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Abstract

Introduction: Thrombosis and the blockage of blood vessels with clots, can lead to acute myocardial infarction and
some times even death. Aside from surgical interventions to remove the blockage, the only available treatment is the
administration of thrombolytic agents to dissolve the blood clot. Streptokinase (SK) is the most commonly used
fibrinolytic drug for this purpose. However, SK has some disadvantages including immunogenicity, short half-life and
hemorrhage induction. PEGylation of pharmaceutical proteins by the incorporation of cysteine amino acid is a novel
method to decrease their immunogenicity and also to increase their stability and half-life. The ultimate goal of this study
was designing and construction of the cysteine analogues of full-length and truncated forms of SK, which posses less
hemorrhagic side effects due to fibrin specificity.

Methods: By application of PCR-based site-directed mutagenesis technique, mutants of SK genes, harboring the
transversion of AGC codon (serine) to TGC (cysteine), which encoded full-length (amino acids 1-414) and truncated
(amino acids 60-386 and 143-386) proteins were established and cloned in pET4la plasmid. Expression of the
recombinant SKs was achieved through the induction of E. coli transformants. Produced proteins were confirmed by
western blotting, purified by affinity chromotography and finally evaluated for their biological activity.

Results: Mutant SK genes were efficiently expressed and due to the fusion of vector-derived His-tag the
recombinant full-length and truncated proteins were easily purified. Also despite the replacement of serine to cysteine in
the position of 208, the biological activity of the new recombinant protein was still maintained.

Conclusion: The produced mutants of this study provide the possibility of establishing the cysteine specific

PEGylation process and improvement of clinical activity of streptokinase protein.

Key words: Streptokinase, PEGylation, Mutagenesis, Cysteine analogue

* Corresponding author e-mail: rfarzin@pasteur.ac.ir
Available online at: www.phypha.ir/ppj
56 08



Pb =08 () V¥ 5ol los 5 solaned

WAR leg

30 98yl J 98 90 (huiamns S (2 S (30351 3 O €0a 21 b
ouw olig 9 Jol5 s o3Il 4o

a0l s s Sl s s Lol lans 31 e L) Bl Lo ptame T isp5te (0
Y LTy .
g9y ()8 ¢ (ool pl Lide
Ol ol pl yomely gtatadl Gl g el iz Y
RS ! ygml gl ieuS g ()5 SOb ol Kialejl Y

M 352l WY s il M ol e V8 il

odS>

d9290 Glayd Lads ol Seo8 dn dlandl @) 1 jlaidpo 358 S po gl (5 5 (8w &) oxie Wl5 oo S bawg (g3 gye sl b jgeeg 5 iedde
adox ) (e Ly o 52555 3929 (0l b ol el psliie ol (sl St b o0l ooy U g ptl ol 5 (3 o 3l pslaion Sitdgeng 3 Jolys 090
S el ) lS g ) S g Aigel ol alasly b (S35 slegBig sty A5l o olian (S5 9 9l 0USS jes da ¢ il s S35
Lo 4 el ous olis” JBil o g ol LS ] inftepms Slain Sl 8l g (b adllae ol Jlog B ol bl joe dad 9 o)l a8l izmon 9 9/
Sl o )l (6508 Sl p000 ST b @ Cuobazil il

o) TGC L (02 ) AGC (1555 (2 jS0ele (615 38 920l sleds sleibige PCR S8y olgsds a3 15 (ygenslige S5 jl oalizl L sl g
SIS e S PETA1A syaiasdly 55 5 00 atblus 65,5 o 35 |y (VEY=YAS o 5+-¥AS atpel (clotpus) 005 oS 5 (V—FVF atpel (clotgu) JolS Jsbo b (slaiuiipy o5
=55 Jeo (BT Pleg S hg) 4 0ad A S (g plonl b Jols (Sleiisn 5 18 ol oS g sl STl B colil o il gl 68 il Jlsny
38,58 byl )90 Saislon clled s I cules 53 g 0ad s

b st ey Jlas] dlawlyy 005 oligS 5 JolS sl ojll b oS 5 sla (g 9 485 Oyse g Cilige S s sl slads ol slaasdly
0,8 Lais 1) 0 Sojslon culled lizmen Mo oS 595 sliSan A (gl diselinnl oSl )5 (s b (o (30l o e BAS Gadss sy 4 S5 B

ot sl el Byl sy ol g ot 5y 2 (ol oSy 08 plosl ISl ddlllas () 3 008 Mg Clige (lakiBgyy rs S donT

gl (5o oly8 1y Sl 555

s (030l (Il gmmlige (omme NSy S g3 piasl sgunlS” (slmosly

o

Olee 3 V] el oas ooy L o5 & (sj0 g (8 doldo

=9, (Streptokinase) ;LS g il «Siidgwegyi Jologs
dewg Jlo 0 slaygdS  ofg 4 Bylxie Hobo 4y a5 Slo a4 Mo (Jhlowy )> Sitdgrog i loys (sblje

Cowl 03g 03law bJYLd o : b«-«mﬁ SAREY)
% Jb 2 Vb ig o g ol Cod J rfarzin@pasteur.ac.ir WO Jotue by

