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Title: Construction and Expression of Biofunctional Fusion Protein Consist of

hEGF and Collagen-binding domain from Vibrio mimicus metalloprotease

Mun-Kyeong Min

Department of Biotechnology
Graduate School Pukyong National University

Abstract

Human epidermal growth factor (hEGF) is a polypeptide with 53 amino
acids in mammalian species, a one of the important autocrine/paracrine
factor of human body and applied in pharmaceutical and cosmetics
industries because of its biochemical multifunction. However, low level
of production from natural sources, limited target specificity and short
half-life of this useful factor make problems as therapeutic agent. To
avoid these troubles, we constructed the fusion hEGF proteins with
collagen-binding domain (VMCBD) from Vibrio mimicusmetalloprotease.
This collagen—binding domain, peptide with 33 amino acids, has shown
previously that essential for the collagen binding activity of V. mimicus
metalloprotease and fused at the C—terminal of hEGF protein and the
fusion proteins were expressed in Escherichia coli. Treatment of C-
terminal fused hEGF protein was revealed more promoted growth
number of human/A431 cells than control hEGF. These results suggest
that VMCBD fused recombinant hEGF proteins can be used for the
epidermal cell healing agent.



AbgEe] AA dell= vgdd fgetoleA Asdd &4l v HZol WA
Ao 9ol ol#d FHEL Hojm 100 7FA o]de] Jom, xAHoR
peptide hormone, growth factor, 2] 3. lymphokine o] it} [15]. =3 A
A2 AgFH 2 S mEbd F AR EFEsd 242 hormone 79

F % 5 4 [15]. AlAW ¢

i

endocrine ¥ autocrine/paracrine o
autocrine/paracrine < 9|4 epidermal growth factor (EGF), fibroblast growth
factor (FGF), transforming growth factor (TGF), keratinocyte growth factor

(KGF), hepatocyte growth factor (HGF), platelet-derived growth factor (PDGF),

HR

s

insuline-like growth factor (IGF) &< W4l A& xE50] dom [7],
2+8 WAYSFA weEbAl  autocrine (TGF), paracrine (KGF, HGF), @i

autocrine/paracrine (EGF, PDGF)e = ®F & 4 3 [7, 22]. olHgt

AAAAES TF AsteA 540 7] wiiel 988 A8A Ee s

rﬁg

5 TOo= thgetA AREHT.
Human epidermal growth factor (hEGF):= TheF3t A ¥oA EH|EH+=
amino acids & TA% 6045 dalton ¢ single—chain polypeptide =4 [7, 11, 161,

)

£48 2AAR 5RA L B FLF AT 4, oF, 24

D

=] [e]
y U y  IT )

aen xzAe) AMASd Fed wael ol wEe zu, W% A
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22]. ¥4y hEGF 59 autocrine/paracrine <& AXUe] e ARG A
AAe] olelw, EAAMESY W FolA, 1eal A &AIZro] & 7] wjitol| hEGF
AARte = AR Ee FEY dREx AREs7E dEn (5, 6, 15, 211
webA ol gk FAF S s Astr] flste] hEGE o g thefgh 8o A=A
[11, 5, 6, 15, 12]. Chen. et al. [21]1 Escherichia coli & ©]-&3}] hEGF <]
PFAARS 3t vk HA A9 acetic acid ¢ %S ®Wx]8lo] host cell 9
growth ¥ recombinant hEGF 9] A4t &S S7HA7] WHE AT 34%oH,
Liu. et al. [11] & hEGF & " A& 3 signal peptide ¢ fusion 3t¢] hEGF 2]
AEeF2ol HHUE  FXE3UT Date. et al S Corynebacterium

glutamicum 9] cell surface protein & WdA|AES hEGF 9 7 HE3}o

mz

target protein & EH|E F= o thFLEH host & E coli Al C.
glutamicum & A-8319] E. coliE ©]&3ste] e Alo] ##|4<Ql inclusion body 2
AAANGE AstiTh Nishi. et al [[15]2 hEGF ¢ C-terminal o cell
binding ¥ &3 polypeptide anchor protein 1 Clostridium histolyticum
collagenase @19 collagen-binding domain < fusion A% 2., Ishikawa. et al.

