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2 RGD 751 1Y Ll 15 8 5 AL A4 B 5, o
RIE AN ST

BEE WIIE gk

(eRFFLEmilEEk. EARTEEFRELERE. Jbx 100871)

FHE R4S LAP (leech antihemostatic protein) E2i8, TESHTILEE decorsin ZEHFHEREER L, FIFAEH PCR
HE, MET LR ER R FN 33 1E 35 f7, RS HEAT RGDS FRIE T decorsin 1] — B PRGDADP 5
TUMERAE N 2 F% RGD AR WL IR Z 5244, 4r8lnir &8 HRGDL I HRGD2. 1% 2 o= (A 71 Ee R B B
GSILs R By RiL. £HE. W TRREMNRRAIEERmSaih LB G, BH4ERT 5% 1 E
M E. JBI L. chromozym TH g M) B % ML B8 A% 7K AR 590 1 M /> AR BRI SE 50 UE 56 T H R4 B Va1,
HRGDI 1 HRGD2 FMHIEEMLES 455 1 2 H AR 10 7 mol/L 7K F, FHIML MR AT 10, 7F 10 mol/L 7K F E.

kR LEEER, RGD, BEmESMHEIF], FHER
FRrES Q816

Hai, ARz, aFE#Ham. B
PAFIACE TR B 2 A T PR I R 2 A
T H, KEEWAEOYRNTERE 2EE
K 4FE C Haementeria officinalis > F1 5 K K 4F
( Haementeria ghiliani) FIMER BF MW Xa B 1K
EAY B E B Macrobdella decora 8 decorsin £
MR AESEAR GP TTb M a BAETLR, EIL BT
R FERTNEET) . SRR T Hirudo medicinalis
KU F A H i) OB LR A S sR Mmah F

Stube %71 T 1992 47 & 1 B R K GE
Haemadipsa sylvestris |, 43 B3 H —%h B33 400 Bk fn
ESVE 1R 57 M EEBNZ AL, #FEAF haemadin.
Richardson 251" #E M 57 T haemadin #1E I g5 &
EURNREER, RIRE EE 5KERERL
TR AR, (AT Y Rk O B Y &5 -5 T S A
[Fl: KIERAT C hwmsh o T BT A0 4F 4 25 B I o
WA A, MIUEERN CwEa THRENGEN
M. BT LEERN SR, H15 e n] DS
FIFN S5 A A RNEE AR, {2 A2 HPHIAE L BE 1L IS 72
thr=A R R EE #7. #40, Meizothrombin, 1%
B4 LA O HP= A 58 PR T 7E BRI B 51 R 1
RPEEER CRR, RESERET.

BLMAS = MR BREAB N LEREABRE,
TR P R EERMEN. B LB E T
VAL, EAE<ESIREeE, R, S
BeagEs T hFRER, WLRFHESH

HARECTE UM AR A 0, e — B 5
TAHERBMELBRATESGESBIESRE. L
ZIAHEA C B A RBERT, MR E
C T PRE 7 Va Ve FIE AKAREE T AR

M ANRIESZ R GPILb I a JB T 40 B &b i 5245 1)
BERFEDS, vE5ASERZAMNMEER
A S REIFED, M MR FEEERMLE S
RB—MEEFREEMPIR. Decorsin 1T 1T PHIE £ 4 5
Eln5 GP I bIla 855 & 2K R F M MU £/
e, HAARMAIORE W& —E RCGD /7
FIUE, AR decorsin 5 GP I bIla 455 K< 8
FFl, fEHARL GP T b a fcfddh REE R ZT
@J[w,m].

HIETT 0L, FEAEM RA SRS, A MmEsELE
FE R AL R IR E RPN KPR, #
W LAEEATR TIRZ AR A N PR T. K
SCENPR IR M AR R B H ). RGP I bha 7+ F
H: GPIbIa IS, & KGD KIFCRE
ik, 05 RGD FFIMEEARE 72 i F—2KA
TAMEZ R, AT A 0 A AR
D-Phe-Pro-Arg-Pro FFFIFIAGE R Y C g KA {7 AKHE
F 5L AE 1R

CIE TR R AL
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Krezel %“”Eﬁi‘ﬁi%%ﬁ%7ké§ﬁéﬁﬁ?
FISHIRES, T 1994 31 LAP &5 5w, &
T, ASHe I HIE A E RGD JTFIM LESR
2R, 4> 5 LL RGDS, PRGDADP & H 85 ¥4
BIEERRE B MEFE 35 FF]. 153 HRGD1
FHRGD2. i & B B 7K A8 5250 A0 i - 4% 58 SE 40
T SESEE S5 T EU SE B HI AR ML AN R B 2R
RIE .

