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thorium pitrate according to the modified procedure of
Armstrong.?

Summary
Six 9,10-diaryldihydrophenanthrenediols have
been synthesized.
9,9-Diarylphenanthrones are formed by rear-
@ A Tars J , 8B, 1741 (1933).

XP-002081891

Ben H. N1coLET

Vol. 57

rangement of the pinacols.

The 9,9-diarylphenanthrones are cleaved into
2-(diarylmethyl)-2’-carboxylbiphenyls by fusion
with potassium hydroxide. .

The diaryldihydrophenanthrenediols are oxi-
dized to 2,2’-diacylbiphenyls by chromic acid.
ANN ARBOR, MICHIGAN Receivep Aprn 8, 1935
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The Addition of Mercaptans to Certain Double Bonds

Bv Ben H.

Some time ago the writer reported®? the ready
addition of p-tolylmercaptan to certain rather
reactive double bonds (in «,S-unsaturated ke-
tones and esters) in the presence of sodium
alcoholates. More recently, the sodium salt
of benzalpyruvic acid proved so insoluble that
the addition of mercaptans could not be carried
out by this method.

It was, however, noted that Kohler? had found
that sulfinic acids sometimes add to unsaturated
ketones as suchb, without the addition of alkali.
The corresponding experiment with mercaptans
was most successful. Benzalacetophenone and
either p-tolyl or benzyl mercaptan, when heated
together on the water-bath without any catalyst,
showed quite complete reaction in five minutes,
though not in two minutes. The product was,
as expected, PhCH(SR)CH,;COPh, where R was
either p-tolyl or benzyl. The corresponding
addition of these mercaptans to benzalpyruvic
acid, PiCH=CHCOCOQOH, occurs about equally
readily.

The addition of hydrogen sulfide to unsaturated
ketones of this type has been reported in the
presence of alkali as weak as sodium carbonate
in alcoho] suspension.* The writer bas, however,
found that hydrogen sulfide adds readily to
benzalacetophenone in alcohol without even this
amount of alkali,

Methyl cinnamate also presents a double bond
of somewhat (although decidedly less) enhanced
reactivity. Without catalyst, the addition of
either of the mercaptans mentioned was doubtful

(1) Nicolet, Tars Joumwae, 53, 3068 (1031).

(2) Nicolee, J. Biol. Chem., 38, 389 (1932).

(3) Kohler and Reimer, Am. Chem, J., 31, 163 (1904).

4) See Hooper, Macbeth aud Price, J. Chem. Soc., 1147 (1934),
for a summary of the literature.

NicoLeT

after five hours at 100°. With the addition,
however,; of 0.1 cc. of piperidine for 5 g. of ester,
a good yield was obtained after two hours (but
not after half an hour) at 100°.

Additions of these mercaptans to a-acetyl-
aminoacrylic acid, and to other aminoacrylic
acid derivatives, are being reported elsewhere,
in connection with a new synthesis of cystine
which may bave biological significance. The
work described was undertaken primarily to
throw light on the probability of the assumption
of an addition of hydrogen sulfide or methyl
mercaptan to methylenepyruvic acid, CHy=
CHCOCOOH (as yet unknown), as an early
stage in a possible biological synthesis of methio-
nine and homocystine. This point will be dis-
cussed further in another place.

On reéxamination of the literature, after
completion of the work reported, it seems proper
to call attention to the almost incredible re-
activity of thioglycolic acid found by Holmberg,$
and also to the unsaturated mercaptans of
v. Braun and Plate,® which polymerize on standing,

Experimental Part

B - Phenyl - g - benzylmercaptopropioph —Equi-
molecular quantities of benzalacetophenone and benzyl-
mercaptan were mixed and heated for five minutes on the
steam-bath. A good yield of pure product (m. p. 71°)
was obtaiued after crystallization from alcohol, A reac-
tion time of two minutes gave a much poorer yield.

Angi. (Parr bomb) Caled. for CpHan0S: S, 9.64.
Found: S, 9.78, 9.84.

Under similar conditions, but using p-tolylmercaptan,
altogether similar results were obtained. The kmown
B-phenyl-8-p-tolylmercaptopropiophenone was obtained,
m. p. 113°!

