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Clase C12N 009/000, C12N 015/062 

1. Yo, Emilio FERRERO, obrando como apoderado del solicitante 

en el asunto antes identificado, me refiero al Oficio No. 2739 

notificado por fijación en lista del 22 de febrero de 2008. 

2. Mediante mi memorial de fecha 21 de mayo de 2008 solicitØ un 

plazo de 30 dIas para atender el Of icio No. 2739. 

3. Mediante el Of icio No. 2739 se puso en conocimiento del 

solicitante el informe que contiene las observaciones hechas por 

su Despacho sobre la presente solicitud de patente. 

Atiendo a las observaciones de la manera siguiente: 

3.1 CLARIDAD DE LA SOLICITUD Y NIVEL INVENTIVO 

Para subsanar las objeciones que sobre claridad y nivel inventivo 

hizo su Despacho, presento nuevo capitulo reivindicatorio con 6 

reivindicaciones en el cual se han hecho los cambios respectivos, 

NIT 860.041.367-3 
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sugeridos por su Despacho que permiten apreciar con claridad la 

materia objeto de protección. AsI, el nuevo pliego reivindicatorio 

define la molØcula de ADN recombinante por su secuencia especifica 

de aminoÆcidos segün el numero de identificación de su secuencia y 

su producto proteico, y elimina la referencia a las 

reivindicaciones 1, 2, 6 y 7 relacionadas con el mØtodo de 

producción. 

De esta manera es claro que con las anteriores modificaciones del 

capItulo reivindicatorio queda subsanada la objeciOn que por 

claridad hizo su Despacho, toda vez que debido al código genetico, 

un tØcnico versado en la materia estarla en capacidad de definir 

una secuencia de ADN con base en la secuencia de proteIna, por lo 

cual, el alcance de la protecci6n solicitada es fÆcilmente 

determinable y comparable frente al estado del arte, de acuerdo 

con las disposiciones del artIculo 30 de la Decisión 486. 

Por otra parte, ese despacho afirnia que la presente invenciOn 

carece de nivel inventivo dadas las enseflazas de Dl, toda vez que 

(1) el proceso para la obtención de tPA o K2S recombinante y los 

productos relacionados con el mismo corresponden con los 

habitualmente usados en el estado de la tØcnica y las molØculas de 

ADN reclamadas equivalen a secuencias de molØculas naturales o 

fracciones de las mismas y no a una construcción especifica de 

clonaciOn; (2) que le documento Dl es el estado de la tØcnica mÆs 

cercano ya que busca solucionar el mismo problema tØcnico e indica 

el mismo procedimiento de obtención de tPA, e inclusive muestra 

secuencias de clonación especificas para tal fin; (3) que la itnica 

diferencia que se presenta con Dl se ref iere a las secuencias 

especIficas clonadas; (4) y que con los datos presentados no se 

asocia un efecto tØcnico sorprendente en la K2S obtenida o una 

ventaja conferida al proceso reclamado debido a la introducci6n de 
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una construcción gØnica especifica de K2S, que ademAs puedan 

reconocerse como un aporte cualitativo al estado del arte, los 

desarrollos reciamados solo pueden solo pueden considerarse como 

una alternativa a los presentes al momento de su reclamación y por 

ende no puede reconocerse como procedente de la act ividad 

inventiva, con lo cual no estamos de acuerdo por los argumentos 

expuestos a continuación. Veamos: 

A este respecto, respetuosamente ponemos de presente que las 

enseflanzas del estado del arte revelaban que la molØcula K2S 

fusionada a OmPA al ser expresa en E.coli era secretada ünicamente 

en bajas cantidades dentro del medio de cultivo. 

) 

Sin embargo,embargo, la presente invención ruŒlve este problema mediante 

la construcción de un nil6viosistee expresión recombinante, por 

medio del cual se estableci6 de manera sorprendente que el Indice 

de secreción de K2S en el medio de cultivo aumenta dramAticamente 

debido al uso de la construcción de expresión que se define en el 

nuevo pliego reivindicatorio. 

Adicionalmente, deseamos poner de presente que dicho hallazgo se 

encuentra debidamente soportado en la descripción de la presente 

solicitud. En donde se establece lo siguiente: 

"Expresión y purificación de K2S. La expresión de K2S en 

XM[K2S] se indujo medianteIPTG. La r-K2S era detectable 

usando un ELISA tanto en el espacio periplÆsmico como en el 

material sobrenadante de cultivo. La cantidad de la protelna 

heter6loga en cada preparación se determin6 usando un ELISA 

en emparedado y se puso en relación con el tPA patrón. A 

par-t-ir----de l0-0--ml---del--cuJtivo bacteriano en un matraz con 

sacudimiento con una DQ. [a 600 nm] de 50, la fracción 
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periplÆsmi ca proporcionó 1,38 pg de r-K2S (aproxirnadarnente 

32%) mientras que se obtuvieron 2,96 pg de r-K2S 

(aproximadamente 68%) en el material sobrenadante de cultivo 

precipitado con amonio. Se usÆ un ELISA en emparedado para 

comprobar el fago precipitado por PEG procedente del XM[K2S] 

infectado con VCSM13. No se detectö r-K2S capturada por el 

anticuerpo monoclonal anti -kringle 2 mediante la HRP 

conjugada con anti -M13, indicando que la K2S no es presentada 

en las particulas de fago si falta la gp3." 

