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Mechanism of affinity alterations in VWF-A1 domain mutant G561S
studied by molecular dynamics simulation

LI Hong, LIU Wen-ping, LIU Guang-jian, WU Jian-hua, FANG Ying( School of Bioscience
and Bioengineering, South China University of Technology, Guangzhou 510006, China)

Abstract : Objective To investigate the mechanism of affinity down-regulation between Von Willebrand factor mu-
tant G561S and its ligand. Methods Three molecular systems were constructed for WT-Al1, G561S-Al, and
R543Q-Al, respectively. G561S-Al mutant was constructed by replacing the Gly561 with Ser561 in the wild-type
Al domain. The crystal structures of WT-Al and R543Q-Al were downloaded from Protein Data Base ( PDB).
Free molecular dynamics simulation was performed to observe the changes of conformation, alterations of flexibil-
ity, and the formation and evolution of hydrogen bond and/or salt bridge, among the three Al domains (WT-A1,
G561S-Al, and R543Q-A1). Results G561S mutation lowered the localized dynamic properties of o2 helix and
increased the interactions between the N-terminal arm and body region in Al domain, thus leading to the de-
creased binding affinity with its ligand GPlba. However, the Gain-of-function mutation R543Q followed the path-
way which was contrary to G561S. Conclusions The change of localized dynamic properties of o2 helix is a po-
tential mechanism in the regulation of the binding affinity of A1, and this research finding is helpful in developing
allosteric drugs against the activated Al domain and relevant anti-thrombus drugs.
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I & P 1Mt &< %5 Bl F ( von Willebrand factor,
VWF) ) AL Z5 8 3585 1 /B BEE 1 8 2 1 52 4
( platelet glycoprotein Iba, GPIba ) Y454 REME 175 & 1ML
N E 1R E DO IR i 05 2 AR ) S
B, kAT VWE 8 GPlba 73 N HY AL 43 B 28
VWF 5 GPlbo AHE AR FHREF ST, AT 518 1M 8 1
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(BPAERY) 2B RIS (A R543Q-A1 (ZhREHE 5 AL
A4 H A2 AL T 8l g PR i, SR GS61S R 72 3 5L
2M B VWD [ 5F 25k LAl DA A AH G HT i A4 2
PRI 259 0 T A S AR
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1.1 #IREHRIgE
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() HA I J5 7, R PR A P RE R /IME 1000 25,
Ft Y G561S-A1 L5 Pl B 5 HLIL 454 A 22 5+, (H
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(a) IEWE
E1 FF£R Al EMTEE
Fig.1 Structure schematic of the wild-type A1 domain

(b) ALk

(a) The front view, (b) The right side view
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7 F 0] #0Ak $ AE B4 ((visual molecular dynamics,
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molecular dynamics, NAMD) #1478 143 F 30 J1 4%
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Na * Fl1 37 A~ C1 ™ DABLHLAE BRI BE I (i fA R B 2 i h
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Uit ( ACE) 1 N-FF P Jie 2 K s ( €T3 ) 54> H, vp P b
TIHBRHIIREE C AR 10 N AR 0 L S AR R, R
P35 TC 7K TEORL 7 W 4% 5535 (particle mesh Ewald,
PME ) 5 FE i A AH LA . e e o A ELAE
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KHATEAU . B BT 3h Sy 2 B i, Sl E 1A
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INEE 36. 85 °C, SR Jo 1E 1B R 1H [ 3R 25 1 F- 1
5 ns o dgJa NEE— P R BEALIE 3 AR
IR AT B o 7ah el Al
BEALL R 1 2 44 FR 1H RE 2 ( constant volume,
constant energy ) /& 2 , By T~ 75 X U B2 F0 ) R AT
L AT DL S A AR AL 2 A U Bl ) A P T
DARCVEAG AL 45 4 A0 R T A LI i) g
100 ns, B 2 ps o5 — R T bR, BT A BN TE
R LR B E R 5 LA BE R PowerEdge
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A 80 o3 B DL B A5 A VR B 2 45 B VMD
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square deviation, RMSD ) FE1F 25 [ #4) 52 4% 1k Fl 25 44
FaEME . R Ca JEF1477 M) (root mean square
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5T, o2 Lol BREI)JE A SO 25 H IR HER N R
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AU A P SR L N [R] - SV BAD (8] B9 UL, Bk
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AR Bl — B KSR [ 0. 4 nm B2/ 1
AIK G35 B (R i S ASLLR [a] ey LE R . R T
FEK G IRV B KA O i R B R