1 AR

1.1 #hH
ToplOF', GS115 EE/REE BRI pPICZaA BUAA,
Zeocin & B Invitrogen 22 7); PCR KW 5% b 20 43

FBRE I 1B A TAKARA 24 &]: DNA REUH
afb R R R A E AT, REESEREA LiE
ATAEY TR ARSTREA -G8 B E
( S-sephorose fast flow, Sephacryl S-100, Sephedex
G-25) 13K E A. Pharmacia 2% 7); o & 85 T8 B
Sigma AR ; A EJEY) chromozyme TH I H ROCHE
ANF] BIEW &K E Millipore 247, EMC630 H5
Wl E BTX A7), BEARUEE TECAN A, i)
fEEN B iFIERNLE

L2 ik

1.2.1 HRGD! f HRGD2 EFEFI%E: &5, K
R MR E WO T LERREF TS, JE
FFHIBGN_LE Xho T 0 Xba T BIBEUIAL A1

GCA CTC GAG AAA AGA ATT AGA TTT GGT ATG GGT AAG GTT CCA TGT CCA GAT GGT

Xho |

GAA GTT GGT TAC ACT TGT GAT TGT GGT GAA AAG ATT TGT TTG TAC GGT CAA TCT
TGT AAC GAT GGT CAA TGT TCT GGTGAT CCA AAG CCA TCT TCC GAATIT GAA GAG
TIT GAAATT GAT GAA GAGGAG AAGTAA TCT AGA CTC

ERILEETH &M 6 BREZ M DNA T (3
EriESE, 3 BrdE, el BLEWRE S0 wmol/L
e, ANEWRE 6 xS8C, 60T KB MHRIE 12 h,
RIEXRHKBFEFEE TREER. 2K
i s, {55 DNA EEREEZ S, BRE
KZEFGE= &, BIFTERN PCR R ML, 5.
3T A S A A 57 GCACTCGAGAAAAGA
ATTAGATTTGG, 5 GAGTCTAGATTACTTCTCCTC-
TTCATC. HRGD1I 89 | 4 3] ¥ & it H: 5
GCTATCGCCACGACAAGATTGACCGTA. 57 CGT-
GGCGATAGCCAATGTTCTGGTGATC. HRGD2 R E
MBI N 5T ATCTGCATCACCACGCGGA-
CAAGATTGACCGTAC, 5" CGCGGTGATGCAGATCC-
GCAATGTTCTGGTGATCC.

FrA ) PCR FCRE R ) 260 B4 20 pmol/L.

M, 94C, 1 min; BK, 60C, 1.5 min; ZEH
729C, 1.5 min. 2% EPRFEHRIKF T 4B BTH PCR
M, EE RIS DNA dib il & atiis.
1.2.2 FEEMFEWHE: HRGDI. HRGD2 & X
FLBE £ pPICZaA B Xho [ A0 Xba | f7 a2 18], ¥ilL
TOPIOF KA #T B, TEE 7 25 mg/L Zeocin FIEE:
[B45 LB 3 FFrdE EIEFFF LT, Xho [ AN Hind I XX
EE %52 M2, DNA I F4%AEF 78 T .

