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TOM TAT 

Lumbrokinase (LK) ta mpt nhom cac enzyme c6 hogt tinh thiiy phan fibrin cao tir giun dat, cd khdi lugng 
phan tli -25-40 kDa. Cdc enzyme nay da dugc chiing minh vira co kha nang thiiy phan tryc tiep fibrin, vua cd 
tac dgng hogt hda plasminogene thanh plasmin-enzyme thuy phan fibnn ciia co the. Vi vgy, lumbrokinase hifn 
nay da dugc sir dgng rgng rai de dieu tri benh tac nghen mach. Trong nghien cuu nay, gene ma hda 
lumbrokinase tii lodi giun Lumbricus rubellus (ma so AF304199) tren GeneBank, da dugc tdi im codon va thiet 
kc bd sung 1 Uinh ty c6 kich thudc khodng 120 bp, de bieu hifn d P pastoris, sau dd dugc tao ddng trong 
vector pPICZoA vd dua vdo hpi nhap vdi bp gene ciia te bao chii Cac ddng tai to hc^ dugc sang lpc dya vao 
khd nSng bifu hifn lumbrokinase, C^c difu kifn nudi cay nhu mdi tnrdng, thdi gian va ndng dp chdt cam iing 
dugc khao sat nhim ihu dugc ham lugng va hoat tinh protem tai to hgp dat cao nhat. Protein tai to hgp dugc 
tinh sgch qua eft resin cd gin nikel, kifim tra bang difn di tren SDS-PAGE va thii hoat tinh thiiy phan fibrin. 
Ket qua cho thay d3 bieu hifn vd tinh sach dugc protein cd kich thudc khoang 47 kDa, vdi hieu suat tinh sach 
2,54%. Lumbrokinase tai td hgp tinh sach da dugc nhan dang bang ky thuat Maldi-
chiing Udn mdu nao, t5ng huySt dp, xo cimg ddng mach (Innerfield, 1960). Nguyen nhan chii yeu la do xuat 
hifn cgc mdu dong gay tic mach vd cSn trd luu thdng mau. Do do, vifc lam tan cue mau ddng ddng vai trd 
quan trpng trong vifc difu trj bfnh niy. Who khoang nhihig nam 1920, cac nha nghien cuu tai Nhgt Ban da phdt 
hifn dugc 1 enzyme cd hogt tinh thiiy phan fibrin cao tii giun dat Lumbricus rubellus, bao gdm 6 izozyme dugc 
d l̂ tSn chung Id lumbrokinase (LK) (Mihara et al., 1991; Nakajima et al., 1993). Ve phuong di^n ldm sang, 
LK dugc xem Id thuoc tan huyet khoi dgc hi?u, sur dgng lam thudc udng vi cd th€ dugc hip thu tir rugt vao mdu 
va hogt hda h§ th6ng fibrin ndi sinh (Yan et al., 2010). Hi|n nay, LK va cac san phim c6 chuc nang tuong tg 
da dugc thuong mgi hda todn cdu nhung cac san pham deu dugc taeh chiet tii bgt giim thd. O Vi|t Nam, chua 
c6 nghign cira nio vk sdn xuit LK tai to hgp diing lam thuoc phdng chdng tic nghen mach mau va nhihig 
nguyen lî u lam thudc phin ldn d6u phdi nhgp khau. Vdi cac uu dilm ndi bat, he thdng bieu hi^n P. pastoris dS 
dugc chiing tdi chgn Iga de nghiSn cim bieu hien va tinh sach, nham tien tdi xay dimg ducc quy trinh cdng 
ngh§ tgo cdc ddng tk bao san xuit LK tai td hgp diing lam nguyen lieu thudc cung nhu xay dung quy irinh cdng 
ngh? on djnh sdn xuat LK ldi td hgp 

Tu khoa: Bieu hi^n. lumbrokinase, Pichia pastoris X33, tinh sgch 

PHU'ONG P H A P NGHIEN c u t ; YNB; 4.10'^ biotin; 0,5% methanol), MM (1,34% 
„ . . . YNB; 4.10"' biotin; 0,5% methanol), YPM (YP; 
Chung VI smh v^t Q5O/„ methanol), YPG (YP; 1% glycerol), YPTM 

