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Creation of ?rowth factors binding on inorganic and metal materials by
bioorthogonal Chemistry
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The generation of metal surfaces with biological properties, such as
cell-growth-enhancing and differentiation-inducing abilities, could be potentially exciting for the
development of functional materials for use in humans, including artificial dental implants and
joint replacements. However, currently the immobilization of proteins on the surfaces of the metals
are limited. In this study, we have used a mussel-inspired bioorthogonal approach to design a 3,
4-hydroxyphenalyalanine-containing recombinant insulin-like growth-factor-1 using a combination of
recombinant DNA technology and tyrosinase treatment for the surface modification of titanium. The
modified growth factor prepared in this study exhibited strong binding affinity to titanium, and
significantly enhanced the growth of NIH3T3 cells on the surface of titanium.



# X C—19, F—-19—-1, Z2—19, CK—19 (JtmH)

1. WFEBHAE 4RI DT

Bl bR S OBGE R HEIT TRV, BIER AR
EERD 10-15 A2 1 NI A Lk 2 7298
WEORBIZHThHhoTWB EHFH I, A
Lhges H oM EHZ X, BIXILHM B 8@ ITh
DLDIHTHSTZN, MEHTLZEOFIBITHEN,
EREAYEEBE L CHERRG ST S X
N7 o TE Tz, EEMELO R TH A E
R—=Z2DGEITERS T LA G DYk A 72
ERREREME T 5 TE D L oo T&E T,
—J., BELET v I AD K ) IR EEAE
X, ANLEEE, thiRlA > 7T b7 & Ol
BOEHBIZHNONTWVWDE OO, ARARE
KEREN R WEEM B CTHh B 720, 5 £ T
MR BYYENSIEEZ S0, £
W OLEMENREFTE 2o 72 0 ZHOFREMN
b5,

2. WEDOBEK

ZOX D iR E AT S HEE LT, A
BHEATET DERY 70K o8 B B A
BREICEET S ENEZBND, L
L. BHMEE B2 0 2O ERIZIERIC
[RHNTWD, £ 2 TARIZETIE, AT %
AHA % L—H) e EnKbTESR
CICHEET OIS 5% RV EOHS
T 2 BREY 2 RER T X X7 BT
L. MEREATRER I (SRR pk R AR TG M & A 5
T5 LB AT,

3. WrED HikE

ETH XA TAL, RO WIS NDHE
EXUNRTEIZEY, B ERBICLEE R
FETDHIENTED, ILITETEITTRL,
HITA, R, AM, 770, R L
CERELTTTAF v BRSO W, B
ELIEEH D DEMIT, RITOHIC
BEETHZLENARETH ., MEES 20
7ois, ERHBEEAE L COIHN RS
NT&E, BEEX L RITEBOT/DE. 44
A HEHESR TG (nefp) THY ., Dl Lt h
WA E TIZ, mefp-1~mefp-10 @ 10 FEEEH HfE
WINTND, EOHEEMEIT. V> (K) & 3,4
-tk Rexi-L-7xz= LT T7=r (X= L-
DOPA) &< GRS L »TELD EER
HILTW5A, L-DOPA X, EFENTWVWAHTF o
v Y) AR bENSZ I ESh., S
EEAETLIZENMLNTWS, ZDKH
TOHEEBKM S LTiX, L-DOPA (NS 7z
KEREIC KD, Fu oL TWEICK
THKBREEPRED . WEFRmIIWE LT
KT B> TKEBREAEEKRT D L
W&k, KPP CbREANERET LT
HEEZEZLBNTWS,

29 LTMWE Z R oAb A A5 AN AFAE
LTEBLT ., AU, BEX
VRIBOTESCEL RSB ~DIHE B
L. L-DOPA 3 X OV OFFEIRIC X 5 5%
R U T MR R i & fifi 15 23 ST 4R AU L P28
INDHEHIT/oTETNWD, =& X, L-

DOPA # &0 FICE ALY, ZOFEKRTH
LHR=NIVE, FHE ATUVVABIY
YT v AD KD 7 AR S B AT
L7-0 LT, Bt L TRELBT S Z &N
WEINTND, RERTZ " 7ED R
AR R R 1, i N R IR R R IR 7, e
MR R E OB EICKR LT 2 & b
HERTW5,

L)L, 2O R0k ok EE/k
TliX, # o "7 EOREFEDEEOREA &N
FREIZHIE S v, TR b b AEYE A
(bioorthogonality) AR SN TE H T,
EALBIC TR DOEENR IR ST 5
NHLARATH-T=, £IT, BEEHL—E
272D KO ICHIE T 5728, L-DOPA %
B, RERTFZ o7 BICEATES L)
2 L7z,