Xba |

1.2.3 BMEQEEFAEE cS11s T &L &
A HRGD1. HRGD2 EEEME A FRELE SaclZ AL,
YL fb GS115. mE &M BE 1500V, BEF
25 wF, 200 0. EEEMEZENNES LR T
M CpPICZaA, B, and C. Catalog no. V195-20 of
Tnvitrogen ). TE &7 100 mg/L zeocin FI[E £ YPDS £5
Frdh bt R, SREFERIHI00 pg/ L2
800 pg/L zeocin W B E ik, TES00 pg/L zeocin
W AR ERE, HHATE A 5 RIE AL R
ek E A BEFREAKE. 6s11s FIRIER 1% #
WEHEES 4R, BEREFY B
L.2.4 BROEEHEE: SEXE (4] 2teE
M ETNHNEE MRS 5. 0.5% A HEHIR 0.4 ml,
BN 100 pl FEMIEESL, 37°C KB 10 s /7, A
10 Wl W|REEA 1 U/l BB IR RO, 37 CKE IR
1 min 5, WEETHERBE, mREAEERE, 4%
IO IR ES B 22 B AL, 10 R0 B L ES
AL AERAI Q1 THE IR RS R5E .
IHEFE S CATU/mD = (o - 1) x 100 x N (1)
n AN BE ILES 1) I0EL N RS R B AL
0 HRE L B (Y 75 4 SR AL ATU SRR,
1.2.5 HEEAMLL: B5FME1500 ¢ &4 F
B0 10 min 5REFY LS, EBESTFRE
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N3 ku f110 ku BIPISREE DE AL EE AR 48, H
6 mol/L HCl 15 mol/L NaCl 43 B # ¥ pH &
3.0, BYRE L 7 000 pS/em, S-sephorose fast
flow [HE FAZ ¥4 LA, HEZ M A (50 mmol/L
HEE, pH 3.0> JEE, 0~1 mol/L NaCl #F 5
R, HE 1 ml/min, YOEE B A5 75 (0 B 400560 75 14 50
£, Sephedex G-25 BLH: 1S B RIFHE L Sephacyl
5-100 BRI UERI . HP BF 7w eMliE e
MEEMNEA.
1.2.6 L EE AR R K A SR 36 00 52 (LB R R AR
K R#EscER (o] MrikibiTiEe, SEIRTE96 1L
AP HEAT, A% R B bR DT 25°C 464 T I 2 #1045
FTHEEEALE4E 0.1 mol/L NaCl A1 1%
PEG6000, pH 7.8 #9150 mmol/L Tris-HCI 5 i f 1.
A Tosyl - glyeyl - prolyl - arginine -4 - nitranilide acetate
( chromozyme TH) fE R4 B, ZWRE A
20 pmol/L, 40 pmol/L, 80 pmeol/L, 120 pmel/L.
RURFE N 3,28 x10 ° U/ml RIS I BEAN (L 05 & 5235
R CERERE S 10.35 ~41.41 pmol/L> FIREWT
2SCI|MAE S min G, MAANERTHED
chromozyme TH FFIE R R, 15 3 FBE F 405 nm
B EN B ERE, K ooy H
10.4 mmol ' < L*em ', RN A TIEYKEHFEL
(¥ 4-nitraniline. 52 REI% BE 568 B 1 85700k B A0 B0
WAL 2, EHARELMRAER K.
v, = (o 2EDQLLICK + 1, - E)?
+4K'E 1" -(K' '+, -E>] (2
v, RV TNEIF AT B R R, B, FoR 2 IR
EEAREE, K/ AEREBNAHER EAREDWR
FERMEER K HALRK (3), (3K,
K' = K1 +8/K) (3)
S EEHWEMIIRE, K, BERIIBEXZEWEK
HE
1.2.7 SRR W E: /R ERE
SCRFHEMR MR (PRPY M M3 0 R
(PPP> #ATINZ. HE&ITEIT: fhHE 50 ml
NEY 4, BRI 0 U P A 9 A AR R TE T
MAE 254, A 179 A8 3. 8% FP R B, 1E
25°C 160 g B> 10 min K45 PRP. TR LiF#HTE
25°C 2 000 g B3/ 25 min 313 PPP. X PRP 1HELH
H PPP i AR F 200 000/ul. 7E 280 pl PRP
A3 ~18 pl ILIERRTIRER, FHERLESE
FORANTZE 300 pl. SRR MNRBE AL R 37°C
MBS min, RSEIALURE R pmol /L ADP AZZ 1M

MREESE. ME R AR ERR R MR
FIFERE. LI IR B i KR S R e R B] 13 4
B, B HIm MR RS IC,. PPP MRS L
FE 3R 1F A EA MR R

2 g B

2.1 HRGDI f1 HRGD2 EFE (E 5

ATREBHNERREAESTHREE, &
M LI E M E O AT 7R R Z 51t
B DNAJFHI. 74 DNA S RUAIZRH, HESL
FEIGEA3E, mERsE3 B, —He6 B 641
A EER9IR KGR AR DNAclub BAETII G, &
KIETE 60C. 6 xSSC ERIREHER. va
THAINES THREMEEE £33 12 h B kb
H, HEWEMABEEEAEHER A TENS
Bt FEik, FAMEH PCR KM E M ER B,
HUBRERSETENFTE. MEHPCR M AFESE
s R AT A e R B R R T
2.2 RIEBFMHE

