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A novel approach for identifying the critical amino acid residues on
binding site of GPIba and vWF-Al domain through molecular

dynamics simulation

DOU Tian-tian, WU Jian-hua, LIU Guang-jian, FANG Ying( School of Bioscience and Bioengi-
neering, South China University of Technology, Guangzhou 510006, China)

Abstract: Objective To develop a novel computer method for identifying the critical amino acid residues in the
receptor-ligand interactions. Methods GPlbo/VWF-A1 crystal structure was taken from Protein Data Bank (PDB
code 1SQ0). Free molecular dynamics simulations were performed to observe the formation and evolution of hy-
drogen bonding and salt bridge on the binding sites of GPlba and VWF-A1 by VMD. A residue interaction index,
which was scored with the survival ratios of salt bridges and/or hydrogen bonds involved in interaction of a residue
to other(s), was used as a criterion of the residue’ s role in interaction between the receptor and ligand. Results
In the interface, 21 residues in GPlba and 21 residues in VWF-Al were significantly identified to participate in
the interaction between GPIba and VWF-A1; 20 of these 42 key residues were verified by previous mutagenesis
experiments. Conclusions This novel approach is useful for computationally identifying the key residues involved
in GPlba-vWF interaction, and has potential in developing new strategy for the traditional mutagenesis experi-
ments and the antithrombotic mAbs drug design.
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Tab.1 Key residues involved in binding of Al to GPIbx and indentified through mutation experiments
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Fig. 1 Hydrogen bonds detected from the crystal structure of
GPIba/VWF-Al
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Fig.2 Variation of the temperature, total energy and RMSD of
heavy atoms of GPIba/vWF-A1l complex versus simulation time
(a) The first independent system equilibrium processes, (b) The second

independent system equilibrium processes
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Fig.3 Time courses of interatomic distances of the 2nd H-bond in

binding site of GPIbo/vWF-Al complex
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®3 FETE GPbo/ Al EEMMRZ EAE A SR
Tab.3 H-bonds and salt bridges in binding sites of GPIba/Al

complex in two equilibrium states

GPIba 84T AL BRHET  GPlba ZRIEN AL GRIET
1 GLU128 LYS608 GLU14 LYS549
2 GLU128 SER607 VALY LYS549
3 GLU14 ARG552 ASP63 ARG571
4 GLU14 ARG611 GLU40 ARG571
5 GLU225 ARG632 LYS237 ASP570
6 ASP235 ARG579 ASP235 ARG579
7 HISI2 GLU613 GLU225 ARG629
8 ALAIO GLU613 LEU197 ARG629
9 TYR228 GLU596
10 LYS237 ALA564
11 MET239 SER562
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Tab.4 H-bonds and salt bridges and their survial ratios and involved residues detected via free MD simulation

B GPlba | 5% 3E JRF Al 15k 3E JHF R AR HAFREM
1 GLU128 0 LYS608 N 89. 60 45.07 89. 60
2 ASP235 oDI ARG579 NHI1 89.33 84.27 89.33
3 ASP235 0D2 ARG579 NH2 80.27 77.87 80.27
4 LYS237 N ALAS64 85.60 80. 80 85.60
5 LYS237 0 ASP570 63.33 72.80 72.80
6 LYS237 0 ALA564 64. 80 45.20 64. 80
7 HIS12 N GLU613 OE2 85.20 — 85.20
8 ALAIO N GLU613 OE2 68.53 — 68.53
9 SER11 N GLU613 OE1 38.67 1.20 38.67
10 SERI1 N GLU613 OF2 38.13 3.60 38.13
11 SERI1 0G GLU613 OF1 30.93 — 30. 93
12 ASP63 0 ARGS5T1 N — 77.33 77.33
13 GLU40 OE1 ARG571 NH2 — 41.33 41.33
14 GLUAO 0 ARG573 N 60.00 4.80 60.00
15 ASP18 oD1 ARG573 NH2 52.80 26. 40 52.80
16 GLU14 OE1 LYS549 NZ 77.20 32.27 77.20
17 GLU14 OE1 ARG611 NH2 52.27 — 52.27
18 GLU14 (017 ARGS552 NH2 26.67 14.80 26.67
19 MET239 N SER562 0 68.13 55.73 68.13
20 THR176 061 GLN604 NE2 64.13 66. 40 66. 40
21 LYS152 NZ PHE603 [0} 62.27 58.80 62.27
22 GLU225 ARG632 58.00 — 58.00
23 GLU225 ARG629 N — 55.20 55.20
24 TYR228 OH GLU596 OE2 49.33 25.07 49.33
25 TYR228 OH GLU596 OEl 43.33 39.73 43.33
26 TYR228 OH LYS599 NZ 5.06 26.40 26.40
27 ASP106 oD2 LYS569 NZ 49.20 — 49.20
28 ASP83 0 LYS569 N 49.20 13.60 49.20
29 GLUS 0 LYS549 N 38.80 6.40 38.80
30 ARG64 0 ASP570 N 27.60 — 27.60

