55

Phe

val

205

val

ser

Ile

Phe

Phe

Pro

Thr

Gly

ser

Asp

Asn

val

190

Thr

Ile

Ile

Thr

val

270

ser

Ala

Phe

Lys

Asp

350

ser

Ile

Pro

Gly

175

Gln

Pro

Asp

Ser

Ala

255

Ala

His

Ala

Asp

val

335

Trp

Gly

Ser

val

Pro

Thr

Leu

Leu

Leu .

240

Gly

val

ser

Thr

Arg

Arg

Pro

Ala

Gly

Pro

400

Ala

226



Leu
val
465
val
Ala
val
Phe
Glu
545

Pro

GIn
val
Phe
450
Asp
Arg
Gly

Phe

Pro
530

Glu

<210>
<211>
<212>

<213>

<220>
<223>

<400>

Arg

Leu

435

val

val

Met

Glu

Leu

515

Lys

Leu

His

24

574
PRT
Artificial

Pro

420

Thr

Ser

Phe

Arg

Ile

500

Pro

TYyr

Glu

Pro

405

Ile

Asp

Ser

Pro

Tyr

Tyr

Gly

Asp

Glu

Sser
565

His

Pro

Ser

Arg

Glu

His

Arg

Met

550

His

SEQ_LIST_2nd_Revised_88800730_0078
410

ASp Arg Asp

val
Ala
455
Gly
Glu
va'l
Arg
AsSn
535

Cys

Ile

Glu

440

val

Arg

Thr

Ala

Ile

520

Ser

.Thr

val

Mutant CocE polypeptide
24

Met val Asp Gly Asn Tyr ser val
1 5

Arg Asp Gly val Arg Leu Ala val
‘ 20

Gly Pro val Pro val Leu Leu val
35

40

425

val
Asp
Ala
Leu
Ile
505
Met
Asn

Ala

Leu

Ala

Asp
25

Asp val Leu Cys

Thr Gly
Thr Asp
Ile Ala
475
val Asn
490
Asp Met
val GIn
Thr Gly
val Asn
555

Pro Ile
570

ser Asn
10

Leu Tyr

Arg Asn Pro

Pagina

Thr

Phe

460

Leu

Pro

Leu

val

Arg

Ile

val

Arg

val

445

Thr

Cys

Thr

Ala

ser

525

val

Ile

Lys

Met

Pro

Tyr Asp

45

415

Tyr Ser
430
Ser Ala
Ala Lys
Asp Gly
Leu Ile
495
Thr Ser
510
Ser Ser
Ile Ala

His Arg

Arg

val Pro
15

Asp Ala
30

Lys Phe

Thr

Arg

Leu

Ile

480

Asn

Asn

Arg

Gly

Met

Asp

Asp

327



val
ASp
65

Glu
Thr

Met

Ser

Ser
Ala
Ala
val
225
Phe
Trp

Lys

ASnH

Phe
50

Gly
Gly

Leu

Phe

Ala

Arg

Ala

Glu

210

val

Glu

Tyr

Asp’

Leu

Tyr
Glu

Ser

Tyr
Leu
Ser
Ile
195
Gln
Asp
Arg
ASp
Asn

275

Thr

Trp

Ala

Phe

Trp

100

val

Gly

Arg

Leu

ASp

180

Leu

Pro

His

Leu

Gly

Ala

Gly

ser

val

val

85

Ile

Ser

Gly

Ala

Asn

Leu

Pro

Gly

Phe

Asp

Arg

SEQ_LIST_2nd_Revised_88800730_0078

Thr GIn ser Thr Asn Trp Leu Glu Phe val
60

val

70

Pro

Leu

Tyr

Leu

Pro

150

Trp

Arg

Asp

Leu

Asp

230

Gly

val

Ala

Asn

55

Ile
His
Glu
Leu
Lys
135
Trp
ser
Pro
V§1
Gly
Asn
Leu
Gly
Arg

Ala

Gln

val

Gln

Gly

Ala

Tyr

Ala

Glu

Ala

200

Arg

Asp

Ala

Glu

Leu

280

Asp

ASp

ASp

Ala

105

val

Ile

Gly

Leu

Asp

185

Gly

Leu

Glu

Thr

Ser

265

val

Arg

Thr

Asp

90

Trp

Thr

Ala

Pro

Ile

170

Ala

Ala

Ile

Pro

250

Leu

val

Lys

Arg
75

Glu
Cys
G1n
Pro
Gly
Gly
Ala
Ala
Pro
Trp
Ala
Afg
Gly

Phe

Pagina

Gly

Ala

ASp

Trp

ser

140

Gly

Thr

Asp

ser

Trp

Gln

Leu

Thr

Pro

Gly
57

Leu

Asp

Gly

Gln

125

Met

Ala

Gly

Phe

val

205

val

Ser

Ile

Phe

Trp

Ile

Phe Ala

Ala Glu
95

Asn val
110

Ala Ala

Ala Sser

Leu Ser

Leu Ile
175

val G1n
190

Thr Pro

Ile Asp

Ile ser

Thr aAla

255

val Ala
270

Ser His

Ala Ala

Arg

Ser

80

Asp

Gly

val

Ala

160

Thr

Leu

Leu

GIn

Leu

240

Gly

val -

Ser

Thr

328



TYyr
305
His
Leu
®
Ala
Thr
385
Ser
Asp
Glu

L.

val
465
val
Ala
val

- Phe

290

Pro
Leu
Phe
Pro
Asn
370
Glu
Leu
Gln
val
Phe
450
Asp
Arg
Gly

Phe

Pro
530

Ile

Arg

val

Asp

Thr

Ser

Gly

Arg

Leu

435

val

val

Met

Glu

Leu

515

Lys

GIn

Gly

Met

340

Thr

ser

Ala

Gly

Pro

420

Thr

Ser

Phe

Arg

Ile

500

Pro

Tyr

Glu

Glu

325

Gly

Ala

Thr

Asp

Thr

405

Ile

Asp

Ser

Pro

Tyr

485

Tyr

Gly

Asp

Ala

310

Thr

Ile

Tyr

Gly

Thr

390

Leu

His

Pro

Ser

Asp

470

Arg

Glu

His

Arg

SEQ_LIST_2nd_Revised_88800730_0078
295 300

Thr Thr Met His

Asp
Asp
Thr
Gly
Tyr
Leu
Asp
val
Ala
455
Gly
Glu
val

Arg

Asn
535

Ala

Glu

Pro
360

Gly

Leu

Phe

.Arg

Glu

440

val

Arg

Thr

Ala

Ile

520

Ser

Leu

Thr

Tyr

His

Asp

425

val

Asp

Ala

Leu

Ile

505

Met

AsSn

Ala
330
Arg
Tyr
Leu
Asp
Asn
410
ASp
Thr
Thr
Ile
val
490
Asp

val

Thr

Lys Ala phe Phe Asp

315

Gly
Asp
Leu
Ser
Pro
395
Gy
val
Gly
Asp
Ala
475
Asn
Met

Gln

Gly

Pagina

val

Glu

Gly

Thr

380

Ala

Asp

Leu

Thr

Phe

460

Leu

Pro

Leu

val

Gly
540

Pro Lys

Thr Asp
350

‘Gly Ser

Ser Ile

ASp Pro

Asn Gly

Cys Tyr
430

val ser
445

Thr Ala

Cys Asp

Thr Leu

Ala Thr
510

Ser Ser
525

val Ile

val

335

Trp

Gly

ser

val

Pro

415

Ser

Ala

Lys

Gly

Ile

495

Ser

Ser

Ala

Arg

Arg

Pro

Ala

Gly

Pro

400

Ala

Thr

Arg

Leu

Ile

480

Asn

Asn

Arg

329



Glu GIn Leu Glu Glu Met

545

550

SEQ_LIST_2nd_Revised_88800730_0078
Cys Thr Ala val Asn Arg Ile His Arg Gly

555

Pro Glu His Pro Ser His ITe val Leu Pro Ile Ile Lys Arg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

25
574
PRT

565

Artificial

Mutant CocE polypeptide

25

Met val Asp Gly Asn Tyr Ser
1 5

Arg
Gly
val
Asp
65

é]u
Thr
Met
ser
145
Glu

Ser

Asp

Pro

Phe

Gly

val
35

Ala

50

Gly
Gly
Leu
Phe
Gly
Leu
Ala

Arg

Tyr

Glu

ser

Tyr

Leu

Ser

val

20

Pro

Trp

Ala

Phe

Trp

100

val

Gly

Arg

Leu

Asp

Arg

val

Ser

val

val

85

Ile

Ser

Gly

Ala

Leu

Leu

Thr

val

70

Pro

Leu

TYFr

Leu

Pro

150

Trp

Arg

Ala

Leu

Glin

55

Ile

His

Glu

Leu ¢

135

Trp

ser

Pro

val

val

val

40

Ser

Gln

val

GlIn

Tyr

Ala

Glu

Ala

Asp

25

Arg

Thr

Asp

AsSp

Ala

105

val

Ile

Gly

Leu

Asp

570

Ser Asn
10

Leu Tyr
Asn Pro
Asn Trp
Thr Arg
75

Asp G1u
90

Trp Cys
Thr GIn
Ala pro
Pro Gly
Ile Gly

170

Ala Ala
Pagina

val

Arg

Tyr

Leu

60

Gly

Ala

ASp

Trp

Ser

140

Arg

Asp
59

Met

Pro

Asp

45

Glu

Leu

Asp

Gly

GIn

125

Met

Ala

Gly

Phe

val

Asp

30

Lys

Phe

Phe

Ala

Asn

110

Ala

Ala

Leu

Leu

val

Pro

15

Ala

Phe

val

Ala

Glu

95

val

Ala

Ser

ser

Ile

175

Gln

560

Met

Asp

Asp

Arg

Ser

80

ASp

Gly

val

Ala

val

160

Thr

Leu

330



Ala

val
225

‘l.b' Phe

Trp
Lys
ASn
Tyr
305
His
‘I.& Leu
Leu
Ala
Thr
385

Ser

Asp

Ala

Glu

210

val

Glu

Tyr

Asp

Leu

290

Pro

Leu

Phe

Pro

Asn

370

Glu

Leu

GlIn

Ile

195

Gln

ASp

Arg

ASp

Asn

275

Thr

Ile

Arg

val

Asp

Thr

Ser

Gly

Arg

180

Leu
Pro
His
Leu
Gly
2

Ala
Gly
GlIn
Gly
Met
340
Thr
Ser
Ala

Gly

Pro
420

Asn

Leu

Pro

Gly

Phe

Asp

Arg

Glu

Glu

325

Gly

Ala

Thr

Asp

Thr

405

Ile

Asp

Leu

Asp

230

Gly

val

Ala

Asn

Ala

310

Thr

Ile

Tyr

Gly

Thr

390

Leu

His

SEQ_LIST._2nd_Revised_88800730_0078

val

Gly

Asn

Leu

Gly

Arg

Ala

295

Thr

Asp

Asp

Thr

Gly

Tyr

Leu

Asp

185

Ala Gly Ala Ala ser

200

Arg

Asp

Ala

Glu

lLeu

280

Asp

Thr

Ala

Glu

Pro

360

Gly

Leu

Phe

Arg

Leu

Glu

Thr

Ser

265

val

Arg

Met.

Leu

Trp

Phe

Thr

Tyr

His

Asp

Ile
ser
Pro
250
Leu
val
Lys
His
Ala
330
Arg
TYyr
Leu
AsSp
AsSn

410

Asp

Pro
Trp
Ala
Arg
Gly

Phe

Asp
Leu
ser
Pro
395

Gly

val

Pagina

Trp

Gln

Leu

Thr

Pro

Gly

Ala

val

Glu

Gly

Thr

380

Ala

Asp

Leu

190

val Thr pro

205

val

Ser

Ile

Phe

Trp

Ile

Phe

Pro

Thr

Gly

Ser

Asp

Asn

Cys

Ile

Ile

Thr

val

270

ser

Ala

Phe

Lys

Asp

350

Ser

Ile

Pro

Gly

Tyr
430

Asp

ser

Ala

255

Ala

His

Ala

Asp

val

335

Trp

Gly

Ser

val

Pro

415

ser

Leu
GIn
Leu
240
Gly
val
Ser

Thr

Arg

Arg

Pro

Ala

Gly

Pro

400

Thr

23)



Glu
Leu
val
465
Va1
Ala
val
Phe
Glu
545

Pro

val
Phe
450
ASp
Arg
Gly
Phe
Pro
530

GIn

Glu

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Leu

435

val

val

Met

Glu

Leu

515

Lys

Leu

His

26
574
PRT

Thr
ser
Phe
Arg
Ile
500
Pro
Tyr

Glu

Pro

Asp

Ser

Pro

Tyr

485

Tyr

Gly

Asp

Glu

ser
565

Artificial

Pro

Ser

Asp

Arg

Glu

His

Arg

Met

550

His

SEQ _LIST_2nd_Revised_88800730._0078
val Glu val Thr Gly Thr val ser ala

Ala
455
Gly
Glu
val
Arg
Asn
535

Cys

Ile

440

val

‘Arg

Thr

Ala

Ile

520

Ser

Thr

val

Mutant CocE polypeptide

26

Met val Asp Gly Asn Tyr Ser val
1 5

Arg Asp Gly val Arg Leu Ala val
! 20

Gly Pro val Pro val Leu Leu val
35

40

val Phe Ala Trp ser Thr Gln Ser
50 55

Asp Gly Tyr Ala val val Ile Gln

ASp
Ala
Leu
Ile
505
Met
Asn

Ala

Leu

Ala
Asp
25

Arg

Thr

Asp

Thr
Ile
val
490
ASp
val
Thr

val

Pl;O
570

ser
10

Leu

Asn

Asn

Thr

Asp

Ala
475
Asn
Met
GIn
GTy
ASNn
555

Ile

Ash

Tyr

Pro

Trp

Arg

Pagina

Phe

460

Leu

Pro

Leu

val

Arg

Ile

val

Arg

Tyr

Leu

60

Gly

445

Thr

Cys

Thr

Ala

Ser

525

val

Ile

Lys

Met

Pro

Asp

45

Glu

Leu

Ala
Asp
Leu
Thr
510
Ser
Ile
His

Arg

val
ASp
30

Lys

Phe

Phe

Lys

Gly

Ile

495

ser

ser

Ala

Arg

Pro

15

Ala

Phe

val

Ala

Arg

Leu

Ile

480

Glu
ASn
Asn

Arg

Met
Asp
Asp
Arg

ser

332



Glu
Thr
Met

Ser

ser
Ala
Ala
val
225
Phe
frp
Lys
Asn

TYr
305

Gly

Leu

Phe

Gly

Leu

Ala

Arg

Ala

Glu

210

val

Glu

Tyr

Asp

Leu

290

Pro

Glu

Ser

Tyr

Leu

Ser

Ile

195

Gln

ASp

Arg

Asp

Asn

1275

Thr

Ile

Phe
Trp
val
Gly
Arg
Leu
130
Leu
Pro
His
Leu
Gly
Ala
Gly

GlIn

val

85

Ile

ser

Gly

Ala

Asn

Leu

Pro

Gly

Phe

Asp

Arg

Glu

Pro
Leu
Tyr
Leu
Pro
1SQ
Trp
Arg
ASDp

Leu

Asp

SEQ_LIST 2nd_Revised_88800730_0078
‘ 75

His val Asp Asp Glu Ala Asp Ala Glu
90

Glu

Leu

Trp
Sgr
Pro
val
Gly

Asn

230

Gly

val

Ala

Asn

Ala
310

Leu

Gly

Arg

Ala

295

Thr

Gln

Gly

Ala

Tyr

Ala

Glu

Ala

200

Arg

ASp

Ala

Glu

Leu

280

Asp

Thr

Ala

105

val

Ile

Gly

Leu

Asp

Gly

Leu

Glu

Thr

Ser

265

val

Arg

Met

Trp Cys
Thr G1In
Ala Pro

Pro Gly

Ala Ala
Ala Ala
Ile pPro

ser Trp

‘Pro Ala

250

Leu Arg
val Gly
Lys Phe
His Lys

315

Pagina

Asp

Trp

Ser

140

Gly

Thr

Asp

Ser

Trp

GTn

Leu

Thr

Pro

Gly

Ala

Gly

Gln

125

Met

Ala

Gly

Phe

val

205

val

Ser

Ile

Phe

Trp

Ile

Phe

Asn
110
Ala
Ala
Leu
Leu
val
190
Thr
Ile
Ile
Thr
val
270
Ser

Ala

Phe

95

val

Ala

Ser

ser

Ile

175

Gln

Pro

Asp

Ser

Ala

255

Ala

His

Ala

Asp

80

Asp

Gly

val

Ala

val

160

Thr

Leu )

Leu

Leu

240

Gly

val

Ser

Thr

Arg
320

333



His
Leu
Leu
Ala
Thr
385
Ser
Asp
Glu
Leu
val
465
val
Ala
val
Phe
G1u
545

Pro

Leu

Phe

Pro

Asn

370

Glu

Leu

Gln

val

Phe

450

Asp

Arg

Gly

Phe

Pro

530

Gln

Glu

Arg
val
ASp
355
Thr
Ser
Gly
Arg
Leu
435
val
val
Met
Glu
Leu
515
Lys

Leu

His

Gly
Met
340

Thr

ser

Gly
Pro
420
Thr
Ser
Phe
Arg
Ile
500
Pro
Phe

Glu

Pro

Glu

325

Gly

Ala

Thr

Asp

Thr

405

Ile

Asp

ser

Pro

Tyr

Tyr

Gly

ASp

Glu

ser
565

SEQ_LIST._2nd_Revised_88800730_0078
Thr Asp Ala Leu Ala Gly val pPro Lys val

Ile Asp

Tyr Thr

Gly Gly
375

Thr Tyr
390

Leu Leu

His Asp

Pro val

ser Ala

455

Asp Gly

Arg Glu

Glu val

His Arg

Arg Asn

535

Met Cys
550

His Ile

Glu

Pro
360
Gly
Leu
Phe
Arg
Glu
440
val
Arg
Thr
Ala
Ite
520
Ser

Thr

val

Thr

Tyr

His

Asp

val

Asp

Ala

Leu

Ile

505

Met

Asn

Ala

Leu

330

Arg

Tyr

Leu

Asp

Asn

410

Asp

Thr

Thr

Ile

val

490

val

Thr

Pro
570

ASp
Leu

ser

Pro
395
Gly
val
Gly
Asp
Ala
475
Ash
Met
Gln
Gly
ASN
555

Ile

Pagina

Glu

Gly

Thr

380

Ala

Asp

Leu

Thr

Phe

460

Leu

Pro

Leu

val

Gly

Arg

Ile

Thr
Gly
365
Ser
Asp
Asn
Cys
val
445
Thr
cys
Thr
Ala
ser
525
val

Ile

Lys

AsSp

350

ser

Ile

Pro

Gly

Tyr

430

ser

Ala

ASp

Leu

Thr

510

ser

Ile

His

Arg

335

Trp
Gly
ser
val
Pro
415
Ser
Ala
Lys
Gly
Ile
495
Ser
ser

Ala

Arg

Arg

Pro

Ala

Gly

Pro
400

Thr

Arg

Leu

Ite

480

Asn

AsSn

Arg

Gly
560

334



<210>
<211>
<212>
<213>

<220>
<223>

<400>

27
574
PRT

Artificial

SEQ_LIST_2nd_Revised_88800730_0078

Mutant CocE polypeptide

27

Met val Asp Gly
1

Arg
Gly
val
Asp
65

Glu
Thr
Met
Ser
145
Glu

Ser

Ala

Asp

Pro

Phe
50

Gly

Gly

Leu

Phe

Ala

Arg

Ala

Gly

val

35

Ala

Tyr

Glu

Ser

Gly

val

TYyr

Leu

Ser

Ile
195

val
20

Pro
Trp
Ala
Phe
Trp
val
Gly
Arg
Leu

Asp

Leu

Asn Tyr Ser
5

Arg

val

Ser

val

val

85

Ile

Ser

Gly

Ala

Gly

Ala

Asn

Leu

Leu

Thr

val

70

Pro

Leu

Tyr

Leu

Pro

150

Trp

Arg

Asp

Ala
Leu
Gln
55

Ile
His
Glu

Leu

Ser
Pro

val

val

val

val
40

‘Ser

GlIn

val

Gln

Gly

Ala

Tyr

Ala

Glu

Ala
200

Ala

Asp

25

Arg

Thr

Asp

Asp

Ala

105

val

Ile

Gly

Leu

Asp

Gly

Ser Asn
10

Leu Tyr
Asn Pro
Asn Trp
ser Arg
75

Asp Glu
90

Trp Cys
Thr GIn
Ala Pro
Pro Gly

155

ITe Gly
170
Ala Ala

Ala ala

Pagina

val

Arg

Tyr

Leu

60

Gly

Ala

Asp

Trp

sSer

140

Thr

Asp

Ser.

Met

Pro

Asp

45

Glu

Leu

Asp

Gly

GIn

125

Met

Ala

Gly

Phe

val
205

val

Asp

30

Lys

Phe

Phe

Ala

Ash

110

Ala

Ala

Leu

Leu

val

190

Thr

Pro

15

Ala

Phe

val

Ala

Glu

95

val

Ala

Ser

Ser

Ile

175

Gln

Pro

Met

Asp

Asp

Arg

Ser

80

Asp

Gly

val

Ala

val

160

Thr

Leu

Leu

225



Ala

val

. 225

Phe

Trp
Lys
Ash
TYyr
305
His

Leu

A]a

Thr
385

Ser-

Asp
Glu

Leu

e e

Glu
210
val
Glu
Tyr
Asp
Leu
290
Pro
Leu
Phe
Pro
Asn
370
Glu
Leu
GlIn
val

Phe
450

GIn
ASp
Arg
ASp
Asn
275
Thr
Ile
Arg
val
Asp
Thr
ser
Gly
Arg
Leu

435

val

Pro
His
Leu
Gly
Ala
Gly
Gln
Gly
Met
340
Thr
Ser
Ala
Gly
Pro
420

Thr

ser

Leu

Pro

Gly

Phe

Asp

Arg

Glu

Glu

325

Gly

Ala

Thr

Asp

Thr

405

Ile

Asp

Ser

Leu

ASp

230

Gly

val

Ala

Asn

Ala

310

Thr

Ile

Tyr

Gly

Thr

390

Leu

His

Pro

Ser

SEQ_LIST_2nd_Revised_88800730_0078
Gly Arg Leu Ile Pro Trp val Ile Asp

215

Asn

Leu

Gly

Arg

Ala

295

Thr

Asp

Asp

Thr

GTy

Tyr

Leu

ASp

val

Ala
455

AsSp

Ala

Glu

Leu

280

AsSp

Thr

Ala

Glu

Pro
360

vG1y

Leu

Phe

Arg

Glu

440

val

Glu

Thr

Ser

265

val

Arg

Met

Leu

Trp

Phe

Thr

Tyr

His

Asp

425

val

Asp

Ser

Pro
250

Leu

val

Lys
His
Ala
330
Arg
Tyr
Leu
Asp
Asn

410

Asp

Thr

Thr

Trp
235
Ala
Arg

Gly

Phe

ASp

Leu

ser

Pro

395

Gly

val

Gly

Asp

Pagina

220

GIn

Leu

Thr

Pro

Gly

Ala

val

Glu

Gly

Thr

380

Ala

ASp

Leu

Thr

Phe
460

ser

Ile

Phe

Trp

Ile

Phe

Pro

Thr

Asp

Asn

Cys

val

445

Thr

Ile

Thr

val

270

ser

Ala

Phe

Lys

Asp

350

Ser

Ile

Pro

Gly

Tyr

430

Ser

Ala

Ser

Ala

255

Ala

His

Ala

Asp

val

335

Trp

Gly

ser

val

Pro
415
sSer

Ala

Lys

Gln

Leu .

240

Gly

val

Ser

Thr

Arg

Arg

Pro

Ala

Gly

Pro

400

Ala

Thr

Arg

Leu

336



val
465

" val
Ala

. 1
.‘ va

Phe

Glu
545

Pro

Asp

Arg

Gly

Phe

Pro

530

Gln

Glu

<210>
<211>
<212>
<213>

<220>
<223>

<400>

val phe Pro

Met Arg Tyr
485

Glu Ile Tyr
500

Leu Pro Gly
515

Lys Tyr Asp

Leu Glu GTu

His Pro Ser
565

28

574

PRT
Artificial

ASp

Arg

Glu

His

Arg

SEQ_LIST_2nd_Revised_88800730_0078

Gly Arg Ala Ile Ala Leu Cys Asp Gly

Glu
val
Arg
Asn
535

Cys

Ile

Thr

Ala

Ile

520

Ser

.Thr

val

Mutant CocE polypeptide

28

‘ Met val Asp Gly Asn Tyr Ser val
1 5

Arg

Gly

val

Asp

65

Giu

Asp
Pro
Phe
50

Gly

Gly

Gly val Arg
20

val pro val
35

Ala Trp ser

Tyr Ala val

‘Glu Phe val
85

Leu

Leu

Thr

val

70

Pro

Ala

Leu

Gln

55

Ile

His

val

val

40

Ser

Gln

‘val

Leu

Ile

505

Met

Asn

Ala

Leu

Ala

Asp

25

Arg

Thr

Asp

Asp

val

490

Asp

val

Thr

val

Pro
570

ser

10

Leu

Asn

Asn

Thr

Asp
90

475

Asn
Met
Gln
Gly
AsSn

555

Ile

ASn
Tyr
Pro
Tfp

Arg
75

Pagina

Pro

Leu

val

Gly

Arg

Ile

val

Arg

Tyr

Leu

60

Gly

Ala

66

Thr

Ala

Ser

525

val

ITe

Lys

Met

Pro

AsSp

45

Glu

Leu

Asp

Leu
Thr
510
Ser
Ile

His

Arg

val
Asp
30

Lys
Phe
Phe

Ala

Ile

495

ser

Ser

Ala

Arg

Pro

15

Ala

Phe

val

Ala

Glu
95

Ile

480

Glu

Asn

Asn

Arg

Gly

Met

Asp

ASp

Arg

ser

80

Asp

337



Thr

Met

ser

~

&

Glu
Ser
Ala
Ala
val

225

Phe
Lys
Asn
Tyr
305
His

Leu

Leu

Phe

Gly

Leu

Ala

Arg

Ala

Glu

210

val

Glu

Tyr

Asp

Leu

290

Pro

Leu

Phe

ser

Gly

val

Tyr

Leu

Ser

Ile

195

Gln

Asp

Arg

ASp

Asn

275

Thr

Ile

Arg

val

Trp

val

Gly

Arg

Leu

Asp

Leu

Pro

His

Leu

Gly

Ala

Gly

Gln

Gly

Met
340

Ile

ser

G1y

Ala

Asn
Leu
Pro
Gly
Phe
Asp
Arg
Glu
Glu

325

Gly

L.eu
Tyr
Leu
Pro
150
Trp
Arg
Asp
Leu
Asp
230
Gly
val
Ala
Asn
Ala
310

Thr

Ile

SEQ_LIST_2nd_Revised_88800730_0078
Glu GIn Ala Trp Cys Asp Gly Asn val

Leu

Lys

135

Trp

ser

Pro

val

Gly

Asn

Leu

Gly

Arg

Ala

295

Thr

ASp

Asp

Gly

120

Ala

Tyr

Ala

Glu

Ala

200

Arg

ASp

Ala

Glu

Leu

280

Asp

Thr

Ala

Glu

105

val

Ile

Gly

Leu

Leu

Glu

Thr

Ser

265

val

Arg

Met

Leu

Trp
345

Thr

Ala

Pro

Ile

170

Ala

Ala

Ile

ser

Pro

250

Leu

val

Lys

His

Ala

330

Arg

Glin

Pro

Gly

Ala

Ala

Pro

Trp

Ala

Arg

Gly

Lys

Gly

ASp

Pagina

Trp

Ser

140

Gly

Thr

Asp

Ser

Trp

220

Gln

Leu

Thr

Pro

2 Gly

Ala

val

Glu

67

Gln
125

Met

Ala

Gly

Phe

val

205

val

ser

Ile

Phe

Thr

285

Phe

Pro

Thr

110

Ala

Ala

Leu

Leu

val

190

Thr

ITe

Ile

Thr

val

270

Ser

Ala

Phe

Lys

ASp
350

Ala

Ser

ser

Ile

175

Gin

Pro

Asp

ser

Ala

255

Ala

His

Ala

ASp

val

335

Trp

Gly

val

val
160

Thr

Leu

Leu

Leu
240

Gly

val -

Ser

Thr

Arg

Arg

Pro

»3%



Leu
Ala

Thr
385

e

ASp
Glu
Leu

val

Pro

Asn

370

Glu

Leu

Gln

val

Phe

450

Asp

465

Ya]
Aja
val
Glu

545

Piro

Arg’

Gly
Phe
Pro
530

Gln

Glu

<210>
<211>
<212>
<213>

<220>

Asp

Thr

Ser

Gly

Arg

Leu

435

val

val

Met

Glu

Leu

515

Lys

Leu

Hi's

29
574
PRT

Thr

Ser

Ala

Gly

Pro

420

Thr

Ser

Phe

Arg

Ile

500

Pro

Tyr

Glu

Pro

Ala

Thr

Asp

Thr

405

ITe

Asp

Ser

Pro

Tyr

485

Tyr

Gly

Asp

Glu

ser
565

Artificial

SEQ_LIST_2nd_Revised_88800730_0078

Tyr Thr Pro phe Tyr Leu Gly g%g Ser Gly Ala

Gly

Thr

390

Leu

His

Pro

Ser

ASp

Arg

Glu

His

Arg

Met

550

His

Gly
375
Tyr
Leu
Asp
val
Ala
455
Gly
Glu
val
Arg
Asn
535

cys

Ile

360

Gly

Leu

Phe

Arg

Glu

440

val

Arg

Thr

Ala

Ile

520

Ser

Thr

val

Thr

Tyr

His

ASp

val

Asp

Ala

Leu

Ile

505

Met

AsSn

Ala

Leu

Leu

Asn
410
AsSp
Thr
Thr
Ile
val
490
Asp
val
Thr

val

Pro
570

Ser
Pro
395
Gly
val
Gly
ASp
Ala
475
ASn
Met
Gln
Gly
ASn

555

Ile

Pagina

Thr

380

Ala

Asp

Leu

Thr

Phe

460

Leu

Pro

Leu

val

Arg

Ile

68

Ser

Asp

AsSn

Cys

val

445

Thr

Cys

Thr

Ala

Ser

525

val

Ile

Lys

Ile

Pro

Gly

Tyr

430

ser

Ala

Asp

Leu

Thr

510

ser

Ile

His

Arg

Ser
val
Pro
415
Ser
Ala
Lys
Gly
ITe
495
ser
Ser

Ala

Arg

Gly

Pro

400

Thr

Arg

Leu

Ile

480

Glu

Asn

Asn

Arg

Gly

229



223>
<400>

Met val Asp Gly Asn
1 5

Arg
. Gly
val
ASp
65
G]u
Thr

Met

ser

Ser
Ala
Ala

val
225

Tt g - v

Asp

Pro

Phe

50

Gly

Gly

Leu

Phe

Gly

Pro

Ala

Arg

Ala

Glu
210

Gly
val
35

Ala
Tyr
Glu
Ser
Gly
val
Tyr
Leu
Ser
Ile
195

Gin

val Asp

val
20

Pro
Trp
Ala
Phe
Trp
val
Gly
Arg
Leu
Asp
180
Leu

Pro

His

Arg

val

ser

val

val

85

Ile

Ser

Gly

Ala

Gly

Ala

Asn

Leu

Pro

Tyr

Leu

Leu

Thr

val

70

Pro

Leu

Tyr

Leu

Pro

SEQ._LIST_2nd_Revised_88800730_0078

Ser

Ala

Leu

GIn

55

ITe

His

Glu

Leu

150

Trp

Arg

Asp

Leu

Asp
230

ser

Pro

val

Gly

Asn

Mutant CockE polypeptide
29

val

val

val

40

Ser

Gln

val

GlIn

Gly

Ala

Tyr

Ala

Glu

Ala

200

Arg

Asp

Ala
ASp
25

Arg
Thr
Asp
Asp
Ala
105
val
Ile
Gly

Leu

Leu

Glu

Ser Asn
10
Leu Tyr
Asn Pro
Asn Trp
Thr Arg
75
Asp Glu
90
Trp Cys
Thr GIn
Ala Pro
Pro G1y
Ile Gly
170
Ala Ala
Ala ala
ITe Pro
Ser Trp
235

Pagina

val

Arg

Tyr

Leu

60

Gly

Ala

Asp

Trp

Ser

140

Gly

Thr

Asp

Ser

Trp

Met
Pro
Asp
45

Glu
Leu
Asp
Gly
Gln
125
Met
Ala
Gly
Phe
val

205

val

val

ASp

30

Lys

Phe

Phe

Ala

AsSn

110

Ala

Ala

Leu

Leu

val

190

Thr

Ile

Ile

Pro
15

Ala
Phe
val
Ala
Glu
95

val
Ala
Ser
Ser
Ile
175
Gln
Pro

Asp

Ser

Met

ASp

Asp

Arg

Ser

80

Asp

Gly

val

Ala

val

160

Thr

Leu

Leu

GlIn

Leu
240

340



Phe
Asn
Tyr
305
His
Leu
Leu
Ala
Thr

385

ser

Glu

Leu

val
465

val

Glu

Tyr

Asp

Leu

290

Pro

Leu

Phe

Pro

Asn

370

Glu

Leu

GlIn

val

Phe

450

Asp

Arg

Arg
Asp
Asn
275
Thr
Ile
Arg
val
ASD
355
Thr
Ser
Gly
Arg
Leu
435
val

val

Met

Leu

Gly

Ala

Gly

Gln

Gly

Met

340

Thr

ser

Ala

Gly

Pro

420

Thr

Ser

Phe

Arg

Gly

Phe

ASp

Arg

Glu

Glu

325

Gly

Ala

Thr

Asp

Thr

405

ITe

Asp

ser

Pro

Tyr
485

Gly

val

Ala

Asn

Ala

310

Thr

Ile

Tyr

Gly

Thr

390

Leu

His

Pro

Ser

Asp

470

Arg

SEQ_LIST_2nd_Revised_88800730_0078

Leu Ala Thr Pro Ala Leu Ile Thr Ala

Gly

Arg

Ala
295

Thr
Asp
Asp
Thr
Gly
Tyr
Leu
Asp
val
Ala
455

Gly

Glu

Glu

Leu

280

ASp

Thr

Ala

Glu

Pro

360

Gly

Leu

Phe

Arg

Glu
440

‘val

Arg

Thr

Ser

265

val

Arg

Met

Leu

Trp

Phe

Thr

TYyr

His

Asp

Ala

Leu

250

Leu Arg
val Gly
Lys pPhe
His Lys
Ala Gly
330

Arg Asp
Tyr Leu
Leu Ser
AsSp Pro

395

Asn Gly
410

Asp val
Thr Gly
Thr Asp

ITe Ala
475

val Asn
490

Pagina

Thr

Pro

Gly

Ala

val

Glu

Gly

Thr

380

Ala

Asp

Leu

Thr

Phe

460

Leu

Pro

70

Phe

Trp

Ile

Phe

Pro

Thr

Gly

Ser

AsSp

Asn

Cys

val

445

Thr

Cys

Thr

val

270

ser

Ala

Phe

Lys

ASp

350

ser

Ite

Pro

Gly

Tyr

430

ser

Ala

Asp

Leu

255

Ala

His

Ala

Asp

val

335

Trp

Gly

Ser

val

Pro

415

Ser

Ala

Lys

Gly

ITe
495

Gly

val

Ser

Thr

Arg

320

Arg

Pro

Ala

Gly

Pro

400

Ala

Thr

Arg

Leu

ITe

480

Glu

24)