Por consiguiente, a partir de los hallazgos evidenciados, se puede 

concluir que la presente invención comprende un efecto superior al 

del estado del arte (Dl) y por lo tanto goza de nivel inventivo, 

toda vez que dicho documento describe niveles de secreción de 

molØculas de ADN que codifican las protemnas K2S nulos o en un 

porcentaje bajo en el cultivo del sobrenadante. 

Por consiguiente, toda vez que (i) las molØculas reivindicadas en 

la presente solicitud de patente son diferentes a aquellas 

descritas en el estado del arte (Dl); (ii) que dichas diferencias 

no son sugeridas en tal documento; y (iii) que adicionalmente son 

estas diferencias las que periniten obtener una efecto superior 

evidenciado en los niveles de secreción, lo cual estA soportado en 

el pliego descriptivo de la solicitud, se puede concluir que la 

anterioridad citada (Dl) no afectan el nivel inventivo de la 

invención de mi representada. 

4. Puesto que se han atendido a cabalidad las observaciones 

hechas por su Despacho sobre la presente solicitud de patente, 

atentamente solicito que se continue su tramitación. 

5. ANEXOS: 
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S U P E R I N T E N D E N C I A 

FORMULARIO UNICO DE CORRECCIONES Y MODIFIACIONES 

I SOLICITUD DE: 

0 CorrecciOn de Error Material 9 Modificación a una solicitud 
Nombre: BOEHRINGER INGELHEIM 
INTERNATIONAL GMBH 

2 Sociedad constituida 
y 

existente bajo las leyes de IDENTIFICACION 
SOLICITANTE Alemania 

Dlrección: 55216 Ingelheim, C.C. 0 NIT 0 
Alemania 

C.E. 0 Otro 0 
Dornlcliio: Ingelheim, 

Alemania Nümero:  

TelØfono: 5460970 Fax: 24940 70 
E-mail: clientes'camyp.com 

IDENTIFICACION 
Nombre: Emilio FERRERO 

Dlrecciôn: Carrera 48 No. 72-35 C.C. IEI NIT 0 
REPRESENTANTE TelØfono: 347 36 11 Fax: 2179211 c E 0 Otr 0 0 APODERADO E-mail: cavelier@cavelier.com 

NUmero: 438.019 TIP 31.929 

Nümero de expediente: 03038,171 

E) Descripción de la corrección o modificación 
Presento nuevo capitulo reivindicatorlo compuesto por 6 relvindicaciones con el fin de superar 

las objeciones hechas por Su Despacho a esta solicitud de patente 
y 

pido que el examen de 

patentabilidad sea realizado sobre estas nuevas reivindicactones presentadas 

Comprobante de pago No. 08-52,285 Fecha: 10 de Iulio de 2008 

Anexos 
1 IN Comprobante de pago de la tasa por $103.000, por concepto de modificaciones. 

0 Poderes, Si fuere el caso 

0 Documento que acredita la existencia y representación legal de las partes, cuando sean 
personas juridicas. 

NOMBRE: EMILIO FERRERO FIRMA:  

C.C. 438.019 de Usaquen T.P.A. 31.929 

NNJ 
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Reivindicaciones 

1. Una molØcula de ADN recombinante caracterizada porque es 

el c6digo de una protelna de fusiôn K2S que comprende: 

a) la secuencia del SEQ ID NO:3 código de la proteIna 

OmpA, unida operativamente secuencia arriba con 

b) - la molØcula de ADN que tiene la secuencia de SEQ ID 

NO:20 código para un polipØptido que contiene los 

aminoÆcidos SEGN o una molØcula de ADN que tiene la 

secuencia de SEQ ID NO:1 código para un polipØptido 

que contiene los aminoÆcidos SEGNSD, la cual estÆ 

unida ella misma operativamente secuencia arriba a 

C) la molØcula de ADN que codifica un polipØptido que 

contiene el dominio kringle 2 y el dominio de 

proteasa de serina de la protelna del activador de 

plasminógeno  tisular que tiene la secuencia de 

aminocido seleccionada del grupo compuesto por SEQ 

ID NO: 11; SEQ ID NO: 12; SEQ ID NO: 13; SEQ ID NO: 

14; SEQ ID NO: 15; SEQ ID NO: 16; SEQ ID NO: 17; 

SEQ ID NO: 18; y SEQ ID NO: 19. 

