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Collagen, the most abundant protein in mammals, not only provides tensile strength to tissues and organs, but also
interacts with a myriad of proteins, namely collagen-binding proteins (CBPs), to regulate cell adhesion, growth, and
differentiation. Despite their significant biological importance, the interactions between collagen and CBPs are poorly
understood because of its insoluble, large, and anisotropic natures of collagen. In this review, I describe the recent
progress in understanding the collagen-CBP interactions, which is primarily accelerated by the use of homo- and
heterotrimeric collagen-like model peptides coupled with a variety of physicochemical and structural biological
techniques. The detailed analyses on the collagen-CBP interactions are important for understanding the biological
functions of collagen and its related diseases, and potentially provide a clue to develop novel collagen mimetic materials.
Keywords: collagen, collagen binding protein, collagen model peptide, isothermal titration calorimetry, X-ray
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Fig.1 Molecular structure of collagen triple helix and
schematic of the axial arrangement of collagen molecules in
the D-periodic collagen fibril. The crystal structures of part of
peptide (Gly-Pro-Pro)e (PDB code: 3B0S) and T3-785 (PDB
code: 1BKV) are shown.
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Fig.2 Crystal structures of CBPs in complex with CMPs. (A) Structures of Integrin a2-I domain-CMP complex (PDB code:
1DZI), DDR2-CMP complex (PDB code: 2WUH), vVWF-CMP complex (PDB code: 4DMU), SPARC-CMP complex (PDB code:
2V53), OSCAR-CMP complex (PDB code: SEIV), GPVI-CMP complex (PDB code: SOUH), and HSP47-CMP complex (PDB
code: 7BEE) are shown. Arg, Phe, Met, Glu residues important for binding are shown as stick models. (B) A schematic diagram
illustrating the plausible CBP binding sites along the triple helix of type I collagen constituting of two a1 chains and one 02 chain.
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helical model peptide: CMP) 23FIH I D L 527> Tk
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Fig.3 Crystal structure of PEDF. (A) Overall structure of
PEDF (PDB code: 1IMV). (B) Electrostatic potential surface
representation of PEDF. The acidic patch is indicated by
arrow.
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WERFIRESRME AT B D OREEERTE RN 8 2 O TlE 2R &
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3FFHDOA~T 1 3 BAETR CMP DA Lz, 22T,
[ Bag—7rho o2 HOMBENRFEIETH D20,
a2olal, alo2ol, aloalo2 D4 THORMEEZZE L7 CMP
e L=, £ CMP I, o2 HONMNEICELT, ThEh
CP211, CP121, CP112 &AL, a7 T 7 AL b
MEERET D720, BENZHE, &b N K HICFES
ZHEEM D Leading (L) $4, Middle (M) #4, Trailing (T) #4
EMERZ L L LT, ARICK VAR LS ~T e 3 BERA
CMP % F\\NCH-FEAH AAERMRNT & FEhE U 72 5 2 IR IE
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CP211
Leading Y(GPO),GPOGLKGHNGLO(GPO),GPCG-amide a2
S-S
Middle (GPO)3GPKGHRGFSGLO(GPO)aGd(;G-amide al
S5
Trailing (GPO),GPKGHRGFSGLO(GPO),GCG-amide @l
CP121
Leading Y(GPO)EGPKGHRGFSGLO(GPO);GP%G-amide al
-S
Middle (GPO);GPOGLKGHNGLO(GPO);G(IJ(}Gvamide 2
55
Trailing (GPO).GPKGHRGFSGLO(GPO),GCG-amide al
CP112
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-S
1
Middle (GPO),GPKGHRGFSGLO(GPO),GC(G-amide  al
S-
Trailing (GPO),GPOGLKGHNGLO(GPO),GCG-amide  ¢2

Fig.4 Designed disulfide-crosslinked heterotrimeric CMPs
with three combinations of chain arrangements, in which o2
chain segment derived from a sequence alignment with the
previously identified PEDF-binding sequence of type I
collagen al chain is positioned at the leading, middle, or
trailing position, designated as CP211, CP121, and CP112,
respectively.
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Fig.5

sedimentation coefficient (S)

concentration (M)

Interactions between PEDF and CMPs analyzed by ITC or SV-AUC. (A) ITC profile of the titration of the CP211 with

