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Abstract

Von Willebrand factor (VWF) is a multimeric, plasma glycoprotein that plays an essential role
in hemostasis and thrombosis. It promotes platelet adhesion to damaged vascular endothelium. The
VWI monomer includes 13 domains, which are multiples of four domazin types (A to D). The Al
domain in VWF domain contains multiple binding sites with critical roles in the initiation of platelet
aggregation. The relationship of structure to function in the VWF Al domain is a topic of intense
interest, both from the perspective of understanding how the function of this domain is regulated in vivo
and from the standpoint of developing novel antithrombotic agents. An isolated Al domain expressed
in recombinant form can serve as an invaluable tool for studying its structural and functional attributes.

In this study, the investigator has cloned Al domain of human VWF from genomic DNA,
rather than from mRNA. This approach has some advantages, which can facilitate subsequent studies
of the structural and functional consequences of specific polymorphisms or mutations in the VWF
gene. First, a recombinant Al domain was generated from the mammalian cells so that the protein
produced would have glycosylation parts as native protein from human. The protein expressed in COS-
7 cells was encountered problems with solubility similar to those from many previous reports.
However, a soluble form of the recombinant Al domain of VWF was successfully generated from
bacteria. This was accomplished through attachment of a C-terminal hexahistidine tag and judicious

7

choice of the extent of flanking regions on either side of the critical Cys12 % Cysm8 disulfide bond.
This strategy permits extraction and purification of the recombinant Al domain protein entirely under
native conditions, thereby preserving its non-covalent and disulfide bonds. In the conformation study,
the results showed that structure of the recombinant Al domain was changed after incubation of
ristocetin determined by SDS-PAGE and HPLC-MS. This data provides additional important evidence

that conformational changes of the Al domain occur during the induction of platelet aggregation by

ristocetin.

Keywords: von Willebrand Factor, Al Domain, Recombinant, Ristocetin, Conformation
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1. MIKNan wild type recombinant A1 domain protein Y83 VWF Twwed COS-7

wad Cos-7 AlFlumananesii 1d5uen . as. 1eind Fangian!  auzmadiamsunnd
unTinedovouuny el Dulbecco's Modified Eagle Medium (DMEM) 924U 4 mM
glutamine (Gibco BRL), 5% fetal calf serum (Gibco BRL) Ua% penicillin (50 TU/ml)/streptomycin (50

Lg/ml) (Gibeo BRL) 11 37° C Tuusssmediianuduuag 5% co,

L1 s FunavesBuiinaugunsa i recombinant A1 domain protein 910 genomic DNA
A5 polymerase chain reaction (PCR)
5 g an S sd A 4 Anye =
Genomic DNA ﬂi‘})’h&ﬂ'ﬁ‘ﬂﬂﬁﬂﬁuﬁﬂﬂ%’Iﬂ%“ﬁaﬂmﬂmﬂﬂ‘iﬂ’ﬂumﬂﬂﬂ lafuvsnnen
E]‘Eﬁm‘fﬂﬂuﬁmﬂﬁﬁﬁmi U3 Professor Dr. John C. Kermode forward primer (I8 reverse primer

ldlummaaeil 16ua 5 -acegat CCACTGTGATGTTGTCAA-3' 1182 5 -aatctaGACCAAGAAGC

TGTGGTCA-3' AWMU  primer MIaraatingany nucleotide SIMLH 3985-4002 Uaz 5086-5068
Tu vwr coding sequence (nucleotide ySaidadulfiiy restriction site d1m¥y BamH I oy

: o o A -1 o :
Xba 1 forward primer {482 reverse primer ATUAIAY Faazildse Tonilumsm subcloning)

1.2. M transient expression YN recombinant Al domain Tno 1% 19ad cOS-7
o 2 8 5 = ¥ ot oA A 1Y o Y L4
U1 plasmid 9INNIINT transformation FINTIVXDLURINUTUNGAABINAAKINOU sl BamH
Tuaz Xba I ud 111 ligation W11 pcDNA3. 1/His vector MaInInfingaaerouud 89t vector
+ ) ¥
il Al domain gene ﬁg}ﬂﬁ"é}ﬁﬂﬁ‘l transfection Wi¥ad COS-7 @8 DABA-Dextran  9IntiuiAn
o 4 o e Py
raddes Tdasnaoumsuaaseanvesiufiniugumsadis Al domain 1ne3% SDS-PAGE @a
anti-Xpress antibody (Invitrogen; 1:2500 dilution) I5¢ polyclonal anti-VWF antibody coupled to horse
radish peroxidase (Dago Denmark; 1:200 dilution) P1IATIVADULY nitrocellulose membrane fitlay

