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ADAMTSI13 with VWF A2 Domain
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Abstract: Objective To investigate the regulatory mechanism of wild-type (WT) and gain-of-function ( GOF)
ADAMTSI13 interaction with VWF A2. Methods The adhesion frequency, rupture force, and bond lifetime
between WT or GOF ADAMTSI13 and VWF A2 under different external forces were measured by atomic force
microscope (AFM). The kinetic parameters were derived by fitting with the Bell-Evans model. Results The
widths of the potential barrier along the direction of force were 0. 41 nm and 0.29 nm, and the dissociation rates
under 0 N force were 1.50 s™' and 3.28 s™' for the WT ADAMTSI13-VWF A2 complex and the GOF ADAMTS13-
VWF A2 complex, respectively. Furthermore, the lifetime of bond and dissociation rate of the complexes under
different applied forces were measured by AFM clamp mode. The result revealed that the interaction between WT
or GOF ADAMTS13 and VWF A2 exhibited the characteristics of biphasic force-dependent * catch-slip’ transition
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bond. Conclusions The mechanical strength and stability of the WT ADAMTSI13-VWF A2 complex are higher
than those of the GOF ADAMTSI13-VWF A2 complex. Both the binding of these two complexes exhibits the
mechanical response characteristics of the ‘catch-slip’ transition bond. The research findings contribute to

further understanding the interaction between ADAMTSI13 and VWF, so as to provide new ideas for the

development of antithrombotic drugs.

Key words: von Willebrand factor ( VWF) ; atomic force microscope (AFM) ; catch bond; slip bond
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Fig.1 Adhesion frequency between WT or GOF ADAMTS13 and VWF A2 measured with the AFM ramp mode

(a) AFM

experimental setup, (b) Force-time curves, (c) Adhesion frequency, (d) Accumulative adhesion frequency
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Fig.3 Interaction of WT or GOF ADAMTS13 and VWF A2 was regulated by catch-slip bond

(a) Diagram of bond lifetime in the

force-time curve, (b) Accumulative adhesion frequency, (c¢) Average bond lifetimes, (d) Distributions of force-dependent bond

lifetime (n=9-37)
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Fig.4 Force-dependent kinetics of WT or GOF ADAMTS13 interacting with VWF A2

(a) Relationship between the natural

logarithm of the survival probability of bond lifetime and bond lifetime, (b) Distribution of bond lifetime



& R,%. HPEREEAERMIEEIEIRR ADAMTSI3 5 VWF A2 &8/ E1EA
LONG Quan, et al. Catch-Bond Regulates the Interactions of WT and GOF ADAMTS13 with VWF A2 Domain 893

ADAMTS13 F1 GOF ADAMTS13 5 VWF A2 #HEAE
FH4 32 U T3 R AL 4

£1 AEMEBRHAT WT 5 GOF ADAMTSI3-VWF A2 £ &1
Tab.1 Dissociation rates of WT or GOF ADAMTS13-VWF A2

complex under different applied forces

s F/N RS/ () EA A/
WT ADAMTS13 11 3.30 0. 30
20 2.22 0.45
30 2.51 0.40
40 1.45 0. 69
48 2.06 0.49
60 1.93 0.52
70 2.49 0.40
GOF ADAMTS13 17 23.31 0. 05
25 4. 64 0.22
34 3.32 0.30
43 2.47 0.41
54 2.01 0.50
64 1.85 0.54
74 3.32 0.30