() Holmbers, Ber., 88, 1349 (1932); Asberg snd Holmberg,
idid., 88, 1193 (1933).
(6) V. Braun and Plate, idid,, 67, 281 (1934),
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a-Keto- v - p - tolylmercapto - v - phenylbutyric Acid.—
Two grams of benzalpyruvic acid was heated with one
mole of p-tolylmercaptan for ten minutes (steam-bath).
The product was dissolved in 10 cc. of benzene, and a
considerable amount of petroleum ether (Skellysolve F)
added. An oil precipitated at once, which, whea properly
seeded, crystallized nicely. When not seeded, some days
of standing was at times necessary. A good yield was
obtained of a product which, after three similar crystalliza-
tions, melted at 97-08°. :

Anal. (Pacr bomb) Caled. for CyHOsS: S, 10.67.
Found: S, 10.69, 10.75.

a-Oximino-y-p-tolyimercapto-y-phenylbutyric Acid.—
One gram of the keto acid and 0.3 g. each of hydroxyl-
amine hydrochloride and sodium acetate were heated in
10 ce. of alcokio! for an bour. After several recrystalliza-
tions from somewhat diluted alcobol, the oxime melted at
160°. .

Anal. (Parr bomb) Caled. for C,;HO,NS: S, 10.15.
Found: S, 10.11, 10.32.

a-Oximino—y-benzyimercapto-y-phenylbutyric Acid.—
Benzalpyruvic acid and benzylmercaptan were condensed
as described above. As the product failed to crystallize,
it was converted directly to the oxime. This was obtained
by precipitation from benzene with petroleum ether as a
solid the crystalline character of whick was rather doubt-
ful. It melted at 95-97°.

Anal. (Parr bomb) Caled. for CyH;O;NS: S, 10.15.
Found: S, 10.33, 10.40.

Tee PrOPERTIES OF CBRTAIN 3-OXANOLS 1099

Methyl 3-Phenyl-g-p-tolylmercaptopropionate.~Equi-
molecular quantities of methyl cinnamate and p-tolyl-
mercaptan were heated (steam-bath) for periods up to
five hours. Little reaction had, apparently, taken place
in any case. With the addition of 0.1 cc. of piperidine,
the reaction was very incomplete in half an hour, but
after two hours, a good yield of the addition product was
obtaiged, m. p. 59-60°.

Anal. (Parr bomb) Caled. for C;H,0,S: S, 11.19.
Fouad: S, 11.16, 11.31.

Ethyl a-Benzoylamino-g-phenyi-g-benzylmercaptopro-
pionate.—Four grams of ethyl a-benzoylaminocinnamate,
1 mole of benzylmercaptan, and 0.1 cc. of piperidine in
10 cc. of absolute alcohol gave after five hours of refluxing
followed by crystallization from diluted afcohol, 3.5 g. of
the above ester of m. p. 119-120°.

Anal. (Parr bomb) Caled. for CyHuONS: S, 7.64.
Found: S, 7.82, 7.81.

Summary

1. The addition of benzyl- and p-tolylmer-
captans to o,f-unsaturated ketones takes place
very readily at 100° without catalysts.

2.  Similar additions to «,8-unsaturated esters
occur rather less readily, and in the presence of
piperidine.

3. Therelation of these facts to the natural syn.
thesis of methionine will be discussed elsewhere
BRLTSVILLE, MARYLAND RecErvep Arriw 10, 193:
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The Properties of Certain Beta Oxanols

. By E. P. XomLer aNp C. L. BICKEL

An earlier paper from this Laboratory! con-
tains a description of the peculiar properties of a
B-oxanol which under certain conditions is cleaved
and under others that are not very different is re-
arranged to an jsomer.

CL,CHCHO <« CH,CH—CHC(CH,;)y ~>
+ du

(CaHi)sCO I

CHHWCHCH~—~C(CsHi)y

bu
II

As a result of further study it is possible now to
define more sharply the conditions under which
these transformations occur and to exclude some of
the mechanisms that were suggested.