SV ) ) ERPIRIV SRECRIARE VRS- at AR AT www.phypha.ir/ppj s 009

57 oy



ohlen 9 g5

S g ool i by 030k oo

4_;:«;1 Sl 128 @ an g3 b [A] sl gl jolaie cpl (gl
[V & 9 V0] jlas gyl (59— )3 L ) i
Gl (o0 B9 =) g5 Bus 4 S polaites
Sl SO Jolas J5Sg0 (ol izl dsl g5y (5 Sdly
ol ol 55,8 L5 (et 4 Gaslin oSl ) dial
25w ed Gl (o pplaie ol sl 5
A5 g Al B ol Jld ool 5l )93 (391 e yteed
g Cbge oSy jokay ABL el ) dnd Slrordgn
S bl (S0 Sslen Culled )3 1) i (p S Jols
il oLl s il 3aios 3 G ol s
J5—Sge YA oLyl 5 02y izl 2l (6 gugal S
O 4o b g gaelipe cul plol sl SUS 93 il
site-directed ST ploul Ly o 0 ol
g 3 dimel dal ol 4 bgye 938 mutagenesis
el g (VEF=FAS 4 5+ YA) o5 oligS Il (s0055lS g
O 4 bgype (1938 4y LS gl JoSUge (V-FVY)
s (30l A Glo g (995 0ol Jlod 9 03,5 S
Lo oS 5 sladson « Eo coli 5350 5 5953s
Cdld a5l a8)S Ojgo (eswlige 4 drgi b g padss
28,558 bl 090 (Seielen

s 5, g dlge

SUsS syil (B9 ol el Sl g5 4yl 4 4255 L

i« Protein  Databank L _eMbl ol L o
PDB viewer )58l o5 3l uil 0 39350 wWw.pdb.org
H3 Lo saalin cos (WWw.expasy.org/spdbv/) v3.7
ael gladwl JSb ol )3 b ool g (gdm dw
anb oy JSis ael sladewl 55 g e g xdow
il o asts BB 4y (catalytic site) Jled
P9y YA bl_<>l:> 20 (R A_M.o] JM—)A)] U»Lw‘ L)—’I
Sl alol it b Slosdgn calud dawlgs LS g il
2 o=l 8 (Y0¥ 4 b) s g il Jld oSl
L5 JI a8 ol S s 35 i (sl
JolS g (VFY=YAS 4 5+=YAS (ol aipol asl JIg5) o0

58

1o 855 g o canl 5sgkS ¥V JsSgn (g 5 izl
Caol 5 00 e Seidgenliy (gba o8 g il aliseo
025 JLb L e jf ol a1y 395 (Sitdgin pud
[Pr] 15 o Jhael 5 0 G505 Jlo 53 isisanh
5 2l el Jto il U3 )loe (B o ST g2 b
593 S da La 1y (Syls nSgp cnl ) esliel (532 55
Gl dlio U olalas (Y] ol 03,8 dqdoe )55
o TPA e Sidgseg i sl 9y plo asle den (555
A2 o i Ly [IV] il 00,S5 08U 1) 5LS g il
o 3 5 ol 9090 (el (sl disel spnsl 08 Ll oS
JLd czge (89 ol 3)Sas (35 (ool l L sl
g LISy e ) Hedn 50 LS (fgiendly (b
N8B i Jloinl (ogas 5o pmd Yoo b s
Odren [Fe ¥R Y] a2 el ) LS g il OB jas
iod] il g S50, (6lal dipalinl YA il
Gl 04 oo Jl (s 3 9358 (o LS gyl (25
1D okee it YAS-FVF cla aiol sl (gols anl oS
£y 9d iy cpla [YYY Y] 5yl 5l gn yiwl 5 Slas
“YAS 4] cladal ) 5LaS g il (uiigy oas oligS
Odrod g oy yad do YL Cuolaidl b (VFY-YAS 4 5
Wl ods (Byme yedin lalllae (5 jieS s (51 @l
Slasd oyl Gl i pde &S Canl Sy p3¥ Ve YAq V4]
ol 03)S Laas ) 595 cullsd I ol stos iz LS g il
S s e Ghli8l (gl cuslio sl 2, 51 (S
o s LS a3 g LS g il aile (S > (g
ol (b slo ol 4 C)T Jlas! ‘O] S Bpao
01 sl oISy lsie Cod &Sl (PEG) oS, 6
u%_mm PR ).f.) Cyo 09M$ [\\ ‘\\C] .)9»: &
o (15 tl 31 g 00l (a3 1y gy Mo ien
PEG JsSlge 1z b S logos gy ol o 88 (oo 35
Ao L oeBg & o VlgeS sl Lo 25k jlend b
doul cel yol cpl aS (g5 & g ° Jhaso Ja5 550
5 3)90 6590 (SmgBeyin g (2lad 5B 53 (Sl
DVo VAT amd o il i 5 1y o] yee dos g aniS
i Wile (ool disel (sla ol (59) 5 o g
Oy | 03laiw] 48" 31,50 yauo (CyS) i 5 (LyS)