3 iRSRE

AR S 5% 76 S T 42 il s 1A] (0. 8 s) PN, WT B
GOF ADAMTSI3 5 VWF A2 #H 5 4E FH B J1 4 i 4
P, SEREI, AN IERTT, < Wi pis” - RS aE”
A HLEI S WT F1 GOF ADAMTS13 5 VWF A2
(R AR T, 3X 5 4% 23R 8T 4 5w F 5T e R B
ADAMTS13 5 VWF A1A2A3 B 1F ] 5 B SUAH
MR AR 1 — 3, 10 B s — R ML 32 5 o g
VWFE A2 45 #9148 5 ADAMTS13 fi4 A8 B/ 52 31,
AT v 0 W 5 oy B T A A R R W], WT
ADAMTS13 5 VWF A2 [H] 53 ¥ 19 AL AR 58 B 1
efaEVER E T GOF ADAMTSI3 5 VWF A2 [a] 1
T, X — g5 R 5 SCEk [ 8] B B GOF
ADAMTS13 f§¥] VWF 20% 5 T WT ADAMTS13 A
— 0 HENA— o gk H AR Wi . O fEfL 5
) D) S g A A S0 v A A T DR B 4 A T
KB B 9% B (30 min 3¢ 5K ), i A W5,
ADAMTS13 43F 5 VWF A2 4332 fisl i) i (] 3 &
JEET 10 0.8 s, @ SCHK[ 8] Pl iy b s 548
M2 VWF73 ikBt, VWF73 | ADAMTS13 4444
PSS 45 G S AL T B R RS AR SO 1) 2
KM VWE A2 45+, BELERM L VWE A2

3T IR GAR V] e A 5 & ff 3T & , ADAMTSI13 (1)
AN MR TE R,

it #l & Bell-Evans #5 RS T WT
ADAMTS13 5 VWF A2 M EAEH B30 12450k
AERE 96 B d = 0.41 nm, EfFFH 4y 1=0.67 s; GOF
ADAMTSI13 5 VWF A2 A EAE 8 1% S50k
RERRTERE d=0.29 nm, /75y t=0.30 s, KL,
0 N JPIRZEF WT F1 GOF ADAMTS13 5 VWF A2 (1
oy FHEFFA 4 T AR 5T BN AS 1Y 10 pN 245 4
THEMEY A, s AR, FE /N AT (i
10 pN L) ,ADAMTS13 5 VWF A2 #H A 7T Gk
WS PR s AN IR 1% AH B R A
RS AR S “ S I 5 Bl R A1 ) 1 — 2D B IO K
TG TGS, « W Bl A8 Sy < W B s | RIAE A
Z NG NAEE S “ T AL - 1 Pl - Wy R
SARJTIEAEALE] . AR SR 7E VWE ATA2A3 = HK
K5 ADAMTS13 %8 B4 Mp-TSP6 [ AHFAEH
R T A F IR AL eAh 7 R
()4 H A7 7R U = A DR R ML A
AP RE AR, Wayman 26 WS E E kR
SR EAE 22 < RS - i i - W RS
S =M R AL R R R AR R
BEHAR  Ju 22 BF9E GPIba 5 VWF A EAE Y
TR R B AT A FH A7 A - W R e
A S ARG 45 5 SR 1 VWF 1238-A1 (f37%5 N A St
MF ¥ 5] Gln1238-GIn1260) 5 GPIba M 4H & 1E
% AR RS . AE/N 1S5 , ADAMTSI3 5
VWF A2 (A EAE &5 52 “ W R B PR, i 5 it
— SR UESE

AR AFM BAR e B4 F K LJRELT
WT fl GOF ADAMTS13 5 VWF A2 %5 % % fill )5 h%
R T2 N R, AT GOF ADAMTS13, WT
ADAMTS13 5 VWF A2 A E.AE HIE 5 4 5 2
A E ML SR R RS 2 PE. WT R GOF
ADAMTS13 5 VWF A2 A9 AH B AE FH 52 80 T« 300 4
SHE - T RSB T A 1) e 7 AR
B3k
1] WP, XSO, R, % RT3 1 B R

5% Ca’ %t VWF-A2 5 Hsdfa e vz [J]. ERAEYH
22018, 33(3) . 248-254.



894

EREMANE 378 $£5H 2025104
Journal of Medical Biomechanics, Vol. 37 No.5, Oct. 2022

[6]

[10]

XIE XB, LIU TP, WU JH, et al. Effects of calcium on the
stability of VWF-A2 domain by molecular dynamics
simulation [J]. J Med Biomech, 2018, 33(3) . 248-254.
XEHE, XU R, Rt 45 Ak By N BT VWE-
A1A2A3 At S IR PR RER IR RTR [J]. BEJHAY)
J1%, 2017, 32(2) ;. 188-193.