The cleavage is dependent on the replacement
of the hydrogen of the hydroxyl group with a
metal. By treating the oxanol at low temperatures

(1) Kohler, Richtmyer and Hester, Ters Journaw, 53, 208 (1931).

with Grignard reagents, lithium organic com-
pounds, or sodium in liquid ammonia it is pos
sible to comvert it into metallic derivatives from
which it is regenerated by acids. At higher tem-
peratures all these metallic derivatives decompose
into benzophenone and the corresponding metallic
derivatives of the aldehyde. This cleavage i
quite general for §-oxanols; by similar treatment
the isomeric oxanol ILis cleaved into benzaldehyde
and a metallic derivative of diphenyl acetaldehyde

In contrast with cleavage the rearrangemen:
from ome oxanol to another can be effectec
catalytically. It is induced by methyl alcoholis
solutions of small quantities of alkaline hydrox
ides, alkaline carbonates, barium oxide, magne
siumi methylate and tetramethylammonium hy
droxide, but not by acetates, ammonia, pyridins
and piperidine. In the cases which have beer
investigated it is not reversible.




Production of a-keto acids:

2. Immobilized whole cells of XP-002348996
Providencia sp. PCM 1298 containing
L-amino acid oxidase

Estera Szwajcer, Peter Brodelius and Klans Mosbach

Pure and Applied Biochemistry, University of Lund, Chemical Center, P.0. Box 240, 5-22007 Lund,

Sweden ’

(Received 25 February 1982)

A number of bacteria belonging to the genera Proteus, Providencia, Pseudomonas and Erwinia have
been tested for their capacity to oxidize L-amino acids to their corresponding a-keto acids. Members
of the Proteus and the Providencia genera were active towards various L-amino acids. Immo bilized

cell preparations of Providencia sp. PCM 1298 were shown to form up to 80 mg a-kesto-y-methiol
butyric acid from L-methionine per g of gel preparation {contdining 4% w/w cells) per day. The
Productivity was highly dependent on the size of the beads. Oxygen appeared to be the rate-limiting
substrate and oxygen transfer rates of 3—4 ymol cm™2 h™* were calculated. The entrapment of activated

charcoal to remove H,0, formed during the oxidation extended the half-life of the immobikzed
biocatalyst considerably. A decrease in L-amino acid oxidase [L-amino acid: oxygen oxidoreductase

g

e,

{deaminating); EC 1.4.3.2] activity during operation could be compensated for by reinoculation of the

alginate-entrapped cells in fresh growth medium, allo

bacterial cells for more than one month.

wing use of these preparations of immobilized

Keywords: Hydrogen peroxide; Lamino acid oxidase; Providenciz sp.; immobilized cells; a-keto acid production;

activation in situ

Introduction

Recently, there has been considerable interest in the poten-
tial use of a-keto acids for the treatment of chronic uraemia,
In this context, the keto analogues of the essential amino
acids are of particular interest. The chemnical synthesis of
some of these analogues is not possible on a commercial
basis. A promising alternative method for the production
of a-keto acids is the utilization of amino acid oxidases
[L-amino acid: oxygen oxidoreductase (deaminating);
EC 1.4.3.2 and D-amino acid; oxygen oxidoreductase
(deaminating); EC 1.4.3.3], which transform amino acids
to the corvesponding keto acids. The cost of commercially
available oxidases (from hog kidney and snake venom)

- i8 high and therefore we have been involved in finding a

BNSDOCID: <XP.

suitable microbial source. .

In previous studies on the development of a process for
the production of a-keto acids from the corresponding
amino acids, a D-amino acid oxidase present in immobilized
whole cells of Trigonopsis varigbilis was studied.® One of
the advantages of employing an enzyme specific for the
D-isomer of the substrate in a process would be the simul-
taneous production of optically active L-amino-acid together
with the aketo acid from racemic mixtures of the substrate.
During recent years the price of L-amino acids has, however,
decreased considerably and today mast L-amino acids are
less expensive than the corresponding bL-amino acids. We

0141-0229/82/060409—05 $03.00
© 1982 Butterworth & Co. (Publishers) Ltd
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have therefore extended our investigations to the possible
utilization of a microbial L-amino acid oxidase for the
production of e-keto acids. To this end, we have studied
immobilized bacteria containing L-amino acid oxidase.

