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Preparation and Activity Analysis of RGD-mSAK
(K130T, K135R)

eV L BER FEELE # £ AR
NING Bao-An''?,MA Ru',ZHENG Yu—Lingl ., GAO Zhi-Xian?, SHEN Bo' and JIANG Yong—Qiang1 *

| EEESHEREBEYRTHIIN, LT 10007

: EHEFHEETERHFEEEWRN. TR 300050

1. fnstitute of Microbiology and Epidemiology , Academy of Military Medical Science , Beijing 100071, China

2. Institute of Hygiene and Environmental Medicine . Academy of Military Medical Science , Tiarjin 300050, China

W OE AW %% T EAKE mSAK(K130T,KI35R)-pBV220 H HE4 ,PCR F A FI e M AN AR T4 S AR EABRLEE
£ 46 pBV220, #13E T RGD-mSAK-pBV220 Mift MK M B E R M FFHA T HARE RAFH ERKLEX O 50% 0L
L BEEUTERYAEL, K E G H KA Q-Sepharose HP # . Sephaycryl 5200 HR Hi SPH# T, b T O
ATk 08l HAEGEMEANERSHANLLRAY MERCDnSAK R @ E 5N AV HRHEMT K ALL
HEREKETEEETANLRARRLAABR A RREREHFHELAT OO B RERN RCD-HRBELAE
it mBERN.
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Abstract In order to construct RGD-mSAK mutant with reduced immunogenicity, and identify its biological activity afler
purification, mSAK gene fragment was amplified by over-lapping extension PCR. Then the gene was inserted into the prokaryotic
expression vector pBV220 with Py P, promoters after confirmed by DNA sequencing; the expression plasmid pBV220-RGD-mSAK
was constructed, and then was transformed into E. coli. DHSa. After temperature induction, the mutant Staphylokinase was
over-expressed and much of protein was in the supemnate of Iysate, which is over 50% of total protein in the host. The protein
was isolated and purified in Q-Sepharose FF, Sephacryl S-200 and SP, high purity protein was obtained and its purity was over
98¢ . The thrembolysis activity of the RGD-mSAK protein is 1.68 x 10° w/mg by fibrin plate assay, which is slightly higher than
that of the wild-type, and antiserum titers raised against this protein in guinea pigs were much lower than those of wild-type SAK,
determined by ELISA. In anti-platelets aggregation assay in ritro , the RGD-mSAK protein has obvious inhibition activity of
platelet aggregation in low eoncentration comparing to the control group and wild-type SAK group. So the RGD-mSAK protein is
a low immunogenicity, bi-funetion molecular with both thrombolysis activity and anti-embolism activity . It provided the basis for

further research of RGD-SAK.
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#i % B ( Staphylokinase, SAK) R K H & ®H A
BEHRE LM ER R BER, AR ALK,
X 8 I 2R S T B /0 L BB WA 6 S £, R T R S R
HE-fBEERGYZ - BE, RRLERH,
SHEARRAMEL GREEEMUEE NS
—EHAEEER BNNATERKARREREE
245800 13.8%" M 129 B —JFm, m/hRA
S0 30 Bk A AT R B R R E MRS A
EH ¥ ERE &AL R RV 2 KL
B M AT, DIt 7 5 4 1 (6] B 2 17 AR L B
AR B G T R — BRI By P AR E IR T AR
RGD(Arg-Gla-Asp) Bk FF 2 /M BE¥EEHE A GP 11 b/
Mafa HEFE",fF{E T4 E R (Fgn) 2 HERS
BEASSTF,Fn STEAL/DRE GP Db/l a
gEo 2 i /MR R ARG, H /MR RGD B E L
5 Fon EHEESFBANLPRRER GP b/l a,wl
LA 0 55 £ o/ 47 B 4, DA T 90 & I R OB AL
Walda % ° 4 RCD R 9@ & 7 SAK ) C K i, HIF
BB T KRS FEAR MM ERMEE
A% (KIR,FL1ID), 5| # RGD 3, BEEK
B b o E MR R R R B REE
HEO.EMTH— LN ANEE. RITEREN
{66 4 25 I 1k 77 3% B 2 T 1K mSAK (K130T, K135R) 9
b ET 0 AR R AR 35.36. 37
MEERESANERAR.GC.D ENESTFTHIAT
RGD 31, ARG K AP E T 348 7 BaRE M
aifh. W& AT R R, ROD-mSAK & [T B e
FE MR AR T 57 4 W A, R nt LA B R R &
N, B R R XU RE

