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X M, T #&, £ B, RE®
(LBERA¥L) FREFSHRE, LHE 200032)

(HE]

ERMBMMHWBR RN SR PRI, WHES TR _RE, BEDRE, AF T 5 8K I KN

Ao ATHERRAKMERIGILHHASRAMH MMM T, £ X 540 5 A RT 5 45 8 8 A9 5 Rl
E, RASFXMERMF GRAMM V1.03, URSFRBEMEFAFN THEBE - RETEHGEER. 4K
FEAWMARMER TR, SdBAKHEEARERSE S, RIEEEARTT B 7ERIR S 68 10w MR
5 fk RGD - Sak, ¥ F111 B#% D111, 3 HitZE K109 2 R109, WA ME 45 FHEMR RGD &, F#H B4 FiE
AR A M H MR REEA . FAIAEARE R DNAEAHE R, WE T RGD- Sk H KW, 3 H F A FF & 5 &
RERGHT TRHMEEX, RGD- Sak IR ETE R/, WMAZUENR, 8 mol/L REEWH, MBENH, BT
R — 5 BB KK RGD - Sak, LUK 95% K b, 4 FRSHMBMEMF, S X 10° HU/mg.
RGD - Sak 54 % M RN E S WHEAT BB Km, Kcat {4515 12.40 pmol/L, 0.81 s™', RGD- Sak B
RTRBRARE S BB B 6 B 1k = BT R 603 B B4 74T T T 2R,

[Xx@r]

KRFE BB (Staphylokinase, Sak) R4 #H M
HERER R A S BN — M EE KBS, |
136 MEERAM ., Sak A HIH AR, BEEAM
Khp 54 7% 87 (plasminogen, plg) W 1:1 &
‘Y, ZEGYHMREREARBENAEM (plas-
min, plm) &K Sak:plm, Sak-plm & &R K EF
R BOE R, WS W B plg FE AL plm, AL
BEERFAEBEORR, AMBARMOE. &F
Sak Wi plg REAEEA L — ¥, T EHXPRIEH
A VR B I /BRI AR Y VAR A L A T R 25 )
HiR, K Sak R—FREFBEMBERANY, A%
BEHRT Sak ARBHEPHRBERE, HAERT
kB, SHMIERE A, B, Sak 2FE
EH, AFARABRBROTURED, [ 485
RESAZ, HARAERTmRBHB . RAT
o8 P 7 R 4 T R O A T A I T R T o e G 4y
T, &t/ iR, KEEENTAY, UHFER

W R X TR0 ERRAE

BB O RERZ5Y) .

RGP RN, WS R —RE, &
EEZRIEK, BAEHMIE AR AT AE T Sak FTIRHER
W, TR BN AR A R T O AR 7R BT
i B E K EW & S RRAE, BA K H—BA
R EORARM 10%, Hik, BFRPIEZX
A TE B H B B B SN 2 T AR T b B

SHEERERTMBEEE, FIH X HELE
AEHHEAR, ELHELT Sak WK =45 WK
B, Sak B—MHERR DT, W 21 DEERKE
&, MHlhS K. 2RBITBRBMRN BB E
RAE— i 12 MREWRK o 85E L, T N % 20
AR EBRASS, EHTH, HINGEELUNE
PREEHIHEN . Sak 2 B B &Y 38 5K P B A X FR 4,
B X EBER KM,

FEMAS MR b, @it R L T X,
BT R REM A G, B T REN=
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BAEMER, R T R4 RGD - Sak, 3£
RTEXRBHETHRERRELRESL, BEK
RGD - Sak 5¥F4: Y Sak ML, B FHHBRE BT
TR, BEREBRRAKNENHBREME, XRRE
MR ZREEWEAMEASHE, W RGD - Sak
IR EHITH - P RRE, UHBAATERE
ERT SRR RS T

1 HHEF*

1.1 ###

1.1.1 &#57% HHEEKRERTFHHBESE,
WETARSHHE r— Sak WREEW, 2Tt
B & £ EH Rockefeller X% 1.A.Vakser JF &
GRAMM V1.03'*), 7£ SGI 02 BT T fE3s b 347
BETH,

1.1.2 A& ERE KBFE IMI09, &
pUCI9 AEZERF. KB E JF1125. FERE
Bk pLY — 4 g1 PR Be A YAk 2= B 5T BT X 7 1 4%
HEM, R pST - Sak HAEHE,