¥ colorimetric detection (Opti-4CN Detection Kit, BioRad)



3 mwan Cys/Ser mutant recombinant Al domain 1AY75 site-directed mutagenesis

| Fudufr8msnan Cys/Ser mutant recombinant Al domain igUMe 1227 AeuTaeizile
ﬂg%‘%nﬁmﬁ’umi WAM wild type Al domain gene Tude 1.2 uald 5'-acgg@_CACAGT GATGTTGT
AA— i forward primer (VY waqmﬂmﬂmwﬂ plasnnd ‘mJ mutant gene umﬂan‘lmsm
m Tali site-directed mutagenesis ‘nmsmua 1234 ua'mema'ﬂ MUKUY 1237 AWARY  forward

_:.p_nmer in reverse  primer FmTumsit mutagenesis vm WHU 1234 fio

GTTGTCAACCTCACCAGTGAAGCCTGCCAGG lng CCTGGCAGGCTTCACTGGTGAGGTTG
ACAAC AMUERY 83U forward primer 1A% reverse primer AWM mutagenesis MR
1237 9 CTCACCAGTGAAGCCAGCCAGAGCCGGGAG Wit CTCCCHCTCCTGGCTGGCTTC
:.ACTGGTGAG MUAAY  (pucleotide ﬂwuwmﬂmﬁm fa mtmmwumuﬂumsaiw amino acid

'_.l_“lJﬁEJ‘Eﬁl'lﬂ cysteine 3% serine)

14 MINATeUATNIUA NI lUN15asa18Y89 wild type recombinant Al domain 182 Cys/Ser mutant
.. Al domain

1.4.1 H499101 transient expression U84 recombinant Al domain Wi 2 4 wad COS-7
H_wsgmﬁusum’:mtﬁ’;ﬁﬂﬂm“iﬁwaé’uﬂﬂaflunfmﬁmﬁ’u“ﬁu phosphate buffer, pH 7.4 @78 Glass-
:Teﬂon homogenizer uuﬁym%q ‘t-l’mﬂ%dﬁ% 15 Jufi 570 3 ﬂ%ﬂ mm‘fuﬁﬂﬂ centrifuge 'ﬁ 7,500 x g
48N supematant (8% pellet pOnoINAY  11likasI9eeud1 wild type 1182 mutant recombinant Al
domain Hradaetueglu faction 1n 10235 SDS-PAGE liae immunoblotting #98 anti-VWE
ﬁnﬁbody

142 Tuinandasadernadis recombinant protein Tug1989 membrane bound protein Fuil
Tiazaoi Hensvaoud Al domain fiwad COS-7 ﬁ%’aﬁiyu“lunﬁﬂﬂamﬁyagj'lug_ﬁwq
membrane bound protein w50l laemsiAy Triton X-100 (ﬂ'31111‘i’}’31%u’c1ﬂﬁ18 1%) aslu
phosphate buffer WaruIidhiunewily centrifuge 1A208A supematant DENIIN pellet nauii1ly

ATIVAOUAY SDS-PAGE 1% immunoblotting

2 MSHEM mutant recombinant Al domain protein Y93 VWF sinuunilise

o . o v
2.1 MITTN bacterial expression vector IND 15 lumseas19 Al domain



Al domain TnuUafiGonaadylasmsi PCR amplification 110 pcDNA/His 398 Al
domain insert §20M314 5'-atooccatgGATGTTGTCAACCTC3 (iU forward primer uag 5'-
acgaMCMGAGCCCCGG—3' ﬁ‘lu reverse primers (Restriction sites T MTU Neo I 1Az Bgl 11 fio
.ﬁaé’ﬂysﬁ%ﬂtﬁ'ﬂﬁ' o'l PCR product & Ifad0 Neo T uay Ber 1 9103351 I+ ligation
:ﬁ"n pQE-60 vector (Qiagen) “Aﬂﬂﬁ hexahistidine tag fi&u C-terminal A1 domain ﬁwaﬁmﬂd;uffwﬁmm
El#’.}ﬁf?"’uﬂ’.i'n Al domain iranvINEad COS-7 TavesTiBufiniuaunisa$1e amino acid residue Tu
VWF 0 DlZZS_LMSS
22 ﬂ‘!ffﬁy WUASEAR recombinant A1 domain VINULATLGU
| MIe3 Al domain 91nuuARS ol £ coli a1eviug M15Ta87% antibiotic-selection Tag
colony RraMNTARIMIURG ampicillin 482 kanamycin wgnidennldlumsnda  msuaasesn
vetua3elumsaie rccombinant Al domain protein gn¥Mi1laemsly isopropyl b-D-
thiogalactoside (IPTG) A1NTNTU 0.5 mM MITaAAA recombinant Al domain protein ﬁﬂuﬁmwﬁ
TulsAuegluanm native naeamInaass dede il