TE =" R AR B, 0 AR T REPRIE , 2647 T I 23 B3R MDA G TR I M R 1300 81 B S B SR R 2 A7 AR AR M

AR TR P oK AE

EANTRIBR AR AH BLAE 455 RIT, A1 RIT,, X B R AR
“TTRNCAL A RN 1SS 2 DRI S, T
R DL, BRI 2R 2 Y S5 B 22 5% 5540 B VR FH 46 20
RII, 1 RIL, (45 KAl B : RIT = Max (RII,, RIIL,),
JFLA RITVE N BE R AR S FE B 4845 . 1 GPIba Al
Al RIME R T 0.2 (5% S 4% A ey 2041 A% I HE

SI(WERS) o fEE S b, g RIT>0. 2 I, 5k AL [E]
AR EAE R B3R . IR 5 4 By HESA i
21 {iif#) GPIba 11 A1 L f9%RFE K L, 7E GPIba 1 Al
G55 LA 10 AN TR SE R SR AR ok
TN 22 ANFREEARLTT BEAE A W (TR B R e
ZMErrh BAELEER (WK 4) .
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£S5 % RO K/NHERRIAET 21 4 GPIba F1 A1 55 HE ERRE
Tab.5 Ranking of residues on GPIba and Al in top 21 of RII values

HE£4 GPlba RIL; RIL, RII Al RIL; Rl RII
1 GLU14 0.99002 0.58767 0.99002 ARG579 0.99436 0.98858 0.99436
2 ASP235 0.98361 0.98990 0.98990 GLU613 0.99356 0.09852 0.99356
3 LYS237 0.97272 0.97138 0.97272 ALA564 0.94931 0.89478 0.94931
4 HSD12 0.92193 0.01200 0.92193 ARGS571 0.49988 0.90256 0.90256
5 GLU225 0.87988 0.59441 0.87988 LYS608 0.89933 0.45067 0.89933
6 GLU40 0.86997 0.58075 0.86997 LYS549 0. 89595 0.46616 0. 89595
7 GLU128 0.77803 0.61508 0.77803 ARG573 0.86981 0.41693 0. 86981
8 ASP63 — 0.77333 0.77333 LYS569 0.79045 0. 13600 0.79045
9 MET239 0.75696 0.59511 0.75696 SER562 0.75696 0.59511 0.75696
10 SER11 0.73793 0.08757 0.73793 ASP570 0.73453 0.72800 0.73453
11 TYR228 0.72744 0.66762 0.72744 GLU596 0.71863 0.58092 0.71863
12 ALA10 0.68533 — 0.68533 GLN604 0.64133 0. 66400 0. 66400
13 THR176 0.64133 0. 66400 0. 66400 PHE603 0.62267 0. 58800 0. 62267
14 ASP18 0. 66250 0.26400 0. 66250 ARGS552 0.61538 0.39124 0.61538
15 LYS152 0. 62267 0. 58800 0. 62267 ARG632 0. 58000 — 0. 58000
16 ASP83 0.51933 0. 13600 0.51933 ARG629 — 0.56096 0.56096
17 GLUS 0.51618 0.22110 0.51618 ARG611 0.52839 — 0.52839
18 ASP106 0. 49200 — 0. 49200 LYS599 0.37049 0.44146 0.44146
19 GLN59 0.45309 0. 02800 0.45309 ASP610 0.42699 0. 02800 0. 42699
20 ARG64 0.44227 — 0.44227 SER607 0.37629 0.29930 0.37629
21 HSD37 0.22952 0.11870 0.22952 ASP560 — 0.24643 0.24643

T MR SR R SRR SE T i T2 Ak Ak

El4 GPIba(a)fl vWF-AL(b) EHHE EHXBRE

Fig.4 Key residues on the interface of GPIba (a) and vWF-A1 (b)
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