In this paper we describe some basic characteristics of
immobilized viable cells of Providencia sp. PCM 1298,

Materials and methods

Chemicals

Alginate (Manucol DH batch no. 430041 E6896) was
obiained from Alginate Industries (Girvan, UK). Methionine
and other chemicals were of analytical grade and were
purchased from various commercial sources.

Culture conditions .

For silegon, the bacteria were grown on a medium
cont%g bactopeptone{1%), casein hydrolysate (0.2%),
Yeast/extract (0.2%) and NaCl (0.6%), pH 7.2—7.4. The
MiCroorganisms were transferred from agar slants to 25 mi
medium and incubated for 20 h at 36°C with shaking
(50 jev/min).

e selected strain (Providencia sp. PCM 1298) was
Cultivated for further studies on the above medium supple-
mented with X0mm CaCl, instead of NaCl for 14 h. The
cells were harvested by centrifugation (15 min, 10 000g)

|
Enzyme Microb. Technol., 1982, Vol. 4, Novembgr 409
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and washed with 50 mm Tris—HCl buffer, pH 7.5. The
average yield was 16 g cell (wet weight) per litre of medium,

Immopilization of Providencia sp. PCM 1298 cells
Immobilization of Providencia cells by entrapment in
Ca**-alginate gels was performed according to the follow-
ing standard procedure. Wet cells (400 mg) suspended in
H,0 (1.1 ml) were mixed with sodium alginate (8.5 g)

Teble 1 L-Amino acid oxidase activity within whole cells of various
bacterial strains. L-Methionine, 10 mM in 50 mM Tris—HCI butter,
pH 7.5, was used as substrate

Strain Acti vity
{umaol keto acid
mg~? wet celis h™')

quently added dropwise into SOmum CaCl,. After 30 min,
the beads were collected by filtration and washed with
50 mM Tris—HC) buffer, pH 7.5, containing 5 mm CaCl,.
When activated charcoal (2 h at 120°C) or manganese
oxide was coimmobilized with the cells it was done by
adding this agent (250 mg) to the alginate solution, which
was subsequently sonicated in order to disrupt larger particles
of the agent. The cells (400mg) suspended in H,0 (0.85 ml)
were then added and the immobilization was carried out as
described above,

Cultivation of immobilized cells
The beads (3 g wet weight) with cells of Providencia

were cultivated in the standard medium (25 ml) on a shaker
at 30°C for 14—16 h. The gl beads were then filtered off
and washed extensively with 10 mm CaCl, followed by
50 mm Tris—HC] buffer, pH 7.5. The washed beads were
assayed for L-amino acid oxidase activity. ‘Activation' of

" used immobilized cells was done using this same procedure.

Solubilization of alginate gel
Gel particles (1 g) containing Providencia cells were
solubilized by suspending them in 0.1 M sodium phosphate
buffer (5 ml), pH 7.5. After shaking for 2 h at room
temperature the beads were completely solubilized. After
centrifugation (10 min, 10 000 g) the cells were assayed for
L-amino acid oxidase activity.

Enzyme assays

The L-amino acid oxidase activity within whole cells of
Providencia was assayed either by a colorimetric method
using dinitrophenylhydrazine or by reverse-phase h.pl.c.
as described previously.! ,

Catalase activity was determined spectrophotometrically
at 240 nm.?

Results and discussion

Selection of L-amino acid oxidase producer
Some strains belonging to the genera Proteus, Provi-
dencia, Pseudomonas and Erwinia were examined for

L-amino acid oxidase activity. Two strains of Providencia,

six strains of Proteus and none of Pseudomonas contained

L-amino acid oxidase, as listed in Table I. In addition to the

oxidase, these strains also produced catalase,

Among the examined straing the highest activity was

obtained in cells of Providencia sp. PCM 1298 (Table 1),

- which was selected for further studies. Maximum L-amino
acid oxidase activity was observed in the late logarithmic
phase of bacterial growth, i.e. 13—14 h after inoculation,
as shown in Figure 1. At this point, ~4 umol keto acid is

- produced per mg of cells (wet weight) per hour. This is
considerably higher than the productivity obtained with the
D-amino acid oxidase in T. variabilis cells.’ Furthermore,
it was found that the initial catalase activity was ~30 times
higher than the oxidase activity on a stoichiometric basis.

