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Development of chimeric human epidermal growth factor containing short collagen-

binding domain moiety for application of wound tissue healing agent

Dong-Gyun Kim

Department of Biotechnology, Graduate School,

Pukyong National University

Abstract

Among the human growth factors, epidermal growth factor (hEGF) consisting of 53 amino
acids exhibits various effects on epidermal cell regeneration, stimulation of proliferation and
migration of keratinocytes,  promote formation of granulation tissues, and stimulates
fibroblast motility, which are important in' the process of wound healing. For these
multifunctional activities, EGF is-employed-as useful tmplement for pharmaceutical and
cosmetics agents. But, low productivity, limited target specificity and short-half life inhibits
the application of EGF as therapeutic instrument. To overcome these obstacles, we have
constructed collagen-binding domain (CBD) of Vibrio mimicus metalloprotease fused
chimeric EGF proteins. 18 and 12 amino acids portions of 33 amino acids, which was
essential for collagen binding activity, were combined with N-terminus and C-terminus of

EGF. We have constructed EGF(52aa)-CBD(18aa), EGF(53aa)-CBD(12aa), CBD(18aa)-



EGF(53aa) and CBD(12aa)-EGF(53aa), and expressed, produced and purified using pET-22b
vector, Escherichia coli BL21(DE3) expression system and Ni-NTA column chromatography,
respectively. Purified four recombinant proteins revealed enhanced A-431 and HaCaT cell
numbers than non-treated specimen and similar numbers of control hEGF. The collagen-
binding activities with type I collagen were also observed. Furthermore, CBD hybridized
hEGF amplified phosphorylation signals of EGF receptor. These results suggest that fusion

proteins may be able to recommend as a therapeutic agent in wound tissue healing.
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biomaterials@| 72, CIASE RAMZO| 3ES EXISHE cells, MZ} EZ|9|

HI

oF, T B 2SS RXES= growth factor 2| bioactive materials 2, 12|11 O|

oot =2=S 08¢ =Ml WDt restore, maintain X HIF7HE ¢l S&
s= 3ot &dE M=Zo K, M 22|12 nHE FFols 7lesS 2T

-

Ct(Nimni M., 1997, Rustad et al, 2010). [L}2}A{, 2 A0 A= tissue engineering HH

_

= SN CrEst cell typelf X2 4 Y= multifunctional growth factorg &3l

MZ2 g8 XeHe 71l S8 52 275 orRALh

Ml

H

=2 50| 7tX|11 Y= membrane moleculardf| 2|5t0 X EE O F signalS
FOEAHLE = MEZEYAN MAZE peptide EEE steroidS 2| moleculars2| 0|0
Ol EHO{XI CHE cell 51 signalg T HIOTMH, 0|23t signal moleculars 1}
receptor®| AT EE0| 2|5t cell®| functionO| L{EFLHCHNimni et al., 997, Nishi et al.,
1998). 0|3t celld] MZMEHFS |FUSH= moleculars FOA ZHHO| HHE

cellular activityf] F2kE O|X| = signalE FESI= poly peptideS S growth factor 2f

11 SFCH(Nimni et al., 997, Nishi et al., 1998). EESH, hormone2| A2 glandular tissuesOf|



A B E|O hormone Z+2to| ENH XA L= M ET} targetO| T|X|BH growth factor

1o

AL embryosE EESI= = organism, organs, tissues@t X0 HIFZ Ol ML

g

M E LA CHNimni et al., 997, Nishi et al., 1998). [2tA £ growth factorQ]

A2 cell culturet’HOEZMN 2 50| 7ts5t7| = SHH(Nimni et al., 997, Nishi et al.,

1998), O|EA| Crel M=o ZE|= growth factor= 5 target ZZX 0| Ot

Chefot tissueQ| ih, A4, d2a 2o 8

o
1]
o
[l
0%
I

4 52 g

A
O

s
ikl

ol A= of7| M0l tissue engineeringOfA Of 2 78t &M= 5 &
1 QCHRustad et al, 2010). 12|10 M| ZZH{ K(cell culture), A|Z=eH CHEEEL MAL 7| =
(recombinant protein technology)d} growth factor@| functional understanding 3! clinical
application, useful pharmaceutical form=2| 7f2 % 2HELL orowth factor52| F&M

o

2§/ Z7hA|Z{CHNimni, 1997).

g Rk(growth factor)52 0| El= Rt 0| LOo{Lt= X A0[9] =£|

Mol 72| E= A8 WIS et £3 7| $HCHNimni, 1997, Nishi et al,

1998, 8 1). O] §F =E0|M ditzo 7S Sot o

M
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Figure 1. The ways of production and functional mechanism of growth factors”.

Black dots present growth factors that produced and act in diverse process. (D autocrine, 2

paracrine, ®endocrine, @juxtacrine, (5 intracrine.

“This figure was taken from Nimni et al., 1997.



0| 5510 Z-E3t= endocrine, Y4t =E FHO| LHE BY A 0| s OX|=

paracrine, 12|10 MM XX HHE XZE0| &2 autocrine@E EFE|H O|= O

SH2|0] ME BY EE EYSHs =9 UAS T2 HYSHO| LRHCTHNimi

M., 1997, Nishi et al., 1998). [ESF 2 HH Q0| M2FA] ZEIO|AM AAF B E| A Z 20|

ZgtEl dHZ A Es ES MEZO M2 E HESHE juxtacrinedt oF AM[ZOf
M HAE[O 22 ME LHO| activedt HEHE HOF QU= intracrine CE FFE[7|
I SHCK(Nimni M., 1997). [}2fA, CtFSE growth factorg2 AHE7|2H0| [M2IAM F2
endocrined} autocrine/paracrine@| & groupS E  LIH+O{ RICENishi et al, 1998).
Autocrine EE= paracrine group transforming growth factor (TGF), keratinocyte growth

factor (KGF), hepatocute growth factor (HGF), epidermal growth factor (EGF), platelet-

derived growth factor (PDGF), fibroblast growth facter (FGF), insulin-like growth factor

(IGF) 59| M%&OIXI=0| QCH(Imanishi et al., 2000). Autocrine/paracrineQ & 2 FL|=
AAOIXE O &8 EMO| [M2tA autocrine (TGF), paracrine (KGF, HGF), 12|11

autocrine/paracrine (EGF, PDGF)C. 2 F &% = QCHNimmi et al., 1997).



XS 2HE 02 growth factorsS structural homology2MN 2SS OIf

207§2| family EE= super-family2 25|, 3| transforming growth factor- B

(TGF-B), epidermal growth factor (EGF), nerve growth factor (NGF), platelet-derived growth

factor (PDGF), 12|11 fibroblast growth factor (FGF)2| 5 family2 &£53% £ UCtH

(Nimni M., 1997, 112l 2). O|H A EFE|= growth factorg2 ZrZt2| multi-biological

function2 7HX|7| WHEO| ofs, ofst J2|m BME MY SOIN X=X L AR

MZ2o S8 ol 5 ZHULCKKIm et al, 2009). 2L} growth factor2td S}O

DE ZE9| growth factor7t ‘B& typel| cell®| proliferations S ESIX| L=Ct

(Nimni M., 1997). &, growth factor= | target cell typeOf [}2fA] cell division,

differentiation, migration EE= gene expressions stimulate S} L} inhibitSIH O|=
g g p

growth factor EE= target cell typeOf| [}2fA{ =t SI-HEAIO| CHF2CHNimni M., 1997).

Ol& =9 TGF-Be AP fibroblast®| stimulatoryOf 2HO{SFL} keratinocytesOf =

inhibitor2  Xt23}7| RO FS AKX Ee =2

rir

Zo| TGF-po e

fibroblastO| fibrosisS BIoSt7| 20| dark sidedt= AKQ| EHE GHEH I|7|

20 MAESt optimal =T 7} £ SFCHNimni M., 1997). EESE 23 70| %
6

e
-+
Rl



TGF-B [ J}S F% - 112 amino acids

112 amino acids
‘cs-g

53 amino acids
s— S—
NGF s
(B-subunit) 118 amino acids

EGF

ZIn++
118 amino acids”
; $-$ )3
As-
PDGF A 124 amino acids
] i
J—_—,:L?z B 109 amino acids
Ns-s
EGF
146 amino acids
O S W .

Figure 2. Schematic illustration of five families of growth factor”.

Dots present cycteine residue and ‘-s-* mean disulfide bond.

“This figure was taken from Nimni et al., 1997.
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S¢b 2t rato| MY, T 2|1 FAR0 Hact &40 AU

—

(Nimni M., 1997). 0|2} Z0] 2utHQl &K X7 8 O|F I X=zH<el WEs

fujo
-
]
o

I

o
o

QIS M= CHABE cell type, side effect, target specificity, stability &

SEoIxtel M=, olzfet 2AXS2| Movlg M X #HME=RS MY S0 &

Q8FCH(Nimni M., 1997).

CtFSE growth factor= 2| wound healing R 17 8f6{ & O [H, epidermal growth factor

= 0|2{%t growth factor & 7% X &2|7I & ULCHCarpenter & Cohen 1979,

Hardwicke et al., 2008). 12|i1 recombinant DNA 7|==&2M Z|XZ BHHEl growth

factor2 M| CHSH typeQ| cellOff Bt =t40| U= growth factor2 LN USMH,

\J
Ll

o

Sa|d, sfetE 12/m MBetE S40| b A wIS{E growth factorO|CH

Qa. =

(Carpenter & Cohen 1979). EGF family2 &M L|= growth factorS< trans-membrane

glycoprotein precursorO| A{ It £|H, structural homology@} biological activityOf| 2|S}H0

epidermal growth factor (EGF), transforming growth factor-alpha (TGF-alpha), heparine-

binding EGF like growth factor (HB-EGF), amphiregulin (AR), betacellulin (BTC),

epiregulin (EPR), epigen 12|11 47§ 2| neuregulins (NRG)C 2 & F EICH(Dreux et al.,
8



2006, Hardwicke et al, 2008). EGF family2| growth factorg2 CX;CX4sCX;0.
13CXCX3sGXRC (C: cystein, G: glycine, R: arginine, and X: any amino acid)2| ¥ Ef Q! 67}
9| cysteinO| ZEBHEl motifE 7IX|= HEH™0| U2, 672| cystein C1-C3, C2-
C4 and C5-C60| Aet|= #=x2| 3749| disulfide bondES &M SHCH( Dreux et al., 2006).
O|2{gt 37H42| disulfide bond= FZ& HHHE HEWZF0| SA|0 receptordf ==
binding affinityS X|&¢CH(Dreux et al., 2006). EESH mercaptoethanol BE= ureaZ O|
23t disulfide bond2| KA|7{ A| EGFQ| ZHHO| AlZtRoLl), EMNE 58 St

reduction agentSS X| ALt re-folding HEHS ALl F =2H40| ChA| LIEtEHO] E10

E|O| disulfide bond= EGFQ| =MH0| O &8RE0| 815N LC(Carpenter & Cohen,

1979).

