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Many collagen-binding peptides have been reported to date. However, most of them seem to be below a practical level.
Some do not possess enough affinity to detect collagen, and the others show little binding-specificity to collagen. We report
here novel collagen-binding peptides that hybridize to denatured portions of collagen. They are parallel dimers of collagen-
like peptides both ends of which are tethered by covalent linkages. The peptides, named cyclic collagen-mimetic peptides
(cCMPs), showed approximately two orders of magnitude higher collagen-binding affinity than single-chain counterparts
reported by Yu and co-workers. The collagen-detecting sensitivity of cCMPs was comparable to commercially available anti-
collagen polyclonal antibodies in western blotting, and fluorescent staining of cultured cells. No collagen type selectivity
was found, and the peptide recognized all types of collagen tested. In contrast, the peptides showed strong preference to
denatured collagen. The results strongly support the common hybridizing mechanism targeting unfolding strands of collagen
triple helix. Molecular dynamic simulations of the hybridized products suggested that the cCMP-collagen hybrid has higher
stability than that of the corresponding hybrid with single-chain CMP. Some diseases such as osteoporosis and malignant
cancer are suggested to be accompanied by collagen denaturation and/or degradation. It is also suggested that inflammation
and mechanical stress also induce collagen denaturation. We expect practical applications of cCMPs to detecting

conformational status of collagen in vivo.
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MEMZ 72D EREIT—7rHER L. MATEVLD INVE VR VBRI ATFVI T AT MR ERINL 728
(35 —47 Vi) O FE% & L7z, 96-well plate |12 2 T3HMHEELLDDZH W,
NOOHEWE S0uLTO®ML. 2HMKEST S22 & TE FHESER 2w Lz a g =7 v oBicliEL, 25—
nNFhza—bL7% 05%AFLINVIEREHNTT rFroEEEBE LTISTITME L 72PBS 2RI L 72,
Oy &y UM AL /2%, Sug/mLICHRE LA F v MM 4% /89 RIVAT VT KTLI5 45 MM 25 Z &
HERBIR CMP IS 2 RN L 72 Z OB, CMP i % g TREIEL. 3% BSABIRT I RS2 TTay ¥
ERIIZHSTCTHAMUH L 4T TIoEHEH Lz DL, VT LT EDK%. HOUEERR L 72— ARHCMP, BRIRCMP7
IMBSLEL 2 i S v 0o 2HFZ2 Hv 72, D SR ZO5CCTHAMMEA LXK ETIHMGH LD, T/
VXTI F—ErfEE8RA ML ITEY Y EZEHL BRI T =7 P2 RIML 1 =R THA S ¥,
WWESEOB, ABTS & Kn &€ T% M &, 405nm PR Z W L 72 2B L CTix ¥ 512, goat anti-rabbit

&1 AL 7% CMP D&

E & n
—AN$H Ac- (Pro-Hyp-Gly), -Ahx-Tyr-Lys-NH,, 10
—A$ECMP4 4
ZA$ECMP5  Ac-(Pro-Hyp-Gly),-Ahx \ 5
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RIRCMP6E Ac-Cys-Ahx- (Pro-Hyp-Gly), -Ahx-Lys-Tyr-Lys- NH, 6
BIXRCMP7 7




A X hAY-MEHRE Vol.26, 2018

IgG (H+L) secondary antibody-FITC conjugates % 30 %5
A A &7, M SRR RBAREE TBIgE L 72,

MBENO 3T — 7 v 0GB L Cid, Milax EE L7k
#£12.0.5% Triton X-100 T5 7 ME @A A L. Lo
HETTay F ZUMEGE L 72, FOBEILER L -5
KCMP7TB L UOHia g =7 Uik (7€ v M) % anti-
GM130 (Mouse) antibody (TN I fk~—H—), F7-1F
anti-KDEL (Mouse) antibody (/MEfk~—%—) 7T
TEROFETHRML, 1M G S &/, fitv THIS
goat anti-rabbit IgG (H+L) secondary antibody-FITC
conjugates 3 & (Fgoat anti-mouse IgG (H+L) secondary
antibody, Alexa Fluor®594 conjugates M L. 30 75-#%
G 37z, Ml SRS TBIg L 72,