410 Enzyme Microb, Technol., 1982, Vol. 4, November
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Proteus mirabili® 0.43
mirabilis D-42 Macand® 0.54
mirabilis PCM 1353 . 1.10
vulgaris? - —~—0:39
vigaris TNE 062
wigaris PCM 13507 1.10
retmeri PCM 1383° 0
morgani PCM 13710 0

Providencia sp. PCM 12700 045

PCM 12740 0
pCM 12970 0
PCM 12087 190
Pseudomonss acruginosa PCM !\09” (4]
fluarescens PCM 21 0
putida PCM 21240 0
sacharophila PCM 21199 0
Erwinis carotowora PCM 20 : (1]

2 From the Departmant of Microbiology, University of Lund

b PCM, Polish Collection of Mitroorganisms, Institute of immunology
and Experimenta) Therapy, Wroclaw

€ From the Department of Technical Micrabiology, University of Lund
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Figure 1 Cultivation of Providencia sp. PCM 1298 on a complex
medium at 30°C

Table 2 shows that a number of L-amino acids can be
converted to the corresponding a-keto acids with relatively
high activities. The essential amino acids are of special
interest, and most can be converted to the corresponding
keto acids. Methionine was selected as a representative
substrate and was used in subsequent studies. Since no
difference in activity could be observed when L- or pL-
methionine was used (7able 2) the racemic substrate was
used in most experiments.

When whole cells of the bacteria are used for the oxida-
tion of methionine (and other amino acids) to the corres-
ponding keto acid no side reactions are observed and con-
sequently no isolation of the enzyme was attempted.

Immobilization of Providencia cells

Whole cells of Providencia were immobilized by entrap-
ment in Ca®*-alginate. Thisimmobilization me thod issimple
and inexpensive and the cells remain viable after immobili-
zation. Some basic characteristics of this immobilized
biocatalyst were studied, 2s outlined below.,




Teable2 Relative activity of L-amino acid oxidase within whole cells
of Providencia sp. PCM 1298 towards various substrates

Production of a-keto acids (2): Estera Szwajcer et al.

Szze of beads

The size of the beads is another factor whlch stmngly
influences the apparent activity. Figure 3 shows the produc-
tivity within a ‘trickle-bed’ reactor as a function of bead
size: An increase in bead diamneter from 2.4 t0 3.5 mm
reduces the expressed activity to ~35%. For comparison,
the productivities obtained with immobilized cells of
T. wariabilis are also included.! Even though different cell

Substrate? Relative activity
L-Methionine 100
D-Methionine 0
DL-Methionine 160
OL-Ethionine 108
DL-Alanine b
PN e snssas T 771110 2
DL-Norvaline 70 -
Di.-Leucine 200
DL -Norleucine 20
DL-isolsucine : o
DL-Aspartic acid . - 0
DL-Tyrosin: . o
OL-Phenylalanine 180
OL-Tryptophan 8
OL-Lysine o
DL-Arginine o
DL.-Histidine o
OL-Threonine o
OL-Proline o
DL-Serine g

45 mM D- or L.-amino acid or 0 mM DL-amino ecid
b Datermined at lower substrate concentration due to poor solubility

100 -

Relative activity (%)

1 1 1 | 1
0 2 4 6 8 o
Cel! concentration (%)

Figure 2 Effect of cell content of the heads on the conversion of
. L-methionine to a-keto-y-methiol butyric acid. The beads (¢ 3.5mm,
¢ 5.0 wet weight) were packed In the reactor (16 x 160 mm) and
the substrate (20 mM DL-methjonine ih 50 mM Tris—HC! buffer,
pH 7.5, containing S mmM CaCl,) was pumped through the reactor
{20 mI h™*) at room temperature and air was passed throunh the
reactor (20ml min™')

Cell content of beads

A linear increase in productivity was observed with
increasing cell content of the heads at low cell densities
(<5%wfw), as shown in Figure 2. At higher cell densities, the
productivity is no longer proportional to cell content, most
likely due to diffusional barriers for the substrates. A similar
relationship was observed in a corresponding system con-
taining 7. variabilis cells.' The rate-limiting substrate is
probably oxygen, which has to be transferred from the
gaseous phase to the immobilized biocatalyst. For efficient
oxygen transfer an appropriate reactor design is requued,
and in our studies we utilized a “trickle-bed’ reactor.!