W oAtEel mO|EE otL|2t CrYet 322 o] 32 S4E FTY0| =29 &
FrAen, et in vivo dHE SO0 02 FFE cell type2| SHFTIO=

2t eto] 2 2{ M CH(Carpenter & Cohen, 1979, Hardwicke et al., 2008, Imanishi et al., 2000,

-

Liu et al., 2006, Schlessinger et al., 1983). EE3t ZQ MZAA Q| &EH ZJ| OtHO|

—) )
9

o2t



Efd A 2l 89l MAYXKQO T 20| 815 & CH(Jyung et al., 1992). 0|2{$t EGF=

ot

1962 H Stanley CohenOf| 2|38{f F|2| nerve growth factorE G {SIEH &F LS| A

e, Algtel EGFE 19750 wineQ 22 H 2 Sl FH| E[ACHCarpenter &

FA
o

tot

Cohen, 1979, Hardwicke et al., 2008). 1 % human EGFO|| Ci3t 3= Chtst

9 40| YA UO0| ol Fut ME0| LEMOZ OTE|YCHCarpenter o

al., 1976, Carpenter et al., 1979, Chen et al., 2005, Chung et al., 2006, Cohen et al., 1988,

Dreux et al., 2006, Hardwicke et al., 2008, Hayashi et al., 2001, Imanishi et al., 2000, Imen

et al, 2009, Ishikawa et al., 2003, Kim et al., 2009, Nishi et al., 1998, Simmons et al., 2004,

Yang et al, 2009), SSAH, FX O Z HAHS 0|83 UM EGFO| CheY

%

M0l 3 ERol, ZHE 2 ZHE cellQ| proliferation, development “12|11

differentiations =7ZXISt= 20|, O|& == = C}Ys!

|:|0I-
Ot
A|m
0x
mjo
Hl
=2
nx
(ol=}
Ot
:Q

CHED. 2|3 02{sh A8S DNAS &M JjAISHE AlS, cell FA] 7,

RNAR} protein®| AMotdES =

fot
|
L)
eyl
0
<
1o
ot
0x
1o
ik
0x
fot
on
10
1A
ofo
=2
lo

o] 228 SEOF(Chung et al., 2006).
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ChSH 242 H0|7| 20| AKX (wound healing) FF| 2 ZHFr= EGF

rir

young maleQ| urinej Ao A E|A7| N2 ZE7|0|= urine® KA S0 EGFE
AASHUCE SEX|2F of2for HR 2 AlZh = d2[1 =3H0| ROo| Ak ot
CtYot analogE0| ZEOUN O{24Z0| HQUCHChen et al, 2005, Cohen et al.,
1988). [t2fA O|2{2t EGFE bacterialOf | ItEF UoISt= WHES ™ AZCH 2

oLt Of2{eh HHS2 £ M= WoAe] H2 RrEnt =fH2[0t2| protease S

of o3t 2| &0 O RCt= M7t LASHACHChen et al, 2005, Cohen et

_|

al., 1988). EGF= Ttdol MK E2|0f

= H2 NrRilE LEIHASD, EGFEHS

-0

=2 dN Feof MelotRg W Xw=iZf EX| ES0 08 2™0M F

0%

T Ch(Hardwicke et al., 2008, Ishikawa et al., 2006). 0|2{st &X|= EGF

un
_O_F
rir

_-I—
=3t

CtQFSE growth factorQ| EHEQI-ZHE half-lifedf oSt = i SHCH(Hardwicke et al.,

2008. Ishikawa et al., 2006, Chung et al., 2006, Carpemter et al., 1976).

Growth factorS9| biological function2 O§< S| O{L}X|2F O|2{St growth factorQ]

A0 2XM7F £l A2 short biological half-life O|Ch(Hardwicke et al, 2008.

Ishikawa et al., 2006, Chung et al., 2006, Carpemter et al., 1976, Nishi et al., 1998). 0| & =
11



O, PDGFO| 2% HUS &3t €Y LE £ Al halflife?t 28 O|LHH OO, &Y

AENO| TGF- Bl SEfO| 2L £E(few minutes) O] ¥ CHChung et al., 2006). EGF2Q| Z

QO receptordf HAE AEO|A WHEAH LiStE|ofHa| AL B AIZH Lo £

7t E|O{H{ 2ICH Chung et al., 2006, Carpemter et al., 1976). EGFQ| &dljl= =20

dependantSt| O[F0] X|O, 0°COM= 02 H2 SE=2 237 X2 37°COo| A

= M Z(fibroblasto| 20 F£A & HEfOME 1-27 L{O| B 0]&0] 23X

ALCHCarpemter et al., 1976). EESH CHFSE growth factorOf| Al LIEILIE 2X|Q %

target specificity@} ' M|ZE LJO|A Q] 2 X|ZA|ZE2 EGFS2| growth factorQ| AHK

NaMzel 88 £ A

o

O|EA BtE= R QIO|Ct(Ishikawa et al., 2001, Hayashi

et al., 2001, Hardwicke et al, 2008). [[2tAN AHKX|SFE LS| Al EGFQ| AtE%f L=

HEs HE 37}

ot

P SO BleH, T O[0 e ®MMES|l EGFO| Chet

susceptibility7} ZtASEAHLE CHE side effectZ| 2M oF = Q7| 20 &A=l ME

o Xm0l et 20 FXigt olde| EGFe| EXf 8 #7X[7} Off SROLf

(Hayashi et al., 2001). EEot O EAKXN E2|0|= CtF cytokine: 5! protease’| =H|

EICt ol4st =& 2|5t EGFS2| peptide’d growth factors2 A &3i7 &
12



O i 2l Ch(Hardwicke et al., 2008). [[}2}A AN ER|Q| X|HH SE S0 2510 £

9 BpAO| WEA LMt HS WA, ME 2ol £ ZA, AXEo)

Hr
rlo
am
o
0x
=
rir
DS
oﬁ
mjo
-
m
=
=)

proteolytic enzymeCL 28K HT, HAEMIY

ofn{ 121 e Wrvlate Crydt 2HES efZeto] EGFE N2 29|

28 sk oY

0r
|0

=2

Rl

= O X5l MER target delivery system®| 7{2f0| EQ

S} CH(Hayashi et al., 2001).

Growth factor BE= O|E coding S}l QU= mRNAQ| AL EE MAN LYAM=
=22ds Y= dE = 2R Mol el SotM = M5t olet &
Alog 25 E| = growth factor&09| activationgs |5 A{ = proteolytic activityOf 2|5t
=07t EQotH, O|2{¢t activedh HEHO| growth factorg2 &gl FA & 23}
£ 25l cellular matrix molecular0f| binding S} ZX|SFCH(Nimni, 1997, Nagaoka et

al, 2010). 3, £AEl NESO| X|9 E& 322 YsME SENZO| i3t &

rir

gdst rete M=

Ul

FMEtSt growth factor@t &4 M| ZE O]

gdat = Qe scaffoldE K|S St= extra-cellular matrix (ECM) H&E250| ZH0|

13



Ct(Nimni, 1997, Nagaoka et al., 2010).

ZEMZE, STME J2[1 HMEZE Helst 2 TF ZRFME

e

=
e

rir

2M11 718 X5 {5t ECM £9| solid substrate EE+= scaffolddf SHXHS

%

S0 OF SHCH(Nimni, 1997). O|2{$t ZAJt= fibronectin, collagen, gelatin S O|&

A A Ho|¥om, d2|n o|zst AY=2| Zit= solid substrate =

scaffold S1f BHH| growth factorZt cell growth EE+=. differentiation0 ZUMSH 2HA 7t

o
%

o
=

H O S HSQUCKNiImni, 1997).

Ol
A

PN|

Extra-cellular matrix= A4A|Q] cell& S S2MD U= HIMZEMHO SEHE Xl

mjo
Opt

Sle N 1 7|5 U SEJF o) CHESICH Weinbaum et al., 2010). 0|2{SH ECM

=2 cell EE= tissuel| 7|A A CL-K|X]|, cellif tissue{t interaction®| ME, cell®] &

%, 2, 4 A 2310 FES 01X H MZSl U+=8X =1t 2H cellular
function EE= signalZ2 ZHESH7|E StH, MZe(Fe| MzM™Y EXHE9 MY A

AMSEE0| ZFOSHCH(Nishi et al, 1998, Field et al., 1996, Flaumenhaft et al., 1992,

Khachigian et al., 1994, Sakasela et al., 1990, Bouhadir et al., 1998, Ishikawa et al., 2003,

14



Nimni 1997, Rustad et al., 2010, Weinbaum et al., 2010). [L}2}A] O|2{SF ECM tissue

engineering0f] RLOJA growth factor®t S| 9 FQ3H AW BHCh ECMS T1E

Hoz dRr=ZH(fibers), ZZH| 23 2|ZH(proteoglycans) 12|11 GOl YA

(adhesive glycoproteins) SO 2 L0 RO, MGXELE [HEHOZE collagend}
clastin S0| O 0|28 THOZ QIsto] celle] ZE U RUMNES FX|A Hct

(Weinbaum et al,, 2010). Z2H=2|ZI2 THEED Fof S| HEHO|H 0|2

oI5t M=ESl 2X0| SX|IEH CHEMCOZE aggrecan I syndecan 50| YA QU

CH(Weinbaum et al., 2010). OFX|2fO 2 fibronectind lamininS L 2" 2 &l ™ &t

>t
0x
I

¥

rn
1=

Zl2 proteoglycan EE= collagen S°2| ECM1f cell®| membraneS Y ZSH= <

&2 SHCH(Weinbaum et al., 2010).

O| A CtES ECM FO|A collagen2 E-RS=O| ML CHMEIO| oF 25%E K}

-—

AN & HEZ=2 713 ZEE2SHH EXstn o, 25749| iso-formO| EFAE|ALCH

(Weinbaum et al., 2010). Collagen®| 2AtX S AXXMOl EXNG o5t ZHKE

Td%t= L IL 1L, Vet o|2fgt 2dRret Aot vI 2[4 IX2 Lt+0f & =

15



ony, m&, FXZ, QltHtendon), FZXZ, X|0jo| A0}, 28, @, ztah g

QMY SoiM YAED Z2to| XX IXE XX, AF 121 XX BB

2} & StCh(Weinbaum et al., 2010). [Ct2tA] AA| Lo 74y S5 EX5HH Chfet

MEZES| 2240| &= EM 4l in vitro A0 A= self-assemble IMEHE E510] 284

of dRZEEZ UEEs EY 32| 0¥t HEE WE0| collagens O[3t tissue
engineering agent 22| ALE &= 82 ot CHAst A7t O|F AL

i

Bovine2| collagen2 0| 5t growth factor®| FMEHOf7HM|EM ARSI HH2

rlo

2= 9| collagen®| MAZMS, D20 XX=2M, diffusion0] =74 =, 12|10 CHY
ob Me|gyo| 7ok =0 +=&270F 20| O|&3t”7| & CHRustad et al., 2010,
Chung et al., 2006, Ishikawa et al, 2003). EE= collagens O] 2%t growth factors 2|
delivery system®| 72t S0 B2 80| O|F M Ct(John et al., 2009). 12|11 0|
ol A= collagen®| nativedt YFENO|AMEE At HE|2PE S92 CHYst K27t =

AEfQ| collagens S8 CH(John et al., 2009). O|2{¢t collagen XtHAE S| ECM

polymer?t 02 ZtX| E/40| 22| tissues@t H|==35}0] O|0O| tissue engineeringd|

16



e scaffold2 1 B50] 25 EIYXID, B 2 FY U Aol Hef
2 AAl HlOl2iA Zhel, BE-EHHE J2ln He oA So B LA
Ct(Nagaoka et al., 2010). [t2tA] 2 AFLEIL 0|2{ct ECM scaffold@! collagens Z
H AE = S8%t= A EHrOt dHLUel S8 EXSt= collagens target2

Z o0l B35t gAlS 08¢t EGFe| HEETMS JHEL2EM EGFO| &XX|

EN=Z AHEAISl EMESS =55t 2AtL St CHKim et al., 2009).