3. & &

3. 1. RIKCMP7 [ZZHEIZ—7 It UTRUME
BHEZERT
KBEWFACTHRELTBW B F VR CMP O TR

a5 = T AREAREEFELISAICK DRI L /22 &

A, INBRIEBIEAEIT—FVIHEE Loz (X

2a)0 2 T—ASCMPIZHIT 2 E1THI%R"Y 23 %1C

CMP & 2 EHE RN ICMEE S/ 25, CMPO 2

T T AEEREEIRH SN (M2b), 35

DT TFHA Y TIZBEIRCMP25d - & b iEARED <L,

CMP B @ Pro-Hyp-Gly # ) & L AL W I3 LB 7 kG

BREER L. T IRSCMPR IS -4V XD B

oo =5 VI RE Lice T OMEIZCMP 232N 2

a) 1
09 O M5 -7 EOBE
08 A=y LofiEE
0.7
06
Agos 0%

0.4
03
0.2

"lemen [e[] cmensne0 -

4 5 6 7 4 5 6 7 10 (=n)
EiRempn ZAREECMPN —AEH
b) 1
09 O EMHAZ -7 v DS
08 35T s
0.7
0.6
Ayos 05

0'11, [ H -n=mn2[] 'ﬂ

4 5 6 7 4 5 6 7 10 (=n)
EIKCMPn ZASHCMPn —A3H

<)

Ags 03

T=r Y OZEHEAMBENITIE T TIHEAELTWS
TEERBLTVS, SHICEIRCMPT & —AIx, 2
T—=7 IR L TRERGAN G2 R L7 (M2c). &
DRERPSEIRCMP7T a5 -5 v BLUOERaS —4
RS AR (Ky) 2EMLA-ESA, BEaT—
U LT6.6x10°M, 25 —4 2 LT1.1 x
10'MERD SN, T2, — AP CMP IR KR AR
BIRCMP7 LM L2 RET A & T, EMas—r
WXL TO95X10 M EFENIZA, 25 —7 VITH L
TRRDBLIENTELD o0 THEDREREDSHBRIR
CMP7 (3B D —ASCMP X b & 100 B Ph Efs Gaeds e
WZ EATRE NI,
INSDOCMP D 4TITBIT 5 kG % Mt ik
(CD) A7 PRI L72E T A, 225nm BT A IED T
v N VRIERSB SN Y, ZoREE» S5 CMPIZ 4TI
BUWTHOEALTEESHAMBERZBE LTS EE L
SN, M2atab¥TEZLLEHCENEWZIaS -4
VREEREE D WS EAVRIBE N, X o TR IR
T CMPHER A M ERICMEA L TR 7F FRLoHC
EEZMWHSETHSMM L7,

3. 2. BIKCMP7 lZwestern blotting ta5—
FUERETRIENTES
BRIRCMP7, —ASCMPB X UOHilloyta s —7 4t
HKEHNT, I8aT7—7 Y OMNKE% western blotting
THBK L7 (K3a), MHRBIRCMP7 1Z—ASH L D bEw
MHEEZ/RL, 0ngZikBI L7225 —7r Dol i

0.6
0.5

o4 O BReMPT-Z a5 —4 >
CERCMP7T- a5 —4 v
A =K -EHaZT-T
=k -5

0.2

0.1

0

0.01 0.1 1 10
CMPIEE [pg/mL]

100

X2 4CIZHH5 CMP D75 —4 L iE&EEFM (mean =+ SD, n=3)
a) CMP i&#&IEM#. b) CMP &K% ERERIIC 95°C T 5 2EME. c) Bk

CMP7 & —AREDBEXREFEN LIS



BENICEFRIT T UICRETEINTFRODFEET - B EISH

a2 $iA L BITHIM L, ol $1ICBI L CTid 10ng ¥ THE S 3. 3. WIKCMP7 (3igHF RN 2w Lza7—7

Nz TIUSHEILIRIE (1/1000 f5AH) ota T —4 i VEBRHTRIEDTES
LD HROMRBEETH Y 1/200REDOH T —7 >~ HOLEERR L 72BURCMP7 & —AE CMP 2 HI v TR

PURICIER L 720 T 72 BIRCMP7 3 FRE~Y—A—& M i L7225 =7 > ORI ZRATZ. OB 57
35— 7 Y ORAHEWIAL [-VHEOIT— 7 Y2 /HR SN0 9— AR SEs I LR HNE LT, fil
MR L7z (M 3b)o C OFFRIGFBIRCMPT 233 5 — 7 F E AL BRI 95 CITMEL L 22 PBS Z ik L 724 > T v %