OA



\Y‘AR )LQ(] &\ O)LQ.\:} ‘\\‘ ..\l>

&59sS o) g (539092 5

s g9y SYIgaome sl T oy o LS sl () Siggls g VoA oSl atiel ol 1> 5 mmlise Ca oalitiol 3,50 (slajoulyy =Y g
Ll ol odly uLu») A.iS) 2 Oypa (RZOS 9 F208) wbyo dlh)wl)) S9) ¥ wbyo 05.)5 9 %) Ls O

ol pb w23 b G BB
F1 5’-GAAGGATCCATTGCTGGACCTGAGTG-3’ BamHI

R208 5>-TTTAAAATGCATTGTGCTTGAGCTAGTAATTC-3’ -

F208 5’-CAAGCACAATGCATTTTAACAAAACCCA-3’ -

R414 5’-ATCTGCAGTTATTTGTCGTTAGGGTTATCAGG-3’ Pstl
F60 5’-CGAGGATCCAGTCCAAAATCAAAA-3’ BamHI

F143 5’-AATAGGATCCCATGTGCGCGTTAG-3’ BamHI

R386 5’-CCGCTGCAGTTACTAGGGTAAATG-3’ Pstl

oy dw c3lw ay , o pET41a (Novagen)
g 4 45 15 pETSK143 4, pETSK60 pETSK1
JsSJge VEY=YAS o £.—¥AS A-¥\F _slgs Ly 4 03
Les a5 PETA1a spodly (o0 V= JS03) w09 S 2 !
9 (o0 cxge ) TT 01038 Sgagp Sl o (g ol
Aol wl £ 5 JS i) 6XHIS e p 39581 Ly aSb
5 Sl Sl Jols (i (el skl 4 (st
wobaidl (o3 (ol 5l oslial b a4 1) (pigp padlss
w2l (S 5 Jee (BS5leg)S gy 4 s g OXHiS ale
at bl colige Lo ojle Jlg como 436 JLiss 2y9] (0
5 s ety aleg 5 oo 31 3T slacy, L o
Sl ol Gl 095 4 brasesdy (V- JS)
ol oS g slhwdslS .aud p el 5 (E. coli BL21)
09y ol g o 0l cuiS LB wlo b i (o 0
22391 L (ODaon = 0.6) -1 5 ks & gy | ot
Gl (Yoo (o /Y Slag clale &) IPTG oaiis 5l
Sowm o WoS b as 0 YY Glod pcslo ¥ oo
B sl S 00 53 0 il L 5T (slefsho o 5
Voo o Ve NaH POy Yso o Voo Joli) oaiiS 5
2L el Jlade U Jols @l (o)9) ;¥ge A g Tris.Cl
J9pslS ¥+ (Tris.Cl Ngo +/-% Lolz) SDS-PAGE
Gdes g bolse CME 7Y 5 gl Jidgegy /+/+Y SDS /LY
o b enligs oS ol day Voo glod jd 4d35

59

SLonl S5 5 PCR pLol Ly Jy-Sla (V-FVF Jls3)
—(Site-directed mutagenesis) olgsd> 4l )3 ygumlige
S. equisimilis >,l6l ! 44w ;I M5 oS ske2 05 89y
soaie ol (glym 1505 Sl 392 005 L (ATCC 9542)
55 bl j5 b 4y PCR (by) 4y 07 1 s 9o 1l
o by (908 Jias) o 5)50 (mline oSy jolay 55
L (TGC a5 AGC I JolS' 5L g0yl p3 Yo A diel sl
sl et Ggwbige ol 03y sl yelyy (635,50
5 ol Jlail oee 15 () Jpie R208  F208 (gla o) )
ST ddad g3l gam STy 50 e WA Sl 4l
Cdr So (9381 L ag lbgren (g5 syl 45 0
048 Gl dshad )90 )3 Jlto lin) Sl joilyy
S Jlosl g RA14 5 F1 slayaulyy JolS 5l g ol
Oid s cge oS ol a0 AF) ol gl S
M, 5 il am > OF) s can glod  JoSo sla aii)
g (ahad 93 5l (Ldgran Slal (255 (3 % oo >
25l Clled g 0l)F s 3 YY) sl ardy slod
Lo ()= JS8) 8us 355 Jatte w2 4 (3l ek Taq
9 W olad] o b jely (Ll o Sl 4 de g
ey opl 4 g 0 ansd Pstl g BamHI 5¥1sga0 s 3]
o byoye) Jolbs PCR @¥game il 9 3 (2l ool
Ly clad ol b 292 0 Sl ((elS g o obigS colekad
Syamsdly 53 Ldl 09,5 0588 cled 59 5 )5S e o5l

AN



ohlen 9 g5

S g ool i by 030k oo

Tris base ,¥ge o 0+ 9 NaCl Yoo Lo V- o}, 5170
s algl ol (g3 )3 e e 0 b b SeSaly g osd
S gyl 1 il lpale b kSaly ol oo ) o
pSeb Ve cub Hlade L 4 (B. Braun, Germany) k!
3 a9 adllas pl )3 0 adSS oS g S
e 5 5 (o 9 05 (oo ) il Ly Saly o
Oljee 885 y0kay A 5 (Fluka, Sweden) Slus! 5 giemwdl
9% 29 LS gyl Sl pdin LSBle ) (jgiendly 4, Y ge
098 Dl wl UuS g i wl (gols lads a S 5 5 Sals
J 3539 LS g il (90 (el b g (gimensdhy
2 09l Coliw VY 1y S 4 J S lota
Gl ) o538 5 5 o5l elo dla St o 361 cglo
g sy b oLl oy dbg e kil e laz) Sals
O 9 03 oy 3l (gloSaly > LS gn il clale
adla b ay dagi b odd adlsd sl aiged (8 clals