Vibrio mimicus®| metalloprotease®| CBD region®| ¢+ Zl O|FQo| AHNHEE &

St 337l2| OfO|=4t0| collagen-binding 280 S2S & = URULCHLee et al,

1998, Lee et al., 2003, Lee et al., 2005). [}2}A O|2{st EX 0| =otsto] 2 AFE0

AN+= 33712 CBDE 0|89t EGF fusion CHEAS AHIASIA T 1 Z4dL EGFO| o3t

cell proliferationt CBDOf| 2|$t collagen binding 2H4-S LIEHH S 2Ol CHKim et

al.,, 2009). 12|11 O|2{st 337§2| collagen-binding region®| domain &41Z 1} domain

LHOA] FAXWXXT motif7} &= H HI2EZS o & olgion HHE |- FAXWXXT
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ALCH(Lee et al., 2005). [}2}A CBD L& C-termQ FAXWXXT motifS ZEESI= 1

Jhel orbj=ibit 12742 off|kttS O[85t0] MX|BEMZS S&& ?l¢h EGF

chimeric recombinant proteing 7{{2FSt 0 Xt S} QLY.
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Table 1. Various biological effects of epidermal growth factor®

Biological effect

In vivo
skin tissue
Accelerated proliferation/differentiation of corneal epithelial tissue
lung and trachea epithelia
Formation of fatty liver
Potentiation of cleft palate
Inhibition of gastric acid secretion
Hepatic hypertrophy and hyperplasia
Increase of disulfide group content in skin
Potentiation of methylcholanthrenecarcinogenesis
Increased activity of ornithine decarboxylase and accumulation of putrescine
Organ cultures
skin tissue
Acceleration of proliferation/differentiation of corneal epithelial tissue
mammary gland epithelial tissue
Inhibition of palate fusion
Enhanced protein synthesis and RNA synthesis
Induction of ornithine decarboxylase and accumulation of putrescine

Cell culture

O-aminoisobutyrate
Increased transport deoxyglucose
K+
Activation of glycolysis

hyaluronic acid

RNA

protein
DNA

Stimulation of macromolecular synthesis

Enhanced cell multiplication
Alteration-of membrane properties
Stimulated human chorionic gonadotropin
Increased biogenesis of LETS protein
Enhanced prostaglandin biosynthesis
Alternation of viral growth
Increased squame production by keratinocytes

* Table taken from Carpenter et al. (1979)
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I Xz S gt

1. Reagents

DNA work0]| AI2%t endonuclease, polymerase= 2ZfZt Promega (USA)2} Takara

(Japan)Of N T RISI0] AMESIRIST, w32 H{Y0| Faset HiX[S] B Difco

(USA)ARS] HIXIS ALEOHQICH TiEE EHefmol o

rgt

2 {8t vector?t HHEl ECh

HiZlo| 22| A ™MK 0| AFE3E Ni-NTA kite= Novagen (Germany)1} Qiagen(Germany)

Ol RS ALESIQULCE Sl fusion THEZEIO| ¢ollagen-binding assay A

o

215H0 Sigma (USA)AFL| bovine type I collagendt Corning (USA)ALQ| filtration X|ES

O|235IFLt. Cell proliferation testES 2|50 Gibco (USA )AFS| Dulbecco’s Hamster

Eagle Media (DMEM), fetal bovine serum (FBS) & ALE26} 0] cell HIYS IO M,

MTS assayS 2|5t0 Promega (USA)AFR| MTS kitE ALE3IRUCH EGFO| 2|t EGF

receptor2| phosphorylationgs 2t01517| 2|5} invitrogen (USA)ALQ| antibodyS T ¢

S}0] western blottingS =3 S} QL.
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2. Bacterial strains, cell lines and plasmids

Aby ooy ot

4

Human epidermal growth factor®| ZZ FTHUOE ALE3l plasmid=
=M W4} hEGF mature formO| cloning =l plasmid YENE U O T, V. mimicus
9| collagen binding domainl| TE FTHUCZE Lee 52 VMCBSZ} cloning =
plasmidE AFES}RULCHLee et al., 2005). = cloningd| AFE 3t vector@} host Escherichia
coli cell& H 20| LIELLY ALt Recombinant fusion protein 4§ AtS 2|3t cloning host Q!
E. coli DH5a 3! 251 host@l E. coli BL21(DE3)+< Luria-Bertani (LB, Difco USA) B{f X|
Of kanamycin (50ug/ml) EE= ampicillin (50 pg/ml)S Z2t2H 7150 37°COI A HHQF
SICE. EGF 8! fusion THEHAIO| cell mitogenesis®| =HS /et human cell line2

human epidermoid cell line@l A-431 (ATCC CRL-1555)1f human skin keratinocyte®!

HaCaT (Boukamp et al., 1988) cell lineg O|-£36} UL}
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Table 2. Bacterial strains, plasmids and cell lines used.

Bacterial strains/

plasmids

Genotype or relevant characteristics

Reference or

source

Strain

Escherichia coli

SupE44 AlacU169 (©80 lacZ AM15) hsdR17

DH5a Invitrogen co.
recAl end Al gyrA96 thi'l relAl
BL21(DE3) FompT hsdSg (rgmg’) gal dem(DE3) Novagen co.
Plasmid
VMCBD Apr, derivative of pPETMETAG2 truncated 102bp  Lee at al (2005)
cDNA of mature type human epidermal growth
hEGF Kim et al (2009)
factor cloned plasmid
His-tag fusion expression vector, Amp', T7
pET-22b(+) Novagen co.

promoter, 6 His-tag coding sequence

Human cell line

A-431

HaCaT

Human epidermoid carcinoma cell line

Human adult skin keratinocytes

ATCC CRL-1555
Boukamp et al

(1998)
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3. Construction of plasmid for hEGF and CBD fused chimeric proteins

187§2| CBD moiety?} 127§2| CBD moiety?} &8 =l XXt EGF fusion THEHZA O]

dF
=

rot

S %t plasmidE F=617| |6 overlapping PCRES &SI CE 12 29t &

0| EGFQ| C-ZChh} N-ZHCHO| 187HQF 12742 OfO|.AtO 2 0|2 0{ Xl CBD moiety

£ FHSH| 2A5t0] A8t 11719| primerE # 30 LIEFLHRALE. ZZ2| primerC]
O|F§= Hold =AZ H7|SIACHE 3). X Ot @Y primer, @YD @H

primer, Q#H1} © primer, ®H1t @'H primer, @0t @™ primer setE 0| E5}0]

human mature type EGFZ, @1} @/ primer, @ 2 ®H primer setS O| &3} 18

7iel ofb|i=ite 2 O] 2 0{ I TCBD moietys, 2|1l ©HIf @H primer, @'H 1t

H primer setE O| 85I 12742| OtO|AtC 2 O|F0{Zl CBD moietyS 22t

ol
I

SFCHOZE3). @ primerQ| 3> 2Tk [18Jfo) OfO|AtO 2 O|F0{Zl CBD

moiety®| 5S’RCHO| AMEZXOI MY

o

rE

» @ pl‘in’ler9_| 3’ I_l'% EGFO' 37|j|.|:|_0_” |_
SN0l MG, ® primerd] YYELS 12749] OFO|i=AtOE 0|20 CBD moiety

O ULy MEMOl MBS, ®H primer= EGFQ| 3Ly M4EMOI MEES, @

H primer2| 3’ T2 EGFe| SREO| SEXMQ MEZ, 12
23

®HY primerQ| 3’

=



TE2 127029 otf|ktte = O[R 0Tl CBD moiety2| 3T SEXQ ME

o

ZFX|D U7 20 O|2{3t primer setE 0|23t ZTEAMZEE overlapping PCREZ
Tl Al HMEIHN A Z2t29| fusion partner fragmentQ| primer2MN ZHESHCHE 3,

—

a8 3). [Ma2tA A st PCR

ol
i

A=1F e Ot @™ primer set, @ 'H 1t

@ primer set, 12|10 @HIF @H primer setS H 7+t overlapping PCRE el

O 2 M EGFQ| C-ZChof 18742| ofO| At 2 O|Z0{Zl CBD moiety, 127§2| o}

Ao 2 0|20{Zl CBD moietyZ} HAtEl ECIT} EC2 ZEALZ0| 2zt Ot

Ol

ujn

O 12|31 EGFO| N-ZHChoj| 18702 OfO|:-AtS 2 0|20{%l CBD moiety, 12712 Of

NS}

0| AtO2 0|2 0{E CBD moietyZ} S4HEl CELt CE2 SEA20| BHSO0{ZICH

g 3. OlFEA ST FSF=

rlo

Zbzto| s ckar 3L MIGE Ndeldf
Xhol endonuclease £2|7F QU7| Uf20| overlapping PCR amplicon®! EC1, EC2, CEl,
CE2E1 Bfsd HIE Ol pET-22B(+H)E 20| XetEA 2 XtE T Quick ligation kit
(NEB, USA)E 0|835}0] 2tZto| [ plasmidE T5oIQUCt O|HA T3t 2+

29| plasmid= E. coli DH500| @ Z& HF25I0 plasmidE QH-E3} A|ZI T, CHA|

plasmidE 22|50 E. coli BL21 (DE3)0| @& M™3tA|7{ XY= T &8 CHEIE=0|
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Table 3. Primer sequences for amplification of hREGF and CBD fusion proteins.

Name and number of primer Sequence (5°—3")"

EC1-EGF-up (forward)-@ GGCC CATATG AATAGTGACTCTGAATGTCCC

EC1-EFG-rp (reverse)-2 TAAGTTTTTCAC GCGCAGTTCCCACCACTTC

EC1-CBD-up (forward)-3 TGGGAACTGCGC GTGAAAAACTTAGGTGAAC

EC1-CBD-rp (reverse)-@ GGCC CTCGAG TGTATCAAGCCAGACTGCAAAC

EC2-EGF-rp (reverse)-®& GGCGTTGTATTG GCGCAGTTCCCACCACTTC

EC2-CBD up (forward)-® TGGGAACTGCGC CAATACAACGCCGAGTTTG

CE1-CBD-up (forward)-@ GGCC CATATG GTGAAAAACTTAGGTGAACAA

CE1-CBD-rp (reverse)-® AGAGTCACTATT TGTATCAAGCCAGACTGCAA

CE1-EGF-up (forward)-©® TGGCTTGATACA AATAGTGACTCTGAATGTCC

CE1-EGF-rp (reverse)-10 GGCC CTCGAG GCGCAGTTCCCACCACTTCAG

CE2-CBD-up (forward)-@ GGCC CATATG CAATACAACGCCGAGTTTGCA

*The underlined letters in primer sequences mean complemented sequences for over lapping

PCRs and marked in bold italic letters indicate restriction endonuclease sites.
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EC1

EC2

CE1l

CE2

Human Epidermal Growth Factor 18 AA CBD

o)

S

[

Human Epidermal Growth Factor 12AA CBD

@h)
(%‘y
(‘7}‘}

@ﬁ}

=3

18 AA CBD

Human Epidermal Growth Factor

([

»
12 AA

Human Eiiider;qal Growth Factor

-

Figure 3. Schematic illustration of overlapping PCR for EGF and CBD fusion plasmid.
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4. Expression and purification of fusion proteins

Overlapping PCR BfH O 2 OHS0{ Xl EGF fusion CBD plasmidE 7tX| = 242o| o

SoHS2 ampicillinO] F7tEl(S0ug/ml) LB AK|HHX|S 0| &30 37°C

oM otXf =S¢ HEiS oflct. OofZA Hieh H{YNS starter= 0| &30

ampicillin0] H7}El HYX|O TEZS & 5 600nmO| MO ST 047} E 7K

37°COJ| Al BHYSHRAILE 2|10 1M isopropyl B-D-thio-galactopyranoside (IPTG)2| &=

—_

7t ImMO| E|E5 Fototof EgEols Rt 5 4AZH S HiYSt] ZZ2fo

oF jsstol Zkzto
SUCHYTS HUHSIACL 22t T YU 4CoA 3,000 pme| HE2
02 o YN £a(sfol ANED FHE £alS § SOmM Tris-HCI buffer (pH
8.0)0| =0 XSTS 08¢ TS SHACE THHE cell SofS(lysate) S 4°COf