RIS B ) Y U ERET ISR BT T I ME L7, #RELT30ug/mLOEIRCMPT7 13, #Z5M%
MR 2 R L TR LTV A T L 2R LT 5, L72iaodas—r i zim i Ly £ OBMEE

W CMP R KA TH - 72 (K4a)s ZRIHL T,

a) B2 52y b)  cBB Bikemp 7
1 3 10 30 100 300 (ng) I-v 1 Il v vV Col
) 7 F VIREERIRCMP7 (kDa)
(20 pg/mL)

wa EF T IR —AH
alf (20 pg/mL) 150
al \; maz—rring 100
a2l (1/1000 )

75

a1f) T R A v
BT (1/200 2

50

25

M3 BIKCMP7 #BW/AEd5—4C0BE
a) I/IK CMP7, —&$H. AT -4 HAED, 2577 ARHBEDLE ; b) BRI CMP7 £ HV
VRIS -5 D

a) CMP concentration/ ug mL'1

o .
BiRcmp7
- .
b)
CMP concentration/ ug mL'1
o .
—A$H
v .
c) JEHNER

maz—7 ik

X4 $SRMEFMIEI DL -5 —4 > D& (scale bar : 50um)
a) IRCMP 7. b) —ZA$HCMP. c) #1275 —4 > Hilk



A X hAY-MEHRE Vol.26, 2018

30pug/mL O —ZA§H CMP X Wi EBKRCMP7 @ 1/100 #£
BEOY ZF VLBl S aro7: (M4b). ZOfERIE
in vitro TERIKCMP7 I3 —A&FHCMP £ 0 & 100 fEHEEE
Pea g —2 L OISV L2 RLTWS, 72, i
37— YHRIIBREEORMICE DL 5T a7 — 5 Vi
L7 (BM4c)e PLEOKREDP SBIRCMP7 1321 L
1A —F U ERBRETHINTE 52 AR ENT,

3. 4. RIKCMP 7 ZRUVTHRHESFHARD/NNEAFICTE
9270055207 A—=IT 1 b %%
HIBIENTES
TNF LA VL BRIRCMPT &dia s —47 Uit

K FT, MIHBE LB B X O BALEE % fifi L 7283

MR o 7aas —7 otz ikarz, K5alaml

72902, BIKCMP 7 THH LB ¥ 7 F ikt

KDEL Hufk st L72/Migfko ¥ 7 F v & Eie > 720 —TJ5s

Hoa o —47 Uik THIE L 22 B3Pt GM 130 Hufk 25kt L

RINVIEDY T F NV ERE ST (W5b). ZOfERIX

BUIRCMP7 25003 5 — 7 »Pifk & F7p 2 u%%of7

IRIRCMPY

IRikemp7

Hcol | FL1k

HLGM13031{E

HIKDELHTIE

.. \
v 4

Ficol. | Pri&  HLGM130PL4E

HIKDELFT{E

Qa5 —rvEFHRLTVWLEIEEZRL TS, T2 7
UaT—7 AN TEELTAL T A — VT 1 v
FEN, ZOBRINVIRCIHmEShL L2 BT 2L,
BRIRCMP7 1Z. PURTIIMIET 2 & & 258 L v/ fa kN
HOZHEOLFAPHRKRZFERMHRIBE L2 EZ N5,

3.5. RIRCMP&EOF—F>DNAT)yR=ZEH
BAZ., —RKECMPEOT—FT 2 DFEALKY)HR
ECTHB
BIRCMP %S, —ASCMP X 0 & 2@ wERa S —7

VHEBREERT O WD 2012, Ac- (Pro-Hyp-Gly),

-OH (—A&$HCMP7) LBRIKCMP7,. —ARCMP7 721

—ARPECMP7 OBEAE=EHOLEAZETMELZ, €L T

INLDETURZELFAZTE L TWAEELIZE)

