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analyses of von Willebrand factor C domains of collagen 2A and

CCN3 reveal an alternative mode of binding to bone morphogenetic protein-2

Emma-Ruoqi Xu, Emily E. Blythe, Gerhard Fischer and Marko Hyvénen

Supplemental Data

FIGURE S1. Comparison of two molecules in the asymmetric unit of Col2a VWC.......ccceevvvviiiriiieeeeneicnnns 2
FIGURE S2. Comparison of Col2a vVWC crystal and NIMR StruCtUres. ........ccccveeeeeeeciiineeeeeeeeeecinieeee e e e e eeeeenns 3
FIGURE S3. Comparison of four chains in the asymmetric unit of CCN3 VWC........ccovvviiiiieeeiciieeeeciieeees 4
FIGURE S4. EIeCtron densSity Mas. ...ueeiiccuieeeiiiieeeeeiiee e eeitee e eeite e e e stte e e sstreesssataaeessnbaaeesessaeesssnsaneessnsenessnnes 4
FIGURE S5. Sequence alignment of human vWC domains with extra proline before Cy........cccceveeeennnenns 6
FIGURE S6. Sequence alignment of human vWC domains with conserved aromatic residues.................. 7
FIGURE S7. ConSurf analysis 0f COI2a VWC. ....ccii ittt e e eccttte e e e e e e tare e e e e e e e nnraaaeaeeseennnnes 8
FIGURE S8. ConSurf analysis 0f CCN3 VWC. ......uuiiiiiiiiee ittt esttee ettt e e e ette e e s stae e e s taee s senvaeeesensaeeesnes 9
SUPPIEMENTAI TADIE L. .eeiiiiiiee et e e et e e e e ete e e e s tbe e e e e bt ee e e estaeeeenteeeeenteeeeansenns 10



BMP-2 binding of vWC domains of Collagen IIA and CCN3

FIGURE S1. Comparison of two molecules in the asymmetric unit of Col2a vVWC.
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A, Overlay of the two chains in the asymmetric unit of Col2a vVWC show very good agreement, with an
average RMSD of 0.464 A for 49 residues, excluding the first section of SD2 (residues 71-77) and the
extreme C-terminus (residues 89-96). B, The arrangement of the two chains in the asymmetric unit is shown,
with the intermolecular hydrogen bonds formed between B-strands in adjacent molecules as results from
crystal packing highlighted.
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FIGURE S2. Comparison of Col2a vWC crystal and NMR structures.

Col2a vWC Xtal
Col2a vWC NMR

Overlays of our Col2a vWC crystal structure (purple) and the Col2a NMR ensemble (grey, PDB 1U5M),
aligned according to the entire structure, SD1 (through 168), and SD2 (from C69) in A, B, and C, respectively.
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FIGURE S3. Comparison of four chains in the asymmetric unit of CCN3 vWC.
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A, Overlay of the four chains in the asymmetric unit of CCN3 vWC that are nearly identical, with RMSD of
0.336 A, 0.121 A, and 0.338 A, between chains B and A, C and A, and D and A, respectively. B, The
intermolecular hydrogen bonds formed between B-sheets in adjacent molecules as results from crystal
packing are shown.

FIGURE S4. Electron density maps.



BMP-2 binding of vWC domains of Collagen IIA and CCN3

44
I IRESTRT
Y

(]

2sil) s SN &Y

S
— ‘v\.'[‘ ' 9,

(A) Anomalous difference density for Col2a. Shown are ribbon diagrams of the two chains contained in
the asymmetric unit (purple and grey). Side chains for cysteines forming disulfide bonds are shown as
sticks, with sulphur atoms in yellow. A mesh of the anomalous difference density is contoured at 4 o,
showing clear density around the disulfide bonds, as calculated from the dataset collected at a
wavelength of 1.9 A. (B) Final 2Fo-Fc electron density map of the Col2a vVWC domain, around the site
of the two disulfide bonds connecting SD1 and SD2, contoured at 1.0 o. All cysteines are labelled, as is
proline 51 which is causing the shift of the subsequent disulfide bonds in Col2a vWC. (C) Final 2Fo-Fc
electron density map of the CCN3 vWC, contoured at 1.0 o, and centered at the interface between the
subdomains SD1 and SD2.
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FIGURE S5. Sequence alignment of human vWC domains with extra proline before C..