2. Un vector que comprende la secuencia de ADN recombinante 

de la reivindicacjôn  1. 

3. Una cØlula huØsped procariótica  que comprende una 

molØcula de ADN recombinante de la reivindjcacjón  1. 
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In Ewhericlsia ccli and other gram-negative bacteria, disul-
fide bonds form in the periphsmic space, a compartment to-
pologically equivalent to the endoplasmic reticulum but much 
more oxidizing (35,36). The formation of disulfide bonds in  
ccli is catalyzed by a complex machinery involving at least two 
soluble, periplasmic cysteine oxidoreductases (DsbA and 
DthC), two membrane-bound enzymes (DsbB and DsbD), and 
cytoplasmic proteins (3,*38,39)Jn vitro, DsbA 
is a potent catalyst of protein cysteinc nnidntion,whereas DthC 
exhibits disulfide isomerase activity (30, 39). The membrane 
proteins DsbB and DAD appear to he responsible for main-
taining DsbA and DsbC, respectively, in the proper oxidative 
state for optimal function. 

Extensive studies Over the last 15 years have demonstrated 
that multidinilfide proteins generally do not fold correctly in 
bacteria and accumulate largely in a misfolded form. Examples 
of commercially important proteins that cannot be produced in 
active form when secreted in the periplasm include enzymes 
such as tissue plasminogen activator (tPA) and kallikreins, the 
protease inhibitors, and various growth fuctors (3,8.10.14. It 
22 26129,3237). The production of these and other proteins 
with three or more disulfides is complicated and has to rely on 
either expression in higher oukuyo1cs that provide a favorable 
environment for the formation of disulfide bonds or refolding 
from inclusion bodies (8, 14). 
Human tPA best exemplifies the challenges associated with 

the production of complex proteins in  coiL It is a 527-amino-
acid serine protease with 35 cysteine residues that participate 
in the fonnation of 17 disulfide bonds. tPA is comprised of five 
distinct structural domains: a finger region, an epidermal 
growh factor-like subdomain, two kringle domams, and finally, 

� Corresponding author. Mailing addmsr DqwUmM of Citenvimi 
Engineering, Univeitity of Tems at Austin, College of Engineering. 
Austin, TX 78712-1062, Phtme (512) 4714975. Fan (512) 471-7963. 
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the catulygic domain. The function of tPA is to convert the 
zymogen plasminogen to plasniin, a serine protease of broad 
specificity that degrades the fibrin network in thrombi (34). 
The activity of tPA is markedly enhanced by binding to fibrin, 
a property of great physiological importance, as tPA is less 
likely than other pretenses to cause inadvertent piniunin acti-
vation and internal bleeding. Binding to fibrin and modulation 
of the proteolytic activity are primarily mediated by the finger 
domain and the kringle 2 domain, respectively (21). 

tPA secreted in the periplasm of A coil is misfolded and 
completely inactive. Attempts to produce active tPA in Sac-
chamniyces ceievwae or in insect cells have been frustrated by 
problems due tohyperglycoeplation, poor export and im-
proper folding (7,27). Here we demonstrate that engineering 
the disulfide bond machinery of the cell through the high-level 
expression of DsbC allows the production of active full-length 
tPA. After purification from a high-cell-density fermentation, 
180 ig of protein per liter with a specific activity nearly iden-
tical to the authentic tPA can he obtained, with a yield corre-
sponding to 25% of the active material in can lysates. To the 
best of our knowledge this is the first time full-length tPA has 
been expressed in active form in bacteria in cigivifleant 
amounts, and it bodes well for the production of other complex 
MeWdboWde proteins in bacteria. 

M41A1S AND MFIRODS 

pAP-stfl-tPA is a pHE3fl dc&MivedietPA 
ne fused in flume to the heat.mbte ailterotosin (ill) lander peptide and 

plated deensr..m f,om the plw.4 jm�ucr 1h,La COtIfdiOI). 
pRADuti-d’A was anvaivetod by amp4lfring die tPA gene ftn pAP.mII4PA 
with the pn- 5-CGCGATA1tA1flAAAAGAATA1tGC41T1iJ1-I 
CL73 and 5’-TCFACGCAAAGCITI’CAJGCI’GGI’CGCATG1TGI’C&_3.. 
liv vca pof was 4e1l with EenRV and HhidHI and subdoned Into 
pBAD33 (11) (kindly provided by Jon Berheith, Haivard Medhel Sthoi4 
pTfostU4PA184 we pWYCIS dokadw rn uffich do tPA gene with the stil 
kadw pq,tide Is placed dowirdrean from the suong Dv promoter from pTsc-
99A 0hm’ma4, Uppaila, Sweden). 