P C}aH

=l

M 12,000 rpmQ| £EZ 1082 S A 2750 284 Gt

1=

=848 H

= =
AE2 22|E SIQCt &2\t CHEiES sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE)E E3}0] 1t2foiEl CHEiXIO| BISIEM S 2 MSIQULCE

Inclusion body HWE{ZE EHE UCHEHESL 6M urea?t EEHE 50mM Tris-HCI

bufferE O| 2350 HMA|Zl F| 50mM Tris-HCI buffer (pH 8.0)2 O|&3}0| 4°CO{| A
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FMot HHEo| e &£ 2=ot=F ofitt. £ = fusion proteins

S HESH7| QUst0ol Ztzto| B EHMEO| HALE hexahistidine tagd] E4E Of

835t metal affinity column (Ni-NTA)S AI2310] HA| SIS LCH 2Z=8 Y (elution buffer,

20mM Tris-HCI1 pH8.0 containing 60mM imidazole and 0.5M NaCl)& O|&35l0 F=E&

—

SICtEH A =9 50mM  Tris-HCl buffer (pH 8.0)2 O|&35I0 4°CH A EAMsl

—

alo
—n

Tricine-SDS-PAGEE E£3}0] HM T E =051 OO, 6-his tag antibodyS O &

%

western blottingS 4-3430] el 9! FK|El CHHEO| EGF-CBD fusion THH Q)

o

2IOIGIRACE MA = ZtZto| gottiEl &2 =2 Bradford solution (Bio-rad)2 O| &350
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5. Collagen binding activities

N Bl

rn

P E S 9| collagen binding &-d5 20I5H7| ?[5t0] Lee2| B EE 78

Sl =2 SFRALCHLee et al., 2005, Matsushita et al., 1998). 10mg2| bovine type I collagen

(Sigma, USA)S 5mM CaCLE X &dt= 50mM Tris-HCI buffer (pH 8.0)0| 1A|ZH S0t

Bt-S A|7{ pre-swellingst F| 0.4 pm pore size filter tube (Corning, USA)E 0|83} 4°C

Off A 12,000rpme| X2 1027t &|A 22|51 buffer HE2S HZAHSCH 5mM

CaCLE ZETSt= 50mM Tris-HCI bufferdf 0.1 mgl| MX|=l fusion HHEHES Z2+Zt

KI5t & pre-swelled collagendf AF20{|A 6A|ZF SQF HFH2 AL} Collagen-binding

HLS & filter tube2 O|23}0] 4°CO|A 12,000pme| £E 2 1087t AL IHE

S 4% = 42 collagenS 1% SDS FHIL BH 1AZH S H2014 $HSAI

collagenO]| SATEl WYEE CHMES wofbict. 22t0] BHAN S AMEE)

£ £S5 2, MULTI GUAGE V 3.0 program (FUJIFILM)S O| 2350 gel A

N FAEgo| Y& H|uoHRILt



6. Assay for cell proliferation of human epidermal cell lines

= oA HZEeH CBD moiety?} &% & EGF X{z=gh THHEO| celloff CHot
2E=EX SHE B7| 251 A-43110f HaCaT human cell lineg O| 23t MTS assay
HOo 2 MAAHZ =l CH(Promega, USA). A-43110F HaCaT cell lineS 10% FBS7t A
7t=l DMEM H{X|E 0| 83}0] 37°C, 5% CO, AN A HHYSHCE 2-2HO| cell line
=2 HIY Z PBSE M2 F trypsin-EDTAE 0|23} culture dishOjA E2|5H%
O, 5 x 10° cells/well] L EZ 2 96-well plated| EFEFFICE 2447t HILSH cell line
plate=2 PBSE F H M2 F| serum free HYXLZ WH SO 12A|7HS O HYQFSH
7l A4Zel xzg HMEES 10pgO M 100nge| S 2 ME|3IZ S, negative

control2 OtF 2 HIIZ0| Q= serum free DMEM H{X|E ANE2|SIF S positive

control2M SigmaAl2| human EGFE AF2S|QICH 2+Zto| RYxgt CHeb AT} cell line

mn
mjo
rot

A7t ¢t 37°CO|A Hi¥otn PBSE A2 T, PromegaAt2| MTS assay kit

i

O| 23}RULCt. 37°COA 3027+ HfLSH F| serum free DMEM H{X|E 239t well

S blankZ2 S} Perkin-ElmerAt2| Wallac Victor 22 ODgo nmOj| Al 2+ wellQ| S 2T

i

5800 cell2] =5 FFOIAL,.
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7. Mitogenetic activities of fusion protein with collagen coated well plate.

EGF2} CBD moiety7} fusion =l 47 O] chimeric protein2| cell proliferation ZH8S
HAESH?| 250 type I collagenO| coating =l 96 well culture plateE At-E23SHRLCE.
96-well plate0 collagenS coating Sl= ZHE#-2 Lin et al (2006)2] BIHE HHESIY

TSR Lt Bovine type I collagen (Sigma, USA)S 0.25 g/mle| &= ZM 0.1M acetic

acidOf| H7Iot0] H20|AM = § A21AHAS SHACH

e

7 = 4oy
collagen BUZ A3l 5| 0.Imgwello] SEZ Zk2k0| 96 wello] EFSHSAC, 25
= AN S0 FRO0AM gtS AlZl £ PBS &= 0|80k 3At| NO{LHRAULC
hEGFE H|&3%t M E =2OI6t 10X St= recombinant fusion proteinsS 10pg0f A
100ng2| =T 2 serum free DMEMHX|Q} A0 ZtZtO| welld| EFSIQULCt EF

AN

T 1IAZE S0 37°COllA BHS A[ZI 2 ERA| PBSEM 33| M2 T 2zt 5 x 10°

T

cells/well®| A-431 cell lined} HaCaT cell lineg 2FSIQLCL EF

ot

29

Y
=
02
Ot
38

O H|Y = MTS kit 0|23t0 ST 490 nmO| mIXO|A SZE

i
A
oz
O
L

Zf welld celle| =5 FHFBIRALE
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8. Analysis of phosphorylation of human cell lines with western blotting.

Collagen0|| H%F = H S £35St EGF fusion AfERgh CHEHEI=0| EGF receptorOf

MBI

¥

g3t

o

S5t A-4311f HaCaT cell lineQ| phosphorylation M@= S
7] @|5t0 SahasrabuddheQ| HIHHES 0|30 AHHS £S5} CHSahasrabuddhe et
al, 2006). A-4311} HaCaT cell line2 2O|A Q128 ZZOIA HYQUSIRICE ZHztol
cell lineS2 HIY = 5 x 10° cells/well?] LEZ 2 6-well plateOf EFSHALCE 24A| 7t
Hi ot plateS2| 24242 well2 PBSE O[5t & & M2 F| serum free H{X[Z
WHSHO 12A|7hs §f BRYORRATE Z2fe| A= CHEA 100ngS M2|5HRAL

negative control2M OFR & MIt=0| = serum free DMEMS, positive controlZ M|
SigmaAl2| human EGFE ALESIQICH 2H2o| X =gt EtEH XIS K 2|3t cell lineE&2
527t 37°COo A HiYet F| PBS= M2 F| cell scrapperE O| &30 HZ 20 A

wellof| £AHEl cellS =7SIUCE HE 2429 cell sampleE2 PBSE 0|83}0]

[as

washing 1’4 S 7%l 5| PAGE sample loading bufferE H7}5H0] 1027t boiling S}

R[ULE 20 1022t Mol = spin-down IPFE S5H0] cell debrisE XA F

8% SDS-PAGEE £3AlS} Lt TransferS 0|20 15VE ot A7t 9 2E9510
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SDS-PAGEO|| QI Cha#x

€ L& nitrocellulose membrane®| O|ZA|ZiCE O|& A Of

o Cruimio
Sk chume

ponceau S & AHOF

o

S0}

2
ot

[O| o}

O| St | western breeze kit (Invitrogen,
USA)E O|823}0{ western blottingS =S} ACt. Primary A= antiphosphotyrosine

(Invitrogen, USA)S 0|23} Lt
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9. Aggregation of recombinant proteins

= HT0M MZESH EGF-CBD fusion THESO| aggregation Y& = Qlot=

Al S 2|50 Ni-NTA column chromatographyS O| 2350 ™At 2t2t Crul Al

>

S4 3 aggegation HEES HOISACL EMINY 3 ol XXy IS

dialysis membraneOf|A] =7{St F| aggregationO| ZfAMSt protein®| =X & bradford

solution® 2 ZHTO ZM LIRS O| aggregation ratioS ZHoIRUCH EM =

O
r
1£
A
o
mjo

N

N

4210 7|=2 2 oI, 4°ColAl 12,000 rpme| £ 2 10278 &

0=
AT
i
=]
o
o
ofm
OF

FO| aggregatesE HN|7{Std A=UO| solublest FHEHE!

—

02
ujo
Y

=
1A
ro
Al
0

o2 Bl0| XZE EMAESO| ageregation YEE SHBACK
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1. Construction of recombinant plasmid for over-expression of fusion proteins.

18702t 12702| OotO| MO 2 PR MEl V. mimicus metalloprotease 22| collagen-

binding domainI} human EGF7} %=l X|Z=gH CHei X o] CfjZkdts

o

Q8 2tztol

SMAIZ PCR ZSENHS E3}0] & ESUCHIE 4). ECI-EGF-upQ} EC1-EGF-rp,

ECI-EGF-up?}t EC2-EGF-rp, 12| CEI-EGF-up®} CEI1-EGF-rp primer X3!

P

ot
o
ofm
Ot

of Ztzt 18742t 1271e] ofojAtoZ O|Z0{Xl CBDE N ZChnt ¢ ZEHof

4
St

A O]
T M

[l

EGF

2

At

rir
un
o[A
1
Ot
k4]

oof o 180 bpo| EEAZ0| EXfES

50

agarose gel M7|¥zIHOZ

kot

LOISFACH R 4). ESH EC1-CBD-up@t EC1-CBD-

rp 212|120 CE1-CBD-up®} CE1<CBD-rp primer setE 0| &296}0] SZ%ZI EGF 4t=9| 5°

ot 300 8% AlZ 18749] ofn|=AO 2 O|F0{Tl CBDE ZE¥st= RHEAE 5

[
OF

PR ©F 80 bp2| amplicons 2HQISIRACHE 4). EGFO| £4g 12712] of0|

I
rx

o=z O|F0%l collagen-binding domaing ZESI7| 5} EC2-CBD-up2t

ECI-CBD-rp 12|11 CE2-CBD-up2}t CEI1-CBD-rp primer XS 0|25l PCRE =+
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#5100 O 60 bpo| 5

o<

S SOISACKOY 4). 220 88 HEe o

—_

PCR product52 SZ 80| CtE20| & £ QJRAOD EGF

0|>|
J}tl
ru_
=)
=
Ot
L%

CBDE S=A|Zl PCR products2 1 280 F32 & =+ U/UCHE 4). 25
Lt olg{gt SFLt=2 51 2429| primer setE O| &% over-lapping PCR AL} 113 4
Off LIE}H EGF-CBD = CBD-EGFQ| A2 §&HEl OF 230 bpQt 210 bpQ| PCR
AMES g2 & AYeH SE2E0| 0If =55 € = UAACHAE 4, 5). 0
23t PCR S ZEZAEL2 gel purification IS E510] £©461H 22|60, Ndel
1t Xhol endonuclease BAE 0|29t HOINEE E510 CHZFLHA vector@l pET-
22b(+)0f ligation SFHCH1Z! 6). Ligation 12 = Zt2tO| plasmid= E. coli DH5a

cell0f| transformationA|7{ F=E| vectorS @t} A|ZILCE E. coli DH5a L|O| ZEX|5}

= MZE plasmid= =50t ==

K
—n

|CH2FE S =30l E. coli BL21 (DE3)0f| Xj

EQ SIQCt O|HA cloning = &3 plasmide pEGF-CBD-12, pEGF-CBD-34,

pCBD-EGF-56 112|3 pCBD-EGF-780|2t1 ZtZ} T3} Om EGF-CBD fusion

proteins 2 L, FH A

tot

te 582 ¢t AFE LRI



M 1 2 3 4 5 6 7 8 9 1011 12

2652 bpy

500 bp »