[5, 612 hEGF ¢] N-terminal o] delivery %+ cell binding #} ## 3}t fibronectin

collagen-binding—domain & fusion A|PozEH® &7 AEte e 7)#

ol

Soldat AEAIR ] Fohs LAE

125t s,

o

Collagen-binding domain %+= fibronectin collagen-binding domain ¢ target ©]
¥+ collagen & mammalian cell & extracellular matrix (ECM)9| t}4= £x)38=

guldoln] tabd 240 Fyal AU (8], = ECM o /| FATZE

TA3FE collagen & thokst growth factor ¢ A&S 93 #A T target ©]

e 2oy,



2 AF = hEGF ° vAE @9 collagen-binding domain & PCR
Wt o 2 F3HAIZ] plasmid & 53 F E. coli & °©]-&35te] U&F YA o =N
hEGF ¢ &2 AL, AA 349 ojefw, W& 714 5ol 3 &2 half-life

TAE d4stgtt. hEGF ¢ #o] o&dE¥  collagen-binding domain & &

-

A 1 75 D FRE BT el Vibrio. mimicus 9] metalloprotease ol 4]
=¥ Ao =M [8], protease W] 2] domain FolA 7] Ao F-23 A=
collagen-binding domain (CBD)%F& hEGF ¢} hybrid s}t whebs hEGF <}

CBD £ fusion &2 2 binding ¥ delivery system = %3} t}.



1. Reagents

DNA endonuclease ¥+ Promega Co. (USA)oA F43te] ALg313 o HF9

kS 93 wjA|= Difco Co. (USA)ZRE] F9lste] A& st}

2. Bacterial strains, cell line and plasmids

B AgoA 3%k hEGF 9 % 3oz Ag3t plasmid +  human

T

epidermal growth factor mature form ©] S9I%F plasmid & FAt) o <¢to=A
WEEA wekow V. mimicus metalloprotease CBD ¢ S%& 93 3

plasmid += Lee et al. 2| plasmid & A}&3}3it} [13]. Cloning o] AF8-3F vector
2 host cell & Table 1 o] YeEFHIUTE. Cloning host €1 E. coli DH5a%}
BL21(DE3)<2 Luria Bertani (LB, Difco) WX & A}&3}e] 37TCoAA wjdsldt}. o,

overexpression o] 22o|= E. coli 9 ¥ %ol+= Z+2Z} kanamycin (50 pg/mDS ¥

Hh Fat st



Table 1. Bacterial strains and plasmids used

Bacterial strains/

plasmids

Genotype or relevant characteristics

Reference or

source

Strain

Escherichia coli

DHb5a

BL21(DE3)

Plasmid

VMCBD

pET 28a(+)

SupE44 AlacU169 (pR80 lacZ AM15) hsdR17 recAl

endAl gyrA96 thi-1 relAl

F ompT hsdSg(rz mg) gal dem (DE3)

Apr, derivative of pETMETA62 truncated 102bp.

His tag fusion expression vector; Km,T7 promoter,

six His—tag coding sequence

Invitrogen co.

Novagen co.

[13]

Novagen co




3. Construction of plasmid for hEGF-CBD fusion protein

3-1. Synthesis of hEGF and collagen-binding domain (CBD) for

expression vector

hEGF 7} CBD #}9] A4S 93t BamH1 site (underlined)Z 7} forward
primer epid-Bam-up (5'-GGCCGGATCCAATAGTGACTCTGAATGTCCC-3")¢}

hEGF Hl= 44

nit
O
oy
>,
X3
i
i)
i
¥
%0,
M
e

CBD ¢ 5' frame ©°] AHZA<]

il

sequnce 7+ reverse primer epid-Hind-rp (5'-
AGACAGTACCAAGCGCAGTTCCCACCAC-3") At&3te] PCR = FZFAIF T
F3k CBD & N-terminal o] 4% hEGF o] 233 4 %5 hEGF 3' frame °I
A A9l sequence & 7} forward primer CBD-Hind-up (5'-
TGGGAACTGCGGTTGGTACTGTCTCGACCA-3"), EcoR1 site (underlined)&
7R reverse primer CBD-Eco-rp (5'-GGCCGAATTC
CTATGTATCAAGCCAGACTGCAA-3") & AF&3te] PCR = TEHAZT S3%4d
hEGF ¢} CBD + forward pimer epid-Bam-up ¥} reverse primer CBD-Eco-rp