1 #e5FE

1.1 ##

KA DHSa, pBV220, %% 4F {& 4 # B mSAK
(K130T.K135R)-pBV220 FRbi i A E M @ IF R 7 . L
SAK Z M AH A ER IR G, WH M
S EPEEY W K ER, Tag DNA B BB A
KEEEWAT T4 DNA EHM R RBUR A & .
B&1E 8 Y8 EcoR 1 . BamH [ ¥ B Promega 4%
a.DNA ik RA El g S EREDERL A,
Gradifrac FPLC & A6k R4 & Pharmacia 22 8] 7= in
/)N85 8 A R it o ) £ Ay b B A A 2 A 3R 40 Al
. HA R O E A A
1.2 Ak
1.2.1 PCR:IR# T MK H ME® DNA 51, &t

ik E

P1:5'-CAC GAA TTC ATG TCA AGT TCA TIC
GAC AAA-3 &5 AMEBYIAL S EcoR L

PRGDUP: 5'-GAT GGT CGT GGA GAT GAA TIG
CTA TCC €C-3

PRGDDOWN: 5'-CAA TTC ATC TCC ACG ACC
ATC AAC TCC AGT-3'

P101:5'-GGC GGA TCC TTA TTT CCT TTC TAT
AAC AAC-3, F3| AWML A BamH 1

Hd Pl 5 PRGDDOWN, PRGDUP 5 Pi01 &L %
{# j§ , PRGDDOWN, PRCDUP & & b, T &I £ 3 57
HEREBHG A, AEETWEM PCREINARE
o, B2 I R N A R 40 9 22 89 mSAK (K130T,
K135A)-pBV220 fEi %, W & 5 4 :96C Smin il %
¥ 580K 94C 60s,50°C 60s,72°C 60s, 30 1~
EH &S T2°CEEH 10min,
1.2.2 HARPME Sk DNA F B i, Bk
RIS RS TRETRIER " MR
#l & 8 T Mt 47 RGD-mSAK DNA K B £
EcoR1 . Bamll | By 47 B4R 5 5 45 ) A8 47 [0 4 49
pBV220 $R (K1, ¥ B B 41 R ik BB pBV220-RGD-
mSAK, 2% J5 ¥ 1k DHS5q«, PCR 6 2t PR B2, [F) B 3%
FIGERFE, MU % T RS EH RGD-mSAK A
ol Bt m R LA A,
1.2.3 RGD-mSAK BHMESRES ST  RE
B, 75 SmL LB S5 R (& 10ngLEATEER)F
37CHFEI T, 1% LB 5 Fl 200l & EFF
HEN IBIEFEP WCKRFEFE 0D B A
0.8, ABE RXTHEFHF 4 EERELOCWER
EFAFRE EOSFWE FERLEATER
SDS-PAGE 4477 -
1.2.4 LML RAHE T LHREN B
Bt SHE FRBRER =5t

Q-Sepharose HP B F 2 # E #7 : 5Smmol/L Tris-HCl
(pH8.0 )VFEHJm, BRI EMN LF, HA—
EWERBEE | ~2myul EA LR ERGHAIF
HRERM EIRE PR BN RS S & O, PR K
TEHAE, H 0~ 0.5mol/L NaCl Smmol/L Tris-HCl
SRPERERE VR, i 4 VR AR 0 5 A A0 R B & A
RGD-mSAK i #£,SDS-PAGE At &£ 4+ HE B 7