Chung ndm men tai td hgp P pastoris X33 chiia (YPM; 0,01% Triton X 100), YPCTM (YPTM; 1% 
vector bidu hi?n pPICZoA/LK (X33/pZLK) da tgo casaminoacid). 
dugc tir cdc nghien cuu trudc (Vu Thi Bich Ngoc et « - • - ! , * i,i„ „ i 

^ ° \ . o. Nuoi cav boat hoa nam men 
al.,2013). 
M " .J™ '• & ^^'^ chiing X33/pZLK tu cac dng gidng dugc 
Moi trirdmg nuoi cSy ^^^^ ^^^ y^ ^.^ ^^^ ^ j ^ ^ g y p o agar d 28*'C, tir 3-5 

BMGY ( 1 % cao ndm men; 2% peptone; 1,34% ngay. 
YNB; lOOmM potassium phosphate pH 6,0; 4.10 ' ,^^ ^^^ ^^ p „.^ X33/ pZLK tdi td 
biotin; l%glyceron) ,BMMY(l% cao nam men; 2% ^ • hgrp 

C 
peptone; 1% cao ndm men), MMY (YP; 1,34% tang sinh trong 5 ml mdi trudng YPG bd sung 100 

peptone; 1,34% YNB; lOOmM potassium phosphate 
pH 6,0; 4.10* biotin; 0,5% methanol), YP (2% Chung tdi td hgp X33/pZLK dugc boat hda va 
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pg/ ml zeocin, lac 200 vdng/ phiit d 30''C trong 14-
16 gid. Khi OD dgt tir 2- 6, tidp 2% gidng vao 25 ml 
mdi trudng YPM, nudi l ie 200 vdng/ phiit d SO^C. 
Cam ling bang methanol ndng do cudi 0,5% sau mdi 
24 gid nudi cdy. Sau 96 h cdm img, ly tam thu dich 
nudi cdy va dien di SDS- PAGE dd kiem tra sir bieu 
hien LK, ddng thdi dich nudi cay dugc nhd tren dia 
fibrin nhdn tao de sang loc hoat tinh. 

Khdo sat dieu Iden nuoi cay bieu hien LK tdi to 
hgp 

Cbiing tdi td hgp X33/pPLK dugc nudi Idc de 
khao sdt cdc dieu kien bieu hien rLK nhu mdi 
trudng, thdi gian nudi cdy vd ndng do chat cam iing 
methanol. 

Tinh sach protein tdi td hgp 

Protein tdi td hgp LK dugc tinh sgch qua cgt 
resin cd gdn nikel, kiem tra bdng dien di tren SDS-
PAGE va thii boat tinh thiiy phdn fibin tren dia fibrin 
nhan tao. 

Xac dinh hogt tinh thuy phan fibrin 

Hoat tinh enzyme ducrc xdc dinh theo phuong 
phdp dTa fibrin ciia Astrup vd Mullertz, su dung 
plasmin ldm chudn (Astrup, Mullertz, 1952). 

Phuvng phdp khdi pbS nano LC-MS/MS 

Phan lich thdnh phdn peptide qua he thong sdc ky 
long hai chieu 

Bang protein sau khi chay tren gel 
polyacrylamid 12,5% dugc cat ra, logi thudc nhugm 
vd thuy phan bang trypsin. Cac thanh phdn peptide 
cua dung dich thtiy phan dugc phdn tdeh qua he 
thdng sdc ky ldng nano hai chieu (Perkins et al. 
1999a; Perkins el al. 1999b; Mann et al. 2001; 
Stensballe, Jensen, 2001; Nogele el al, 2003) trdn 
cgt sdc ky trao doi cation (SCX) d chieu thii nhdt vd 
cgt ngugc pha C18 d chieu thii hai. Peptide ra khdi 
cdt SCX dugc cd dac vd logi mudi tren cpt trap C18 
trudc khi phan taeh tren cdt RP C18. 

Hdn hgp peptide sau dd dugc day vao cgt ngugc 
pha C18 ID (75 fim x 15 cm). Pha linh ddng A 
(0,1% formic acid trong nude) va B (85% 
acetonitrile vd 0 ,1% formic acid). Cdt ngugc pha 
C18 dugc gan vao ddu dua mdu Emmiter Picotip 
(NewObjective) ket ndi vdi may khdi phd QSTAR 
XL (Applied Biosystem, MDX SCIEX, Toronto, 
Canada) bang ngudn ESI 

Phan tick sdc ky khdi pho ESI MS tren h? thii^ 
khdi phd QSTAR XL 

Mdy khdi phd QSTAR XL dugc vgn hanh ddif 
dg IDA (Information Dependence Acquisition) fi 
thuc hien vigc chuyen tii quet phd MS don doi voi 
cac ion nSm trong ddi khdi tii 400 den 1200 saog 
khdi phd lidn tidp tren 3 precusor cd m^t dd ldn hon 
15 cao nhdt dugc xdc dinh tu dOng nhd phdn m^ 
Analyst QS v l . l (Applied Biosystems). 