o] sy abgy o cloSaly GLLI 3 o0 sl

o assly

e (molaidl (oS LSl sloul jolate &

9 PCR bl b jls s il ()5 <olige p)3 dw S gty
S oasilix) ske2 o5 9y = sl 4l (Sl gelise
(kY JSs) ol oo olsgS JSs 93 o (S. equisimilis
dial ol 4y bgy0) TCG Ga5gtlS (1988 & 0 (nas
dizelisl 4 bgpya) ACG (1558 (VoA olSul> )3 050
Ol Gl 00l 485 IS (el ponlyy 395 s ((peians
lags 2ol oas ooy Lis V Jods o Ll Jlgs g yelate
VY o) aielial Jlg oaisS olo a5 cilige 5LuS g0 yiul
2 dw pa8 0 W0y S g il VEY-YAS 5 £4=YAS )
— JS_) ord 5l PET41a Jb BamHI / Pstl olSyls
5 PETSK60 PETSKI (latsadly iy 4y g (0
15 00 £lill gmilige 156 Jloks 505 ol pETSK 143
090> A ys5 e Sladee My (g V= JSd) He5 3 Sl
Cater 02 pagiadls B, coli BL21 55, sl
His-tag cauz b (o ©rpar) oo 59 cloion ol
cdl (Cunl 39390 PET41a 159 61 1> o] oijlo Jlgs o

60

55397 S) SDS-PAGE 7Y Jj 53 (39 Joloro joa Lo
slie a o)llinl (By) o Gilhae (xS slasil g 00
(Lt i gy Jlins . [PY] S0 Jite jolglg i
£ 13 ) 515 o cpnsdl Y bglsn b olglos i
By L ol clid gizad Jolye plosl g (31,5 (5l a2y
Moues anti-His Ab, ) His aJle b0 (3l 51 V/Y+ -+
1gG as (oo (51 Ve oo by L e ¢ (Qlagen
HRP-Goat anti-mouse IgG, ) HRP ;51 L 45438
A b Hleg U1 glod o el ¥ Gdey S o (Sigma
Moo oo Ve JoLs) TBS sl gl byt g 5o
TBST 5 (pH: 7.5 L, NaCl ,¥s o Lo V0- Tris.CI
9 NaCl Yoo Ao 0+ Tris.Cl }¥o o oo Ve Jolid)
5 e Pl e 88 @yg o (Tween 20 7 /0
59y 4 by ye —woladl claasl , 31 oo i
3.3" ) DAB (l355) o3l jo—a> ;> jluSg il
S yie slaiuiigy Nl (Diaminobenzidine
» (6xHis-tag) cviii s cewe p i dawly Jobs
Nickel-) Ni-NTA ;57 closgin jl osliwl b ol (slos]
Jedlysiws L 3llas (Acid, Qiagen NitriloTriacetic
yobaie ol sly Sud Hadsd dls e S$ ol S b
e 053 0 Sl Slog Sl it 1 ) (e Ve g
Vo NaHPoy Yoo (o Vev Jolis) oaiS” 3 480 1 2l
VO ©ae 4y (PH: 8 L oysl )¥ao A 5 Tris.Cl Yoo o
s o Y b () Jslone Sosie sl Sl am 9 005 3 e
Lo o sSIL6 S p> 4By Yo odey Ni-NTA (5,
(Qiagen) (Sl ,Sgilog)S pogase Ggiw ) byl cpl .0
ke 09 «2YL Jolome 0 )b jlam g b ais,
0138 o 8L alie dlge Joli) gudians 3L b () 4 Juate
L Lo (g pllpw 0 din )b 93 sl (PH: 6.3 L
(PH: 4.5 L, (13 3L, 55 alte Slys cslls) (gl L
Lol il 501 @oll 65 oo +/D (i3 ¥ 0
o yepB YA+ zoe Jobo 13 (5)95 @l 5 ojlul L
9y L JUsS gt pl 003 e 55 sladaigy culled

st s (58 oI [TV i oS doni 5 3,
Skim milk 70 gsls J5 dliwg (530 Byl S s

s.



WAL Jlog ) ojlad VY al> S395 eyl g (g59de b
BamHI Ser 208 -
. : 5
’ =+|[\2||g @) F208
- FI8= 5 i\—is z G —_— 3
fl-origin S P B oee T s
b4 E = R208 ¥ R414
Fusion tag “ ||k
w
KanR 5, 5 Fi & 2w s
‘ [ 5
= —I_—‘—
T7 promoter R414
pET_4la P T Extend
5933 bp || NE
-Pstl 25 ‘ 3
= < 5
pBR322-origin reR
A
1 | 414
50 | 386
UsS 5 JolS (slogutSigs 08 ol (sbosonsdly 4 | i) JSas r I 25
2lisS 5 JolS' (glatudigy oS’ by sldaendly 4 | IS b iom) JSS Cys 208

(V-¥VF & Aol dpunl Sg5) Jol8” labad 008" by sl 5 5L g il o
w5l 90 b S g gl (VFY=YAS o £+YAS (ol apolisul JIg3) o oligS
4S5 sky b sl pET-41a (Novagen) suewdly 3 Pstl g BamHI

iy & Jate Sygar TT W8 Sgegy cov dbgye (ledsbyy
W (o i |y rusleblS 4 Cuglio 5 KanR .u4s Ly (Fusion-tag)

