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WO ohEE oW GER

(Abmthse e dmRla ot Be, SO R [ 50T a9 g %, kst 100871)

T kT URE PR Y AT R UM ) (single chain urokinase type plasminogen activator, sew PA, JR U J5)
PP MR UL I B, 7E sar PA 1) kringle [X 118 47 Gly 5 119 {7 Leu Z [0]4fi A PRGDWR J¥ 41| (insert mutant
B, InB). FIH WEERELE ( Pichia pastoris) BEATArbeik, 284 B 7GRN S b & 72 2, 74
FAUE A, 9B E InB XN T O BE Y S-2444 O BENE RIS YE S 5 900 TU/mg, 50 2w 8k KM o=

56.8 bmol- L™ ",
ESE = 0.0164 5 .

r‘n[.::EHm4= 0.33s ' KRR AR plasminogen M2 J) 2= & h: K ,',','_]:,m: 0. 397 Hmol* L~ ],
InB #i% plasminogen [ 5 NAEAT fibrin A7 4E 445 F InB 1135 £ 24 JE fibrin %% 44 (1] 46. 3% .

ERARTEA AN plasminogen (RIE L 5 [l — R G0 43K (0B 2R 2 sew PA JEACHTIR]. 125878 P03 B0 A0 14 0

B, 1Cs0= 12.7 Bmol+ L™ 1,
Bl FLE T B R I e R 4 T
F42iA PRGDWR F B, IR,
FRa%ES Q781

TV SO R S PR 2 R £ R T
Wil (-PA) - BEBUEE (streptokinase, SK) . XJ- H
AR AR SIS AY (anisoylated
plasminogerr streptokinase complex, APSAC) % fi§
PO ARG U T, iRt — D PR o 4E iR
FIREER, & — R T IR R 254, (H
AT AR ZIWARAFAE — 2 BB, 3 BRI H i {6
[ 7 T KA T i ke e T, B
VR TR AL S SO W L. BRI T A) O 3 1)
ARl RN BORSE ORI g R 4 T T

GP 11/ Mla S ML NS b 35 oo = 3 110 52 A
HH, et SRR Y4E S A 5 . R ERL IR R
F . BORGICER E1 1Y RGD PR #1AH BAE I A A 5 1
BZRAE. i B GP 1L b/ Tlla 5 £F 4 48 A 5L 45
e I B I /N B B IO 41 AR 1 i s A, R
GP 11b/ Ma FIRSHURI 2 N T 0 M A 5995 1R
J7ptS L R A AS I AR sewr PA 1Y kringle X 5] A
RGD J@ #1177 ¥ 3543 B A7 il /N 2R 42 1 i Fg X
DIt Ae 1.

EAR SN0 = A I AR SRR EOT ) BATI b
T 9K PRGDWR-scrr PA (InB).  TE41JE K Z5 T BE
BEBE ( Pichia pastoris) HEAT/r bRk, G&RE T
BATRAZNT Y S SRBH B T AC 20, 7421 R A
e HL UK A 1 KT 95% M4t (i (LA IF] ik
il 26 PRV AR 1) SR U5 PR Y AR Y s PA, JLBERG A LLTE

M7 HF 8 sewr PA TCIHE I it

SR sewr PA (1) K X3 A ZEAE K InB A2

1) 52 58 A

144 x 10° TU/ mg, KT 3CHRATIN 120 x 10° TU/ mg! ™,
W ERAL A BITR) . SERRUESE i o — BATH
LN R AR TG R I Th e #4243 1

1 # #

L1 RSk

JFCRE pBluescript SK* . pPICIK, 4L E. coli
DHS5a . Pichia pastoris GS115 A S50 % T 47
L2 E5ikH