Phan tich phd khdi peptide bang phan mim Moseei 

Phd khdi CID thu dugc tir LC-MS/MS cua tdtci 
cac phan dogn dugc phan tich bang phdn mSm 
MASCOT vl .8 , phdn mdm cd khd ndng tim phan 
tich dii li?u phd MS/MS manh vd tdc dd cao du9c 
phat trien bdi MatrixScience (London, UK). Cuifr 
du lieu dugc MASCOT diing de tun kiSm B 
NCBInr, day la co sd diJ ligu cdc protein khdng ^ng 
nhdt vd toan dien cua NCBI. Phdn mdm MASCOT 
vd CO sd dQ lieu NCBInr dugc cai dat tren mdt may 
tinh HP server Proliant. 

Cac thdng so dugc dgt cho viec tim kiem bang 
Mascot nhu sau: enzyme thuy phdn trypsin, vdi sai 
sd khdi lugng peptide ± 0,3 Da, sai sd gid tri khdi 
lugng mdnh ion trong MS/MS ±0,3 Da. Siia ddi a> 
dinh Id carbamidomethyl (C). Trgng thdi dien tich 
cua peptide precusor dugc chgn la 2+ (double 
charge) vd 3+ (triple charge). Ngudng dg tin c|y 
dugc dat mde dinh Id 99,5%. Vdi cdc thdng sd nhit 
tren thi ket qua se cho cac protein cd tdng di§m so 
tren 31. 

KET QUA NGHIEN CUtl 

Sdng loc cdc ddng P. pastoris X33/ pZLK tdi to 
hgp 

De kiem tra ket qud vd miic dp bieu hi^n rLK, 
31 ddng tai td hgp cd genome mang dogn chen 
(XpZLK) dugc nudi bieu hien trong mdi trudng YP 
bd sung 0,5% methanol sau mdi 24 gid. Sau 96 ^ 
cam ung, ly tdm thu dich ndi va thii hoat tinh trdn & 
fibrin, li dia 37''C trong 5 gid vd do vdng hogt tinh. 

Ket qua cho thdy 5 ddng bilu hien cd hogt tinh 
thuy phdn fibrin la cdc ddng sd I, 2, 3, 5 vd 6. Khi 
nhd dich ndi sau bieu hien 96 h tir cdc ddng ndy, tren 
dia fibrin xudt hien vdng trdn thuy phdn trong suot 
Trong khi dd, mlu ddi chiing am (DCA) la dich noi 
ciia chiing P. pastoris X33/ pPICZoA khdng chda 
gene Ik vd cdc ddng khde khong xudt hi^n hogt tinh. 
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Trong cdc ddng cd hogt tinh, ddng sd 3 cd hoat ti'nh 
cao nhat dat 2, 47 U/mg (Hinh 1). Ddng nay dugc su 
dung cho cac nghidn ciiu tidp theo. 

Bl^u hidn P. pastoris X33/pZLK tai t6 hgp 

De kiem tra chinh xdc hon su tdng hgp protein 
LK, quan sat kich thudc vd muc do bieu hien ciia 
protein LK, mau protein ngoai bao thu dugc tii dich 
nudi cdy cac ddng cd hoat tinh thiiy phdn fibrin dugc 
bidn tinh vd chgy didn di tien gel polyacrylamide 

12%. Sau didn di, ban gel dugc nhudm bac de quan 
sat ket qua. 
Ket qud dien di dd d hinh 2 cho thdy, d cac gidng 2-
6, xudt hien mgt sd bang protein kich thudc trong 
khoang 35- 50kDa khd dam, cac bang nay khdng 
xudt hidn d chung P. pastoris! pPlCZa Nhu vdy, cd 
the protein tai td hgp rLK da dugc bieu hien trong 
nam men P. pastoris X33. Kich thudc protein bieu 
hien dugc cao hon so vdi tinh toan ly thuydt Id do 
protein co the bi glycosyl hda bdi qua trinh cai bien 
hgu dich ma d ndm men. 