pIutbnpArPDi cwesft the ntjv*eirdtofl(rPD1) gun 
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from the Ipp4ac y..m was provided by Kridine Dc Sultei Unvity Of 
Gem pMA and pSEI2I6thC are dethuthat of pS80 and pSE6) 
(Luviliugri., Carhlmd, CaSt) I g tim VithA and dthC Scom iedivdy, 
and were provided by Satidi Raina, Centre Medical Uuteiiu, Gomva, 
Swilzedand.11ic vcor pSE380thbAC was contouered as fellows. pMthC 
was digetred with Mhal, Mont ended by smug mung been oudem and A 1 
gJpJ with JDoML S.11lu.nliy, do1-e-’ Ito ddiCgene 
downstream from the ire was -Jm* and ligated with Stall 
IThidffl-treatcd pSD80dthAto yd pEWiAC. ____ 

Egnalom Of SPA In shadier. To evaluate tPA in shaker 
Satin, K as6 SF110 (F- Macrl4galEgeIKthiqirL 4FAM degP41 &mqil) (2) 
cells ftaodmmed with din qwmp&ft pinLk were grown in imua,Beetani 
medium at 3PC copplaimnuted with unij*’lin (100 pgfod), thbnamptonhel (26 

or Lniuuuu (40 pglinl) in neoemiy. Synlbesh of D*A, l, or 
DtiuA-DtiC in coils beasing pS80chbA, pSE4kMuC, or pS8hkhbAC, in-
iIwty, was inducedby the nI,fdiiu of iFifl (chactoraan-
alde 2 mM, final ..._niJL_) wlum the asiture optbul dainty at 600 urn 
(ODas,),hedbetween&8and LO. SynlboflPDIuncolbhJ.m.e4wi1h 
p14umpArPDi was induced by the addition of Wifl to 0.5 inMate culture 
ODaw of as. 0.6  Fignsdonof tPAfium the Pa4e, 1uu.uutwin induced 30 nun 
after the addition of nrrG by adding l.iee to a finals ...t.. of 02% 
(), _ 

After induction with anabiuwne, aidturea were grown for an additional 3 lined 
hnivnttiol by cantrMWtiom The calls were than iu,uj,uuugied in 0.1 M ms -Ha 
(pH 8.5) and lyred with a Frendi p== all operated at 2,000 lbfin2. Su-
quently, the cell lyrotea were at 12,000 X g for 10 main at 4GC to 

the soluble and inucluble fillef�
EiallmindnafWAte I---. For inuiculum 1.0 ml of franen 

wu0(lBADII4rA4usEl20dshq cells wan added to 300 ml Of Luria-Bamaoi 
mean containing 40 pg of axopicillis and 30 pg of chkannupheniod pormL 
un auburn was grown in a 2-liter flack for 10 It. teaching an ODsao of as. 3.0 
The wiluw adture was added to appohmooly 65 lIters of uuisasal inks 
medium 1.2% fig .iL.I omCb), 1.2% yeaSt ertisat, and 1.5 gOf - 
lcudiin and 1 g of glucore per liter in a 15-11ter 1%..LfiI.. fimoculaw. ’fl . 
mentor was operated at 371C and 1,000 ipn, with 10 Standard liters per miii of 
au,atiuu and a 0.3-bar back lummure to deliver an oxygen k.I rate of 
appuedmatuly 3.0 rnnwillllter-snin. When the initial ginaine was deplated, a 

gluome solution was added to ..-....i-- avow  rate of 032 h’ 
until the ditsoived oxygen concentration (DO,) readund 30% of air 
At that point glucose feeding was adjinted to anaintain a 1)03 of 30%. At an 

was added at 0.5 mlonun. When the ODmereadund SO, IFIG was added at a 
______ Of 025 mM, and 30 anin later anabiami was added to 0.1% 
(wi/sot). When ,-...1-- .L.ulux caused ito D02 to she1 the &uc feed 
rate was lowered to avoid u,v amtate socanaubdium 

SPA gmhiilL SPA was purified horn can extracts by sequential tlysunn-
Squtiarane and &ythiiw &1J....0 affinity ab..L.uplsy (26) in 
described below. Cdl pate was reswWanded In buffer A (50mM 1ls.HO, pH 
7.55rnMEuFA;0.1%Twecu80). The cells ware lyndby._.l.._. ix,une.The 
cell Iyrotes wen .rifui at 12,000 Xgfor 15 main at4"C, and do supenastant 
was lomkdentoans4ytlon.Sapbasanen(PIL-.iu)pomqufl8nutedWith 
buM et A. The ailuina was washed with 8 autumn volumes of buffer A. followed 
by8volwiwnofb III A..-.’-.....gO.l MNaOtPAwasehutedwithbuffetA 