BNSDOCID: <XP 2348996A__|_>

concentrations:have-beencused:in-the two-studies—the
productivities obtained are comparable. A possible explana-
tion is a relatively diffusionlimited conversion. The rate-
limiting substrate is most likely oxygen. An oxygen transfer
rate of 3—4 pmol O, ci™2 h™* can be calculated for all these
reactors. Increased oxygen transfer should result in higher
productivity. Under the conditions used, only the cefls in
the outer layer of the beads are effective in the catalysis

and therefore the productivity is proportional to the
effective surface area. Clearly, very small beads would result
in a relatively high productivity. Good flow properties within
the reactor, however, may be difficult to maintzin with
very small beads, A comprornise between expressed activity
and bead size has to be found for a large-scale process.
Furthermore, other reactor designs should be considered
for a higher oxygen transfer rate. With beads of diameter
2.4 mm a productivity of 80 mg a-keto-y-methio} butyric
acid per gram of beads (containing 4% cells w/w) per day
can be achieved under the conditions used.

Flow rate

The conversion of amino acld to keto acid is highly
dependent on the flow rate through the reactor, as shown
in Figure 4. At alow flow rate, a quantitative conversion
can be obtained which simplifies the isolation of the
products when the L-amino acid is used as substrate. At

100 [~

Productivily ( pmot K1)

o it ! I
| 2 3 4q
Bead diameter(imm)
Figure 3 Productivity of a-keto-y-methiot butyric acid from
L-methionine as a function of bead size. e, immobilized cells of

- Providancia sp. PCM 1298; conditions es described in tegend to

Figure 2. », immobilized ceils of 7. variabilis; data from ref 1

Enzyme Microb. Technal., 1982, Vo!. 4, November 411
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catalyst with the bacterial cells. In our studies on D-amino
acid oxidase within immobilized cells of 7. variabilis
manganese oxide was used.' When the cells and the oxide
particles were coentrapped in Ca”*-alginate an efficient
degradation of the hydrogen peroxide formed was obtained.
The hydrolysis of the peroxide also leads to recycling of
oxygen, which favourably influences the amino acid oxidase
activity within the gel. In addition to manganese oxide

we have also coimmohilized activated charcoal with the

IOQ -
g
=
>
8s0 L
2
5
e A ey
1 1 i 1
o 1o 20 30 40
fiow rote (mi )

Figure 4 Effect of flow rate an the conversion of L-methionine to
a-keto-y-methiol butyric acid, Conditions as described in legend to
Figure 2

higher flow rates the productivity is higher but an efficient
separation of substrate and product is required. Figure 4
shows that no further decrease in conversion is observed at
relatively high flow rates, The reason for this constant
conversion at higher flow rates is not fully understood. A
similar behaviour was observed with immobilized cells of
Trigonopsis variabilis.!

Operational stability

One of the most important features of nnmob:hzed
biocatalysts for use in technical processes is the stability, in
particular the operational stability. As pointed out earkier,!
the removal of hydrogen peroxide formed in the oxidation
is very important for the stability of the biocatalyst.