Hinh 1. Ola Ihu hogt tinh thuy phan fibnn cCia dich noi thu tip cac 
ddng P. pastoris X33/ pZLK tai to hgp. 

K n h 2. 0i$n dl do protein ngoai bao thu duo'c tir 
dich nufli cay chung nam men tai to hgp M: Thang 
protein chuan 14,4- 116 kDa, DCA P 
X33/pPICZaA: 2-6: P pastoris X33/pPLK 

Lira chgn cdc dieu kidn bieu hidn LK d nam men 
P. pastoris X33 

Luu chgn mdi trtr&ng bieu hien 

De khao sdt miic dd bieu hidn rLK trdn cac mdi 
trudng kbdc nhau, chung P. pastoris tdi td hgp dugc 
nudi trong cac mdi trudng khac nhau cd cam iing 
bang 0,5% methanol sau mdi 24 gid. Sau 96 gid 
cam ling, dich noi dugc thu nhd ly tdm 12000 rpm/5 
phiit. Ket qua kiem tia hogt tinh thiiy phan fibrin cho 

thdy mdi trudng YPTCM thich hgp nhat cho bieu 
hien rLK (dgt 0,767 U/ ml) (Bang 1). Kdt qua nay 
khac vdi ket qua kbao sdt didu kien mdi trudng bieu 
hien rLK ciia Yan ddng tdc gia (2005), cac tac gid 
khi sir dung 6 loai mdi trudng tuong ung cho ket qua 
bieu hidn d mdi trudng YPM la cao nhat vdi hoat 
tinh dich ndi dgt 2,5. 10* U/L sau 96 gid nuoi cay 
(Hu et al., 2005). Nhu vgy, mdi trudng YPTCM 
dugc chiing tdi lua chon sii dung cho cac nghien ciiu 
tiep theo. 

Bang 1. Hogt tinh rLK d cSc mfli t r u i ng b i lu hien khac nhau. 

MT 

BMMY 

MMY 

MM 

YPM 

YPTM 

YPTCM 

O D Goonm 

9,755 

9,575 

6,87 

8,725 

9,325 

9,64 

HT rLK (U/ml) 

0,112± 0,004 

0,112±0,121 

0,1006±0,061 

0,3105±0,045 

0,435±0,016 

0,767±0,053 

HL protein HT rLK 

(mg/mO (U/mg) 

0,267± 0,007 

0,211±0,019 

0,178±0,006 

0,259±0,002 

0,271 ±0,025 

0,28g±0,004 

0,419+0,121 

0,53+0,155 

0,565± 0,062 

1,198±0,090 

1,605+0,049 

2,654+ 0,071 
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Hinh3 . Anh hudng cua ndng ao MeOH cam irng len mi>cd6bi4u hien rLK. A Hoat tinh rLK (u)vS dpng thai sinh tnrdng (n) 
B- Dien di dd protein ngogi bSo tCi" djCh nu6i d y chiing n i m men tai to hgp. 1-5 Protein tif djch ngogi bao ciia diiing iJifgci 
niifli d c^c ndng dp MeOH" 0; 0,5; 1; 1,5, 2% MeOH , M: Protein chuan (Fermentas). 

ThM gian bieu hi;n(gio'| 

Hinh 4 rLK duoc tdng hgp theo thfl'i gian. A: Hogttlnl 
rLK ( • ) v i dpng thai sinh trudng (•) ; B: Di$n dl ai 
protein ngoai bao tip djch nuoi cay chung n^m men tSi tl 
hop. 1 P pastoris X33/pPICZaA; 2: protein trudc dn 
i>ng; 3-7' protein sau cdm ung 24, 48, 72, 96, 120 gift 
M: Protein chuan (Fermentas) 

Lua chgn nong dp methanol 

Trong qud trinh bieu hien, methanol dugc bd 
sung vdi vai trd cam iing promoter AOXI kiem soat 
qua trinh sinh tdng hgp enzyme. Miic dp bidu hidn 
rLK khac nhau khi duoc cam irng methanol d cac 
ndng dd khde nhau. Ket qua khao sdt dai ndng do 
methanol tir 0- 2% cho thdy boat tinh ciia rLK tang 
dan va dgt cgc dai khi cdm iing 1% methanol (2,962 
U/mg) sau mdi 24 gid. Hoat tinh cdn lgi 96,14% d 
1,5% methanol (Hinh 3). 