BREFIE N D) - T4 4% . T4 DNA K&
T4 Z #% 17 R W« Deep vent DNA ¥ 51§ . ATP |
dNTP J& F Biolabs 22 7). bR bRAUE i Il o [ 24
ac B R E T, N LA RO Y S2444 (1-
pyroglutamyt glyey} I arginine pr nitroaniline  hydrochlo
ride, [-EGR-pNA), $2251 (H-D Valytleucyt lysine
I-VLK-pNA) 1 H
Chromogenix- Instrumentation Laborator Spa ( Italy). 1
IR (aprotinin) . IfiL£F4E & F1 %M ( plasmin, plm) .
ZF ¥ B J3 ( plasminogen, plg) . #F 4 T A R
(fibrinogen) . £F4ETR 1 (fibrin) [ Sigma A ).
1.3 1435
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M/ BERAE A A TYXN-91A % A Il 3 Bk 4 1%,
it L BRI, A G T U V-
240 N HABHEAT =&, JY92- 1D B ( FfEfk)
S AR RERL, A T BRI ST

2 7 &

2.1 BEHRKEMNE
X H Bradford 7%,
2.2 InB RT{RAYELFRRRE 1N E

2.2.1 InB [FIEEREAR LEIE I 52 a. FR SSORE AR AE dh
2k, v ) MU PR WOEE bR ME &L 0.73 0 1,46, 2,19,

2.56. 2.92. 3.29. 3.65. 4.38 IU LL TBST
(50 mmol* L™ " Tris+ HCl, 0.038 mol+ L™ ' NaCl,
0.01% Tween 80, pH 7.4) k% 60 ul, h4 96
U, FEMIA800 Bmols L™ ' S-2444 It 40 ul 4§
S2444 A& 100 Wl & R o [ &k B 5 51 & 3
320 Bmols L™ ', BRI T &R AFM 2 min M 5E — X
405 nm HIEML A s0s, FEW 55 . AFE A sost B,
BN LL A o5/ min F R [ S-2444 (1) /K fif 3E
vs2aaa, FIAS[A) DR SR ARHE S B AT R I3 11 v 52444
XoF DRI T bRV i B A T B A DR T A A i £
b. InB [P EERE AR LLAE I 2. LA Bradford Vb5 & 81 H
SRR L. B InB J5UIBURCAS [7) 56 B¢ 5 45 AN 0 e 152 L
30 Bl, JIA 0.06 TU/ml plasmin #7315 1l, 37°C
{#3% 15 min, A 8 Bmole L' Aprotinin IF
15 11, 37 C{Rih 5 min A& InB MV, N 96 fL
B, TN 800 Bmols L™ ' S-2444 I3 40 Bl 4§
S 2444 4E 100 Bl & & [ &K E 4 5 A F
320 Bmole L™ ', JBAIG T &I AFM 2 min I 5E — X
405 nm [FEIC A sos, LI 55 K. AFE A g5t B,

lR’III
JZW.T :PA+ Plg-

II: plm+ $2251
2 plasminogen WS, 1F A o5t B, XIS
it AT 2w E A o, A T IRIURECH A,
W v pm= 24/ a (a A plasmin /Kf# $-2251 Sz W 1)
Pt e AR ) . AE v« [ple]
FIRE E B, TR K. 20 InB WK, 13 5
Vo, B ovpm s [plgl « K e U5 Vi e 1E
Vit [ InB] Bl 011G ke, ple-
2.4 fibrin 3} InB 7K % plasminogen & [ 89§ 1
FRHL 5 mg fibrin, JIA S ml TBST, &7 i 4
(600 W, TAE10s, MK 10s, HE4T 200 KTGH) ,
BIRZ 12 000 g, #5405 min Ja, BB, W
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FHE A LA A 05/ min KRRV E veogaq. WA
PRGEEARHE 26 0T 50 InB (1 WER AR LLis.