A Sl 55 ¢ olwl ol a0 03,8 baas 1) 355 S559am
JUsS g il g9l slgSaly Sl,bl > lgisls’ adls
ol dloul oad e 59 sukiw Oliie 35 g 3kl
L g Sl gyl g9l baid o it J S sleSaly widg:
395 SLbl )3 1y desils j) sl alis 655 s ofgivenDly
o b 6,5 00l U ppuizmon (il IS3) aizsls
S g sl i lises poolie gol> (slpSaly 4 byye
Gl o (Bl VA wslg YY (el e il V/F) 3 laili!
o pawy 5 (A9 VO (gl y e Bl VA g aslg VO
01 oLisS g Lol littia a5 0 oMl dlogs e 3,1kl
o sl dislil o5 Js b an ang b jlS s sl
Sy asls ¥e g VO AYA) xad o i ]y colled 5l aliseo
(VEY=YAS 5 £+=YAF O-FVF sy as Job L sl Jlo

(ot JS)

Jolse pas aesd (luljdl j5laten (Soldte (sl
o e ol ol 51 oS Wl ead a5 IS, Sitdgreg 5

4 powge) HUuS g ywh s gmeodl uSdaeS” g Hins]

61

ssb @ 0 jlasl 5 PCR (bg) 4 ol abaili (gualige sloml icall =Y IS8
92 Wb (o (e banl 93 (nl g STy )3 g 0nd ST Wl
AGC _uSols g5 5l oomsbise Jals Y-A 5938 1 R208 5 F208 ,oil,,
it ob JoSo 8 il 3 byeglyy ol oS bl s TGC &
Sy o Sytde iy g il Slissed oo b osd dbol PCR &Y game
Py eSS 8l by oud RALA 5 FL slajly b pgw PCR STy 0
Ol 4 eeie V g 5 0nd (Bme slajesly plo b Slesl PCR pls

33,5 o VEYSYAS o 5e—YAS (sla ojl] L cibise Y gamo

SDS-PAGE 7)Y Jj ;5 o olo sbiaigp obs,l 04
LUsd a1 SsdloelS OA 5 55 YA gy dus joas
YFY=YAS 9 £+—YAZ O-FVF lo s L iy & (Sj
g el ol iy g ol (Lt cidg: alee LS sty sl
5 g ottt o ade (oL 5T 5] eslal b e
—olaid] WSl aw 099 50 HRP L 54358 4,956 (g0l
Pl et gy & e GliBisn Ol 4 baye
ol ol ol 3 (Y JSE) 3905 Sl STho slo o
9 =5 5 Je SIS PlagyS ) 5l ekl b (Sg dw
@ prie cald bylpd )3 NI-NTA BT ledgin 605,
ol s )3 S g S gl (s Slio o>
(3ie Egly S odis ol Ly (¥ JS3) 4 55
et Olitdo | (gglue yolio (3557 5 tseuMl 55T
3 U5 8 ) 325 )53 03 eSS (clasls g
Cowdy ulis (wlal S0 dwslie po b (455 colais]
o i 40 VoA yo dialisnsl A5 o pule ool
cdled ol 01 olsgs JS il pm g oS S8 g2

4



ohlen 9 g5

S g ool i by 030k oo

540

by

5k143-386

SK60-386

L
a0 ag0
c A ¢ A & T cl n T T T T &
SK1-414

(SK60-386 5 SK143-386) o5 obisS 5 (SK1-414) LolS' 51 5ty sl aly (ypmobipe (51835 g s i syl cbige 5 o (s055lS 55 g ) JSib
2905 248 (Cm s 2135 3l0) TGC (3938 &1 (S s el Sl 15 o) AGC (558 o

43 PEG Wlgs S JLusil 3,15 1, o5,y Thiol (slamg,s
Gga3 25 Oyg0 xlig ) 39290 s Alzel (glatd
03352 O S 3)l9e 3 g (o |y sl el nl 5l Sl
sl Y] 13655 HIV 55 co)ls 5 [WY] le] 1,
(FVIIa) oS 5 cdn ,9518 JuuS's2)S el & PEG
42 PEG Ll 55 5 [0] 0ad oligS (535090095 5 [VY]
2,5 odmline [Y+] ¥ 8ol il (site-directed) olgzds asl
5 ool S28LS 5 ae s Lilidl 2)lge ol plos
Ol sl oad samliie (9% GgewdSy e (590
S ab SW pols Bdos )3 il sl (535 s L
7 S gyl (polaBl (omedSy plonl Caa p)Y Ll
2 Oosslige pll b g 0ad obld (i dipelipul (slise
ol ) it dizal Aol 4y by pe 908 ()f e
JUsS gyl 003 0B85 ol JUSil oS (o ) cmslie
Oswlige cpl obul (gl odd a8 )3 Jlas 1> 4l 0gd sl
sbaies a8l 22y 31 Jlab ddlais ) 550 Cangly 0 o &
I3 oeSon e 5> Cunl (oo 5SS Pl ) s
g Lol ol o [WYAT Al oo 5 9 azily
o 4 VoA s dinold il (6 Fomals sl b)) ol
Ot b Slosdon a5 jl on g 035 > 1) 59530 Lasl 3
dupd d dagi bad oll il cae cuh cqlis
Sl adspo S a5 g Gl «Sisgls 3)90 0 Lo LB