125bp »

Figure 4. Conventional PCR and overlapping PCR amplification for EGF-CBD fusion
plasmid. Lanes are as follow. Lane M, DNA ladder; lane 1 and 2, amplified human mature
EGFs for C-termius fusion; lane 3and 7, CBD of 18 amino acids; lane 4 and 8, CBD
composed of 12 amino acids;-lane 5 and 6, amplicons'of hEGF for N-term fusion; lane 9,
EGF-CBD (18aa) amplicon; lane 10, EGF-CBD (12aa); lane 11, CBD (18aa)-EGF; lane 12,

CBD(12aa)-EGF.
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EC1 Ndel | Human Epidermal Growth Factor (53aa) 18 AA CBD Xhol

EC2 Ndel | Human Epidermal Growth Factor (53aa) | 12 AA CBD | Xhol

CEl Ndel 18 AA CBD Human Epidermal Growth Factor (53aa) | Xhol

CE2 Ndel | 12AA QBH' Human Epidermal Growth Factor (53aa) | Xhol

Figure 5. Overlapping PCR products for construction of recombinant plasmids.
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Human EGF
PCR amplicon

Collagen binding domain

(18aa, 12aa)

PCR amplicon

pET-22b

EGF [eBD | his

pEGF-CBD

NH, EGF Jé8p  |—coon
I

His-tag

Collagen binding domain

(18aa, 12aa)
PCR amplicon

1 |

Human EGF
PCR amplicon

EGF

PCR —1

v

EGF

|

v

EGF

pCBD-EGF

EGF

| }—('OOH
|

His-tag

Figure 6. Construction processes of pEGF-CBD-12, pEGF-CBD-34, pCBD-EGF-56 and

pCBD-EGF-78 plasmid.
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2. Expression and purification of chimeric fusion proteins.

—_

JoH!
K

Pl
380

pEGF-CBD-12, pEGF-CBD-34, pCBD-EGF-561} pCBD-EGF-788 7}X|=

Z 0|23}0] EGF-CBD

E. coli BL21 (DE3)%| IPTG

rE

H

MBSt Crude Al

IH

=

2t
A

22|E £} soluble fractiond} inclusion body fraction® £ &2Z|E S},

FRAEHE. 7).
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= o
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B
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ULES HHS

ot

0| 83}0] &

ojnu

XI2FO| Of| At QoD [I}2tA SDS-PAGEELC} X
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fot

2| M E SRS

=| SSHCHEH A FOIGLZ| 2|5H0] western breeze kit (Invitrogen, USA)E

J

—_

0|25l western blottings 3 S} ULt Tricine-SDS-PAGE = gel AO| CHEHZE

o

I5VE 1A|Zt S9QF nitrocellulose membrane (GE health care, USA)S 2 transfer A|ZiLC}.
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Figure 7. Induced protein profiles of E. coli lysates, soluble fraction and inclusion body. The

arrows indicate protein molecplaf'ii}eight, and red box meéﬁSwer expressed recombinant

F

fusion proteins. Lane M,;’f;rotein marker; lanel-4, induced cell lysatés\of 12, 34, 56 and 78

Fi ’ %
._I' .'.

chimeric proteins, respectively; la -8, soluble in fractions; lane 9-12, insoluble

1
inclusion body protFins that containing 12, 34, 56 proteins, respect'rvely.
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Figure 8. Tricine-SDS-PAGE analysis of purified fusion proteins. Purified 12, 34, 56 and 78
recombinant proteins were loaded on tricine-SDS-PAGE after dialysis. M, protein marker;

lane 1-4, purified 12,34, 56 and 78 proteins, respectiviey.
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Figure 9. Western blotting analysis of purified 12, 34, 56 and 78 chimeric proteins. Purified
12, 34, 56 and 78 proteins were analyzed using western blotting with anti C-terminus 6-

histidine antibody. Lane 1-4, purified 12, 34, 56 and 78, respectively.
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3. Assay of binding activity using CBD anchoring recombinants.

Human EGF2} % &l CBD T EO| &y 775 =57 [5H0] collagend

FAEE0| U=XE E7IOIRAL}. Lee 52| AT ZNt VMCBDO| HHE FAEY

2 type I bovine collagenOf|A| 7}% ACH= AFAO| O|O] YHMN QU7 M2 2 A

TOIM 12, 34, 56 12|11 78 &8 THMEO| collagen FAHEE EIMS ?ISH0] type

Icollagens AHESHRACHLee et al, 2005). =017 Y& sLHHES2S FHT

S ot H O AASIY A DEHO| =ehEl elution bufferld O imidazole®| &S %
2ot 5t HStRity. FANE = ofeoh HHMES2 Mz 3 YWHEHAM Mot
A1 20| O|2| swelling |0 U collagenit &20|A 6A|7F SOt BHSSHAOMH,
HtE = filtration MH2 S38l0] unbound filtrates =2 £2|SIQUCtH 2|2 &8 G
HHZI0| AlK| swelled collagen fiberQf] S AFO| | O filtrates| A 2HQ10| E|X| U= A

OIX|E ZHSI7| {5t filter tubelf HOIR+= collagens 1% SDS £t A20]
M B AIZH B0 IS A BES0] Y CHMNSS UEe SRS 5| AuEs

ENM 3IFIQLCE R E filtrateS& Tricine-SDS-PAGES 0| &2%10] £AMst At

rlo

M=g &

ot

[T} 1% SDS B2 HIISHO] ¥
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Figure 10. Collagen binding activities of EGF-CBD fusion proteins. 18 and 12 amino acids
CBD fused EGF recombinant proteins were reacted with/without type I bovine collagen.
After reaction, bound fusion proteins were incubated with 1% SDS solution for elution.
Filtrated protein specimens were analyzed using Tricine-SDS-PAGE. M, protein marker; lane
1, 12 without type I collagen; lane 2, 12 with type I collagen;lane 3, eluted 12 protein; lane 4,
34 without type I collagen; lane 5, 34 with type I collagen; lane 6, eluted 34 protein; lane 7,
56 without type I collagen; lane 8, 56 with type I collagen; lane 9, eluted 56 protein; lane 10,

78 without type I collagen; lane 11, 78 with type I collagen; lane 12, eluted 78 protein.
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Figure 11. Degree of collagen binding ability of chimeric CBD proteins. The same
concentration of purified EGF fused CBD proteins were incubated with type I collagen and
eluted by 1% SDS solution. Each proteins exhibited similar binding activities. Lane 1, EGF-

CBD(18aa); lane 2, EGF-CBD(12aa); lane 3, CBD(18aa)-EGF; lane 4, CBD(12aa)-EGF.
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4. Influences of cell growth activity.

A-4311t HaCaT cell lineg O|&35}0 12, 34, 56, 12|11 78 fusion protein®| EGF

ligand®| MZ SEFTEFS 4 M= HHMES sk W rt5tR2n, Of

oot 2dS AITElE sigmaAt hEGFO| SH =L 2dS HWE7t 5tRACE A-431

>

|ZFE 5% 107 cellwell?] BEZ 2} welld] £F3t F| 5HRESQH HiYSL0] wellof

HZEE AZHC O, 12A| 72 SQt serum-free DMEM HiX|2M starvationA|7{ EGFQ| &M

Off susceptibilityS =A U=RULCE 2= sample 100 pgi| A 100 ng AfO|S] &

o

ME|ote s=0f [HE EGF ligand| Y= 2dS Hluoiglen, oj2{st &

=

Il
0z

2 MTS assay kitE 0|23t ODyy 2f= Of

00
rot
=
H
lo
i

HtYot= gez gt

rir

A
e

SICHAE 13). OFR & XE|E SIK| 2L serum-free DMEM HHX|E control2 Af

g510] ODso #S 12 IS0 BlWSHALHIY 13). CHYet AFZn0fA

epidermal growth factorQ| cellOff CHSF mitogenic L =X 0 o|&E50 1 =/MH0|

SItotCtd B 05| CHImen et al., 2009). 2Lt S A0 100 pgl| &= 2| sample

o g2 ZE proteinsOf|A A LIZ2H, 100ng 52| g2 ZE HEUA

SAH LIRCH(E 13). 78 recombinant fusion protein® BE FEZO|A SigmaAfQ]
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hEGFEL} 2d0| LACH, control it= H|oh Zd= EJACHAZ 13). 78 M=

o

CHeRIDb 12 R ZgE CHEO| 100 ng S E0| MIZ MZA =X=ME FQstn

rir

DE K9 XX CHEHZEIO| mitogenic 22 A|ZtE|= hEGF2} H|==d}7{Lt

=7 LI, CBD7} fusion T|EHZIE A Z29O| function LUTHO|A OFF2H HSHO|

— o

ple A2z HQICL of2fet A= Kim 52| A eb H|zot ZitE LIEHLH

—

FA

(Kim et al, 2009), =S CHHEES ZO|M 34 = 56 XX CHUEO| =2 A

tot

Q& B52 Y2 BACNAY 1)
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Figure 13. Cell proliferation effects of fusion proteins with A-431 human cell line.
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Epidermal growth factor = M|ZEF0| [}2 susceptibility 7} Ct27| 20| A-431 1}

StH| HaCaT cell line & O|&3}0 growth factor O MZAEXIEH-S H|WSFY CH(Nishi

et al, 1998). RE AAELZ A-431 cell line It LD YHOZ HHSIALCL ZF

sCH2 2tZHO| growth factor & XA 2|t Z1l 78 protein 2 A Qstn ZRE

HEM 20 =Y 29 J7te| s BESIALHAE 14). £ 78 fusion

FA
o

CHEES AMelet 12, 34 2| 56 Thd

|t

= hEGF 2 O§% JAteh

tot
o

Bk g 14). WA 18 ZHQb 12 Z§e| ofb|w=4tS 7tX|= CBD anchoring

O

tEH 10| epidermal growth factor 2| fusion partner £ Zt0| LHEL|CEtE AMEO|

r

tot

ol @Eke D|X|X| %S CHA| oHdl G SOIsiICHA 14).

o o =
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Figure 14. Cell mitogenic activity of fusion proteins on HaCaT human cell line.
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5. Efficiency of collagen coated well plates.