Sephacryl $-200 & B iof 3. 9+ T iR
Sephacryl-s-200 F 40mmol/L ¥§ W& £k 2% vh ¥ (pH7.2)
T4 % . % Q-Sepharose HP WX K& HEH 7+ &
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3, PEG20000 k48 )5 b F¢ , 40mmol/L B% MR £ 2% vh i
(pHT7.2),0 ~0.5mol/LNaCl R EREBEVEMR , W EE
¥, Al SDS-PAGE 4 #7 M & RGD-mSAK £ & 8 i
G i S

SP E FXHHE: Smml/L. BEEMZE PR
(pH5.0) -4 5 , MBS BRI HEG R — & o
WEW ARG E#, S 0~0.5m0l/L NaCl ¥F &
EBMRNHERR, WEROE, AFEEOERK
¥ FE & 4 4 P RGD-mSAK 15 th, Wi 5k 5 1 e,
SDS-PAGE 4 ¥t RGD-mSAK 7 [ 4 £, BCA ¥l &
BEHSE.
1.2.5 REFUMHBERBEERNE  RAGEEQN
B BTE & 4 4F 48 K (3 R A2 7 N6 PN B I 6 £
Bt FHTFL % mSAK BABRBEMA &L, "M
B0l BETHEFL S 7CHEPLIR MER
BEZ, FERARIE RO REERE LT
W2, TR EHAFEAMEER mSAK MEREE.
1.2.6 M/MREBEMEHRE B 20mL AT EEH
Ao 7 7 feF 4k B A IfL ¥ 1000/ min B 0> 10min, B b
1 % B i /MR ML 3K (PRP) . R 300pL Al 20p.L 5 M4
fF 37TCIR T Smin, MABEN ADP ZEWEKE K
10pmol/L, Ji I /MR 3 4 A F 490nm 3 K 40 9 % 5t
AR HE 6% 5 3 A 58 oo ok R of /] MR R SR AE R
1.2.7 BR GRG0k EREEKR, &
H(280+20)g, WEHAR W L, B HEKBRBEE
SHERHE 0.5mL, BE 1K, B—K 1250/ R .58
CIREGEEZWE 250pg/ AL BREHE - AEBK
H if , ELISA & 31 1fn 35 & Hi ik K F o

2 #R

2.1 BRIRBRMIKE

PLA % # # mSAK-pBV220 & HE R # 47 B IK
PCR ¥ 1 , 43§41 14 £9 100bp F1i 300bp )}y B2 , B
BB U A P AN H B O b 2k 47 8 & 51 9 JE
PCR, Bk &R BN, EH 400bp AL BB —15 57
H&H, WA 1R,
2.2 RERRMKRBEFABE

4k K B ¥F 8 DHSa J5 PCR M B3 T,
BEREARKRN,H EcoR] .BamH 1 W] e BEIT IR
Bk gt i o vk L T LR AR B BL 5 29 400bp B A R
B, © 5 DNA marker # 5L B i K/ A — B (4
BRBR) MIFLERE AR BOE, THA
EHFEE(E2).

1 2 2 2 1

bp

—2000

— 1000
—750

—=200
— 100

B 1 PCR =41 1.5% 57 1540 5 B i 3% B 3

Fig.1 Electrophoretogram of PCR products
1:DNA marker;2:products of over-lapping extension PCR.

Arg(35) Gla(36) Asp(37)

Bl 2 {8 BT WER A BT i
Fig.2 Partial sequencing results of mutant sites

B3 RGD- mSAK (K130T, KI35R)ZE A /) SDS-PAGE 4+ #f7
Fig.3 SDS-PAGE analysis of RGD-mSAK(K130T, KI35R)
A:SDS-PAGE analysis of RGD-mSAK(K130T,K135R) expressed in E.
coli DHSa. 1: precipitate of lysates; 2: supernatant of lysates; 3:

recombinant wild-type SAK afier purification;4: protein marker. B:SDS-
PAGE analysis after purified by SP.1:protein marker; 2:RGD-mSAK.