Q86XX4-2_vWC5_363-416 54
Q86XX4-2 vWC3 159-216 58
Q86XX4-2_vWC5_285-342 58
MUC5B_HUMAN vWC5_5523_5586 64
BMPER_HUMAN vWC4_238-289 52
CHRD_HUMAN vWC4_872_932 61
086XX4-2_viWC4_221-278 58
NELL1_HUMAN viWC4_694-749 56
ENSP00000416341_VWC4_750-805 56
Q86XX4-2 vWC2_ 95-192 58
VWF_HUMAN vWC4_2431-2494 64
E7EUV1_HUMAN_vWC4_2564-2628 65
BMPER_HUMAN_VWC5_301-357 57
Q6WN34-2_vWC3_252-314 63
ENSP000003611T2_vWC3_261-323 63
CTGF_HUMAN_vWC_T103-166 64
NOV_HUMAN VWC_T10-173 64
CYR61_HUMAN vWC_100-163 64
ENSP00000416341_vWC1_324-380 57
NELL1_HUMAN_vWCI_273-331 59
CRIM1_HUMAN vWC4_679-734 56
TSP2_HUMAN VWC1_320-374 55
NELLT HUMAN vWC2_335_389 55
ENSP00000416341 VWC2pred 384-4 62
CRIM1_HUMAN vWCZ_819-873 55
VWCE_HUMAN_VWC6_687-742 56
VWCE_HUMAN vWC3_501-559 59
CHRD_HUMAN_VvWC1_51-125 75
VWCE_HUMAN vWC2_443-496 54
Q6WN34-2_vWC2 1T1-174 64
ENSP000003611T2_vWC2_116_179 64
BMPER HUMAN vWC3 166-2227 59
Q6WN34-2_vWCl_33-45 63
ENSP00000361112 vWC1l 37-99 63
VWC2_HUMAN vWC2_218-273 56
COL2A1_HUMAN vWC_34-89 56
COL3A1_HUMAN_VvWC_32-88 57
CO1Al_HUMAN_VWC_40-95 56
COL5AZ_HUMAN vWC_41-96 56
ECM2_HUMAN_vWC_103-157 55
CRIMI_HUMAN vWCl 336-390 55
VWF_HUMAN vWC5_2582-2644 63
CRIM1_HUMAN_vWC2_403-456 54
VWCE_HUMAN VWC5_629-684 56
TSP1_HUMAN vWC1_318-372 55
BMPER_HUMAN vWCZ_108-163 56
VWCE_HUMAN_VWC1_386_440 55
NELLT_HUMAN vWC3_637-686 53
ENSP00000416341 VWC3_690-742 53
CHRD_HUMAN vWC2_705-761 58
CHRD_HUMAN_vWC3_784-850 67
VWCE_HUMAN_vWC4_568-625 58
PXDNL_HUMAN vWCI_1395-1450 56
PXDN_HUMAN VWC1_T1415-1470 56
CRIMI_HUMAN vWCZ_753-808 56
CRIM1_ HUMAN vWC3_ 608-662 55
MUC5B_HUMAN vWC4_5414-5483 70
E7EUVI_HUMAN vWC3_2455-2523 69
VWF_HUMAN_ vWC3_2257-2325 69
086XX4-2_VWC1l_28-87 60
BMPER HUMAN_vWC1_50-105 56
VWC2_HUMAN vWC1_T155-211 57
IDD_HUMAN_VWC_271-332 62

Sequences of human vWC domains with additional proline residues before the second cysteine were
extracted from the SMART database (http://smart.embl-heidelberg.de) and aligned using Clustal X.
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FIGURE S6. Sequence alignment of human vWC domains with conserved aromatic residues.