PEDF at 25 °C. (B) The overlay of the distributions of the sedimentation coefficients (S) of PEDF alone and CMP/PEDF mixtures.
(C) The overlay of the sedimentation coefficients (S) of CP211/PEDF mixtures measured at molar ratios of 0, 0.2, 0.5, 1, 3, 5 (left
panel). The concentration dependence of weight-average sedimentation coefficients (S) of CP211/PEDF mixtures (right panel). A
non-linear fitting was performed to determine the dissociation constant (K4) value. (D) ITC profile of the titration of the CP211

with PEDF at 20 °C.
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AR L72% CMP & PEDF & OFEAT v A 1%, SR
TETYEVEHIE  (isothermal titration calorimetry : ITC) 24D
Fehi L7z,

ITC 13, #EICHE> ¥7 XA F—£1 (AG),
TV E—E (AH), = br =&k (AS), #EEE
B Ko CUIMRBEES Ko), fEEE () REDET)FNRT
A =2 e —EDOEBRDDHEHTE DA R WFIET
bV, HAEKROREEEGE R EOERE T, MEEXo
PR A IR T D 2 LN TE D, 1ITC OMESCHNT FIEOFE
AT, BEICATEIC B W TEN R A B Eh T2 0T,
EbbarzRINTN, B3

ITC IZXY, GRLL7=% CMP ZiHliL7= L 25, X4
i, FREMAEERICHE S BESUEDO Y —F 77 L2 TREL
TRy, ARHERZR 25 )CTORE TIE, WT o CMP 2R
THREAEEDN BRI SN2~ 7= (Fig.5(A)IZ CP211 @
B&Z7RT), F07s, PEROERZEIL L, @il

(analytical ultracentrifuge : AUC) |2 & 0 3 F-FIAEAAEH O

HIAEMERE LT, AUC L, B LB T D01 OkkEzs
AT AFETHY, 205D —FETHSHIERKE
JE (sedimentation velocity : SV) {EZHWDHZ L2k,
BRI BEPNESREER LIZBRICA U D kiR o s
b2 s, SR EEROEEEZBRNT 52 LB ARETH
%)O 16)

[ L 7= B VRIS DU T SV-AUC IS & 2 4y B8 AR
AT Z IR LT & 2 A, DWTHO CMP OFFEIZEHEWT S,
CMP FEAFAE FIZH~"T PEDF O e 72 T AR DO L 37
® B, PEDF (2%t LT CMP DL 2 25k & |- 85 o]
EDORERID, & CMP Off i E Ka kDD Z LN T
7= (Fig.5(B), 5(C)B L Table1), Z DfER AW E %, ITC
DOWPESMEEFE AT, IBE % 25°CH 5 20°CICERE L,
SV-AUC 22O E ENT Ka #5812, BEZZ{LIE5Z
LT, HXTF RORBSIEDY—F T 7 L E/H{DH T LI
Mh L7 (Fig.5(D)IZ CP211 OFZRT), Z DF ORI,
BEOSINETY LAV RLNRWEEITIE, BR2D
JFREICEESL pHrEZ AT 2 2 b A TH D,

Table 1 Binding parameters of PEDF to CMPs from SV-AUC and ITC analyses.

SV-AUC ITC
CMP

Ka/ M Ka/ M AG / kcal mol™! AH / kcal mol™ TAS / kcal mol™
CP211 0.3 0.24 -8.9 2.00 10.88
CP121 4.1 3.85 -7.3 3.78 11.04
CP112 0.7 1.12 -8.0 291 10.89
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Fig.6 Crystal structure of PEDF-CP211 complex. (A) Electrostatic potential surface representation of PEDF and cartoon
representation of CP211 (left panel). The residues important for PEDF recognition are shown as stick models. Stereoview of the
interaction surface of the complex (right panel). (B) Modeling of the PEDF-binding region of CP121 (middle panel) and CP112
(right panel). Crystal structure of CP211 in the complex is shown at the left panel.
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R & 72 B HERTH DD HoNTBEEREEND
PEDF /&, BetET X 7 IS E ofEk (Bt Ry F) & Bk
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LU CTHAEEALTWEZ & B BRZED, B, BT,
FEOS & BT DI T 2 ) B E L & LT kFERS
RMREDOTERA T2 DA AN & E L TWens, WK
i & B4 5 Phe (T) A& LZBUKMARA/ERA b BE
THDHZ ENDLMNY, MEDOKEDTD 25 °CTEfE L7
ITC FEERIZIBWTHRNT EEEEBIH SR oo D7
EEz N (Fig5A)), 72, BEOEEEBROHEE)
5 PEDF @ Asp255, Asp257, Asp299, Glu303 73 [#i= 5 —
T DI EGT D ERENTVDR, 09Z2nEh,
CP211 @ Arg(M), Arg(T), His(M), Lys(L):+HAEIEAL T