LDOPAZEY FTL s RT=IZBWNCa—
FEND 20 BEOT I/ BICITEENT. &
GBI LA X RN ETLETITEA
WN#HETHDH, 2T, ZNEEATHZDIT,
IhETIZYNLVE—EEZHWT L-DOPA & A
RTF RefEaSE5HER, Fuyib—+F
EWV ) KIRLEERIC L WV RRT 2 VR TH D
Fu KB bT A LIck R TE S
ZEBNELNTWD, ZZTlE, &fs i
AT, Fus bbb lUhs oy g~
AL, ZhazTFnvFr—FTUELT, HD
ERRE o BB D Z RV EaT Y
AL, BEDAF—LEK 1 IR,

| YKYKYEFIOIGF-LE5 -~ DA

5 [ori [V ¥

—

IGF-Yi&{s 1

KM T 1

" 1 _ YKYKY i
IGF-Y o e e 6.8 -COOH |
2 t: \—j—J 3
Chifi |
& ®
FOLF—HITED :>
Y > L-DOPAZ it oH i on
| Y X=L-DOPA
H IL\ |
IGFX | e
N _ 00%¢%-COOH |
1 ) —
Cliti

| AR ER T O AHA S — A



AT S
%%@%%A?é&/ﬂ& LLTA A
U 8L £ K+ (Insulin-like Growth
Factor-1:1GF-1) Z#A 77, IGF-1 1%, /&<l
At EER 2~ T RER % VX7 B D
—HETHD, —FH. BEX L NTE mplf O
AR EZ BB L. N TEEE MRS T T —
7L LT BT -X-K-X-K-X- (X=L-DOPA) i
EBEANTDHI 2B, TDRDITET,
BEEMATF RESIORTERATH 5 -Y-K-Y-
K-Y-Fd# % . IGF-1 @ C RIIZEis iz
WX VEA L IGF-Y 2FML, 2D H 2T
Y #F 0L —F CT-X-KX-KX-IZEH L7~
(IGF-X), FusF—FTFri % L-DOPA
\CEWT DREICIZVIGR-11Ch & b E(FE(ET 5
Frr (Y24, Y31, Y60) HEHLIN 53,
Zh 5% IGF-1 %%‘rﬁi&@*ﬁﬂf/ﬁﬂﬂl&iﬁéi—}
L7228 (1GF-1 OIEMEIZITEEN 2\ &
R LT,
ZoXOREHOL PR L IGF-X OF
HAKT AN E N, KEBIR~A 78
NT A QM) IZEVWRIELZE Z A, IGE-
Y OfFEEES 29.6 M Ik LT, IGF-X TiX
5.96 pM L7220 WRAESIBKISEHEM L. 2
ERGhoTz, I6IT, ABEAEKTTZ
%@%%@&T%I@Yﬂw%£@$ S
W ENTLE D DOIZx LT IGF-X TiXiE
CAEMERIZEN N EbbnoTlz
(B 2), L-DOPAIC Lo TP EENFZZ 9 Lz
PRI, DT VXA B A DBKTF OSSR
BT HEE ST D,

AEFLAE KRN

2000

1800 | :

1600 - 1 IGF-X
‘1400 + /4 KD=5.96 uM

Q
w20 H] AEFR R KRN
ﬂﬁooo -

800
X 600 1 KD=29.46 yM IGF-Y l

400 |
200 ‘
0 .

0 100 150 200 250

&/nﬁgﬁﬁmm

B2 QCMIZ X BFEE MR,

BT, 2o IGF-X oREEMIC LY, @
WO IGF-1 % IAfRIRRE TREBIKICIINT 555
A0 LM ERETE SN 5 2 &M
binotz (M3), %%ﬁ¢&%&x%ﬁﬁ
[FE&D I6F-1 MEET D5 8ITHA_TH, B
%&W@#ﬁﬂtol4_ﬁﬁio A
VLK%%LKI@#%§NF1V?7§~
(IGFR) EAREAMEH L CHIRIC R 2 fmiE L
Twé%®k%ﬂéhto

SHICEEMICE Y. BiRIRTED IGF-1 &
) iﬁ%&:%b\%ﬂiﬂ’@iﬁﬂhﬁ HEIEERBIR S5
Kooz, ZOEEIZLDRERT#