Lg'a chgn th&igian biiu hiin 

Dich nudi bieu hien theo gid dugc xdc dinh sinh 
khdi theo mat do quang hge tgi budc sdng dOOiun va 
xdc dinh hogt tinh thiiy phdn fibrin. 

Kdt qua hinh 4 cho thdy, theo thdi gian, smh khfii 
te bao va ham lugng enzyme tai td hgp dugc bieu 
hien tang dan. Tuy nhien, do gidi hgn dieu ki?n moi 
trudng, cdc vi sinh vat chi phat tridn tdi 1 miJrc iif 
nhdt dinh, ddng thdi bieu hign dgt cue dgi d 1 th&i 
didm nhdt djnh. Khi nudi cdy tdi 96 gid, sinh khdi vi 
hoat tinh enzyme Id cao nhat, dgt 2,94 U/mg. Sinh 
kh6i vd hogt tinh bat ddu giam tu 120 gid (Hinh 4). 
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Hinh 5 Di$n diddsdn phdm tinh sgch d.K. 1: Dich ndichunt Hinh 6. Hoqit tinh thiiy phan fibrin ciia rLK [1: rLK tinh sach 
P pastons X33/ pPLK; 2: rLK tinh sgch; M: Protein chuai 2: plasmin chuan 2 U/mg; 3-4 d|ch noi chiing X33/pPICZaA 
(Fermentas) 

rx/ Mascot Search Results 

i n HIslograiD 

.O'LojlP), ^1,nt P Ll 

Hnh 7 Nhdn dgng rLK bdng k? thugt Maldi- Tof. 

Tinh sgch rLK 

Protein tdi td hgp LK dugc tinh sgch qua c^t 
resin gdn nikel cd kich thudc kich thudc khodng 47 
kDa (Hinh 5) vd cd hogt tinh thuy phdn fibnn. 
De xdc djnh higu sudt tinh sgch qua cgt resin, hdm 
lugng protein trong cdc dich mau theo cac budc tinh 
sgch dugc xac dinh theo phuang phap Bradford vd 
xdc dinh hogt tinh. Hi?u sudt tinh sgch tir P. pastoris 
X33/ pZLK dat 5,8% vdi dg sgch 1,236 ldn, boat tinh 
rieng rLK dat 3,584 U/mg (Hinh 6). 

Kit qud nhan dgng rLK bdng kt thuat MALDI-
TOF 

Dd xdc dinh chinh xac trinh ty chudi polypeptide 

ciia protein rLK bieu hien dugc, sdn pham rLK sau 
tinh sgch dugc nhan dang trinb tu bang khdi phd 
Maldi- Tof. Sii dung co sd dii lieu de phan tich tiinh 
tu thu dugc, ket qud cho thdy protein rLK tinh sach 
dugc cd trinh tu tuong ddng chinh xac 100% vdi 
trinh tu LK hi lodi giun dat Eisenia foetida da dugc 
dang ki trinh tu trdn Genebank vdi ma hieu Q3HR18 
(Hinh 7). 

KET LUAN 

Bieu hien vd tinh sgch thanh cdng rLK d ndm 
men P. pastoris X33 vdi hogt tinh rieng dat 3,584 
U/mg, dong thdi lira chgn dugc cdc didu kien nudi 
cdy bidu hien nhu sir dung mdi trudng YPTCM, cam 
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ling 1% methanol tiong 96 gid cho ham lugng 
protein thu dugc cao nhat dat 0,289 mg/ml, vdi hogt 
tinh cao nhdt dgt 2,94 U/mg. San pham rLK sau tinh 
sgch dugc nhgn dang trinh ty bdng khdi pho Maldi-
Tof. Ket qud cho thay protein rLK tinh sach dugc cd 
trinh tu tuong ddng chinh xac 100% vdi trinh tu LK 
tii loai giun ddt Eisenia foelida da dugc dang ki trinh 
tu tren Genebank vdi ma higu Q3HR18. 

Lifi cdm <m: Cdng trinh dugc thuc Men v&i ngudn 
kinh phi ho trg tit chuang trinh nghiin cuu phdt trien 
vd ung dung cdng nghe sinh hge, Bg Khoa hge vd 
Cong ngh?, "Nghien cuu quy trinh edng nghi sdn 
xudt lumbrokinase tdi td hgp ldm thuoc phong chong 
tdc nghen mgch mdu ". Giai dogn 2012- 2014. 