S AFg3Fe] PCR o 98 BamH1 site ¢ EcoR1 site & 7}FA]+= hEGF-CBD =

construction 3%t}



3-2. Preparation for recombinant plasmid

hEGF-CBD £ construction 3}7] €3] BamH1l site & 7}Z  forward
primer epid-Bam-up ¢} EcoRl site & 7}%l reverse primer CBD-Eco-rp <
AFE-3Fe] PCR % ligation ¥ EGF-CBD & PCR = Z=ZA|Zt}. ¢F 170bp ¢ PCR

product & BamH1 ¢} EcoR1 restriction enzyme &% digestion 3} v|2] &Y%k

enzyme < #2]8te] ¥ overexpression vector 21 pET-28a(+ )l ligation &} t}.

A

A Z%E hEGF-CBD & E coli DH5a o°l transformation 3}al =

t}A] overexpression host Q1 E. coli BL21 (DE3)°l| re-transformation A} t}.

4. Purification of expressed fusion protein

hEGF-CBD & 343 a2 #d3t Ecoli BL21 (DE3) = kanamycin ©]
A7Fe LB #iX|olA O.Dgeo=0.4 ©] & uwj7}x] wjde T Isopropyl-B-D-
thiogalactose (IPTG) ¢ % s %7} 1mM o] HE= H7bsk 7 37TolA 4 A7t
o stk o] 2E 4TolA 4,000 rpm 22 10 #37F AR cell &
2t} Pellet AE19 cell & 50mM Tris—HCl (pH 8.0)°l resuspension A]#
sonicator (sonifier 250, Branson Co.)& ©]&3}4 cell & I3AZ1 $ 12,000

rpm oAl 10 £7F A3 inclusion body & A3k tE. 9o]3 inclusion

7



body + 20mM Tris-HCI buffer (pH8.0)°l dialysis 3}¢] refolding s}$it}. His-

bind column (Novagen)S ©]&3}o] fusion protein < AT Bradford

method o 98] A &332 protein standard & bovine serum albumin(BSA)<-

>,
oo
ol
32
o
H
o
il

o] &3] Ao BRI standard curve = A AT

5. Assay of human cell growth activity

Human A431 cell line & 48-well ol 5 x 10 ? cells/well 0] =& B33}
3l=E ¢k wjk3toitt. hEGF ¢ hEGF-CBD = %7} s==%¥ =& 10pg, 100pg, 1lng,
10ng, 100ng & F43% 7 o]& &<t vidst F PBS = washing 3+ th RPMI 7}

= WwAE Yz ol w9 TR] 7I&H.  MTT assay Ho=2ZM growth

6. Collagen binding assay

Purified EGF-CBD oA CBD ©l 2|3} collagen binding activity & <o}lH 7] 93

collagen ¥} binding *1%! purified hEGF-CBD & dA41%¥ % filtration 3F F

it

SDS-PAGE & Es3sle] &<l35t% Tt Insoluble collagen type I (Sigma. USA)

100mg & 5mM CaCl, & &3 50mM Tris—-HCl (pH8.0) 4TCollA] overnight



%<t pre-swelling A|Z1t}. Swelling ¥ collagen < 10,000 X g & 10 #3F+

(o,

lo] AZ=dEe A AS 9, purified hEGF-CBD 0.1mg & #7}ste] room

Oft

A3l

Al
f

(o,

2 A

Z]

il

Fatol

ML
ol
12
o

temperature °l|4 6 A3t <9 Hb-g A1t}
0.22 mm-pore-size membrane (Corning. USA)S &3l filtration A7l § SDS-
PAGE & 3}999™, coomassie brilliant blue G250 S % stainning 3}t HEgH
collagen ¥ ¥H& & 0.1% SDS & 1lhr ¥H23}o] collagen ¥} fusion protein ©]

gL

btk

il
ol

d

ol



1. Construction of hEGF-CBD plasmid

hEGF ¢} CBD + 27t AH A9l sequence & 7}Z primer % PCR 3}%aL
BamH1 3} EcoR1 site & 7}% primer & PCR 3¢l hEGF-CBD & @4 & <
A AT} o] & overexpression vector 1 pET-28a(+ )l ligation d+¢] E.coli DH5Q
o transformation 3Fa Y+ ¥ TRA] overexpression host 91 E.coli BL21 (DE3)el

re—transformation A] %l t}.
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Fig. 1. Scheme for synthesis of hEGF and CBD
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Bam! j EGF + (R0 ifmﬂ

EGF-CBD

l.-'.'F'.