, AR ORI EAEEEEND, SBREOEE~DOF
HBZ2EMNTDHZENTERE (Fig.6(A)),

[ B a5 —27 L ORSENT 5, EFC Arg-Phe 7 % JF
45 ATREPED & H Y] (RGF) 14, 5 AT R SN2,
Fig.6(A) 2R SNV BA/EAHIZ I T IO L E % & 8
T2, BAEREREZRZET D LD 2SR FEEBRIZH
VN2 al 84930 225 938 FRELH OFEICR OGN D Z & b4y
MoTz, f€5 T, PEDF O % 2\ B SRR A A 1 A0 i
2B BT b,

BRI Z &2, PEDF #BaE 5N, 4> TG RE 5
T5U Ty (Lys930) BWEENTEY, AL I =T
— 7 UBHEIC B WIS EE S R SN D 2 L b H i
oty 2O Z &G, PEDF OMIRABS BK~DkEATE M
BT —7 v ORBRICBWTHIE S LD E\Wo Tzt
FWNCEERMRLESD Z L3k,
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A ¢ %ﬁﬁﬂti N, TT—=F T E < D BAFZEN
OHHENTWDIZE»rbod, 1 aZ—%2® chain
registry lifﬁfiilﬁﬂ LWIR>TELT, 3BV EXLNLD
FAERONT IS SR 2R HRE BNFET 5,19

%35 5 O ITC X° SV-AUC OJIEFER NS, PEDF & CMP
DFEEBFIMEIL, o BHOMRR 02 BHOMLEDHELZIT 5
ZEMHLMNT, FOMEE CP211 > CP112 > CP121 DJIE
TH-o7= (Tablel), &2 LG TORMEMKICE LT
AEREBDL 2D, CP211 OfEEEEIC LS 1ET
Yo7z X v, CP121, CPl12 @ 3 EHBAMEETT L%
L7 25 (Fig.6(B)), CP112 [ZBW\TH, CP211 &
[FEED Arg-Phe X7 &8 i/ TR EMDIFIE LT, bt
&EH T PEDF @ Glu303 &K% 1%/ L CTHAEEHALTY
% CP211 @ Lys(L)IZHH Y9 HALiE DF%IED Hyp 12D -
TWA72®, REFTCE T 2 KE/EOEERAY T b
ZENREZ LN, 72, CPI21 IZB W T, Arg-Phe X7
NIFERET, WD Lys-Phe X7 ZEKT 2 HIATFET
BN, VI IREFNR T VX = THhAHAEAITHRT,
PEDF & OKFEFBEEDIM DT 2720, FEEBFNEN TS
T DAREMED I RIB I 3T, T35 OREERRIE ) B DB ER
I%, CP121, CP112 DFEEIZ LS = Z B —24 (k)3 CP211
WCHARTHELL RN EWI ITCOFRERL L L TERY
(Table 1), %% Fig.6(B)IZ/~k9" L 9 725> 7% 1H C PEDF &
AT HZENEZONT,
COHEEINT-K CMP OffEHE=ZBET 5L, kL
7= PEDF 10 Asp255, Asp257, Asp299, Glu303 27 7
SVICEBR IO 18 a T — 7 v~ oA B
T%5ELHHEHTEDDIZCP2II DHTHY, -, KK
D 1%laZ—/ L PEDF & OfEEEFfMEICKbIITVOL
CP211 Th 5, > T, %K b7 PEDF-CP211 OfEdh
EIEIZ IS EE LI, 12T — 4 > O chainregistry (2
DOWNT a2alal OEENE LW E B0, 5%, vWE <
Integrins 72 & 1 M aF — 4 LiEAGT 22 L RHEINT
WHHD CBP IZBWT b FIEkOFEBIEHENIT 2175 2 &
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