221 @ouwad 7 37 °c Funm 5 S Tuudafurad Tao centrifuge 7t 1000 x g

2.2.2 Muragin resuspend 14 native purification buffer (500 mM NaCl, 50 mM NaH PO, pH
8.0)

22,3 tumaduuniuden 30 witgan lysozyme (I mg/ml)

224 vugad WinlHiwadunnTnomsi freeze-thaw cycles 2 591 ndnih U IHadunn
atearsyseidonald sonicator (6 pulses: 10 3urft #i 200 W, ¥in 10 Twrdluudaz
JOU)

2.2.5 W1 lysate T cenfrifuged 171 10,000 g ¥ 30 min 171 4°C

2.2.6 11 supernatant Tuafadas ProBond Nickel-Chelating Resin (Invitrogen) BuLsne
fraction 11 11AT7990UAY western blot TAB1Y anti-VWE antibody 11 recombinant Al
domain agj‘lu fraction 19

2.2.7 Fraction AATIONY recombinant Al domain protein gl aniiftvane lssninny
mﬁuﬂm‘ﬁauaé fuhiFafonin faction Aandriumh dialysis e lHEamdudy
qqa":uﬁauﬁfiﬂum‘lﬁ’u?qw?ﬁw Heparin—Sepharose column (GE Healthcare Bio-

Sciences AB)



2.2.8 NA491NAN Heparin-Sepharose column A binding butfer uaiIms stepwise elution
&8 binding buffer $1171 5 ml Fellamududuves Nacl Fusumuddude line
0.1,02,04and2 M

229 MANINATINADLAIY SDS-PAGE iy Western blot WU recombinant Al domain
protein 9¥¥QABBNIIN Heparin-Sepharose (§i81% binding buffer Hi 0.4 M NaCl Tavas
og 1w elution 7 2 uaz 3 (Ffy elute A%1az 1 ml)

2.2.10 #7 recombinant Al domain ﬁ?{ ﬁ'ﬂ“léﬂﬂmswﬁanTﬂ'fo%HQ'iui‘lu native structure
wie ldhomaivuifeuns migration Uy SDS-PAGE mieldanmildu reducing

{ta¥ non-reducing

3. msmmaaunmll'ﬁ‘ﬂmaﬂaa'iﬂ‘s&a%ﬁwm recombinant Al demain profein
3.0 MEPARTIEHIUUULYEY recombinant Al domain protein UN SDS-PAGE Tugnwitinis
U590 ristocetin

&g g dstocetin Humsfidauausalumslinagevnihiives vwr T
MMy vire  lumsdSeisaAnuimsdnihldfamsuasuudaslaseatiees
recombinant Al domainIR8MIIAL ristocetion (1 pg/ml) avluasazain Al domain (200 pg/ml)
waamstuihuoa 5 i Saiildnsnaeudae reducing 118¢ non reducing SDS-PAGE Tagiims
naapenaug lfums14 vancomycin FuflusyfiusAifiTnsaadrandrondaiy restocetin ud 1

= 3 o A Ao R
gnInIzqunaaaaIielily negative control

3.2 My AR wHUIULYBN recombinant A1 domain protein a8 HPLC-MS

11 recombinant Al domain TS WIATIEHAIY mass spectrometry g load purified Al
domain AT 200 ng/m! 89UH matrix assisted laser desorption/ionization (MALDI) target
mmfuzﬁu matrix solution “ﬁ‘ﬂi =ABUAIY 3,5-dimethoxy-4-hydroxycinnamic acid (sinapic acid) A7)
1‘17&1%'15 10 mg/ml T acetonitrile:water:trifluoroacetic acid {50:50:0.1 Tﬁﬂﬂ?mm) ‘ﬁﬂﬁtiﬁ’ﬁ mmfu
mmsinszivuaTuanadie Ultaflex I MALDI tandem time-of-flight (TOF/TOF) mass
spectrometer {Bruker Daltonics, Germany) Ta Fﬂ%’ positive linear mode ABUMT load & 'J‘E)ti'lﬂ!.ﬂém ilo
g1 calibrate Fearsazansung muc’?aﬂizﬂwﬁ’w bovine insulin (5,734.5 Da), equine cytochrome ¢