. 100 uM
FEE E1b IGF-Y
s ¥ ﬁ‘
7 P ~ ] /4 ‘\‘
. \\ ? 2 ! o
VA 25K 7 '-' \
\ ] G 3
) - b E) wA
; / % A
» [ 4 / \l.
. 3 ey #1 S
g | £ = 5 4
100 uM

EEAf IGF-1 (IGF-X)

X3 IGF-Y, IGF-X A% F CToMuEsE D
T

| FooRE~OERL |
=" 2
§w e A
1-_-;:----;--—l x ‘5 .‘:u./
FH
(TN IGF-1 B8/
. NH,
7
YIEN % -veo

: v "2
/V%fuﬂjim

e i MY
—

FE

X4 [EE IGE-X M ~ESsET 5
oy TR,

VR B ORISR 2 fRR T 5 720
mF1&ImR%®%ﬁmé%%%%%bto
IGF-1 28 &4 % & IGFRIIHEGEZ( L., U v



it z%F, ZHICE D ERNPEEINDS Z
ERIMLENT WS, 2DV UL OREELl
AT A BEM ST IGF-X DM,
EEN I N TWARWEGE AT T, EREREEE
Tz tnbholz (K5), T7abb, [H
mﬁéﬂfw@wﬂm1@ﬂﬁi 2 R
ECTARKICHET S0k LT, FEEkEh
TwéﬁAh T, 12 EER L ERREE LTz,

Y U EELIGF1R/IGF1R (3/E)

k5 (h)

X5 IGF-1, IGF-X A% F CToMIIEHIs
FEX R BOTEMAL (U B OREFE
b

Q?
. S e

| omEmy |

v F
S ~ . .

o \ﬁ

f: P

: v

¥ RERT AR
&ﬂiﬂaﬂéw%ﬁ
i AN
. A s

—

]
|
i

M6 e ERT (B) LEERR
RER RN Ch) OMIa & OF AAE RO
*E @‘O

ZhiE. BEEEER TV I6GF-1 1%,
BasRH O IGFR ICHE S % . MBENEICEL Y A F
NTHET—LFXal—aryRNEIBEZDIT

%L, BEINTWAEAIZITERYIAEN
T, EMIEMRIC LTz 5 2k 5 7=
ODThdrEEZLND (K6), EELINT
RN OEENEET 2BRIE, T TIck
OPDORFIRREINT WS, BLELY, #5
P& 5 S I6F-X 1%, BT % v %
WZEE S, ZOMEEA S EE(bar L
mEabzZ kv, X ViR ML EEIEERE
MERmT eV SRR LIRS T,
K EEE X R B OREWWEEY, BT
T eBREMELZFH L o X278
NEARETHDL ZENbhotz, LT,
INETIE—BMICREEE ST 2, R
TULVA, TREA R E W o A ELR D
N THER B v R E R G CEELT
XHEHCRBI NG, Z b ANLIgEED
HEEMEDRE FIZORNBY, AT T PO
RO LN TE 5,

5. TR LE
(WFFRAREE . WFFEs A R ONEEERF R 1
IR

(MEstam ) Bt 3 )

1. Eﬁﬁﬁ’@% s T A EAEH
N/} X EEMERER T
Oﬁwm\%ii“:;—x\w,n—

20 (2017) A&

2. Chen Zhang, Hideyuki Miyatake, Yu
Wang, Takehiko Inaba, Yi Wang,
Peibiao Zhang, and Yoshihiro Ito,

“A bioorthogonal approach for the
preparation of a titanium—binding

insulin-like growth factor—1
derivative using
tyrosinase” , Angew. Chem. Int.
Edn., 55, 11447-11451 (2016) & 5¢
H

3. HRABIT. kR . _PHEEEE. TA

— U H O3S 2 5 E N AR
OXRmMERM., 2 X—F v 7 523,
90-92 (2016) F e

(F=¥&) Gt 0 1)

(BFE) Gt 1 )

1. Chen Zhang, Hideyuki Miyatake, and
Yoshihiro Ito, “ Adhesive growth
factors inspired by underwater
adhesive proteins” , in ”“Advances in
Bioinspired and Biomedical Materials”
ed by Yoshihiro Ito, Xuesi Chen, and
Inn-Kyu Kang, American  Chemical
Society, in press (2017) &t

(PE 3£ PEHE )
OmmREL GE 0 )
(% DAth)



==
http://www. riken. jp/nano—
med. eng. lab/index. html

6. HWFZERERE

(D) Wik

i FE¥E (ITO, Yoshihiro)

[ STAIF 22 B 76 1 N B2 AF 22 AT
BT = TP - EEMER
e 35« 40192497