1.1.3 #&AMNE5ME Sak ¥RH A FHRE
(970923), JR&EEEX 98% LA L, —70CHRFE, Ex-
pand™ High Fidelity PCR System # H BM 2 7],
BT ABKEA BRL AF, Qiagen Z ML
BEEAR, WHEBKE. REXWE Sigma 27, S
— Sepharose FF, ImageMaster® VDS ¥ B Pharma-
ciaAd, SLAE#E. BEHRENREAHNNIEE
NBS. Waters 2 8] F= dho HARRKN B N E =40
4,

1.1.4 ERA&Z¥H® fHFEE Johns Hopkins K%
DNA & A # &

1.2 A& v

1.2.1 r—Sak ¥ & & #) SDS- PAGE & sk % &
BIRYE . X FEM SDS- PAGE, 2R 4 FREL
BiEm#T. BREEORKREESENE, 2R
X#R (2]

1.2.2 HMEB_RAEGSTHM HTHE Sak
“RENESAKX, U GRAMM V1.03 %4 #1745
FrisE, B F Sak TR, 5—4F Sak N
Bk, DL Sak ZEHR MK Sak WL AKX, #HE
ERENBERIBEMNESRHTE (K1),
BRT10NMEESYWEN,

®1 BEATIBENESN
Table 1 The parameters for high-resolution

generic docking
Matching mode (generic/helix) «+++++++-++++-+=---- mmode = generic
eta=1.7

ro=30

Grid step  ssesessmsaass s i savasssrmsmssm sy s sse b5

Repulsion (attraction is always-1) sseeeeeeeeeceeees

Attraction double range (fraction of single range) fr=0

Potential range type (atom radius, grid step) «w-e-sessesesssnsnsnennes
*++ crang = atom radius

Projection (blackwhite, gray) -+« ccti= gray

Represention (all, hydrophobic) =+ crep=all

Number of matches to output =+++:++sssssseeeeeeeeess maxm= 10
Angle for rotations, deg (10, 12, 15, 18, 20, 30, 0 - no rot)
e v ai=10

1.2.3 RGD- Sak AR A &R RE AL RBEH
i
it S W
L#sIWS ...
TTC GAC... 3’
T#H5 % 5... CGC GGA TCC TTA TTT CTT
TTC... 3
RAEB(# 5'... TAA ATC TGG GAC GAC GTC ACC
ACG TTC TGT TAT AGG... 3’ BIA Pstl &

FERL pST — Sak MR, U LWESIY. AT
WHATHE — Y, 351 bp ¥ BX 2 50K W o
K B, sifbfE, 5T W5 9EKLLFR pST
- Sak AWM HATE Y W, sitkfE, B8 408
bp FEEANBMR, UL, THIIWHTE=
By ¥, YL Klenow B4 ¥, EcoRI. BamHI
MWES pUCIY B4, MWW EMRERRE, &
BRESAMBRIERBRETIHIBENRE, HER
HEYHEARAF A ABI37TT W F BRI, R
JG il EcoRl, BamHI ¥ RGD - Sak EEHEYIH, #
AFRBK pLY - 4 BIHBLAL Ao
1.2.4 R2EHGHEFEZE W pLY-4-RGD - Sak
HALKBITHE JF1125, MERREXEHK, RELU
SLEBHTHREERRE, REERE, BOoW
FEW&k, PBSUERSE, - 70CRERA
1.2.5 amkdo B, ZM554 EHAPB
ZWBEE, URESREER, B.L)5, SDS-
PAGE ## HWE A WHFERSE.

FRVEZ %Y, BLJE, B0.1 mol/L PB,
8mol/L RE. 0.5% BHEZEEMR, ZREM
ZREEH. AEEFUE, REFERBEEH,
1.2.6 S-—Sepharose FF & &# LA 10 &R

CGC GAA TTC ATC TCA AGT TCA
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 PBEMBTEHEIEE, REBEMHEHRRERE LE,
Waters £, 38 {3 4% il o0 2 R A W 26 (1 0, BRSSO
JG, UPBZ MBI EEEL, 0~1 mol/L NaCl £
BEYERE, WAV A 4+, SDS - PAGE 4+ #f H W&
B, HMEEARE,