2 AJR0A 7St EGFR}F CBD moiety 0| fusion =l CHHZAZSO| collagen

binding 41} human cell0f| C{St proliferation SHS 25 7HX|=X| YLOotE7| ¢

St cell BXS St plated]| collagens coating A|Zl F| fusion proteind} CHZ QI

hEGFE AN 2|5l11 PBSE wash A7l F| A-431 EE= HaCaT cell line52| cell growth

Ul

= SIRULE Collagen coating 1P 10f growth factor?} fusion proteing S HH-SA|7|

rir
|

THAE HMelsties ZE dgiP8s 520 #AOIRALE Collagens coating

%

| fusion proteing 2 L S X 2|50 A-431 cell line2| growthd O|X|&= Y

oS HIISIHCH AR 15). O|X Q| cell proliferation test?t =StH OFREH MHEZ|E

SHX| %2 cell lineS. control2 S0 MIELFE =TS0 fusion THEHEI DL hEGFO|

CHSE cell proliferation 42 HIWSIACHAZ! 15). 122} 78 fusion EHEHHEIE S A-

431 cellof CHet HT 2g0[ 2| §lo] =+ MSu HISAHY K2 2 A

THZ2 HAUCKAR! 15). 2L} 34%} 56 fusion CHHEIS S hEGFQ} H|=8A 1 ng

oj¢fo] =0 CHETEL 22 ME 4 T &8 EYUCKAE 15). hEGE

34, 02|30 56 fusion SHHTSS CHE fusion O] WHET BHO| (fxTE



Ct B2 42 7|53 Al IRHOZ H{Y plateE collagen® 2 coating 57|
HCh 02 &2 Mz SAgd28 E/AAE 15). EoH 1 ngo| 282f90| hEGF
fusion CHEE MES M2lgt A0E N6l 2& sZ0M 520 5710 mE
SAgdE Bt EYE E/JCHAE 15). Hex S0M= 1871 oo =4t it
7|2 FME CBD7F N-termO| %=l EGF CHHZEOl 56 fusion THEHZEIO| hEGFQ}

HZSALE Hs 52 SA42ES LEIUWACHAE 15).
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Figure 15. Growth of A-431 cell li_ncaelréaﬂﬁgen?ﬁéted-pl_q_&i with fusion proteins.
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Collagen coating O| =l culture plate £ 0|23t HaCaT cell line ] A& Z 1} collagen &

coating 17| HO| ZDe} Hl=B AL EACKIZ 16). CHET} H|mSIAS O

hEGF 2 fusion THEO [ME HFYEN it 50 2EFe=z Steds ¢

£ QURUOSM, collagen S coating S}7| MO AHELCH & cell proliferation 24

LIEFHCH R 16). £3| 78 CHeZIo] HQ A43]1 M ZO|A= EGF ligand 9|

20| HOo| RO n, collagen & coating 37| HMO|&= 100ng O] D52 HI|E

— S o
otA| ol 1 gds &

E

RAOL} collagen O| coating =l H{|QF plate =

AtES Z1F hEGF 2 H|xgh dFHT &d= LEHACHAE 16). 2|2

O]t g2 E= fusion THYEOIM = & o = UACKIE 16). 100 pg

recombinant fusion EFEHAES HaCaT cell O X2|st¥S W A 40| CHEFELCH

Lt
P

oF A A

S22 & = UYL}, collagen = plate-Of coating oF F A

o
oot
o
Ot
k4]
o
rir
=
(e}

pg OIME control MEHLH HL} H|=ot gdEs EJACAE 16). Lot 2=

=20| 12, 34, 2|3 56 fusion THHES hEGF 9 H|A3H cell ZAIZT 242
LIEFLIQIo T, AIX|Of 78 fusion CHMZE L3t KhEGF QF H|=3sF M

7|ESIUCHAE 16). [M2fAl HIFE plate well Of collagen coating 2 EGF-fusion
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Figure 16. HaCaT cell mitogenic activities of fusion proteins on collagen-coated culture

plates.
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6. The degree of intensity of phosphorylation signal.

CtFst A At growth factor®f 2|3t cell proliferation EE= mitogenic {1t

Al

—

celle] =AM Ol Z 712t M receptor?t growth factorl| MSAFE0| 9

%

o
Ral
ne
2

defs OiFCHE Aol LMLl Matd = 0= =R fusion THYZEO

9|5t proliferation TS S HBL7| QS0 MTSHEZ 0|83t cell 40| H3lE =X

HlWstFom ESH Of

—

I
%

CHEl X0l 9|5t EGF receptor2| phosphorylationOf 2|t
MSHME HEE HWISIQCHAE 17). A-43110F HaCaT cell lineS 0|83} fusion

c

&l receptor@|  phosphorylation ‘4= anti phosphotyrosin antibody&

ra
1=
|l
o
2t
u
%

0|25}l western blotting@ £ =75} QU LCE Secondary antibodyOff Z=X|St= alkaline-

phosphatase conjugator0f 2|3t NBT/BCIPS| ZM - AMSZMWN EGF receptorQ|

phosphorylationsS SQISIACH T 17). 3 ZL A-431 cell0f| fusion proteing X 2|

MR

8IS [ hEGFS} H|Z38lHLt S =2 g8

r

HE g AACHAF 17). 12

Qt 78 fusion CHEHEIL §ionalQ| HE 7t 342t 56 fusion CHEHEIEHLCE AMSO| METt

QUSIHCH I 17). O|2{st ZAUt= 100 ngl| fusion FHEZEIS A-431 cell linedf| X 2|

>

NS OHO| MTS assayQlt Z1tet YLX|

oot
mjo

AACHAE 13, 38 17). ALt
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0|2{¢t phosphorylation 40| HaCaT cellO| A{= Of

HFH O 2 M cell proliferation

o

63

= HaCaT cellO| growth factorOff CH$t receptor®| Lt CHE ZHAZO| MTHME

O Oorste of
2 otZ &

mal

2= QU RALC}H(data not shown).



Figure 17. Influence of EGF fusion proteins on the phosphorylation of EGF receptor. Lane 1,
control A-431 cell treated with serum free DMEM; lane 2, hEGF (Sigma) treated A-431; lane
3, EGF-CBD (18aa) treated A-431; lane 4, EGF-CBD (12aa) treated A-431; lane 5, CBD

(18aa)-EGF treated A-431; lane 6, CBD (12aa)-EGF treated A-431.
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7. Evaluation of aggregation for incorporated recombinant proteins.

83t Eruy

o

o|g¢ht X=Ael &, M A 7t5 Al

of 2l =842 aggregates?| W2 00| B2 =00 21 E|Hom, Of

ot

23 A2 02 CHYsh QRSO ofof w0l BuE|YoLt Yt J|%

— L= -

L S AU Cf3t AT OFE HES|THCromwell et al, 2006). £ ATOJA

o135t fusion 52 25 inclusion bodyQ| HWEfZE 2 LSOO, ureaS O| 2510 H
A N7 H HXYE o9, Ol EMNEE E5I0 elution bufferlf 2| imidazole
52 S22 Mol =X Ao refoldings +HSIRALE 2Lt 4°CHAM T
Mg 2 5|0l agerogaton £ 2T AT £ YO, A2l fusion T

1£
|l
2
=
%

- o E o e . o .
aggregatess 2. 582 24510 &M T ZAStE aggregation?| &

X HES HEIUQACHAE 18).-LEot OFFS| AOA ZHEet 33712 Ofb|=4te

Z O|R0{ Xl CBDZ} C-term0f| HZZl EC full THEH &I} aggregation®] HEE H|W

SFUCHZ 18). 1 A1} 33749 ofO|-AteZ O|20{Zl CBD moiety?} SEtHE

EC full CHEHZIO| agoregation CHEHZE! H|E0| 71 &U S, EGF-CBD(18aa)2t

CBD(18aa)-EGF CHEHZEIO| aggregatorO| Z}% M QACHZ! 18). EC full EHEHZAIO|
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EGF-CBD (322 Z$ weaZ 083 #AH = EMWHOME &2

al
AT
rlo

aggregateES S A4Sl LCH(Data not shown). Z12|11 56 fusion EHEHZEIO| T}

aggregateS FMIPYOA ditets & + AYUCKAE 18).
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Figure 18. Aggregation ratio of purified fiision proteins.
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Vibrio sp.= 7% CHEXMOl =, s|¥F 2| O/ S ZMN, gram-negative, rodE[j Q|

Sy #IlY

_t|o
o
Ot
=2
o]
o
=
jomr)
o
(0]
o
=
=)
0
Hu
=
Ho
ofn
o
Ot
rir
o
im}
=
o
=
oL
o
Q
=

1988, Shinoda et al., 2011). SX| 35F O|AQ| Vibrio 50| LY RJS O, &F 135

| vibrio TS0 A 0f

D\I

[ ge:|
[=|

o

2o

rir

o2 Ae{H QLChJanda et al, 1988,

Shinoda et al., 2011). O|&Z XM ¥ cholera, V. parahaemolyticus, 12|10 V. vulnificus+=

e &2 9

n°¢

A&, V. hollisae, V. damselae, V. alginolyticus, V. fluvialis, V. furnissii, V.

harveyi, V. metschinikovii, 12|20 V. mimicus—= H|X& %2 QIaMHS EHOICtD 2

X QCl(Janda et al., 1988, Shinoda et al., 2011). EESt V. aestuarianus, V. anguillarum, V.

carchariae, V. harveyi, V. pelagius, V. penaeicida, V. proteolyticus2} V. tubiashii < 9|

Vibrio B2 CHYE 4, IYSABO BAYS Ho/o 0|2 YU YAjAtelo)

OrCist @ES O|X|7| = StCHShinoda et al., 2011),

of2fet HRY Vibrio T52| A= host celldf| LSHE 7= Chet =42

AH=0 Cfste AT e, olgigt HRE QXEEZ V. cholerael| CTX,
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hemolysion, protease, V. parahaemolyticus®| hemolysion, lethal toxin, metalloprotease,

vascular permeability factor, 12|11 V. vulnificus®| hemolysin, metalloprotease,

lipopolysaccharides (LPS) S0| 7t& CHEMOZ i QUCH(Dotevall et al., 1985,

Nishibichi et al., 1992, Sarkar et al., 1987, Kreger et al., 1981, Wright et al, 1991, Cheng

et al., 1996, Moncada et al., 1991).

CtYSE Vibrio 52| HRAM QAtES ZFO|AM protease= hemagglutinin/protease,

—

elastase, metalloprotease@} collagenase 50| 211 Z|0 QO £ 7|Z2 host cell

O| receptor= ItI|8F0] CH2 cell29| 0|50 =83 &S sl 7oz =X}

rir

1 QUCHBooth et al.,, 1984, Kothary et al., 1987, Cheng et al., 1996, Lee et al., 1998). Vibrio

S50 MMSIE  protease F - metalloproteases 2 V.. alginolyticus (VAC), V.

anguillarum (EmpA), V. cholerae (Hap and VCC), V. fluvialis (VFP), V. parahaemolyticus

(VPPRT and VppC), V. proteolyticus (Nprv) 12|10 V. vulnificus (VVP) 59| C}Ast &

&g Vibrio sp.O| M HAXD HHSY 8 =7] 4G e S0 HHMH,

host cell®] ECM 290l collagen, fibrinogen1} gelatind] E0|Mo 2 Eo|st= =
g g g
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= HO|EZ host celldff ZF Al0 OiF St dats & A2 42 & ChMilton

mjo
Mot

et al., 1992, Chowdhury et al., 1990, Takeuchi et al., 1992, Hase et al, 1991, Yamamoto et

al, 1986, Miyoshi et al., 2002, Lee et al.,, 1995, Kim et al, 2002, David et al., 1992,

Chuang et al., 1997). CtSt Vibrio sp. S2i2| metalloprotease= H7|AE 40| 9

St OfO| At MEOo| QAL [MHEtA 27X groupl 22 EFSIFHCHLee et al., 1998).

AN BHM= 2 45 kDa HEO| mature typel| proteaseE2 U= F C-ZHEHQ|

autocatalytic@ £ M CHL|0] 2F 35 kDaf| protease’?} E|= groupS ZM active siteQ]

70| HEXXA+EE L2l MA groupl 2 &F |1, V proteolyticus, V. cholerae, V.