TERAHTE L [ B BfR, BT LR R R RE
HRERA A AN YA A, FRFRITERE T RE
PR XholF Hind AT AEE DI 2. IR A A
A BRI RO, AEE IS4 4 1.3 kb ] DNA
B, MREREAEMARBRAMRMIR, St K
#71.1 kb B DNA K B (& 1). DNA JUJFiE A
HRGD1, HRGD2 RARMETR (F2, 3.

Fig.1 The electrophoresis result of double-enzyme
digestion with Xho 1 and HindIIl
The fragments were separated by using 1% agarose gel. [: DNA
molecular mass standard; 2: pPicZaA vector with HRGDI gene inserted
digested with Xhe [ and Hindlll; 3: pPicZoA vector with HRGD2 gene
inserted digested with Xho | and HindIll; 4: pPicZaA vector digested
with Xho | and HindIl[.
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Fig.2 DNA sequence of pPICZaA-HRGD1

Fig.3 DNA sequence of pPICZaA-HRGD2

2.3 HHEBAEEAREE GS115 FHIFRE FERESREERBEZE. NEAETHES

pPicZaA T2 FIEML A LA —BESWF  IEEUHE, ~ARRAMEFRANGHNENERS
Fl. ZFF=5] S HRNEEFRBHARELAR  (FH4). HENEBREERME, £ Zeoein.
ek, REHTHEIENEAERTEN RN EXHE. HE. iR, mils Al ET
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T2 RIS, Zeocin BIIRES -G EE R (0 (R
fFE AR, WREERBEMNEQNRERE
. FIEBNERIEEREZIEET 20 mg/L, HEIL

BT S YN v O A 0L B T A 140 Uyml, 1
HEAZERE FRENER, EikEns e
T 72 B AP A AR e L A A R IR

cyelTT

PUC ori

57 AoX1

PEM7

PTEF1

pPICZaA

Aox1TT

‘ o-facter
...... GAA GGG GTA TCT CTC TCT AGC ......
Xho | CXbal
e GTA TCT CTC GAG AAA AGA ATT AGA TTT..cccoccoee e . AAG TAA TCT AGC -
Xho 1 T W]

Kex2 singal cleavage

Fig. 4 Picture of construction of the expression vector

The HRGD2 gene was cloned into Xhe [ and Xba [ sites of pPICZaA. A signal peptide, o factor will lead the target protein go

through the yeast membrane and is recognized, digested by proteinase at the Kex2 signal cleavage site to generate mature protein

with native N-terminal.

2.4 EMEHRZL

BORCRRE TR LIE, BT AR E
Sa4WEBRZE 30 ka A L, EiERAEE ST
JRE 10 ku RIEYERR] DABR 2235 77 LR A ER 73
BH, MEESFRES3 ku FEBEESET T
ESs 7Tk MIERER, RIRAMERER, £
ZH T REREA T, ATIESE S0 mmol/L HE
B, pH 3.0 FAPHE 7 A2 ¥ 2471 S-sephorose fast flow
FAR—FEH, #—FHLENEES. £H0 -~
1 mol/L NaCl #5 /8 VERE, HIELFIRE—PilEhaE
HHEE. OENCERSNTBED EREE
it Sephacryl S-100 BERILIE, ALULPET2ER,
FERMEOAEER 95% LA L. 78 SDS-R NI Et
F st iz s vk b, HRGDL 1 HRGD2 ik 2 4
R ERSTFRERK (B, FiEhE (E
6 FE 7> AEH % E K% 4L ¥ HRGDI.
HRGD2 & DA AR T AR AN RT3, ik
FIFEAT B A2 BT HRGD1 R HRCD2 AR %
NPT, TE SDS-PAGE HLUkTH, 4r TRIEHZ 3|4

SR R ARG R, S ER K E S TR E
K, IZAEE AN ARE IR TE AT =
HihaF (decorsin. K4EZE A ITF) WFF F A
R (EREREET).