A1a Gly
val phe

Phe Pro
. 530

Glu GIn
545

Pro Glu

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Glu 1le
500

Leu Pro
515

TYyr

Gly

SEQ_LIST_2nd_Revised_88800730_0078

Glu val Ala Ile Asp Met Leu Ala Thr Ser

His

Arg Ile
520

Lys Tyr Asp Arg Asn Ser

Leu Glu

His Pro

30
574
PRT

Glu

ser
565

Artificial

Met

550

His

535

Cys Thr

Ile val

Mutant CocE polypeptide

30

Met val Asp Gly Asn Tyr
1 5

Arg Asp

Gly Pro

val pPhe
50

65

Glu Gly

Thr Leu

Met Phe

Asp Gly

Gly val
20

val Pro

35

Ala Trp

Tyr Ala

Glu Phe

Ser Trp

Gly val

Arg

val

ser

val

val

85

ITe

Ser

Leu

Leu

Thr

val

70

Pro

Leu

Tyr

Ser val
Ala val
Leu val
40
GTn ser
55
Ile G1n
His val

Glu G1n

Leu Gly

505

Met

Asn

Ala

Leu

Ala

Asp

25

Arg

Thr

ASp

Asp

Ala

105

val

val Gln
Thr Gly

val Asn
555

Pro Ile
570

Ser Asn
10

Leu Tyr
Asn Pro
Asn Trp

Thr Arg
75

Asp Glu
90

Trp Cys

Thr G1n

Pagina

val
Gly
540

Arg

Ile

val

Arg

Tyr

Leu

60

Gly

Ala

Asp

Trp

71

Ser
525
val

Ile

Lys

Met

Pro

Asp

45

Glu

Leu

Asp

Gly

Gln
125

510

Ser

Ile

His

Arg

val

Asp

30

Lys

Phe

Phe

Ala

Asn

110

Ala

Ser

Ala

Arg

Pro

15

Ala

Phe

val

Ala

Glu

95

val

Ala

Asn

Asn

Arg

Gly
560

Met

Asp

Asp

Arg

ser

80

Asp

Gly

val

342



®

ser

ser
Ala
A1a
val
225
Phe
Trp

Lys

Asn

Tyr

305

His
Leu
Leu

Ala

Gly

Leu

Ala

Arg

Ala

Glu

210

val

Glu

Tyr

Asp

Leu

290

Pro

‘Leu

Phe

Pro

Asn
370

val

Tyr

Leu

Ser

ITe

195

GIn

Asp

Arg

ASp

Asn

275

Thr

Ile

Arg

val

ASp

Thr

Gly

Arg

Leu

Asp

180

Leu

Pro

His

Leu

Gly

Ala

Gly

Gln

Gly

Met

340

Thr

ser

Gly

Ala

Gly

Ala

Asn

Leu

Pro

Asp

Arg

Glu

Glu

325

Gly

Ala

Thr

Leu

Pro

150

Trp

Arg

Asp

Leu

Asp

Gly

val

Ala

Asn

Ala

310

Thr

Ile

Tyr

Gly

SEQ_LIST_2nd_Revised_88800730_0078

Lys Ala Ile Ala Pro Ser Met Ala Ser

135

Trp

Ser

Pro

val

Gly

Asn

Leu

Gly

Arg

Ala

295

Thr

Asp

Asp

Thr

Gly

Tyr

Ala

Glu

Ala

200

Arg

Asp

Ala

Glu

Leu

280

Asp

Thr

Ala

Glu

Pro
360

Gly

140

Gly Pro Gly Gly

Leu

Leu

Glu

Thr

Ser

265

val

Arg

Met

Leu

Trp

Phe

Thr

155

Ile Gly
170

Ala Ala
Ala Ala
Ile Pro
ser Trp
Pro Ala
250

Leu Arg
val Gly
Lys Phe
His Lys
Ala Gly
330

Arg Asp

Tyr Leu

Leu Ser

Pagina

Thr
Asp
Ser
Trp
GIn
Leu
Thr
Pro
Gly
ATa
val
Glu
Gly

Thr
380

72

Ala

Gly

Phe

val

205

val

Ser

Ile

Phe

Trp

Ile

Phe

Pro

Thr

Gly

Ser

Leu
Leu
val
190
Thr
Ile
Ile
Thr
val
270
Ser
Ala
Phe
Lys
Asp

Ser

Ile

ser

Ile

175

Gin

Pro

Asp

Ser

Ala

255

Ala

His

Ala

Asp

val

335

Trp

Gly

ser

Ala

val
160

Thr

‘Leu

Leu

Leu

240

Gly

val

ser

Thr

Arg

Arg

Pro

Ala

Gly

542



Thr
385

ser

. Asp

G1u
Leu
val
465
val
Ala
val
Phe
Glu
545

Pro

Glu

Leu

GIn

val

Phe

450

Asp

Arg

Gly

Phe

Pro

530

Gin

Glu

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Ser

Gly

Arg

Leu

435

val

val

Met

Glu

Leu

515

Lys

Leu

His

31
574
PRT

Gly
Pro
420
Thr
Ser
Phe
Arg
Ile
500
Pro
Tyr

Glu

Pro

Asp

Thr

405

Ile

Asp

ser

Pro

Tyr

485

Tyr

Gly

Ser

Glu

ser
565

Artificial

Thr

390

Leu

His

Pro

ser

Arg

Glu

His

Arg

Met

550

His

SEQ_LIST_2nd_Revised_88800730_0078

Tyr Leu Tyr Asp Pro Ala Asp Pro val
395

Leu

ASp

val

Ala

455

Glu

val

Arg

Asn
535

Cys

Ile

Phe

Arg

Glu

440

val

Arg

Thr

‘Ala

Ile
520

Thr

val

Mutant CocE polypeptide

31

His

425

val

Asp

Ala

Leu

Ile

505

Met

Asn

Ala

Leu

Asn

410

Asp

Thr

Thr

Ile

val

490

Asp

val

Thr

val

Pro
570

Gly

val

Gly

Asp

Ala
475

AsSn

Met

Gin

Gly

AsSn

555

Ile

Asp

Leu

Thr

Phe

460

Leu

Pro

Leu

val

Gly

540

Arg

Ile

Asn

Cys

val

445

Thr

Cys

Thr

Ala

Ser

525

val

Ile

Lys

Gly

Tyr

430

Ser

Ala

Asp

Leu

Thr

510

Ser

Ile

His

Arg

Pro

415

Ser

Ala

Lys

Gly

Ile

495

Ser

Ser

Ala

Arg

Pro

400

Ala

Thr

Arg

Leu

Ile

480

Glu

Asn

Asn

Arg

Gly
560

Tet val Asp Gly ésn Tyr Ser val Ala Ser Asn val Met val Pro Met

pagina 73

15

244



Arg
Gly
val
Asp
L
Glu
Thr

Met

Ser

Ser
Ala
Afa
val
225

Phe

Trp

Asp

Pro

Phe

50
Gly

Gly

Leu

Phe

Gly

Leu

Ala

Arg

Arg

Glu

210

val

Glu

Tyr

Gly
val
35

Ala
Tyr
Glu
Ser
Gly
val
Tyr
Leu
Ser
Ile
195
Gln
ASp

Arg

Asp

val
20

Pro
Trp
Ala
phe
Trp
val
Gly
Arg
Leu
Asp
180
Leu
Pro
His
Leu

Gly
260

Arg

val

Ser

val

val

85

Ile

Ser

Gly

Ala

Gly

Ala

Asn

Leu

Pro

Leu

Leu

Thr

val

70

Pro

Leu

Tyr

Leu

Pro

150

Trp

Arg

Asp

Leu

Asp

230

Gly

val

SEQ_LIST_2nd_Revised_88800730_0078

Ala val Asp Leu Tyr Arg Pro Asp Ala
25 30

Leu val
40

Gln ser
55
Ile G1n
His val
Glu G1n
Leu Gly
Lys Ala
Trp Tyr
Ser Ala
Pro Glu
val Ala
. 200
Gly Arg
Asn Asp

Leu Ala

Gly Glu

Arg

Thr

Asp

ASp

Ala

105

val

Ile

Gly

Leu

Leu

Glu

Thr

Ser
265

Asn
AsSn
Thr
AsSp
90

Trp
Thr
Ala
Pro
Ile
170
Ala
Ala
Ile
Ser
Pro

250

Leu

Pro Tyr Asp Lys
45

Trp
Arg
75

Glu
Cys

Gln

Pro

Gly
Ala
Ala
Pro
Trp
235

Ala

Arg

Pagina

Leu

60

Gly

Ala

Asp

Trp

ser

140

Gly

Thr

Asp

Ser

Trp

220

Gln

Leu

Thr

Glu

Leu

Asp

Gly

GIn

125

Met

Ala

Gly

Phe

val

205

val

Ser

Ile

Phe

Phe

Phe

Ala

Asn

110

Ala

Ala

Leu

Leu

val

190

Thr

Ile

Ile

Thr

val
270

Phe

val

Ala

Glu

95

val

Ala

Ser

ser

Ile

175

Gln

Pro

Asp

Ser

Ala

255

Ala

Asp

Asp

Arg

Ser

80

Asp

Gly

val

Ala

val

160

Thr

Leu

Leu

GIn

Leu
240

Gly

val

245



Lys
AsSn
Tyr
305
His
Leu
Leu
Ala
Thr
385
Ser
ASp
Glu
Leu
val
465
val
Ala

val

Asp
Leu
290
Pro
Leu
Phe
Pro
AsSn
370
Glu
Leu
Gln
val
Phe
450
Asp
Arg

Gly

Phe

Asn

275

Thr

Ile

Arg

val

Asp

Thr

Ser

Gly

Arg

Leu

435

val

val

‘Met

Glu

Leu

Ala
Gly
GIn
Gly

Met

Asp

Arg

Glu

Glu

325

Gly

340

Thr

ser

Ala

Gly

Pro

420

Thr

ser

Phe

Arg

Ile

500

Pro

Ala

Thr

Asp

Thr

405

Ile

Asp

Ser

Pro

Tyr

485

Tyr

Gly

Ala

Asn

Ala

310

Thr

Ile

Tyr

Gly

Thr

390

Leu

His

Pro

ser

Asp

Arg

Glu

His

SEQ_LIST_2nd_Revised_88800730_0078

Arg Leu val val Gly pro

Ala
295
Thr
Asp
Asp
Thr
Gly
Tyr
Leu
Asp
val
Ala
455
Gly
Glu

val

Arg

280

Asp
Thr
Ala
Glu

Pro
360

Gly

Leu

Phe

Arg

Glu

440

val

Arg

Thr

Ala

Ile

Arg

Met

Leu

Thr

Tyr

His

425

val

Asp

Ala

Leu

Ile

505

Met

Lys

His

Ala

330

Arg

Tyr

Leu

ASp

Asn

410

ASp

Thr

Thr

ITe

val

490

Asp

val

Phe
Lys
315
Gly
ASp
Leu
Ser
Pro
395
Gly
val
Gly
Asp
Ala
475
Asn
Met

Gln

Pagina

Gly

300

Ala

val

Glu

Gly

Thr

380

Ala

Asp

Leu

Thr

Phe

460

Leu

Pro

Leu

val

75

Trp Ser His

285

Ile

Phe

Pro

Thr

Gly

Ser

Asp

Asn

Cys

vatl

445

Thr

Cys

Thr

Ala

Ala

Phe

Lys

ASp

350

Ser

Ile

Pro

Gly

Tyr

430

Ser

Ala

Asp

Leu

Thr

510

ser

Ala

Asp

val

335

Trp

Gly

Ser

val

Pro

415

Ser

Ala

Lys

Gly

ITe

495

Ser

Ser

Ser

Thr

Arg

320

Arg

Pro

Ala

Gly

Pro

400

Thr

Arg

Leu

Ile

480

Glu

Asn

Asn

246



Phe Pro Lys Tyr Asp Arg Asn Ser Asn Thr Gly G
530

515

SEQ_LIST_an_ReviSed_8880g;30~0078
52

535

520

Glu GTn Leu Glu Glu Met Cys Thr Ala val Asn

545

550

Fro Glu His Pro Ser His

<210>

<211>
<212>
<213>

<220>
<223>

<400>

32

574

PRT

565

Artificial

555

1
540

y val Ile Ala Arg

Arg Ile His Arg Gly

ITe val Leu Pro Ile Ile Lys Arg

Mutant CocE po1ypept1de

32

Met val Asp Gly
1

Arg
Gly
val
Asp
63

Thr
Met

Ser

ASp

Pro

Phe

50

Gly

Gly

Leu

Phe

Gly

Leu

Gly
val
35

Ala
Tyr
Glu
Ser
Gly

val

Tyr

val

20

Pro

Trp

Ala

Phe

Trp

val

‘Gly

Arg

Asn Tyr Ser val
5

Arg

val

ser

val

val

85

Ile

Ser

Gly

Ala

Leu

Leu

Thr

val

70

Pro

Leu

Tyr

Leu

Pro
150

Ala

Leu

Gin

55.

Ile

His

Glu

Leu

Lys

Trp

val

val

40

Ser

Gln

‘val

Gln

Gly

Ala

Tyr

Ala

Asp

25

Arg

Thr

Asp

ASp

Ala

105

val

ITe

Gly

570

ser
10
Leu
Asn
AsSh
Thr
Asp
90
Trp
Thr

Ala

Pra

Asn
Tyr
Pro
Trp
Arg
75

G1ﬁ
Cys
Gin
Pro

Gly
155

Pagina

val

Arg

Tyr

Leu

60

Gly

Ala

Asp

Trp

Ser

140

Gly

Met

Pro

Asp

45

Glu

Leu

Asp

Gly

GIn

125

Met

Ala

val

Asp

30

Lys

Phe

Phe

Ala

Asn

110

Ala

Ala

Leu

Pro

15

Ala

Phe

val

Ala

Glu

95

val

Ala

ser

Ser

560 .

Met

Asp

ASp

Arg

Ser

80

Asp

Gly

val

Ala

val
160

36



Glu
Ser
Ala
Ala
val

225

Phe

Lys
Asn
Tyr
305

His

Leu
Ala
Thr
385

Ser

Ala

Arg

Ala

Glu

210

val

Glu

TYr

Asp

Leu

290

Pro

Leu

Phe

Pro

Asn

370

Glu

Leu

Leu

Ser

Ile

195

Gln

Asp

Arg

Asp

Asn

275

Thr

Ile

Arg

val

Asp

Thr

Ser

Gly

Leu

Asp

Leu

Pro

His

Leu

Gly

Ala

Gly

Gln

Gly

Met

340

Thr

Ser

Ala

Gly

Gly

Ala

Asn

Leu

Pro

Gly

Phe

Asp

Arg

Glu

Glu

325

Gly

Ala

Thr

ASp

Thr

TI"D
Al"g
Asp

Leu

Gly
val
A1q
Asn
Ala
310
Thr
Ile
TYr
Gly
Thr

390

Leu

SEQ_LIST_2nd_Revised_88800730_0078

Ser Ala Leu Ile Gly Thr Gln Leu
170

Pro

val

Gly

AsSn

Leu

Gly

Arg

Ala

295

Thr

Asp

Asp

Thr

Leu

Glu

Ala

200

Arg

Asp

Ala

Glu

Leu

280

Asp

Thr

Ala

Glu

Pro

360

Gly

Leu

Phe

Leu
Glu
Thr
Ser
265
val
Arg

Met

Leu

Thr
Tyr

His

Ala

Ala

Ile

Ser

Pro

250

Leu

val

Lys

His

Ala

330

Arg

Tyr

Leu

Asp

Asn

Ala

Ala

Pro

Arg

Gly

Phe

Asp

Leu

ser

Pro

395

Gly

Padgina

Asp

ser

Leu

Thr

Pro

Gly

Ala

val

Glu

Gly

Thr

380

Ala

Asp
77

Phe

val

205

val

Ser

Ile

Phe

Trp

Ile

Phe

Pro

Thr

Gly

Ser

ASp

Asn

val
190
Thr
Ile
Ile
Thr
val
27Q
ser
Ala
Phe
Lys

350

ser

Pro

Gly

Ile

175

GIn

Pro

Asp

Ser

Ala

255

Ala

His

Ala

ASp

val

335

Trp

Gly

ser

val

Pro

Thr

Leu

Leu

Leu.

240

Gly

val -

ser

Thr

Arg

Arg

Pro

Ala

Gly

Pro

400

Ala

348



405

Asp GIn Arg Pro Ile His Asp Arg Asp Asp val
. 420 425

Glu val Leu Thr Asp Pro val Glu val Thr Gly
435 440 :

Leu Phe val ser ser ser Ala val Asp Thr Asp
450 455

‘ val Asp val phe Pro Asp Gly Arg Ala Ile Ala
465 470 475

val Arg Met Arg Tyr Arg Glu Thr Leu val Asn
485 490

Ala Gly Glu Ile Tyr Glu val Ala Tle Asp Met
500 505 '

val Phe Leu Pro Gly His Arg Ile Met val Gln
515 520

Phe Pro Lys Tyr Asp Arg Asn Ser Asn Thr Gly

530 535

Glu GIn Leu Glu Glu Met Cys Thr ala val Asn

545 550 555
‘ Pro Glu His Pro Ser His Ile val Leu Pro Ile

565 , 570

<210> 33

<211> 574

<212> PRT

<213> Artificial

<220>

<223> Mutant CocE polypeptide

<400> 33

Mét val Asp Gly Asn Tyr ser val Ala ser Asn
5 10

I
5

A?g Asp Gly val Arg teu Ala val Asp Leu Tyr
' 20 25

Gly Pro val pPro val Leu Leu val Arg Asn Pro
' 35 40

Pagina

ot orpr

SEQ_LIST..2nd_Revised_88800730_0078
410

415

Leu Cys Tyr Ser Thr
430

Thr val ser Ala Arg
445

Phe Thr Ala Lys Leu
460

Leu Cys Asp Gly Ile
480

Pro Thr Leu Ile Glu
495

Leu Ala Thr ser Asn
510

val Ser Ser Ser Asn
525

Gly val Ile Ala Arg
Arg Ile His Arg Gly

560

Ile Lys Arg

val Met val Pro Met
15
Arg Pro Asp Ala Asp
30

Tyr Asp Lys Phe Asp
45

78

34



9a1

Asp

65

Glu
Thr
Met

Ser

ser
Ala
Ala
val
225
Phe
Trp

Lys

Asn

Phe

50

Gly

Gly

Leu

Phe

Gly

Leu

Ala

Arg

Ala

Glu

210

val

Glu

Tyr

Asp

Leu

Ala

Tyr

Glu

Ser

Gly

val

Tyr

Leu

ser

Ile

195

GIn

Asp

Arg

ASp

Asn

275

Thr

Trp
Ala
Phe
Trp
val
Gly
Arg
Leu
Asp
180
Leu
Pro
His
Leu
Gly

Ala

Gly

sSer

val

val

85

Ile

Ser

Gly

Ala

Gly

Ala

AsSn

Leu

Pro

Gly

Phe

Asp

Arg

Thr

val

70

Pro

Leu

Tyr

Leu

Pro

150

Trp

Arg

Asp

Leu

Asp

230

Gly

val

Ala

Asn

SEQ_LIST_2nd_Revised_88800730_0078

55

Ile

His

Glu

Leu

Lys

135

Trp

Ser

Pro

val

Leu

Gly

Arg

Ala

GlIn

val

Gln

ASp

Asp

Ala

© 105

Gly

Ala

Tyr

Ala

Glu

Ala

200

Arg

Asp

Ala

Glu

Leu
280

Asp

val

Ile

Gly

Leu

185

Gly

Leu

Glu

Thr

ser

265

val

Arg

Thr

ASp

90

Trp

Thr

Ala

Pro

Ile

170

Ala

Ala

Ile

Ser

Pro

250

Leu

val

Lys

Arg

75

Glu

cys

Gln

Pro

Gly

155

Gly

Ala

Ala

Pro

Trp

Ala

Arg

Gly

Phe

Pagina

Gly

Ala

Asp

Trp

Ser

140

Gly

Thr

Asp

ser

Trp

Gln

Leu

Thr

Pro

Gly
79

Leu

Asp

Gly

Gin

125

Met

Ala

Gly

Phe

val

205

val

Ser

Ile

Phe

Trp

Ile

Phe

Ala

Asn

110

Ala

Ala

Leu

Leu

val

190

Thr

Ile

Ile

Thr

val

270

Ser

Ala

Ala
Glu
95

val
Ala
Ser
Ser
Ile
175
GIn
Pro
ASp
Ser
Ala
255
Ala
His

Ala

GIn ser Thr Asn Trp Leu Glu Phe val Arg
60

ser

80

ASp

Gly

val

Ala

val

160

Thr

Leu

Leu

Gln

Leu

240

Gly

val

Ser

Thr -

350



Tyr
305
His
Leu
‘l.}- Leu
Ala
Thr
385
Ser
Asp
é1u

‘lli Leu

val
455
val
Ala

val

Phe

290

Pro

Leu

Phe

Pro

Asn

370

Glu

Leu

Gln

val

Phe

450

AsSD

Arg

Gly

Phe

Pro
530

Ile

Arg

val

Asp

Thr

Ser

Gly

Arg

Leu

435

val

val

Met

Glu

Leu

515

Lys

Gln

Gly

Met

340

Thr

Ser

Ala

Gly

Pro

420

Thr

Ser

Phe

Arg

Ile

500

Pro

Tyr

Glu

Glu

325

Gly

Ala

Thr

Asp

Thr

405

Ile

Asp

ser

Pro

Tyr

485

Tyr

Gly

Asp

Ala

310

Thr

Ile

Tyr

Gly

Thr

390

Leu

Pro

ser

Arg

Glu

His

Arg

29

Thr Thr Met His

AsSp
ASp
Thr
Gly
375

Tyr

Leu

s Asp

val
Ala
455
Gly
Glu
val

Arg

Asn
535

Ala

Glu

Pro
360

Gly

Leu

Phe

Arg

Glu
440

val

Arg

Thr

Ala

Ile

520

ser

Leu

Trp

Phe

Thr

Tyr

His

Asp

val

ASp

Ala

Leu

Ile

505

Met

Asn

Ala

Arg

Tyr

Leu

Asp

Asn

410

Asp

Thr

Thr

ITe

val

490

ASp

val

Thr

Lys Ala pPhe Phe

315

Gly

Asp

Leu

ser

Pro

395

Gly

val

Gly

ASp

Ala

475

Asn

Met

Gln

Gly

Pagina

val
Glu
Gly
Thr
380
Ala
Asp
Leu
Thr
Phe
460
Leu
Pro

Leu

val

Pro
Thr
Gly
Ser
Asp
Asn
cys
val
445
Thr
Thr
Thr
Ala
Ser

525

val

Lys

350

Ser

Ile

Pro

Gly

Tyr

430

Ser

Ala

Asp

Leu

Thr

510

Ser

Ile

SEQ_LIST_an_ReViSe%R$8800730_0078
5 0

Asp

'va1

335

Trp

Gly

ser

val

Pro

415

Ser

Ala

Lys

Gly

Ile

495

Ser

ser

Ala

Arg

Arg

Pro

Ala

Gly

Pro

400

Ala

Thr

Arg

Leu

Ile

480

Asn

AsSn

Arg

35



Glu GIn Leu Glu Glu Met C

545

Pro Glu His Pro Ser His Ile val Leu P
5

550

SEQ_LIST_2nd_Revised_88800730_0078

Mutant CocE polypeptide

565
<210> 34
<211> 574
<212> PRT
<213> Artificial
£220>
<223>
<400> 34

Met val Asp Gly Asn Tyr SérAVa1
1 5

Arg
Gly
val
Asp
65

Glu
Thr

Met

Ser

Ser

-y e S -

Asp

Pro

Phe

Gly

val
35

Ala

50

Gly

Gly

Leu

Phe

Ala

Arg

Tyr

Glu

Ser

Tyr

Leu

Ser

val

20

Pro

Trp

Ala

Phe

Trp

val

Gly

Arg

Leu

Asp

Arg

val

Ser

val

val

85

Ile

Ser

Gly

Ala

Leu

Leu

Thr

val

70

Pro

Leu

Tyr

Leu

Pro

150

Trp

Arg

Ala

Leu

Gln

55

Ile

His

Glu

Leu

Trp

Ser

Pro

val
val
40

Ser
GIn

val

GTn

Tyr

.A1a

Glu

Ala

Asp

25

Arg

Thr

Asp

Asp

Ala

105

val

Ile

Gly

Leu

Asp

ser

10

Leu

Asn

Asn

Thr

Asp

90

Trp

Thr

Ala

Pro

Ile

170

Ala

555

Asn
Tyr
Pro
Trp
Arg
75

Glu
Cys
Gln
Pro
Gly
155

Gly

Ala

Pdgina

val

Arg

Tyr

Leu

60

Gly

Ala

Asp

Trp

ser

140

Gly

Thr

Asp
81

Met

Pro

Asp

45

Glu

Leu

Asp

Gly

GIn

125

Met

Ala

Gly

Phe

ro Ile 1le Lys Arg
70

val

ASp

30

Lys

Phe

Phe

Ala

Asn

110

Ala

Ala

Leu

Leu

val

Pro

15

Ala

Phe

val

Ala

Glu

95

val

Ala

ser

Ser

Ile

175

Gln

ys Thr Ala val Asn Arg Ile His Arg Gly

560

Met

Asp

ASp

Arg

Ser

80

Asp

Gly

val

Ala

val
160

Thr

Leu

352



Ala
Ala

val
225

'll‘N Phe

Trp
Lys
ASn
TYr
305
His
‘l'! Leu
Leu
Ala
Thr
385

Ser

Asp

r—— e e e e

Ala

Glu

210

val

Glu

Tyr

Asp

Leu

290

Pro

Leu

Phe

Pro

Asn

370

Glu

Leu

Gln

Ile
195
Gln
ASp
Afg
Asp
Asn
275
Thr
Ile

Arg

val

Ser

Gly

Arg

180

Leu

Pro

His

Leu

G]y‘

Ala

Gly

Gln

Gly

Met

340

Thr

Ser

Ala

Gly

Pro
420

Asn

Leu

Pro

Asp

Arg

Glu

Glu

325

Gly

Ala

Thr

ASp

Thr

405

Ile

Asp
Leu
Asp
230
Gly
val

Ala
Asn

Ala
310
Thr
ITe

Tyr

Gly

Thr

390

Leu

His

SEQ_LIST_2nd_Revised_888007
185

val aAla Gly ala Ala ser

Gly
215

ASn

Leu

Arg

Ala

295

Thr

Asp

Asp

Thr

Gly

Tyr

Leu

Asp

200

Arg

ASp

Ala

Glu

Leu

280

Asp

Thr

Ala

Glu

Pro

360

Gly

Leu

Phe

Arg

Leu

Glu

Thr

Ser

265

val

Arg

Met

Leu

Trp

345

Phe

Thr

Tyr

His

Ile

ser

Pro

250

Leu

val

Lys

His

Ala

330

Arg

Tyr

Leu

Asp

Asn

410

Asp

Pro
Trp
235
Ala
Arg

Gly

Phe

Asp

Leu

ser

Pro

395

Gly

val

Pagina

Trp

220

GIn

Leu

Thr

Pro

Gly

Ala

val

Glu

Gly

Thr

380

Ala

Asp

Leu

82

30_0078

190

val Thr pro

205

val

ser

Ile

Phe

Trp

Ile

Phe

Pro

Thr

Asp

Asn

Cys

Ile

ITe

Thr

val

270

ser

Ala

Phe

Lys

Asp

ser

Ala

255

Ala

His

Ala

Asp

val

335

Trp

350

Ser
Ile
Pro
Gjy

Tyr
430

Gly

ser

val

Pro

415

Ser

Leu

GIn

Leu

240

Gly

val

ser

Thr

Arg

Arg

Pro

Ala

Gly

Pro

400

Ala

Thr

253



Glu
Leu
val
465
val
Ala
val
Ehe
Glu
545

Pro

val

Phe

450

Asp

Arg

Gly

Phe

Pro

530

Gln

Glu

<210>
<211>

<212>
‘ <2135

<220>
<223>

<400>

Leu

435

val

val

Met

Glu

Leu

515

Ala

Leu

His

35
574
PRT

Thr

Ser

Phe

Arg

Ile

500

Pro

Tyr

Glu

Pro

Asp

Ser

Pro

Tyr

485

Tyr

Gly

Asp

Glu

ser
565

Artificial

R41I
35

Met .val Asp Gly Asn
1 5

Arg Asp Gly val Arg
‘ : 20

GTy Pro §a1 Pro val
5

val phe Ala Trp ser
50

Asp Gly Tyr Ala val

SEQ_LIST _2nd_Revised_88800730_0078
Pro val Glu val

Ser Ala

455
Asp Gly
Arg Glu
GTu val
His Arg
Arg Asn

535

Met Cys
550

His Ile

Tyr Ser
Leu Ala
Leu Léu
Thr G1n

55

val Ile

440

val

Arg

Thr

‘Ala

Ile
520
Ser

Thr

val

val

val

val

40

Ser

Gln

Asp

Ala

Leu

Ile

505

Met

Asn

Ala

Leu

Ala

Asp

25

Ile

Thr

Asp

Thr Gly Thr va

Thr

Ile

val

490

Asp

val

Thr

val

Pro
570

Ser

10

Leu

Asn

Asn

Thr

ASp
Ala
475
ASn
Met
GlIn

Gly

Asn
555

ASn
Tyr
Pro
Trp

Arg

Pagina

Phe

460

Leu

Pro

Leu

val

Arg

e Ile

val

Arg

TYyr

Leu

60

Gly
83

445

Thr

Cys

Thr

Ala

Ser

525

val

Ile

Lys

Met

Pro

Asp

45

Glu

Leu

Ala

Asp

Leu

Thr

510

ser

ITe

His

Arg

val

Asp

30

Lys

Phe

Phe

1 ser Ala

Lys

Gly

Ile

495

Ser

Ser

Ala

Arg

Pro
15
Ala

Phe

val

Ala

Arg

Leu

Ile
480

AsSn

Asn

Arg

560

Met

Asp

Asp

Arg

ser

394



65

Glu
Thr
Met

Ser

Ser
Ala
Ala
val
225
Phe
Trp
Lys
Asn

Tyr
305

Gly

Leu

Phe

Gly

Leu

Ala

Arg

Ala

Glu

210

val

Glu

Tyr

Asp

Leu

290

Pro

Glu

Ser

Tyr

Leu

ser

Ile

195

Gln

Asp

Arg

Asp

Asn

275

Thr

Ile

Phe

Trp

val

Gly

Arg

Leu

Asp

Leu

Pro

His

Leu

Gly

Ala

Gly

Gln

val

85

Ile

Ser

Gly

Ala

Gly

Ala

Asn

Leu

Pro

Gly

Phe

Asp

Arg

Glu

Pro

Leu

Tyr

Leu

Pro

150

Trp

ATg

Asp

Leu

230

Gly

val

Ala

Asn

Ala
310

SEQ_LIST_an_Re%jsed_88800730_0078
5

His val Asp Asva1u Ala
90

Glu

Leu

Ser
Pro

val

Gly

Asn

Leu

Gly

Arg

Ala

295

Thr

GlIn

Gly

Ala

Tyr

Ala

Glu

Ala

200

Arg

Asp

Ala

Glu

Leu

280

Asp

Thr

Ala

105

val

Ile

Gly

Leu

ASp

Gly

Leu

Glu

Thr

Ser

265

val

Arg

Met

Trp Cys

Thr Gln

Ala Pro

Pro Gly

Ile Gly

170

Ala ala

Ala Ala

Ile Pro

Ser Trp

Pro Ala

250

Leu Arg

val Gly

Lys phe

His Lys

Pdgina

Asp

Trp

Ser

140

Gly

Thr

ASp

Ser

Trp

220

Gln

Leu

Thr

Pro

Gly

Ala

84

Asp Ala Glu

Gly

Gln

125

Met

Ala

Gly

Phe

val

205

val

Ser

Ile

Phe

Trp

ITe

Phe

Asn

110

Ala

Ala

Leu

Leu

val

190

Thr

Ile

Thr

val

270

Ser

Ala

Phe

95

val

Ala

Ser

ser

Ile

175

Gln

Pro

Asp

Ser

Ala

255

Ala

His

Ala

ASp

80

Asp

Gly

val

Ala

val

160

Thr

Leu

Leu

Gln

Leu

240

Gly

val

Ser

Thr

Arg

355



His

Leu

Leu

Ala

Thr

385

ser

" Asp

Glu

val
465
val
Ala
val

Phe

Glu
545

Pro

Leu

Phe

Pro

Asn

370

Glu

Leu

Gln

val

Phe

450

Asp

Arg

Gly

Phe

Pro

530

Gln

Glu

Arg

val

ASp

Thr

ser

Gly

Arg

Leu

435

val

val

Met

Glu

Leu

515

Lys

Leu

His

Gly

Met

340

Thr

Ser

Ala

Gly

Pro

420

Thr

ser

Phe

Arg

Ile

500

Pro

Tyr

Glu

Pro

Glu

325

Gly

Ala

Thr

Asp

Thr

405

Asp

Ser

Pro

Tyr

485

Tyr

Gly

Asp

Glu

Ser
565

Thr

Ile

Tyr

Gly

Thr

390

Leu

His

Pro

Ser

Asp

470

Arg

Glu

His

Arg

Met

550

His

SEQ_LIST_2nd_Revised_88800730_0078
Asp Ala Leu Ala Gly val Pro Lys val

Asp

Thr

Gly

375

Tyr
Leu
Asp
val
Ala
455
Gly
Glu
val
Arg
Asn
535

cys

Ile

Glu

Pro

360

Gly

Leu

Phe

Arg

Glu

440

val

Arg

Thr

Ala

Ile

520

Ser

Thr

val

Thr

Tyr

His

Asp

425

val

Asp

Ala

Leu

Ile

505

Met

AsSn

Ala

Leu

330

Arg

TYr

Leu

Asp

Asn

410

Asp

Thr

Thr

ITe

val

490

Asp

val

Thr

val

Pro
570

Asp
Leu
Ser
Pro
395
Gly
val
Gly
Asp
Ala
475
Asn
Met
Gln
Gly
Asn

555

Ile

Padgina

Glu

Gly
Thr
380
Ala
Asp
Leu
Thr
Phe
460
Leu
Pro
Leu
val
Gly
5

Arg

Ile

85

Thr

Gly

Ser

Asp

Asn

Cys

val

445

Thr

Cys

Thr

Ala

Ser

525

val

Ile

Lys

ASp

350

Ser

Ile

Pro

Gly

Ala.