2.3 RGD-mSAK IREMESRENRETHE
ERSNERE

AYESEHEAFRBN KB FTE DHSo, EA
EORBEAEL, SHALE A R W KA
W, A EAR Y, TR0 15kD; R H U M
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BR EHEASHABEEEAN 0% ~50%, B.L
Rk, PBS ¥EM, #75 4L 7 /5 ¥ T SDS-PAGE 4
. R®REES EEAAEMEY N F(E 34),
2.4 RGD-mSAK EHMI4{

Q-Sepharose HP B T2 R bk, K B B ok
B ,SDS-PAGE A+ #r i iR , B F X MR T LU LB
FRE(ERAER)  WEFMBEH - EEE
Wri5 LB K Sephacryl-s-200 ¥EH% , SDS-PAGE 4y ¥7
ZR RGD-mSAK o B — & &7 HEK A LS Mt
mENM ARG E SPH,.EOHEKSHER BELE
B (E3B), ABEME R, EEAW S EK
BEEEM 8% L LU LR FW, 2 =%ui{ka
A TAXT R B R T E T E e,
RARBAE X 8% L EHES,
2.5 RGD-mSAK k5B A EHENE

HNEFEERE, RABAFEPITE S AHER
EE HABCARAENEEASE AERERR
UEHS&ITE & RGD-mSAK A H: 7%t , [
MR R HMAE(W-SAK)ENS X S REE
THEEHMEHEFLE N GREHRE &, R
1.68 x 10°u/mgE A .
2.6 MmM/MERENHKE

K 86 (8] 2 10min, wi-SAK W & &4 T JLF
BEMHL/MEEENEL . BETLEE; RGD-
mSAK 1% Tmin AR ARE  BRAKXKATELE
£ AHBHWMEIEEE4).,

104

—&— Conirol
—— wi-SAK

80 I & RGD-mSAK

6{) -

40 F

Aggrepation rale/%

20

0

f/min
B4 m/hHEEEDHLR

Fig.4 Result of anti-platelets

aggregation assay

2.7 BRERFEHEAN

B S — B BB, 22 wi-SAK . RGD-
SAK A HLI, ELISA 35 8 W 1 3% P A HL ik K £, A
AXRRE_ENHERE LSRR, A2 LAY
BB SR &G, w-SAK IR g B 8 % AW SR
AT 4 ML 5, RGD-SAK HL4KR i &% A »t

BOUHEE 3 A A (5, aEFEHEHENS.

6

ORGD-mSAK
[ Ewt-SAK

i1l I

5 BEAEXE ELSA fikiREE

Fig.5 Titres of antibodies raised against
RGD-mSAK or wt-SAK in immunized guinea pigs

w

+
T

8]

Ig titers of antibodies
Tl

1: one week after 1% immunization; 2: one week after 2™ immunization;
3: one week after 3™ immunization. All data are mean values of every

group(n =6).

3 it

mpREEEASEEKnERNBERE R
EFHREENEERE, MAREAES GPb/ a i
FEREERL M REEMBENEEILRZE, Bk
GP IIb/ Ma#F&HCAE R M/ BEM B FI0] 12
HTHRT &0 MEEKS . BLIUFW 4% RCD
BRFF RBE S i #2340 38 4k B9 I /MR &5 4, X 08 7 1
AR EE W, RCD K F L ARG S RERRE
H" BRAYSEREEEENTUR S EYA
B B mmmE. B, w6 sE Y58 RGD 75
WABRRGYMRNM S EREM" HHE"
Nebop- NGl e f N Tl S -