Fig. 5 SDS-PAGE of purified haemadin
Samples was prepared in ddH, 0 and heated at 95°C for 5 min. The 15%
zel was stained with Coomassie Brilliant Blue. lane / is molecular mass
standards (14.4 ku, 20. 1 ku, 31 ku, 43 ku, 62.2 ku, 97. 4 ku), lane
2 is purified HRGD2 (25 pg), lane 3 is pmified HRGD1 (5 pg).
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FERUWEAE 10 ~ 200 pmol/L TEFH FET, Sifl
BAREZGH RN RE, FLOAR, R
4 000 5 SRELE BRI MR R E R A ARIER, MER
3 500 : RGD JF1 01119 253 N 7% 1 4080 /AR 2
2 000, S E .
L 2500
&
2 000
1500 aonr *
1000 - 2300 "
500 - _ g
) T bttt s s e 3,:} 200
3000 4000 5000 6000 =
miz ;‘ 100 -
Fig. 6 The molecular mass of HRGD1 determined by 0 zb 46 ﬁb 810 16[) 1‘2[)

mass spectrum

It is 5501D in agreement with what have been predicted.

2500 -
2 000 -
&
e~
= 1500} e
@
1 000
B
500 =
=]
0 3 i LIV STIR,
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Fig.7 The molecular mass of HRGD2 determined by mass
spectrum

It is 5795D in agreement with what have been predicted.

2.5 L EE R AR K AT SEIR N 5 | LR R AR R K,
L 4E R R i B A 35 - MRS RGR . R g A
O A LR A2 LU R R S AR RN R 1T S A4 R
W A2 E 15 R HRCD1 B K, N 10.6 x
10 mol/L, HRGD2 M) K, 4 9.1 x 10 ¥ mol/L
(E8) METRALUEERMN K (2.1 x
10 7 mol/LY, EAFAEAN &S M AR ) B T T
400% ~S00% .
2.6 AR RS RN E

IR R KRR ERTE — B VU B A SR AR
ERENXER AXBHRABEEER62%, B
ISR B KRR R AR A, BATE MR, 153
LFFERA /R (HRGD1. HRGD2) H7 IC, 45814
55.0 umol/L F145.5 wmol/L (90, HRARATL

clchromozyme TH)/(pmol - L 1)

Fig. 8 A graph of K,’ against substrate concentration for
HRGD2
Tight-binding assay was performed at 25°C in 50 mmol/L Tris-HCl.
pH 7.8, containing 0.1 mol/L NaCl and 1% PEG6000 with
3.28x107% U/ml thrombin, HRGD1 and HRGD2 ( 10.35 -
41.41 pmol/L). The data of velocity and concentration of recombinant
haemadin was fitted by nonlinear regression to determine K’ value with
four substrate concentrations (20 pmol/L, 40 pmol/L, 30 pmol/L and
120 umol/L). K;' values were fitted by using linear regression to obtain
K, value.
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Fig. 9 Inhibition of platelet aggregation induced by ADP
Assay was performed as described in materials and method previously.
The best fit of the experiment data was shown and /€5 was then

determined.
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3 it w

I AR % M0 SR T T 25 B T SR A4 1T
Rpum e 25 S0 R, RBPURAF], BIE
T RE RN — L m B B D T LR
B TIRAK LA ERIE ERHTRE S AERY
U8 AT RALE A 320 £ Y AL 7 m] AR R 4R RO
B, ELUWIRT R, RUERATURA A m R (LR LA
PRAETE RBRIE™ 21 Brid, S A RIBIETT &
2. KEEERIZ AR E AR A TUBLILES T —
s —, AEAERNTED LB EN
W ZIEN, EMMRETRERS T HE
fres, BA— 2R E R i B AR A7
KEERH C o 5 EEILEE A4 5 B IR AN & A =
gid, MIUEERM C w5 stm AT R S s &
AL REE, XA SE AT ER AR R F