2.2.2 InB BN EE) ) HRIE: a. K s2444
(o 5. HU 48 nmol+ L™ ' InB 600 BI, jn A
0. 06 U/ ml plasmin I3 300 11, 37 Cid 15 min,
PO 8 Bmols L™ ' aprotinin 79 300 1l, 37 C{#
S min B InB SN, 7E 96 LR N A — & &t
3 mmole L™ ' $-2444 Py {ff S-2444 7 100 1l 44 #
1928 ¥ 15 4y )ik %) 320, 260 . 220 . 180 . 140 .
100 bmole L™ ', FFMIAM S-2444 [ EAE 40 wl 1)
JH TBST WA 2 2 40 01/ L, T InB SOV
60 ul, JEA)E T EE RS 1 min Jl5E K 405 nm
IV A aos, JEIH 20~ 45 K. 1F Aaost B, 4
A LA A gos/ min KR 1Y RN I E vsoae, A
vsam G S 2444 WRIE ([ S-2444)) IRUEIEE, LA
JIT A3 2k U B R A R Bk LA B RT A3 2 AH B 1
K o s2a44: be ko s2aaa FTIGE. K S 2444 (1) 2834 &
SEH 320 Hmol+ L™, A InB £ W J¥ 4 Bl ik F
101.8.50.9.25.6. 12.7. 6.4 nmol* L™ '. InB
WHAE AN 96 FLHR 2 #2258 J5 5 plasmin .
aprotinin WU N 5, I 96 fLBH. Ei T
B 1 min M 5E— K 405 nm FERIL A 405, 31 30
~ 45 . 1E Agst B, FEENLL A/ min K S
2444 [P KR PE vsoaaa, W veouas + Ko soaaa
[S2444] LL R K KA X FHH Visoa, LB
Vs 24000 B FEAE L, BT A L6 7 FE PR R
k car, $-244.

2.3 InBEAABERNHHEEENE

Z W FRATT e S 11 i IR AT

K car. pa

“SPA-Plg—  PA+ plm

L m, plm

plm + $2251 ™ plm+ VLK+ p-NA

280 nm (6L, HE Edso= 15.0 F 5 & [ ik
J&, LLTBST Fift 4 6 /L. £ 90 ul k&R F A
fibrin & ¥ 22.5 ul (X FE I TBST 22.5 ul,
3mmol- L' $2251 73 30 B, 60 nmol+ L™
plasminogen ¥ ¥ 15 11, 21.6 nmol+ L™ ' InB ¥
22,50, WAETEE PR 1 min W2 —X
405 nm FEIIL A 4os, LI 49 UK. AE A g5t A,
X R G REE AT 2 RN 2B, TS RO R AL
N A, AN vy, R L Fibrin X InB #35
plasminogen ST SZ0E AT F= A firin A wnstimulate-
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2.5 InB BT/ iR BB &L
WM /N BRI K (PRP) b5 BRI/ B I %
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plasmin ZKfiff 55 b IR 8L 2T i i IS 00T 7 s Y 45
Wha, MM aprotinin ¥ T 37 CIRIE 5 min BL &
PEFN ] plasmin F3EPE.

MR [ 12]. /R SRR S5 1 v 2 SOk [ 13], 3.1.1  JRIUBEGFRVE 2R S InB (1) B Lo 3% il s

PLS mmole L™ 'l ADP i, ZBEER K At . ANFVAT PR (urokinase, UK) #FrHAE N K ﬁﬁl"lJ S

3 = ® 2444 [ JEEE B WL 1a, P 1a o e it 47 4k
=R

BB G 73 2 HE T B, BN BL A 45/ min

3.1 InB BTRRIELRLARE MM E A 0 B, BT 0SB [UK] (B UK F5
PR S IR B AT B SO AN TS e i R ), BT UME o e [UK] & (K

IR S 2444 JEIEVEIN, FTLAER N Z AT qp), R b AT L PRI 4T 5 ) 1 L R

VLR A 1R DR Wl 25 éﬁ?‘rﬁfm%’:& % 715 plasmin Bk BR  B br vl i 28 o R 0 %Sua = 0.0014 -

WOBER I 15 min 8 2 7K 8 O XUEE I &S, Bk [UK] + 0.0001 ( R>= 0.9983).