TORCAE At B3 7T LA S B 1R sak®C | saka2D ER 75
JEME R R R B B PR 09 2L 5 48 sakSTAR B 7R, %
MR EHELK, & 136 TEE8M. HAW
SAK®C .SAK42D Y5 SAKSTAR B H L 34.36 5 43
fr B EBE AR, 5 36 {if ,SAK®C 1 SAKSTAR
K Gly, 7€ SAK42D 4 Arg, M MR RIEHEME
ARTLARIA RS 36 MEEB L BB BE
EBRMBUEX MBS HMEREEERE L,
BE=HERAN, B ST N AL FRHEES
FFRE(EREBR), RER N Arg-Gly-Asp
(RGD)E AT LAFE > ¥ RCD BKIFMOME A B — A
I, mSAK(KI130T, K135R ) 2 3 11 % 8 48 4 2 i 5 3%
KE AR PRS- TE PSR 6 M | SR JRUM: R o ol 46 1y
S5 77 T 5 T A TR R Y AT R RO R A i (0 B
AITRER) AW THRNOER L RITABATEHET
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M, T2 T RGD-mSAK & 8% & ik & &,
RGD-mSAK FEL AT BEHEAEE, ZEEOQ A

(R ETER S0% LA B

B, &

AR RTINS
BEEENMFEREEEFENGHEMNS, M

SMRBERB D ERENEET (0.6mg/mL, il B

#5) Bt

B4 9 B A/ BB A ] §E A

ELA W BR800 f R S A R A S B O F

REFERENCES (& % 30 )

=

atfatdat

Vanderschueren §, Barrios 1.. Kerdsinchai P et al. A randomized
trial of recombinant staphvlokinase versus alteplase for coronary
artery patency in acute myocardial infarction. Circulation . 1995,92
(10): 2044 - 2049

Vanderschueren S, Stockx L. Wilms G et of . Thrombolytic therapy
of peripheral arterial occlusion with recombinant staphylokinase.
Circulation , 1995.92(10): 2050 - 2057.

David R Phillips. Tsrael F Charo, Laurence A Fitzgeraldetal. The
platelet membrane givcoprotein [l b- [l a complex. Blood, 1988.71
{4): 831 - 843

Plow EF, Marguerie G, Ginsberg M. fibrinogen receplors, and the
peptide that inhibit the seinter action. Biockem pharmacol, 1987,
36423} 4035 — 4041

ATTAT LAY EA SAY St LAt et fad St

5]

LAt A SN Eat LA AN Pl At Fat Mot Ll dad ha,

van Zy]l WB, Pretorius GH, Hartmann M & al. Production of a
recombinant antithrombotic and fibrinalytie protein, PLATSAK, in
Escherichia coli . Thromb Res. 1997, 88(5): 419 - 426

Song G{H M), Yu MO8, Mo W (K ) o al. Rational
design, and characterization of a navel

over  expression

Staphylokinase with lower tendency of polymerization. Chinese
Engineering Science (" E T #F4£),2000,2(11):68 - 72
Sambrook J, Russell DW. Mbolecular Cloning: a laberatory manual,
3 ed. Cold Spring Harbor Laboratory Press, 2001

Coller BS. Antiplatelet agents in the prevention and therapy of
thrombosis. Ann Rer Med, 1992,43:171 - 180

Huang TF. Sheu JR, Teng CM et al . Triflavin, an antiplatelet Arg-
Gly-Asp-containing peptide, is a specific amtagonist of platelet
membrane glycoprotein I b - 1 a complex. J Biochem { Tokye),
1991,108(2) : 328 - 334

Ling SC (¥t ), Tian @ (FI%5 ). Peng SQUE A ). Study on
targeting thrombolysis by drug carrving liposome modified with RGDS
peplide. Journal of Bejjing Medical University (1t 3R BEF A 2%
),1004,26(3): 174 - 177

Sun YQ{FhIFE). Guo Y{H M), L LY(FFT]) e al.
Construction and expression of RGDS-prourokinase. Chinese Jowrnal
of Biochemistry and Molecuiar Biology (P HE 5 H T4 Y ¥
#),1999.15(2):189 - 193

A T P L T A= DR R AT ICT PLER U= T2y