M NaQ and 0.2M Won. The elnant from the uAytiuue-Sepbamse 
autumn wan landed onto an 

&yfhrnw coffin inbflultor-Sephsiroe column pie-
- by coupling £ aglhz unhfeitor (EM Anucmcon Diagmadke, Gtci 
Gina.) to qaimgen bromide-activated Sepbarmn 4B The column 
was wadasi with 4alumn volumes of’ , M, B 05 H NR4H(D3, 0.1% Triton 
X-100)1 4 volumes of buffer C (OAS M NaH2PO4, pH 74 and 4 volumes of 
buffet Cwith 0.1 M SQ(iim column was dtudwithbrC..mi.,0.9 
H 8SQt. 1mm. 1-nil aliqonts of the duant frnin the En,%phaarm mluum 
were incubated with 100 p1 of arid-Sephanne(i%unuu) that 
had been preequllibrated with Zn02 at 4’C for 30 mlii. Mcubstion of the SPA 
with Zn.Sepbareee was carried out at 4’C for 2 b. Ito Sepbanne was piecipi-
Sated by asidnifligation, mahed with buffer B (OAS M aH3PO, 0.5 H 

Naa, 0ns%Iee80(pH73aundutodwithbuE.....i-..0mM 

General madbeft Sodium dodecyl nulfete-polyaciylamide gel cIsopimredi 
(SOS-PAGE) on 12% polyacrylauddegels and We_mbtottlug w_ep.et..it 
am Ii s to standardtcbuipivi (1). SP .. A ,.Jb.l.. was purfied by the 
iuuubiai total SPA slnipwell auzymeinked mmmuinmuberut mmy (Muiii 
Diagmutica). Glyainylaled. nngle.duahn SPA (Sigma (I Co., St. Loub. 
Mo.) was used as  ta,d. 
Assays of SPA .duKy.Filnin 

plains were ffemudally as d.utIi,4 
� (23) escujut that 23 pg of tetracydion per ml was added to prevent 

Spesholyse SPAIPAI activity mmy kit from Anm= Dgr’-.e’ and a total 
88101Yvc’-rneof265pL Zynnapaplarywaspedwinedasdamcdbed byHeumnu and 
Dcwdle (12) with the following anodificatioux SIDS-12% polyaaylamide gals 
were w with 01% (wi/vat) u.n and tO pg of plauninagem per 
ml (Calbiodinun, La Soils, Calif.). After dec*smp1imi, at 4’C, the gels were 
washed with 25% Winn X-100 for 1 hto remote tin SOS, washed with &UIpd 

AriL ENVMOPL Maow 

water .k..lIvertorainova tim TA=X-10% incohated in 0.1 Mglyeunetuuifer ZO 

(pH 8.3) for S ii, and then Mint 

RESULTS O1u1l.l.lIni of (PA expression In dWw flanks. A eDNA encoding the complete amino acid sequenee (amino acids 1 to 527) of the human WA was fused in frame to the sill leader peptide, which had been shown earlier to be useful for the periplannic expression of a variety of proteins (5) The ciii-tPA gene was placed downstream from three different promot-ers the arabinose-inducible promoter PØ,1j), the phoA pro-moter under which the tPA gene is transcribed coimlladvely at antoderate level inphoTnuit’nt cells grown in high-phosphate medium, and, finally, the IffG-indudble Are promoter. The respective expression vectors were transformed into several different A ccli strains. in every ease, the expression level of WA was low and could not be visualised by SDS-PAGE a band corresponding to full-length WA could only be detected by Western blotft although, as mightbe expected, the in-tensity of the WA band varied depending on the promoter and strain background. However, no flbrinolytic

 activity could be detected on the fibrin plates. It should be noted that less than 10 pg of purified WA can be detected with this asmy. Cell fractionation demonstrated that the majority (>70%) of the total WA accumulates in a soluble yet inactive form. Under certain conditions, the coexpression of the rPDI se-creted in the periplasmic space increased the expression of bovine pancreatic tiypsin inhibitor (BPTI), a small eukaryotic pwtou with three disulfide bonds, by up to 15-fold (28). To bust the effect of rPDI coexpression on the formation of active WA, K coli SF110 (QmpLdcg4was.-transfomled-with-the1. P4pincmiti LppeOmpArPDI, which containsthe rPDI fused to OmpA leader peptide downstream from the strong Ipp-Iac f promoter. rPDI-is-secreted effici into theperiplasmic iÆ1iiiion addition of IFIG it becomes the nice abun-dant protein in the çfrgcon (see Fig. 2). A small yet detectable fibrin dearanco was observed when stil-WA was expressed from the P,, promoter after induction of rPDI expression (Fig. LA). However, active WA was barely detect-able in a quantitative assay that measures the rate of activation of plasminogen with a chromogenic substrate (Fig. IB). The low levels of WA activity were not due to poor expression of the stll-tPA. Even though compassion