1.2.7 %EERRLTEMNE HHH#ET 15%
SDS—-PAGE, # D#i% 2 R-250 ¢ f4)5, Pharma-
cia Imagemaster VDS H#iWl € 4 . &,
1.2.8 AHFHEEMNZE 55 AT % E Q8RR
WEE, BEARRREEL. RAEYENE,
1.2.9 Sak- 4% 8 5 4% F» RGD — Sak- 4 % 8 5
A% Km #= Kcat A 2 S HIX#ER [5] #17,
53 3% 2 pmol/L ¥ B R 5 2 pmol/L Sak B RGD
- Sak 7£ pH 7.4, 0.1 mol/L PB, 37CHI &4 T,
BARN 30 min, EREABRBHEEY. R5
B#ELBREAY, & pH 7.4, 0.1 mol/L PB,
3ICHMET, #HUTHERRM 0~10 min, % 30
s it 3% 405 nmol/L OD {8, ®4 K [F K & % 8 R K
BEEE=K, B¥HHE,

RE#h# BRE

Sak- 4 %8 (RGD-Sak- 4 % 8) 5 mmol/L
£ EED S2390 1 mmol/L
g#EmR 1~30 pmol/L

1210 BAfAlmEh A Sak b,
DA K%, B 30 mg/mL. 3 mg/mL & . &
RHEEEKE, TRBE, 524 h 0, 4Kk
i,

2 #R54#

2.1 r-Sak¥HBREBEARARS . BEMNE
SRR R B R SDS — PAGE H 3k 4
WEBGERRAR. BRERE, UHEHHR2L
et ZEMEXN S FESA 15.5 kD, 31 kD, 46 kD,
62 kDAL BRI KE (K1), BREEAEK
WEWEENE, EEFFHNVMBYHABERNEN
MR, R r—Sak ¥BMBAELIRPAERHR
SDS Rakmfar, HRAWIERRE, HRFE—
SETE
2.2 Sak “RAHNS FEBRRTEIGIT
BHRARGKESITRA, Sk BEEHBH
FEHAKERARFRYE (B 2), Silence % i 1 bl Hl

REMHREY, REFHNEERFIEMTEK
—mitel, Sak WBKTA A EERH AKX (Hy-
drophobic Region, HR ), 4 3| i F 47 ~ 56
(HR1), 104~113 (HR2) fu#& ¥4, X+ HR2
BKHEER, EHEN _RESHWERYS, BAKX
HEAABREEAEM, #4A HRL - HR2. HR2
-HR2F#MEE . B FHRI BEEHK, A
W 4T Sak @it HR1-HR2 44, W—4F
Salk F 5 ¥ DX A BB M, T RE LR B — 4 F Sak #9
Wt U HR2-HR2Z W REH, BHMTER
SZAAMAER (H3),

1 ERt. JFFE R SDS - PAGE 4 #f r-
Sak X %% & I O SR AR A B A
Fig.1 The reducing, non-reducing SDS—

PAGE and zymography analysis of r-Sak
(A) reducing SDS — PAGE: 1—Marker (14.4 kD, 20.1 kD.
31 kD. 43 kD. 66 kD, 97.4 kD); 2—r— Sak
(B) non-reducing SDS — PAGE: 1, 3 r-Sak; 2—Marker (14
kD. 17 kD, 24 kD. 29 kD. 36 kD. 45 kD. 66 kD)
(C) Zymography: 1—r-Sak

EHARMEEANAEERYA 6~ 13 nm?
(600~1300 A?), %4 F1 R4t 10 ~30 4 8
BRE, BR, FEPHFELERE “BREK”, {X3~5
TMEEBRRBET S0 ELFHNESHE, AT X
RE, HAYHNESRIBBETRY, B,
“REER UMM TRESR, REXFEHR2 B E
BEARE, A MIE —REMNE R, Phelll
fiFHR MBELK, REBEHR KHEEER, HTHE
EHRX, RITKEHEL VBB EEER Asp, UE
B AKER, P EREARESE. AN, £F
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B2 #EASEENRAE (XBKX)
Fig.2 Hydrophobic side of staphylokinase

monomer

B3 MHEm_RBENSFER
(HR2-HR2 A=)
Molecular modelling of staphylokinase
dimer (HR2 — HR2)

Fig.3

RGD F# 51 ik 77 40 ) 1 /4 B 4, T IE 47 £ T B4
B loop X, W R WHRA M, FikRMNKE
Lys109 %N Arg, £ RGD 7,
2.3 RGD- Sak BERERREZREFRNHE
%— % PCR ¥ )5, B8 0 % B2 i 3k 40 #F
PCR =41, 3 3 5 Bi# 351 bp, R MEH
408 bp B H B, BEYIESCE3IA Psr T i, 8=
B WEMR WS pUC-19 T4, I KIiFE,
L O 0 P M T, AT R S AMPTE SE B R A R