plasmin X S-2444 (1) /K fift 5%

s KOs ) R PE, A

0.6f (a) . 0.006f (&)
0.5p 0.005|- “
-t
5 0.4} 3 i
: 3 0.004 .
< 0.3t 2 0.003}
0.2p - s 0.002|
0.1} i 0.001} &
L
U L L L A A [] L L 3 1
20 40 60 80 100 1 2 3 4
¢ /min UK Unit

Fig.1 Standard curve of the hydrolysis reaction of S-2444 catalyzed by urokinase
(a) shows the values of Agys obtained at different time of the hydrolysis reaction of S-2444 catalyzed by different concentration of
standard urokinase (the curves counted from the top to the bottomn stand for 0.73, 1.46, 2.19, 2.56, 2.92, 3.29, 3.65, 4.38
1U of standard urokinase ) .
formula of the regression line in figure 1b is: y=0.0014x +0.0001 (R?=0.9983).

(b) shows the standard curve of the hydrolysis reaction of S5-2444 catalyzed by stand urokinase . The

Bt InB W BIFERE 2, 4, 8, 16, 32, 64, M2k P 3 InB 19 v 2% (0.0023), AR 44 b5 HE il
128 5, Wse S i B (R A W 2, AR KTV InB IR TE (1.57 TU) . FEHSH Fa R

B R 08P (WK1 L HURO N BE O TARUE (32 5FRE) . InB LRI (285 mg/L) iH5L il
0.7 . InB (1L 5900 TU/ mg.
0.6 Rl e st
* ] “A
0.5 o .-"' ‘,a*“ Table 1  v52444 of different dilution of InB
. .4F o ..‘ “a“ e
5 . . st dilution fod 2 4 8 16 32 64 128 256
- 0-3 o. l... .i“‘. --"---- X 3
0.2 ou «* ..t‘* w,,mx*uﬂ" vsas (100 Age/min) 21,2122 7.1 4.2 2.3 1.3 0.7 0.3
. - e xEEE P
0.1 ﬂ‘wmnmtztﬂ““um Lrbs
-0.1 0 jO . 60 80 3.1.2  InB HIBENZMES) )y 27 BN GE : a. K 1, 5244
£ /man

B s, Bh 3011 R A B vsoaa S, AE
veoas G S 2444 WRIE ([ S2444)) REIEE (P
3a), LLAT 19 H £ 0 F2 00 ) R Bk LA AR BE nT 79 2
K . s2a4a= 56. 8 Umol* L™ ', b. k. 2404 W52 . LA
3011 P AT R veos S, MR v
[ S2444] 5K KR UH 5T I 4

Fig.2  The values of A, s obtained at different
time of the hydrolysis reaction of S-2444 catalyzed
by different dilution of InB
The curves counted from the top to the bottom stand for
the reaction catalyzed by 2, 4, 8, 16, 32, 64, 128,

256 times of dilution of InB respectively. K
m, S2444 ~
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P s 73 20 Br by #E B AL R AR Visoas, 1E
Vis2aae [InB] & (18 3b), JFrd H &5 B AR

35t (a)
30+
25t
20+
15
10-
5 L
0

1/v52404/min

0.002 0.004 0.006 0.008 0.01

1 -
—_— 1 =%

[S2444] 10° mol L
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Fig.3 Kinetic study on the reaction of hydrolysis of S-2444
(a) shows Lineweaver-Burk plot of initial velocity versus [S-2444]. The formula of the regression line in Fig. 3ais y =4753.7x +83.721
(R*=0.9828), K,,5244s=56.8 pmol-L™'. (b) shows the plot of V,, 52444 versus [InB], the slope is £y 5204 =0.33 571,
Vi [InB] &, XF B 4b 3k 47 22 PF 7] )1 n] 43
ke ple= 0. 0165 5™ '

3.2 InB HUET AR NFEENE
vogXl [ plg] AOXUEIECE IS 4a, BUREHRER LA
HREE AT 73 Ko = 0.397 Hmol- L™, & 4b %

o (a)
o |
3
£
k=)
N
B
2
S
1 /10mol ! - L
[plg]

Vo, s240¢/10 " mol * L !

8 - (b)
6
4
-~
2_
0 L L 1 1
10 20 30 40

[InB1/10 °mol - L !

