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Figure 1 Schematic diagram of the monomeric structure of VWF. VWF monomer consists of signal peptide (SP), propeptide (D1-D2), and mature
VWF monomer (D’ to CK). Mature VWF monomer includes the D’-D3 domains that bind to coagulation factor eight (FVIII), the A1 domain that binds
to platelet glycoprotein GPIba, the A2 domain that binds to ADAMT13, the A3 domain that binds to collagen, and the C4 domain that binds to platelet
integrin GPIIblIla
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Figure 2 The A2 domain of VWF. The A2 domain of VWF contains
an important glycosylation site (Asnl574), which, if mutated, will
significantly increase the susceptibility of VWF A2 domain to unfolding
and proteolysis. Therefore, this post-translational modification stabilizes
the A2 domain and prevents its proteolysis. The ADAMTS13 cleavage
site (Tyr1605-Met1606) is located at the inside of A2 domain, and thus is
hidden from exposure to proteolysis under resting state
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Figure 3 Schematic diagram of the dimer structure of VWF (a), and schematic diagram of the biosynthesis and packaging of VWF in WPBs (b). (a)
Two VWF monomers are covalently linked into a “tail-to-tail” bouquet-like structure through the disulfide bond at their C-termini. After VWF forming
dimers, the disulfide bond between the precursor domain and the D3 domain is broken and disulfide bond between D3 domains in the dimer is formed.
Dimerization between the D1-D2 domains enables the polymerization of VWF into a macromolecular helix. (b) Furin cleaves the covalent bond
between the precursor domain and the mature peptide. Finally, VWF multimer forms a helix and is packed into WPB in a tubular form. Some of the
VWEF in WPB will be continuously released to the outside of the cell, while the rest will be released into the blood vessels when stimulated by the
external signals and subsequently be casted into millimeter-long protein fibers
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Figure 4 Schematic diagram of the primary structure of ADAMTSI13. ADAMTSI13 consists of signal peptide (SP), leader peptide (PP),
metalloproteinase domain (M), disintegrin-like domain (D), thrombospondin domain 1 (TSP1, T1), a cysteine-rich domain (C), a spacer (S), a TSP motif
region (T2-T8), and two CUB domains. There are three linker segments (L) connecting the T2-T3, T4-T5 and TS—CUB1 domains. The N-terminal part
of ADAMTSI13 is called MDTCS, and the C-terminal part starting from the T2 domain to C-terminal end is called T2C2
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Figure 5 Schematic diagrams of the structures of ADAMTS13 DTCS and CUB1-2 domains. (a) The crystal structure of ADAMTS13-DTCS (PDB
ID: 3GHM). The N-terminal parts of the disintegrin-like domain (D domain) and the cysteine-rich domain (CA domain) adopt a similar fold. The spacer
(S domain) forms a globular structure having multiple binding sites with the CA domain. (b) The crystal structure of ADAMTS13 CUBI-2 domain
(PDB ID: 7B01). The two CUB domains interact with each other in a tandem configuration. The C-terminal CUB domain plays an important role in
regulating the substrate recognition and proteolytic activity of ADAMTS 13"}

N /o CuB CUB C
B Al

Ba\m C2 c3/c4 C5/C6 &

Bl 6 ADAMTSI3i it 43 FHIEEHLH X VWESE T KRR -7, 1 26, ADAMTSI3(TS-CUB24 H Ik ERIRVWE [ B FEHIDA~CK 45 1y
WAHE AR B, MR8 T, VWFRISE T, FA2L5 M i Coi il 43 5 ADAMTS 13 (14 1] B DXAH ELVE ). X LEAH B AR M L 6 At
SR 2 J B RS AR T LORTRR 2 6, TR MK B VWE Y 1605HIM1606:2 [ FY ik i

