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Expression of Recombinant Human Epidermal Growth Factor as a
Active Form through Codon Optimization with £ coli and
Co-expression of Chaperone

Eun-Bin Jang, Jun Su Kim, Woo-Yiel Lee
Department of Biomedical Materials, Konyang University
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Abstract Epidermal growth factor (EGF) is a hormone protein that affects cell growth and proliferation,
and has various medical applications. In the present study, the gene of human EGF was codon-optimized
with £ coli and the expression vector was constructed by cloning into pRSET. In order to obtain the
recombinant human EGF in an active form rather than an inclusion body, chaperone co-expression was
attempted along with codon optimization, for the first time. The expressed human EGF was isolated in
the pure form by performing Ion Exchange Chromatography in two consecutive runs. ELISA analysis
showed that the activity of purified EGF was greater than 99%, which is similar to commercially available
EGF. Cell proliferation test confirmed that the recombinant human EGF has the ability to promote cell
proliferation of human skin fibroblasts. The human EGF expression system of this study gives a
significant amount of protein, and does not require the renaturation step and the additional
chromatographic system to remove a fusion contaminant, thereby providing a very useful alternative to

conventional expression systems for the preparation of recombinant human EGF.
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1. M

Human Oligopeptide-1°0]2t1lE= &&= EIAE
AR AHEpidermal growth factor, EGF)x= TheFst
RIORZAE G E2000 FFE = T THolo
[1, 2]. EGF= =¥ #Ho|| &X5l+= EGF receptor®}
ZA3%3lo] protein-tyrosine kinase®] & A=31aL
445k tyrosine kinase Q2R E A& 9l Signaling
cascade’l YolHOo =X, Ao g3}t F4 Ee=
DNA §4 5l 9= 7 93, 4. EGF= H7-&
ZHsEcl S5, Al B¢ tRE 22T} HHo|
A @A==8 Human EGF (hEGF)9] @A 537}
9] opH|Ato 2 4 Helow, BRI 6,222 Dalton
9] & A& ZE|HElo|=R 3709] Disulfide 2¥o|
EARH5-8].

7 Aol JAT RFE £X147]= hEGEF= A
& AARA AU FEE Afote Qg Ao
2 ARRESGIeH[9], ol ZAHGE Y] rH
7157 dEE IFEY gF u)g Aol F8=1 3l
TH10]. TR hEGFE ZHHhe 3EA7]E E52 7ML
Aol HTRE HAZ Aol glow, wE o] W 93}
Al A £9E A=t AR EE T4 849
A BHIE At 9 F9E Eocke Y A=
AZRE AMSEE T o8 gJoHto]Q 4MIA EofollA
FEA ZEH QITHIL, 121

E. coli T@ AAF2 Azt & skt
o

[
[e))]
AR

1,
O 4]
=

7V @o] ARGE I Qle Ao R, ] 7% 72 g Al
7t #F9] 8ol4, T7 Promoter System 5= 5%t
Over-expression®] 7Fssttt= o] EA3itt. 514
wh AR RS [nclusion body® @44 =0 HASH
iy S U Zeithe o] &4t
[13-171. E. coli®ZF¥E Native protein FE|Q] =
o TEE sl QI3 A9t A&H O o]Fo]X]
I 9lon, o= Maltose binding protein¥} 2

£ ddg 837 AY PelB, OmpA 5 Signal

sequences ZATA|A Ex T Perlplasmlc
expressiong fFEok= o] A|AE L (18, 191
SHAIEE o]t W] EAIEE F dwEzte) 27] 9
A AT} RtEofof = A &, AAYolH &
9] 7|&o] Loy, E SR o] He FAZL A
=2 2RESHA] g2 Al F TiEo] o7 £ Qlrk= A
o] &A7TH20].