/Y
/ ] /
r' /

ol i) ﬁ

= |igation N |

pET 28a(

Fig. 2. Scheme for construction of hEGF-CBD overexpression vector

12



2. Expressed recombinant protein purification

hEGF-CBD £ overexpression 37| $]3F¢] PCR % ligation ¥ hEGF-CBD &
pET-28a(+ )9l cloning 3} overexpression host ¢ E.coli BL21 (DE3)el

transformation 3+ #+E kanamycin (50 pg/mlo] H7}E LB wj x|l uj s}

2

IPTG & o]&3}o]

i)

HEHAIZ T hEGF-CBD 7} 32&d cell & dafsto] A
3Hdo] ¢l inclusion body & 6M urea/20mM Tris-HCl (pH8.0)o. 2
renaturation A% ¥ 20mM Tris—HCI (pH8.0)oll A dialysis 3} refolding 3} t.
MZ3E protein ool fusion ¥ his—-tag ©] Niy o affinity & 7IRXE EHS
o] 83}e] Ni-NTA resin ©| protein sample < apply 3F¢] 1M imidazole =
elution st Y. AAZH = 2 Ao A 2] protein & SDS-PAGE & F=3)3s}¢] 9

kDa ¢ I7]& overexpression @ A& &2ls$ ) (Fig. 3).

13



| —
| c—
———n

Fig. 3. SDS-PAGE of the purified hEGF-CBD

Lanes are as follows: M, protem marker lane 1, crude extraction, lane 2; after

induction, lane 3; soluble protein, lane 4; inclusion body, lane 5; purified EGF-CBD

14



3. Cell growth assay

Human A431 cell o] 3k hEGF-CBD 9] growth activity & tF33F F XA
=439t} (Fig.4). 1ng ol = control & 2221 hEGF ¢} H|=3HA] SH AR
o]Z A¢]3l 10pg, 100pg, 10ng, 100ng oA =A &A% Z o= Hol hEGF Kt}

1

fusion protein ©] cell growth activity 7} =t AL eld 4= 9lr}.

15



1.4 |

1.2 .

0.8 ® Con(-)
I 0 EGF
0.6 0 EGF-CBD

0.4

0.2

0.0 10pg 100pg 1ng 10ng 100 ng

~
COTI™)

Fig. 4. Cell growth activity of hEGF and hEGF-CBD with A431 cells

16




4. Collagen binding activity

Purified EGF-CBD 4 CBD o gt collagen binding activity & &olr7|
3l purified EGF-CBD ¢} insoluble collagen type I 100mg < binding A% 3
filtration 3F] SDS-PAGE £ 833ttt Control oA collagen $l°]
incubation A|Zl EGF-CBD + collagen ¥ binding %A %9} membrane <
T#3sted  SDS-PAGE oA °F 9kDa oA  FRAFHAAT  collagen 3%
incubation A7l EGF-CBD + collagen ¥} binding 3}%] membrane < & 3}3}%]
xerglen, webA SDS-PAGE oA #Rl=x] &ttt (Fig. 5). =3 collagen ¥

93 % 0.1% SDS & A3k Wl collagen H-2 ¥ %W fusion protein ©]

M
2

A UeE AL el 3ttt (Fig. 5.).

17



M 1 2 3
97 kDa »
66kDa B

45 kDa »

30kDa » | e

20KkDa »

14kDa »

Fig. 5. Collagen binding activity.