 of rPDI reduced the accumulation of stll-WA relative to control cells (pBAD-stll-WA plomuuid alone), a band corresponding to mature WA was readily visible by Western blotting (Fig. ID). In other experi-ments, coiqavsmon of yeast PDI as a secreted protein in E. ccli did not facilitate the formation of active WA either, even though it was shown to be functional in protein oxidation (data not shown). In swli, the coexpression of high levels of DalIC in cells grown in either rich or minimal medium resulted in a dramatic increase in plasminogen activation (Fig. 1). Zymography re-vealed that this activity arose from a band with a eleciro-phoretic mobility slightly less than that of the single-chain WA standard (Fig, 14 This is consistent with the fact that the WA standard is glyaisylated whereas the bacterially expressed pro-tein is not. No other bands were detectable in zymogrnphy gels (Fig. 1C), indicating that the activity observed on flbrin plates and with the Spectrolyse assay arises from the full-length pro-tein and not from degradation products. In these experiments, DsbC expression was induced with 2 mM IPTO. However, because the ar promoter is leaky, DsbC synthesis occurred even in nnfiHbwed cultures, resulting in 

low but_cinlils WA activities. Manipulation of the redox environment through the 
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addrdon of GSH (glutathione, reduced form) and/or GSSG 
(glutathione, nvidd form) was not beneficial in cultures co-
cap fesIg DsbC and stif-IPA. In fact, the addition of as little 
as 0.5 niM GSSG resulted in a more than 40-fold-lower specific 

DthA also stimulated the formation of active tPA, but the 
specific activity obtained was 254old lower than that of cul-

lures =pressing DsbC- The addition of 2 mM 0811,2.0mM 
GSSO, or 2.0 mM GSH-0.5 mM GSSG at the time of induc-
tion resulted in reduced tPA activities relative to control ad-
hues that received no additives (data net shown). In vitro, 
DsbA and DsbC have been shown to act synergistically in the 
oxidalive folding of BPTI (39). However, concomitant overex-
pression of DshA and DsbC gave a lower specific activity of 
IPA than did DSbC alone. This may be because the level of 
DsbC accumulation in cells cuexpressmg DsbA-DsbC is 
alighIly ieiliwd (FIg. 2). 

DsbC exhibits dLwlfide isomesase activity in vitro, and there 
is strong evidence that it has a similar role in vivo (19,24, 30). 
DsbC can function as an isomerase only when its active-site 
cysteine thiols are reduced, presumably by the membrane pro-
tein Dsbl) (DipZ) (25,30). In vitro, DsbC ismidiand readily by 
DthA, the primary catalyst of cysteine oxidation in the pen-
plomnk Space (39). Bardwell and coworkers showed that sub-
stitution of the residues within the Cv-X-X-Cys active-site 
motif of DthA modulates the index potential of the protein 
(9). Several DshA active-site mutants with a range of red= 
potentials were coexpressed together wish tPA ins JiM null 

iuulni strain background. However, no improvement in IPA 
activity was observed relative to cells tratisfonned with a 
control plaamM containing the wild-type dthA pm Sinnlady, 
a3cxpressian of DsbC in  set of strai containing chrome-
somally integrated dabA mutants did not result In any further 
increase in active tPA (3a). 

tPA expression In high-celkieneky fermentations. SF110 
(pBAD-stll-tPA+pSE420dsbC) cells were grown in a 104her 
fcnnentor in a synthetic medium supplemented with casein 
amino acids. The growth rate was maintained at 0.32 Ii’ by 
controlling the addition of glucose until a D02 level of 30% 
was reached. Preliminary experiments revealed that vigonom 
induction (with 2mM IP’rG) of DsbC expression, followed by 
induction of tPA expression, led to a dramatic reduction in the 
(Th)I uptake rate after about 13 h (Fig. 3). Growth ceased, 
and a slow decline in the OD of the culture soon followed. 
Therefore, a lower concentration of IF (01)5 mM) was used 
to minimi;te the detrimental effects of DsbC overexpression. 
IPTO was added when the adture readied anODofaruwMI 
ft this was followed by a bolus of arabinose 30 mm later. 
Under these conditions, the u&ygr uptake rate remained con-
stant for 3.5 It and then began to decline. The flhrwuimi spe-

cific tPA activity was attained 2.5 h after induction (Fig. 3) and 
then started to deerease, in part because the ls&ir, ainbi-
nose, is enlabolized by strain SF110. The peak specific activity 