Asp

Leu

Thr

510

Ser

Ile

His

Arg

335

Trp

Gly

ser

val

Pro

415

ser

Ala

Lys

Gly

Ile

495

Ser

ser

Ala

Arg

Arg

Pro

Ala

Gly

Pro

400

Ala

Thr

Arg

Leu

Ile

480

Glu

Asn

AsSn

Arg

Gly
560



<210>
<211>
<212>
<213>

<220>
<223>

<400>

36
574
PRT

Artificial

SEQ_LIST_2nd_Revised_88800730_0078

Mutant CocE polypeptide

36

Met val Asp Gly
1

l‘!.. Arg

Gly
val
AS
65
Glu
Thr

"lli Met

Ser

Ser

Ala

rr—— e o e 1

ASp

Pro

Phe

50

Gly

Gly

Leu

Phe

Gly

Leu

Ala

Arg

Ala

Gly

val

35

Ala

Tyr

Glu

Ser

Tyr

Leu

Ser

Ile
195

val

20

Pro

Trp

Ala

Phe

Trp

vatl

Gly

Arg

Leu

Asp

Leu

Asn Tyr Ser val
5

Arg

val

Ser

val

val

85

ITe

Ser

Gly

Ala

Gly

Ala

Asn

Leu Ala

Leu Leu

Thr G1n
55

val Ile
70

Pro His
Leu Glu
Tyr Ala
Leu Lys

135

Pro' Trp
150
Trp ser

Arg Pro

Asp val

val

val

40

Ser

GIn

val

Gln

Gly

Ala

Tyr

Ala

Glu

Ala
200

Ala

Asp

Arg

Thr

Asp

Asp

Ala

105

val

Ile

Gly

Leu

Asp

Gly

ser Asn
10

Leu Tyr
Asn Pro
Asn Trp
Thr Arg

75

Asp Glu
90

Trp Cys
Thr G1n
Ala Pro
Pro Gly
Ile Gly
170 ’

Ala Ala

Ala Ala

Pagina

val

Arg

TYr

Leu

60

Gly

Ala

Asp

Trp

ser

140

Gly

Thr

Asp

ser

Met
Pro
Asp
45

Glu

Leu

Gln

125

Met

Ala

Gly

Phe

val
205

val

Asp

30

Lys

Phe

Phe

Ala

Asn

110

Ala

Ala

Leu

Leu

val

190

Thr

Pro

15

Ala

Phe

val

Ala

Glu

95

val

Ala

Ser

ser

Ile

175

GlIn

Pro

Met

ASp

Asp

Arg

Ser

80

ASp

Gly

val

Ala

val

160

Thr

Leu

Leu

357



Ala
val
225
Phe
Trp

Lys

Asn

Leu
Leu
Ala
Thr
385
Ser
ASp

Glu

Leu

Glu
210

val

G1d

Tyr

Asp

Leu

290

Pro

Leu

Phe

Pro

Asn

370

Glu

Leu

G1In

val

Phe
450

Gln
Asp
Arg
Asp
Asn
275
Thr
Ile
Arg
val
ASp
355
Thr
Ser
Gly
Arg
Leu

435

val

Pro

His

Leu

Gly

Ala

Gly

Gln

Gly

Met

340

Thr

Ser

Ala

Gly

Pro

420

Thr

ser

Leu

Pro

Asp

Arg

Glu

Glu

325

Gly

Ala

Thr

Asp

Thr

405

Ile

Asp

Ser

Leu

Asp

230

Gly

val

Ala

Asn

Ala

310

Thr

Ile

Tyr

Gly

Thr

390

Leu

His

Pro

Ser

SEQ_LIST_2nd_Revised_88800730_0078
Gly Arg Leu Ile Pro Trp val ITe Asp

215

Asn

Leu

Gly

Arg

Ala

295

Thr

AsSp

Asp

Thr

Gly

Tyr

Leu

Asp

val

Ala
455

ASp

Ala

Glu

Leu

280

Asp

Thr

Ala

Glu

Pro

360

Gly

Leu

_Phe

Arg

Glu
440

val

Glu

Thr

ser

265

val

Arg

Met

Leu

Trp

Phe

Thr

Tyr

His

Asp

ser Trp
235

Pro Ala
250

Leu Arg

val Gly

Lys phe

His Lys

Ala Gly

330

Arg Asp

Tyr Leu

Leu Ser

ASp Pro

395

Asn Gly
410

Asp val

.Thr Gly

Thr Asp

Pdgina

220

Gln

Leu

Thr

Prro

Gly

Ala

val

Glu

Gly

Thr

380

Ala

Asp

Leu

Thr

Phe
460

87

ser

Ile

Phe

Trp

ITe

Phe

Pro

Thr

Gly

ser

Asp

Asn

Cys

val

445

Thr

Ile

Thr

val

270

Ser

Ala

Phe

Lys

Asp

Ser

Ile

Pro

Gly

Tyr

430

Ser

Ala

ser

Ala

255

Ala

His

Ala

Asp

val

335

Trp

Gly

Ser

val

Pro

415

Ser

Ala

Lys

Leu
240

Gly

val -

ser

Thr

Arg

Arg

Pro

Ala

Gly

Pro

400

Ala

Thr

Arg

Leu



val
465
val
Ala
Va1
Phe
Glu
545

Pro

Asp

Arg

Gly

Phe

Pro

530

Gln

Glu

<210>
<211>
<212>
<213>

<220>
<223>

<400>

val Phe

Met Arg

Glu Ile
500

Leu Pro
515

Lys Tyr

Leu Glu

His Pro

37
574
PRT

Pro
TYr
485
Tyr
Gly
AsSp

Glu

Ser
565

Artificial

Asp

470

Arg

Glu

His

Arg

Met

550

His

SEQ.LIST_2nd_Revised_88800730_0078

Gly Arg Ala 1le Ala Leu Cys Asp Gly

Glu
val
Arg
Asn
535

Cys

Ile

Thr
Ala
ITe
520
Ser

Thr

val

Mutant CockE polypeptide

37

Met val Asp Gly Asn Tyr ser val
1 5

Arg
Gly
val
ASp
65

Glu

Asp

Pro

Phe

50

Gly

Gly

Gly val
20

val Pro

35

Ala Trp

Tyr Ala

Glu phe

Arg

val

Ser

val

val
85

Leu

Leu

Thr

val

70

Pro

Ala

Leu

GlIn

55

Ile

His

val

val

40

Ser

Gln

val

Leu

Ile

505

Met

Asn

Ala

Leu

Ala

Asp

25

Arg

Thr

Asp

Asp

val

490

Asp

val

Thr

val

Pro
570

Ser

10

Leu

Asn

Asn

Thr

Asp
90

475

Asn
Met
GIn
Gly

Asn
555

Ash
Tyr
Pro
Trp
Arg

75

Glu

Pagina

Ero
Leu
val
Gly

Arg

s Ile

val

Arg

Tyr

Leu

60

Gly

Ala

Thr

Ala

Ser

525

val

Ile

Lys

Met

Pro

ASp

45

Glu

Leu

Asp

Leu
Thr
510
Ser
Ile
His

Arg

val
Asp
30

Ala
Phe

Phe

Ala

Ile

495

ser

Ser

Ala

Arg

Pro

15

Ala

Phe

val

Ala

Glu
95

Ile

480

Glu

Asn

Asn

Arg

Gly
560

Met

ASp

Asp

Arg

Ser

80

Asp

359



Thr
Met

Ser

Ser
Ala
Ala
val
225
Phe
Trp
Lys
Asn
Tyr
305
His

Leu

Leu

Phe

Gly.

Leu

Ala

Arg

Ala

Glu

210

val

Glu

Tyr

Asp

Leu

290

Pro

Leu

Phe

ser

Gly

val

Tyr

Leu

Ser

Ile

195

Gln

Asp

Arg

Asp

AsSn

275

Thr

Ile

Arg

val

Trp
val
Gly
Arg
Leu
Asp
180
Leu
Pro
His
Leu
Gly
2

Ala
Gly
GlIn

Gly

Met
340

Ile

Ser

Gly

Ala

Gly

Ala

Asn

Leu

Pro

Gly

Phe

ASp

AFg

Glu

Glu

325

Gly

Leu

Tyr

Leu

Pro

150

Trp

Arg

ASp

Leu

Asp

Gly

val

Ala

Asn

Ala

310

Thr

Ile

SEQ_LIST_2nd_Revised_88800730_0078

Glu Gln A

Leu

Lys

Trp

ser

Pro

val

Gly

Asn

Leu

Gly

Arg

Ala

Gly
120

Ala

Tyr

Ala

Glu

Ala

200

Arg

Asp

Ala

Glu

Leu

280

Asp

295 -

Thr

Asp

Asp

Thr

Ala

Glu

j
105
val
Ile

Gly

Leu

Leu
Glu
Thr
Ser
265
val
Arg
Met

Leu

Trp

Thr GIn
Ala pPro
Pro Gly
Ile Gly
170

Ala Ala
Ala Ala
Ile Pro
ser Trp
Pro Ala
250

Leu Arg
val Gly
Lys Phe
His Lys
Ala Gly
330

Arg Asp

Pagina

Trp
Ser
140
Gly
Thr
Asp
ser
Trp
6Tn
Leu
Thr
Pro
Gly
Ala

val

Glu

89

GlIn

125

Met

Ala

Gly

Phe

val

205

val

Ser

Ile

Phe

Phe

Pro

Thr

110

Ala

Ala

Leu

Leu

val

190

Thr

Ile

Ile

Thr

val

270

Ser

Ala

Phe

Lys

Asp
350

a Trp Cys Asp Gly Asn val

Ala

Ser

ser

Ile

175

GIn

Pro

Asp

ser

Ala

255

Ala

His

Ala

Asp

val

335

Trp

Gly -

val

val

160

Thr

Leu

Leu

G1H

Leu
240
Gly

val

ser

Thr -

Arg

Arg

Pro

360



Leu
Ala
Thr
385
Ser
Asp
Glu
Leu
val
465
val
Ala
val
phe
Glu
545

Pro

Pro

Asn

370

Glu

Leu

GlIn

val

Phe"

450

Asp

Arg

Gly

Phe

Pro

530

Gln

Glu

<210>
‘<211>
<212>
<213>

<220>

Asp
Thr
Ser
Gly
Arg
Leu
435
val
val
Met
Glu
Leu
515
Lys
Leu
His

38
574
PRT

Thr

ser

Ala

Gly

Pro

420

Thr

ser

Phe

Arg

Ile

500

Pro

Tyr

Glu

Pro

Ala

Thr

Asp

Thr

405

Ile

Asp

ser

Pro

Tyr

485

Tyr

Gly

Asp

Glu

ser
565

Artificial

Tyr

Gly

Thr

390

Leu

His

Pro

ser

Asp

470

Arg

Glu

His

Arg

Met

550

His

SEQ_LIST_an_Revised_88800730_0078

Thr Pro phe Tyr Leu Gly Géy Ser Gly
365

Gly
375
Tyr
Leu
Asp
val
Ala
455
Gly
Glu
val
Arg
ASn
535

Cys

Ile

360

Gly

Leu

Phe

Arg

Glu
440

val

Arg

Thr

Ala

Ile

520

Ser

Thr

val

Thr

Tyr

His

Asp

Ala

Leu

Ile

505

Met

Asn

Ala

Leu

Leu

Asp

Asn

410

Asp

Thr

Thr

Ile

val

490

Asp

val

Thr

val

Pro
570

Ser
Pro
395
Gly
val
Gly
Asp
Ala
475
Asn
Met
Gln
Gly
ASn

555

Ile

Pagina

Thr

380

Ala

Asp

Leu

Thr

Phe

460

Leu

Pro

Leu

val

Arg

Ile

Ser

Asp

Asn

Cys

val

445

Thr

Cys

Thr

Ala

Ser

525

val

Ile

Lys

Ile

Pro

Gly

Tyr

430

Ser

Ala

Asp

Leu

Thr

510

ser

Ile

His

Arg

ser

val

Pro

415

Ser

Ala

Lys

Gly

ITe

495

ser

Ser

Ala

Arg

Gly

Pro

400

Ala

Thr

Arg

Leu

Ile

480

Asn

Asn

Arg

26|



<223>

<400>

Met val Asp Gly Asn Tyr Sér,
1 5

Arg

Gly

Asp
65

Glu
Thr

Met

Ser

Ala
Ala

val
225

val,

Asp

Pro

Phe

50

Gly

Gly

Leu

Phe

Gly

Leu

Ala

Arg

Ala

Gly
val
35

Ala
Tyr
Glu
ser
Gly
val
Tyr
Leu
Ser

Ile

- 195

Glu
210

val

Gln

Asp

val
20

Pro
Trp
Ala
Tyr
Trp
val
Gly
Arg
Leu
Asp
180
Leu

Pro

His

Arg

val

Ser

val

val

85

Ile

ser

Gly

Ala

Gly

Ala

AsSn

Leu

Pro

Leu

Leu

Thr

val

70

Pro

Leu

Tyr

Leu

Pro

150

Trp

Arg

Asp

Leu

Asp
230

SEQ_LIST. 2nd_Revised_88800730_0078

Ala
Leu
Gln
55

Ile
His
Glu

Leu

Trp
Ser
Pro

val

Mutant CocE polypeptide
38

val Ala Ser Asn

val

val

40

Ser

Gln

val

GIn

TYr

vA1a

Glu

Ala

200

Arg

Asp

Asp

25

Arg

Thr

ASp

ASp

Ala

105

val

Ile

Gly

Leu

ASp

Gly

Leu

Glu

10

Leu Tyr
Asn Pro
Asn Trp
Thr Arg

75

Asp Glu
90

Trp Cys
Thr GTn
Ala Pro
Pro Gly
Ile Gly
170

Ala Ala

Ala Ala

TIle Pro

Ser Trp
235

pPdgina

val
Arg
Tyr
Leu
60

Gly
Ala
Asp
Trp
ser
140
Gly
Thr
ASp
Ser

Trp

Gln

91

Met

Pro

Asp

45

Glu

Leu

Asp

Gly

GlIn

125

Met

Ala

Gly

phe

val

205

val

Ser

val
Asp
30

Lys
Phe
Phe
Ala
ASn
110
A1a
Ala
Leu
Leu
val
190
Thr

Ile

Ile

Pro Met
15

Ala Asp

Phe Asp

val Arg

Ala Ser

80

Glu Asp
95

val Gly

Ala val

Ser Ala

Ser val

160
Ile Thr
175
Gln Leu
Pro Leu

Asp Gln

ser Leu
240

362



Phe

Trp

Lys

Asn

Tyr

His

Leu

Leu

Thr
385
Ser
Asp
Glu

Leu

vzl
465

Glu

Tyr

ASp

Leu

290

Pro

Leu

Phe

Pro

Asn

370

Glu

Leu

Gln

val

Phe

450

Asp

Arg

Arg
ASD
Asn
275
Thr
Ile
Arg
val
ASp
Thr
Ser
Gly
Arg
Leu
435
val

val

Met

Leu

Gly

Ala

Gly

Gln

Gly

Met

340

Thr

Ser

Ala

Gly

Pro

420

Thr

Ser

Phe

Arg

Gly

Phe

Asp

Arg

Glu

Glu

325

Gly

Ala

Thr

Asp

Thr

405

Ile

Asp

Ser

Pro

TYr
485

Gly

val

Ala

Asn

Ala

310

Thr

Ile

Tyr

Gly

Thr

390

Leu

His

Pro

Ser

Asp

Arg

SEQ_LIST_an_Revised_88800730_0078

Leu Ala Thr pPro ala Leu Ile Thr Ala

Gly
Arg
Ala
295
Thr
Asp
Asp
Thr
Gly
Tyr
Leu
Asp
val
Ala
455

Gly

Glu

Glu

Leu

280

Asp

Thr

Ala

Glu

Pro

360

Gly

Leu

Phe

Arg

Glu

Ser

265

val

Arg

Met

Leu

Thr

Tyr

His

Asp

425

val

440

val

Arg

Thr

Asp

Ala

Leu

250

Leu

val

Lys

His

Ala

330

Arg

Tyr.

Leu

Asp

Asn

410

Asp

Thr

Thr

Ile

val
490

Arg Thr

Gly Pro

Phe Gly
~300

Lys Ala
315

Gly val

Asp Glu

Leu Gly

ser Thr
380

Pro Ala
395

Gly Asp

val Leu

Gly Thr

Asp Phe
460

Ala Leu
475

AsSh Pro

Pagina 92

Phe

Trp

Ile

Phe

Pro

Thr

Gly

Ser

Asp

Asn

Cys

val

445

Thr

Cys

Thr

val

270

Ser

Ala

Phe

Lys

Asp

350

ser

Ile

Pro

Gly

Tyr

430

ser

Ala

Asp

Leu

255

Ala

His

Ala

ASp

val

335

Trp

Gly

ser

val

Pro

415

ser

Ala

Lys

Gly

Ile
495

Gly

vatl

Ser

Thr

Arg

Arg

Pro

Ala

Gly

Pro

400

Thr

Arg

Leu

Ile

480

Glu

363



A1a
val
Phe
Glu
545

Pro

Gly

Phe

Pro

530

GIn

Glu

<210>
<211>
<212>
<213>

<220>"
<223>

<400>

Glu

Leu
515

Lys

Leu

His

39
587
PRT

Ile

500

Pro

Tyr

Glu

Pro

Tyr Glu

Gly His

Asp Arg

Glu Met

550

Ser His
565

Artificial

%

SEQ_LIST._2nd_Revised_88800730_0078

val ‘Ala Ile Asp Met Leu Ala Thr Ser Asn

Arg Ile
Asn Ser
535

Cys Thr

ITe val

Mutant CockE polypeptide

39

Met val Asp Gly
1

Arg
Gly
val
Asp
65

G}u

Thr

Met

ey s e

Asp
Pro
Phe
50

Gly

Gly-

Leu

Phe

Gly
val
35

Ala
Tyr
Glu

ser

Gly

val

20

Pro

Trp

Ala

Phe

Trp

val

Asn Tyr
5

Arg Leu
val Leu
ser Thr
val val

70

val Pro
85

Ile Leu

ser Tyr

Ser val
Ala val
Leu val
40
GIn ser
55
Ile Gln
His val

Glu Gln

Leu Gly
120

505

Met

Asn

Ala

Leu

Ala

Asp

25

Arg

Thr

ASp

Asp

Ala

105

val

val

Thr

val

Pro

570

Ser

10

Leu

Asn

Asn

Thr

Asp

90

Trp

Thr

Gln

Gly

Asn

555

Asn
Tyr
Pro
Trp
Arg
75

Glu
Cys

Gln

Pagina

val

Gly
540

Arg

2 Ile

val

Arg

Tyr

Leu

60

Gly

Ala

Asp

Trp

ser
525
val

Ile

Lys

Met

Pro

ASp

45

Glu

Leu

AsSp

Gly

Gln

510

Ser

Ile

His

Arg

Va1
Asp
30

Lys
Phe
Phe
Ala
ASn
110

Ala

ser
Ala

Arg

Pro
15

Ala
Phe
val
Ala
Glu
95

val

Ala

Asn
Arg

Gly
5

Met
Asp
Asp
Arg
Ser
80

Asp

Gly

val

364



Ser

ser
Ala
Ala
val
225
Pbe
Trp
Lys

Asn

Tyr
305
His
Leu

Leu

Ala

Gly

Leu

Ala

Arg

Ala

Glu

210

val

Glu

Tyr

Asp

Leu

290

Pro

Leu

Phe

Pro

Asn
370

val

Tyr

Leu

Ser

Ile

195

Gln

Asp

Arg

Asp

Asn

275

Thr

Ile

Arg

val

Asp

Thr

Gly

Arg

Leu

Asp

180

Leu

Pro

His

Leu

Gly

Ala

Gly

Gln

Gly

Met

340

Thr

.Ser

Gly

Ala

Gly

Ala

Asn

Leu

Pro

Gly

Phe

Asp

Arg

Glu

Glu

325

Gly

Ala

Thr

Leu

Pro

150

Trp

Arg

Asp

Leu

Asp

230

val

Ala

Asn

Ala

310

Thr

Ile

Tyr

Gly

SEQ_LIST_2nd_Revised_88800730_0078

Lys Ala Ile Ala Pro Ser Met Ala Ser

135

Trp
Ser
Pro

val

Leu
Gﬁy
Arg
Ala
295
Thr
Asp
Asp

Thr

Gly

Tyr

Ala

Glu

Ala

200

Arg

Asp

Ala

Glu

Leu

280

Asp

Thr

Ala

Glu

Pro

360

Gly

Gly

Leu

Leu

Glu

Thr

Ser

265

val

Arg

Met

Leu

Trp

345

Phe

Thr

Pro

Ile

170

Ala

Ala

Ile

Ser

Pro

250

Leu

val

Lys

His

Ala

330

Arg

Tyr

Leu

Gly
155
Gly
Ala
Ala
Pro
Trp
Ala
Arg

Gly

Phe

ASp

Leu

ser

Pagina

140

Gly
Arg
Asp
Ser
Trp
Gln
Leu
Thr
Pro
Gly
Ala
val
Glu
Gly

Thr
380

94

A1a

Gln

Phe

val

205

val

ser

Ile

Phe

Trp

Ile

Phe

Pro

Thr

Gly

ser

Leu

Leu

val

190

Thr

Ile

Ile

Thr

val

270

ser

Ala

Phe

Lys

Asp

350

Ser

Ile

Ser
ITe
175
GIn
Pro
Asp
ser
Ala
255
Ala
His
Ala
ASp
val
335
Trp

Gly

Ser

val
160
Thr

Leu

Leu

Leu

240

Gly

val

ser

Thr

Arg

320

Arg

Pro

Ala

G1y'

%65



Thr
385

Ser

ASp

’l.' Glu

Leu
val
465
val

Ala

val

"lr .Phe

Glu
545

" Pro

Glu

Leu

Gln

val

Phe

450

Asp

Arg

Gly

Phe

Pro

530

Gln

Glu

Ser

Gly

Arg

Leu

" 435

val

val

Met

Glu

Leu

515

Lys

Leu

His

Aja Ala Ala

<210>
<211>
<212>
<213>

<220>
<223>

<400>

40
587
PRT

Ala
Gly
Pro
420
Thr
Ser
Phe
Arg
Ile
500
Pro
Tyr
Glu
Pro

Leu
580

Asp

Thr

405

Ile

Asp

ser

Pro

Tyr

485

Tyr

Gly

Asp

Glu

Ser

565

Glu

Artificial

Thr
390
Leu
His
Pro
Ser
Asp
470
Arg
Glu
His
Arg
Met:
550

His

His

SEQ_LIST_2nd_Revised_88800730_0078

Tyr Leu Tyr Asp Pro Ala Asp Pro val

Leu

Asp

val

Ala

455

Gly

Glu

val

Arg

Asn

535

Cys

ITe

His

Phe

Arg

Glu

440

val

Arg-

Thr

Ala

Ile

520

Ser

Thr

val

His

Mutant CocE po1ypépt1de

40

His

Asp

Ala

Leu

Ile

505

Met

Asn

Ala

Leu

His
585

Asn

410

Asp

Thr

Thr

Ile

val

490

Asp

val

Thr

val

Pro

570

His

395

Gly
val
Gly
ASp
Ala
475
Asn
Meft:
GIn
Gly
Ash
555

Ile

His

Leu

Thr

Phe

460

Leu

Pro

Leu

val

Gly

Arg

Ile

Pagina 95

Asn

cys

val

445

Thr

Cys

Thr

Ala

ser

525

val

Ile

Lys

Gly

Tyr

430

Ser

Ala

Asp

Leu

Thr

510

Ser

Ile

His

Arg

Pro
415
$er
Ala
Lys
Gly
Ile
495
Ser
Ser
Ala

Arg

Lys

Pro

400

Ala

Thr

Arg

Leu

Ile

480

Asn

Asn

Arg



Met
Arg
Gly
val
ASD
65

G]Q
Thr

Met

ser

Ser
Ala
Ala
val
225

Phe

val-

Asp

Pro

Phe

50

Gly

Gly

Leu

Phe

Gly

Leu

Ala

Arg

Ala

Glu

210

val

Glu

Asp

Gly

val

35

Ala

Tyr

Glu

ser

Tyr

Leu

Ser

ITe

195

GIn

Asp

Arg

Gly

val

20

Pro

Trp

Ala

Phe

Trp

100

val

Gly

Arg

Leu

Asp

180

Leu

Pro

His

Leu

Asn
5
Arg
val
Ser
val
val
85
Ile
Ser
Gly

Ala

Asn
Leu

Pro

Tyr

Leu

Leu

Thr

val

70

Pro

Leu

Tyr

Leu

Pro

150

Trp

Arg

Asp

Leu

Asp

Gly

SEQ_LIST_2nd_Revised_88800730_0078

Ser val Ala ser Asn val Met val Pro Met
10

Ala val
Leu val

40

GIn Ser

55

ITe GIn

His val

Glu GIn

Leu Gly

Lys Ala

Trp Tyr

Ser Ala

Pro Glu

val Ala

200

Gly Arg

Asn Asp

Leu Ala

Asp

25

Arg

Thr

Asp

Asp

Ala

105

val

Ile

Gly

Leu

Leu

Glu

Thr

Leu Tyr

Asn Pro

Asn Trp

Thr Arg
75

Asp Glu
90

Trp Cys

Thr G1n

Ala Pro
Pro Gly

Ile Gly
170

Ala Ala
Ala Ala
Ile Pro

Ser Trp
235

Pro Ala
250

Pagina

Arg
Tyr
Leu
60

Gly
Ala
Asp
Trp
Ser
140
Gly
Arg
Asp
ser
220

GlIn

Leu

Pro

Asp

45

Glu

Leu

Asp

Gly

GlIn
125

Met

Ala

Gly

Phe

val

205

val

Ser

Ile

Asp

30

Lys

Phe

Phe

Ala

Asn

110

Ala

Ala

Leu

Leu

val

190

Thr

ITe

Ile

Thr

15

Ala

Phe

val

Ala

Glu

95

val

Ala

ser

Ser

Ile

175

GlIn

Pro

ASp

Ser

Ala
255

ASp

Asp

Arg

Ser

80

Asp

Gly

val

Ala

val

160

Thr

Leu

Leu

Leu

240

Gly

36}



Trp
Lys
ASn
Tyr
305
His
Leu
Leu
Ala
Thr
385
Ser
Asp
Glu
Leu
val
465

val

Ala

r———— =

Tyr
ASp
Leu
290

Pro

Leu

Phe

Pro

Asn

370

Glu

Leu

Gln

val

Phe

450

Asp

Arg

Gly

ASp
Asn
275
Thr
Ile
Arg
val
355
Thr
ser
Gly
Arg
Leu
435
val
val

Met

Glu

Gly
Ala
Gly
Gln
Gly
Met
340
Thr
Ser
Ala
Gly
Pro
420
Thr
Ser
Phe

Arg

Ile

Phe

Asp

Arg

Glu

Glu

325

Gly

Ala

Thr

ASp

Thr

405

Ile

Asp

ser

Pro

Tyr

485

Tyr

val

Ala

Asn

Ala

310

Thr

Ile

Tyr

Gly

Thr

390

Leu

His

Pro

ser

Asp

470

Arg

Glu

SEQ_LIST_2nd_Revised_88800730_0078

Gly Glu Ser Leu Arg Thr Phe val ala

Arg
Ala
295
Thr
ASp
ASp
Thr
Gly
Tyr
Leu
Asp
val
Ala
455
Gly
Glu

val

Leu

280

Asp

Thr

Ala

Glu

Pro

360

Gly

Leu

Phe

Arg

Glu

440

val

Arg

Thr

Ala

265

val

Arg

Met

Leu

Thr

Tyr

His

ASp

425

val

Asp

Ala

Leu

Ile

val

Lys

His

Tyr

Leu

Asp

Asn

410

Asp

Thr

Thr

Ile

val

490

ASp

Gly

Phe

Gly
Asp
Leu
ser
Pro
395
Gly
val
Gly
Asp
Ala
475

As_n

Met

Pagina.

Pro
Gly
300

Ala

‘val

Glu

Gly

Thr

380

Ala

Asp

Leu

Thr

Phe

460

Leu

Pro

Leu
97

Trp

Ile

Phe

Pro

Thr

Gly

Ser

Asp

Asn

cys

val

445

Thr

Cys

Thr

Ala

270

Ser

Ala

Phe

Lys

Sser

ITe

Pro

Gly

Tyr

430

Ser

Ala

ASp

Leu

Thr

His

Ala

Asp

val

335

Trp

Gly

ser

val

Pro

415

Ser

Ala

Lys

Gly

Ile

495

Ser

val

Ser

Thr .

Arg

320

Arg

Pro

Ala

Gly

Pro

400

Ala

Thr

Arg

Leu

Ile

480

Glu

Asn

2¢8



val
Phe

Glu
545

® ..