AFHlE(Chaperon) EZgEto|E9] HIE 34}

560

28 FHoler] 9 Fi B Gl AE

el dL 753 7)) et Hsp70 Hsp90, Calnexin
SO ERE 4 qlon, RE ot AEHA 24
oA A== 4 F4 ddo|t}H21-20]. EF54 T
A2 A2vt d 34 59 ’\Eﬁﬂi o= W o 37t
Sz GHEREA IFF4 Zo] F7tstH #go] €
TS ThA] A E}‘iﬂ ﬂE/\]ﬂ Azt 735k

tH271. E colizH ¥ Inclusion bodyE ddst= 2%
g o] FQoA AbEE g FUEE AT A
9 T ‘ﬂgﬂj—‘—]’ﬂﬂ/ﬂ E7HElo|E ARgol ¢t
gt = 99 & oilE HEo] ¥d=l= Native
protein FEY] LFo] HT B =UcH?28].

£ AFoAM= g HollAl Inclusion body ZE
7} obd &9 @ H 9] hEGFE ds7] fIsto] AfulEx}
9] 35 ddo] A FUtt. £ colPll Fx= ZZsE hEGF
FHAE pRSET_A9] cloningdt™ Z. colig hEGF ¥
d HEE A5k G Hos UE & FA 7

g EL‘I‘

oA F71291 %ng H4e A5 91te] B
o] N gt F-=o] 838 F2(6 x His tag? epitope)
& AAsto] 4 hEGF Fwo] A=t 4557

o] AMHE WE pG-Tf2 (8.3 kb, groES-groEL-tig),
pGro7 (5.4 kb, groES-groEL), pKJE7 (7.2 kb,
DnaK—Dnaj—GrpE) pTf16 (5 kb, Tig)e} Z2F Zd

2 A&Edlo] AL #ZFS5HAL 7|2 Inclusion body®
WE s = 23 hEGF @84S Native protein FH
29| Udo] Ak HSith 4379 ARElE e o] 23y
ol%E AHE Tl o] EGFe| FEIE Yokt 4
Fe UAA "Hot SYFERE 4 QXY hEGFE ©]
2 w3 FARREIHNE Soto] FAE HASHL,
ELISA 3 Izt AfrotrlzEe] N 254 avbso] 24 =
St

2. Mz A Ay
2.1 M2
gy 9 Idg FEEE 22 DHSe (NRON,

Korea)2} BL21(DE3) (iNtRON, Korea)s AR&3I% 1L,
Tag DNA Polymerase (iNtRON, Korea), Nde I
(Enzymics, Korea) BamH I (Enzymics, Korea), T4
DNA ligase (NEB, UK), pRSET_A (Invitrogen, USA),
SOB broth (Biosesang, Korea)& cloning T} ol 4]
ARSI ARllE I WEl= pG-Tf2, pGro7, pKJE7,
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pTf16 (Takara, Japan)& ARESIGITH @i a2
A A4 BCA Protein Assay kit (iNtRON,
Korea) &} DEAE Sepharose CL-6B (GE Healthcare,
USA)E AM8-5F91 3L ELISA £42 Human EGF ELISA
kit (Aviva Systems Biology, USA)E ARESIIL}. AlE
SAAI Y A+= CCD-986sk Cell (Human Fibroblast
Cell Line), IMDM/High Glucose (LM004-01,
Welgene), Penicillin/Streptom ycin (SV30010, Thermo),
Fetal Bovine Serum (16000-044, Gibco), TrypLE
(12604-013, Gibco), 96well Cell Culture Plate
(3595, Corning), EZ-CYTOX (EZ-1000, Daeillab)<
ARSIt 1atell ARERE A|9 Buffers 2% 49
WA olof] &t 552 Fuiste] ARSI

HE
=

HHIE:

L

2.2 Human EGF9 1

7+ EGFY |4A A7l AEL E coli codon
usages HIHOE IFE HHIE AP T o 714
g AR & GAIQ] Hlol2Yoto] QlEste] IE
437t 4729 hEGF 44 5590 (Fig. D).

eI =N
==

&

—

S|
S

o
2
9

1 AACAGCGATA GCGAATGCCC GCTGAGCCAT GATGGCTATT GCCTGCATGA
N § D S E C P L S HD G Y CL HD
51 TGGCGTGTGC ATGTATATTG AAGCGCTGGA TAAATATGCG TGCAACTGCG
G v MY I E A L D K Y A CNC
101 TGGTGGGCTA TATTGGCGAA CGCTGCCAGT ATCGCGCTCT GAAATGGTGG
vV Ve Y | G E R CQY R AL K WW
151 GAACTGCGC
E L R