2 #R

2.1 RETFF AL EiE N Rinp IR E S
ISR R, 2B BUGE SRR T AL S5 3
FaE ME, 2M BU AR B4 i 1 AL 45 0 AR E
PESY S OB R AR SR R s, X 3 AR
% G561S-A1 \WT-A1 Fll R543Q-Al1 & H #1713 %
100 ns {9 B 0 F3h J1 284l T AL 254 C
AR F 41 (Ala701 ~ Pro705) i 85 T K W, Bk
F H G AVEEE FL, DA G H P R RS WS 25 2R
A AL S5Rg5 (498 ~700 SHREL) Ty Co J 56
RMSD {E i} (] 1) 8 AL 4n 1 2 (a) T 7R : R543Q-Al
i) RMSD {8 2 2 5 T WT-A1 fil G561S-A1, H AR 4k
BN R BN FE T A 0 7 A A X P R TR s 3L LA
G561S-A1 [ RMSD {8 5 15%, Ui HI = # rr G561S-A1
MR RASE Vs o PRI IX 80 22 S ) B R AR IX
I, 85 AL A AR 3 0 body X I (509 ~ 700 55k
HE) FIN Ay (498 ~ 508 S5k ) Wik T, 40 kAT
RMSD {E 4> #7. B 2 (b) FH] WT-Al, G561S-A1
R543Q-A1 =% body [X/#) RMSD {H7EA AL FE
AP AR HILTE S, RP =3 body XA 4
ERIFA R, B 2(c) NEKP] R543Q-A1 1) N
AR K AR T B MR EE B 3l , T WT-A1, G561S-A1
(9 N A 2 BUAH X A€ , I HLLL G561S-A1 1 5
/N R E . AL 2(h) 5 (e) , AXMEHERTTE
A G A R, N A 78 A S AR LA
FECAL SRR RMSD {8 22 5 19 B A, R543Q-A1
B ) RMSD (BT H N R i P 51 14 e B2 5 8, T
G5618-A1 A% RMSD A I8 T H N R[5 51 1 15
JERGE o MIRUEIZHED , i — 250 X =& N K
5 body X Z 8] B9 it .0» BE 25 ( distance between the
mass center, DMC) , W& 2(d) fli7x, R543Q-Al 1
N R 5 body XAHZMES, T WT-A1 ,G561S-A1 1)
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Fig.2 Differences in the stability of the WT-A1, G561S-Al, R543Q-Al systems

(a) Variation of RMSD of Al global region with time,

(b) Variation of RMSD of Al body region with time, (¢) Variation of RMSD of Al N-terminal arm with time, (d) Variation of DMC of the

N-terminal arm and Al body region with time

N A Sty £ ASE 003 A AR B /e 25 DA R B )
E ,G561S-A1 25411 N R uihd Medne s, H N AR
5 body [X 45 Gt K5 .
2.2 G561S RETEFER Al £544 body X BIBN /1%
R

34~ AL Z5R3 body [X (509 ~ 695 ) F 44 4™ fid
FE Co ) RMSD {HAR/NT 0.2 nm[ WL 2(b) ]
If-H., WT-A1 ,G561S-A1 R5430-A1 [ body [X 44
AAEABAG N A i 7 FIARRE 3, X 544 Al &
PREEAE (BF A Rl A A EE A RS R 2 A IR
WEILEESNHETH -3 h T X bk
FPESR AR IR T B AL Z544 1 B B AR 1k, AR M 4% 31
BB A 5 22 SRR REARTR] A1 55 GPIbaw 22 [1] 3% 11
TIN5 . HEIAAAER —Fh g B AL SRR
HLEI AT REAE T 2898 S8 12 e RS . R
Ko ixX — ml BE 1k, 2 A Al b4 —3REE W Ca 1Y
RMSF, 383 I3 A A1 £5 4 (498 ~700 2% 3L )
() RMSF {8, & BT REAATPE 28 A8 A g ] LATACZE Al
B Z2 1 (flexibility ) A1 0] £% ¢ (mobility) , &
BRAET Al 4544 body X ZAEL R IE A . &l 3
(a) iR G561S-A1 . WT-A1 R543Q-A1 £ [ 5k 3t
(1) Cou JiLF 6B (] (1) RMSF {f, 25 R 3R W
S o2 BRE (574 ~ 582 S ER L) K o B-FAEE
X3 (569 ~573 5583 ) (1) RMSF {5 22 524 BH &
R543Q-A1 iZ[XIH (569 ~ 582 55k 5L ) ) Fe ki i,
G561S-A1 (1) 2P fe ik, WT-AL (1 2 PE W A F 95 %
ZIE, 3% 3 Al 45445 GPIba 2545 36 1 ) 9 K
ELF S5 EAHEX — X IR (569 ~ 582 5 5% ) iy 1
IEAE, A IRLE R IE T, 3X — X Sk & GPlba 45