Recombinant proteins were incubated with or without collagen at room temperature. After
incubation, filtrates were analyzed on SDS-PAGE gels stained with coomassie brilliant blue
G250. lane 1: hEGF-CBD incubated without collagen; lane 2: hEGF-CBD incubated with
collagen; lane 3: hEGF-CBD incubated with collagen treated lhr of incubated with 0.1%
SDS

138



0y

IV. AL

V. mimicus & %A HAHF O 2N, B3| V. cholerae non-01 type & A3
strain &2 ZF &z vt [8]. V. mimicus & APl A A A] AAL TFE W
TS et e 3o [1, 201, @A elA phospholipase [10],

hemolysin [3], cholera toxin [19], heat stable enterotoxin [12], hemagglutinin

-

1231 protease [9] 9 ek WU AAES |t} o] sk WA
B2 FoME AELEZE EHlE = metalloprotease & SFAM IR HFoL
Aol Avtar B HT [9]. Lee. et al [8]9 metalloprotease ¢ dA+A3}

metalloprotease ¢ C-terminal 59 collagenase activity o WH3 A&

1

nxs & 7 dRen, of Fo= collagen-binding domain ©] IS & F

u:

AT [8]. wehA] o]#lgl collagen-binding domain & #4 & 4 JgeH
33 71 9] o}m|:=Ako] collagen-binding o] T4 &4 5 AAT} [8].

Mammalian matrix metalloprotease (MMPs) 52| mammalian collagenase <]
A= 7% 2 domain © #Hete] dA47F @bt Ho] 1o}, bacterial
collagenase ¢ 9+ % A ZHQ 58 AHH+= Ho vn|gk AAolr) [8]. kA gk
Nishi. et al. [15] 5 C. histolycum 22 collagenase °| 4 collagen-binding
domain & #3l¢len, o] hEGF ¢ <14% fusion protein & WHFOEZA
hEGF ¢] @8-S 223t fusion growth-stimulator 24 AG-3F3l ). kA RF o] &9

o

Aol AF8-% fusion protein 2 in vitro olA cell stimulating activity 7}

control Xt Ytow  in vitro Add AgE FEEF collagen-binding

19



substrate 53} binding activity & H.o]A] E3FAtt T3 n vivo AF A=
growth activity 7} A9 §15S ¢ 7} AT A9 recombinant fusion
protein & A|&EAIZF @ cell o] FZo] #ELe st 4= YU} in vitro 2 F 9
cell growth proliferation ©] W& ZA¥+= hEGF ¢ &7 @& 3 collagen—binding
domain ©] hEGF ¢} hEGF receptor Ato]e] ®F$-S- HI&[ 38} A U protein expression

. B3 in vivo A8 9

Al9] hEGF 9] misfolding ol ¢]sfe] A3kt 4

1
o
_Orh
38
o

e growth activity ¢ A3+= cell ¢ growth factor ¢ Z&Fo| W2 cell ¢
susceptibility 7} 2Fe]7} y7] wji-o] A, fusion protein ©] cell o] F2ZFA] binding
A2t receptor 7 U= SIA G Abelol - olFF receptor ¢ke] ®WhFo] o§d7]
Folgt AWl o, wEkA Nishi. et al [15] 52 M=2Z& anchoring
peptide ¢ 7§, hEGF moiety 2 CBD A}e]9l linker peptide ¢ 92 ==

chemical linking &°] 2 3ftfal 43t [15].

lo

Ishikawa. et al [5, 6] < fibronectin collagen-binding domain (FNCBD)<]
collagen-binding activity = ©]£3 delivery system 2| 7l #dte] A+
gAY, 15 human 39 fibronectin collagen—binding domain (FNCBD)<=-
ol g3kl hEGF & =4 AE7HA &9, A8 axs xole A4S sl
o] 9] hEGF 9| functional partner & A}-&3F 40 kDa 2] FNCBD = C-terminal ©]
mf - Ao elejgk Seo]ido] FNCBD ¢ hEGF o 7lEA<l 7]5ddd £ o

T84S H93}e] Nishi. et al [15]9] wAHES BT} [5, 6]. F3F o] &9

rx

in vivo A% A3} A By 2AAZAME Zgsld ARG W
collagen ¢ EAE &<l & & A3, o]Y& collagen ¢ F=ol|l €& fusion
protein & Fz+ 2 3A o] A3E -3}l fusion protein < collagen sponge ©
27 5 54 cell o] AHE38l= A28 delivery system 224 F53130t) [6]