(12,362.0 Da) 1192 equine apomyoglobin {16,952.3 Da)



Suyd

awinguszasmaniiagiiu §iveRvamsvageuniandtvunlesgiuuy (patern) vos
T W & . . e ; ; o
sdatosdioou lasl chymotrypsin Uag elastin Tuanmiliuasds1Aen ristocetin  Tasnsly
HPLC-MS  UALB40INHAIMINARBILUY recombinant Al domain AU ristocetin U51AHN
By ¥ ¥ ]
‘tecombinant Al domain 1AARN15 degradation fatiu lumsdnuTTa aunsofinyimsiidouuilas

Tns9a319U64 recombinant Al domain 9InM3ARAI0EW loT 14



YN 3

HaN153D8

1. m‘m‘;ﬁ& recombinant VWF Al domain mnmé COS-7

U7 3.1 uaasldifiumsuansoonvosusad cos7 Tumsadie recombinant VWE Al
domain 579200181319 anti-Xpress antibody 33U epitope mwizvesTUsiufiyas
f{%’nﬁu (lane 2) 1A% anti-VWF antibody Faagudu VWF vesnu (ane 3) uaziiosiuin
gnﬁﬁﬂimaf;a @it 3.0) nudldlszin 451 k0 dlesamdudauiiily glycosylation
(Iﬂiﬁuﬁﬁ%’1qmﬂﬁ’mi§ﬂqgnﬁwumzﬁmnﬁn glucose Tu TuANANTINTZUIUNT translation)

windifvsmnimminTuanafidsinguu SDS-PAGE felszuin 50 kD

kD

250 —
150 —

100 —
75—

50 —

i
20

31}?'] 3.1 »NEAIBENYDY wild type recombinant VWE Al domain gene Tagnyad COS-7
TulsAui 18010 homogenate Y84 transfected cell gnuenTag SDS-PAGE (7.5 %) 1S
N15A529A207F Western blot 1a8 Lane ﬁ 1= molecular weight marker; lane 2 = cell homogenate
ATIVAY anti-Xpress antibody; lane 3 = cell homogenate AFIVAIY anti-VWF antibody A Ha%

1 <]
ndneiiofeviin Tumnaves standard MH7w 1 kD
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Amino acid sequence of recombinant Al domain from COS-7 cells
MGGSHHHHHHGMASMTGGQOOMGRDLYDDDDKVPRIHSDVVN
LTCEACQEPGGLVVPPTDAPVSPTTLYVEDISEPPLHDFYCSRL

LDLVFLLDGSSRLSEAEFEVLKAFVVDMMERLRISQKWVRVAVYV
EYHDGSHAYIGLKDRKRPSELRRIASQVKYAGSQVASTSEVLKY
TLFQIFSKIDRPEASRIALLLMASQEPQRMSRNFVRYVQGLKKK
KVIVIPVGIGPHANLKQIRLIEKQAPENKAFVLSSVDELEQQRD

EIVSYLCDLAPEAPPPTLPPHMAQVTVGPGLLGVSTLGPKRNSM
VIDVAFVLEGSDKIGEADFNRSKEFMEEVIQRMDVGQDSIHVT
VIQYSYMVTVEYPFSEAQSKGDILQRVREIRYQGGNRTNTGLAL
RYLSDHSFLV