Ala

Phe

Pro

530

Gln

Glu

Ala

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Leu
515

Lys

Leu

His

Ala

41
587
PRT

500

Pro

Tyrf

Glu

Pro

Leu
580

Gly
Asp
Glu
Ser

565

Glu

Artificial

His

Arg

Met

550

His

His

SEQ_LIST_2nd_Revised_88800730_0078

Arg ITe
520

Asn Ser
535
Cys Thr

Ile val

His His

Mutant Cock polypeptide

41

Met val Asp Gly Asn Tyr
1 5

Arg
Gly
val
Asp
65

GTu
Thr

Met

Asp

Pro

Phe

50

Gly

Gly

Leu

Phe

Gly

val

35

Ala

Tyr

Glu

Ser

Gly

val Arg Leu
20

Pro

Trp

Ala

Phe

Trp

val

val

ser

val

val

85

Ile

Ser

Leu

Thr

val

70

Pro

Leu

Tyr

ser val
Ala val
Leu val
40
Gln ser
55
ITe G1n
His val

Glu GIn

Leu Gly

505

Met

Asn

Ala

Leu

His
585

Ala

Asp

25

Arg

Thr

Asp

ASp

Ala

105

val

val Gln
Thr Gly

val Asn
555

Pro 1le
570

His His

Ser Asn
10

Leu Tyr
Asn Pro
Ash Trp
Thr Arg

75

Asp Glu
90

Trp Cys

Thr Gln

Pdgina

510

val ser Ser ser

Gly
540
Arg

Ile

val

Arg

Tyr

Leu

60

Gly

Ala

Asp

Trp

98

525

val Ile Ala

Ile His Arg

Lys Arg Lys

Met

Pro

Asp

45

Glu

L.eu

ASp

Gly

GIn
125

val

ASp

30

Lys

Phe

Phe

Ala

Asn

110

Ala

575

Pro

15

Ala

Phe

val

Ala

Glu

95

val

Ala

Asn
Arg
Gly
5

Leu

Met
Asp
Asp
Arg
Ser
80

ASp

Gly

val

269



Ser

Ala
Ala
val
225
Phe
Trp

~ Lys
Asn
Tyr
305
His
Leu

Leu

Ala

Gly val
130

Leu Tyr

Ala Leu

Arg ser

Ala Ile
195

Glu Gln
210

val Asp
Glu Arg
Tyr Asp
AsSp Asn

275

Leu Thr
290

Pro Ile
Leu Arg
Phe val
Pro Asp

355

Asn Thr

Gly
Arg
Leu
Asp
180
Leu
Pro
His
Leu
Gly
2

Ala
Gly
GIn
Gly
Met
340

Thr

ser

Gly

Ala

Gly

Ala

Asn

Leu

Pro

Gly

Phe

Asp

Arg

Glu,

Glu

325

Gly

Ala

Thr

Leu

Pro

150

Trp

Arg

ASp

Leu

Asp

230

Gly

val

Ala

Asn

Ala

310

Thr

Ile

Tyr

Gly

SEQ_LIST_2nd_Revised_88800730_0078

Lys Ala Ile Ala Pro
135

Trp

ser

Pro

val

Gly

Asn

Leu

Gly

Arg

Ala

295

Thr

Asp

Asp

Thr

Gly

Tyr
Ala
Glu
Ala
200
Arg
Asp
Ala
Glu
Leu
280
Asp
Thr
Ala
Glu
Pro

360

Gly

Gly

Leu

Leu

Glu

Thr

Ser

265

val

Arg

Met

Leu

Thr

Pro Gly
155

Ile Gly

170

Ala Ala

Ala Ala

Ile Pro

Ser Trp

Pro Ala

250

Leu Arg

val Gly

Lys pPhe

His Lys

Ala Gly

330

Arg Asp

Tyr Leu

Leu ser
Pagina

Ser Met Ala Ser

140

Gly

Arg

Asp

ser

Trp

Gln

Leu

Thr

Pro

Gly

Ala

val

Glu

G1y_

Thr
99

Ala

Gly

Ala

val

205

val

ser

Ile

Phe

Trp

Ile

Phe

Pro

Thr

Leu
Leu
val
190
Thr
Ile
Ile
Thr
val
270
Ser
Ala
Phe
Lys
ASp

Sser

Ile

Ser

Ile

175

Gln

Pro

Asp

ser

Ala

255

Ala

His

Ala

ASp

val

335

Trp

Gly

Ser

Ala

val

160

Thr

Leu

Leu

GIn

Leu

240

Gly

val -

Ser

Thr

Arg

320

Arg

Pro

Ala

Gly

2730



Thr
385
Ser

Asp

Glu

val
465
val
Ala
val
Phe
Glu
545

Pro

Ala

370

Glu:

Leu

Gln

val

Phe

450

Asp

Arg

Gly

Phe

Pro

530

Gln

Ala

<210>
<211>
<212>

<z13>

<220>

<Z23>

Ser

Gly

Arg

Leu

435

val

val

Met

Glu

Leu

515

Lys

Leu

His

Ala

42
582
PRT

Ala

Gly

Pro

420

Thr

Ser

Phe

Arg

Ile

500

Pro

Tyr

Glu

Pro

Leu
580

ASp

Thr

405

Ile

Asp

Ser

Pro

Tyr

485

Tyr

Gly

Asp

Glu

Ser

565

Glu

Artificial

Thr
390
Leu
His
Pro
Ser
Asp
470
Arg
Glu
His
Arg
Met
550

His

His

SEQ_LIST_2nd_Revised_88800730_0078

375

380

Tyr Leu Tyr Asp Pro Ala

Leu
Asp
val
Ala
455
Gly
Glu
val
Arg
Asn
535
Cys

Ile

His

Phe

Arg

Glu
440
val
Arg
Thr
Ala
Ile
520
Ser
Thr

val

His

Mutant CocE polypeptide

His

Asp

val

Asp

Ala

Leu

Ile

505

Met:

Asn

Ala

Leu

His
585

Asn

410

Asp

Thr

Thr

Ile

val

490

Asp

val

Thr

val

Pro

570

His

395
Gly
val
Gly
Asp
Ala
475
ASn
Met
Gin
Gly
Asn
555
ITe

His

Asp

Leu

Thr

Phe

460

Leu

Pro

Leu

val

Gly

540

Arg

Ile

Pagina 100

Asp Pro val

Asn

Cys

val

445

Thr

Cys

Thr

Ala

ser

525

val

Ile

Lys

Gly

Pro

- 415

Tyr

430

ser

Ala

Asp

Leu

Thr

510

Ser

Ile

His

Arg

Ser
Ala
Lys
Gly
I1e
495
ser
Ser
Ala

Arg

Lys
575

Pro
400
Ala
Thr
Arg
Leu
Ile
480
Glu
ASn
ASn
Arg

Gly

Leu

23)



<400>

42

Met val Asp
1

1

Arg
d1y
val
Asp
65

Glu
Thr

Met

ser

Ala
Ala
val
225

Phe

Asp
Pro
Phe
50

Gly

Gly

Leu

Phe

Gly

Leu

Ala

Arg

Ala

Glu

210

val

Glu

Gly
val
35

Ala

Tyr

Glu

ser

Tyr

Leu

Ser

Ile

195

Gin

Asp

Arg

Gly

val

20

Pro

Trp

Ala

Phe

Trp

val

Gly

Arg

Leu

Pro

His

Leu

Asn

Arg

val

ser

val

val

85

Ile

ser

Gly

Ala

Gly

Ala

Lys

Leu

Pro

Gly

Tyr

Leu

Leu

Thr

val

70

Pro

Leu

Tyr

Leu

Pro

150

Trp

Arg

Asp

Leu

Asp

230

Gly

SEQ_LIST_2nd_Revised_88800730_0078

Ser val Ala Ser Asn val Met val Pro

Ala

Leu

Gln

55

Ile

His

Glu

Leu

ser

Pro

val

Gly

Asn

Leu

va'l

val

40

Ser

GIn

val

Gln

.G1y

Ala

Tyr

Ala

Glu

Ala

200

Arg

Asp

Ala

ASp

25

Arg

Thr

ASp

Asp

Ala

105

val

Ile

Gly

Leu

Asp

185

Gly

Leu

Glu

Thr

10
Leu Tyr

AsSn Pro

Asn Trp

Thr Arg

75
Asp Glu

90

Trp Cys

Thr GIn

Ala Pro

Pro Gly

Ile Gly

170

Ala Ala

Ala Ala

ITe Pro

ser Trp

235

Pro Ala

Arg

Tyr

Leu

60

Gly

Ala

Asp

Trp

Ser

140

Gly

Thr

Asp

ser

Trp

GlIn

Leu

Pagina 101

Pro

Asp

45

Glu

Leu

Asp

Gly

Gln

125

Met

Ala

Gly

Phe

‘val

205

val

Ser

Ile

Asp

30

Lys

Phe

Phe

Ala

Asn

110

Ala

Ala

Leu

Leu

val

190

Thr

ITe

Ile

Thr

15

Ala

Phe

val

Ala

Glu

95

val

Ala

Ser

ser

Ile

175

Glin

Pro

Asp

ser

Ala

Met

Asp

Asp

Arg

Ser

80

Asp

Gly

val

Ala

val

160

Thr

Leu

Leu

Gln

Leu

240

Gly

232



Trp
Lys
Asn
Tyr
305
His
Leu
Leu
Ala
Thr
385
ser
Asp
Glu
Leu
val

465

val

Tyr
Asp
Leu
290
Pro
Leu
Phe
Pro
AsSn
370
Glu
Leu
Gln
val
Phe
450

Asp

Arg

ASp

Asn

275

Thr

Ile

Arg

val

ASp

Thr

ser

Gly

Arg

Leu

435

val

val

Met

Gly

Ala

Gly

Gln

Gly

Met

340

Thr

Ser

Ala

Gly

Pro

420

Thr

ser

Phe

Arg

245

Phe
Asp
Arg
Glu
Glu
325
Gly
Ala
Thr
Asp
Thr
405
Ile
Asp
Ser

Pro

Tyr
485

val
Ala
Asnh
Ala
310
Thr
Ile
Tyr
Gly
Thr
390
Leu
His
Pro
Ser
Asp

470

Arg

SEQ_LIST_2nd_Revised_88800730_0
250

Gly Glu ser Leu

Arg

Ala
295

Thr

_ASp

Asp
Thr
Gly
Tyr
Leu
Asp
val
Ala
455

Gly

Glu

Leu
280
Asp
Thr
Ala
Glu
Pro
360
Gly

Leu

Phe

Arg.

-Glu

440

val

Arg

Thr

265

val

Arg

Met

Leu

Thr

Tyr

His

425

val

Asp

Ala

Leu

val

Lys

His

Ala

330

Arg

Tyr

Leu

Asp

Asn

410

Asp

Thr

Thr

ITe

val
490

Arg
Gly
Phe
Lys
Gly
Asp
Leu
ser
Pro
395
Gly
val
GTy
Asp
Ala

475

Asn

Thr pPhe val

Pro

Gly

Ala

val

Glu

Gly

Thr

380

Ala

Asp

Leu

Thr

Phe

460

Leu

Pro

pPadgina 102

Trp

Ile

Phe

Pro

Thr

ASp

Asn

Cys

val

445

Thr

Cys

Thr

270

Ser

Ala

Phe

Lys

350

Ser

ITe

Pro

Gly

Tyr

430

Ser

Ala

Asp

Leu

078

255

Ala

His

Ala

Asp

val

335

Trp

Gly

ser

val

Pro

415

Ser

Ala

Lys

Gly

Ile
495

val

Ser

Thr

Arg

320

Arg

Pro

Ala

Gly

Pro

400

Ala

Thr

Arg

Leu

Ile
480

332



Ala

val

Phe

Glu

545

P_i"O

Gly

Phe

Pro

530

Gln

Glu

Glu
Leu
515
Lys

Leu

His

His His His

<210>
<211>
<212>
<213>

<220>
<223>

<400>

43
582
PRT

Ile

500

Pro

Tyr

Glu

Pro

His
580

Tyr

Gly

Asp

Glu

ser

565.

His

Artificial

Glu

His

Arg

Met

550

His

His

SEQ_LIST_2nd_Revised_88800730_0078
val Ala Ile Asp Met Leu Ala Thr ser

Arg

Asn
535

cys

Ile
- 520
Ser
Thr

val

Mutant CocE polypeptide

43

Met val Asp
1

Arg

Gly

val

AsSp
65
Glu

Thr

Met

Asp

Pro

Phe

50

Gly

Gly

Leu

Phe

Gly

val

35

Ala

Tyr

Glu

Ser

Gly

Gly

val

20

Pro

Trp

Ala

Phe

Asn

5

Arg

val

Ser

val

val

85

Ile

Ser

Tyr

Leu

Leu

Thr

val

70

Pro

Leu

Tyr

Ser

Ala

Leu

Gln

55

Ile

His

Glu

Leu

val

val

val

40

Ser

Gln

val

Gln

Gly

505

Met

Asn

Leu

Ala

Asp

25

Arg

Thr

Asp

Asp

Ala

105

val

val GIn
Thr Gly

val Asn
555

Pro Ile
570

ser Asn
10

Leu Tyr
Asn Pro
Asn Trp
Thr Arg

75

Asp Glu
90

Trp Cys

Thr G1n

510

Asn

val ser Ser Ser Asn

Gly
540

Arg

Ile

val

Arg

Tyr

Leu

60

Gly

‘Ala

Asp

Trp

pPadgina 103

525

val

Ile

Lys

Met

Pro

Asp

45

Glu

Leu

Ile

His

Arg

val

Asp

30

Lys

Phe

Phe

Ala

Asn

110

Ala

Ala

Arg

Leu
575

Pro

15

Ala

Phe

val

Ala

Glu

95

val

Ala

Arg
Gly

560

Glu

Met

Asp

ASp

Arg

ser

80

Asp

Gly

val

374



‘,

Ser

145

Glu

Ser

Ala

a

val

225

Phe

Trp

Lys

Asn

. Tyr

305

His
Leu

Leu

Gly
Leu
Ala
Arg
Ala
Glu
210
val
Glu
Tyr
ASp
Leu
290
Pro
Leu

Phe

Pro

115

val

“Tyr

Leu

ser

ITe

195

Gin

Asp

Arg

Asp

Asn

275

Thr

Ile

Arg

val

Asp
355

Gly

Arg

Leu

Asp

Leu

Pro

His

Leu

Gly

Ala

Gly

GIn

Gly

Met

340

Thr

Gly

Ala

Gly

Ala

Asn

Leu

Pro

Gly

Phe

Asp

Arg

Glu

Glu

325

Gly

Ala

Leu

Pro

150

Trp

Lys

Asp

Leu

Asp

230

Gly

val

Ala

Asn

Ala

310

Thr

Ile

Tyr

SEQ_LIST 2nd_Revised_88800730_0078
120 125

Lys Ala 1Ile Ala Pro

135

Trp

Ser

Pro

val

Leu

Gly

Arg

Ala

295 .

Thr

Asp

Asp

Thr

Tyr

Ala

Glu

Ala

200

Arg

ASp

Ala

Glu

Leu

280

Asp

Thr

Ala

Glu

Pro
360

Gly
Leu
Asp
Gly
Leu
Glu
Thr
ser
265
val
Arg
Met

Leu

Pro
Ile
170
Ala
Ala
ITe
Ser
Pro
250
Leu
val
Lys
His
Ala
330

Arg

Tyr

Ala

Ala

Pro

Trp

Ala

Arg

Gly

Phe

Gly

Asp

Leu

Pagina

Ser Met Ala Ser

140

/ Gly

Thr

Asp

Ser

Trp

Gln

Leu

Thr

Pro

Gly

Ala

val

Glu

Gly

104

Ala

Gly
Phe
val
205
Va1
ser
Ile
Phe
Trp
Ile
Phe
Pro

Thr

Gly

Leu Ser

Leu Ile
175

val Gln
190

Thr pPro

Ile Asp

Ile ser

Thr Ala
255

val Ala
270

ser His

Ala Ala

Phe Asp

Lys val
335

Asp Trp
350

Ser Gly

Ala

val

160 -

Thr

Leu

Leu

Gln

Leu

240

Gly

val

Ser

Thr

Arg

Arg

Pro

Ala

275



Ala

Thr

385

ser

Asp

Glu

Leu

val

465

val

Ala

4Va1

Phe

Glu

545

Pro

His

Asn

370

Glu

Leu

GlIn

val

Phe

450

Asp

Arg

Gly

Phe

Pro

530

GIn

Glu

His

<210>
<211>
<212>
<213>

<220>
<223>

Thr

Ser

Gly

Arg

Leu

435

val

val

Met

Glu

Leu

515

Lys

Leu

His

His

ser

Ala

Gly

Pro

420

Thr

Ser

phe-

Arg
Ile
500
Pro
Tyr
Glu

Pro

His

* 580

44

582
PRT
Artificial

Thr

Asp

Thr

405

ITe

Asp

Ser

Pro

Tyr

485

Tyr

Gly

Asp

Glu

Ser

565

His

Gly

Thr

390

Leu

His

Pro

Ser

470

Arg

Glu

His

Arg

Met

550

His

His

SEQ_LIST_2nd_Revised_88800730_0078
Gly Gly Thr Leu Ser Thr ser Ile Ser Gly

375

Tyr
Leu
Asp
val
Ala
455

Gly

Glu

val
Arg
Asn
535

Cys

Ile

Leu

Phe

Arg

Glu

440

val

‘Arg

Thr
A]a
Ile
520
Ser

Thr

val

Mutant CocE polypeptide

Tyr

His

Asp

val

Asp

Ala

Leu

Ile

505

Met

Asn

Ala

Leu

Asp

Asn

410

Asp

Thr

Thr

Ile

val

490

Asp

val

Thr

val

Pro
570

Pro

395

Gly

val

Gly

Asp

Ala

475

Asn

Met

Gln

Gly

Asn

555

Ile

380

Ala

Asp

Leu

Thr

Phe

460

Leu

Pro

Leu

val

Gly

Arg

Ile

pagina 105

Asp

Asn

Cys

val

445

Thr

Cys

Thr

Ala

ser

525

val

Ile

Lys

Pro

Gly

Tyr

430

Ser

Ala

Asp

Leu

Thr

510

ser

Ile

His

Arg

val

Pro

415

Ser

Ala

Lys

Gly

Ile

495

Ser

ser

Ala

Arg

Leu
575

Pro

400

Thr

Arg

Leu

ITe

480

Glu

Asn

Asn

Arg

Gly

560

Glu

396



<400>

44

Met val Asp Gly Asn
1 5

Arg

Asp
65
Glu
Thr

Met

ser

Glu
ser
Ala
Ala

val
225

Asp
Pro
Phe
50

Gly
Gly
Leu
Phe
Gly
Leu
Ala
Arg
Ala
Glu

210

val

Gly

val

35

Ala

Tyr

Glu

Ser

Tyr

Leu

ser

Ile

195

Gln

Asp

val
20

Pro
Trp
Ala
Phe
Trp
val
Gly
Arg
Leu
ASp
180
Leu

Pro

His

Arg

val

Ser

val

val

85

ITe

ser

Gly

Ala

Asn

Leu

Pro

SEQ_LIST_2nd_Revised_88800730_0078

Tyr Ser val Ala Ser

Leu

Leu

Thr

val

70

Pro

Leu

Tyr

Leu

Pro

150

Trp

Arg

ASp

Leu

Asp
230

Ala
Leu
Gin
55

Ile
His

Glu

Leu

Tfp
sSer
Pro
val
Gly

Asn

val
val
40

Ser
Gln
val
Gln
Gly
Ala
Tyr
Ala
Glu
Ala
200

Arg

Asp

Asp

25

Arg

Thr

Asp

Asp

Ala

105

val

Ile

Gly

Leu

Leu

Glu

10

Leu
Asn
Asn
Thr
Asp
90

Trp
Thr
Ala
Pro
Ile
170
Ala
Ala

Ile

Ser

Asn val Met

Tyr
Pro
Trp
Arg
75

Glu
Cys

Gln

Pro

Ala

Ala

Pro

Trp
235

Arg

Tyr

Leu

60

Gly

Ala

Asp

Trp

Ser

140

Gly

Thr

Asp

ser

Trp

220

GIn

Pagina 106

Pro

Asp

45

Glu

Leu

Asp

Gly

Gln

125

Met

Ala

Gly

Lys

val

205

val

Ser

val

Asp

30

Lys

Phe

Phe

Ala

Asn

110

Ala

Ala

Leu

Leu

val

190

Thr

Itle

Ile

Pro

15

Ala

Phe

val

Ala

Glu

95

val

Ala

Ser

ser

Ile

175

GIn

Pro

Asp

Ser

Met

Asp

Asp

Arg

ser

80

Asp

Gly

val

Ala

vatl
160

Thr

Leu

Leu

GlIn

Leu
240

337



Phe

Trp

Lys

Asn

TYyr

His

Leu

Leu

Ala

Thr

385

Ser

ASp

Glu

Leu

val

465

val

Glu

Tyr

Asp

Leu

290

Pro

Leu

Phe

Pro

Asn

370

Glu

Leu

GlIn

val

Phe

450

Asp

Arg

Arg

Asp

Asn

275

Thr

Ile

Arg

val

Asp

355

Thr

ser

Gly

Arg

Leu

435

val

val

Met

Leu
Gly
Ala
Gly
GIn
Gly
Met
340
Thr
Ser
Ala
Gly
Pro
420
Thr
ser

Phe

Arg

Gly

245

Phe

Asp

Arg

Glu

Glu

325

Gly

Ala

Thr

AsSp

Thr

405

Ile

ASp

Ser

Pro

Tyr
485

Gly

val

Ala

Asn

Ala

310

Thr

Ile

TYyr

Gly

Thr

SEQ_LIST_2nd_Revised_88800730_0078
Leu Ala Thr Pro Ala Leu Ile Thr Ala Gly

Gly

Arg

Ala

295

Thr

ASp

Asp

Thr

Gly

Tyr

390 -

Leu

His

Pro

Ser

Asp

470

Arg

Leu

Asp

val

Ala

455

Gly

Glu

Glu

Leu

280

Asp

Thr

‘A1a

Glu

Pro

360

Gly

Leu

Phe

Arg

Glu

440

val

Arg

Thr

Ser

265

val

Arg

Met

Leu

Trp

Phe

Thr

Tyr

His

Asp

Ala

Leu

250

Leu

val

Lys

His

Ala

330

Arg

Tyr

Leu

Asp

Asn

410

Asp

Thr

Thr

Ile

val
490

Arg

Gly

Phe

ASp
Leu
Ser
Pro
395
Gly
val

Gly

ASp

Ala-

475

Asn

Thr

Pro -

Gly

Ala

val

Glu

Gly

Thr

380

Ala

Asp

Leu

Thr

Phe

460

Leu

Pro

Pagina 107

Phe

Phe

Pro

Thr

Gly

Ser

ASp

Asn

Cys

val

445

Thr

Cys

Thr

val

270

ser

Ala

Phe

Lys

ASp

350

Ser

Ile

Pro

Gly

Tyr

430

ser

Ala

Asp

Leu

255

Ala

His

Ala

Asp

val

335

Trp

Gly

ser

val

Pro

415

ser

Ala

Lys

Gly

Ile
495

val

Ser

Thr

Arg

Arg

Pro

Gly

Pro

400

Ala

Thr

Arg

Leu

Ile
480

279



Ala
val
Phe
Glu

‘l', 545

Pro

Gly Glu 1le

Phe
Pro
530

Gln

Glu

500

Leu Pro
515

Lys Tyr

Leu Glu

His Pro

His His His His

<210>
<211>
<212>
<213>

<220>
<223>

<400>

580

45
582
PRT

Tyr

Gly

Asp

Glu

ser

565

His

Artificial

Glu

His

Arg

Met

550

His

His

SEQ_LIST_2nd_iRevised_88800730_0078

val A1a I

Arg

Asn

535

Cys

ITe

Ile

520

Ser

Thr

val

Mutant CocE polypeptide

45

Met val Asp Gly Asn
1 5

‘I.[ Arg

Asp
65

Glu

Thr

Asp

' Pro

Phe
50
Gly

Gly

Leu

Gly val
20

val Pro
35

Ala Trp
Tyr Ala

Glu Pphe

ser Trp

Arg

val

Ser

val

val

85

Ile

Tyr

Leu

Leu

Thr

val

70

Pro

Leu

Ser

Ala

Leu

Gln

55

Ile

His

Glu

val

‘val

val

40

ser

Gln

val

Gln

505

Met val Gln

AsSn

Ala

Leu

Ala

Asp

25

Arg

Thr

Asp

ASp

Ala
105

Thr

val

Pro
570

Ser

10

Leu

Asn

Asn

Thr

Asp

90

Trp

Gly
Asn

555

Ile

Asn
Tyr
Pr‘O
Tfp
Arg
75

Glu

Cys

val
Gly
540

Arg

Ile

val

Arg

Tyr

Leu

60

Gly

Ala

Asp
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Te Asp Met: Leu Ala
0

ser
525
val

ITe

Lys

Met

Pro

Asp

45

Glu

Leu

Asp

Gly

Thr

510

Ser

Ile

His

Arg

val

Asp

30

Lys

Phe

Phe

Ala

Asn
110

Ser

Ser

Ala

Arg

Leu
575

Pro

15

Ala

Phe

val

Ala

Glu

95

val

Asn

Asn

Arg

Gly

Glu

Met

Asp

ASp

Arg

Ser

80

Asp

Gly

B2l



Met

ser

ser
Ala
Ala
val

225
Phe
Trp
Lys
Asn
TV
305
Leu

Leu

Phe

Gly

Leu

Ala

Arg

Ala

Glu

210

val

Glu

Tyr

ASp

Leu

290

Pro

Leu

Phe

Pro

Tyr

Leu

v
Ser

Ile

195

Gln

Asp

Arg

Asp

Asn

275

Thr

Ile

Arg

val

ASp

val
Gly
Arg
Leu
ASp
Leu
Pro
His
Leu
Gly
2

Ala
Gly
Gln
Gly
Met

340

Thr

Ser

Gly

Ala

AsSn

Leu

Pro

Gly

Phe

Asp

Arg

Glu

Glu

325

Gly

Ala

Tyr

Leu

Pro
150

Trp

Arg

Asp

Leu

Asp

230

Gly

val

Ala

Asn

Ala

310

Thr

Ile

Tyr
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Leu Gly val Thr GIn Trp GIn Ala Ala val

Lys

135

Trp

Ser

Pro

val

Gly

Asn

Leu

Gly

Arg
Ala
295
Thr
Asp
Asp

Thr

120

Ala

Tyr

Ala

Glu

Ala

200

Arg

Asp

Ala

Glu

Leu

280

Asp

Thr

Ala

Glu T

Pro
360

Ite

Gly

Leu

Asp

Gly

Leu

Glu

Thr

Ser

265

val

Arg

Met

Leu

Ala

Pro

Ile

170

Ala

Ala

Ile

ser

Pro

250

Leu

val

Lys

His

Ala

330

Arg

Tyr

Pro

Gly

Gly

Ala

Ala

Pro

Trp

Ala

Arg

Gly

Phe

ASD

Leu

Ser

140

Gly

Thr

Asp

ser

Trp

GIn

Leu 1

Thr

Pro

Gly

300

Ala

val

Glu

Gly

Pagina 109

125

Met

Ala

Gly

Phe

val

205

val

Phe

Trp

Ile

Phe

Pro

Thr

Ala

Leu

Leu

Lys

190

Thr

Ile

_I1e

Thr

val

270

Ser

Ala

Phe

Lys

ASp

Ser

Ser

ser

Ile

175

GIn

Pro

Asp

ser

Ala

255

Ala

His

Ala

ASp

val

335

Trp

Gly

val

160-

Thr

Leu

Leu -

Gln
Leu
240
Gly
val
Ser
Thr
Arg
Arg

Pro

Ala

380



Ala
Thr
385
Ser
Asp
Glu
Leu
val
465

val

Ala

- val

Phe

545

- Pro

Asn

370

Glu

Leu

Gln

val

Phe

450

Asp

Arg

Gly

Phe

Pro
530

Glu

His

<210>
<211>
<212>
<213>

<220>

Thr
ser
Gly
Arg
Leu
435
val
val
Met
Glu
Leu
515
Lys
Leu
His
His

46
582
PRT

ser

Ala

Gly

Pro

420

Thr

Ser

Phe

Arg

Ile

500

Pro

Tyr

Glu

Pro

His
580

Thr

Asp

Thr

405

Ile

ASp

ser

Pro

Tyr

485

Tyr

Gly

Asp

Glu

ser

565

His

Artificial

Gly

Thr

390

Leu

His

Pro

ser

Asp

470

Arg

Glu

His

Met
550

His

His
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Gly Gly Thr Leu Ser Thr ser Ile ser

375

Tyr

Leu

Asp

val

Ala

455

Gly

Glu

val

Arg

Asn

535

Cys

Ile

Leu

Phe

Arg

Glu

440

val

Arg

Thr

Ala

Ile

520

Ser

Thr

val

Tyr

His

Asp

Ala

Leu

Ile
505

Met

Asn

Leu

Asp Pro
395

Asn Gly
410

Asp val

Thr Gly

Thr asp

ITe Ala
475

val Asn
490

Asp Met
val GlIn
Thr Gly
val Asn

555

Pro Ile
570

380

Ala

Asp

Leu

Thr

Phe

460

Leu

Pro

Leu

val
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Asp

AsSn

Cys

val

445

Thr

Cys

Thr

Ala

Ser

525

val

Ile

Lys

Pro

Gly

TYyr

430

Ser

Ala

Asp

Leu

Thr

510

ser

Ile

His

Arg

val

Pro

415

Ser

Ala

Lys

Gly

Ile

495

Ser

ser

Ala

Arg

Leu
575

Gly

Pro

400

Ala

Thr

Arg

Leu

Ile

480

Glu

AsSn

Asn

Arg

Gly
560

g



<223>
<400>

Met val Asp
1

Arg
Gly
val
Asp
65

Glu
Thr
M:ét

Ser

Glu
Ser
Ala
Ala

val
,225

Asp
Pro
Phe
50

G1y
Gly
Leu
Phe
Gly
Leu
Ala
Arg
Ala
Glu

210

val

Gly

val

35

Ala

TYyr

Glu

‘Ser

Tyr

Leu

Ser

Ile

195

Gln

ASD

Gly
val
20

Pro
Trp
ala
Phe
Trp
val
Gly

Arg

Leu

Pro

His

Asn

Arg

val

ser

val

val

85

Ile

Ser

Gly

Ala

Gly

Ala

Asn

Leu

Pro
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Mutant CockE polypeptide
46

Tyr Ser val

Leu

Leu

Thr

val

70

Pro

Leu

Tyr

Leu

Pro

150

Trp

Arg

ASp

Leu

Asp
230

Ala

Leu

Gln

55

Ile

His

Glu

Leu

Lys

Trp

Ser

Pro

val

Gly

Asn

val

val

40

Ser

GIn

val

Gln

Gly

Ala

Tyr

Ala

Glu

Ala

200

Arg

Asp

Ala

Asp
25

Arg

Thr

Asp

ASp

Ala

105

val

Ile

Gly

Leu

185

G]yv

Leu

Glu

ser Asn

10

Leu Tyr

AsSn Pro

Asn Trp

Thr Arg
75

Asp Glu

90

Trp Cys

Thr GIn

Ala pro

Pro Gly

Ile Gly

170

Ala Ala

Ala Aala

Ile pPro

ser Trp
235

val

Arg

Tyr

Leu

60

Gly

Ala

Asp

Trp

Ser

140

Gly

Thr

Asp

Ser

Trp
220

GIn ¢

Pigina 111

Met

Pro

Asp

45

Glu

Leu

Asp

Gly

Gln

125

Met

Ala

Gly

Phe

val

205

val

val Pro
15

Asp Ala
30

Lys Phe

Phe val

Phe Ala

Ala Glu

95

Asn val
110

Ala Ala

Ala ser

Leu Ser

Leu Ile

175

val Lys
190
Thr Pro

Ile Asp

Ile ser

Met

Asp

ASp

Arg

ser

80

Asp

Gly

val

Ala

val

160

Thr

Leu

Leu

Gln -

Leu
240

362



Phe
Trp
Lys
Asn
Tyr
305
His
Leu
Leu
Ala
Thr
385
Ser
Asp
Glu
Leu
V&l
465

val

Glu
Tyr
Asp
Leu
290
Pro
Leu
Phe
Pro
Asn
370
Glu
Leu
Gln
val
Phe
450

ASp

Arg

Arg

ASp

Asn

275

Thr

Ile

Arg

val

Asp

Thr

Ser

Gly

Arg

Leu

435

val

val

Met

Leu

Gly

260

Ala

Gly

Gln

Gly

Met

340

Thr

Ser

Ala

Gly

Pro

420

Thr

ser

Phe

Arg

Gly

Phe

Asp

Gln

Glu

Glu

325

Gly

Ala

Thr

ASp

Thr

405

Ile

ASp

ser

Pro

Tyr
485

Gly

val

Ala

Asn

Ala

310

Thr

Ile

Tyr

Gly

Thr

390

Leu

His

Pro

Ser

ASp

470

Arg
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Leu ATa Thr Pro Ala Leu Ile Thr Ala

Gly

Arg

Ala

295

Thr

Asp

ASp

Thr

Gly .