AP BB B AU R S th 3%
BF 22 2B TR 58 AR (A% X 35k 8y g 2 ot 1 384 58k v LA
Hafm Al 5 GPlba 2 ] 45 435 A0 111 o AW %
L ,2M FUZRAR R G561S-A1 [ o2 BRTE S5 B-H
DX IR A ZEPEARAR , B AE K 20 F 20858 b B s 1)
FarE v, 24 5B A 38 ek b i i i I Bl
AFTor TR S35, NI R A ). it
Ah, I 5 F B 2B RIZSARIRAIK AL Z5ffese i
1M 2M USRI A1 S5 R R P =5 52 fE — e 2
FE L NUE T ARFFE TR R
2.3 G561S ?Efl—mlz%ﬂ& Al WE‘B 11L7klziiﬁﬁl‘]§§
BE

bR T RS S R B R PR Z b FER AL
FEn] DLW % 3] R543Q-A1 19 o MR & — 4> Bh
17—, DUH C 3y S5 A XS F AL (1) body X5
AWHAE AR X 2851 ol o2 BRE R I £
A2 46, I 51 3 (a) 53R W] G561S-A1 \WT-A1 Fi
R543Q-A1 =11 o2 WETE (K P A7 i o 0 R X
BO MR E S TS B al (BP0 AR
7N X3 BRE , o2 BRERME A Z A B EES,
ATLLIAH ol (o2 BRTE[RIJE A 1) 284 F 2t o2 1R
TERIE S5 o I AR T B N Y ol o2
i (B] 2, 15 31 G561S-A1, WT-Al i1 R543Q-Al
1) al o2 BRI E] e 1 -F-F4E 5351 hy 20° 23°F0 28°,
SHEZIEAE R E NG E 25 5. G561S-AL [k
fAt/N, R543Q-A1 I e K, WT-A1 A FHZ
[ UL 3(b) Jo MO, ol \a2 BRJ5E R 2 f 1 55 5
1AW, G561S-A1 (1) 4341 fe AR, R543Q-A1 11y
A3 B R B0, WT-AL B o, il 2M B 58 A%
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G561S-A1 11 o BETEAE 2 B fse /M WL 3 (e) ] AT EA G 5 AR I 45 5 25 F0 ) 5 e i S AE W)

M T ol (o2 BRHENR e A i AR A i] DARAE AL 45 A5 Ok, AT HE T 7 B S A IR AR BE R ad
MUK DR BB, N EKAZO B R o2 BRBEAR AT BE LA (R0 B AR RR s sk ik 5 & o
M Val553 F Val556 By K & 8 R, 45 R LB, R543Q-A1 RURNE ] Je £ 1 K, Bk %0 AR DL SR 4
G561S-A1 Fll R543Q-A1 H g 7K DX I8 1) 2 5% 2 52 R B/ IE Y R5430Q-A1 55 FLEL AR S F1 g Y —Fif
B 3 A AL 25 b AR AR i 1, WT-AL A BT, i G561S-A1 A A8 (L I FEAIE T H 5
PIEZ B LE 3(d) ]. X—Wsth s Al &0 FRZEEAT .

