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- Study on staphylokinase pegylation and preliminary function
~ Bai Leil ,Xu Yanying',Wang Deqiang?, Zhou Jianzhong'
(1. Department of Cardiovascular ,The First Affiliated Hospitad of Chongging Medical University;
2. Key Laboratory of Molecular Biology on Infectious Diseases ,Ministry of Education,
Chongqing Medical University)
[ Abstract JObjective : To obtain a site—specific pegy]ated protein by site—specific mutagenesis to staphylokinase (SAK) protein gene
sequence and to progres polyethylene glycol (PEG) on mutant protein on variant circumstances;to obtain modified protein with high
purity by selecting the optimum modification condition and using molecular sieve and to identify its function in vivo and in vitro.
Methods ; Primer was designed according to the crystal structure and antigen sites of SAK protein;the selected amino acid on SAK
protein was mutant into cysteine(Cys) by PCR. Mutant plasmid was obtained and transformed into BL21(DE3) cell. Mutant protein
S—cys was expressed in escherichia coli cells through prokaryotic expression technology. Purified mutant protein was obtained . Pegy—
lation was progressed under variant circumstances,and optimum modification condition was screened. Higher purity of pegylated pro—
tein peg—S—cys was obtained through molecular sieve. Biological activity was preliminary validated by fibrin—agarose plate process
and animal embolism model. Results ;Cys on target site was obtained successfully. High purity of S-cys protein was obtained. S—cys
protein was modified , and optimal modify condition was screened. High purity of peg—S—cys protein was obtained. Thrombolytic a—
bility of peg—~S—cys was confirmed preliminary. Conclusion ;Site—specific pegylated protein can be successfully obtained,and the re-
constructed protein is biologically active in vitro and in vivo.

Key words }protein modification ; polyethylene glycol(peg) modification;site—specific mutagenesis;active verification
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Ry, BETEAH PEG BHi TR PEG Bk L
Ryttt R EERKTHY =D, e
(staphylokinase , SAK ) & —Fh B R IR Ay . B R 4T
MR TEENE S FERRRN A S, |
F SAK RHERIERL , SEEMEN L ER
RN, I H S A A (L 3 min)P, AR
20 A BE RE 8 o X HH AT v LA e IR TR A e
e E S, REHRTHIC SE S BT
WEFA ,RB T SAK MERRE 5ok, & RE
T SAK B9 AL X HUIRE R AL MHE B HE R
BT RAR TR H YA S TE M A 2 R (R
FEJF MO R TR R B R BCE SR AT i BB
T,

1 #HEERAE

1.1 22HH5EH

mPEG-MAL 43 F# 5 kD(JE 153545, B ) ;DPN 1
i (TAKARA , B 7)) ; i His—tag ¥ilk (B = RAEYHE AR
B, AH367, P E )  BUR i EAL Y EEARIC L 3R TR R 1gG (&
= REYBARTIRT, A0192, 1 H ) ; £F 5B R BB tR e

an BEIEE EFEH A F(PERMAMBENIRN), SDX -

F(EREMNKFZLRIY L),
12 £% SAK ey

YR SAK SR RPURAL S B REMTHF&
T loop X285 75 5 & ZBE— MR (Pro75Ser) , ## 8 SAK
BAFFIBOTRAES Y (R 1), 519 A R S sifb R dbsos
BHEREHRTER.

£1 SAK RIS
Tab.1 Primer of SAK mutagenesis
Gk z27]
Peg-S—cys=R 5’ -TTGTAAATTCAACATAATGCGGAG-3’
Peg-S—cys=F 5’ ~CTCCGCATTATGTTGAATTTA CAATTAAACCG
GGTACC-3’

HAHET RILAL PR AARBE 5

DI ERAT B9 SAK (R0 BRI AR, Xt B B A B EAT
PCR, RUMERE B HINBIA 1 uL Dpn 1 BET 37 °C
TEIR/KIRFE R 2 h, BURRIF=H1%% A 100 wL DHSa /5%
S SR EHE FIBERMEM AR L ,37 CHEEBE,
PRBUAABEYE ISR, SR BRI R B0
13 REEEG S-cys 9 RiA G hiL