62

(MBP) j5ils & 01555 Juog (s, Jlesl 5] (APSAC
ool Shard pLesl V] LS gyl el slel &
el ce (Sl powbive ¥] LS g)0 4 (Sl oy
Bl Ofgie—wdly 028 JLsd )3 (oM joSUIS (Sl
s (PEG) Js—$uM5 bl L JLasl 4 [ Y] (TPA)
ool @l Ly cnl 51 (B 905 0,L31 [V] jUS glidl
u.A_JlaS uml_fwyy)gwbw ).) ‘) LS‘ oJ..US
aS Wl oaly s o) )Ser 5 Abuchowski .l ouds &gy
b (sl 454555 lonl L ((55:0945) PEG (Vlges JLus
) Ll 150,553 yos 4o ks 3 ol Syt
S5 )3 39390 i diel sl [V] s> o Ll s 5
098yl LAl a3l sty )50 5 12l
ab S I ME [YEAV] 5lS s ol o [VV] slisels oy o]
Colled pSasds JiblS hgy pl M dles | ol 0u
@ axgi b oplpls cal odg (pid eSS 155 (g
45 350 (oo s Yoo kison JIg5 ) i ol
oLl s U g 48 )5 O ygio (aund Ojgsy eSS
Sy opl 3250 Soly andl &8 398 (6 pS ol clld zals
£ 9 4L laditign 5l (Sigye balse sbul oo (ous
= 9o (g Slobgy p [A] il (o 4 LSS
s JLail 3lss 45 JLsb PEG jl ooliil Ly &S 555 o0

4]



\Y‘AR )LQ(] &\ D)LQ.\:} ‘\\‘ ..\l>

&59sS o) g (539092 5

OB ol gy S gl clise lgl culld oy p —F S
bS5 (SKI-414) IS oo L a5 panlss St il (clo aigas (o)
Gl g0 355 25806 Ve ply e cdale L (SK143 5 SK60) ons
J51 53 (St150 5 St75 ¢St37) Gl (slazlled b 5 syl 5l
9 oMb 4w, Skim milk 5 5,57 J5 (ools cub 5 ok aus lo Sals

() e 3 25 (ke V) Lade (fginenadly Jolore b leSale 0357 5l
ol slSaly b 4SSl oS il da > VY glod jo sl VY ol el

A5 e S8 gt 56 e (SK) LS gyl b g (Plg) ogiansdhy
LS 5 sl g9l sln Sals gl dln yhb 6,8 ojlul b () ns 43S
5 osb adss ola wiged Sojolan culld oluliel e ) g 3yl
YA Slabad (gly o5 ) dolg VYA 9 VO F+ e o ol s jad bl

ol ks (V-FVF g £e-YAS VFY

oLisS’ ()5 93 aSh jUS g ptal Jol5' 0] bb & oy cnl
2 255 5 (VEY-YAF 5 £-YAF Jlg5 008 ly) ol
aliio asllas > .005 ol E. coli BL21 (DE3) «gw
Slail gla Jlg5 0559 a8 34 0 03l L 50 (6,500
01 osS i g S gty il (el (slel > Yo
Lot 235 50 [VV] 235 (o0 0l 5 (sl lalj8l 40 o
sl 3 39250 (His-tag) (codsinsd cunz 5l 65 oy
Loy o)) & oS3 S syl (it Slinie ¢ el
5 g e ardss NI-NTA (g 5l jges adye S
2 oS ol Wi8)S )8 b5l )90 Sujglsn culld
0,9 Ry pEpule ¢ 48,5 O (denaturing) s Loyl
g odid B b | 35 adsd sl )0 eolaiul 5)ge
S5 a0 03 )5 baas 1) 068 culled o (IS (sleiuiig
ol ) iy (63 Mgy (il 4SSl S5 LB
B9 o) gl il ld a3 g S o5 sl
Cowl 03y L 1) 395 cdled 50 culds Lol )0 o)lgen
01 Gl iy Lo 5 oSl &t b Ll [154]
oanliiie g 000 3yl peina diol bl Geod oyl
2 U gyl 0ad olSeS g JolS sleingn collad Lads
el (o asil o9l (YU cilale joas b g ol bl

63

66 kDa e #4
"

29 ' '

23S Gl oMy ol o 638k i (59 2 S gy —YJSS
F oY sla g ((Ban SHle ) (g 0dd bS5 Jol LS gyl
05 ¥ slo gy PTG Lol 5l Jo8 5 am oo 4 JolS (655
IPTG L Ll 5l 18 g am cud b 4 5e=YAF g5 b o ol L0 o il

=8 5w 5 @ VIYYAS I b o obigS LS gl i 5 7 sla g
IPTG L, -l

Bl IV ] Cpdiid oyl oolil Ly LS gt il
sl il L e pQE30 (Qiagen) suo—wdh
aSiTagag L Lol i a8l )3 58 g sl itiamas
i)l 25 Slo Gl Gloin E. coli iz sl g0
OF Ol 23 (siuibge (Caml 0als 03y (LS o) MBS I8
97 YN lagly) SUsS gyl o oligs” JISil &y bgy o
SUsS g il JolS (359 LS g dals sy (VFY-YAS
JSde cpl @) psbaies 29y (o BB s ol 55 (V-TIY)
o 4 S) pET41a (Novagen)swe—wds 1> 1583 (slods
O ygmar 19y Ol 9o TT Aiad)a8 g ngy JpuS
2l olo g ord (gl (93,5 o sk (Sl p 4 Juaito
cenlie ol Sl iliSensg 4 A5 oy E. coli BL21
Cle d03)5 waly 8 i (l )3 55 0 oUsS (SledgSse
dawlyy 045 ol Sty Gle Jetews S5 (oo ol
IVAT 53b 58 bl )3 39290 (598) il o Iy

kDa1234567
116 -

664-—- .—.__——-—

48—

35—
Ly oad (s LS gt il lo (89 ;Siblei SDS-PAGE Jj ¥ Jss
Vo) ol VoY sls (g (Bign S )le N g Ni-NTA L5
S g2 islfl VoV gl : 9% (sl g (V¥ ol LS 5 )
02 oLsgS LS 91 ywljI Vo) (dgll s Vo sl (ygis (£0-TAP) 0 oligS
(5+-¥A%)