This product can cause denaturation of proteins and can
also react with aeketo acids to form the corresponding
decarboxylated compound. Catalase [hydrogen peroxide:
hydrogen peraxide oxidoreductase; EC 1.11.1.6) isa natural
catalyst which efficiently degrades the harmful peroxide.
Cells of Providencia contain relatively high amounts of
catalase and the cells, therefore, appesr to be very suitable
for the oxidation. The enzyme is, however, denaturated by
its own substrate, i.e. hydrogen peroxide, which may limit
the applicability of this intrinsic catalyst. )

The operational stability of immobilized Providencia
cells was tested by continuously pumping a substrate
solution through the ‘tvickle-bed” reactor. After an initial
high, constant conversion for about two days a rapid
decline in activity is observed, as can be seen in Figure 5,
No increase in activity was achieved on repacking of the
column, indicating that the decrease in activity was not due
to changed flow properties of the reactor, e.g. channelling.
Addition of FAD (0.1 mw) to the substrate stream did not
change the activity and the decrease in conversion was
apparently not related to loss of the flavin coenzyme, as has
been reported for immobilized purified amino acid oxidase?
The initial stability can be explained by the presence of
active catalase within the immobilized cells. The enzyme
is, however, continuously inactivated by the hydrogen
peroxide formed (addition of soluble catalase to the sub-
strate stream increased the conversion rate significantly).
The half-life of the amino acid oxidase is ~5 days, which is
not sufficient for 2 commercial process. The amino acid
oxidase seems to be less sensitive to hydrogen peroxide
than the catalase.

1f the accumulated hydrogen peroxide could be efficiently
degraded an increased stability could be expected. A con-
venient way to achieve this is to coimmobilize un additional
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Providencia cells. The 1atter agent gave a somewhat Tonger
half-life for the biocatalyst. The improved stability may be
due to the fact that the charcoal particles are smaller in size
than the oxide particles and, therefore, a more efficient
interaction between the bacterial cells and the peroxide-
degrading agent is achieved. It was observed that the -
activated charcoal initially absorbed some of the keto acid
produced and ~0.14 mmol of a-keto-y-methiol butyric acid
was required for saturation of 1 g charcoal. At saturation,
no decrease in peroxide-destroying capacity could be
detected. The slight increase in conversion during the first
two days of operation observed for the charcoal-containing
catalysts (see Figure 5) can be explained by the fact that it
takes some time before the charcoal is saturated with keto
acid, Furthermore, it was calculated that 50 ug charcoal
can efficiently remove the hydrogen peroxide formed by
the L-amino acid oxidase activity of 1 g wet cells. As can
be seen im Figure 5, the apparent half-life of the biocatalyst
was extended to at Jeast 11 days and the risk of a secondary
reaction between the keto acid and the hydrogen peroxide’
(i.e. decarboxylation of the former) was reduced.

The operational stability was also influenced by the pH

" of the substrate solution passed through the reactor. The

pH optimum for the amino acid oxidase within immobi-
lized Providencia cells was determined to be 8.2. When
charcoal was included in the gel a shift of pH-optimum
appeared to take place, as can be concluded from Figure 5.
When no charcoal was present in the beads (open symbols)
a higher conversion was observed at pH 8.2 than at pH 7.4.
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Figure 6 Continuous transfarmation of L-methionine to a-keto-y-
methiol butyric acid by immobilized Providencia cells. The beads

{¢ 2.4mm, 10 g wet weight containing 4% cails {w/w)) were packed
in the reactor {16 x100 mm) and tha substrate {20 mM DiL-methionine
in 50.mM Tris—HC! bufer containing 10 mM CaCl,) was pumped
through the reactor (8 mih*) and air was passed through the reactor
{(20mimin'). 2,4, pH 7.4; n, 8, pH 8.2, Full symbols indicate
coimrmobilizati of - h 1 {2.5% w/w} with the Provi-
denciz cells, The arrows indicate ‘activation’ of the beads as described
in Materizls and methods
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Whean charcoal was present in the beads (full symbols) the
situation was reversed, i.e. higher conversion at pH 7.4 than
at pH 8.2. Furthermore, it can be seen that the operational
stability is considerably higher at pH 7.4 with the peroxide-
degrading agent present in the beads.

Activation
The procedure to restore or increase the enzymatic

Production of c-keto acids (2): Estera Szwajcer et al.

optimization studies to achieve-an appropriate steady-state
growth and it entails increased probiems in the isolation of
the product. The other approach, which appears to be -
simpler and more applicable, involves intermittent exposure
of the immobilized cell to a complete growth medium for
some time to allow restoration of the catalytic activity.