A B C D 

-* rPDI 

IL 4 DshC 
loom�.  I* �D"  

RQ 2. SOS PAGEoft alerUe aclufromaIwrm nug both IPA 
and IbA, EMC, an DthA-D Calls were 3 h after induction and 
lymi, and equal amounts of ttenl protein from eath maple were landed an a 
12% SOS-PAGE gel an demibed in &&iIk and Metheds. lauro: A, pBAD-
etU4PA + pImpArPDi D,pBAD-etH4PA + pSD8lA,C,pBAD.ot1I-
tPA + PSE42NdPQ D. paAD.e114PA + pSnislkftbAC 
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FIG. 3. hodactin of tPA in a h h-eraII-dneslty f�.--’-t’m lire call den-
dty, rk.J as ODm and fire neygen uptake rate (OUR) are sbonn W9  
with ibe tPAsperiflc atatety data from "J taken 0.5k before and 03,1.5, 
2.5, 33,4.5. and 53 h after On addition of amabinose. The IPA adloity we 
determined by the iimdkeet dmrumngenin as Ganpamable beds of adivity 
were obtained in different rune (a = 4 

obtained in the fermentor was essentially identical to that in 
shaker flanks Approximately 25g of cell protein was obtained 
per liter of culture. 

IPA purification. Clarified cell lysates were loaded onto an 
ilysine-Sepharose column. L-Lsine binds tightly and specifl-
callyto the kringle 2 domain of tPA *.mn& of course, that 
it is correctly folded. About 50% of the total tPA activity that 
was loaded onto the iAysine-Sepharose column was retained 
even after it was washed with 8 bed volumes of NaCI-aintain-
lug buffer. The bound tPA was eluted with 02 M iAysine. The 
eluant from the rAysine-Sephatuse affinity chromatography 
step was loaded onto a second cnlnmn containing immobilbed 
F. coffin inhibitor, a protein that binds to the tPA protease 
domain with a very high affinity (13). Active tPA was clutcd 
with 0.9 M KSCN and was shown to have a specific activity of 
373 RJ/p.g, a value nearly identical to that of the authentic 
glycos1ated protein from mammalian cells (400 IU/pg). The 
bacterial tPA became bowed irreversibly to ultrafiltration 
membranes and therefor could not be concentrated in this 
manner from the Fri column eluant For this purpose and also 
to remove two contaminating H. coil proteins of 35 kDa, the 
active fraction from the second column was mixed with Zn-
Sepharose beads. tPA was bound to Zn.Sepharose quantita-
tively and could be eluted with buffer containing 50 mM imi-

ABCD 

M. 4. tPA pardicatim Awn ha sil,er.etalned SOS-PAGE gd on wblth 
were loaded WA parified frren £ ad (A) tire single-drain tPA standard from 

D�J- (B). tket at nell sate from sails urqwde4ng tPA and 
LrC (C), and molecular nez markers ) rm fr1InbknnrJ). 

dazole. The wsihmg protein was more than 90% pure, as 
determined by SDS-PAGE and silver staining (Fig. 4). 

The yield of purified tPA was 251116 of the total activity in the 
starting material interestingly, although the bacterial tPA 
bound quantitatively to Fri. it could be eluted from the resin 
with a lower concentration of KSCN relative to the glycosy-
lated, two-chain protein (0.9 and 1.6 M KSCN, respectively). 
Consequently, it appears that glycosylation affects the equilib-
rium dissociation constant for F11 After Fri chromatogra-
phy,14 ,u.g of high-specific-activity tPA was obtained from 2 g 
of cell protein. This, approximately 180 pg of purified tPA per 
liter can be obtained on the basis of the amount of cell protein 
produced per liter of culture by high-cell-density fermentation 
(25 &U")-

DISCUSSION 

We have identified conditions that allow the production of 
aignifirnnt amounts of active, full-length tPA in E. coIl. Nor-
mally, the formation of disulfide, bonds takes place in the 
periplasmic space. in this study tPAwas fused to the stil leader 
pcp*lc6 which was efficient in directing the mature protein 
into the periplasmic space. Thó Sill leader peptide does not 
ppeär to be unique, and a similar yield of proteolytically 

active iPAwas obtained when the tPA gene was fused to the/ 
bmpA leader peptide (29a)./As-discussed in Results and is 
stown-in-Figl, in the absence of cysteine osidoreductase 
overexpression, active tPA is virtually undetectable. However 
a >16fold increase in the specific rate of fibrinolysis in cell 
extracts is observed in cultures coexpressing DsbC. To the best 
of our knowledge, this dramatic increase in the production of 
active tPA rqnu*s by far the most striking improvement in 
the folding ofa foreign protein ever obtained via the 
Sian of foldases (8). 