Sfluvialis, V. vulnificus, V. anguillarum0| Z3S}= metalloprotease groupO|LCl(Lee et al.,

1998). 2|1 A #W JdFus ChEA N-2Eo| Mo MEO| HAHEE 18 o

Q= OFF2 processingO| Q1O OH, HEXXH+HO| zinc binding regiong 7}X|= MB

metalloprotease groupL Z2M DAY KX| V. cholerae 569B, V. parahaemolyticus, V.

alginolyticusO| M 2 74E| = protease groupO|CH(Lee et al., 1998, Rao et al., 1998). Vibrio

sp. Ol ZHE|l= CHYel virulence factors2 AME 59 8 SO0 H=0 =

A|m

=715t 5 groupQ| metalloprotease= OfO|-AO| MY B OfL|2} M3lstEol E
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e IAAH KO|7t Lt HAo=RE HHS{MCHLee et al, 1998). Vibrio sp.2| class 1

metalloprotease®| 4L C-ZCHRX|0f| autocatalytic IH O E K| A7t &[0 O|of [t

A insoluble collagen®] CHSH SejZ0| ZABCHS =17} 9lom, ol o2
bacterial metalloproteasejj A= QAISH HARZANT LF OO, O|2st C-RLHEL
O] AFE ES}Q collagenOf| HE*&g 4~ Q= binding domainO| Q-S0| BF&{&ILCH

(Miyoshi et al., 1997, Matsushita et al., 2001). “12{L} class II2| Vibrio metalloprotease2|

d%<= O[2{gh C-HTtof et AF7F 02 FFSICE M2tM Lee &2 class 110f

£3l= V. mimicus®| metalloproteasedf CHgt ALE S ony, O]zt

metalloprotease®| C-ZCHO|| CHSt E4 Bl domain A4S SFHLHLee et al., 2005).

= HAFOAM AtEDH -V mimicusl| & Ho| EaAz & %X

= = —

i
1u
4
ot
0
40
I

L=

cholera toxin (CTX)Z2 S Qot DHIAM O/MEQl V cholerae?t 0|2 S ASIH O]

o] 5 = HH O Z = non-sucrose fermenting V. cholerae non-O12 2 2F |0 ¥

HT

choleraeO| £35t0] UYPL2LE, Davis S0 2|5t V. mimicus2EN MEH 2F ALt

(Davis et al., 1981). V. mimicus®| HFOAN HHS{%l HLM OIXI=Z = cholera toxin,
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phospholipase, hemolysin, metalloprotease, heat stable enterotoxin, hemagglutinin 12|11

protease 2| CIAoH QIXI7F S5 Mem, o|g{gt QXE FA| V. cholera L&

Vibrio sp.2t S AtEt0| 22{X QC(Lee et al, 2005, Kim et al., 1997, Spira et al., 1984,

Nishibuchi et al., 1983, Alam et al., 1996, Lee et al., 1998, Kang et al., 1998). V. mimicus9|

metalloproteaset= Vibrio metalloprotease®| E X Ql N-ZCHO| AMSME, cleavage site,
p p g

2|1 zinc-binding motifE ZEBHSh= catalytic domain S8 7HX|H, 1,611 bp2Q| 5377|

O] ofO| Ao Z O|FEl 2F 61 kDaQ| extracellular type 20| £+S{ % CH(Lipscomb et

al., 1996, Lee et al., 2003). EESH 57 kDa (503 aa), 53 kDa (470 aa), 50 kDa (437 aa), 48 kDa

(424 aa) 12|11 42 kDa (370 aa)2| C-ZfCHO| A2 Xl truncateS2 M| 2SO collagen

2o edE =™t A1t 57 kDa?t 53 kDal| truncates2 40| H|=}H SX| &

Lt, 1000471 O|Ate| ofO| L AtO| A H =l 50 kDa, 48 kDa 12|11 42 kDa®| truncate=

26| 20| A2t S AT CH(Lee et al,, 2005). [H2fA] C-ZHEEO] 1000 7H 2| Of

74

0| = At2 metalloprotease®| catalytic 20| &%t das oiCt= A

—

rir
o

R P

Ct(Lee et al., 2005). Vibrio metalloprotease class 12| 4L C-ZEH domaine autocatalytic

domainO|X| 2t mammalian matrix metalloprotease?} LC}FZ bacterial metalloprotease
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(collagenase)2| AL collagen-binding domain®l hemopexin C domain® & & U 2{ X

A0l Of2{gt 10004742 OfO|-4F0f CHSE collagen binding EHS HTSHIALCE
(Matsushita et al., 1998, Matsushita et al., 2001, Lee et al., 2005, Overall, 2001). C-ZEHS
K73t truncateS 9| collagen binding EAHS 2A3H At L0 A T2 100742]
ofoj At FoM L¥0|A TS Z&st= 33742 OFO|LAtO| binding ZHAJ0]|

AMAOl domain@S 25| LR SO, 0|23t C-LEHIL glutathione S-transferase (GST)

i
o
o
%
=
w2

Z
=

ra
1=
|l
o
&

Rt5H0] FAXWXXTO| OfO|cAt M YO| & W HiEg)

=

= T7X9| 33749| Ot0| L= At0| ¥ mimicus metalloprotease| ‘collagen-binding domain !

o

8rS5] LY ACH(Lee et al., 2005). Class 10| &6t= Vibrio metalloprotease®| C-ZHEHE

flel 3371429l otbjketel MEEM A C-TEH| FAXWXXT 2E0| HF

conserve®t ANE HYD, O|Fst AME=E HIEFOZMN N-ZFCHZO| FAXWXXT

motif 2 C} C-ZHEHO| FAXWXXT motif7t £&=2d0| H& ZLSICtn HOSHRALCE

(Lee et al., 2005).

Collagen EE= fibronectindt ZF2 ECM H&20| Hii=H0| Qe CHEiZo| 882

o

S50 growth factorE O|23%t MANXZEHZEO ALEA| EX7F El= W2 target

= X
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rir

specificity, ZS ¥H2t7], 12|10 MM A0 ofg w2 state I=stnx} 8

MEZE delivery system®| 7{2H0| @ FLE|RULCHKim et al, 2009, Nishi et al., 1998,

Ishikawa et al., 2001, Ishikawa et al., 2003, Hayashi et al., 2001, Imen et al., 2009, Yang et

al.,, 2009). Nishi 52| AR EIL C. histolyticum®| collagenasedf| =X|5}= CBDE O|

89t EGF2} basic fibroblast growth factor (bFGF)O| &%=l fusiong GSIFLCt

(Nishi et al., 1998). Ishikawa =2| HTEI Il Imen 52| HFE 2 Q79| fibronectin

collagen-binding domain (FNCBD)E O|&%t EGF gttt 2.5 7{ 85 QI Ch(Ishikawa

et al., 2001, Ishikawa et al., 2003, Imen et al., 2009). Yang 52| AT E L mammalian

collagenaseOf| A| S.2{st CBDE O| &%t EGFE K| &SI CH(Yang et al., 2009). 12|11

Kim 52| ARE2 ¥ mimicus®| metalloproteaseOf| A| S2i3t CBDE EGFO| gA|

7| chimera X|X3H CHHAIS D=6 2 M- 0|2{3t EGFO| CHXS ZE3taxt 3t

CHKim et al, 2009). Z12{Lt C. histolyticum S22 CBD= 2F 23 kDaO|[{, fusion

protein®| AL 2F 40 kDal| H|wA™ HCist A7|E E ULt ESH C histolyticum £

2| CBD7} B %t&l EGF2} bFGF= binding 2H42 HO|L} cell proliferation 242

=X $BSS EIOSHQUCENishi et al., 1998). 12{Lt Yang 52| HF M= ECMO
7 4



binding 2H4dE HEOSl= anchoring THEHES CF 7719 OFO|L-AtOtO 2 O|FO{ %

mammalian collagenase S 22| ‘TKKTLRT'E A8l =2 EHMHES HIOSHQULCH

(Yang et al, 2009). 12iL} O[2{gh AojME 774e| ofojw-itez 0|RofX

binding domainl} EGFA}O|Of 1572 OfO|=AMO 2 O|F Ol linker CHEHAIS At

188

50 & functional ligandQ| interactionS HX|St2 0 S} CH(Yang et al., 2009). 1 4

F XfESE growth factore &2 2HH0| = S5t 2F 9.5 kDa2| chimeric THEHEI O]

AE 2 LS| R CH(Yang et al., 2009). CBD2F EGF AtO|2| 0|2{3t peptide’d 2| ligand

o] MU ZtZtol functional domain®| flexibilityS Z7tA|Z|11 binding |0 U=

-

collagenlt EGF receptor0f AH2|HQl O 3E X|35l0 EGFe| =Md& =HHESHCH
AN QUCHNishi et al, 1998). 2L} O]t OE9| ligand FE= EXtZ0| 2

binding domain®| fusion miss-folding Ee+ CHEEAIO| J1xXMO| X2 QIS0 A

2o FMHO| Y O[X|HLt FAO| AbabH ) I ChNishi et al, 1998).

2 HTEIO| M= overlapping PCR H-E O|23}0] 337§Q| ofO|ite 2 O|F 0%

Hl A B2 collagen binding domaings fusion 82 ZM EGF2} CBD2| open reading
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frame (ORF)E X eleh HMotg4ol 214 sites2| CHE MBS E&F HAHSIZHL

hexa-his tags O|2&SZM affinity columns O|2%t ™A 7t &8O0|SIH, &2

—

collagen binding 21} SHH| A|ZtE|= Sigma AFC| mature type2| hEGFQ} H|==3l

—

cell proliferation EIFS 20 0|2 0|83 MNXENZO 7I5HE HAISHSCT

or

(Kim et al, 2009). Lot 2 AF0AM= O[Sl AFE LHAIA 33742] ofbf=4it

oM 3717F ¥l 20 E 18712t 12719 ofbjkitez O|RO A C-ZEH F7[9

FAXWXXT motifE O|&3S}0| EGF fusion chineric proteing Zh= QU Ct.

CrElXIo| S &l5d Al(aggregation)2 proteins O| 28l bio-therapeuticO| A AFEHA Of A

At fdsts dgoln, ol

i
O
z

fjo

F2 =X CHEHXIO| gver-expressions =

of Zolgil YA EAOfAN ok, BRIl #= = e, A A

2 S rgoA TR0l ZEE[of s FHEY 2, BHHE Sk, pH

2|12 O|2M17| S0 o5t ZA4SHCH Cromwell et al., 2006). 0|25t oAt

ru|0
>
L2

87] IhME culture 9 HH EHAO] ZH B condition #8} 59| Lt =

A

—

o

| =20| ERsH, oiet types BfESIL LS L& Fof HAO U



Mol R8HQ dets DEICHCromwell et al, 2006). U2t =2 AFOME ZHZ4

7.1 kDa®} 7.8 kDa2M X|2’H E 1=l EGF fusion St = 71 X2 37|19 §
g CHES JHUSIRen Mg CHEEol 3V[E ¢ M O &SHR] Xoh T

EMNAE 8, 9), FACHAO A0 Ul o 4= &= human immune Bt

0lo
njo
B
>

St St XF S CHKim et al., 2009).