4l



ohlen 9 g5

S g ool i by 030k oo

& el digel ool b S g sl JgSge VoA ol
o asly 095 oo b LS g0 ol So5glgn cullad Lo
S gyl 00l obgS 5 JolS sledgSge ) 55 cullab i
sla iRl db b cos i gl an S el gy
35S gyl (olatdl e, plxil (el (s
o dord I3l g S5 (ol SRRl B b et B2 )10
e JySad el oy Jl i8558 o oald
3 Lblato s o 51 ool e gl (it JISCS

sl ol Jlo

)l ke

005 Ol hgiely gl bwg adlllas pl pbsl ) bgje sl 4 ja

References

[1] Abuchowski A, McCoy J. R, Palczuk NC, van Es T and
Davis FF, Effect of covalent attachment of polyethylene
glycol on immunogenicity and circulating life of bovine
liver catalase. J Biol Chem, 252 (1977) 3582-3586.

[2] Banerjee A, Chisti Y, Banerjee UC, Streptokinase—a
clinically useful thrombolytic agent. Biotechnol. Advy, 22
(2004) 287-307.

[3] Baruah DB, Dash RN, Chaundhari MR, Kadam SS,
Plasminogen activators: A  comparison. Vascul
Pharmacol, 44 (2004) 1-9.

[4] Breton J, Pezzi N, Molinari A, Bonomini L, Lansen J,
Gonzalez De Buitrago G, Prieto I, Prolonged half-life in
the circulation of a chemical conjugate between a pro-
urokinase derivative and human serum albumin. Eur J
biochem, 231(1995) 563-569.

[5] Chrystelle SC, Carolyn AH, Lisa SC, Elliot L, CC-
Terminal Site-specific PEGylation of a truncated
thrombomodulin mutant with retention of full bioactivity.
Bioconjug Chem, 15 (2004) 1005-10009.

[6] Coffey JA, Jennings KR, Dalton H, New antigenic
regions of streptokinase are identified by affinity directed
mass spectrometry. Eur J biochem, 268 (2001) 5215-
5221.

[7] Crabbe SJ, Grimm AM, Hopkins LE, Acylated

64

Cdlad duslie 8y o sl &S jelailen il o 4o
PSS (oS dass () b LS gyl (St Ol
G Jol8” Jobo b 5LuS g ol (IS byl )0 a8 0l oL
355 azg agb bl sl o 5 Jb ol ond oS JIS1 4,
b Jlail coge V0% anl Bl (LS wly)liS b oS
90 b Ao (D g oy L Ay Ao LS g il
aSST 33,5 a5 d L ol ol [YA] 35,5 o sokaisl
sl 355 (o pLasl esd ik o 35S sy
ypax ) i cdld JolS 23 b awnlie (> sudod oyl
Aol Leol ol aib andl &8 wimd Lis o b (sl 4
e ALy jois > oS (Slody, b il culled duglie
@b )b el sl (v oMbl Lyl (508
oy el ol (030l 5l e a5 0 i ol i

plasminogen-streptokinase activator complex: a new
approach to thrombolytic therapy. Pharmacotherapy, 10
(1990) 115-26.

[8] Scott M, Cysteine-pegylated proteins, United States
Patent 5766897 (1995).

[9] Derenzo EC, Boggiano E, Bargjr, WF, Buck FF,
Interaction of streptokinase and human plasminogen. J
Biol Chem, 242 (1967). 2428-2434.

[10] Dundar Y, Hill R, Dickson R Walley T, Comparative
efficacy of thrombolytics in acute myocardial infarction:
a systematic review. QJMed, 96 (2003) 103-113

[11] Fee CJ and Van Alstine JM. PEG-Proteins: Reaction
engineering and separation issues. Chem Eng Sci, 61
(2006) 924-939.

[12] George NC, Mary SR, Elizabeth AC, Darin JS, Sharon
JC, Daniel HD,A long-acting, mono-PEGylated human
growth hormone analog is a potent stimulator of weight
gain and bone growth in hypophysectomized Rats.
Endocrinology, 148 (2007)1590-1597.

[13] Harris JM, editor. Poly (ethylene Glycol) chemistry,
biotechnical and biomedical applications, New York:
American Chemical Society, 1992.

[14] Harris JM, Zalipsky S, editors. Poly (ethylene Glycol)
Chemistry and Biological Applications, Washington,
DC: American Chemical Society, 1997.

[15] Hernandez L, Marrero M, Streptokinase: about of a

S¥



\Y‘AR )LQ(] &\ O)LQ.\:} ‘\\‘ ..\l>

&59sS o) g (539092 5

thrombolytic patented in Cuba .Biotecnologia Aplicada,
22 (2005) 191-198.