KU P45 R IE W A BB A\ BL21(DE3) B2 75 F
MERPETHR LT 37 CHBMNE 12~16 h J5, JRRBEH
% BT 5 mL LB 8385, F 37 °C,200 o/min {EIRHR KL

2 OD {HH 0.6~0.8, SR/FHEA 300 mL LB EFEFIEFRE
OD {8 0.4~0.6, [ HF A 20 mmol/L IPTG R H|, T
20 CHES 12~14 h, RIEHOUEAHE , EREEKE i
TR 30 min, #R/GIRIR 12 000 r/min B.L» 30 min, B
FEREE SRR T RMEE, R AR LS R E M
BH, M BAEEBERELE b FEREAERT IR
AifbBHRAEAENER S-—cys(FIFERTF 90%).
1.4 B Y fth PEG 546 & 44

B o BB S—cys BMAEARRSM F#4T PEG B4 .
A FAR BRIV T 20 CBf, Kb Al~A4 A% B
BB B MIREE R LL3 R 15, KRt iEl L 1.3.5.10 h 4K
WIS ; Aa~Ad A HMBHRES RIS 10 h, ¥ B E BB
FUBE/RERL 121,103, 1:5 110 4Rk #8840, B 4H7E 4 C. BHE
FBHRIEE IR EE A 155 BRI 10 h 4504 F 4T, BHiE
# H % SDS-PAGE % F , {# Fi 5> F /% Superdex 75 column
(GE Healthcare) # 47 #lift, , FK45 £ K T 90%H) PEG &4
EH peg-S—cys,
1.5 1445% & peg-S-cys 95
151 BHEAI2 REHIE BEIMNSILE peg-S-cys
B HAT SDS-PAGE HLIK , LIk 5 BREEI IR F 15% BaCl,
20 min; SR 5 FIVEKYE 3 W, BIR 1 min; BREEK E T L-KI
P (2% 1,,2.4% K1) e 3~4 h, BJ5 KRG, Bl
BEMERBE AL SRS g,
152 & E Western blot BilF itk ATHI B~ Y17
SDS-PAGE Hi ik , k)5 Y1 T B BB A B, T UKok i
90 V ¥ 80 min, ¥ PVDF IS T 5%ifg i
FIREE 1 h, BEET 1:1 000 #BEHIT His—tag Pk,
T4 CHEH 12 h, K E 58 00 BH TBST % 3 K, Bk
5 min, LA 1:5 000 FRBEM 5T, ZIRIEH 1 h, B ECLR
FIEMNUAR N K,
1.6 546 E G ERIE
1.6.1 {RSMNEMRIE BB L4 AR . 4 30 mL PBS 4%
I (pH=7.0) AN ABRAE M 0.35 ¢, TGl fb 2 WK T 25,
WHIZE 35 C~40 C, 1A 350 wL FF4EFE AR .50 pl 2 mol/l.
SALHS 170 pL LFERGIR, R TRIRST, A 10 uL B FE, B
FRABEATRT, FERBEE 20 min HRAKEHE
30 min, BERBEEFESITI, BT EFHNE LY, BT
37 CIEENE 3~4 b, WEIBBSR,
162 {RWIEHIIE B SD KR, ZBETRRREE, SRS LU
0.35 mI/100 g & 10%/K & A BN i SR, FE R B
KRR, BEFE TR, USIEFL IO, 7FARS
BHEM, K EE T YLS-14B /NS MAS A BRAGR L I
ESR BIE 20 mV B35 EFE] 20 min, FFER B B 5 M
BREAERIIRE, BRI AR RS, h R R
WS ARV,
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2 # B

2.1 R¥#SAK FEZEEEEL X ERKA 4L

ZEAR JFORLIE L, W 45 51 7 E b D il 2 R o
J¥51 5'-CCG-3’ I F 2L &R B S F 5°-ACA-
3%

LB T EMBEN L AifL, 14 kD 53 T 43
WRHI AR H (L KT 85%) , Zad B T EmE 4tk
SEAF AR FE e — A, Sl T 90% (&l 1),