TWAEEAD T A NVF =3 (AG,;qscore) %, T8

(MD) % T in silico TRD % Z & T, TNENDCMP

DREGTANF—ZFHO L 720 #HHE LTEBRIRCMP7 ®

AG,gscoreld3 D DEF NV DHF TR L /NE Do 72 (AG,, (B

JRCMP7) : -147.43kcal mol™", AG,;,, (= A8 CMP7) :

merge

5 RHMFMIEANBOTOIS -7 L0
a) IIK CMP7. b) 135 —7 >l



-138.90kcal mol ', AGy,q (— 4 $ CMP7) : -128.6kcal
mol ) s ZHIFBLIRCMP A, SHWOMHFELEB Y, o 2
DOCMP L) RERZESLEANA T v FEEET
HIEHERBLTNS,

4. % &

Rz, T 7 =7 U IZHBI 7% Gly-Pro-Hyp#t ) J& L
B 2 FEo T F F & ZAPATIR AR THRILT 52 & T,

VT T — 7 0 L TRICE W R Z o Bl &
R L7z FDEAREIZELISA & western blotting 12 &
DEERO—ARFHCMP £ 0 b 100 fEREES W L29RE N
726 TONXTF K% HWT, western blottingTIiZ I -V
HEToOETHOIAT—Frr2RIBTEL 200, BR
CMP DB INZ T 5 — 7 2@ D Gly-Xaa-Yaa D #
NRLEHITH B Z LAVRIRE N7z, BEIRCMP IZANNE 2
ﬁwtt33—57®ﬁ%%ﬁu%ﬂmféé:kﬁﬁé

VP T = Y PURTIEEHEiT A 2 E T E eh ol
TV DEELEABEMRDES W ERINTE U REEAS
INENTze T2y BRIRRTF Nidbia 7 —7 Pk CTldt
W52 2 R LVWNEBRREO 7a 2T — 7 a2 lg
2L TE, SHICMDAEICL D, BRIRCMP 134t
D2HHOCMP X ) bEELIT—F VEAEKRE TR T
LT EDPRENT, TNHDHEDHBIRNRT F Fldin
vitro CEM T — X VAR TE L ERHZALEYTH S
CEWIRENTEEZ D, Fi20 RTF FORNEREY] % i
BbkTAZETCas—FrroRRENLR EEMNS T AT
BetE2id 5,

S EFR A DI LA T Nix, 2thhoa g -7
YOHWNA A =T Y TREY DY —ry T4 Y TIISHT
BT ENWFES N, SRIEBREY Z H 72 in vivo TD
Wt DO TV FETH 50

BENCEFRIZ T UICHEETEINTF RO FiRE - G EICH

E

AHFFE D BT I 72 720 F B (AR T K 52)
Fe—1E (), Bz (F). MZE ¥k (FﬁRI%ji%) D
FRIEH T 2, T2 AMPREIABRMHEATARX o
U —WFZEARELY [ & OB 2 15 THES iz,

(51X #R)

1) Y.Li C. A. Foss, D. D. Summerfield, J. J. Doyle, C. M.
Torok, H. C. Dietz, M. G. Pomper, S. M. Yu, Proc. Natl.
Acad. Sci. USA, 109, 14767-14772, 2012

2) J.L. Zitnay, Y. Li, Q. Zhao, B. H. San, B. Depalle, S. P.
Reese, M. ]J. Buehler, S. M. Yu, J. A. Weiss, Nature
Commaunications, 8, 14913, 2017

3) G. Melacini, Y. Feng, M. Goodman, J. Am. Chem. Soc.,
118, 10339-10364, 1996

4) J.C.Horng, A.J. Hawk, Q. Zhao, E. S. Benedict, S. D.
Burke, R. T. Raines, Org. Lett., 8, 4735-4738, 2006

5) L C. Tanrikuly, R. T. Raines, J. Am. Chem. Soc., 136,
13490-13493, 2014

6) N. B. Hentzen, L. E. J. Smeenk, J. Witek, S. Riniker,
H. Wennemers, J. Am. Chem. Soc., 139, 12815-12820,
2017

7) C. N. Pace, F. Vajdos, L. Fee, G. Grimsley, T. Gray,
Protein Sci., 4, 2411-2423, 1995

8) C. G. Long, E. Braswell, D. Zhu, J. Apigo, J. Baum, B.
Brodsky, Biochemistry, 32, 11688-11695, 1993

9) A. Miki, S. Inada, T. Baba, K. Kihira, H. Fukada, M.
Oda, Biosci. Biotech. Biochem., 79, 1603-1607, 2015

10) S. Ito, K. Nagata, Sem. Cell Dev. Biol., 62, 142-151,
2017