IR,

HWERDS pLY4 A, HUKXKBHE
JF1125, W K., LA EcoR 1. BamH 1 B§ f#%,
184 408 bp & #; BamH 1 . Pst 1 B§ V1, 84
340 bp &7, UESEIRAG BH AL ST RE
2.4 RGD-Sak EXMHEHHREIEERE

kL pLY-4-RGD-Sak #% 1k X J #F ¥ JF1125,
ZWBEFEFEIE, SDS-PAGE st RiEFY. B
KERE, —FH#TEDHT2R]E, TRER)E
MENRBESTTERAISSKDAE —-KENLK
W, afA#, EHEAALLHEEBKN 50%;
n—FY L SDS G, WEMEHERKR |, 37C
WEHNNE, MY T1IS.5kDAR —-HEBHER
X, BP0 f B8 A 2 W, P RGD - Sak
RAEAREE. WALZERBO)E, 15.5 kD &%
FEATURES, mEESFILFRRE, HH
KXY UM KIE XFE, '
2.5 RGD-Sak K9 B4k

10 L REEWBAS B 80 go HL 20 g IEARM A,
B, SEMEkS g, 2UWKEEKER. BB, AR
HEWE, KBrREOCHEESEREEL BB
¥, 4 S— Sepharose FF # —# 4tk ZHf
2.6 WiELEERELE

RGD — Sak. plasmin ¥ 1 £F 7 8§ Ji i | N FF &
KEFTR (K2),

%+ 2 RGD - Sak.plasmin, Sak.plasmin # i& & &
BMERNBENNFEEBLER
Table 2 Kinetic analysis of activation of plasminogen

by Sak moieties

Kp/mol' L™ Kg/s™! Keat/Kin
Sak. plasmin 8.91 0.96 0.11
RGD-Sak. plasmin 12.40 0.81 0.07

& 2 AT W, RGD— Sak K& YA B T M, AT
RER VI X IEEXE R T W, 5 —JH, Sak 7E
F— AL mBREH, NAIHEEESR, MW
RGD—Sak #I i 7 @Mk 14, &t 97 & A 8 52
4, MRMEEHETRENERE, Hit, N&#—F
R T45m, BREEERME
2.7 RAgENRNRARE

FEMMEHRKE T, RGD - Sak H B/R T8
Sak 53 ) 5 & B /1. Sak WIAT 10 1> & MR 5 8 M
il , DR T LR > AR AR o R AR B AR K B SR
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Rational Design, Over-expression and Characterization of
a Novel Staphylokinase with Lower Tendency of Polymerization

Song Gang, Yu Min, Mo Wei, Song Houyan
(Department of Molecular Genetics, School of Basic Medical Sciences ,
Shanghai Medical University, Shanghai 200032, China)

[Abstract]  Staphylokinase has strong tendency to polymerize, which may hamper its clinical use. On the
basis of crystal structure of staphylokinase, the dimer structure was modeled by software GRAMM V1.03 with
high-resolution generic docking parameters. Two kinds of binding interfaces were generated, mainly linked by
hydrophobic interaction and hydrogen bonds. The computer model of staphylokinase dimer provides a template
for the design of improved staphylokinase without tendency to form polymer. A novel variant of staphylokinase
(RGD-Sak) was designed based on the model. RGD-Sak gene was constructed by substitution mutagenesis of
Lys-109 and Phe-111 with Arg-109 and Asp 111 respectively, confirmed by nucleotide sequencing. The mutant
c¢DNA was ligated with prokaryotic expression vector pLY-4 and transformed into E. Coli JF1125. After tem-
perature induction, over 50% expression level of RGD-Sak was achieved. RGD-Sak was isolated and purified
by washing and solubilization of inclusion body, renaturation and ion exchange chromatography. The final
product displayed a single band with a corresponding molecular weight of 15.5 kD in non-reducing SDS-PAGE
with 95% of purity and 5 X 10* HU/mg of specific activity. The Ky K, value for the activation of plasmino-
gen with RGD-Sak was 12.40 pmol L™, 0.81 s !, respectively. RGD-Sak show lower tendency to polymer-
ize after incubated with 0.9% NaCl. This study provided the basis for further reconstruction of Sak by protein
engineering.

[Key words]  staphylokinase; dimer; molecular docking; molecular design; site-directed mutagenesis
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