1 2 3 4 5 6 7

12 kD,

1 :marker; 2 BB ;3. EIEW;4: B ;S : B AT
6: H BB FIUE B0 ;7 SIS R M2 Ml b A

EH1 REFARBTFFEMENMMPARFIRALE
Fig.1 Purification of mutant protein

22 REEAau) PEG 545

RASE FAEAS R S5 F (1BHiE fa) B E R B 1 77 B K
L EMRIE ) 2 PEG &4 )5 , 43547 SDS-PAGE H.ik (&l
2), HLIKGE R BN . 7E 28 kD ANA B A & B, B R
i AR BB A 77 BE R 3 i An et [ RE 4 1T, 7EER A A8
MFIEE /R EE R 1:10 M4 T T = (20 °C) KL 10 h fEfS
55| B i B MR T 7E 4 CARMUF T IFREBABME A
S (E R R R ), BUSRHLIKES ST R L BA BB %
T3, Ak FE A A8 i et R s 4 i 7R e BE B B AR
FE E B MR (A% R K A RPR R (L R E R IR AT &
FR G A — R R, B R 8 AN PR AR A s ) i e
WA BB A 0 . BB MR B /R LR 1:10, %
i, B R E] 10 h B4R 40%,
23 Bk aiiE
23.1 BHiEALRA-EDHRETRRIE LA
Fr SR PEG U4 e i AN 24 28 TR A e 2, I L 1,
Peto 5 EERE E R& BB G H W EE A &0 IFRS PEG &
H PEG BEYAMM—LeZet (B 3 1.23KiH), g%
Ol ERE, B TEARRS SR G, KRB EH &0
B S sk (1 3 rh 3.4 Kl ), I RS Y 6 R LG BV AT 4
W2 A5 2 1 RIS BB

30kD,

12 kD

1 ;marker;2: BE/REE 1:1;3 . BE/R LK 1:3;4. BE/R L 1:5;
5. /R 1:10;6. A&4RT 8] 1 h;7 8GR 1] 3 h;8. &1
RFE] 5 h; 9 AEHMERTIR] 10 h; 1025 (AR

E2 TEEHF(E.ZEER : BIGHER ) NIREZESBIHER
Fig.2 Protein pegylation under different circumstances

1 2 3 4

1AM L Yo 2 RIBIER T 1, o a3 B R

2% DT IR S Y s 4 RAE MRS 18 DI A e
AN E AN E LR 6 5% DR ERah S BR
Hi3k ;B ARBIE N L 7E L Y bR BR &, A% ST
Tk YT BR A s C AR IBMERIURES PEG 20 F . HiBtid
B, b5 & A PEG USRI

3 BEALABEEDINRTESR
Fig.3 Identification of pegylated protein by Bal2-Coomassie
blue staining

232 (&M% Western blot ®iE A T #E—FRIER K
B FIASE N peg—S—cys, X H 34T Western blot BHiE, H
FEMiE A MARBNE QS SAAERRE, TRIEMRS
BRI HBEATIOE, 45 R B BB A B B4Rk, Al 4 Fr
o H B & ARBHEA A KT AHBMES, Bt AT
WEBR R 18 Be i , BABHREE F BN peg-S—cys, 1&Ii%E
[ A KRR TT e R T PEG 2> T3 2 F BB ™, $1
His—tag PUATCHA ROMA BB S48 5 2

A

—_—

A BRI ;B KRB E B 5%
B4 1&4%E B Western blot IEiE
Fig.4 Identification of pegylated protein by Western blot
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24 15A6E G 85 B AL

WA 2 O L 2 0% Superdex 75 JEHTAESL{k T B
7E 28 kD &b R h 5 2 4 B e i B M 8 1 () 5), LAk
T 95%, SE A=W TG SR

1 2 3 4

30 kD
—

12 kD
—_—

1:marker;2: ERTER ;3 EMEE A (RDE ) 5
44y OB

5 SBEEIHER SDS-PAGE
Fig.5 Purification of pegylated protein

2.5 154 E G £ E A RiE

2.5.1 BB AARSMNEVEIRIE RGBT A A 4R 8
IR AR R SAK AR {55 BRI AR o AT A ) Y 2R
HEk(E 6 1.2 FL), 37 5.6 FLIMAAHR LAY peg-S—cys
EERES . FRE, T 37 CIEERE 3~4 h, WA B4 5 (K
6)., Z5H B, SAK il ad i IS AT SR A — e VA TE A, (HAH
oA R HOE A T R R