Figure 6 Schematic diagram of the molecular zipper mechanism which ADAMTS13 uses to hydrolysis VWF P71 First, the T5-CUB2 domain of
ADAMTSI13 interacts with the exposed D4—CK domain on the globular VWF. Subsequently, under the shear force of blood flow, the structure of VWF
unfolds and the C-terminal part of its A2 domain interacts with the spacer region of ADAMTS13. These interactions allow precise positioning of the
disintegrin-like and metalloprotease domains to specifically hydrolyze the peptide bond between VWF Y1605 and M1606
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Figure 7 Conformational change of VWF under shear flow. Shear
flow can be decomposed into elongational and rotational flow. Under the
action of fluid shear force, free VWF in plasma will fold more
compactly, while VWF attached to the surface of endothelial cells will
be stretched. As blood flows through the microcirculation system, with

increased elongational flow, the folded VWF will be stretched to expose
its A2 domain, allowing ADAMTS13 to recognize and cleave VWF
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Figure 8 Folded and unfolded conformations of ADAMTSI13. The spacer region of the head and the CUB domain of the tail interact to keep
ADAMTSI13 in a folded conformation (left). In the activated ADAMTS13 conformation, the interaction between the spacer and the CUB domain is
disrupted. It was found that addition of the D4CK domain of VWE, CUB antibody, or lowering the pH to 6 induced the unfolding of ADAMTSI13
structure (right)
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Both ADAMTSI13 (a disintegrin and metalloprotease with a thrombosspondin type-1 motif, member 13) and VWF (von
Willebrand factor) are critical in the regulation of platelet adhesion in hemostasis and thrombosis. Dysregulation of their
functions is associated with thrombotic thrombocytopenic purpura (TTP) and von Willebrand disease (VWD). VWF is a
multimeric glycoprotein discovered by Erik A. von Willebrand in 1926. It can bind and stabilize coagulation factor VIII. In
addition, it can mediate platelet adhesion by binding to the components of the blood vessel wall and the glycoprotein Ib
(GPIb) on the platelet membrane. Under physiology, VWF is synthesized as a disulfide-linked dimer in the endoplasmic
reticulum and transported into the Golgi apparatus for further processing. In the Golgi, the intra- and inter-VWF disulfide
bonds are reorganized so that VWF can polymerize into macro-molecular helices and be packed into Weibel-Palade Bodies
in a tubular form. Upon stimulation by blood vessel injury, packed VWF can be rapidly unwound and released into the
blood vessels, forming millimeter-long protein fibers. Under the stretch of increased shear force at the injury site, the
cryptic platelet binding site on the A1 domain of VWF will be exposed, enabling the recruitment and aggregation of
platelets on VWF fibers for hemostasis. However, the accumulation of ultra-long VWF in the blood would lead to the
formation of microthrombi, blocking blood vessels and capillaries and causing the failure of multiple organs. To prevent
thrombosis, multimeric VWF is cleaved by ADAMTSI13 into short fragments to reduce platelet binding and aggregation.
As such, the length and distribution of VWF multimers, which ADAMTS13 regulates, are essential for the precise balance
between hemostasis and thrombosis. Unlike other proteases, which are secreted in an inactive state and activated
proteolytically, ADAMTS13 is secreted in an active form and circulates in the blood as an active enzyme. Its activity is
regulated by VWF binding and shear stress. Under resting state, the head and the tail of ADAMTSI13 interact with each
other to mask the exosites of ADAMTSI13 on its DTCS domains. VWF binding induces conformational changes of
ADAMTSI13 to expose its exosites. On the other hand, shear stress not only causes the conformational changes of VWF to
expose its ADAMTS13 cleavage site on the VWF A2 domain, but also regulates the interactions between VWF and
ADAMTSI13. Studies have shown that, under shear stress, VWF and ADAMTS13 need to be properly aligned so that the
VWF A2 domain can be positioned in the vicinity of the ADATS13 M domain for cleavage. In this article, we summarize
recent progress in the structural and functional studies of VWF and ADAMTSI13. Primarily, we focus on how the
conformations and interactions between VWF and ADAMTS13 are regulated under static and shear force conditions. The
collected information will be helpful for better understanding the regulation of ADAMTS13 and VWF activities under
physiological and pathological conditions. Such understanding could facilitate the screening and development of novel
therapeutics in the treatment of TTP and VWD.

von Willebrand factor, ADAMTS13, flow shear stress, thrombotic disease
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