The rate-limiting step in the oxidativc folding of eukaryotic 
proteins in the penpinenic space appears to be the isomenza-
tion of mismatched disulfides (29). Reduced DsbC has been 
shown to bean efficient catalyst of disulfide bond isomerimtion 
in vitro (6). Moreover, recent studies have shown that DsbC is 
maintained primarily in a reduced state in vivo, suggesting that 
its primary role in the cell is the catalysis of disulfide isomer-
iration (17,31,33). The dramatic increase in the folding of tPA 
in cells cuexpressing DsbC is consistent with this hypothesis. 
We believe that the high level of DsbC increased the disulfide 
isometization capacity of the periplasmic space, thus facilitat-

ing the rearrangement of incorrect disulfides in nascent tPA. 
Indeed, Joly at al. (16) have shown that DsbC accumulated 
mostly in its partially reduced loon when coexpressed in a 
fenuentor together with insulin-like gwwth factor 1 (IGF-1). 
In this case, overexpresseon of DsbC increased the total yield of 
IGF-1 but not the amount of soluble active protein. However, 
this insult may be a consequence of the very high level of 
IGF-1 uvcrvapianon (7.3 gof IGF-1 per liter of fermentation 
broth)-

An
roth).An

 alternative explanation for our results is that DsbC did 
not participate directly in the folding of tPA. instead, its over-
spron simply resulted in a higher concentration of protein 

thiols, thereby altering the redox potential of the periplasm to 
favor the formation of correct disullide bonds. Huwwvvr, this 
hypothesis can be ruled out since neither the overexprcssion of 
other cysteine oxidoreductases nor the manipulation of the 
redox potential of the periplasm through the additinu of GM 
or GSSG had an effect similar to that of DsbC. 

A low level of active tPA was detected in cells compressing 
MA, but this effect could not be further enhanced by the 
addition of reduced or oddized glutathlone. Chromosomally 
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expressed DsbA is found almost exclusively in the oxidized 
form and is a potent catalyst of disulfide bond formation (19). 
It is possible that when DsbA is overexpressed, a fraction of the 
protein falls to be oddoed by DsbB and, instead  is present in 
the reduced form that can catalyze disulfide bond isomerra-
don (16,18). This activity of the reduced DsbA may in turn be 
responsible for the small levels of active tPA. Overexpression 
of rPDI has been shown to macuse the yield of small heter-
ologous proteins (15,28), but it had avery minor effect on tPA. 
This may be because rPDI functions as a protein thiol odid-ase-
in the bacterial periplasmic space but was shown to be rather 
ineffective in catalyzing the rate-limiting isomerization in BFII 
in the periplasmic space of E. coil (28). 

The highest level of active tPA was observed when the syn-
thesis of DsbC from abc promoter was induced first, followed 
by the induction of WA expression 30 min later. Interestingly, 
high-level induction of DsL, but not DsbA, rPDI, or WA 
alone, was found to be particularly toxic, resulting in cessation 
Of growth wilhiu 3 to 4 h after induction. The precursor form 
of DsbC was found to accumulate in the cell, raising the pos-
sibility that the observed toxicity is linked to the saturation of 
the protein transloartion mndiinery. To obtain the mi.xnniun 
WA specific activity in a high-cell-density fermentation, it was 
necessary to use a low concentration of IPTO, which allowed 
the production phase to be prolonged. Also, maintaining a low 
growth rate through the slow feeding of glucose was found to 
be essentid in order to attain a high cell density in the fer-
mentor. SF110 was found to be a prolific producer of acetate, 
which accumulated to inhibitory levels when glucose feeding 
was adjusted to control the growth rate above 0.65 h’. 

The above observations suggest a number of ways in which 
the expression of active, full-length WA can be increased fur-
ther. Fust in the present study the level of accumulation of 
WA was low regardless of the promoter used. A higher level of 
WA synthesis may be beneficial and could be obtained by 
optimidzig translation initiation and by substitution of rare 
codons in the WA gene (4). Second, since DsbC uvcrpz-
sian has been found to inhibit awwlb, conditions that inhibit 
DsbC toxicity will have to be identified to prolong the produc-
tion phase and help achieve can higher cell densities. Finally, 
it may be possible to further enhance the effect of DsbC by 
manipulating its interaction with DshD (DipZ) or perhaps by 
isolating DsbC mutants with higher activity towards WA. 

The ability to produce substantial amounts ofaheterotogous 
protein as complex as WA in  coil bodes wdll for the expres-
sion of other complex eukaryolic pioteins both for commercial 
purposes and for structure-function studies. When protein gly-
cosylation is not essential, expression in bacteria is dearly 
advantageous in terms of both cost and simplicity. 
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