1H 10H
HIRUDIN_I V

TR A ARG &l AR A ik A
EWEAS-S IR EIEET, T A S R0 g
A 546 L FE TP PR A Y meizothrombin FP IR, %A
[ARREA A TER A B —E RSk zh e ™. BiL
FRA TR 68 I &8 71 1M /) AR 2% 2R 7E &8 ML i 32 7 A0 1E
A, SRR T ACE PP 5 TS 14 BRI,
TR L 0E R R 4 R AR R BT R Wi HRGDL.
HRGD2. LAEIF2E B SESUENCR 50T
Krezel 52 7E 047 EhAEE T 3898 T/KIE b i
BIIEFERIEE T T4, #2H LAP (leech
antihemostatic protein) IEi. XL NEH B —4)
ShEER 6 MERLERE, W1 -2, 3~5. 4~6
RUF AR 3 %F —Hi M 4 MHUREH. RGD F
FUBHE N TH 3 AT, LER B EAELA
gifgem (E 100, DESAMAELSEN, F4 1
FREHTES, 3 BARD 5B ES & 4 1F T

20H 30H

F Y TDETESG LELGCEGSNVOCGOGNKOGILGSD
HAEMADIN TRFGMGKVPE-PDGEVGYTEDCGE-KICLYGQSON D
DECORSIN APRLPQEC-QGDDQEK-CLEC-NKDECPPGQ-CRFPRG
p1 B2 B3 p4
40H 50H 60H
HIRUDIN.1 CEKNQCVTGEGTPKPQSHNDGDFEEIPEE-VLQ
HAEMADIN G ---0QGS-GD--PKPSSE----FEEFEIDEEEK
DECORSIN DADPY (G E
..
p5

Fig. 10 A picture modified from Richardson and Krezel™ ) showed comparison of amino acids sequence of

hirudin_ 1, haemadin and decorsin

The conserved cysines were boxed in yellow and red amrow indicated [3-sheets.

Frih, FATHBE T LIEEE 4 SRR 3 4
FE®, A RGDS FEIFE T decorsin P Y
PRGDADP JT%|. WEEEZE MO TFHE
% L B #0051 R0, LM SUTE 10 7 mol/L
7KSFJ:“0]-

HRGD1 1 HRGD2 1 1 &€ I &8 49 35 7 25 3
10 © mol/L fI7KF, EREMIERABRHLER, =
RARHNHIEE LS BB DA A K. LR A
AT FIEATR FIAFE R WA [ 1L 0E 3R 5 At
megz BIMAEIER. &AL RCGD FFINRILH
A FAMEI R R A KETE, HRGD2 §1 RGD T
%l (PRGDADP) R T —FiRA 7 B AR 40 5
7l decorsin, 227 NMR St HeE#RIRFR AN, RGD

FRA 0 B S B 3 TR FF ROD FAIRIRIE & B
—EEAY, XEA TR RGD IR, XK
R RS LB HRGD2 156 ML /MR EE 7 A R
T HRGD1 BYJR . &k H AR GRGDV il i - AR
B IC, R 75 pmol/LY7Y, i EE 9530 9 L 15 2= R 8
fRehiy, SR RGD W R MR ERAEE# L R
T

HRGD1 1 HRGD2 #{ &R T il AR B LA
FEE B A9 . PR L, B R B AT IEE AT
HRGD2 BI/RPY SEB R 0I5 30 F AR py i, LLHR
HEARR—M AU A R RV A ER A g
H k.
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Cloning, Expression and Identification of Bifunctional
Thrombin Inhibitor HRGD2

ZHAO Jing-Jing, YANG Jiang-Feng, RU Bing-Gen”
( National Laboratory of Protein Engineering, College of Lifescience, Peking University, Beijing 100871, China)

Abstract Two recombinants of haemadin which contain RGD amine acids sequence in its forth loop was cloned,

expressed and identificated on the basis of the analysis of structure and function of the haemadin and RGD

sequence. The chimera genes coding for mature haemadin with inserted RGD sequence were obtained by

overlapping PCR and cloned into the shuttle expression vector pPICZoaA. This process was identified by restriction

endonuclease digestion and DNA sequence analysis. The recombinant plasmids were electroporated into Pichia

pastoris strain GS115. The recombinant proteins, HRGD1 and HRGD2, were expressed and induced by methyl
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alcohol, secreted into media leading by signal peptides and purificated by combination of ultrafiltration, cation
exchange chromatography and gel filtration chromatography. The biological activity assays approved the chimera
proteins show activity not only in antithrombin but also in antiplatete aggregation as what have been predicted.
Key words haemadin, RGD. thrombin inhibitor, anticoagulant
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