—T mWT
Ir o35 P<0.05 6r _1oof == Gs61S
—WT——G561S — R543Q > 30 i . R543Q
) S Z 80
=) § 25 €4 5
oy 20 =5 o P<0.05
g £ 15 g = 40 P<0.05p<0.05
= Q ) .S 1 —
E10 g
N 1 k=l
P s Z
001 1 1 1 L L L 1 1 g 0 O O
500 525 550 575 600 625 650 675 700 WT GS561SR543Q 10 20 30 40 50 Val553 Val554 Val555 Val556

Residue number a1-a2 interhelical angle/(°)

(a) (b) (e) (d)
3 WT-A1,G561S-A1,R543Q-A1 M N E MR R EGKZOHREE  (a) Al 55 Ca 1Y RMSF #12k, (b) Al il ol 5 o2 1R5E
FHTIIE, (¢) al 5 o2 BRHEME I 010 E B A ik, (d) Al 19 B2 F )2 ERBI/KERIE (553 ~ 556 SR IL) IFR B K G 4
Fig.3 Dynamic properties of the WT-A1, G561S-Al and R543Q-Al, and exposure of its hydrophobic core
(a) CaRMSF of WT-A1,G561S-A1 and R543Q-Al, (b) Average al-a2 interhelical angle, (c¢) Distribution of the al-a2 interhelical angle,
(d) The residue hydration frequency of the hydrophobic redidues (553-556) located at the B2 strand in Al domain

2.4 G561S ol o2 12 KA MELIAT N K @ ®)
mEiaE Y )
LIRS, BEAR GS61S AR o2 BRERY . 100y P2 05615
Bl 2 BT LA AR5 B A R 5 4 SR R R T 2 B0
LS PR T AL 4544979 body X8, 43Hr S g 60
PDB f{A g TAUQ i) AL F b AL, 45 W, o2 s {7 5 40
WEE I AR ArgST8 5 N KT Al Lk (A 501?;" © 2

GluSO1 Z [AJf74E— A~ L BARUE H AT, #2718 o2 IR
Jig sh 1 2R B A2 AL AT DL i ArgS78-Glu501 £ 47
250 N R BB Ra S M. 4 M G561S-Al ., B4 Al £ Arg578 5 GluS01,GluS42 Z B4R

_ ~ g (a) WT-AL(KEa) (G561S-A1(£L{0) Fil R543Q-A1 (&) F
_ _ — JAN Y, N O R
RS43Q-AL WT-AL =415 B 73 13y Bl e Lo (AreST8-Glus01 5 AreS78-Glus42 ) A A, (b) WT-AI .

0
N-terminal Arg578-Glu501 Arg578-Glus42

qj%gég/ﬁ*ﬁ*ﬁﬁ/f/ﬁﬁﬁ ’ éljj:%%%%ii‘_ 3 /I\ Al éél:*@ G561S-A1 ‘R543Q_A1 nggﬁﬁ*ﬁﬁ*ﬁ*ﬁﬂ*ﬁ*%ﬁzﬁ%

jl’iﬁ’:] N ﬂ{ﬁﬁﬁ'ﬁ body IXZIETJ E/‘J 7F H—EL'VEH%@E%EO Fig.4 The two salt bridges between Arg578 and its two partners
WKl 4 fros, £E WT-Al H, Arg578 5 Glu501 m] LLE (GluS01, Glu542) in Al domain (a) The graphical
ﬁi~4tﬁﬁ%§éﬁ@%ﬁ1‘ﬁ,iﬁ£ﬂ?ﬂ{ﬁﬁ 95.71% ,ﬁ description of salt bridge ( Arg578-Glu501 and Arg578-Glu542)

y interactions in WT-Al (colored in cyan), G561S-Al ( colored in
—A4~Eh Are578-Glus42 it 2% 2.10% - interactions in
% | m*ﬁ g u B’Jﬁiﬁiﬂjﬁ (2 T:E red) and R543Q-Al( colored in green), (b) The occupancies of