; |

z Average Mass: 45072.6805 % Sequence Length: 402

! z
Symbols | Name ; Mono Mass % Average Mass Count

| AlaA | Alamine | 7003711 | 7107880 23

| AgR | Aginine | 15610111 | 156.1876 26

g Asn N § Asparginine i 114.04293 i 114.1039 ; 8

| AspD | AsparticAcid | 11502694 | 1150886 | 25

| CysC | Cysteine | 10300919 | 1031448 | 4

| GE | GluamicAcid | 129.04259 & 129.1155 | 27

| GhQ Glutamine | 12805858 |  128.1308 | 21

| GyG | Glyine | 570246 | 57.0520 | 26

| HisH | Hisidine | 13705891 | 1371412 | 14

| Ml | Isolecine | 11308406 | 1131595 | 19

| Lewl | Loucine | 113.08406 | 1131595 | 39

| LyK | Lysine | 12809496 |  128.1742 19

| MetM | Methionine | 131.04049 | 1311986 | 13

% Phe F % Phenylalanine i 147.06841 |  147.1766 E 13

| PoP | Prolne | 970576 | 971167 | 23

| Sers Serine | 8703203 | 870782 | 33

| TwT | Threonine | 10104768 | 1011051 | 14

| T:pW | Tryptophan | 186.07931 1862133 | 1

| TyrY | Tyosine | 163.06333 | 1631760 | 14

| ValV | Valine | 9906841 | 99.1326 | 40

FI'!‘.S'N‘?'I 31 NTTATHIMMYUIAUOY recombinant Al domain ‘ﬁﬁ%’t&ﬂ]ﬂl‘ﬁﬁﬁ COsS-7T @
polypeptide %84 recombinant Al domain finan 141I5£nB 1R amino acid 398 &1 Fafusmsegluue
UHRAYBINITIN  AIDINATNIMUUIAYDY recombinant Al domain 1AY software 971 website
hitp://proteome.gs. washington.edu WU predicted molecular weight 984 recombinant Al domain A3

¥ 1
Hvwmszunm 44.5 kD Tagwumaanarde ldsamimiinvssdaufiihy slycosylation
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2. Qmﬁuﬁ’ﬁ‘lummzmﬂﬁwm recombinant Al domains ﬁ‘s’f%‘l%'lﬂl‘ﬁﬁé COs-7

51 3.2a uaz 3.2b (Hu chromatogram 21NN1TATINAOVSIFU nucleotide teras ity
1 mutant plasmid & insert ﬁrﬂu Al domain gene c‘fqﬁﬂmﬂﬁﬂuuﬂm nucleotide 3 AUMUY Y
e IRANITa3 4 serine 1Y cysteine Saguszasdifionnlenmalumsiiansadie disulfide
pond sxninniaezlilu 2 e i linsaezii Tulunseaiieues Al domain § cysteine tfpaus
2 Gy cysteine D 2 daiarnsuiiulumsatie disulfice bond iemyaiuiiy
domain 0619 lsAimMuUMEINATINABUMTAZMEI MU recombinant A1 RadieEusInAd
COS-7 14 wild type (8% mutant Taunsaazarwhnirld Funaldninnamsnaasslugili 33
iloldasazate PBS TumsW1 homogenization uazi1ms centrifigation 92 WY recombinant
Al protein Tuduveq supernatant Llﬁmﬁﬂiau 1% Triton-X A4 13N recombinant Al protein
Tudauved supematant 19U (GUT 3.9) HaMSNAADIRG 1HFU recombinant Al domain 7

9 4 g dy I :’ ¥ 9 1 .
adrnnmad cos-7 luasell ldawnsnazaierila uaz11% membrane bound protein

kD

209 —

124 ===
80 ——

P

49 ——

29—

P} e

7

Un33  msuffeufeunnuminsolumsazaigly PBS 53318 wild type 182 mutant VWF Al
domain protein Lane ft 1= molecular weight marker; lane 2 = pellet Y94 wild type; lane 3 = supematant UD4
wild type; lane 4 = pellet Y83 mutant; lane 3 = supernatant Y494 mutant ATIVAY anti-VWF antibody PG

nedefiefoving Tuanaved standard wiaw 1 kD



I5

kD

208 e

124 ——
B0 ——

49—

sUfi34  MIATIONBUNITALALUDY mutant VWF Al domain 1¥ 1% Triton X-100 Lane §i 1=

9

molecular weight marker; lane 2 = cell homogenate; lane 3 = supematant; lane 4 = pellet {ﬂi'mﬂy'w anti-VWF

antibody @uaINI9FuioABYMIATNIENAVEA standard WY iU kD

3. 98919 recombinant VWF Al domain 1R8uuafiSeimensanadLen

as

¥
MTE319 recombinant VWF Al domain inuuadGelunisiveil

8

1Tnels pQE®60 vector
TuuunfiSy E. coli @1eWug MIS  8191wB nucleotide 14 Al domain'gene (AINETI=788
base) tamsnglugilii 3.5 Tsfufinfadufinaszmatsanu 29 kD asdwasimi
Tuanauensilun1519 3.2 wawniinisanauen recombinant VWE Al domain taz¥iinis
astegeulaseaiievealsiulay SDS-PAGE uas westem blot wud1 Tusiufiasalds
Taseatreluann native (184970 recombinant Al domain AdBUAlY SDS-PAGE uuu
nonreducing 185wy reducing W?ﬂﬁﬂﬁﬁmﬁ\i‘ﬁﬂﬁmitﬁu electrophoretic mobility Tu Sps-
PAGE 1V nonreducing O reducing (§ llﬁ 3.6)