V. mimicus2| metalloproteaseQf| A 22|t 33712| collagen-binding domainO|A] K2l

St 18742t 12742 Ot0|=4AtS 2 O|F 0] Xl collagen-binding moietyS 2 N-ZHEF EC

rir

[m]

%
g

CHO| SXM=El0f A 2EQOf eollagen-binding S HRACHAEZ! 10, 11). 12|10

LSt cell proliferationdf ¥2bS O|X|= EGF2| =2t EESH CBD region®| X0 A

2El0] MzSY FH =g STOIACKAF 13-16). Nishi 52| AFZAmof o}

2™, growth factor?l &%St= binding-domain®| | X| EESt Zt2to| =hdo| IS

oA QLD FHSEn QULCHNishi et al, 1998). =, growth factor?l ZesSI=

+
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anchoring THEHZIO| Q|X|7} N-ZCH fE= C-ZECHO|LEO| <|8t0] 2hzto| =AM ol gt

= OXAL s M2 ZHgote 2t 7t & =+ otd 235t QUEH(Nish

et al,, 1998). 2L} & A ZDt 18742} 12742| CBD proteinO| N-ZEH EE= C-&F

CHO| B &0 E|O0{E Z+ZH9| collagen binding 2t 1} human cell line 4 =XI0|2}

rir

Z} domain®| function0|= OFF & 7S SIX| = A= LIEHHOD 1872t

12719] ofOje4t S N-ZE C-ZEHO|ZHE FA TRl 37(9F /AXH Y KO

of ooty 2de s1 52 TE0| HEEQJCKAE 10, 11, 13-16). O|2{¢h

ZiE Sot0] EGFe} V. mimicus 72f{2| CBDE M=Zo| &d0f| o7& FeFs O]

-

XX ¢4or, olz{st =2 0|29t 8¢ A=SHEHEH A O| wound healing agent 2 A

-—

o al] s MO oX SF A O
9—' 3% xlge"% 7|-OAO-|E T & T Nl\()?itl'-

CtFst A0 A EGFR} @A fusion =l anchoring protein partner®| binding 2t S
gPp p

H S QICH (Nishi et al., 1998, Ishikawa et al., 2001, Ishikawa et al., 2003, Imen et al., 2009,

b 2+2t9O| fusion binding proteing 2 substrate &2 =1t BHS

Of

Yang et al., 2009). X%t

r

AZiE [ binding T|0{ SDS-PAGE HMO|A At2tX|E= ZIFE EQLCHNishi et al,
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1998, Ishikawa et al., 2001, Ishikawa et al., 2003, Imen et al., 2009, Yang et al., 2009). S}X|

Tt et A= O|FH binding &l fusion protein?| 2|0 CEiSIO{A= Aa

S OfX| §UUSH, Q& Kims2| HAY AT 1% SDS solutiong 0|23} collagen

0| binding =l EGF fused collagen binding protein®| 2|4~ 5! collagen0 binding T|Of

RS2 HOUSIUCHKIm et al, 2000). £ AROIME O[3 WS 0|83}

collagen®|| binding =l 47}X|Q| fusion protein| ZXE =OISIFHCHE 10, 11). Of

2ot A7t §82 binding =l = growth factor®| B half-lifef| 2|50 Zdl| I

Of SDS-PAGEO|S LIEHLIX| 47| TH20| OFX| binding & ZAI} 20| 2S

ol

&

Sl Zd0|H LIOot7t 2 AMAHNAM K Atst 47FX| fusion proteins2| collagen binding

o
0x

Ol

o
=

o
tot

Gl SDspA SYoks AmMolch A, 10, 1), E8 0|2

—

£0
%
ra
1=

ZZS 1% SDS solution@ 2N 8% ot T -image analyzerE 0|23t EMOEZN EE

o

CHM A band=2| intensityS FHHSIACHAE 12). 0.1%0A 2%0| O|2= CtY

Of

' 59| SDS solutiong O|&23}0 bound protein®| 2FS AASH Z1} 1%0] A

r

Ve =2 M9l CHHA band7t Lhg2 & = AULH O 0|4 sEOANE=
O ZE7 228 & = QARALCKdata not shown). 1 ZAnp 1872 ofojirtoz2
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MEl 129} 56 X% CBD fusion proteinOff Al & G =& binding S8 HFUCHD

2| 12).

Fusion protein EE= growth factorg2 HZXO| L|&= target cell line2| ZF0f [H2}FA

utot

FMO| CH3E susceptibility?} XFO|ZF SHCED 22X QCH(Nishi et al., 1998). [CF2}A]

e

ARO|ME= & FHX| cell line type (A-4311} HaCaT)2 AHO| AFREIOEMN EGF

o] BAMO| TS & JHK| cell type] i3} 9 AfO|= RASIACHIZ 13-16). A-431

rlo

Cteh epidermal cell Q70| AFEE|RCD, 0] dol HUMZE T tissuelA

S 2|5t CredHis=X|2| human cell lineO|H, HaCaT cell line2 FHAIAQl 23519 human

cell®| kerationizationOf| C{st EAEQ| 2tspo] B

rlo

A7} =l E|ZXO| epithelial cell

lineO| CH(Boukamp et al.,~1988).F 7} X| 9| ‘cellS HiFDL & 100 pgH A 100 ngOf Of

EE 59| EGF fusion CHAS K 2|5t £ MTS assay S £3510] cell number

£ 57 SIYCHAE 13-16). EEDE culture plateOf collagenS coating ot F| fusion

proteing S XFA|ZI F| A-4311F HaCaT cells 2350 collagenl| SZ20| [HE A

L

Z30| HF2dof et fusion protein®| EdS FIISIACHAE 15, 16). A ZAnt
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A-431 cell line0f| H|SF0| HaCaT cell lineO| fusion protein0f| CHSIY 2 ZdHE &

Ko, Crdet AFLZMUAM EnE Zdar 20| dose-dependentet E-H2| F7HE

7|25IACHAE 14, 16). A-431 cell line2 HaCaT celllt= CHE2AH 20 2 =4

o 7te €7 sk0M ZYSIA 2T, CBD(12aa)-EGFO| HEfQ 78 SR THME

rlo

MzZof chet FT 2g0] Aol SUACHAE 13, 15). ol EGF-CBD(18a2)2l 12

CHEH A2 collagenO| =L El culture plateOfj A G2 2 AYHF 242 LIEIHLH

—_

CHAE 15). A-431 cell'lineg 0|20t MEME = TWIH- A= 342F 56 CHEHA

O M2t hEGF REC} &2 242 LIEFLYQICHIA R 13, 15). FESH A-431 cell lineS O

rir

83t collagen coating {it= 8 Ao 2 LIEISGCHAE 15). O|Qt= HICHZE
HaCaT cell lineQ| AL 78 EHHXIS Xj|Qjot D= ZtO| Al dose-dependent ZLItE
7|1 =510, A-4310{ H|StO] EGFO| Ci5t0} 40 =2 A2 LIELHCHAE 14,
16). EESE 12 CHEHEIOl AL A-43]1 cell linedt= CFEH| collagen coating & HE &

= 43 5T 4= HEIHRALH, Ol2{et 2it= 2= fusion proteinOi|Af H|=zoh

ZANE HRACHAZ 14, 16). HaCaT cell lineO| A= collagens EIESIK| A2 well

oF

plateZ 0|83 MEO| 100 pg ZNHE XD BE A
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Ot
N
-
ani
Ho
Hr
rlo

ot

NS 7|55FQUCE EEBE A-431 cell linedt= CHEA| collagens

f

(@]
o
2
=
[0}
OF
-
4%}
o
£
il

£ =2 cell mitogenic NS 7|2 OO Imen SO WP

At LUX| S CHImen et al, 2009, 12! 16).

CESt 0|24t cell proliferation 2H430| EGF fusion THEHZEO| ©|5t EGF receptor@ &

M MEZ Q510 UMI|= process CI7HE 20QISH7| 510 EGF receptorf]

phosphorylation= western blotting B O 2 ZHOISIACHE! 17). Phosphorylation

o 2y

2 anti-phosphotyrosin antibodyS 0| 26}0| ZHOISIF O, 2= fusion protein
Of| -] hEGFQ} H|x5}7{L} = phosphorylation signalS & = URJCHAZ 17). O}

2tA 2 AFNHO|A JErSE EGF-CBD| fusion®| cell proliferation 242 EGFLt

EGF receptor®| Z3tS 2 Qlok signal transduction IHS 2 LoHHS & = AN
O, MTS assay Z1t2} Z+0| 342} 56 fusion CHEHEIQIA 713 2 SHE 7|55t

Cha2l 13-17).

= GToAME ofget g2ds 20/ EGFe EAFEe H2 4 =& B2
o

half-life 12|10 %2 target specificityS S| ZAS DAt V. mimicus®| metalloprotease 5
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22| collagen-binding domaing &SI EGFo| CtHEES S| A5t Xl SFQULCE 18712

127§2| otOj.Ato 2 O|F 0|l CBD anchoring proteins O|-235}0] EGF fusion X{Zx

FEhey

ot

4BNoE Wi, FHSYSH ol STl 2ol

o

functional region®| M-S ZQISIACE. 1 ZAL}b 12, 34, 56112|10 78 CHME o=

—_

ra
o
o
w
(@)
=

collagen-binding 2t40| QUASS & = UAFSMH 18742 CBD7} &t

(o]
=

-

b
+
$0

8 CHTSo0| 12709 CBD 88 ErMEEC 20

HiT
ojo

= Ut =

A-4311F HaCaT cell lineg O|&%t proliferation 282 3492} 56 ECHEHEIO|

o

mitogenic 2J0[ ‘T =35 & + UAREL 0|2t cell proliferation ZifE

o
o

phosphorylation®| 'signal A& 2|3t western blotting Z 12| signaldt: YLX|Tt

PN

ot
=

2 UAUCH =g

1E
mjo
o
ol
_(')_F
=t
HU
=
i
0=

Mots argoM= cHeet

—

OH

Ol [HE protein aggregationO| =X[7t &S G0l RACE MatA = AFAPZ oA

MAFSE 12, 34, 56 12|10 78 Xj=3H 3 CH R DL Kim S0| 72t 33709 ofO|

LMOZ O|EXZEl V. mimicus metalloprotease S2{2| CBDZ} &8tEl EGFQ| X

S EMIIHE £ aggregation?] MEE EMGIQCHAE! 18). 571K Rf=T Ct

r

HUS £4 & YME2IHOR aggregation®l T} solubledt CHAEE &
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=

X

ol

HFAH
= O

o

ol aggregation

SOLRCHAE 18). [MatA 0|3

HFA
=

aggregationO| =

10| EGF-CBD fusion

o35 X
8¢ chaym

St
=1

56 Y=

N2E=

20|28} ALR EICH

i

Of

K
O

£l

{oF

RPN |
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AEfel g XK(growth factor)s FOIAM 53 7He| ofbjitez O|ROZ

MO ME MAEOIXHhuman epidermal growth factor, hEGF)&= AtO|M|ZZO| XHAd

pi=

MAEX MIOMIELHO| keratinosyte M|IES| O|S, 5 OA|E(granulation tissue)Q|

g9 FI, g3 HFOMM Z(fibroblast) MZS| 25d2l ST 52 LY

gds UHELZ] Mo JdMXF aSoAM ole Seet =E0IH, o2

Cholsd 248 Mo o=t 8 ofZE MMM e &2t =42 A3y

QUEE. 2L} hEGF = HUoAel Z2 dME 22FR=o =itez Qloh B2

skzo EXf, ot8E 2 F0|d, dE[i =2 HaY WEo X=2H=EMe

280 Mty Zth= AF0|Al= O|2{et hEGF o) EHES =257 2[3H]

I
rn

Vibrio mimicus 2| metalloprotease 0| A 22|35t collagen-bindin domain (CBD)O| &

Mg HHES USACE 71EL AFUME 33 Ji9l oifjkitez O|ROZ

SYHHES MESASL O] A7[7F S0 E 18 7iet 12 7jof offjeitez

0207l CBD moiety & EGF o C-ZEhal N-TEto| ztzt 2x310iCt 0]2{3h
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fusion protein =& pET vector system & O|&3}0] CHEHRO|A] insoluble inclusion
body 2| YWENR LHEL|UOMH, urea & O] BHMH = EAMUBHIL Ni-NTA

column S O 83}0] Z+2t w431 HHSIACt Wl 7HO| fusion THHAES hEGF

Ul

BHxSE MEfQAE =2 collagn-binding S LIEHLHR/} O, A-431 1} HaCaT
NEFE 0|83 ME ZIf (X7 2Ch 1 EGF of H|23 ME 54| BAS

HAALCL 0|2{%t binding EE MES

1>
Jpt
al
rot
=]
rir
r
re
=
=2
>
)
113
rot
=
w2
S
=

protein 50| MIO|ME XZHEMO| =

rlo
fuiot
o
N
or

X
jo
10
o
_Q_P
_I'_I_
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