GS615-Al EP ’ ArgS78_GhISOI J%'i*ﬁﬁbn i%‘% ’ iﬁ% the above mentioned two salt bridges in WT-Al, G561S-A1 and
$Z3IE 100% , {5 Arg578-Glu542 £ 4 i A= 47 5% W JL-F- R543Q-Al
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9 0;R543Q-A1 WIFRBLH SE A S 1 a %, H: Arg578-
Glus01 Z [A] ) ER M A A7 R B 2265 30% , T J5LSG A 3
HIEEAE Arg578-Glu542 A AR NI M 2. 10% B =
45.9% , XELZER LA ArgST8 TEVHEE AL 1Y N K
S ARG P AR T o AR AT 5
ZERAUE B0 B ArgST8-Glus01 $h A7 41 H )y 2
PRAE N 3 Fy> 1) i M 00 Bt 24 52 S0 g A T it 75
Jai , ArgS78 2B IR ILUCHL TR GluS42 4545, {0
Arg578-Glu542 FhHFELH  ARA S WA IR o &5
ERTIA, AT RIS EIAN R 4518 18 G561S-A1 1, o2 I3
Jigiz By i KL B IR A A TR 2 ArgS578-Glus01 £
HF, AT N R 0 35 % st e 22 7 AL iR D, FHLIE S
GPlba £5A 1 a5 ) 22 5 s WT-AL 1) o2 BRE 5 AR 12
SR REA e i, E AR E YRR ERBF Arg578-GluS01
38R AT LABH 1R N 2K 3 Ji 2§ body [X; 1 R543Q-Al
H, BT o2 BRBEIE B A4 3l RO HI S5 T Arg578-
Glus01 ERAF AR EYE , ArgST8-GluSA2 30 #fF A 2 T
BHLE N ARSI AT JE T B, e 2 28 B ) 5 L /AR
W B AR R

3 g

VWF Al G54 2 AL 2 [ R G2 22 5 A W
2 S HGE AT AR AL R B8 8 9 H BN
T AR ] R A 2> 13 e U B, T g
IR AS G561S T LA fi Al JR ity R AT E
AR E S FL, BIAE T B o2 BRI R LRI
nIRERE T RE I B S R R AL SR B AR AL
il FESCHIXT VWE AL SRAZ AR 7013 1 A AU F
Fb, RZ RIRTH SRS & AR AL A6
BRI AR A 1T PR AL SR A AT 22 M T 1 R )
ARBEEN® ALV L KA T AR Al F 248
(EXES R 3 A = T EOL NG S B L B 357
PRI S EEA BEFE , BOAR SR i 0 A Al
BERE) (4 R PR BTy g 2 1 o N VB R AR ELAVE T — 4R
FiIE. BAR AL S5 REIAM 25 S AL, (H I fE
I TR G561S-A1 T 28 i FE AR o2 BREAY %
P, R AR S 2, TR N AR S #2834 body
DR, B SO ME LR BR , e LA S A
GPlba Z [AIAYAHE AT A, R543Q-A1 Wil i 2
i o2 BRE A% S 1T 4 5 LS E AR 2R A g . A
WFFEAs RARW] AREE 5 T b A 5728 O AR B %

SEA T AR G (RT3 5 AR 2R 0 R Bl 0 2k
i SE A SRR ENh R AR

EIEH AR, B AR VWE (1% B 5 30 il
AR AT ABH (1 i/ 1 SR 46 AR I 9t 5 §1) ) 23 fi fi
Al BTSSP ik & B AR R0 AT B 30 o
TEXA R, AL S GPIba (454 35 F1 H BETAK
Y] ) & A AR A1-GPIba 27 [B] 550 401 S 30 42
H A R ST, 2B B AL AR AR
WO B (A FTAS , 1 2M B AT S AR R [ 335 At o
WA ER Y BIJEIE 2B B GE & 2M R 587 1 fig
i F7 IR P LR 2 H , DT S B0 1 25 1k 1 5 5 B
MR ARG o AR SCHR I A IR Y A% nT AR A B 2
7T I PR R R LG i R5430Q-A1 BT o2 18
TE Y 22 PR, I BT U0 B gl g mE K
Arg578-GluS01 Eh M fif 25, N 2 sty 1) i 3 25 body [X.
IS, % H 5 GPIba Y45 & 17 5, T 4R 5 51
PRI SE 75 1 GS561S-A1 Hh o2 W2 1Y 2 1 FAAIK
WIBE B 157, T ZEAR K 1 41 1 A R 0 A2 Bl 1 K DL i
B Arg578-Glus01 4%, i body X KB5S GPlba ()
SEA A N SR v 1) SEE R 1T R 5 Ok, AT
B ECARZE A AT REYE . BRSL, A SCRRIRGE AL
(4 N A i AT LLBT i GPIbar 45 45 o 50, N2 i JiE 25
body X 45 A BEf#EBR 5 227 51 D’ D3 % GPlba 4545
{37 S5 B

ARWFFAEJE T Z MR Al RAKRINREE R 5
(5> TS5 SERM A THR R I & BT, B e s
AT L o 12 5 358 5 0 o 2 e S 1 A 20 7 5 i)
Al SHERRER T . X—458 1 3 A4 F ik
# P4 A WT-A1 T RE ARG AU R543Q-A1 F1T))
AEIES T G561S-A1 A E] T 30k, MR o2 12
JEXT T Al DIREM R ARG EEAEH . MG RN
B I A MR8 2S5 9 B SRR 5 LA R e I A4 245 40 e
RARMAE 258 K o

SE Lk

[1] Lenting PJ, Christophe OD, Denis CV. von Willebrand fac-
tor biosynthesis, secretion, and clearance: Connecting the
far ends [J]. Blood, 2015, 125(13); 2019-2028.