-TGQCCE-E--}

SGOPHYETDGANHEENG TCTYVETREC

Be.
13
UEL000181EFSR T
GPLo0oisiEros-c
EROQC
= easc
|
IPERHHC!
rygeec: —ic
¥
BEMD7HONAN. e
UPI000T662662-VWC1
DPZ0001596856VC
EZ0001 596856 Vc 25

'UPI000159689C-VHCS

G- --Cs0-HCRCGRGGG:
- PGCDS - CRCREGG-

HUMAN-VHCA
'UPI0000D625CE-VHC1
'UPI0000D625CE-VHCA
CHRD, el

B726F4 -VWC3
ENSP00D00416341-VWC1
ENSPO0000416341-VWC3
BADK93_HUMAN-VWC

BADTCOHUMAN VG

; HUMAN-VHC:
CRDLZ_HUMAN-VWC3

QBTEAT_HUMAN-VWC
PT000TSE06RE-VHC
Q6MN34-4-VWC -QPTEPQOCCPK-

e-
e ST oo PR BRI U0
TG

S--DECR-
-~ TICH-
EBCN-
DECE-

BCE-

EERENET!
PSR SR

‘NHTOGCEE

P es———
hiEmsTE
£
5

—-SPCE--RCRCERNG-
st

B3KTI3 HUMAN-VWC
'UPT000D1AE7EE-VWC3
T00001AE7 4

viiC)
'UPI0001ASECDA -VHC2
'UPI0001ASECDA-VHC3
£29279-2-VWC

VWC sequences with conserved aromatic residues in the SD1 subdomain were extracted from the SMART
database (http://smart.embl-heidelberg.de) and aligned using Clustal X. The positions of the aromatic
residues in the sequences are marked with crosses at the top of the alighment.
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Conservation of residues in Col2a vWC across species was analysed using the ConSurf server
(http://consurf.tau.ac.il/). These results projected onto the crystal structure of Col2a vWC is shown in Figure
5A.

FIGURE S7. ConSurf analysis of Col2a vWC.
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f vWC domains of Collagen IIA and CCN3
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FIGURE S8. ConSurf analysis of CCN3 vWC.
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Supplemental Table 1

BMP-2 binding of vWC domains of Collagen IIA and CCN3

Protein Primer Sequence (5' > 3') ReSt':'Ctlon
Site
Col lIA VWC_1 ATATATACCATGGCACAGGAAGCTGGATCCTGCGTTCAGGACGGTCAG Ncol
vWC VWC_2 CGACAAAGACGTTTGGAAACCGGAACCGTGCCGTATCTGCGTTTGCGA
VWC_3 CCGTTCTGTGCGACGACATCATCTGCGAAGACGTTARAGACTGCCTGT
VWC_4 ATCCCGTTCGGTGAATGCTGCCCGATCTGCCCGACCGACCTGGCTACC
VWC_5 GTTTCCAAACGTCTTTGTCGTTGTAACGCTGACCGTCCTGAACGC
VWC_6 GTCGTCGCACAGAACGGTACCGGTGTCGCAAACGCAGATACGG
VWC_7 GCATTCACCGAACGGGATTTCCGGGGACAGGCAGTCTTTAACGTC
VWC_8 TATATATAAAGCTTAACCGGAAGCGGTAGCCAGGTCGGTCG Hindlll
Col lIA Col2al30A F GCTTGGAAACCGGAACCGTGCCGTGCCTGC
vWC Col2aV22A R CGGCACGGTTCCGGTTTCCAAGCGTCTTTG
mutants Col2al39A F GCTTGCGACACCGGTACCGTTGCGTGCG
Col2aV32A R CGCAACGGTACCGGTGTCGCAAGCGCAG
Col2aF58AI64A F CCCGGCCGGTGAATGCTGCCCGGCCTGCCCG
Col2aF58AI64A R CGGGCAGGCCGGGCAGCATTCACCGGCCGGG
CCN3 Nov5 TATATCCATGGAGGGAGACAACTGTGTGTTC Ncol
vWC Nov62 TATATAAGCTTAGTCAGAGAGTTCGACTCCTACG Hindll
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