[16] Irina YS, Aiilyan KH, Shakeel A, Brian RR, Lizbeth
H,Guy LR .The mechanism of a bacterial plasminogen
activator  intermediate between streptokinase and
staphylokinase. J Biochel Chem, 16 (2001) 12609-
12613.

[17] Koide A, Suzuki S and Kobayashi S, Preparation of
polyethelene  glycol-modified  streptokinase  with
disappearance of binding ability towards anti-serum and
retention of activity. Tsukuba Research Laboratory,
143(1982) 73-76.

[18] Kubetzko S, Sarkar CA, Plu” ckthun A, Protein
PEGylation decreases observed target association rates
via a dual blocking mechanism. Mol Pharmacol, 68
(2005) 439-1454.

[19] Kunamneni A, Abed Abdelghani TT, Ellaiah P,
Streptokinase—the drug of choice for thrombolytic
therapy. J Throm Thrombolysis, 23(2007) 9-23.

[20] Lieve M, Ingrid V, Ivo R, Randall M, Desire C Hans J. R,
toxicology studies with recombinant staphylokinase and
with SY 161-P5, a polyethylene glycol-derivatized
Cysteine-Substitution Mutant. Texicol Pathol, 29 (2001)
285-291.

[21] Memarnejadian A, Forouzandeh-Moghadam M, Sadat
SM, Roohvand F, Cloning and evaluation of the
expression for streptokinase gene with a 6xHis label in E.
coli. Daneshvar, 69 (2007) 62-8.

[22] Nejadmoghaddam MR, Modarresi MH, Babashamsi M,
Chamankhah M, Cloning and over expression of active
recombinant fusion streptokinase: A New Approach to
Facilitate Purification. Pak J Bio Sci, 10 (2007) 2146-
2151.

[23] Ofer C, Chanoch K, Arie L, Baruch V, Avigdor Sh.
Controlled concealment of exposed clearance and
immunogenic domains by site-specific polyethylene
glycol attachment to acetylcholine sterase Hypolysine
Mutants. J Biol Chem, 49 (2007) 35491-35501.

[24] Ostergaard H, Groth AV, Krogh TN, Petersen JM,
Krarup J, Serensen BB, Stennicke HR, Improving the
pharmacokinetics of recombinant factor VIla Cys407 by
cysteine-directed pegylation. J Thromb Haemost, 5:
(2007) Suppl 2: P-M-020.

[25] Qunxing An, Yingfeng Lei, Ning Jia, Xianqing Zhang,
Yinlan Bai, Jing Yi, Rui Chen, Aijun Xia, Jing Yang,
Sanhua Wei, Xiaodong Cheng, Ailing Fan, Shijie Mu and

65

Zhikai Xu, effect of site-directed PEGylation of
trichosanthin on its biological activity, immunogenicity,
and pharmacokinetics. Biomol Eng, 24 (2007) 643-649.

[26] Rajagopalan S, Gonias S L, and Pizzo S V, A
nonantigenic covalent streptokinase-polyethylene glycol
complex with plasminogen activator function. J Clin
Invest, 75 (1984) 413-419.

[27] Ramos CRR, Abreu PAE, Nascimento ALTO, Ho PL, A
high-copy T7 Escherichia coli expression vector for the
production of recombinant proteins with a minimal N-
terminal His-tagged fusion peptide A T7 E. coli plasmid
able to express a minimal His-Brazilian. J Med Biol Res,
37 (2004) 1103-1109.

[28] Reed GL, Houng AK, Liu L, Parhami-seren B, Wang S
and Hedstrom L, A catalytic switch and the conversion of
streptokinase to a fibrin targeted plasminogen activator.
Biochem, 96 (1999) 8879-8883.

[29] Reed GL, Lin AF, Parhami-Seren B, Kussie P.
Identification of a plasminogen binding region in
streptokinase that is necessary for the creation of a
functional streptokinase-plasminogen activator complex.
Biochem, 34 (1995) 10266-10271.

[30] Robert JG, Nandini VK, Site-Directed PEGylation of
recombinant interleukin-2 at its glycosylation site.
Bio/Technol, 8 (1990) 343 — 346.

[31] Rodriguez P, Fuetes P, Barro M, Alvarezz J, Structural
domains of streptokinase involved in the interaction with
plasminogen. Eur J Biochem, 229 (1995) 83-90.

[32] Saksela O, caseinolysis in agarose: a simple method for
detection of plasminogen activators in the presence of
inhibitory substances and serum. Anal Biochem, 111
(1981) 276-82.

[33] Sambrook J, Russell D, Molecular cloning. A laboratory
manual. New York: Cold Spring Harbor Laboratory
Press, 2001.

[34] Welfe K, Pfeil W, Misselwitz H. and Gerlach D,
Conformational properties of streptokinase-differential
scanning calorimetric investigations. Int J Biol
macromol, 14 (1992) 19-21.

[35] William M, Daniel P and David J. L. Tissue-type
plasminogen activator variants with domain duplications
and rearrangements. Protein Eng, 3 (1989) 111-116.

[36] Wu D ,Chuang W , Hsu J, Young K, Chang C, Wu H,
Coiled coil region of streptokinase g-Domain is essential
for plasminogen activation. J Biol Chem, 276 (2001)
15025-15033.

50



	ab-monzavi.pdf
	7-Monzavi_corrected_proof.pdf