21A13ATIVIATIZH recombinant Al domain #3073 HPLC-MS wu Tdsauvina 28.890

kD tiag 14,447 kD S1uinnfiga (31U 3.7)

4. HaYD4 ristocetin A3 apuilaslns9@319999 recombinant VWF Al domain

A o 1 ad 1

e insneasd Iauly rstocetin NUAITAZA1UUDS recombinant Al domain WU71 band
4 4 4 %, i
#in579NUVU SDS-PAGE 11Jasunin 1 band flumay band (517 3.8) lsidwziily SDS-PAGE

, P o A 1w 2 a o

HU1 reducing H?ﬂ nonreducing TunniziReaniatuny VAncomy<cin luifinelfiians
Wasualaednds  uazilensInoUNaTed nstocetion  somsiasuutladInseariaves

recombinant Al
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Amino Acid Sequence
MDVVNLTSEASQEPGGLVVPPTDAPVSPTTLYVEDISEPPLHDFY
CSRLLDLVFLLDGSSRLSEAEFEVLKAFVVDMMERLRISQKWVRYV
AVVEYHDGSHAYIGLKDRKRPSELRRIASOVKYAGSQVASTSEVL
KYTLFQIFSKIDRPEASRIALLLMASQEPQRMSRNFVRYVQGLKK
KKVIVIPVGIGPHANLKQIRLIEKQAPENKAFVLSSVDELEQQRD

EIVSYLCDLAPEAPPPTLPPHMAQVTVGPGLLRS
z :
{ N-Terminal Group: Hydrogen | Mono Isotopic Mass: 28959.20562 :
; ; ! Sequence Length: 259
| C-Terminal Group: Free Acid | Average Mass: 28977.5698 :
E’“‘m” + 1
|
f Symbols % Name i Mono Mass § Average Mass Count
| AaA | Alanine | 7103711 | 7107880 18
. AgR | Amginine | 15610111 § 156.1876 | 17
| AsmN | Acparginine | 11404293 | 1141039 | 4
| AsD | AspaicAcid | 11502694 115.0886 13
| opsC | Cysteine | 10300919 | 1031448 | 2
| GLE | GlutamicAcid | 12004259 | 1291155 19
i
| GmnQ | Glutamine | 12805858 | 1281308 | 13
| GyG |  Glycine 5702146 | 570520 | i1
| HisH | Hisidine | 13705891 | 1371412 | 5
| Iel | Isoleucine 11308406 | 1131595 | 13
\ LeaL |  Lewcine | 11308406 | 1131595 | 29
| LysK | Lysine | 1800496 | 1280742 | 14
| MetM | Methionine | 13104049 | 131986 6
. PheF | Phenylalamine | 147.06841 |  147.1766 | 8
. PoP | Proline | 97.0527%6 | 97.1167 20
. SeS | Serine  sree3 | 870782 | 23
 TWwT | Threonine | 101.04768 1011051 | 8
| TpW | Toptophan | 18607931 | 1862133 | 1
| TwY | Tyosime | 16306333 | 1631760 | 8
VAV Valine 9906841 | 991326 | 27

mneh 3.2 1thwinlanoues mutant recombinant A1 domain fadisonuunfis dmaalasly

software 9111 website http://proteome.gs.washington.edu ®#18984 polypeptide 152 noudaunsaoz Tu 265

&
@ a ar

a1 imin Twagafiswaa vty 28,977 %D
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kD 1 2 3 5 6
kD
16 e __
662 62 —
s e =
s s BE e

@ (b)

31 3.6 M3n3303A519W recombinant Al domain AafalF0nuuafiGiasld sDSPAGE Taomsld gel 2
U fin !m‘ij‘ﬁ‘iﬂureducing (a) uazuwﬁsﬂu nonreducing (b) PN {a), lanel = molecular weight
marker;  lane 2 = purified recombinant Al protein (6 flg) JauRAY Coomassie blue  lane 3 = purified
recombinant Al protein (6 Lig) ATIVNIAI anti-VWE antibody INdUBY (), lane 1 = molecular weight

marker; lane 2 = purified recombinant Al protein (6 [lg) fioudan Coomassie blue

— 28889
s, < 14443
& go -
w
prad .
E 60
=
S 404
= 4
5
w20
o " ’ , 9628 J
5 o L | W L
T T T T i T T T T | T T 1 T T T
10000 20000 30000
miz