(2] #/hJ5, T3, R, 55 vWF-ALA2A3 £ S 9E H 1L/
Wz J]. ERIAEY 1%, 2013, 28(5) : 567-573.
Yang XF, Ding XR, Wu JH, et al. vWF-A1A2A3-mediated



= 4,%. REASFEHHFEIRST VWF-AL 223K G561S BIEM AT AE
LI Hong, et al. Mechanism of affinity alterations in VWF-A1 domain mutant G561S studied
by molecular dynamics simulation 439

[3]

[4]

(6]

[7]

rolling of circulating platelets in flows [ J]. J Med Biomech,
2013, 28(5) : 567-573.

Springer TA. von Willebrand factor, Jedi knight of the
bloodstream [J]. Blood, 2014, 124(9) ;. 1412-1425.
Dumas JJ, Kumar R, McDonagh T, et al. Crystal structure
of the wild-type von Willebrand factor Al-glycoprotein Iba
complex reveals conformation differences with a complex
bearing von Willebrand disease mutations [ J]. J Biol
Chem, 2004, 279(22) : 23327-23334.

Emsley J, Cruz M, Handin R, et al. Crystal structure of
the von Willebrand Factor Al domain and implications for
the binding of platelet glycoprotein Ib [ J]. J Biol Chem,
1998, 273(17) : 10396-10401.

Liu GJ, Fang Y, Wu JH. A mechanism for localized
dynamics-driven affinity regulation of the binding of von
Willebrand factor to platelet glycoprotein lba [ J]. J Biol
Chem, 2013, 288(37) : 26658-26667.

Auton M, Sedldk E, Marek J, et al. Changes in thermody-
namic stability of von Willebrand Factor differentially affect
the force-dependent binding to platelet GPlba [ J]. Biophys
J, 2009, 97(2) : 618-627.

Auton M, Cruz MA, Moake J. Conformational stability and
domain unfolding of the Von Willebrand factor A domains
[J]. J Mol Biol, 2007, 366(3) : 986-1000.

Huizinga EG, Tsuji S, Romijn RA, et al. Structures of gly-
coprotein Iba and its complex with von Willebrand factor Al

[10]

[11]

[12]

[13]

[14]

domain [J]. Science, 2002, 297(5584) ; 1176-1179.
Nurisso A, Daina A, Walker RC. A practical introduction to
molecular dynamics simulations . Applications to homology
modeling [ J]. Methods Mol Biol, 2012, 857 137-173.
Auton M, Zhu C, Cruz MA. The mechanism of VWF-medi-
ated platelet GPIba binding [J]. Biophys J, 2010, 99(4) .
1192-201.

Kim J, Zhang CZ, Zhang XH, et al. A mechanically stabi-
lized receptor-ligand flex-bond important in the vasculature
[J]. Nature, 2010, 466(7309) : 992-995.

TR, REAe, X, . MET T LR
Jil GPlboc 5 VWF-AL 54 i b BB AL B rik[J]. BB
H:W) F12%, 2013, 28(6) : 606-614.

Dou TT, Wu JH, Liu GJ, et al. A novel approach for identi-
fying the critical amino acid residues on binding site of
GPlba and VWF-Al domain through molecular dynamics
simulation [J]. J Med Biomech, 2013, 28(6) : 606-614.
Coburn L, Damaraju V, Dozic S, et al. GPIba-vWF rolling
under shear stress shows differences between Type 2B and
2M von Willebrand disease [ J]. Biophys J, 2011, 100(2) .
304-312.

Auton M, Sowa KE, Behymer M, et al. N-terminal flanking
region of Al domain in von Willebrand factor stabilizes
structure of A1A2A3 complex and modulates platelet activa-
tion under shear stress [ J]. J Biol Chem, 2012, 287(18) :
14579-14585.