TAI LIEU THAM KHAO 

AsUup T, Mullertz S (1952) The fibnn plate method for 
estimating fibrmolytic activity Arch Biochem Biophys 
40:346-351 

Hu Y, Meng XL, Xu JP, Lu W, Wang J (2005) Cloning 
and expression of earthworm fibrinolytic enzyme PM(246) 
in Pichia pastoris. Protein Expr Purif 43:18-25 

Innerfield 1 (1960) Enzymes in clinical medicine. 
McGraw- Hill, New York 

Mann M, Hendrickson RC, Pandey A (2001) Analysis of 
protens and proteomes by mass spectrometry. Annu Rev 
Biochem 70 

Mihara H, Sumi H, Yoneta T (1991) A novel fibrinolytic 

enzyme extracted from the earthworm, Lumbncia 
rubellus. Jpn J Physiol 41:461^72 
Nakajuna N, Mihara H, Sumi H (1993) Characterization cf 
potent fibrinolytic enzymes in earthworm, Lumbriais 
rubellus. Biosci Biotechnol Biochem 57:1726-1730 
Nogele E, Vollmer M, Hmth P (2003) Two-dimensional 
nano-liquid chromatography-mass spectrometry system for 
applications in proteomics. J Chromatography A 
1009:197-205 

Perkins DN, Pappin DJC, Creasy DM, CoUrell JS (1999a) 
Probability based protem indentification by searching 
sequence databases using mass spectrometry data, 
ElecUophoresis 20'3551-3567 

Perkins DN, Pappin DJC, Creasy DM, CottrcH JS (1999b| 
Probability based protein indentification by searchmg 
sequence databases using mass specUometry data. 
Electrophoresis 20:3551-3567 

Stensballe A, Jensen ON (2001) Simplified sample 
preparation method for protein identification by matrix-
assisted laser desorption/ionization mass spectrometry: In 
gel digestion on the probe surface. Proteomics 1 •955-966 
Vu Thi Bich Nggc, Ly Thj Bich Thiiy, Quyk Dinh Thi 
(2013 ) Tao ddng va bieu hien gen mi hoa lumbrokinase cl 
Pichia pastoris. . Hdi nghi khoa hge CNSH Toan qnSc 
nam 2013. Nxb Khoa hge va Cdng nghg. Ha Ngi :152-156 
Yan XM, Kim CH, Lee CK, Shin JS, Cho IH, Sohn UD 
(2010) Intestinal Absorption of Fibrinolytic and 
Proteolytic Lumbrokinase Extracted from Earthwomi, 
Eisenia andrei. Korean J Physiol Pharmacol 14'71-75. 

EXPRESSION AND PURIFICATION OF RECOMBINANT LUMBROKINASE IN PICHM 
PASTORIS XM 

Vu Thi Bich Ngoc, Do Thi Tuyen-, Ly Thi Bich Thuy, Quyen Dinh Thi 

Institute of Biotechnology. Vietnam Academy of Science and Technology 

SUMMARY 

Lumbrokinase, as a group of potential fibrinolytic enzymes from earthworm, has molecular weights of 25 
to 40 kDa. These enzyme was demonstrated capable of directiy hydrolyze fibrin, by activating plasminogene 
into plasmin- the fibrinolytic enzyme of human body. So, lumbrokinase have now been widely using for the 
treatment of thrombosis. In this study, the gene encoding lumbrokinase from the earthworm Lumbricus 
rubellus (GeneBank Accession No. AF304199) was codon optimized for expression m P pastoris X33 using 
an expression vector pPICZaA. The transformanl expressing the highest level of the lumbrokinase (0,767 
U/ml) was selected The recombinant lumbrokinase was produced with the highest level in YPTCM medium 
after induction of 1.0% methanol for 96 h. The recombinant lumbrokinase showed a molecular mass of 47 kDa 
on SDS-PAGE, specific activity of 2,94 U/mg. The purified of protein was identified with Maldi-Tof mass 
spectrometry, which showed 100% identification to die corresponding peptides of the putative LK from 
Genbank (code: Q3HR18). The lumbrokinase was successfiilly expressed in P pastoris X33. 

Keywords- expression, lumbrokinase. Pichia pastoris X33, purification 
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