: -3 H A é L3
3UA 37 MINs19305 Y recombinant Al domain NadaldmnuuafiSelasld HPLC-MS ey
g R - &4 i ] i .
recombinant A1 domain MATNIATIEHAIATY HPLC-MS  wuhTilsauiifanududugefiqaihinnin

é 1 1 Aﬂ‘ﬂ o @
T 28.889 ting 14.443 kD Femainiwzifiu Al domain Aifyszy +1 uae +2 mudrdy
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kD 1 2 3 4 5 6 7 8
116 . s -
662 " -
45 — W @

35

L — e

185 __ ;
%

317 3.8 wavea ristocetin Aon1sdowudaslnsea319use recombinant Al domain 910410 lane | 1Az 5 =
molecular weight marker; lane 2 Ua¥ 6 = purified recombinant Al protein (6 Llg); lane 3 Ude 7 = purified
recombinant Al protein + ristocetin; lane 4 10T 8 = purified recombinant Al protein + vancomycin; lane 1-4 =

non reducing SDS-PAGE @14 lane 5-8 = reducing SDS-PAGE #8uA10 Coomassie blue

domain #7¢ HPLC-MS wuwanisnaassfianandsany Ui 3.9) Aendemstufy ristocetin
» £ 3
wunsaezl Tuemedy «q (4.135 uaz 2.086 kD) NatiuvuzAinsneziily 11na 28.890 kD uag

14.447 kD ¥ relative intensity anas
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Unn 4
andnerannaaey

ot ] 8/

. o t G o
Taseaiued VWF Al domain Sanuddameniifilumsivuazaszquindaiion
o 1 . " dl A . .
Qiﬂﬁllmuéﬂwi‘iﬂ von Willebrand disease 4117 2 #95 mutation Y83 Al domain finisAnu1
= o v el i T L o r " 9/ 1 :r n’a‘
FenuA UM mutation 8819TIRE 10 ALMUIUY AT domain gene TuftlieTsall Tauwudia
T »
fudu single nucleotide, insert/deletion ilAlY single amino acid polymorphism [22] ﬁ‘wmﬂﬁ
M3AnE A9 Uy VWE Al domain 3al85unuauluiluediann my clone Tuved Al
] ]
domain JumsARYITeHuandaIAMsAnE IdmeT s 1UudA01% genomic DNA voenu
3
Wudunuuununsld mRNA 75 clone 31 Al domain 910 genomic DNA 1usiide 18nfSey
t ) Ed
An s eusorh I g adauazfnymiifves Al domain 919152910501 mutation 57U
[3 3 E
Uszns AT polymorphism YoeBUAINE AN uenamiuersiunailaii 114 identify filao
' . ) 4 - :
fiflulsn von Willebrand disease Uy 28 uaz 2M Iddinssindileiedasuyseil point
mutation U893 VWF Al domain
ci 1 g/ dy ng = 3t ] w 5 &
VWF 15 1umed s iumnausssusauuesd Inseainvma lugjuaydudon tiagan
o . ; o 6 ¥ o @ o 1 3 ¥ 2 \
W multimeric M lFmafdnuanuduiusizninlarawasmhi  venninmiuuaay
P i 1 n.ty = 1 s = [
domain fudmlszneululassadiaves VWE Muaziinihifiuandeduneziiudaszaoiu
a, ! o x T 1
[23, 241 NMSU1ITAN domain Aifludmlsznevves vwr weniflunday domain 1ASelnna
[ 3
agtannlumsnmanuduiusszninlasehaesmhiives VWE danan duiudadngw
inJterasamsnaIuivzaile VWE Al domain protein 111 mammalian cell { 25-28], veast
¥ 2 ¥ i { 1 4 '
[29], 1Az bacteria {30-38] %9 VWF Al domain protein finefisteauineudl sweadlugilves
5
inclusion body fatiuoADaIns denature A0 urea 130 guanidinium chloride 4a¥N 1017 refold
w < ] a i = § = 3 1 of a o
Tnduduammaunowi nereuniihiivedTlsAuinantu 919 JINMINHA IR IS
¥ '
refold 4dn Tausadui Iduddadins refold tuas 18 TsAufimdeunusTsumAndufuuin
s A YR i g n’: @ o g/ ) 5
Taoauysnl 11e010833 cysteine TuTnseadednianun 7 @1 Aaunseszadwiusy disulfide
Tdifatlu domain Aiunnaialy'ld