Fig.4 Kinetic study on the activation of plasminogen by InB
() shows Lineweaver-Burk plot of initial velocity versus [plg]. The formula of the regression line is y=0.735z +1.8525 (R2=0.9663), and
Ko, pg=0.397 pmol-L ™", (b) shows the plot of Vi, g versus [InB], the slope of the regression line is &gy 4 =0.0165 57",

3.3 Fibrin 3t InB /KR4 R BRI $200

Fibrin %f InB #% plasminogen (1] 52 W & — F
WEIER (s, ihek 1, 3 AR fribin (%),
ek 2, 4 MRNARRPAFAET.S ¢f L 1 fibrin).
WK 7 F= 0. 463.
3.4 InB Ry MR BELR

tH & 6a 1A HAS[FIAR P (1) InB X6 I /N I
AR B EE . LA % [ InB] £
(E 6b), 2L PEMIVA 50 H7 19 31 B2k U5 R i) 3
= 1.6946+ [ InB] + 28.483 ( R’= 0.9901), H1i%
JTREVE S A B 50% P EIE 1) InB WKL (1Cso)
7 12.7 dmol- L™ .

0.40f
0.35} l‘:‘
0.30+
0.25F
.20

A 405
=

10 20 30 40 50
t /min

Fig.5 Influence of fibrin on the reaction of plas-

minogen activated by InB
Curve I and 3 was the negative control without fibrin,
curve 2 and 4 demonstrated that the existence of fibrin
can inhibit the catalytic abilities of InB. The influence
actor is F = A ,uumutaie “Atibrin = 0. 463 (A is the coefficient
of the quadratic item of the regression line). 1 : 4—4€;2:
— ; 3:A—A; 4. X—X,
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Fig.6 Result of PRP aggregation mediated by 5 mmol-L™" ADP
(a) shows the aggregation curve of PRP aggregation, curves counted {rom the top to the bottom is: negative control, 1.91, 3.82,

7.64, 15.29 pmol-L  [nB respectively. (b) shows the plot of inhibition rate versus InB concentration, the formula of the regression
line is: y=1.6946x +28.483 (R?=0.9901), based on this formula we calculated the ICs5=12.7 gmol-L ™.

4 i i’

FAZ AR B [0 S 2444 1 Bk i R LE 3% ALK
59 x 10° IU/mg, 55 M serPA (19 EE 35 144 x
10° TU/ mghH LA ZE PN B4, B 4T 4 2R (1 PR
MZAF R G5 R P F AL TR — B g b (R
REMEL, AWRIX—F G, BATIE InB X S
2444 (1) 1% file 3 g = 0 LD B InB RS KRR A)
plasminogen [ 3l J7 °¢ % 8. M SESG 45 K E, InB
KA S 2444 IREALTEPE ke s2asa! K s2aaa= 5.8 x
100 mol™ '« Les™ ' 5 8 A B sar PA 1 ke, 52444/
K s2aa= 1.2x 10° mol™ '« Les™ " A A 2 95 A 3K
2, BRBE InB 1 ko MHEE scr PA 1 ko=
7.31 s WRRE T RIS SR, AR K X
FEALFEM T SRS T ST P

FEPE KR plasminogen [F3EPE I, InB [
kcat, e K i, p= 4- 16 10° mol™ '+ Les™ ' 5 HF 47 saur
PA (1] ke, piel K, e= 9-66 x 10° mol™ '+ Lo s™ " A
b, BARCZA TR B g, (HAEIE A2 P L
L. InB S plasminogen Sz W 55 21 4 H BRI
ML, ZRNARR B fibrin, T RARRATI A
7 fibrin X} InB #% plasminogen JZ [V (1516,

