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Fig. 1

Superposition of C; of residues 1~ 316 of

fusion protein and Annexin V

Black: AnnexinV: Grey: fusion protein.
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Fig. 2 Energytime plot of the docking of fusion protein to

thrombin equibrated at 300 K
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Fig. 3  Structure of fusion proteirr thrombin complex

Black line: residues 317~ 340 of fusion protein; Ribbon: thrombin.
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Fig. 4 Root mean square deviation ( RMSD) of C, of the

interface residues from fusion protein and thrombin during
the docking simulation

(a) RMSD of C, of residues 317~ 340 of fusion protein; (b) RMSD of

C,of class [ residues of thrombin. Residue numbers w ere annotated on

the plot.

Table 1

C-Terminus residue' Hirudim thrombin complex

Phe 56 Phe H34” ¥, Arg H73, Thr H74

Glu 57 Thr H74, Arg H75, Tyr H76

Ile 59 Leu H65, Arg H67

Pro 60 Phe H34, Gln H38, Leu H65, Arg H67
Glu 61 N/ A
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The interactive residue pairs in the thrombir-inhibitory protein interface within 0. 4 nm radius

Fusion proteirr thrombin com plex
Phe H34, Leu H40, Arg H67, Thr H74, Leu H154
Ser H72, Arg H73, Thr H74, Arg H75, Ser H153

Phe H34, GIn H38, Arg H67, Glu H86, Ile H88, Ile H90
Phe H34, Gln H38, Leu H65, Arg H67

Arg H67, Tyr H76, 1le H82

" Residues of C-terminus polypeptide from different proteins are numbered the same way as that for hirudin,

YL and H denote respecitively the light chain and heavy chain of thrombin.

e . . . . . . - . . - .
Underlined residues have distinet nowr bond interaction with C-terminus residues of hirudin.

3 W g

JKUE FEAERER, L C I AN RE R R 1
TR EE KT AR . A AR WA 1E U R
AN KIEZE C i (1) & 1 45 09 £iHls 502 NMR £
i, K- L 25 ) KR R IK C i 5 R ]
DA B At ARE I B (1) FRS A RO i JE B . TR I
C i AT HUPY — 2454, W UtIAE C I akAk 2z
VAT ook R AR AE B, Rk, BRI C o S
10 MFRIEM R S, 0] Ml 25 BT A% O30 43 1 &5 0 ok
ARG B m, FATE VE AN C i 45 4
BRI S AW g, RS LASYTHEAE. s
B RO KR Glu61 (5% IEAE BATIBL45 R o

JIT T 1) 5 R L PR AR AR, N LA AL I
AR, et SER I R IR ¥, SR
GG RN ECS A B S

Xl B A A R BUE SR B, JKIEF 20
Ik R BEAE Annexin V_E PR GR 2 06F JUAZ 00 58 73 5% Wi 45
N, PRIEAF Annexin V45 755 i 158 14 2 £ 7 5
HEHPHRT CLORAF; [R5 i B 5
M85 52 ) 3h g 2 AU A &5 ke o A, JRATTIACA,
A Rl B AN e S R 7 ISR 1) 40 5 e af St 1)
GG A ROREPE G, (RS L B A
255050 FRS ARG IMAH BAER, DXt mb& ik
F AT A TE 00 5k i SR PR JEC ) 5 5 AN R A AT o 5k i
B Thiie. Mif, PTEAMERR BRI FRATAE



2001; 28 (1) S5 MYEER Prog. Biochem. Biophys. + 89 -

m!ﬁﬁr_‘l%}[”ﬂﬁﬂ [f,J IJ:f’j‘f.l‘;JERE'FI)J fJ‘E H ﬁ'u', b_(‘—-ﬁ coronary artery. Thromb Haemost, 1997, 78 (4): 1278~ 1285
t{ﬁ)‘l Lllgé{t Ir_l ;“ ié'(- H—ﬂ}'] pN.]UTRX‘ 1 %g\ EF’?EJ‘J;- 4 Rydel T J, Ravichandran K G, Tulinsky A, et al. The structure
\ . e S . 3 f a complex of recombinant hirudin and human -thrombin.
T fs . S S| 45 sl AT 1 : o
FHIEIE Chromozym 43 1 il 11 0] it i i Science, 1990, 249 (4966): 277~ 280

AT ME SESr T e AT et T A
H}j'm]'%”{' 1 t’-l"’ -HTJ‘ rul'[ HI'I CEsH H ik ’LH}J—Lﬂ 5 Maraganore ] M, Bourdon P, Jablonski J. et al. Design and

lléj'lliﬁﬂlﬁ’ﬁ'iﬁﬁ{]&?ﬁﬁﬁ, ﬂiﬁdmﬁﬂ-{t{!;ﬁﬁmlm characterization of Hirulogs: a novel class of hivalent peptide

ﬂ{];_f‘;f-u jj, [;,‘)\ ‘tfi—}f]“.[_ ﬁEEUL &m}ﬁ;ﬁm]m'ﬁ-ﬁ ]j B inhibitors of thrombin. Biochemistry, 1990, 29 (30): 7095~
7101
é 5% I ﬁjﬁ 6 Braun P B, Dennis S, Hofsteenge J. et al. Use of sitedirected

mutagenesis to investigate the basis for the specificity of hirudin.

I Marciniak E. Coagulation inhibitor elicited by thrombin. Science,
Biochemistry, 1988, 27 (17): 6517~ 6522

1970, 170 (956) : 452~ 453
7  Huber R, Berendes R, Burger A, et al. Crystal and molecular

(3]

Chang J Y. The functional domain of hirudin, a thrombin-specific
inhibitor. FEBS Lett, 1983, 164 (2): 307~ 313
3 Leadley R J, Kasiewski C J Jr, Bostwick J 5, et al. Comparison

structure of human Annexin V after refinement. J Mol Biol, 1992,
223 (3): 683~ 704

8 Rydel T J. Tulinsky A, Bode W, et al. Refined structure of the
hirudin- thrombin complex. ] Mol Biol, 1991, 221 (2): 583~ 601
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therapy during thrombolysis with rtPA in the stenosed canine

Molecular Dynamics Simulation of Docking a Novel Hirudimn like
Anti coagulant Protein to Thrombin

FAN Yao, WANG Jin, YANG Shan, YANG Xiang, ZHANG LrNa, HUA Zr Chun, ZHU De Xu

( The State Key Laboratory of Pharmaceutical Biotechnology. Department of Biochemistry,

School of Life Science, Nanjing University, Nanjing 210093, China)

Abstract Hirudin is one of the most potent antrcoagulant protein ever found, and its C-terminus is a key
domain for inhibiting thrombin. In order to enhance its specificity, a novel antrcoagulant protein was
constructed via fusing the C-terminus of hirudin to Annexin V, which was expected to sustain both antr
coagulant activity and phorspholipid affinity. The structure of the designed protein was predicted with both
molecular mechanics and dynamics. Molecular dynamics was adopted to simulate the docking interaction between

the fusion protein and thrombin. The results showed the inhibitory activity of the fusion protein to thrombin.

Key words fusion protein, molecular dynamics simulation, thrombin

* This work was supported by a grant by National Natural Seiences Foundation of China ( 39970184, 79970116} . Young Teacher Award from Huo
Y ing Dong Foundation and Natural Science Foundation of Jiangsu Provinee ( B]97041).

- Corresponding author. Tel: 86253592332, E-mail: jwang@ nju. edu. cn

Received: January 24, 2000 Accepted: February 29, 2000