375

Tyr
Lf:u
Asp
val
Ala
455

Gly

Glu

Glu

Leu

280

Asp

Thr

Ala

Glu

Pro

360

Leu

Phe

Arg

Glu

440

val

Arg

Thr

Ser

265

val

Arg

Met

Leu

Trp

345

Phe

Thr

Tyr

His

Asp

val

Asp

Ala

Leu

250

Leu Arg Thr
val Gly Pro
Lys pPhe Gly
His Lys Ala

Ala Gly Va1
330

Arg Asp Glu
Tyr Leu Gly

Leu Ser Thr
© 380

Asp Pro Ala
395

Asn Gly Asp
410 '

Asp val Leu
Thr Gly Thr

Thr Asp Phe
460

Ile Ala Leu
475

val Asn Pro
490

pagina 112

Phe

Trp

ITe

Phe

Pro

Thr

Gly

Ser

ASp

Asn

Cys

val

445

Thr

Cys

Thr

val

270

ser

Ala

Phe

Lys

350

ser

Ile

Pro

Gly

Tyr

430

Ser

Ala

Asp

Leu

255

Ala

His

Ala

Asp

val

335

Trp

Gly

Ser

val

Pro

415

ser

Ala

Lys

Gly

Ile
495

Gly

val

Ser

Thr

Arg

Arg

Pro

Ala

Gly

Pro

400

Ala

Thr

Arg

Leu

Ile
480

%83



e 3 8 o e 5 0

Ala
Qa1
Phe
Glu
545

Pro

G1y‘

Phe
Pro
530
Gln

Glu

His

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Met val Asp
1

Arg
Gly
val
Asp
65

Glu

Thr

ASp
Pro
Phe
50

Gly

Gly

Leu’

Glu Ile
500

Leu Pro
515

Lys Tyr

Leu Glu

His Pro

His His
580

47
582
PRT

Tyr

Gly

Asp

Glu

ser

565

His

Artificial

Glu

His

Arg

Met
550

SEQ_LIST_2nd_Revised_88800730_0078

val Ala Ile Asp Met Leu Ala Thr

Arg Ile
520

Asn Ser
535

Cys Thr

5 Il1e val

Mutant CocE polypeptide

47

Gly val
20

val Pro
35

Ala Trp
Tyr Ala

Glu pPhe

ser Trp

Arg

val

ser

val

val

85

Ile

Gly Asn Tyr
5

Leu

Leu

Thr

val

70

Pro

Leu

Ser val
Ala val
Leu val

40

GIn Ser
55
I1e.G1n

His val

Glu GlIn

505

Met

Asn

Ala

Leu

Ala

Asp

25

Arg

Thr

Asp

Asp

Ala
105

val Gln

Thr Gly

val Asn
555

Pro Ile
570

ser Asn
10

Leu Tyr

Asn Pro

Asn Trp

Thr Arg
75

Asp Glu
90

Trp Cys

val
Gly
540

Arg

Ile

val

Arg

Tyr

Leu

60

Gly

Ala

Asp
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Ser
525
val

ITe

Lys

Met

Pro

Asp

45

Glu

Leu

ASp

Gly

510

Ser

Ile

His

Arg

val

ASp

30

Lys

Phe

Phe

Ala

Asn
110

ser

Ser

Ala

Arg

Leu
575

Pro

15

Ala

Phe

val

Ala

Glu

95

val

Asn

Asn

Arg

Gly

560

Glu

Met

Asp

ASp

Arg

Ser
80

Asp

Gly

384



Met
Ser
145
Glu
Ser
Ala
Ala
val
225
Phe
Trp
Lys
Asn
Tyr
305
His
Leu

Leu

Phe
Gly
Leu
Ala
Arg
Lys
Glu
210
val
Glu
Tyr
ASp
Leu
290‘
Pro
Leu
?he

Pro

Gly

val

Tyr

Leu

ser

Ile

195

Gln

ASp

Arg

Asp

Asn

275

Thr

Ile

Arg

val

Asp

val
Gly
Arg
Leu
Asp
Leu
Pro
H%s
Leu
Gly
Ala
Gly
Gln
Gly
Met

340

Thr

ser
Gly
Ala
Gly
Ala
Asn
Leu
Pro
Gly
Phe
Asp
Arg
Glu
Glu
325

Gly

Ala

Tyr
Leu
Pro
150
Trp
Arg
Asp
Leu
Asp
230
Gly
val
Ala
Asn
Ala
310
Thr

Ile

Tyr
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Leu

Trp

Ser

Pro

val

Gly

Asn

Leu

Gly

Arg

Ala

295

Thr

Asp

Asp

Thr

Gly val Thr GIn Trp

120

Ala Ile

Tyr Gly

Ala Leu

Glu Asp
185

Ala Gly
200

Arg Leu

Asp Glu

Ala Thr

Glu Ser
265

Leu val
280

AsSp Arg

Thr Met

Ala Leu

Glu Trp

345

Pro pPhe
360

Ala Pro
Pro Gly
Ile Gly
170
Ala Ala
Ala Ala
ITle Pro
Ser Trp
235
Pro Ala
250 :
Leu Arg
val Gly
Lys Phe
His Lys
Ala Gly
330

Arg Asp

Tyr Leu

ser

140

Gly

Thr

ASp

Ser

Trp

Gln

Leu

Thr

Pro

Gly

Ala

val

Glu

Gly

. Pagina 114

Gln Ala Ala

125

Met

Ala

Gly

Phe

val

205

val

Ser

Ile

Phe

Trp

Ile

Phe

Pro

Thr

Gly

Ala

Leu

Leu

val

190

Thr

Ile

Thr

val

270

ser

Ala

Phe

Lys

Asp

350

Ser

ser

ser

Ile

175

GIn

Pro

Asp

Ser

Ala

255

Ala

His

Ala

Asp

val

335

Trp

Gly

val

vai

160

Thr

Leu

Leu

Gln

Leu
240

Gly

val

Ser

Thr

Arg

320

Arg

Pro

Ala

285



'; pe

Ala

Thr

385

Ser

Asp

Glu

Leu

‘val

465

val

Ala

val

Phe

Glu

545

Pro

His

Asn

370

Glu

Leu

GIn

val

Phe

450

Asp

Arg

Gly-

Phe

Pro

530

Gln

Glu

His

Thr

sSer

Gly

Arg

Leu

435

val

val

Met

Glu

Leu

515

Lys

Leu

His

His

ser

Ala

Gly

Pro

420

Thr

ser

Phe

Arg

Ile

500

Pro

Tyr

Glu

Pro

His
580

Thr

Asp

Thr

405

Ile

Asp

Ser

Pro

Tyr

485

Tyr

Gly

Asp

Glu

Ser

565

His

Gly

Thr
390

Leu

His

Pro

Ser

Arg

Glu

His

Arg

Met

550

His

His
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%\4

Gly Gly Thr Leu Sser Thr ser Ile Ser Gly

375

Tyr
Leu
Asp
val
Ala
455
Gly
Glu
val
Arg
Asn

535

Cys

Leu

‘Phe

Arg

Glu

440

val

Arg

Thr

Ala

Ile

520

ser

Thr

val

Tyr
His
Asp
Va]
Asp
Ala
Leu
Ile
505
Met
Asn

Ala

Leu

Asp

Asn

410

Asp

Thr

Thr

Ile

val

490

ASp

val

Thr

val

Pro
570

Pro
395
Gly
val

Gly
ASp
Ala
475
Asn
Met:
Gln
Gly
Asn

555

Ile

380

Ala
Asp
Leu
Thr
Phe
460
Leu
Pro
Leu
val
Gly
5

Arg

ile
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Asp

Asn

cys

val

445

Thr

Ccys

Thr

‘Ala

ser

525

va'l

Ile

Lys

Pro val

Gly Pro
415

Tyr Ser
430

ser Ala

Ala Lys

Asp Gly

Leu Ile

495
Thr ser

510

Ser Ser

Ile Ala

His Arg

Arg Leu
575

Pro

400

Ala

Thr

Arg

Leu

Ile

480

Glu

Asn

Asn

Arg

4

o>

2 \



<110>

<120>
<130>

<140>
<141>

<150>
<151>

<160>
<170>
<210>
<211>
<212>
<213>
<400>

Met val
1
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1

574

PRT

Rhodococcus sp. MB1

1 N .

Asp Gly ésn Tyr Ser val Ala igr Asn val

Arg Asp Gly val Arg Leu Ala val Asp Leu Tyr Arg

20 25

Gly pro val pPro val Leu Leu val Arg Asn Pro Tyr

35 40

val phe Ala Trp Ser Thr Gln Ser Thr Asn Trp Leu

50

65

55 60

Asp Gly Tyr Ala val val Ile Gln Asp Thr ?gg Gly

70 -

Glu Gly Glu Phe val Pro His val Asp Asp Glu Ala

Thr Leu

Met Phe

N e .

85 90

ser Trp Ile Leu Glu GIn Ala Trp Cys Asp
100 105

Gly val ser Tyr Leu Gly val Thr Gln Trp

Pagina 1

Met

Pro

Asp

45

Glu

Leu

Asp

Gly

Gln
125

val

Asp

30

Lys

Phe

Phe

Ala

Asn

110

Ala

Pro

15

Ala

Phe

val

Ala

Glu

95

val

Ala

Met

Asp

Asp

Arg

Ser

80

Asp

Gly

val

297



accgatctga
caggttcaga
ggcggtttec
ggcgcactaa
cgcatcggagg
tcgagcacct
aggagaagct
gagggtcggt
gacggcggct
ggctcgtcga
<210> 3

212 ort
<213>

<220>
<223>

<400> 3

cgatgaccga
tctcaccgge
ggactcggct
cgggtcggta
gcgaccgegyg
cggttccgea
gcaggtcgga
gatcgcgacg
cggcttcgac

accgacctcg

Artificial

SEQ_LIST_2nd_Revised_88800730_0078

tctgatggag
gtttgggatc
gacatttgcg
aaatctggcg
tgcagatcgce
cacaccgaca
cagtaggaac
aagcggtccc
gtgatcgacg

atgagcgaca

Polipéptido CocE mutante

ttcttccgge
gaccgcaaaa
caagtagaag
agtggcggcg
cgtcaagcag
gcgagcttge
tcgacctcga
gctggttgat
acgaggtgtt
ccggeeggga

actggcatgc
cctgacttgc
gccccgegag
tacattcgca
ggacgtcgcg
tgcgctactg
cctcggeggt
cgaggcgatc
catctaactg

atcgccgaga

cgggcgttcg
acaagttgac
ttcgggattt
aggtcaggac
acaaggtgcg
caggccgecg
agcggggatc
gagaccggat
gtgatcggca
tc

get val Asp Gly ?sn Tyr Ser val

Arg

Gly

val

ASp

65

Glu

Thr

Met

ASp

Pro

Phe

50

Gly

Gly

Leu

Phe

Gly

val

35

Ala

Tyr

Glu

ser

¥81 Arg
Pro val
Trp Ser
Ala val
Phe val

85

Trp Ile
100

val ser

Leu

Leu

Thr

val

70

Pro

Leu

Tyr

Ala
Leu
Gln
55

Ile
His
Glu

Leu

val

val
40

Ser

‘G1n

val

Gln

Ala

Asp

25

Arg

Thr

Asp

ASp

Ala

105

val

ser
10

Leu
ASn
ASh
Thr
Asp
90

Trp

Thr

ASn
Tyr
Pro
Trp
Arg
75

Glu
Cys

Gln

val Met

Pro

Arg

Tyr Asp

45

Leu Glu

60

Gly Leu
Ala Asp
Asp Gly

Gin
125

Trp

Pagina §

val

Asp

30

Lys

Phe

phe

Ala

Asn

110

Ala

Pro

15

Ala

Phe

val

Ala

Glu

95

val

Ala

Met

Asp

Asp

Arg

Ser

80

Asp

Gly

val

2160
2220
2280
2340
2400
2460
2520
2580
2640
2692

380



Thr
385
ser
Asp
Glu
Leu
val
465
val
Ala
val
Phe
Glu

545

Pro

Glu

Leu

Gln

val

Phe

450

Asp

Arg

Gly

Phe

Pro

530

Gln

Glu

<210>
<211>
<212>

<213>

<220>
<223>

<400>

ser
Gly
Arg
Leu
435
val
val
Met
Glu
Leu
515
Lys

Leu

His

4
574
PRT

4

Ala

Gly

Pro

420

Thr

ser

Phe

Arg

Ile

500

Pro

Glu

Pro

Asp Thr Tyr Leu Tyr Asp Pro Ala Asp Pro val Pro
390 395

Thr
405
Ile
Asp
Ser
Pro
Tyr
485
Tyr
Gly
Asp

Glu

ser
565

Artificial

Leu

His

Pro

ser

Arg

Glu

His

Arg

Met

550

His

SEQ_LIST_2nd_Rrevised_88800730_0078

Leu
ASp
val
Ala
455
Gly
Glu
val
Arg
Asn
535S

Cys

Ile

‘Phe

Arg

Glu

440

val

Arg

Thr

Ala

Ile

520

Ser

Thr

val

Polipéptido CocE mutante

His

Asp

Ala

Leu

Ile

505

Met

Asn

Ala

Leu

Asn

410

Asp

Thr

Thr

Ile

val

490

Asp

val

Thr

val

Pro
570

Gly
val
Gly
Asp
Ala
475
ASn
Met
Glin
Gly
Asn
555

Ile

Asp

Leu

Thr

Phe

460

Leu

Pro

Leu

val

Arg

Ile

Asn
Cys
val
445
Thr
Cys
Thr
Ala
ser
525
val

Ile

Lys

Gly

Ser

Ala

Asp

Leu

Thr

510

ser

Ile

His

Arg

400

Pro Ala
415

ser Thr

Ala Arg

Lys Leu

Gly Ile
480

Ile Glu
495

Ser Asn
Ser Asn

Ala Arg

Arg Gly
560

?et val Asp Gly gsn Tyr Ser val Ala igr Asn val Met val ;go Met

Pagina 7

384



515

SEQ_LIST_an_Revised_88§£3g30_0078

520

Phe Pro Lys Tyr Asp Arg Asn Ser Asn Thr Gly Gly val Ile Ala Arg
530 535 540

545

555

Pro Glu His Pro Ser His Ile val Leu Pro Ile Ile Lys Arg

<210>
<211>
<212>
<213>

<220>
<223>

<400>
qet val Asp Gly gsn Tyr Ser val

Arg
Gly
val
ASp
65

Glu
Thr

Met

ser

5

574
PRT
Artificial

565

Polipéptido CocE mutante

5

Asp Gly val
p Gly Y0

Pro

Phe

50

Gly

Gly

Leu

Phe

val
35

Ala

Tyr

Glu

ser

Pro

Trp

Ala

Phe

Gly

Arg

Arg

val

ser

val

val

85

Ile

ser

Gly

Ala

Leu

Leu

Thr

val

70

Pro

Leu

Tyr

Leu

Pro
150

Ala val
Leu val

40
Gln Ser
55
Ile GIn
His val

Glu G1n

Leu Gly

Ala

ASp

25

Arg

Thr

ASp

ASp

Ala

105

val

Ile

Gly

570

Ser

10

Leu

Asn

Asn

Thr

Asp

90

Trp

Thr

Ala

Pro

Asn
Tyr
Pro
Trp
Arg
75

Glu
Cys
GIn
Pro

Gly
155

Pagina

val

Arg

Leu

60

Gly

Ala

Asp

Trp

ser
140

Met

Pro

Asp

45

Glu

Leu

Asp

Gly

GIn

125

Met

Gly Ala

10

val

Asp

30

Lys

Phe

Phe

Ala

Asn

110

Ala

Ala

Leu

Pro

15

Ala

Phe

val

Ala

Glu

95

val

Ala

Ser

ser

Glu GIn Leu Glu Glu Met Cys Thr Ala val Asn Arg Ile His Arg Gly
550 560

Met

Asp

Asp

Arg

ser

80

Asp

Gly

val

Ala

val

160

390



Asp
Glu
Leu
val
465
val

Ala

val

‘Phe

Glu
545

Pro

Glin

val

Phe

450

ASp

Arg

Gly

Phe

Pro

530

Gln

Glu

<210> 6
<211> 5§
<212> P

<213>

<220>

<223>

<400> 6
qet val Asp Gly ésn Tyr Ser val

Arg

Leu

435

val

val

Met

Glu

Leu

515

Lys

Leu

His

74
RT

Artifici

Pro

420

Thr

Ser

Phe

Arg

Ile

500

Pro

Tyr

Glu

Pro

405

Ile

ASp -

ser

Pro

45

Tyr
Gly
ASp
Glu

ser
565

al

SEQ_LIST_2nd_Revised_88800730_0078
410 415

His Asp Arg Asp Asp val Leu Cys Tyr Ser
425 430

Pro

ser

Arg

Glu

His

Arg

Met

550

His

val
Ala
455
Gly
Glu
val
Arg
ASn
535

cys

Tle

Glu
440

val

Arg

'Thr

Ala

Ile

520

ser

Thr

val

Polipéptido CocE mutante

Arg Asp Gly ¥81 Arg Leu Ala val

val

ASp

Ala

Leu

Ile

505

Met

Asn

Ala

Leu

Ala

ASp
25

Gly pro val Pro val Leu Leu val Arg
: 35 40

Thr

Thr

Ile

val

490

Asp

val

Thr

val

Pro
570

Gly
Asp
Ala
475
Asn
Met
Gln
Gly
Asn

555

Ile

Thr

Phe

460

Leu

Pro

Leu

val

ser Asn val

Leu Tyr Arg

Asn Pro Tyr

pPagina 12

val
445
Thr
cys
Thr
Ala
ser
525
val

Ile

Lys

Met

Pro

ser

Ala

'ASp

Leu

Thr

510

ser

Ile

His

Arg

Ala
Lys
Gly
Ile
495
sSer
Ser

Ala

Arg

Thr

Arg

Leu

Ile
480

Glu

Asn

AsSNh

val Pro Met
15

Asp Ala Asp
30

Asp Lys Phe Asp
45 '

39]



545

SEQ_LIST_2nd_Revised_88800730_0078

Glu G1n Leu Glu Glu Met Cys Thr Ala val Asn Arg Ile His Arg Gly
550 560

555

Pro Glu His Pro Ser His Ile val Leu E;S Ile Ile Lys Arg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

565
7
574
PRT
Artificial

Polipéptido CocE mutante
7

qet val Asp Gly gsn Tyr Ser val Ala Ser Asn val Met val Pro Met

10 15

Arg Asp Gly val Arg Leu Ala val Asp Leu Tyr Arg Pro Asp Ala Asp

Gly Pro

val Phe
50

Asp Gly

65

Glu Gly

Thr Leu

Met Phe

20 25 ' 30

val Pro val Leu Leu val Arg Asn Pro Tyr Asp Lys Phe Asp
35 40 45

Ala Trp Ser Thr g}n Ser Thr Asn Trp %gu Glu phe val Arg

r Ala val val Ile Gln Asp Thr Arg Gly Leu Phe Ala ser
R4 70 P 759 80

Glu Phe val Pro His val Asp Asp Glu Ala Asp Ala Glu Asp
85 90 95

Ser Trp Ile Leu Glu GIn Ala Trp Cys Asp Gly Asn val Gly
100 105 ' 110

Gly val ser Tyr Leu Gly val Thr GIn Trp GIn Ala Ala val
115 120 _ 125

ser Gly val Gly Gly Leu Lys Ala Ile Ala Pro Ser Met Ala ser Ala
130 135 140

Asp Leu Tyr Arg Ala Pro Trp Tyr Gly Pro Gly Gly Ala Leu Ser val

150 155 160

Glu Ala Leu Leu Gly Trp Ser Ala Leu Ile Gly Thr Gly Leu Ile Thr

165 170 175

Ser Arg Ser Asp Ala Arg Pro Glu Asp Ala Ala Asp Phe val Gln Leu

Pagina 15

392



Glu
Leu
val
465
vaj
Ala
val
Phe
Glu

545

Pro

val

Phe

450

ASp

Arg

Gly

Phe

Pro

530

Gln

Glu

<210>
<211>
<212>

<213>

<220>

<223>

<400>
qet val Asp Gly ésn Tyr Ser val

8

574
PRT
Artificial

Leu

435

val

val

Met

Glu

Leu

515

Lys

Leu

His

Thr

ser

Phe

Arg

Ile

500

Pro

TYFP

Glu

Pro

Asp

Ser

Pro

TYyr

485

TYyr

Gly

ASp

Glu

ser
565

SEQ_LIST_2nd_Revised_88800730_0078
pro val Glu val Thr Gly Thr val Ser Ala

Ser Ala
455

Asp Gl
a70

Arg Glu
Glu val
His Arg

Arg Asn
535

Met Cys
550

His Ile

440

val

Arg

Thr

Ala

Ile

520

Ser

Thr

val

Polipéptido CocE mutante
8

Arg Asp Gly gg] Arg Leu Ala val

Gly Pro gg] Pro val Leu Leu val

val pPhe Ala Trp Ser Thr GIn Ser
50 S5

Asp Gly Tyr Ala val val Ile Gln

Asp Thr
Ala Ile
Leu val
490
Ile Asp
505
Met val
Asn Thr

Ala val

Leu Pro
570

Ala ser
10

Asp Leu

25

Arg Asn

Thr Asn

Asp Thr

Asp
Ala
475
Asn
Met
Gln
Gly
Asn
555

Ile

Asn

Tyr

pro

Trp

Arg

Phe
460
Leu
Pro
Leu
val
Gly
540

Arg

Ile

val

Arg

Tyr

Leu

60

Gly

Pagina 17

445

Thr
Cys
Thr
Ala
ser
525
val

Ile

Lys

Met
Pro
Asp
45

Glu

Leu

Ala
Asp
Leu
Thr
510
ser
Ile
His

Arg

val
ASp
30

Lys

Phe

Phe

LysS
Gly
Ile
495
Ser
ser

Ala

Arg

Pro
15

Ala
Phe

val

Ala

Arg

Leu

Ile

480

Glu

Asn

Asn

Arg

Gly
560

Met

Asp

ASp

Arg

Ser

243



<210>
<211>
<212>
<213>

<220>
<223>

<400>

9
574
PRT

Artificial

9

SEQ_LIST_2nd_Revised_88800730_0078

Polipéptido CocE mutante

ri1et val Asp Gly ésn Tyr ser val

Arg

Gly

val

Asp

65

Glu

Thr

Met

ser

Ser

Ala

Asp

Pro

Phe

50

Gly

Gly

Leu

Phe

Ala

Arg

Ala

Gly

val

35

Ala

TYyr

Glu

ser

Tyr

Leu

ser

Ile
195

val
20

Pro
Trp

Ala

Phe

Gly

Arg

Leu

Arg

val

Ser

val

val

85

Ile

Ser

Gly

Ala

Asn

Leu
Leu
Thr
val
70

Pro
Leu
Tyr
Leu
Pro
150
Trp

Arg

Asp

Ala

Leu

GIn

55

Ile

His

Glu

Leu

Trp

ser

Pro

val

val

val

40

ser

Glin

val

GIn

Tyr

Ala

Glu

Ala

200

Ala

Asp

25

Arg

Thr

Asp

Asp

Ala

105

val

Ile

Gly

Leu

ser

10

Leu

ASn

Asn

Thr

AsSp

90

Trp

Thr

Ala

Pro

Ile

170

Ala

Asn

Tyr

Pro

Trp

Arg

75

Glu

Cys

GIn

Pro

Gly

Ala

Ala

val

Arg

Tyr

Leu

60

Gly

Ala

ASp

Trp

ser

140

Gly

Thr

Asp

Ser

20

Met
Pro
ASp
45

Glu
Leu
AsSp
Gly
Glin
125
Met
Ala
Gly

Phe

val
205

val

‘Asp

30

Lys

Phe

Phe

Ala

Asn

110

Ala

Ala

Leu

Leu

val

190

Thr

Pro
15

Ala
Phe
val
Ala
Glu
95

val
Ala
Ser
ser
Ile
175

GIn

Pro

Met

ASp

Asp

Arg

Ser

80

ASp

Gly

val

Ala

val

160

Thr

Leu

Leu

394



val
465

val
Ala
val
Phe
Glu

545

Pro

ASp

Arg

Gly

pPhe

Pro

530

Gln

Glu

<210>
<211>
<212>
<213>

<220>
<223>

<400>
get val Asp Gly gsn Tyr ser val

val

Met

Glu

Leu

515

Lys

Leu

His

10

574
PRT
Artificial

Phe Pro

Arg Tyr
485

Ile Tyr
500

Pro Gly
Tyr Asp

Glu Glu

Pro ser
565

SEQ_LIST_2nd_Revised_88800730_0078
Asp Gly Arg Ala Ile Ala Leu Cys Asp Gly
470 475

Arg Glu

Glu val

His Arg

Arg Asn
535

Met Cys
550

His Ile

Thr

Ala

Ile

520

ser

Thr

val

Polipéptido CocE mutante
10

Arg Asp Gly 581 Arg Leu Ala val

Gly Pro Vg1 Pro val Leu Leu val
3

val Phe Ala Trp Ser Thr GIn Ser
50 55

Asp Gly Tyr Ala val val Ile Gln
65 70

Glu Gly Glu Phe §g1 Pro His val

Leu

Ile

505

Met

Asn

Ala

Leu

Ala

Asp

25

Arg

Thr

Asp

ASp

val
490

Asp

val

Thr

val

Pro
570

ser

10

Leu

Asn

Asn

Thr

AsSp
90

Ash
Met
Gln
Gly
Asn

555

Ile

ASn
Tyr
pro
Trp
Arg

75

Glu

Pro

Leu

val

Arg

Ile

val

Arg

Tyr

Leu

60

Gly

Ala

pPagina 22

Thr

A]a

Ser

525

val

Ile

Lys

Met

Pro

Asp

45

Glu

Leu

Asp

Leu
Thr
510
Ser
Ile

His

Arg

val
Asp
30

Lys
Phe

Phe

Ala

Ile

495

Ser

ser

Ala

Arg

Pro

15

Ala

Phe

val

Ala

Glu
95

Ile
480

Glu

Asn

Asn

Arg

Gly
560

Met

Asp

Asp

Arg

Ser

80

Asp

395



h{e’t val Asp Gly /;sn Tyr Sser val Ala Ser Asn val Met val Pro

Arg

Gly

val

Asp

65

Glu

Thr

Met

Ser

Ser

Ala

Ala

val
225

Asp

Pro

Phe

50

Gly

Gly

Leu

Phe

Leu

Ala

Arg

Ala

Glu

210

val

11

Gly

val
35

Ala

Tyr

Glu

ser

Tyr

Leu

ser

Ile

195

Gln

ASp

val
20

Pro
Trp

Ala

Phe

Gly

Arg

Ley

ASp

180

Leu

Pro

His

Arg

val

ser

val

val

85

Ile

Ser

Gly

Ala

‘Asn

Leu

Pro

Leu

Leu

Thr

val

70

Pro

Leu

Tyr

Leu

Pro

150

Trp

Arg

Asp

Leu

SEQ_LIST_2nd_Revised_88800730_0078
<223> Polipéptido CocE mutante

<400>

Ala
Leu
Gln
55

Ile
His
Glu
Leu
LysS
Trp
ser
Pro
val

Gly

ASn

val

val
40

Ser

Gln

val

Gln

Ala
Glu
Ala
200

Arg

Asp

Asp

25

Arg

Thr

Asp

ASp

Ala

105

val

Ile

Gly

Leu

Leu

Glu

Leu

Asn

Asn

Thr

Asp

90

Trp

Thr

Ala

Pro

Ile

170

Ala

Ala

Ile

ser

Tyr
Pro
Trp
5
Glu
Cys
Gln
P'.;O
cly
Gly
Ala
Ala
Pro

Trp
235

Pagina

Arg

Tyr

Leu

60

Gly

Ala

Asp

Trp

Ser

140

Gly

Thr

Asp

ser

Pro

Asp

45

Glu
Leu
ASp
Gly
Gin
125
Met
Ala
Gly
Phe
val
205

val

Ser

ASp
30

Lys
Phe
Phe
Ala
ASn
110
Ala
Ala
Leu
Leu
val
190
Thr

Ile

Ile

15

Ala

Phe

val

Ala

Glu

95

val

Ala

ser

Ala

Ile

175

GIn

Pro

Asp

Ser

Met

Asp

Asp

Arg

ser

80

ASp

Gly

val

Ala

val

160

Thr

Leu

Leu

GIn

Leu -

240

296



Ala Gly
val Phe

Phe Pro
530

Glu GIn
545

Pro Glu

<210>
<211>
<212>
<213>

<220>
<223>

<400>
Met val
1

Arg Asp
Gly Pro
val phe

50

Asp Gly
65
Glu Gly

Thr Leu

Met Phe

Glu

Leu

515

Lys

Leu

His

12

574
PRT
Artificial

AsSp
Gly
val
35

Ala

Tyr

Glu

ser

Ile
500

Pro

Tyr

Glu

Pro

SEQ_LIST_2nd_Revised_88800730_0078

Tyr Glu val Ala %3? Asp Met Leu Ala Thr ser

Gly His Arg Ile

520

Asp Arg Ash Ser

535

Glu Met Cys Thr

550

ser His Ile val

565

Polipéptido CocE mutante
12

Gly gsn Tyr Ser val

val
20

Pro
Trp
Ala
Phe
Trp
100

val

Arg Leu
val Leu
ser Thr
val val

70
val Pro
85

Ile Leu

ser Tyr

Ala

Leu

GIn

55

Ile

His

Glu

Leu

val

val

40

ser

Gln

val

FG1n

Gly

Met

Asn

Ala

Leu

Ala

Asp

25

Arg

Thr

ASp

Asp

Ala

105

val

val Gln
Thr Gly

val Asn
555

Pro Ile
570

ser Asn
10

Leu Tyr
Asn Pro
Asn Trp

Thr Arg
75

Asp Glu
90

Trp Cys

Thr Gln

Pagina

val
Gly
540

Arg

Ile

val

Arg

Leu
60

Gly
Ala

Asp

Trp

27

ser
525

val

Ile

Lys

Met
Pro
2’
Glu
Leu
Asp

Gly

GIn
125

510

ser

Ile

His

Arg

val

Asp

30

Lys

Phe

Phe

Ala

Asn

110

Ala

Ser

Ala

Arg

Pro

15

Ala

Phe

val

Ala

Glu

95

val

Ala

AsNh

Asn

Arg

Gly
560

Met

Asp

Asp

Arg

ser

80

Asp

Gly

val

395



Thr

385

Ser

ASp

Glu

Leu

val

465

val

Ala

val

Phe

Glu

545

Pro

Glu

Leu

GIn

val

Phe

450

Asp

Arg

Gly

Phe

Pro

530

GIn

Glu

<210>
<211>
<212>
<213>

<220>

<223>

<400>
?et val Asp Gly gsn Tyr Ser val Ala igr Asn val Met val ;go Met

ser

Gly

Arg

Leu

435

val

val

Met

Glu

Leu

515

Lys

Leu

His

13

574

13

Ala

Gly

Pro

420

Thr

ser

Phe

Arg Ty

Ile

500

Pro

TYr

Glu

Pro

ASp

Thr

405

Ile

Asp

ser

Pro

485

Tyr

Gly

Asp

Glu

ser
565

PRT_ L.
Artificial

390

Leu

His

Pro

ser

Arg

Glu

His

Arg

Met

550

His

SEQ_LIST_2nd_Revised_88800730_0078

Leu

Asp

val

Ala

455

Gly

Glu

val

Arg

Asn

535

Cys

Ile

phe His

Arg Asp

‘Glu val

440

val Asp

Arg Ala

Thr Leu

Ala Ile

505

Ile Met
520
ser Asn

Thr Ala

val Leu

Polipéptido CocE mutante

Asn

410

Asp

Thr

Thr

Ile

val

490

Asp

val

Thr

val

pPro
570

Gly
val
Gly
ASp
Ala
475
Asn
Met
Gln
Gly
Asn

555

Ile

Asp

Leu

Thr

Phe

460

Leu

Pro

Leu

val

Arg

Ile

pPagina 29

Asn

Cys Ty

val
445
Thr
Cys
Thr

Ala

Ser

Gly

.ser

Ala

Asp

Leu

Thr
510

Ser

525

val

Ile

Lys

Ile

His

Arg

Thr Tyr Leu Tyr Asp ggg Ala Asp Pro val

Pro

415

ser

Ala

Lys

Gly

Ile

495

ser

Ser

Ala

Arg

Pro
400
Ala
Thr
Arg
Leu
Ile
480
Glu
AsSn

Asn

Arg

399



515

SEQ_LIST_an_Revised_88800730_0078
520 525

phe Pro Lys Tyr Asp Arg Asn Ser Asn Thr Gly Gly val Ile Ala Arg
530 535 540

545

Glu ¢In Leu Glu Glu Met Cys Thr Ala val Asn
550 555

Pro Glu His Pro Ser His Ile val Leu g;g Ile

<210>
<211>
<212>
<213>

<220>
<223>

<400>

565
14
574
PRT
Artificial

Polipéptido CocE mutante

14

qet val Asp Gly gsn Tyr Ser val

Arg Asp Gly

Gly Pro val

35

val phe Ala

50

Asp Gly Tyr

65

Glu Gly Glu

Thr Leu Ser

met Phe Gly

ser Gly val

val
20

Pro
Trp

Ala

Phe:

Gly

Arg

Arg

val

Ser

val

val

85

Ile

Ser

Gly

Ala

Leu

Leu

Thr

val

70

Pro

Leu

Tyr

Leu

Pro
150

Ala
Leu
Gln
55

Ile
His
Glu

Leu

133

val

val

40

ser

GlIn

val

Glin

Ala

Asp

25

Arg

Thr

Asp

Asp

Ala

105

val

Ile

Trp Tyr Gly

ser Asn
10

Leu Tyr
Asn Pro
Asn Tfp
Thr Arg

75

Asp Glu
90

Trp Cys
Thr GIn

Ala pro

Pro Gly
155

Pagina

Arg Ile His Arg Gly
560

Ile Lys

val met

Arg Pro

Tyr Asp
45

Leu Glu
60

Gly Leu
Ala Asp
Asp G1y
™ g

Ser Met

‘140

Gly Ala

Arg

val

ASp

30

Lys

Phe

Phe

Ala

Asn

110

Ala

Ala

Leu

Pro

15

Ala

Phe

val

Ala

Glu

95

val

Ala

ser

ser

Met

ASp

Asp

Arg

Ser

80

ASp

Gly

val

Ala

val
160

399



Asp

Glu

Leu

val

465

val

Ala

val

Phe

Glu

545

Pro

GIn

val

pPhe

450

ASp

Arg

Gly

Phe

Pro

530

GIn

Glu

<210>
<21l1>
<212>

<213>

<220>

<223>

<400>

1

Arg

Leu

435

val

val

Met

Glu

Leu

515

Lys

Leu

His

15
574
PRT

15

Pro
420
Thr
ser
Phe
Arg
Ile
500

Pro

Tyr

Glu

Pro

405

Ile

AsSp

Ser

Pro-

TYyr

485

Gly

Asp

Glu

ser
565

Artificial

His

Pro

ser

Arg

Glu

His

Arg

Met

550

His

SEQ_LIST_2nd_Revised_88800730_0078
410 415

Asp Arg Asp Asp val Leu Cys Tyr ser
425 - 430

val Glu val Thr

Ala
455
Gly
Glu
val
Arg
Asn
535

cys

Ile

440

val

Arg

Thr

Ala

'I1e

520

ser

Thr

val

Polipéptido CocE mutante

Met val Asp Gly gsn Tyr ser val Ala

Asp Thr
Ala Ile
Leu val
490
Ile Asp
505
Met val
Asn Thr

Ala val

Leu Pro
570

Gly

ASp

Ala
475

Asn.

Met

GIn

Gly

Asn

555

Ile

Thr

Phe

460

Leu

Pro

Leu

val

Arg

Ile

val
445
Thr
cys
Thr
Ala
ser
525
val

Ile

LYS

ier Asn val Met

Arg Asp Gly XSW Arg Leu Ala val sgp Leu Tyr Arg Pro

Gly pro val pro val Leu Leu val Arg Asn Pro Tyr Asp
35 40 45

pagina 34

ser

Ala

Asp

Leu

Thr

510

ser

Ile

His

Arg

Ala

Lys

Gly

Ile

495

ser

ser

Ala

Arg

Thr

Arg

Leu

Ile

480

Glu

Asn

Asn

Arg

val pPro Met
15

Asp Ala Asp
30

Lys Phe Asp

400



545

Glu GIn Leu Glu Glu Met C
550

SEQ_LIST..2nd_Revised_88800730_0078
Asn Arg Ile His Arg Gly

ys Thr Ala val

555

Pro Glu His Pro Ser His Ile val Leu g;g Ile Ile Lys Arg

<210>

<211>

<212>
<213>

<220>

<223>

<400>
?et val Asp Gly

Arg

Gly

val

ASp

65

Glu

Thr

Met

Ser

Ser

Asp

Pro

pPhe

50

Gly

Gly

Leu

Phe

Ala

Arg

16

574

16

Gly

val

35

Ala

Tyr

Glu

Ser

Tyr

Leu

Ser

val
20

Pro
Trp

Ala

Phe

Gly

Arg

Leu

ASp

565

PRT .
Artificial

Polipéptido CocE mutante

gsn Tyr Ser val

Arg

val

Ser

val

val

85

Ile

ser

Gly

Ala

Leu

Leu

Thr

val

70

Pro

Leu

Tyr

Leu

Pro

150

Trp

Arg

Ala

Leu

Glin

55

Ile

His

Glu

Leu

Lys

135

Trp

Ser

Pro

val

val

40

Ser

Gln

val

Gln

Tyr

Ala

Glu

Ala

ASp

25

Arg

Thr

Asp

ASp

Ala

105

val

Ile

Gly

Leu

Asp

Ser

10

Leu

Asn

Asn

Thr

Asp

90

Trp

Thr

Ala

Pro

Ile

170

Ala

Asn
TYI‘
Pro
Trp
55
GIu
cys

Gln

Pro

Ala

Pagina

val

Arg

TYyr

Leu

60

Gly

Ala

Asp

Trp

Ala

140

Gly

y Thr

Asp
37

Met
Pro
Asp
45

Glu
Leu
ASp
Gly
GIn
125
Met
Ala

Gly

Phe

val

ASp

30

Lys

Phe

Phe

Ala

Asn

110

Ala

Ala

Leu

Leu

val

Pro

15

Ala

Phe

val

Ala

Glu

95

val

Ala

Ser

Ser

Ile

175

Glri

560

Met

Asp

Asp

Arg

Ser

80

Asp

Gly

val

Ala

val

160

Thr

Leu

401



Glu

Leu

val

465

val

Ala

val

Phe

Glu

val

Phe
450

Asp

Arg

Gly

Phe

pPro

530

Gln

545

Leu
435

val

val

Met

Glu

Leu

515

Lys

Leu

Pro Glu His

<210>
<211>
<212>

<213>

<220>

<223>

<400>

17

574
PRT
Artificial

Thr

ser

Phe

Arg

Ile

500

Pro

TYr

Glu

pro

Asp

Ser

Pro

Tyr.