20



Liu. et al. [11], Ishikawa. et al [5, 6], Date. et al. &< fusion protein 2]
activity &  FXA3l7] st AHA L3 tag-peptide & A3+ fusion
protein W= HEFAAe= WS ARESRITE whekx o213k fusion protein &
HFAE 5 3]et7] #1eke] column chromatography w9 &4 gzl

Aol Aot [5, 6, 111, aFA|NE of2f3t AA|FA e @AV oS

Nishi. et al [15] & W=EEd 2L HAE $35Fe] glutathione S-transferase
(GST) tag & °]&3F E coli 9 dzdd system & AFE3AT. AW GST-
tag < ©] &3 &d system 2 AHA FA F thrombin &% A7 3ste] GST-tag =

w8 d § E=oA] column & ARESte] HA dwiEuk Rejsiolof

]_

|

Bg

ol

FEPsto]ol ot whabA, H AF A= pET-28a(+) vector & ©]83F 6 his—

tag = Td R GAe 5HoE FFEglon o= st HAAFE £

4

Ao ofF9 histidine peptide 7} =A8tH 2= fusion protein ¢] activity =
control hEGF protein H.t} %23}l t}.

2 AF9= hEGF ¢ vAE F#9 collagen-binding domain <
fusion &2 hEGF ¢ &AdS =5dkd 83tk E=3 hEGF 9| functional
partner =X V. mimicus collagen-binding domain (VMCBD)S A}&3}3 o,
binding domain oAl &R activity 9 ZFAQ HAHSE hEGEF 9F o]

st o 2 4 fusion protein o] AoV} H9]

i

o2 93t misfolding ¥ post-
translational modification ¢ 28-S HA3} szt v 2 A3 9 kDa 9
fusion protein < in vitro A 3el|A control 9 hGEF HtY} %2 cell growth
activity & @z g 4 dqoem, T3k collagen binding activity T3F QS-S <
T AAH

21



Proteineous drugs ¢ &< retention time B W& target specificity © ] 3F
activity 7} @& A= AYFSE SHOEZEN S5 & F7F Tk SARE o]k
e g RAg SR owd @ o+ dem [5], wekA @<l
proteineous drug & AF&3L7] fsiA = 71 =9 system H.U} retention time,
target specificity ¢ %1, &8 %<2l delivery system ©] L Zo|gtar st 4= 9l

[5, 6, 15]. & A7l Axprown 2 AF3AolA 72s hEGF-CBD fusion
protein & °©]&3% °F& o] ol shrldl= in vivo A0 H v A

AT A7E FQsit) eAvF B AT Ay 2M %= hEGF-CBD fusion protein ©]

22



Aol AEAE AR (hEGR)E 53 719 opnwito g o]fojzx 9lom,
AANE F83 autocrina/paracrine % 3dhuol™, Aoz theFst 7]50]
A7 wiEel oo F SEe T8 AEEMN AREHET sHARF o]¢F T
autocrina/paracrine 2 234 &I str|od+= YFu o] Ax uebq AA S 7}
deH, 92 target Solid B AFAbo] Frhe £AFlo]l 7] wWEel hEGF 1
AA o2 ARESt|ol B Aleko] wE. mebA oluld FAIRS s As]
J3te] E AFFHAAN = sl Sdn| BEQ]l Vibrio mimicus 9 metalloprotease 2]
collagen-binding  domain (VMCBD)® hEGF ¢} §3ste] gl
Metallopreotease 2] collagen-binding domain < 33 7] ofw|x=ilo =
o] Fo}%l peptide EH collagen binding &4 A=Al LS I &
Aol A= collagen—binding domain S hEGF ¢} C-terminal ©| §3AA
Escherichia coli oA W&EEd & AASSITE. hEGF ¢ collagen-binding

domain ©°] ¥ AMET @WZAS human/A431 cell line o AHEE 9 Y

il
i)
-

2AALY F7F hEGE g ALd haT nuh ¥ 5o AXFE 89

gt

>

AAT}. ol A= n|Fo] E uw] hEGF ¢ collagen-binding domain ©| 3%

A£G wAe olobg % SgES ARz Yo AL Ame] Ego] Hee

]

23
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