1: PRUKBEHRAE S 20 wl; 2. BPAE Y S 2R AR A Sa; 3 PRIK G
PRUESh 10 pl;4. BFARY S B EIRE G Sb; 5 peg-S—cys B AFE
il pSb;6. peg—S—cys 2 1Ak pSa; 7: BSA S0k
6 peg-S-—cys SMEMELSE
Fig.6 Activity verification of pegylated protein in vitro

252 BUMIEAKRNIETERIE # SD KBS . 48 FA R
41 PRUGBEARAE S AL P BRI FB I 14, 4 3
H 7 20 mV B R AEE 20 min JE AL , AR S5 W 2%
1 h, iR Rk STRE A BRI R AR . A5 IEl 7 FlEl 8
JIE7R (454145 R BCEHIE)

ZESR IR, PL 2 640 U/100 g 77 v 5 PRI e br o i, T
LUK BH ZE 24 60.07% A 1f 3 578 22 B JE R 24.41% 75 47, [F)

B, 2670 ek 0 S A ORI AT S 2 AR S IR AR . AL
B, 1848 I 4 B DR BELZE R R 71.319% 26 A 1 1L 48 i e 2 P
FER 57.74% I A7, BEBF A RIS M T P2 619%, i T 19
W OB TR 50%) X il fiE R T PEG &4 4< B 5 S804
A A BRI AE A BT R T B, 45 )
WEBH T 184 5 1Y) peg—S—cys ESRIR B TR IR TG . A RETE S 4
(S0 2 B B ER B T4k, toi/FnT LA A S A
PRE T 2R TE T

90.00
80.00
70.00

« 60.00

# 50.00

g 40.00
30.00"
20.00
10.00

0.00

Hif ] (min)
—oZ3 A HB A —o— BRI GRUE i 20— T A T ) Al 2 M 1 4L

7 HEEAQ SD AREHARBR
Fig.7 Thrombolytic activity in SD rats
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Fig.8 Comparison of vessel rcanlization ratio

BHIER%
2 8 2

8

3 it 8

UEAER , & T 8 R MGE 5 B a0, 28
FIBAY SE i AR Rl & 8 A9 BP9 B DR A
PEG iR TG AL PEG 5 8 (T2 T AR, AMY
REHS 2 BT A S R SE R OR B TR Bl i
JoE A AR A 2 P T A A U - A I AE I IR
T BRR R AR, HCPT AR I K i RE 4 5, i Jmi
REAIRAE0, PEG {6/ O 1tk A R A >4 4 8 1 Bt
10 FR AR SR, AT e R U R SRR 1, K

AU ES UL PEG B ) 5 8 L A R A



BEXER AT 2017 44 42 %% 78 (Journal of Chongging Medical University 2017.Vol.42 No.7 )

— 897 —

HEEFRERBMT=Y) , Tk BA R
BB AR BB SE L S B E S
P Bt A P B LS R R B, AR
FREFE SAK Bp R RS si s R TH=4
GERAHT B TR RN AR N E R
R SREET A, SCHE A PEG B4, 1B
B4+ FEK PEG 43 FBf, B4 f5 PEG &+ T# &
BEEEARSTEE,BER—EHTRE, BRX
RIFHRHAR T HLENL S R R 75
AL X E A TR A B R, RN T
A B 7E M B F R Th RE G AT B R AT BB o 8 i R
HEYE, UMY F8& PEG 4 F#17T181 , SC 3 T X
PR SRR RNES, BARERE TEAE,

SAKHH 555 BB A X4 WIS e BB , BEAE 4%
SR R AR A R0 B SR E F S AL, 52
BT FERBA B SRR, K HIFE IR T SAK i)
A=A, SR, SAK 78 M Py 2558 AY S i IR T
MEEREEHEB THEKRMNA, X SAK #17
PEG &4, B Bk L AAW MERE, GA & HR
FIBFUR SRS ER 1T PEG 184, (HEXT SAK M
BIEEE WA, WA AR RN ERRE
FRUS, IREIHE LT SEHARMNE A B
i, HRIIBAE T E EAfFEEREN. £E
LB, RATEH— RS, R
TS M H R FEm L, 2 —%
Ak G 7H RS TS MR S R 2k
BB K BIERZ5Y,
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