LIU SL, LIU XL, WU JH, et al. VWF-A1A2A3-mediated
expression of P-selectin in platelets under flow shear stress
[J]. J Med Biomech, 2017, 32(2) . 188-193.

ZHOU YF, ENG ET, ZHU J,
structure relationships within von Willebrand factor [ J].
Blood, 2012, 120(2) ; 449-458.

BREHM MA. Von Willebrand factor processing [ J ].
Hamostaseologie, 2017, 37(1) . 59-72.

ZHENG XL. Structure-function and regulation of ADAMTS-
J Thromb Haemost, 2013, 11 ( Suppl.

et al. Sequence and

13 protease [J].
1) 11-23.
SOUTH K, FREITAS M O, LANE D A. A model for the
conformational activation of the structurally quiescent
metalloprotease ADAMTS13 by von willebrand factor [ J].
J Biol Chem, 2017, 292(14) : 5760-5769.

ZHU J, MUIA J, GUPTA G,

“minimal ” structure of a functional

et al. Exploring the
ADAMTSI13 by
mutagenesis and small-angle X-ray scattering [ J]. Blood,
2019, 133(17) : 1909-1918.

JIAN C, XIAO J, GONG L,

ADAMTSI13 variants that are resistant to autoantibodies

et al. Gain-of-function
against ADAMTSI13 in patients with acquired thrombotic
thrombocytopenic purpura [ J]. Blood, 2012, 119(16):
3836-3843.

ZHANG X, HALVORSEN K, ZHANG CZ,
Mechanoenzymatic cleavage of the ultralarge vascular

Science, 2009, 324

et al

protein von willebrand factor [ J].
(5932) : 1330-1334.

ZANARDELLI S, CHION ACK, GROOT E, et al. A novel
binding site for ADAMTS13 constitutively exposed on the

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

surface of globular VWF [ J].
2819-2828.

ZHENG X, NISHIO K, MAJERUS EM, et al. Cleavage of
von Willebrand factor requires the spacer domain of the
metalloprotease ADAMTS13 [J]. J Biol Chem, 2003, 278
(32): 30136-30141.

LI Z, LIN J, SULCHEK T, Domain-specific
mechanical modulation of VWF-ADAMTSI13
[J]. Mol Biol Cell, 2019, 30(16) : 1920-1929.
MCEVER RP, ZHU C. Rolling Cell Adhesion [J]. Annu
Rev Cell Dev Biol, 2010, 26(1) ; 363-396.

MORIKIS VA, CHASE S, WUN T, et al. Selectin catch-E
bonds mechanotransduce integrin activation and neutrophil

Blood, 2009, 114 (13).

et al
interaction

arrest on inflamed endothelium under shear flow [ J].
Blood, 2017, 130(19) . 2101-2110.

ZHU C, CHEN W, LOU J, et al. Mechanosensing through
immunoreceptors [ J]. Nat Immunol, 2019, 20(10) : 1269-
1278.

YU S, LIU W, FANG J, et al. AFM imaging reveals
multiple conformational states of ADAMTSI13 [J]. J Biol
Eng, 2019, 13(1); 1-11.

KOCH SJ, WANG MD. Dynamic force spectroscopy of
protein-DNA interactions by unzipping DNA [ J]. Phys Rev
Lett, 2003, 91(2) : 028103.

EVANS E. Looking inside molecular bonds at biological
interfaces with dynamic force spectroscopy [ J].
Chem, 1999, 82(2-3) . 83-97.

WAYMAN AM, CHEN W, MCEVER RP, et al. Triphasic
force dependence of E-selectin/ligand dissociation governs
cell rolling under flow [ J]. Biophys J, 2010, 99(4) . 1166~
1174.

JU L, DONG JF, CRUZ MA,
flanking region of the Al domain regulates the force-

Biophys

et al. The N-terminal
dependent binding of von Willebrand factor to platelet
glycoprotein Iba [ J]. J Biol Chem, 2013, 288(45) : 32289-
32301.