Gly

Asp

Glu

ser
565

Pro

Ser

Arg

Glu

His

Arg

Met

550

His

SEQ_LIST_2nd_Revised_88800730_0078
val Glu val Thr Gly Thr val Ser Ala

Ala
455

Gly

Glu

val

Arg

Asn

535

Cys

Ile

440

val

Arg

Thr

Ala

Ile

520

Ser

Thr

val

Polipéptido CocE mutante
17

get val Asp Gly gsn Tyr Ser val

Arg Asp Gly gg] Arg Leu Ala val

Gly Pro val pro val Leu Leu val
35 40

val gge Ala Trp ser Thr Gln Ser

55

Asp Gly Tyr Ala val val Ile Gln

Asp

Ala

Leu

Ile

505

Met

Asn

Ala

Leu

Ala

Asp

25

Arg

Thr

Asp

Thr

Ile

Asp

Ala

475

val

490

Asp

val

Thr

val

Pro
570

Ser

10

Leu

Asn

Asn

Thr

Asn
Met
Gln
Gly
Asn
555

Ile

Asn

Tyr

Pro

Trp

Arg

Pagina

Phe
460
Leu
Pro

Leu

val

Arg

Ile

val

Arg

Tyr

Leu

60

Gly
39

445

Thr

Cys

Thr

Ala

ser

525

val

Ile

Lys

Met

Pro

Asp

45

Glu

Leu

Ala

Asp

Leu

Thr

510

Ser

Ile

His

‘Arg

val

Asp

30

Lys

Phe

Phe

Lys
Gly
Ile
495
sSer
sSer

Ala

Arg

Pro
15

Ala
Phe
val

Ala

Arg

Leu

Ile

480

Glu

Asn

Asn

Arg

Gly
560

Met

Asp

Asp

Arg

ser

4oz



<210>
<211>
<212>
<213>

<220>
<223>

<400>

18
574
PRT

Artificial

SEQ_LIST_2nd_Revised_88800730_0078

Polipéptido CocE mutante

18

Met val Asp Gly

1

Arg

Gly

val

ASp

65

Glu

Thr

Met

ser

Asp

Glu

Ser

Asp

ASp

Pro

Phe

50

Gly

Gly

Leu

Phe

Ala

Arg

Ala

Gly
val

35

Ala

Glu

ser

Tyr

Leu

ser

Ile
195

val
20

Pro
Trp

Ala

Phe

Gly

Arg

Leu

Asp

180

Leu

gsn Tyr Ser val

Arg
val
ser
val
val
85

Ile
ser
Gly
Ala
Gly
165

Ala

Asn

Leu

Leu

Thr

val

70

Pro

Leu

Leu

Pro

150

Trp

Arg

Asp

Ala

Leu
Gln
55

Ile
His
Glu
Leu
Lys
Trp
Sgr
Pro

val

‘val

val

40

ser

Gin

val

Gln

Tyr

Ala

Glu

Ala
200

Ala

Asp

25

Arg

Thr

Asp

Asp

Ala

105

val

Ile

Gly

Leu

Ser
10

Leu
Asn
Asn
Thr
Asp
90

Trp
Thr
Ala
Pro
Ile
170

Ala

Ala

Asn
Tyr
Pro
Trp
3
Glu
Cy;
GIn
Pr‘o
Gly
Gly

Ala

Ala

Pagina

val

Arg

Tyr

Leu

60

Gly

Ala

Asp

Trp

Ser

140

Gly

Thr

Asp

Ser

42

Met

Pro

Asp

45

Glu

Leu

Asp

Gly

Gln

125

Met

Ala

Gly

Phe

val
205

val

Asp

30

Lys

Phe

Phe

Ala

Asn

110

Ala

Ala

Leu

Leu

val

190

Thr

Pro
15

Ala
Phe
val
Ala
Glu
95

val
Ala
Ser
Ser
Ile
175

Gln

Pro

Met

Asp

Asp

Arg

Ser

80

Asp

Gly

val’

Ala

val
160

Thr

Leu

Leu

4403



val Asp val

465

val Arg

Ala Gly

val pPhe

Phe Pro
530

Glu GIn
545

Pro Glu

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Met

Glu

Leu

515

Lys

Leu

His

19
574
PRT

Phe

Arg

Ile

500

Pro

Tyr

Glu

Pro

Pro

Tyr

485

Tyr

Gly

Asp

Glu

ser
565

Artificial

Arg

Glu

His

Arg

Met

550

His

SEQ._LIST_2nd_Revised_88800730_0078
Gly Arg Ala Ile :}g Leu Cys Asp Gly

Glu

val

Arg

AsSn

535

Cys

Ile

Thr

Ala

‘I1e

520

ser
Thr

val

Pollipéptido CocE mutante

19

?et val Asp Gly gsn Tyr Ser val

Arg Asp Gly 581 Arg Leu Ala val

Gly Pro §g1 Pro val Leu Leu val

val phe Ala Trp Ser Thr GIn Ser
50 55

Asp Gly Tyr Ala val val Ile Gln
65 A 70

Glu Gly Glu phe §§1 Pro His val

Leu

Ile

505

Met

Asn

Ala

Leu

Ala

Asp

25

Arg

Thr

ASp

ASp

val

490

Asp

val

Thr

val

Pro
570

Ser

10

Leu

Asn

Asn

Thr

Asp
90

Asn
Met
Gln
Gly
Asn

555

Ile

ASn
Tyr
Pro
Trp
Arg

75

Glu

Pagina

Pro

Leu

val

Gly

540

Arg

Ile

val

Arg

Tyr

Leu

60

Gly

Ala

44

Thr

Ala

Ser

525.

val

Ile

Lys

Met
Pro
Asp
45

Glu

Leu

ASp

Leu

Thr

510

ser

Ile

His

Arg

val

Asp

30

Lys

Phe

pPhe

Ala

Ile

495

Ser

Ser

Ala

Arg

Pro

15

Ala

Phe

val

Ala

Glu
95

Ile

480

Glu

Asn

Asn

Arg

Met

Asp

ASp

Arg

ser

80

Asp



SEQ_LIST_2nd_Revised_88800730_0078
<223> Polipéptido CocE mutante

<400> 20

Met val Asp Gly Asn Tyr Ser val Ala Ser
1 5 10

Arg

Gly

val

Asp

65

Glu

Thr

Met

Ser

Ser

Ala

Ala

val
225

Asp
Pro
Phe
50

G"I y
Gly

Leu

Phe

Leu
Ala
Arg
Ala
Glu

210

val

Gly
val
35

Ala
Tyr

Glu

ser

Tyr
Leu
ser
o5

Gln

ASp

val
20

Pro
Trp

Ala

Phe

Gly
Arg
Leu
asp
Leu
Prp

His

Arg Leu Ala

val

Ser

val

val

85

Ile

Ser

Gly

Ala

Gly

165

Ala

Asn

Leu

Pro

Leu

Thr

val

70

Pro

Leu

Tyr

Leu

Pro

150

Trp

Arg

Asp

Leu

Asp
230

Leu

Gln

55

Ile

His

Glu

Leu

Trp

Ser

Pro

val

Gly

215

Asn

val

val

40

Ser

GIn

val

Gln

Ala

Glu

Ala

200

Arg

Asp

Asp

25

Arg

Thr

Asp

ASp

Ala

105

val

Ile

Gly

Leu

Leu

Glu

Leu

val

AsSn

Thr

Asp

90

Trp

Thr

Ala

Pro

Ile

170

Ala

Ala

Ile

Ser

Asn val met val

Tyr Arg Pro Asp

Pro
Trp
75
G'i. u
cys
Gln
Pro
Gly
Gly
Ala
Ala

Pro

Trp
235

Pagina

Tyr

Leu

60

Gly

Ala

ASp

Trp

Ser

140

Gly

Thr

Asp

Ser

Asp

45

Glu

Leu

Asp

Gly

GIn

125

Met

Ala

Gly

Phe

val

205

val

Ser

30

Lys

Phe

Phe-

Ala

Asn

110

Ala

Ala

Leu

Leu

val

190

Thr

Ile

Ile

Pro

15

Ala

Phe

val

Ala

Glu

95

val

Ala

Ser

ser

Ile

175

GIn

Pro

Asp

ser

Met

Asp

Asp

Arg

ser

80

Asp

Gly

val

Ala

val

160

Thr

Leu

Leu

Gln

Leu
240

405






SEQ_LIST_2nd_Revised_88800730_0078

Ala Gly Glu ?2)8 Tyr Glu val Ala

val phe Leu Pro Gly His Arg Ile
515 520

Phe Pro Lys Tyr Asp Arg Asn Ser
530 535

Glu GIn Leu Glu Glu Met Cys Thr
545 550

Pro Glu His Pro Ser His Ile val

565
<210> 21
<211> 574
<212> PRT
<213> Artificial
<220>

<223> Polipéptido CocE mutante
<400> 21
?et val Asp Gly gsn Tyr Ser val

Arg Asp Gly ¥31 Arg Leu Ala val

Gly pro val Pro val Leu Leu val
35 40

val Phe Ala Trp ser Thr GIn Ser
50 55

Asp Gly Tyr Ala val val Ile Gln
65 70

Glu Gly Glu Phe §g1 Pro His val

Thr Leu Ser Trp Ile Leu Glu GIn

Met Phe Gly val Ser Tyr Leu Gly

Ile Asp Met Leu Ala Thr Ser
505 510

Met val G1n val ggg ser Ser

Asn Thr Gly Gly val Ile Ala

Ala val égg Arg I1gvHis Arg

Leu Pro Ile Ile Lys Arg
570

Ala Ser Asn val Met val Pro
10 15

Asp Leu Tyr Arg Pro Asp Ala
25 _ 30

Arg Asn Pro Tyr ﬁgp Lys Phe

Thr Asn Trp‘ggu Glu pPhe val

Asp Thr 9;9 Gly Leu Phe Ala

Asp Asp Glu Ala Asp Ala Glu
.90 95

Ala Trp Cys Asp Gly Asn val
105 ‘ 110 -

val Thr GIn Trp Gln Ala Ala
125

Pagina 49

Asn
Asn
Arg

Gly
560

Met
Asp
ASp
Arg
ser
80

ASp

Gly

val

306



Thr

385

ser

Asp

Glu

Leu

val

465

val

Ala

val

Phe

Glu

545

Pro

Glu

Leu

Gin

val

Phe

450

AsSp

Arg

Gly

Phe

pro

530

Glin

Glu

<210>
<211>
<212>
<213>

<220>
<223>

<400>

ser

Gly

Arg

Leu

435

val

val

Met

Glu

Leu

515

Lys

Leu

His

22
574
PRT

Ala
Gly

Pro
420
Thr

Ser

Phe

Arg Ty

Ile

500

Pro

TYyr

Glu

Pro

Asp

Thr

405

Ile

Asp

Ser

Pro

485

Tyr

Gly

ASp

Glu

ser
565

Artificial

Thr

390

Leu

His

Pro

Ser

Arg

Glu

His

Arg

Met

550

His

SEQ_LIST_2nd_Revised_88800730_0078

Tyr Leu Tyr Asp ggg Ala Asp Pro val

Leu
ASp
val
Ala
455
Gly
Glu
val
Arg
Asn
535

Cys

Ile

Phe

Arg

Glu

440

val

‘Arg

Thr

Ala

Ile

520

Ser

Thr

val

Polipéptido CocE mutante

22

His

Asp

Ala

Leu

Ile

505

Met

Asn

Ala

Leu

Asn
410

Asp

Thr

Thr

Ile

val

490

Asp

val

Thr

val

Pro
570

Gly
val
Gly
A;p
Ala
475
AsSn
Met
GIn
Gly
Asn

555

Ile

Asp

Leu

Thr

Phe

460

Leu

Pro

Leu

Va1v

Arg

Ile

Asn

Cys Ty

val
445
Thr
Cys
Thr
Ala
ser
525
val

Ile

Lys

Gly

430

Ser

Ala

Asp

Leu

Thr

510

ser

Ile

His

Arg

Pro
415

Ser

Ala

Lys

Gly

Ile

495

Ser

Ser

Ala

Arg

Pro

400

Ala

Thr

Arg

Leu

Ile

480

Glu

Asn

Asn

Arg

Gly
560

?et val Asp Gly gsn Tyr Ser val Ala igr Asn val Met val :go Met

Pigina 51

40y



SEQ_LIST_2nd_Revi sed_888502057 30_0078

515 520

Phe Pro Lys Tyr Asp Arg Asn Ser Asn Thr Gly Gly val Ile Ala Arg
530 535 540

Glu GIn Leu Glu Glu Met Cys Thr Ala val Asn

545

550

Pro Glu His Pro Ser His Ile val Leu Pro

<210>
<211>
<212>
<213>

<220>
<223>

<400>

565 :

23

574

PRT
Artificial

Polipéptido CocE mutante
23

qet val Asp Gly gsn Tyr Ser val

Arg Asp Gly val Arg Leu Ala val

Gly Pro
val phe

50
Asp Gly
65
Glu Gly
Thr Leu

Met Phe

ser Gly

20

val Pro val Leu Leu val
35 40

Ala Trp Ser Thr g;n‘Ser

Tyr Ala val ¥81 Ile GIn

Glu Phe' val Pro His val
85

Ser Trp Ile Leu Glu GIn

Gly val Ser Tyr Leu Gly

val Gly Gly Leu Lys Ala

Tyr Arg Ala Pro Trp His
150

Ala

ASp

25

Arg

Thr

Asp

Asp

Ala

105

val

Ile

Gly

570

ser

10

Leu

Asn

Asn

Thr

ASp

90

Trp

Thr

Ala

Pro

555

Ile

Asn

Pro
Trp
Ar

75

Glu
Cys
GIn

Pro

Gly
155

Pagina

Arg

Ile

val

Arg

Tyr

Leu

60

Gly

Ala

Asp

Trp

ser

140

Gly

Ile His Arg Gly

Lys

Met
Pro
Asp
45

Glu
Leu
Asp
Gly
GIn
125
Met

Ala

Arg

val

Asp

30

Lys

Phe

Phe

Ala

Asn

110

Ala

Ala

Leu

Pro

15

Ala

Phe

val

Ala

Glu

95

val

Ala

Ser

ser

560

Met

AsSp

ASp

Arg

Ser

80

Asp

Gly

val

Ala

val
160

408



ASp

Glu

Leu

val

465

val

Ala

val

Phe

Glu

545

Pro

Gln

val

Phe

450

ASp

Arg

Gly

Phe

Pro

530

GIn

Glu

<210>
<211>
<212>
<213>

<220>
<223>

<400>
?et val Asp Gly gsn Tyr Ser val

Arg

Leu

435

val

val

Met

Glu

Leu

515

Lys

Leu

His

24
574
PRT

Pro

420

Thr

Ser

Phe

Arg

Ile

500

Pro

Tyr

Glu

Pro

405

Ile

Asp

Ser

Pro

Gly

Asp

Glu

ser
565

Artificial

His

Pro

Ser

Arg

Glu

His

Arg

Met

550

His

SEQ_LIST_anﬁﬁfvised_88800730_0078

Asp

val

Glu
val
Arg
Asn
535

Cys

Ile

Arg

Glu

440

val

Arg

Thr

Ala

Ile

520

ser

'Thr

val

Polipéptido CocE mutante

24

Arg Asp Gly ;81 Arg Leu Ala val

Asp Asp val
425

val Thr Gly

Asp Thr Asp

Ala Ile Ala
475

Leu val Asn
490

Ile Asp Met
505

Met val Gln
Asn Thr Gly

Ala val Asn
555

Leu Pro Ile
570

Ala Ser Asn
10

Asp Leu Tyr
25

415

Leu Cys Tyr Ser Thr
430

Thr

Phe

460

Leu

Pro

Leu

val

Arg

Ile

val

Arg

Gly Pro §§1 Pro val Leu Leu X81 Arg Asn Pro Tyr

Pagina 56

val
445
Thr
Cys
Thr
A1a
Ser
525
val

Ile

Lys

Met
Pro

ASp
45

Ser

Ala

‘Asp

Leu

Thr

510

Ser

Ile

His

Arg

val

ASp
30

Lys

Ala
Lys
Gly
Ile
495
Ser
Ser

Ala

Arg

Pro
15

Ala

Phe

Arg

Leu

Ile

480

Glu

Asn

Asn

Arg

Gly

Met

ASp

Asp

469






545

SEQ_LIST_2nd_Revised_88800730_0078

555

Pro Glu His Pro Ser His Ile val Leu Pro Ile Ile Lys

<210>
<211>
<212>
<213>

<220>

<223>

<400>
a{et val Asp Gly /5\5n Tyr Ser val

Arg

Gly

val

AsSp

65

Glu

Thr

Met

Ser

Ser

Asp

Pro

Phe

50

Gly

Gly

Leu

Phe

Gly

Leu

Ala

Arg

25
574
PRT

565

Artificial

25

Gly
val
35

Ala
TYyr
Glu
Ser
Gly
val
Tyr
Leu

Ser

val
20

Pro
Trp

Ala

Phe

Gly

Arg

Leu

Asp

Arg

val

ser

val

val

85

Ile

Ser

Gly

Ala

Leu

Leu

Thr

val

70

Pro

Leu

Tyr

Leu

Pro

150

Trp

Arg

Polipéptido CocE mutante

Ala

Leu

GIn

55

Ile

His

Glu

Leu

Lys‘

Trp

Ser

Pro

val

val

40

Ser

Gln

val

Gln

Tyr

Ala

Glu

Ala

Asp

25

Arg

Thr

Asp

Asp

Ala

105

val

Ile

Gly

Leu

ASp

570

ser

10

Leu

Asn

Asn

Thr

ASp

90

Trp

Thr

Ala

Pro

Ile

170

Ala

Asn
Tyr
Pro
Trp
ays
Glu
cys
Gln
Pro
Gly

Gly

Ala

Pagina

val

Arg

TYFP

Leu

60

Gly

Ala

Asp

Trp

Ser
140

Met

Pro

ASp

45

Glu

Leu

Asp

Gly

GlIn

125

Met

Gly Ala

Arg

Asp
59

Gly

Phe

Arg

val

ASp

30

Lys

Phe

Phe

Ala

Asn

110

Ala

Ala

Leu

Leu

val

Pro
15

Ala
phe
val
Ala
Glu
95

val
Ala
Ser
ser
Ile
175

Gln

Glu GIn Leu Glu Glu Met Cys Thr Ala val Asn Arg Ile His Arg Gly
550 560

Met
Asp
ASp
Arg
ser
80

ASp

Gly

val

Ala

val
160

Thr

Leu

4(0



Glu

Leu

val

465

val

Ala

val

Phe

Glu

545

Pro

val

Phe

450

Asp

Arg

Gly

Phe

Pro

530

GIn

Glu

<210>
<211>
<212>

<213>

<220>

<223>

<400> .
Tet val Asp Gly gsn Tyr Ser val Ala

Leu

435

val

val

Met

Glu

Leu

515

Lys

Leu

His

26

574
PRT
Artificial

Thr

Ser

Phe

Arg Ty

ASp

ser

Pro

Ile Tyr

500

Pro

Tyr

Glu

Pro

Gly

Asp

Glu

ser
565

Pro

Ser

Arg

Glu

His

Arg

Met

550

His

SEQ_LIST_2nd_Revised_88800730_0078

val Glu val Thr Gl

Ala
455

440

val Asp

Gly Arg Ala

Glu

val

Arg

Asn

535

cys

Ile

Thr Leu

Ala Ile
505

Ile Met
520
ser Asn

Thr Ala

val Leu

Polipéptido CocE mutante
26

Arg Asp Gly val Arg Leu Ala val Asp
20 25

Gly Pro gg] Pro val Leu Leu val Arg

40

val Ege Ala Trp Ser Thr Gln Ser Thr

55

Asp Gly Tyr Ala val val Ile GIn Asp

Thr Asp

Ile
val
490
ASp
val
Thr

val

Pro
570

ser
10

Leu
Asn

Asn

Thr

Ala
475
Asn
Met
GIn
Gly
ASn
555

Ile

Asn

Tyr

Pro

Trp

Arg

Pagina

y Thr va
4

445

1 ser Ala

Phe Thr Ala Lys

460

Leu

Pro

Leu

val

Arg

Ile

val

Arg

Leu
60

Gly
61

Cys
Thr
Ala
Ser
525
val

Ile

Lys

Met
Pro
Asp
45

Glu

Leu

ASp

Leu

Thr

510

Ser

Ile

His

Arg

val

AsSp

30

Lys

Phe

Phe

Gly

Ile

495

Ser

Ser

Ala

Arg

Pro
15

Ala
Phe

val

Ala

Arg

Leu

Ile

480

Glu

Asn

Asn

Arg

Gly
560

Met

Asp

Asp

Arg

ser

4]






<210>
<211>
<212>
<213>

<220>
<223>

<400>
qet val Asp Gly gsn Tyr Ser val

Arg
Gly
val
Asp
65

Glu
Thr

Met

Ser

ser

Ala

ASp

Pro

Phe

50

Gly

Gly

Leu

Phe

Gly

Leu

Ala

Arg

Ala

27
574
PRT

Artificial

SEQ_LIST_2nd_Revised_88800730_0078

Polipéptido CocE mutante

27

Gly

val

35

Ala

Tyr

Glu

ser

Tyr

Leu

Ser

Ile
195

val
20

Pro
Trp

Ala

Phe

Gly

Arg

Leu

Arg

val

ser

val

val

85

Ile

ser

Gly

Ala

Asn

Leu

Leu

Thr

val

70

Pro

Leu

Tyr

Leu

Pro

150

Trp

Arg

Asp

Ala
Leu
GIn
55

Ile
His
Glu
Leu
Lys
135
Trp
ser

Pro

val

val

val
40

‘Ser

GIn

val

Gln

Tyr

Ala

Glu

Ala

200

Ala ser
10

Asp Leu
25

Arg Asn

Thr Asn

Asp Ser

Asp Asp

90
Ala Trp
105
val Thr
Ile Ala
Gly Pro
Leu Ile

170

Asp Ala

Gly Ala

Asn

Pro
Trp
Arg
75

Glu
Cys

Gln

Pro

Gly
Ala

Ala

Pagina

val

Arg

Leu

60

Gly

Ala

Asp

Trp

Ser

140

Gly

Thr

Asp

Ser

64

Met
Pro
ASp
45

Glu
Leu
ASp
Gly
Gin
125
Met
Ala
Gly
Phe

val
205

val

ASp

30

Lys

Phe

Phe

Ala

Asn

110

Ala

Ala

Leu

Leu

val

190

Thr

Pro

15

Ala

Phe

val

Ala

Glu

95

val

Ala

Ser

Ser

Ile

175

GIn

Pro

Met
ASp
Asp
Arg
Ser
80

Asp
Gly
Va1
Ala
val

160

Thr

Leu

Leu

412



val
465

val

Ala

val

pPhe

Glu

545

Pro

ASp

Arg

Gly

Phe

Pro

530

Gln

Glu

<210>
<211>
<212>

<213>

<220>

<223>

<400>
get val Asp Gly gsn Tyr Ser val

val

Met

Glu

Leu

515

Lys

Leu

His

28

574
PRT
Artificial

Phe

Arg

Ile

500

Pro

Glu

Pro

Pro

s

Tyr
Gly
Asp
Glu

Ser
565

SEQ_LIST_2nd_Revised_88800730_0078
2;8 Gly Arg Ala Ile Ala Leu Cys Asp Gly

Arg Glu

Glu val

His Arg

Arg Asn
535

Met Cys
550 Y

His Ile

Thr

Ala

Ile
520

Ser

.Thr

val

Polipéptido CocE mutante
28

Arg Asp Gly gg] Arg Leu Ala val

Gly Pro §§1 Pro val Leu Leu Xa1

val phe Ala Trp Ser Thr GIn Ser
50 55

Asp Gly Tyr Ala val val Ile Gln
65 » 70

Glu Gly Glu Phe val Pro His val

85

Leu

Ile

505

Met

Asn

Ala

Leu

Ala

ASp

25

Arg

Thr

ASp

Asp

val

490

Asp

val

Thr

val

Pro
570

Ser

10

Leu

Asn

Asn

Thr

Asp
90

475

Asnh
Met
Gln
Gly
Asn

555

Ile

Asn

Pro
Trp
Arg
75

Glu

Pagina

Pro

Leu

val

Arg

Ile

val

Arg

Tyr

Leu

60

Gly

Ala

66

Thr

Ala

ser

Leu

Thr
510

Ser

525 .

val

Ile

Lys

Met

Pro

ASp

45

Glu

Leu

ASp

Ile

His

Arg

val

Asp

30

Lys

Phe

Phe

Ala

Ile
495
ser
ser

Ala

Arg

Pro

15

Ala

Phe

val

Ala

Glu
95

Ile

480

Glu

Asn

Asn

Arg

Met

Asp

Asp

Arg

Ser

80

Asp

413



Arg

Gly

val

Asp

65

Glu

Thr

Met

Ser

ser

Ala

Ala

val
225

Asp

Pro

Phe

50

Gly

Gly

Leu

Phe

Ala

Arg

Ala

Glu

210

val

Gly

val

35

Ala

Tyr

Glu

Ser

TYr

Leu

sSer

Ile

195

Gln

ASp

val

20

Pro

Trp

Ala

Phe

Gly

Arg

Leu,

Pro

His

Arg

val

Ser

val

val

85

Ile

ser

Gly

Ala

Asn

Leu

Pro

SEQ_LIST_2nd_Revised_88800730_0078
<223> Polipéptido CocE mutante

<400> 29
?et val Asp Gly gsn Tyr Ser val

Leu Ala val

Leu

Thr

val

70

Pro

Leu

Leu

Pro

150

Trp

Arg

Asp

Leu

Asp
230

Leu

GlIn

55

Ile

His

Glu

Leu

Trp

Ser

Pro

val

Gly

AsSn

val

40

ser

GIn

val

GIn

Tyr

Ala

Glu

Ala

200

Arg

Asp

Ala ser Asn

Asp

25

Arg

Thr

Asp

Asp

Ala

105

val

Ile

Gly

Leu

Leu

Leu

Asn

Asn

Thr

Asp

90

Trp

Thr

Ala

Pro

Ile

170

Ala

Ala

Ile

Ser

Tyr
Pro
Trp
a9
Giu
cys

Gln

Pro

Ala
Ala
Pro

Trp
235

Pagina

val

Arg

Tyr

Leu

Gly

Ala

Asp

Trp

Ser

140

Gly

Thr

ASp

Ser

Met
Pro
Asp
45

Glu
Leu
Asp
Gly
GIn
125
Met
Ala
Gly
Phe
val
205

val

Ser

val Pro Met

Asp

30

Lys

Phe

Phe

Ala

Asn

110

Ala

Ala

Leu

Leu

val

190

Thr

Ile

Ile

15

Ala

Phe

val

Ala

Glu

95

val

Ala

ser

Ser

Ile

175

Gln

Pro

Asp

ser

Asp
Asp
Arg

ser
80

Asp
Gly
val
Ala
%
Thr
Leu
Leu

GIn

Leu
240

414



Ala Gly Glu Ile Tyr Glu val Ala I

val pPhe Leu

515

Phe Pro Lys
530

Glu GIn
545

Pro Glu

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Leu Glu Glu h;lgg Cys Thr Ala val Asn

His

30
574
PRT

500

SEQ_LIST_2nd_Revised_88800730_0078

Pro Gly His Arg Ile
520

Tyr Asp Arg Asn Ser

535

Pro Ser His Ile val

565

Artificial

Polipéptido CocE mutante

30

Tet val Asp Gly gsn Tyr Ser val

Arg Asp Gly

Gly Pro val

val phe
S0

Asp Gly
65
Glu Gly

Thr Leu

Met Phe

35

Ala

TYyr

Glu

Ser

Gly

val
20

Pro

Trp

Ala

Phe

Arg Leu

val Leu

Ser Thr

val val

70

val Pro
85

Ile Leu

ser Tyr

Ala

Leu

G1n

55

Ile

His

Glu

Leu

val

val

40

Ser

GlIn

val

Gln

1
505
Met

Asn

Leu

Ala
Asp
25

Arg
Thr
ASp
ASp
Ala
105

val

val GlIn

Thr Gly

555

Pro Ile
570

Ser Asn
10

Leu Tyr
Asn Pro
Asn Trp

Thr Arg
75

Asp Glu
90

Trp Cys

Thr GIn

Pdgina

val
Gly
540

Arg

Ile

val

Arg

Leu
60

Gly
Ala

Asp

Trp

71

ser
525
val

Ile

Lys

Met

Pro
Asp
45

Glu
Leu
ASp

Gly

Gln
125

510

ser

ser

e Asp Met Leu Ala Thr Ser Asn

Asn

ITe Ala Arg

His

Arg

val

Asp

30

Lys

Phe

Phe

Ala

Asn

110

Ala

Arg

Pro
15

Ala
Phe
val
Ala
Glu
95

val

Ala

Gly
5

Met
Asp
Asp
Arg
ser
80

Asp

Gly

val

4/5



Thr

385

Ser

Asp

Glu

Leu

val

465

val

Ala

val

Phe

Glu

545

Pro

Glu

Leu

GIn

val

Phe

450

ASp

Arg

Gly

Phe

Pro

530

Gln

Glu

<210>
<211>
<212>
<213>

<220>
<223>

<400>

ser

Gly

Arg

Leu

435

val

val

Met

Glu

Leu

515

Lys

Leu

His

31
574
PRT

Ala

Gly

Pro

420

Thr

Ser

Phe

Arg

Ile

500

Pro

Tyr

Glu

Pro

SEQ_LIST_2nd_Revised_88800730_0078

Asp ;35 Tyr Leu Tyr Asp Pro Ala Asp Pro val

Thr
405
Ile
Asp

ser

Pro

Tyr

Gly

Ser

Glu

ser
565

Artificial

Leu

His

Pro

Ser

Arg

Glu

His

Arg

Met

550

His

Leu

Asp

val

Ala

455

Gly

Glu

val

Arg

Asn

535

Cys

Ile

Phe

Arg

Glu

440

val

Arg

Thr

Ala

Ile

520

Ser

Thr

val

Polipéptido CocE mutante

31

His

ASp

val

Asp

Ala

Leu

Ile

505

Met

Asn

Ala

Leu

Asn

410

Asp

Thr

Thr

Ile

val

490

ASp

val

Thr

val

Pro
570

395

Gly Asp Asn

val
Gly
ASp
Ala
475
Asn
Met
Gln
aly
Asn

555

Ile

Leu

Thr

Phe

460

Leu

Pro

Leu

val

Arg

Ile

Cys Ty

val

445

Thr

Cys

Thr

Ala

Ser

525

val

Ile

Lys

Gly

ser

Ala

Asp

Leu

Thr

510

ser

Ile

His

Arg

?et val Asp Gly gsn Tyr Ser val Ala ggr Asn val Mmet val

Pagina 73

Pro

415

ser

Ala

Lys

Gly

Ile

495

Ser

Ser

Ala

Arg

Pro
15

Pro

400

Ala

Thr

Arg

Leu

Ile

480

Glu

Asn

Asnh

Arg

Gly
560

Met

416



7Y

515

SEQ_LIST_2nd_Revised_88800730_0078
520 525

Phe Pro Lys Tyr Asp Arg Asn Ser Asn Thr Gly Gly val Ile Ala Ar
530 535 540 9

545

Glu GIn Leu Glu Glu ggg Cys'Thr Ala val Asn

555

Pro Glu His Pro Ser His Ile val Leu Pro Ile
565 570

<210>
<211>
<212>
<213>

<220>
<223>

<400>

32

574

PRT
Artificial

Polipéptido CocE mutante
32

?et val Asp Gly ésn Tyr Ser val

Arg Asp Gly val Arg Leu Ala val

20

Gly Pro val Pro val Leu Leu val

35 40

val pPhe Ala Trp Ser Thr Gln Ser

50

55

Asp Gly Tyr Ala val val Ile GIn

65

70

Glu Gly Glu Phe‘'val Pro His val

85

Thr Leu Ser Trp Ile Leu Glu Gln

Met Phe Gly val Ser Tyr Leu Gly

ser Gly val Gly Gly Leu Lys Ala
130 135

Asp Leu Tyr Arg Ala Pro Trp Tyr

150

Ala

Asp

25

Arg

Thr

Asp

Asp

Ala

105

val

Ile

Gly

ser

10

Leu

Asn

Asn

Thr

Asp

90

Trp

Thr

Ala

Pro

Pagina

Asn
Tyr
Prd
Trp
55
G1h
cys
Gln

Pro

Gly
155

Arg Ile His Arg Gly
560 .

Ile Lys Arg

val

Arg

Tyr

Leu

60

Gly

Ala

ASp

Trp

ser

140

Gly
76

Met

Pro

Asp

45

Glu

Leu

Asp

Gly

GIn

125

Met

Ala

val

Asp

30

Lys

Phe

Phe

Ala

Asn

110

Ala

Ala

Leu

Pro

15

Ala

Phe

val

Ala

Glu

95

val

Ala

Ser

ser

Met

ASp

Asp

Arg

ser

80

Asp

Gly

val

Ala

val
160

4)?