3
= 3o e et

Tugaasnvesmsftnuisell A3se119unuNesai e VWE Al domain protein 910 COS-7
& o 2 A ! ar . =
cell #4i}1U mammalian cell o l¥ 115AuA IAUA1HARIAAINY Al domain DINFITHIANIN

= or a o oa c;‘ 8/ . )y .
fige waaninasvaeu TUsAuiinaniulngn1s1y anti-Xpress UaY anti-VWE antibody Laguuin

1 1 ¥ t 4
voqllshunseniimaning U 3.1 usgmsnd 3.1) sailadimsesisaeud il
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fofianmaluBufivims clone GUf 3.2) F3SuldhmmadeunsavmevesTusAundnuh
'Iﬂiﬁuﬁﬁ%’zﬁ:mﬁmﬂu inclusion body Llﬁmm'magmmfﬂé’f (gﬂ'ﬁ 3.3) izm‘fﬂm‘ﬁ membrane
bound protein 4910 Wannsansa1wldday 1% TritonX GUR 34) vInnTUSIIIUEAE
A16naeq fluorescence 1A8 1Y vector ﬁﬁﬁu green fluorescence protein WU'J"I"jgﬁcl‘ff’ﬁwl“ﬁﬁﬁ COS-7
amnan express 1AW vield Uszum 2530% Fesendred msadausnldusqniseila
o $iseSeldnaasenlfnSinaaTusauTrems fuuafifouny  lesnn yield #ild0n
uuaiFeeeiUSnugInINISHANDIN mammalian cell

Tumspaaldsfuninuuafite wdennldviimaasnaeuudin hilldefanaialums
111 subcloning (gﬂ'ﬁ 3.5) ﬁai"l’ﬂulg{ﬁ”lm‘maﬂ recombinant VWF Al domain protein 3101073
transform bacteria M15 1a81% pQE 60 vector wuhTsAuinaatuiinnuuandiannTusad
wARRUTINMSANE3Soiu udvoemsazans TisAunnmsinnfannseazawin14a
wiouldihmsadauen Taslisuludowims  unfold AoumsafauenA1e cation exchange
chromatography U&211M3 refold TRnduAuTnssaddumiloufumsndaTdsAuriiafilums
Fowndtodu q 130381 eowlsinmdslidufuidaiuiiumszuglafivlAiequeudai
HANFNAINGTY HARIATIRTMUIVBA histidine tag YOI recombinant protein 0Iviinvud fiyae
NITRLAWINIIZAWWHIVSS histidine tag U recombinant protein mﬂnﬁﬁﬂmf‘:aémaﬁ’m C-
torminal ¥aisR1UNISENYIBY histidine tag PLOUMIA TN Noterminal  §3Su¥otmaunives

. : { & 2 Eox i o
amino acid Mludiudsznouiuaouns peptide lithazfordostuanuamiselumsasae

4 v 4 4

i 3 = Qs g T A LI 0’/’
voeTdsAunaetu eennTsdauiahaduluauitsueninifonquon 9 Tidneduude

3 L
A =

¥ ¥ 5

prndtldsAuife et luandsofidudua ldensoazaoiianedy

{hfivensuiunallidrihniuse disulfide i ldifa Tnssadrudu loop s2wine €509
(1272) uaz C695 (1458) T VWF-A1 domain Ianmdwaiiuedredalunssuriyu Gplb, heparin,

. a . 4 . "
collagen {1R% ristocetin F9lulnseadaves VWE-AI domain Tunisdnuniidadl cysteine B0 3 61
a L] Y a & T . ¥ o z dynﬁ yv¥e 5 .
ne199200 1HIAAN T TUAUTENINa19U04 polypeptide 18 Asriulumsfnwfina 1A site direct
. S i A o 1 " @ =
mutagenesis NALHUS 1227, 1234 uag 1237 [{ioa01nlindng iU cysteine 8n 3 Aaseldifants
tM2UYOY recombinant proteins [33, 34, 38]
1 } 4

HALINANALYNUAZATIVADY recombinant Al domain protein NaFsiunnuuafiGy
£d % = :’ o a =
A antibody UaziSeumsutinminlumnaninmsAnnuniuaisei 3.2 (28977 kD) uaz
standard marker U SDS-PAGE (517 3.6) wuhlndfiesdu  siulsiamnaninasieney
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