We have tested the latter method to restore the oxidase
activity after continuous utilization of the catalyst for some
time. From Figure 5 it can be seen that activation is possible

incubation in a putrient medium has been described.*™
These studies discussed whether the increased activity was
due to cell growth or to preferential formation of the
enzyme in question. We have in a similar way incubated
alginate-entrapped Providencia cells by placing the beads in
the nutrient medium normally used for cell cultivation. As
can be seen in Figure 6a, the increase in enzyniatic activity
with time is similar to that observed for cells in suspension
(cf. Figure I). The highest increase in activity was obtained
at the lowest polymer concentration (2.5% w/w alginate).
In this case, however, the number of cells increased to such
an extent that the beads started to burst, releasing cells into
the incubation medium. The somewhat lower activation
observed at higher slginate concentrations (5 and 7%w/w)
may be due to diffusional limitations and/or steric hindrance
for extensive cell growth by these stronger gels, It can be
concluded that the activation is at Jeast partly due to an
increase in the number of cells within the alginate beads.

When the incubated beads are dissolved (phosphate
buffer) and subsequently assayed for amino acid oxidase, a
similar activation pattemn is observed, as shown in Figure 6b.
A considerably higher total activity (10—15 times) is
measured in this case since the diffusional barriers to oxygen
discussed above are eliminated as the gelis dissolved. Clearly,
only ~10% of the enzymatic activity within the beads is
expressed due to diffusional limitations under the conditions
used.

Activation of the immobilized biocatalyst is a powerful
tool to prolong the operational life of the catalyst. Two
fundamentally different approaches exist to do this. The
first is based on a continuous slow growth of the immobi-
lized cells by inclusion of a limited-growth medium in the
substrate stream. This approach, however, requires extensive
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Figura 6 L.-Amino acid oxidase activity of immobilized celis of
Providencia atter cultivation of the beads in a nutrient medium as
described 'in Materials and methods, The calls were coimmobilized
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and that the activily is restored fo some extent. Activation
for a longer time might give complete restoration of oxidase
activity. The presence of charcoal in the gel does not intes-
fere with the activation, Furthermore, as shown in Figure 5,
it is possible to activate the same catalyst several times and
this will increase the applicability of this immobilized :
biocatalyst for the large-scale production of a-keto acids
from the corresponding L-amino acids. This method of
activation can extend considerably the operational life of
the catalyst. In the previous study on D-amino acid oxidase
within immobilized 7. variabilis cells no activation was
possible since the cells were not viable due to freezing,
which was required to eliminate the transport barriers
across the cell membrane for several amino acids.

Conclusions

The data presented here should be a platform for the
development of a commercial process for the production
of a-keto acids from the corresponding L-amino acids. The
major advantages of this inmobilized biocatalyst are, in
principle, the same as those for immobilized cells of
T. varigbilis containing D-amino acid oxidase,' i.e.

(1) amicrobial source for the enzyme;

(2) arelatively broad substrate specificity of the enzyme;

{3) whole cells can be used without side reactions; and

{4) inexpensive and stable hydrogen peroxide-degrading
agent (charcoal) can be used. :

The immobilized Providencia cells, however, have some
additional advantages which makes the system described in
this paper even more attractive for large-scale operation.
The enzyme is specific for the L-amino acid, which today is
the most inexpensive substrate and the immobilized cells
are viable, allowing activation of the biocatalyst when the
activity has decreased to a low value.
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Abstract

L-amino acid oxidases are widely found in snake venoms and are thought to contribute to the toxicity upon envenomation.
The mechanism of these toxic effects and whether they result from the enzymatic activity are still uncertain aithough many
papers describing the blological and pharmacological effects of L-amino acid oxidases have appeared recently, which
provide more information about thelr action on platelets, induction of apoptosis, haemonhagic effects, and cytoloxicity. This
review summarizes the physiochemical properties, structural characteristics and various biological functions of snake venom

L-amino acid oxidases (SV-LAAOS). In addition, the putative mechanisms of SV-LAAO-induceq platelet aggregation and
apoptoasis of cells are discussed in more detail.
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