Asp

Glu

Leu

val

465

val

Ala

val

Phe

Glu

545

Pro

GIn
val
Phe
450
Asp
Arg
Gly
Phe
Pro
530

Gln

Glu

<210>
<211>

<212>
<213>

<220>
<223>

<400>
TEt val Asp Gly gsn Tyr Ser val

Arg

Leu

435

val

val

Met

Glu

Leu

515

Lys

Leu

His

33
574
PRT

Pro

420

Thr

Ser

Phe

Arg

Ile

500

Pro

Tyr

Glu

Pro

405

Ile

ASp

Ser

Pro

Gly

Asp

Glu

ser
565

Artificial

His

Pro

Ser

Arg

Glu

His

Arg

Met

550

His

SEQ_LIST_anEﬁfviSed_88800730_0

Asp Arg Asp Asp val
425

val
Ala
455
Gly
Glu
val
Arg
Asn
535

Cys

Ile

Glu

440

val

Arg

Thr

Ala

Ile

520

Ser

Thr

val

Polipéptido CocE mutante

33

Arg Asp Gly g81 Arg Leu Ala val

Gly Pro §§1 Pro val Leu Leu xa1

val Thr
Asp Thr
Ala Ile
Leu val

490
Ile Asp
505
Met val
Asn Thr

Ala val

Leu Pro
570

078
415

Leu Cys Tyr Ser
430

Gly Thr val

Asp
Ala
475
ASn
Me_t
GIn
Gly
ASNh
555

Ile

Phe

460

Leu

Pro

Leu

val

Arg

Ile

Ala Ser Asn val

10

Asp Leu Tyr Arg
25

Arg Asn Pro Tyr

Pagina 78

445

Thr

Cys

Thr

Ala

ser

525

val

Ile

Lys

Met

Pro

Ser

Ala

ASD

Leu

Thr

510

ser

Ile

His

Arg

val

Ala

Lys

Gly

Ile

495

ser

Ser

Ala

Arg

Pro
15

Thr

Arg

Leu

Ile

480

Glu

Asn

Asn

Met

Asp Ala Asp
30

Asp Lys Phe Asp
45

418



Glu GIn Leu Glu Glu Met Cys Thr Ala val Asn Arg Ile His Arg Gly
560

545

550

SEQ_LIST_2nd_Revised_88800730_0078

555

Pro Glu His Pro Ser His Ile val Leu g;g Ile Ile Lys Arg

<210>
<211>
<212>

<213>

<220>

<223>

<400>
h{et val Asp Gly lsxsn Tyr Ser val

Arg

Gly

val

Asp

65

Glu

Thr

Met

ser

ser

ASp

Pro

Phe

50

Gly

Gly

Leu

Phe

Ala

Arg

34

574
PRT
Artificial

Gly

val

35

Ala

TYr

Glu

ser

TYyr

Leu

Ser

val
20

Pro
Trp

Ala

Phe

Gly

Arg

Leu

Asp

565

Arg

val

Ser

val

val

85

Ile

ser

Gly

Ala

Leu

Leu

Thr

val

70

Pro

Leu

Leu

Pro

150

Trp

Arg

Ala

Leu

GIn

55

Ile

His

Glu

Leu

Lys

135

Trp

ser

Pro

Polipéptido CocE mutante
34

val

val

40

ser

GIn

val

GIn

Tyr

'A1a

Glu

Ala

ASp

25

Arg

Thr

Asp

Asp

Ala

105

val

Ile

Gly

Leu

Asp

Ser

10

Leu

Asn

Asn

Thr

ASp

90

Trp

Thr

Ala

Pro

Ile

170

Ala

Asn
Tyr
Pro
Trp
%
Glu
Cys

Gln

Pro

Ala

val

Arg

Tyr

Leu

60

Gly

Ala

Asp

Trp

Ser
140
Gly

Thr

Asp

Pigina 81

Met

Pro

Asp

45

Glu

Leu

Asp

Gly

Gln

125

Met

Ala

Gly

Phe

val

Asp

30

Lys

Phe

Phe

Ala

Asn

110

Ala

Ala

Leu

Leu

val

Pro

15

Ala

Phe

val

Ala

Glu

95

val

Ala

ser

Ser

Ile

175

GIn

Met

Asp

Asp

Arg

Ser

80

Asp

Gly

val

Ala

val
160

Thr

Leu

&9



<210>
<211>
<212>
<213>

<220>
<223>

<400>

36
574
PRT

Artificial

SEQ_LIST_2nd_Revised_88800730_0078

Polipéptido CocE mutante

36

?et val Asp Gly

Arg

Gly

val

ASp

65

Glu

Thr

Met

Ser

Ser

Ala

Asp

Pro

Phe

50

Gly

Gly

Leu

Phe

Leu

Ala

Arg

Ala

Gly

val

35

Ala

Tyr

Glu

ser

Tyr

Leu

Ser

Ile
195

val
20

Pro
Trp

Ala

Phe

Gly

Arg

Leu

Asn

Arg

val

Ser

val

val

85

Ile

Ser

Gly

Ala

Gly

Ala

Asn

Tyr Ser val

Leu

Leu

Thr

val

70

Pro

Leu

Tyr

Leu

Pro

150

Trp

Arg

Asp

Ala

Leu

G1n

55

Ile

His

Glu

Ala

Lys

135

Trp

Ser

Pro

val

val
val
40

ser

GIn

‘val

GIn

TYr

Ala

Glu

Ala
200

Ala

ASp

25

Arg

Thr

ASp

Asp

Ala

105

val

Ile

Gly

Leu

Ser

10

Leu

Asn

Asn

Thr

Asp

90

Trp

Thr

Ala

Pro

Ile

170

Ala

Ala

Asn
Tyr
Pro
Trp
55
Glu
Cys
Gln
Pro
Gly
Gly
Ala

Ala

Pagina

val
Arg
Tyr
Leu
60

Gly
Ala
ASp
Trp
Ser
140
Gly
Thr
Asp
ser

86

Met

Pro

ASp

45

Glu

Leu

Asp

Gly

GIn

125

Met

Ala

Gly

Phe

val
205

val
Asp
30

Lys
Phe
Phe
Ala
Asn
110
Ala
Ala
Leu
Leu
val

190

Thr

Pro

15

Ala

Phe

val

Ala

Glu

95

val

Ala

Ser

Ser

Ile

175

Gln

Pro

Met

ASp

Asp

Arg

ser

80

AsSp

Gly

val

Ala

val

160

Thr

Leu

Leu

420



val Asp
465

val Arg

Ala Gly

val Phe

phe Pro
530

Glu GIn
545

Pro Glu

<210>
<211>
<212>
<213>

<220>
<223>

<400>

val

Met

Glu

Leu

515

Lys

Leu

His

37

574
PRT
Artificial .

Phe Pro

Arg Tyr
485

Ile Tyr
500

Pro Gly

Tyr Asp

Glu Glu

Pro ser
565

SEQ_LIST_2nd_Revised_88800730_0078

Asp Gly Arg Ala Ile Ala Leu Cys Asp Gly
478 475 P

Arg Glu

Glu val
His Arg

Arg Asn
535

Met Cys
550

His Ile

Thr

Ala

Ile

520

Ser

Thr

val

Polipéptido CocE mutante
37

met val Asp Gly ésn Tyr Ser val
1 .

Arg Asp Gly ¥g1 Arg Leu Ala val

Gly pPro val Pro val Leu Leu val
35 40

val phe Ala Trp Ser Thr Gln Ser
50 55

Asp Gly Tyr Ala val val Ile Gln
65 7

Glu Gly Glu phe gg] Pro His val

Leu
Ile
505
Met
Asn

Ala

Leu

Ala
ASp
25

Arg
Thr
Asp

Asp

val
490

Asp

val

Thr

val

Pro
570

ser
10

Leu

Asn

Asn

Thr

AsSp
90

AsSn
Met
Gln
Gly
Asn

555

Ile

Asn
Tyr
Pro
Trp
Arg

75

Glu

Pagina

Pro

Leu
val
Gly
540

Arg

Ile

val

Arg

TYyr

Leu

60

Gly

Ala

88

Thr

Ala
Ser
525
val

Ile

Lys

Met
Pro
Asp
45

Glu
Leu

Asp

Leu
Thr
510
ser
Ile
His

Arg

val
ASp
30

Ala
Phe

Phe

Ala

Ile
495
ser
Ser

Ala

Arg

Pro
15

Ala
Phe
val

Ala

Glu
95

Ile

480

Glu

Asn

Asn

Arg

Met

Asp

Asp

Arg

Ser

80

Asp

47






38
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<223> Ppolipéptido CocE mutante

<400>

Tet val Asp Gly esn Tyr ser val

Arg

Gly

val

ASp

65

Glu

Thr

Met

ser

Ser

Ala

Ala

val
225

ASp

Pro

Phe

50

Gly

Gly

Leu

Phe

Gly

Leu

Ala

Arg

Ala

‘Glu

210

val

Gly

val
35

Ala
Tyr
Glu
ser
Gly

val

Leu
ser
Ile
195

GIn

AsSp

val
20

Pro
Trp

Ala

TYyr

Gly

Arg

Leu

Pro

His

Arg

val

Ser

val

val

85

Ile

Ser

Gly

Ala

Asn

Leu

Pro

Leu

Leu

Thr

val

70

Pro

Leu

Tyr

Leu

Pro

150

Trp

Arg

Asp

Leu

Asp
230

Ala

Leu

Gln

55

Ile

His

Glu

Leu

Lys

Trp

Ser

Pro

val

Gly

215

Asn

val

val

40

Ser

Gln

val

GlIn

Tyr

'A1a

Glu
Ala
200

Arg

Asp

Ala igr Asn val Met val ;ro Met

ASp

25

Arg

Thr

Asp

Asp

Ala

105

val

Ile

Gly

Leu

Leu

Glu

Leu

Asn

Asn

Thr

Asp

90

Trp

Thr

Ala

Pro

Ile

170

Ala

Ala

Tle

ser

Tyr
Pro
Trp
5
Glu
Cys
GIn

Pro

Arg

Tyr

Leu

60

Gly

Ala

ASp

Trp

Ser

. 140

Ala
Ala
Pro

Trp

Pagina

Gly

.Thr

Asp

Ser

Pro
AsSp
45

Glu
Leu
Asp
Gly
Gln
125
Met
Ala
Gly
Phe
val
205

val

Ser

Asp

30

Lys

Phe

Phe

Ala

Asn

110

Ala

Ala

Leu

Leu

val

190

Thr

Ile

Ile

Ala

Phe

val

Ala

Glu

95

val

Ala

Ser

Sser

Ile

175

Glin

Pro

Asp

ser

Asp

Asp

Arg

Ser

80

ASp

Gly

val

Ala

val
160

Thr

Leu

Leu

Gln

Leu
240

%3






Ala Gly Glu

val

Phe

Glu
545

Phe Leu

Pro
530

Gln

Pro Glu

<210>
<211>
<212>
<213>

<220>

<223>

<400>
Tet val Asp Gly gsn Tyr Ser val

Arg

Gly

val

Asp

65

Glu

Thr

Met

Asp

Pro

Phe

50

Gly

Gly

Leu

Phe

515

Lys

Leu

His

39
587
PRT

Ile
500

Pro

Tyr

Glu

Pro

SEQ_LIST_2nd_Revised_88800730_0078

Tyr Glu val Ala §3§ Asp Met Leu Ala Thr Ser

Gly His Arg I}e

520

Asp Arg Asn Ser

535

Glu Met Cys Thr
550

ser His Ile val

565

Artificial

39

Gly

val

35

Ala

TYyr

Glu

ser

val
20

Pro

Trp,

Ala

Phe

Arg

val

ser

val

val

85

Ile

Ser

Leu

Leu

Thr

val

70

Pro

Leu

Tyr

Polipéptido CocE mutante

Ala
Leu
Gin
55

Ile
His
Glu

Leu

val

val

40

Ser

Gin

val

GIn

Met

AsSn

Ala

Leu

Ala

ASp

25

Arg

Thr

Asp

Asp

Ala

105

val

val

Thr

val

Pro
570

Ser

10

Leu

Asn

Asn

Thr

Asp

90

Trp

Thr

Gln

Gly

Asn

555

Ile

Asn
Tyr
Pro
Trp
5
G1y
s

Gln

Pagina

val

Arg

Ile

val

Arg

Leu
60

Gly
Ala

Asp

Trp

93

ser
525
val

Ile

Lys

Met

Pro
ASp
45

Glu
Leu
Asp

Gly

Gln
125

510

Ser

Ile

His

Arg

val

ASp

30

Lys

Phe

Phe

Ala

Asn

110

Ala

ser
Ala

Arg

Pro
15

Ala
Phe
val
Ala
Glu
95

val

Ala

Asn

Asn

Arg

Gly
560

Met

Asp

Asp

Arg

Ser

80

Asp

Gly

val

L
Hl%



Thr

385

ser

Asp

Glu

Leu

val

465

val

Ala

val

Phe

Glu

545

Pro

Ala

Glu

Leu

Gln

val

Phe

450

Asp

Arg

Gly

Phe

Pro

530

GIn

Glu

Ala

<210>
<211>
<212>

<213>

<220>
<223>

<400>

ser

Gly

Arg

Leu

435

val

val

Met

Glu

Leu

515

Lys

Leu

His

Ala

40
587
PRT

Ala
Gly
Pro
420
Thr
ser
Phe
Arg
Ile

500

Pro

Glu

Pro

Leu
580

Asp

Thr

405

Ile

AsSp

Ser

Pro

Tyr

485

Tyr

Gly

Asp

Glu

Ser

565

Glu

Artificial

Thr

390

Leu

His

Pro

ser

Arg

Glu

His

Arg

Met

550

His

His

SEQ_LIST_2nd_Revised_88800730_0078

Tyr Leu Tyr Asp ggg Ala Asp Pro val

Leu

Asp

val

Ala

455

Gly

Glu

val

Arg

ASh

535

Cys

Ile

His

Phe

Arg

Glu

440

val

Arg

Thr

Ala

Ile
520

‘Ser

Thr

val

His

Polipéptido CocE mutante

40

His

Asp

Ala

Leu

Ile

505

Met

Asn

Ala

Leu

His
585

Asn
410

ASp

Thr

Thr

Ile

val

490

ASp

val

Thr

val

Pro

570

His

Gly
val

Gly

ASp

Ala
475
Asn
Met
Gln
Gly
AsSn
555

Ile

His

Asp

Leu

Thr

Phe

460

Leu

Pro

Leu

val

Arg

Ile

Pagina 95

Asn

Cys Ty

val
445
Thr
Cys
Thr
Ala
ser
525
val

Ile

Lys

Gly

Ser

Ala

Asp

Leu

Thr

510

ser

Ile

His

Arg

Pro

415

ser

Ala

Lys

Gly

Ile

495

ser

ser

Ala

Arg

Lys
575

Pro

400

Ala

Thr

Arg

Leu

Ile

480

Glu

Asn

Asn

Arg

Gly

560

Leu

424



val Phe Leu

515

Phe Pro

Lys
530

Glu G1n
545

Leu

Pro Glu His

Ala Ala Ala

<210>
<211>
<212>
<213>

<220>
<223>

<400> 41
Tet val Asp

41
587
PRT

Arg Asp Gly

val
35

Gly Pro

Phe Ala

50

val

Asp Gly

65

Tyr

Glu Gly Glu

Thr Leu Ser

mMet Phe

500

Pro
Tyr
Glu
Pro

Leu
580

Gly

ASp

Glu

ser

565

Glu

Artificial

SEQ_LIST_2nd_Revised_88800730_0078
505 510

His Arg Ile
520

Arg Asn ser
535

Met Cys Thr
550

His Ile val

His His His

Polipéptido CocE mutante

Gly ?sn Tyr Ser val

val
20

Pro

Trp’

Ala

Phe

Arg

val

ser

val

val

85

Ile

Ser

Leu Ala val

val
40

Leu Leu

Gln
55

Thr ser

val Ile GIn
70

Pro His val

Leu Glu GIn

Tyr Leu Gly

Met val Gln

Asn

Ala

Leu

His
585

Ala

Asp

25

Arg

Thr

Asp

ASp

Ala

105

val

Thr

val

Pro

570

His

Ser

10

Leu

ASn

ASn

Thr

Asp

90

Trp

Thr

Gly
AsSn
555

Ile

His

Asn

Pro
Trp
Arg
75

Glu

cys

Gln

Pagina

val Ser Ser Ser

Gly
540
Arg

Ile

val

Arg

Tyr

Leu

60

Gly

Ala

Asp

Trp
98

525

val
Ile

Lys

Met
Pro
Asp
45

Glu
Leu
Asp

Gly

GlIn
125

Ile

His

Arg

val
ASD
30

Lys
Phe
Phe
Ala
ASh
110

Ala

Ala

Arg

Lys

Pro

15

Ala

Phe

val

Ala

Glu

95

val

Ala

Asn

Arg

Met

AsSp

Asp

Arg

Ser

80

Asp

Gly

val

429



Thr

385

Ser

Asp

Glu

Leu

val

465

val

Ala

val

Phe

Glu

545

Pro

Ala

<210>

370

Glu

Leu

Gln

val

Phe

450

Asp

Arg

Gly

Phe

Pro

530

Gln

Glu

Ala

<211>
<212>

<213>

<220>

<223>

ser

Gly

Arg

Leu

435

val

val

Met

Glu

Leu

515

Lys

Leu

His

Ala

42

582
PRT

Ala

Gly

Pro

420

Thr

Ser

Phe

Arg

Ile

500

Pro

Tyr

Glu

Pro

Leu
580

Asp

Thr

405

Ile

Asp

ser

Pro

Tyr

485

Gly

Asp

Glu

ser

565

Glu

Artificial

Thr

390

Leu

His

Pro

Ser

Arg

Glu

His

Arg

Met

550

His

His

SEQ_LIST_2nd_Revised_88800730_0078
375 380

Tyr Leu Tyr Asp Pro

Leu

Asp
val
Ala
455
Gly
Glu
val
Arg
Asn
535
Cys

Ile

His

Phe

Arg

Glu

440

val

Arg

Thr

Ala

Ile

520

Ser

Thr

val

His

Polipéptido CocE mutante

His

ASp

Ala

Leu

Ile

505

Met

Asn

Ala

Leu

His
585

ASn

410

ASp

Thr

Thr

Ile

val

490

Asp

val

Thr

val

Pro

570

His

395

Gly
val
Gly
Asp
Ala
475
ASn
Met
GlIn
Gly
Asn
555
Ile

His

Ala Asp Pro val

AsSp

Leu

Thr

Phe

460

Leu

Pro

Leu

val

Gly

540

Arg

Ile

pPagina 100

Asn

Cys

val

445

Thr

Cys

Thr

Ala

Ser

525

val

Ile

Lys

Gly

Ala

Asp

Leu

Thr

510

Ser

Ile

His

Arg

Pro
415
ser
Ala
Lys
Gly
Ile
495
ser
Ser
Ala

Arg

Lys
575

Pro
400
Ala
Thr
Arg
Leu
Ile
480
Glu
Asn

Asn

Arg

424N



Ala Gly

val phe

pPhe Pro
530

Glu G1n
545

Pro Glu

His His

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Glu

Leu

515

Lys

Leu

His

His

43

582
PRT ]
Artificial

500

Pro

Tyr

Glu

Pro

His
580

get val Asp Gly

Arg Asp
Gly Pro
val pPhe

50

Asp Gly
65
Glu Gly

Thr Leu

Met Phe

Gly
val

35

Ala

Glu

ser

Gly

val
20

Pro

Trp

Ala

Phe

Trp

100

val

SEQ_LIST_2nd_Revised_88800730_0078
Ile Tyr Glu val Ala Ile Asp Met Leu Ala Thr Ser

Gly His Arg Ile

520

Asp Arg Ash Ser
535

Glu Met Cys Thr

550

ser His ITe val

565

His

His

Polipéptido CocE mutante
43

gsn Tyr Ser val

Arg

val

ser

val

val

85

Ile

ser

Leu

Leu

Thr

val

70

Pro

Leu

TYyr

Ala

Leu

GIn

35

Ile

His

Glu

Leu

val

val

40

ser

Gln

val

GlIn

Gly

505

Met

Asn

Ala

Leu

Ala

AsSp

25

Arg

Thr

ASp

ASp

Ala

105

val

val

Thr

val

Pro
570

Ser

10

Leu

Asn

Asn

Thr

ASp

90

Trp

Gln
Gly
Asn
555

Ile

Asn
TYyr
Pro
Trp
Arg
75

Glu

cys

val

Arg

Ile

val

Arg

Leu
60
Gly

Ala

Asp

ser
525
val

Ile

Lys

Met
Pro
ASp
45

Glu
Leu

Asp

Gly

Thr GIn Trp GlIn
Pagina 103

510

Ser

Ile

His

Arg

val

ASp

30

LYysS

Phe

Phe

Ala

Asn

110

Ala

Ser

Ala

Arg

Leu
575

Pro
15

Ala
Phe
val
Ala
Glu
95

val

Ala

Asn

Asn

Arg

Gly

560

Glu

Met

AsSp

ASp

Arg

Ser

80

Asp

Gly

val

a3



Ala
Thr
385
ser
ASp
Glu
Leu
val
465

val

Ala

IVa1

Phe

Glu
545

Pro

Asn

370

Glu

Leu

G1n

val

Phe

450

ASp

Arg

Gly

Phe

Pro

530

Gln

Glu

Thr

ser

Gly

Arg

Leu

435

val

val

Met

Glu

Leu

515

Lys

Leu

His

His His Hig

<210>
<211>
<212>

<213>

<220>
<223>

44

582
PRT
Artificial

Ser
Ala
Gly
Pro
420
Thr
ser
Phe
Arg
Ile
500

Pro

Tyr

Gluy,

Pro

His
580

Thr

ASp

Thr

405

Ile

Asp

Ser

Pro

Tyr
485

Tyr

Gly

Asp

Glu

Ser

565

His

Gly

Thr

390

Leu

His

pPro

ser

Arg

Glu

His

Arg

Met

550

His

His

SEQ_LIST_2nd_Rrevised_88800730_0078
Gly Gly Thr Leu Ser Thr Ser Ile Ser

375

Tyr

Leu

ASp

val

Ala

455

Gly

Glu

val

Arg

Asn

535

Cys

Ile

Leu

Phe

Arg

Glu

440

val

‘Arg

Thr

Ala

Ile

520

ser

Thr

val

Polipéptidd CocE mufante

TYyr

His

AsSp

Ala

Leu

Ile

505

Met

Asn

Ala

Leu

Asp

Asn

410

Asp

Thr

Thr

Ile

val

490

Asp

val

Thr

val

Pro
570

Pro
395

Gly
val
Gly
Asp
Ala
475
Asn
Met
GIn
Gly
Asn

555

Ile

380

Ala
Asp
Leu
Thr

Phe
460

Leu

Pro

Leu

val

Arg

Ile

Pagina 105

Asp

Asn

Cys

val
445
Thr
Cys
Thr
Ala
Ser
525
val

Ile

Lys

Pro
Gly
TYP
450
ser
Ala
Asp
Leu
Thr
510
ser
Ile
His

Arg

val

Pro

415

Ser

Ala

Lys

Gly

Ile

495

ser

Ser

Ala

Arg

Leu
575

Gly

Pro

400

Ala

Thr

Arg

Leu

Ile

480

Glu

Asn

Asn

Arg

Gly

560

Glu

228



Ala

val

Phe

Glu

545

Pro

His

Gly

Phe

Pro

530

G1n

Glu

His

<210>
<211>
<212>

<213>

<220>
<223>

<400>

Glu

Leu

515

Lys

Leu

His

His

45

582
PRT
Artificial

Ile Tyr
500

Pro Gly

Tyr Asp

Glu Glu

Pro ser

565

His His
580

¥et val Asp Gly gsn

Arg

Gly

val

ASsp

65

Glu

Thr

ASp

Pro

Phe

50

Gly

Gly

Leu

Gly

val
35

Ala

Tyr

‘Glu

Ser

val Arg
20

Pro val

Trp Ser

Ala val

Phe val
85

Trp Ile
100

SEQ_LIST_2nd_Revised_88800730_0078
Glu val Ala g;l)esz Asp Met Leu Ala Thr Ser

His Arg Ile
520

Arg Asn Ser
535

Met Cys Thr
550

His Ile val

His

Polipéptido CocE mutante
45

Tyr Ser val

Leu Ala val

Leu Leu val
40

Thr GIn Ser
5%

val Ile GIn
70

Pro His val

Leu Glu Gl1n

Met

ASh

Ala

Leu

Ala

ASp

25

Arg

Thr

ASp

ASp

Ala
105

val

Thr

val

Pro
570

ser

10

Leu

Asn

Asn

Thr

ASp

90

Trp

Gln
Gly
Asn
555

Ile

Asn
Tyr
Pro
Trp
Arg
75

Glu

cys

Pagina

val
Gly
540

Arg

Ile

val

Arg

Tyr

Leu

60

Gly

Ala

ASp

108

Ser
525
val

Ile

Lys

Met

Pro

Asp

45

Glu

Leu

Asp

Gly

510

Ser

Ile

His

Arg

val

Asp

30

Lys

Phe

Phe

Ala

Asn
110

Ser

Ala

Arg

Leu
575

Pro

15

Ala

Phe

val

Ala

Glu

95

val

Asn

Asn

Arg

Gly

560

Glu

Met

Asp

Asp

Arg

ser

80

ASp

Gly

429



Arg

Gly

val

Asp

65

Glu

Thr

Met

ser

ser

Ala

Ala

val
225

ASp
Pro
Phe
50

Gly

Gly

Leu

Phe ¢

Leu

Ala

Arg

Ala

Glu

210

val

Gly
val

35

Ala

TYyr

Glu

ser

Tyr

teu

Ser

Ile

195

GIn

Asp

val

20

Pro

Trp

Ala

Phe

Trp

100

val

Gly

Arg

Leu.

Pro

His

Arg

val

Ser

val

val

85

Ile

Ser

Gly

Ala

Asn

Leu

Pro

Leu

Leu

Thr

val

70

Pro

Leu

Leu

Pro

150

Trp

Arg

Asp

Leu

Asp
230

~ SEQ_LIST_2nd_Revised_88800730_0078
<223> polipéptido CocE mutante

<400> 46
r{et val Asp Gly IS\sn Tyr Ser val

Ala

Leu

GIn

55

Ile

His

Glu

Leu

Lys

Trp

ser

Pro

val

Gly

215

Asn

val

val

40

Ser

GIn

val

Gln

Tyr

Ala

Glu

Ala

200

Arg

Asp

Ala

ASp

25

Arg

Thr

Asp

ASp

Ala

105

val

Ile

Gly

Leu

Leu

Glu

ser

10

Leu

Asn

Asn

Thr

Asp

90

Trp

Thr

Ala

Pro

Ile

170

Ala

Ala

Ile

ser

Asn
Tyr
Pro
Trp
75°
ol
Cys
Gln
Pro
Gly
Gly
Ala
Ala

Pro

Trp
235

val
Arg
Tyr
Leu
60

Gly
Ala
Asp
Trp
ser
140
Gly
Thr

Asp

ser

G]n

pigina 111

Met

Pro

Asp

45

Glu

Leu

Asp

Gly

Gln
125

Met

Ala

Gly

Phe

val

205

val

Ser

val

Asp
30

Lys

pPhe

Phe

Ala

Asn

110

Ala

Ala

Leu

Leu

val

190

Thr

Ile

Ile

Pro
15

Ala
Phe
val
Ala
Glu
95

val
Ala
Ser
Ser
Ile
175
Lys
Pro
Asp

Ser

Met

ASp

Asp

Arg

ser

80

ASP

Gly

val

Ala

val

160

Thr

Leu

Leu

Gln -

Leu
240

430



Ala Gly Glu

val Phe Leu
515

Phe Pro Lys
530

Glu GIn Leu
545

Pro Glu His

His His His

<210> 47

<211> 582
<212> PRT
<213>

<220>
<223>

<400> 47

Ile Tyr
500 i

Pro Gly
Tyr Asp
Glu Glu
Pro ser

565

His His
580

Artificial

SEQ_LIST_2nd_Revised_88800730_0078

Glu val Ala ggg AsSp Met Leu Ala

His Arg Ile

520

Arg Asn ser

535

Met Cys Thr

550

His Ile val

His

Polipéptido CocE mutante

Tet val Asp Gly ésn Tyr Ser val

Arg Asp Gly
Gly pro val
35
val phe Ala
50

Asp Gly Tyr
65

Glu Gly Glu

Thr Leu Ser

val Ar
20 9

Pro, val

Trp ser

Ala val

Phe val

85

Trp Ile

Leu

Leu

Thr

val

70

Pro

Leu

Ala
Leu
Gln
55

Ile
His

Glu

val

val

40

ser

Gln

val

Gin

Met

ASn

Ala

Leu

Ala

Asp

25

Arg

Thr

Asp

Asp

Ala
105

val GIn val

Thr Gly Gly

val Asn Arg
555

Pro Ile Ile
570

Ser Asn val
10

Leu Tyr Arg
Asn Pro Tyr

Asn Trp Leu
60

Thr Arg Gly
75

Asp Glu Ala
90

Trp Cys Asp

Pagina 113
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From the INTERNATIONAL BUREAU

PCT

BLOSSER, G., Harley

Sonnenschein Nath & Rosenthal LLP
P.O. Box 061080

Wacker Drive Station, Sears Tower
Chicago, IL 60606-1080

NOTIFICATION CONCERNING
SUBMISSION OR TRANSMITTAL
OF PRIORITY DOCUMENT

(PCT Administrative Instructions, Section 41 |} ETATS-UNIS D'AMERIQUE
Date of mailing (day/month/year)
03 October 2007 (03.10.2007)
Applicant's or agent's file reference : _
88800730-0003PCT IMPORTANT NOTIFICATION
Inlemaliona.l application No. International filing date (day/monih/year)
PCT/US2007/015762 10 July 2007 (10.07.2007)
nternational publication date (day/month/vear) ) Priority date (day/month/year)
Not yet published 10 July 2006 (10.07.2006)
Applicant

COLUMBIA UNIVERSITY et al

By means of this Form, which replaces any previously issued nofification concerning submission or transmitlal of priority
documents, the applicant is hereby notified of the date of receipt by the International Bureau of the priority document(s) relating lo
all earlier application(s) whose priority is claimed. Unless otherwise indicated by the letters “NR", in the right-hand column or by an

asterisk appearing next to a date of receipt, the priority document concerned was submitted or transmitted to (he International Burean
in compliance with Rule 17.1(a) or (b).

(f applicable) The letters “NR" appearing in the right-hand column denote a priority document which, on_the date of mailing of
this Form, had not yet been received by the International Bureau under Rule 17.1(a) or (b). Where, under Rule 17.1(a), the
priority document must be submitted by the applicant to the receiving Office or the International Bureau, but the applicant fails to
submit the priority document within the applicable time limit under that Rule, the attention of the applicant is directed to Rule
17.1(c) which provides that no designated Office may disregard the priority claim concerned before giving the applicant an
opportunity, upon entry into the national phase, to furnish the priority document within a time limit which is reasonable under the
circumstances. '

(If applicable)An asterisk (*) appearing next to a date of receipt, in the right-hand column, denotes a priority decument submitted
or transmitted to the International Bureau but not in compliance with Rule 17.1(a) or (b) (the priority document was received
after the time limit prescribed in Rule 17.1(a) or the request to prepare and transmit the priority document was submitted to the
receiving Office after the applicable time limit under Rule 17.1(b)). Even though the priority document was not furnished in
compliance with Rule 17.1(a) or (b), the International Bureau will nevertheless transmit a copy of the document (o the designated
Offices, for their consideration. In case such a copy is not accepted by the designated Office as the priority document, Rule 17.1(c)
provides that no designated Office may disregard the priority claim concerned before giving the applicant an opportunity, upon entry
into the national phase, to furnish the priority document within a time limit which is reasonable under the circumstances.

. ority L : y .. - T fa Al
10 July 2006 (10.07.2006) 60/813,569 us 10 September 2007 (10.09.2007)
The International Bureau of WIPO Authorized officer

34, chemin des Colombettes v

1211 Geneva 20, Switzerland ' Dorothée Mulhausen
Facsimile No. +41 22 338 82 70 "

Facsimile No. +41 22 338 82 70 Telephone No. +41 22 338 74 01

Form PCT/IB/304 (October 2003)
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PATENT COOPERATION TREATY ;

PCT

INTERNATIONAL SEARCH REPORT
(PCT Article 18 and Rules 43 and 44)

Applicant’s or agent’s file reference FOR FURTHER see Form PCT/ISA/220

88800730-0078 ' ACTION as well as, where applicable, item 5 below

Intemmational application No. International filing date (day/month/year) (Earliest) Priority Date (day/month/year)
PCT/US07/15762 10 July 2007 (10.07.2007) 10 July 2006 (10.07.2006)

Applicant
COLUMBIA UNIVERSITY

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant
according to Article 18. A copy is being transmitted to the International Bureau

SR
This international search report consists of a total of —2_ sheets.

It is also accompanied by a copy of each prior art document cited in this report.

6.

Basis of the Report

“a. With regard to the language, the international search was carried out on the basis of:

the international application in the language in which it was filed.
[:l a translation of the international application into ' , which is the language
of a translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

b. D This international search report has been established taking into account the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 91 Rule 43.6 bis(a)

c. D With regard to any nucleotide and/or amino acid sequencedisclosed in the international application, see Box No. 1.
D Certain claims were found hnsearchable(Sec Box No. II)

D Unity of invention is lacking (See Box No. 11I)
With regard to the title,

the text is approved as submitted by the applicant.
D the text has been established by this Authority to read as follows:

With regard to the abstract,
the text is approved as submitted by the applicant.

D - the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box No. IV. The applicant
may, within one month from the date of mailing of this intemnational search report, submit comments to this Authority.