JRIARZR AL fibrin X ser PA Je 3L 5825 4k
I plasminogen FG VG PE & —Fp A HI/E . 52 A1
Fewpa= 0.285 (REEZHMEL), 10 Frp= 0.463. iX
EMRATEAT fibrin AFERIZ&AF R, BFAER sar PA 1)
W UR R 28.5%, ifii InB &I A {R ¥ 46. 3% [f75
P RIEE|— AN AL plasminogen PG T, NN
A 3051 HAE B AR sewr PA, BY 2. 16 HL47 ) InB.
M sar PA J2 InB 1) koo K {H PTHESTH: AH ) 5T

BB sarPA 5 I 3 B L g0 e <

ke Kl _ 9.66 x 10°mol '« Les! ) o)
kbt Kitye 416 x 100mol '« L'~ 7777
FreME e B 3,51 A PER B AE R ser PA 1)
Jim o om, WAHE R m 1 InB 35 TE 4 3.51/
2.32= 1.51 Bufor, flEgbnl g fEARShSEES . A fibrin
FEAERIZAE T, HIAE]—N A7 plasminogen WU
Wk, AR InB (] BB A sewr PA (0T HERY

%:ls% 1.43 fi%. BLWIZEAENK InB HHF A sar PA 76

AN A R I plasminogen S0 ViF 14 Aff S Ak T [R] — %

FEARN TR AR, EmARH, H
AR Hou %5 (10 5 56 45 100 55 3 AT 4 i /AR 2R
TR RAE A M HER. Hu 55 & I/ R
WSz R GP 1T b/ Ta EAT NS AL, —
ML Y fibrinogen Z5G WA F fisi, 5H—1M5F
RGD FFoI (M BCAR S5 &, BATBUHFRZ 0 L A7 .
WA ML AR AR SR 45 R AT Ji1: InB HATHL
MR R YE (BFER sewr PA BB T, R
KRB KL, ] 50% (i /> B2 SR 46 1 2 40 i 5 5K
ICso= 12.7 Bmol- L™ ', XULWI: a ZE41k InB &
AR seur PAAH EE AT W 2 A BT /N AR R 8 35 1,
A FONIRENEFR Y 15 b, RZAK InB 1[5 GP
b/ Ma &5 6. IXUEHIER NN InB MEAT# kG
Jrif, GP b/ Ma 5AT T — PR T R E 1 . 5
HLAE M Dy fig, €% %8 P @& 1 fibrinogen . 5
fibrinogen 454 [ plasminogen LA ¥R InB 7F il 4
JRI T e oK, XA FH 5 ooy R B N 9 e
10° 500 FrLARATTIAN: AR InB 76 4k Py 3%
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Characterization of Bifunctional Chimeric Molecule of
PRGDWR Containing Pro- Urokinase

~ . N . . . L
DANG Xin, YANG Jing-Xin, RU Qiang, RU Bing Gen
( College of Life Sciences, Peking University, National Laboratory of Protein Engineering, Beijing 100871, China)

Abstract In order to obtain the bifunctional chimeric molecule of single chain urokinase type plasminogen
activator ( scur PA) which can inhibit platelet aggregation, PRGDWR peptide was inserted into the site between
Gly"® and Leu'"” (called insertion mutant B, InB). The recombinant gene of InB was expressed by Pichia

pastoris. The secreted protein was purified by metal chelate affinity and strong cation exchange

chromatography. The amidolytic ability of mutant InB is 5 900 IU/mg, the kinetic constants is: K.],',1‘I:,|g=

56. 8 Bmol- L™ ', k(l-::[rfplgz 0.33 s~ '. The kinetic constants of plasminogen activation reaction is: K.I,’,"r:ﬂg:
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0.397 Bmol* L™ ', k.= 0.0164 s~ '. Fibrin inhibit the catalytiv ability of InB during plasminogen
activation, the influence factor is 0. 463 (means InB remain 46.3% of the catalytic ability when fibrin was
involved in the reaction system). The mutant not only has almost the same catalytic ability as wild type scu- PA,

but also has strong ability of antt platelet aggregation (compared with scurPA), ICsoof InB is 12. 7 ¥mol* L™

Key words PRGDWR peptide, single chain urokinasetype plasminogen activator, thrombolytic ability,
platelet aggregation
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