With regard to the drawings, .
a.  the figure of the drawings to be published with the abstract is Figure No.

as suggested by the applicant. . )
D as selected by this Authority, because the applicant failed to suggest a figure.
: [:l as selected by this Authority, because this figure better characterizes the invention.
b. D none of the figures is to be published with the abstract. '

Form PCT/ISA/210 (first sheet) (April 2007)
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’ ional lication No.
INTERNATIONAL SEARCH REPORT [mernational application No
PCT/US07/15762

A. CLASSIFICATION OF SUBJECT MATTER
IPC: AG1K 38/46( 2006.01)

USPC: 514/183
According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched {classification system followed by classification symbols)
U.S.:514/183 :

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
Please See Continuation Sheet

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category * Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No. |
A GB 2,257,972 A (BRITT et al) 27 January 1993, (27.01.1993), abstract. ’ 1-27
A US 5,730,985 A (BARBER et al) 24 May 1998 (24.05.1998), abstract 1-27
A US 5,977,314 A (LANDRY et al) 2 November 1999 (02.11.1999), abstract - 1-27
D Further documents are listed in the continuation of Box C., I See patent family annex.
. Special categories of cited documents: “r later docunent published after the intemational filing date or priority

date and not in conflict with the application but cited to understand the

“A”  document defining the generalstate of the art which is not considered to be of principie or theory underlying the invention
particular relevance
“Xr document of particular relevance; the claimed invention canot be »
“E" . earlier application or patent published on or afler the intemnational filing date considered novel or cannot be considered to involve an inventive step
when the document is taken alone
“L™  document which may throw doubts on priority claim(s) or which is cited to
_ establish the publication date of another citation or other special reason (as Yy document of particular relevance; the claimed invention cannot be
specified) considered to involve an inventive siep when the document is combined
. with one or more other such documents, such combination being
“0O"  document referring to an oral disclosure, use, exhibition or other means obvious to a person skilled in the an
“pv document published prior to the intemnational filing date but later than the “&” document member of the same paxe-m family
priority daie claimed :
Datc; of the actual completion of the international search Date of maﬁngoigngﬁrmﬂ'gl search report
28 August 2008 (28.08.2008) : ‘ -
Name and mailing address of the ISA/US Authorized officer
Mail Stop PCT, Aun: ISA/US
Commissioner for Patents ANNA PAGONAKIS
P.O. Box 1450 :
Alexandria, Virginia 22313-1450 Telephone No. 571-270-3505
Facsimile No. (571) 273-3201

Form PCT/ISA/210 (second sheet) (A.ﬁril 2007)
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International application No.

INTERNATIONAL SEARCH REPORT PCT/US07/15762

Continuation of B. FIELDS SEARCHED Item 3:
EAST (USPat, USPGPub, Derwent, EPQ)
STN

|

Form PCT/ISA/Z]O (extra sheet) (April 2007)
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- } PATENT COOPERATION TREATY

From the
INTERNATIONAL SEARCHING. AUTHORITY

SHEILAR. GIBSON PCT

SONNENSCHEIN NATH & ROSENTHAL LLP
P.0. BOX 061080 ,
WRITTEN OPINION OF THE
WACKER DRIVE STATION, SEARS TOWER , ]
leI\l(C::AGO, IL 60606-1080 : INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43bis.1)

Camommesy 29 SEP 20Ut

Applicant’s or agent’s file reference FOR FURTHER ACTION

See paragraph 2 below
88800730-0078
International application No. ' International filing date (day/month/year) Priority date (day/month/year)
PCT/US07/15762 10 July 2007 (10.07.2007) 10 iuly 2006 (10.07.2006)

International Patent Classification (IPC) or both national classification and IPC

IPC:  AG61K 38/46( 2006.01)
USPC:  514/183

Applicant
COLUMBIA UNIVERSITY

‘ 1. This opinion contains indications relating to the following items:

& Box No. 1 Basis of the opinion

l:l Box No. II Priority

D Box No. III Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

D Box No. IV Lack of unity of invention

& Box No. V Reasoned statement under Rule 434/s.1(a)(i) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

D Box No. V] Certain documents cited

D Box No. Vil Certain defects in the international application

l:] Box No. VIII Certain observations on the international application

2. FURTHER ACTION

If a demand for international preliminary examination is made, this opinion will be considered to be a written opinion of the
International Preliminary Examining Authority ("IPEA") except that this does not apply where the applicant chooses an
Authority other than this one to be the IPEA and the chosen IPEA has notified the International Bureau under Rule 66.1bis(b)
“that written opinions of this International Searching Authority will not be so considered.

»

“If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the
. JPEA a written reply together, where appropriate, with amendments, before the expiration of 3 months from the date of mailing
~of Form PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later.

“ For further options, see Form PCT/1SA/220.

3. For further details, see notes to Form PCT/ISA/220.

Name and mailing address of the ISA/ US Date of completion of this opinion | Authorized officer
Mail Stop PCT, Attn: ISA/US '
Commissioner for Patents 28 August 2008 (28.08.2008) ANNA PAGONAKIS
P.O. Box 1450 : .

Alexandria, Virginia 22313-1450
Facsimile No. (571) 273-3201
Form PCT/ISA/237 (cover sheet) (April 2007)

Telephone No. 571-270-3505
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International application No.

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY PCT/US07/15762

Box No. I Basis of this opinion

@

1. With regard to the language, this opinion has been established on the basis of:

lz the international application in the language in which it was filed

l:l a translation of the international application into __ , which is the language.of‘a translation furnished for the purposes of
international search (Rules 12.3(a) and 23.1(b)).

2. D This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified to this
; Authority under Rule 91 (Rule 43bis.1(a)) : ‘
3. With regard to any nuclectide and/or amino acid sequence disclosed in the international application, this opinion has been
established on the basis of: :
a. type of material
D a sequence listing

D table(s) related to the sequence listing

b. format of material
D on paper

D in electronic form

c. time of filing/furnishing
D contained in the international application as filed.
D filed together with the international application in electronic form.

D furnished subsequently to this Authority for the purposes of search.

4. E] In addition, in the case that more than one version or copy of a sequence listing and/or table(s) relating thereto has been filed
' or furnished, the required statements that the information in the subsequent or additional copics is identical to that in the
application as filed or does not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:

Form PCT/ISA/237(Box No. 1) (April 2007)
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INTERNATIONAL SEARCHING AUTHORITY

International application No.
PCT/US07/15762

Box No. V Reasoned statement under Rule 43 bis.1(a)(i) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1. Statement

Novelty (N) Claims
Claims
Inventive step (IS) . Claims
‘Claims
Industrial applicability (1A) Claims
Claims

1-27 YES
NONE NO
1-27 YES
NONE NO
1-27 YES
NONE NO

2. Citations and explanations:

Claims 1-27 meet the criteria set out in PCT Article 33
polypeptide.

(2)-(3), because the prior art does not teach or fairly suggest the claimed

Claims 1-27 meet the ériteria set out in PCT Article 33(4) since the claimed invention is related to therapeutic utility of the claimed
.‘ polypeptide and thus meet industrial applicability in the medical industry, . :

Form PCT/ISA/237 (Box No. V) (April 2007)
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For receiving Office use only

IS 07/ 15762

IntspationaFRpp
REQUEST 10-07-2007
International Filing Date
The uhdersigncd requests that the present ROMUS
international application be processed
according to the Patent Cooperation Treaty. Neme of receiving Office and “PCT International Application”

Applicant’s or agent's file reference

(if desired) (12 characiers maximum) 88800730-0003PCT

Box No. ] TITLE OF INVENTION

ANTI-COCAINE COMPOSITIONS AND TREATMENT

Box No. 11 APPLICANT D This person is also inventor

Neme and address: (Fumily nume followed by given name: for a legal entity, full official designation. | Telephone No.
- The address must include postal code and name of country. The couniry of the address indicated in this
' Bax is the applicant s Stale (that is, country) of residence if no State of i residence is indicated below.)

Columbia University

412 Low Memorial Library

535 West 116th Street, MC4308
New York, New York 10027 .

Facsimile No,

us
Applicant’sregistration No. with the Office
State (that is, country) of nationelity: State (that is, country) of residence:
us us
: This person is applicant all designated all designated States except the United States the Siates indicated in
for the purposes of: [j States e the Unied Staies of America of America only the Supplemental Box

Box No. IlI ~ FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S)

@ Further applicants and/or {further) inventors are indicated on a continuation sheet.

Box No. IV AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE

: The person identified below is hereby/has been appointed 1o act on behalf [E apent D comimon
’ of the applicant(s) before the competent International Authorities s’ 6 representative
' " Name and address: (Fumily name followed by given name; Jor alegal entity, full official designation. Telephone No.
The address must im'_lude pastul code and name of couniry.} :

GIBSON, Sheila R. 312-876-8000
Sonnenschein Nath & Rosenthal LLP

PO Box 061080 Facsimile No.
Wacker Drive Station, Sears Tower 312-876-7934
Chicago, lllinois 60606-1080

us ‘

Agent’sregistration No. with the Office

54,120

[—_'] Address for correspondence: Mark this check-box where no agent or common representative is/has been appointed and the
space above is uscd instead (o indicale & special address to whic correspondence should be sent.

Form PCT/RO/101 (first sheet) (April 2007)

See Notes ta the request form
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l Sheet No. ...2...

Box No. 11l FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S)

If none of the following sub-boxes is used, this sheet should not be included in the request.

Name and address: (Family nume followed by given nume; for alegai entity, full ufficial designation,
Box isthe applicant ‘s Stute {that is, couniry) of residence if no State of residence is indicated below.)
LANDRY, Donald

29 Claremont Avenue

Apartment 2-South

New York, New York 10027

Us

The address must include pasial code and nume af country. The couniry uf the address indicated in this

This person is:

D applicant only

E applicant and inventor

D inventor only (If this check-bax
is marked, do not fill in below.)

Applicant’s registration No. withthe Office

State (that is, country) of nationality:

State (that is, couniry) of residence:

US
This person is applicant all designated all designated States except the United States the Siates indicated in
for the purposes of: D States the United States of America of Amenica only

the Supplementai Box

Name and address: (Family nume followed by given name: far a legal entity, full aofficial designation.
The address must include postal code and name of country. The cauntry of ihe address indicated in this
Box isthe upplicant's State (thut is, couniry) of residence if no State of residence is indicated below.)

ZHAN, Chang-Gug '
2193 Allegheny Way '

Lexington, Kentucky 40523
uUsS

This person is:

D applicant only

E applicant and inventor

[:] inventor only (If this check-bax
is marked, do not fill in below.)

Applicant’s registration No. with the Office

State (that is, country) of nationality:
CN

Sdalc (that is, country) of residence:

This person is applicant all designated alil designated States except
for the purposes of: D States D the Uniled States ofAmcgca

the United States

¢ the States indicated in
of America only

the Supplemental Box

Name and address; (Family name followed by given numr,'{ar ulegal envity, full official designation.
The address must include postal ende and nume of couniry, The couniry of the address indicated in this
Box is the upplicant 's State {that is, country) of rexidence ifno Sture of residence is indicared below,)

WOODS, James H. .

Department of Pharmacology, University of Michigan
Medical School, 1301 MSRB Il

Ann Arbor, Michigan 48109

us

This persan is:

[:] applicant only
[Z] applicant and inventor

D inventor only (If this check-box
is marked, do noi fill in below.}

Applicant'sregistration No. with the Office

Stale (that is, country) of nationality:
S

State (that is, couniry) of residence:
us

This person is applicaﬁl all designated all designated States except
for the purposes of: D States D the Um%ed States of Amcr[i)ca

the United States

the States indicated in
of Amenica only

the Supplemental Box

Name and address: (Fumily nume followed by given name; for alegul entity, full officiul designation.
The addressmust include posiai code und name of country. The country of the address indicated in ihis
Bax is the applicans 's State (that is, country) af residence if no State of residence is indicated below.)

SUNAHARA, Roger

1130 Olivia Avenue

Ann Arbor, Michigan 48104
Us

This person is:

D applicant only

[Z] applicant and inventor

D inventor only (If this check-box
is marked, do not fill in below.}

Applicant’sregistration No. withthe Office

State (that is, country} of nationality:
CA

State (thar s, country) of residence:
Us

al} designated States except

This person is applicant 8ll designated
I I States the Uniled States of America

for the purposes of?

the United States the States indicated in
of America only [:] the Supplemental Box

lz Further applicants and/or (funther) inventors are indicaled on another continuation sheet.

Form PCT/RO/101 (continuation sheet) (Aprit 2007)

See Notes 1o the request form
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SheetNo. ... 9. ..

Box No. [1l  FURTHER APPLICANT(S) AND/OR (FURTHER) lNVENTOR(S)

If none of the following sub-boxes is used, this sheet should not be included in the request.

Name and address: (Family name folluwed by given nume; for a legal entity, full official designation. | This person is:
The address must include postal code and nume of couriry. The couniry of the address indicated in this
Box is the upplicant s Stute (that is, country) of residence ifno State of residence is indicated below.) D applicant only
NARASIMHAN, Diwahar L. X et and invent
. applicant and inventor
1507 Pine Valley Boulevard #7 PP | s eheckch
H H wnventor only (If this check-box
Ann Arbor, Michigan 48104 D is marked, do not fill in below.)
us
Applicant’sregistration No. with the OfTice
State (that is, country) of nationality: State (that is, couniry) of residence:
IN S
This person is applicant all desipnated all designated States except the United States the States indicated in
for the purposes of: D States D the United States of America of America only the Supplemental Box
Name and address: (I-'um/‘lynumeful)uwedbygivcn name, foralegal entity, full official designaiion | This person is:
The address must include postal code and name of couniry. The country of the address indicated in this
Box s the applicant ‘s Stale (that is, couniry) uf residence if no State of residence is indicated below.), D applicant only
MACDONALD, Joanne ‘ 5] i "
! : t {
605 W. 156th Street, Apt. 40 opplican '”; '("V:" mhe "
. inventor only (If this check-box
New York' New York 10032 [:] is marked, do not fill in below.)
usS .
Applicant's registration No. with the Office
SAaU: {that is. couniry) of nationality: Sm§: {that is, country) of residence:
This person is applicant sll designated all designated Siates exceps the United States the States indicaied in
for the purposes of: Stales the Uniled States of America of America only the Suppiemental Box
purp

Name and address; (Family name folluwed by given name; {oru legal entity. full official designation. | This person is:
The address must include postal code and name of courtry. The country of the address indicated in this

Box is the applicant s Stute (that is, couniry) of residence if no Site of residence is indicated below.) [:l applicant only

YANG, Victor :

3629 Tanglewood Drive (x] sppticant and inventor _
ichiqz inventor only (If this check-box

ng Arbor, MlChigan 48105 D is marked, do not fill in below.)

Applicant’sregistration No. with the Office

State (that is, country) of nalionality: ith {that is, country} of residence:
us S
This person is applicant all designated all designated States except the United States the States indicated in
for the purposes of: D States the Uni%ed States of Amer‘?ca of America only the Supplemental Box
Name and address: (iumily name followed by given name; Joralegal entity, fuil official designation. | This person is:
The address must include postal code and name of country. The country of the uddress indicated in this
Bax s the applicant s State (that is, country) of residence i no State of residence is indicated below,) D applicant only
KO, Mei-Chuan Holden . .
Department of Pharmacology, University of Michigan [X] sppicant and inventor

H inventor only (If this check-box
Medical School, 1301 MSRB Il| : U i mied v (Y s check-bar
Ann Arbor, Michigan 48109-0632 :
us Applicant’sregistration No. with the Office
State (that is, country) of nationality: State (that is, country) of residence:
TW Us
This person is applicant all designated all designated States except the United States the States indicated in
for the purposes of D States D the United States of America of America only the Suppiemental Box

@ Further applicants and/or (further) invenlors are indicated on another continuation sheet.

Form PCT/RO/101 (continuation sheet) (April 2007) See Notes 10 the request form
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Sheet No. ...4...

Box No. Il FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S)
If none of the following sub-boxes is used, this sheet should not be included in the request.

Name and address: (Family name followed by given name; for alegal entity, full oj;'ﬁciul designation. | This-person is:
The address must include postal code and name of courury. The country of the address indicated in thix

Bax is the applicant s S.lalc (that is, country} of residence ifno State of residence is indicated below.) D applicant only
DENG, Shi-Xian ,
34 Odgen Avenue m applicant and inventor
; ; inventor only (If this-check-box
\L/)VShlte Plams, New York 10605 D is marked, dz noflﬁll in below.)}

—

Applicant’sregistration No. with the Office

State (that is, country) of nationality: State (that is, country) of residence:
us us
This person is applicant D all designated all designated States except the United States the States indicated in
for the purposes of: States the United States of America of America only the Supplemental Box
Name and address: (Family name followed by given name; for alegal entity, full official designation This person is:
The address must include postal code and name of courury. The country of the address indicated in this pe
Boxisthe applicant’s Stale (that is, couniry) of residence if no Stute of residence ix indicated below.,) E] applicant only
"TESMER, John J. 5 otems
applicant inventor
2450 Adare Road PP "“; "f it
ik inventor only (if this check-box
Ann AbeI', MIChlgan 48104 D is marked, do not fill in below.)
Us
Applicant's registration No. with the Office
State (that is, country) of nationality: State (that is, country) of residence:
us Us
This person is applicant all designated all designated States except the United States the Stales indicaled in
for lh%epurposespgﬁ D States ¢ D the Unﬁcd States of Amer,?ca of America only the Supplemental Box

Name and address: (I“amily name followed by given name: for alegal entity, full official designation. | This person is:
The address must include postal code ard name of country. The country of the address indicated in this

Box isthe applicanl ‘.I'Slule (that is, cuuniry) of residence if no State of residence is indicated below.) [:] applicant onl y

LEE, Tien-Yi ’ ‘

Ann AI’bOl’, Michigan [E applicant and inventor
inventor only (If this check-box

Us D is marked, do not fill in below.)

Applicant’s registration No. with the Office

Stale (that is, courtry) of nationalily: late (that is, country} of residence:
W U§

This person is applicant all designated ull designated States except the United States the States indicated in
for the purposcs of: D States D the Um%:d States of Amereca of America only D the Supplemental Box

Name and address: (Family name followed by givenname; for a legal entity, fill official designation

This person is:
The address must include posial code and name of country. The country of the address indicated in this P

Bax is the applicani s State (that is, couniry) of residence if no Se of residence is indicated below.,) D applicant only

KWON, Young Min ‘ .

Ann Arbor, Michigan E applicant and inventor

us ) D inventor only (If this check-box
is marked, do not fill in below.)

Applicant’s registration No. with the Office

State (that is, country) of nationality: State (that is, country) of residence:

KR us

This person is applicant all designated all designated States except the Unitcd States the Stales indicated in
for the purposes of: D States the United States of America of America only the Supplemental Box

Further applicants and/or (further) inventors are indicated on another continuation sheet.

Form PCT/RO/101 (continuation sheet) (April 2007) - See Notes 1o the request form
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Box No. Il FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S)

f none of the following sub-boxes is used, this sheet should not be inciuded in the request.

Name and address: (Family name followed by given namei'[)ralcgal eniity, full official designation. | This person is:
The address must include postal code and name of courury. The country of the address indicated in this
Boxis the applicant s State (1hat s, country) of residence if no State of residence is indicated below.) D applicant only
GAO, Daquan , A
3929 Stonyrun Drive [Z] applicant and tnventor
ievi ) inventor only (/f this check-box
bOSL"SVl"e, KentUCKy 40220 D is marked, do not fill in below.)
Applicant’s registration No. with the Office
State (that is, country) of nationality: State (that is, country) of residence:
CN ' us :
This person is applicant Il designated all designated States except the United States the States indicated in
for Ull:cpurposcspgf: D gwm '8 D the Unifed States of Amccexgca [E of America only the Supﬁemmc:ﬂ Box

Name and address: (Family name followed by given name; fora legal enity, full official designation. | This person is:
The address must include postai code and name of courury. The country of the address indicated in this pe
Boxis the applicant 's Siate (1hat is, country) of residence ifno State of residence is indicated below.) D applicant only

D applicant and inventor

E] inventor only (If this check-box
is marked, do not fill in below.)

Applicant’sregistration No. with the Office

State (that is, country) of nationality: State (that is, country} of residence:
This person is applicant all designated all designated States except the United States the States indicated in
for the purposes of D States D the Unﬁé‘d States of Amcrgca of America only the Supplemental Box

Name and address; (Familyname followed by given name; raicgal entity, full official designation { This person is:
The address must include postal code and name of country. T country of the address indicated in this pe
Box is the applicant 's State (that is, country) of residence ifno State of residence is indicated below.) D applicant only

[:] applicant and inventor

D inventor only (If this check-box
is marked, do not fill in below.)

Applicant’s registration No. with the Office

State (that is, country) of nationality: State (that is, country) of residence:
This person is applicant D all designated all designated States except the United States the States indicated in
for the purposes of: States the United States of America of America only the Supplemental Box

Name and address: (Family name followed by givenname: for alegal entity, full official designation. | This person is:
The address must include postal code and name of couniry. The country of the address indicated in this pe '
Baxisthe applicars's State {thatis, country) of residence ifno State of residence is indicated below. ) D applicant only

D applicant and inventor

D inventor only ({f this check-box
is marked, do not fill in below.)

Applicant’s registration No. with the Office

State (that is, country) of nationality: State that is, country) of residence:
This on is applicant all designated all designated States except the United States the States indicaled in
for m?fmposespgﬁ D States ene D the Umifed States of Amcr‘:ca of America only the Supplemental Box

D Further applicants and/or (further) inventors arc indicated on another continuation sheet.

Form PCT/RO/101 (continuation sheet) (April 2007) See Notes to the request form
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Supplemental Box

If the Supplemental Box is not used, this sheet should not be included in the request.

W

(i)

(i)

()

)

If. inany of the Baxes, except Baxes Nas. VI1I(i) to (v) for which
a special continuation box is provided, the space Is insufJicient
to furnishall the information: insuch case, write “Continuation
of Box No.... " (indicate the number of the Bax) and furnish the
information in the same manner as required according 1o the
captions of the Box in which the space was insyfficient, in
particular: :

if more than one person is to be indicated as applicant and/
or Inventor and ne “continuation sheet " is available: in such
case, write "Continuation of Bax No. Il and indicate for each
additional person the same type of information as required in
Box No.Ill. The country of the address indicated in this Bax is
the applicani s State (that is, country) of residence ifno State of
residence (s indicated below,

if. in Box No. Il or in any of the sub-boxes of Box No. Iil, the
indication “the States indicated In the Supplemenial Box” is
checked: in such case, write "Continuation of Box No. 11" or
“Continuation of Box No. lIl " or “Continuation of Boxes No. {1
and No. lll” (as the case may be), indicate the name of the
applicani(s) involved and, next to (each) such name, the Staie(s)
(and/or, where applicable, ARIPO, Eurasian, European or
OAPI pateni) for the purposes of which the named person is
applicant;

if. in Bax No. Il or in any of the sub-boxes of Box No. 1il, the
inventor or the inventor/applicant Is not inventor for the
purposes of all designated States or for the purposes of the
United States of America: in such case, write “Continuation
of Box No. II” or “Continuation of Box No. Ill" or
“Continuation of Boxes No. Il and No. Ill" (as the case may
be), indicate the name of the inventor(s) and, next to (each)
such name, the State(s) (and/or, where applicable, ARIPO,
Eurasian, European or OAPl patent) for the purposes of which
the named person is inventor;

if. in addition 1o the ageni(s) indicated in Box No. IV, there are

Jurther agents: in such case, write “Continuation of
Bax No. IV and indicate for each further agent ihe same type
of information as required in Box No. IV; :

if. in Box No. VI, there are more than three earlier applications
whase priority Is claimed: in such case, write-*Continuation
of Bax No. VI" and indicate for each additional earlier
application the same type of information as required
in Box No. VI.

If the applicant iniends 10 make an indication of the wish tha
the iniernational application be ireated, in certain designated
States, as an application for a patent of addition, certificate of
addition, inventor s certificate of addition or willity certificate

of addition: in such a case, write the name or two-leiter code

of eachdesignated State concerned and the indication “patent
of addition,” “certificate of addirion,” “inveator's certificate
of addition " or “utility certificate of addition,” the number of
the parent application or parent patent or other parent grani
and the dae of grani of the pareni pateni or other parent grant

or the date of filing of the parent application (Rules 4.11(a)(iii)

and 49bis.1(a) or (b)).

If the applicant intends to make an indication of the wish that
the international application be treated, in the United States of
America, as a continuation or continuation-in-part of an
earlier application: in such a case, write "United Siates of
America” or "US" and the indication “continuation” or
“continuation-in-part” and the rumber and the filing date of
the parent application (Rules 4.11(a)(iv) and 49bis. 1 (d)).

BOX IV (CONTINUED)
BLOSSER, G. Harley
BOCK, JoelN.
BURTON, Thomas J.
CARLEY, Donald
CRAWFORD, David E.
FAHMI, Tarek N,
GIBSON, Sheila R.
HANLEY, Matthew E.
MAHER, David W,
MCGINLEY, Brian R.
METZGER, David R.
MICHAEL, Martin P.
RAUCH, Christopher P.
SABETT, Randy V.
STANLEY, Bryan

SONNENSCHEIN NATH & ROSENTHAL LLP

PO Box 061080

Wacker Drive Station, Sears Tower
Chicago, lllinois 60606-1080

uUs

Form PCT/RO/101 (supplemental sheet) (Aprif 2007)

See Notes 10 the request form
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Box No. V  DESIGNATIONS

The filing of this request constitutes under Rule 4.9(a), the designation of all Contracting States bound by the PCT on the international
filing date, for the grant of every kind of protection available and, where applicable, for the grant of both regional and national patents.

However,

D DE Germany is not designated for any kind of national protection

D JP Japan Is not designated for any kind of nalional protection

D KR Republic of Korea is not designated for any kind of national protection
D RU Russian Federation is not designated for any kind of national protection

(The check-baxes above may only be used o exclude (irrevocably) the designations concerned if, af the time of] [filing or subsequently under
Rule 26bis.1, the international application contains in Box No. ¥l a priority claim 1o an earlier national applicaiion filed in the particular
State concerned, in order 0 avoid the ceasing of the effect, under the national law, of this earlier national application.)

Box No. VI PRIORITY CLAIM

The priority of the following earlier application(s) is hereby claimed:

Filing date Number Where earlier application is:
f carlier applicatio of earlier application - e
* amontiyn) P national application:| rooiony) g plication: linternatiorial application:
{day/month/year) sountry or Member | "B P :
of WTO regional Office recciving Office
item (1)
10 July 2006 60/819569 Us uUs

item (2)
item (3)

D Further priority claims are indicated in the Supplcmental Box.

Transmit certified copy: the receiving Office is requested 1o prepare and transmit to the International Bureau a certified copy of the
earlier application(s) fonly if the earlier dpplication was filed with the Office which for ihe purposes of this international application
is the receiving Office) identified above as: :

[E all items [:] item (1) D item (2) D ilem (3) D other, see Supplemental Box

Restore the right of priority: the receiving Office is requested lo restore the right of priority for the carlier npplication(s) identified
above or in the Supplemental Box as item(s) (_ ). (See also the Notes ia Box No. VI: further
information must be provided to support a request to restore the right of priority.)

Incorporation by reference: where an element of the international application referred 1o in Anticle | 1(1)(ii1)(d) or (¢) or a part of
the description, claims or drawings referred to in Rule 20.5(a) is not otherwise contained in this international application but is
completely contained in an earlicr application whose priority is claimed on the date on which one or more elements referred 1o in
Article F1(1)(iii) were first received by the receiving Office, that element or part is, subject 1o confirmation under Rule 20.6,
incorporated by reference in this international application for the purposes of Rule 20.6.

Box No. VIl INTERNATIONAL SEARCHING AUTHORITY

Chaice of International Searching Authority (ISA) (if two or more International Searching Authorities are compeient (o carry out the
international search, indicate the Authority chosen; the two-letter code may be used):

Request to use results of earlier search; reference to that search (if an earlier search has been carried out by or requesied from the
International Searching Authority):

Date (day/month/year) Number Country (or regional Office)

Box No. VIII DECLARATIONS

The foltowing declarations arc comained in Boxes Nos. VIl (i) 10 (v) (mark the applicabie Number of
check-boxes below and indicate in the right column the number of each type of declaration). declarations
[___] Box No. Vili (i) Declaration as to the identity of the inventor
D Box No. VIII (ii) Declaration as to the applicant’s entitlement, as at the internstional filing
date, to apply for and be granted a paten|
D Box No. VI (iii) Declaration as to the applicant’s entitlement, as at the international filing
] date, to claim the priority of the earlier application
D Box No. Vill (iv) Declaration of inventorship (only for the purposes of the designation of the
Unitcd States of America) :
D Box No. Vil (v) Declaration as to non-prejudicial disclosures or exceptions 1o lack of novelty

Form PCT/RO/101 (second sheet) (April 2007) . See Notes 10 the request form
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Box No.1IX  CHECK LIST; LANGUAGE OF FILING

Thig intermational applicatiori contains;

(a) on paper, the following number of
sheets: .
request (including
declaration and
supplemental sheets) : 8
description (¢xcluding
sequence listing and/or

tebles related thereto) : 80
claims : 6
abstract : 1
drawings : 36

sequence listing 0 113
tables related thereto .

or both, acrual number

of sheets if filed on paper,
whether or not aLropa

filed in electronic form;
see (c) below)

() 3 only in electronic form
(Scction 801(a)(i))

{i) [J sequence listing
(i) [J tables related thereto

(cy B8 =lsoin electronic form
(Section 801(a)ii))
(i) ¥l sequence listing
(i) O tables related thereto
Type and number of carriers (diskeite,

CD-ROM, CD-R or other) on which are
contained the -

(additional copies to be indicated under
items 9(ii) and/or 10(ii}, in right columnj}

Sub-totel number of sheets : 131

Total number of sheets : 244

This international applicetion is accompanied by the following Number
item(s) (mark the applicable check-boxes below and indicate in of items
right column the number of each item): . : ‘

1. & fec calculation sheet : 1
2. [0 original separate power of attorney

3. original genera) power of attorney

4 .tgpy of general power of attorney; reference number,

ANy
statement explaining lack of signature

priority document(s) identified in Box No. VI as

translation of international application into

flanguage). .. ... .. .

separate indications conceming deposited microorganism

or other biological material

sequence listing in electronic form

(indicate type and number of carriers)

(i) [ copy submitted for the purposes of international search under

Rule 13ser only (and not as part of the international application) ;

(i) O {only where check-box (b)(i) or (c)(i) is marked in left column)
additional copies including, where applicable, the copy for the
purposes of interational search under Rule [3rer :

(iii} [J rogether with relevant statement as to the identity of the copy or
copies with the sequence listing mentioned in leR column :

10. [J 1ables in electronic form related to sequence listing
(indicate type and number of carrier.g

000 ao oo

(i) [ copy submitted for the purposes of international search under
Section 802(b-quater) only (and not as part of the intcrnational
application) :

() OJ (only where check-box (?(ii) or (c)(ii) is marked in left colunn)
additional copies including, where applicable, the copy for the
pusposes of international search under Section 802(b-quater)

(iii) ] together with relevant siatcment as to the identity of the copy or

. copies with the tables mentioned in lefl column : :

| 11. B@ other (specify): Retum posteard; credit card payment form . 2

Figure of the drawings which 2
should accompany the abstract:

Language of filing of the .
international application: English

Box No. X SIGNATURE OF APPLICA

Next 10 each signature, indicate the name of the person signing and the capacity in which the person signs (if such capacity is not obvigus from reading the request).

NT,AGENT OR COMMON REPRESENTATIVE

Columbia University

All designated states except US

BM 2 /‘A&/)O"/‘

Sheffa R. Gibson, Agent for Applicants

1. Date of actual receipt of the purported
international application: [

3. Corrected date of actual receipt due to late
the purported international application:

timely received papers or drawings completing

For receiving Office use only

10-07-2007 | 2 Drawings

D received:

r but

4, Date of timely receipt of the required
corrections under Articte 11(2):

[:]' not received:

5. Intcrmational Searching Authority
(if two or more are competent): ~ [SA /

6. Transmittal of search copy delayed
Us D until search fee is paid

For Intemational Bureau use only

Date of receipt of the record copy
by the International Bureau:

Form PCT/RO/101 (last sheet) (April 2007)

See Notes to the request form
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* REFUDLICA DE COUOLUMDIA
SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO

Bogota,
2020

Doctor (a)
CADENA SARMIENTO JUAN PABLO

REFERENCIA Radicacidn No. 9 10531
Solicitud internacional PCT/US2007/015762
Fecha inicio fase nacional 10/02/2009
Tramite 11
Evento 378
Actuacién 430
Oficio No. 377%

Como resultado del examen de forma, realizado con fundamento en el articulo 38 de
la Decisién 486 de la Comisidn de la Comunidad Andina, articulo 27 del Tratado de
Cooperacidén en Materia de Patentes (PCT), regla 51 bis del Reglamento y Circular
Unica de la Superintendencia de Industria y Comercio, se le comunica que:

1. La solicitud no contiene el poder debidamente otorgado, con el lleno de los
requisitos exigidos por los articulos 63 y subsiguientes del Cédigo de
Procedimiento Civil. Adicionalmente, deberad presentar el documento que acredita la
existencia vy representacidén legal de la sociedad solicitante, cuando ésta fuere
persona juridica.

2. La solicitud no contiene la copia del documento en gue consta la cesidn del
derecho a 1la patente del inventor al solicitante o a su causante, conforme a lo
establecido por el articulo 26 literal k) de la Decisidn 486 de la Comisidn de la
Comunidad Andina. Cuando se trate de documentos otorgados en el extranjero, estos
deberan legalizarse de conformidad con lo dispuesto por los articulos 259 y 260 del
Cédigo de Procedimiento <Civil. <Cuandoe se trate de las declaraciones a que hace
referencia la Regla 4.17 1ii) del Tratado de Cooperacidén en Materia de Patentes
PCT., el alcance de las tales declaraciones se determinard segin indiquen
claramente una cesidn de derechos del inventor al solicitante o su causante, de
conformidad con lo dispuesto en el numeral 5.2.15 del Capitulo Quinto, Titulo X de
la Circular Unica de Superintendencia de Industria y Comercio.

En cumplimiento de 1lo dispuesto por el articulo 39 de la Decisidn 486, se le
requiere para gue dentro del término de dos meses siguientes a la fecha de
notificacidén del presente oficio, complete los requisitos anteriormente enunciados.
En caso de no dar cumplimiento al presente requerimiento, la solicitud se
considerard abandonada y perderd su prelacidn.

Notifigquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal
e), del capitulo guinto del titulo primero de la Circular Unica No.10 de 2001.

Continua en la pagina siguiente...



REFUBLICA DE COLUMBIA
SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO

Radicacidén No.:9 10531

K.

ALIX CARMENZA CESPEDES DE VERGEL
Jefe de la diviéién de Nuevas Creaciones

El anteri requerimiento fue notificado por fijacién en lista de
fecha . I MAR 20097
jfernand