Fig. 1. Codon-optimized hEGF gene for expression
in £ coli

Q17F EGF & #E 2 AR83t pRSET T7 Promoter
E coli & ¥ HE&E N-terminal
o 6x Histidine2 Y55} Xprss- Epitope?} -2
7157 peptide S°] AT Ni-NTA Affinity
ChromatographyE Bot @S HA st &
Enterokinase® #&5l%] Fusion proteind} Target
proteing ATolA Hrt

£ AFolAe I T 271 ZA S

System= 7F] 1L Q=

ohRlo] BB 2= 6x Histidines©lA] Enterokinase <1
AR7HA] Adstr] 15kl RBS Down streamol 3}
49l CATATGE Nde 102 Hdsla MCS F&
GGATCCE BamH [°02 A&sto] N ¥t g &

ARe AASR. @49 hEGF S
Template DNAZ A}85to] pRSET #HE] Nde I/
BamH T 4% 95kl PCRE XYstAtt. A-&= =t

e o i

561

ol pF GGGAATTCCATATGAACAG
CGATAGCGAATGC, pR : CGCGGATCCTTAGCGC
AGTTCCCACeIH (=€ Agtas Foj= EEs &
AlE), Agarose gel 71952 B5to] hEGF 42
ZEEE 3913t & spin columne S5 DNA ©#H
A5ttt pRSET_Ao|  E#9]  hEGFI
MethionineRte] F7== thdd F=0 & FH3tH
hEGF |AXE $-fok= 4@ HE pEGFE #5919
thFig. 2).

2zt

o
=

(Nd: <hEGF genex

(BamH
CGC} GGATCC

e
CATATG {AAC.... e
H M

Fig. 2. Structural features of pEGF vector.

2.3 BL21(DE’)ZEE| IHZXE pEGFe| &
T=9 pEGFE W8 £ co/ijl BL21(DE3)el 32
dgste] Az hEGFO| Ede Al&=sieirh. SOB
brothol pEGF/BL21(DE3)€ main culturestal OD
600 nmolA 3=~} 0.8°] HU= W IPTGE S
7 1 mMe] HES H7Fsto] 37 €, 4A12F < 4d
< APsieich. Tdo] SarE #FF= 6,000 rpmolA
108 B9t ARSI Cell plateZ Bufferl
(200mM NaCl, 1 mM EDTA, 5% Sucrose, 100 mM
Tris-HCL, pH 8.0)Z @=sIct. o] %
dismembratorg °l-&sto] #FE 5| T}
™, Cell Lysatex 16,000 rpm©llA 2087F ¥14]
Sto] 87 Tl BES Rejoiyitt. A4dH Pellet
Buffer I (1.5% Triton X-100, 1.0 M Urea, 1 mM
EDTA, 100 mM Tris-HCl pH 7.00& A3, thA]
Buffer I (500 mM NaCl, 20 mM Na;HPOs, pH 9.0)
o7 dE 5io], 584 dAES A¢] ESiAFH

]

Sonic

2d 84 oy BIHES 18%
Polyacrylamide GelolA SDS-PAGES AA51o,

BL21(DE3)C.& Y& 23 pEGFo] #d PAFS 54
skqich.
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2.4 MHZ1} pEGFe 3

A% hEGFeL Abl & Thijde] 3UdL pEGF=E
FAH3 | pEGF/BL21(DE3)E Ampicilline] 37Fst
SOB brothell Bi¥AI7]3L CaCl,E A z]sle] ¥ Al
ZE Azt o] & 54 ¥Hgs A=) pGro7,
pKJE7, pTfl6 I3l pG-Tf22 ZHZt FHAZs}o]
Ampicillin®} Chloramphenicole] 74 A71e SOB
brotho] =@s}9t}.

A= pEGFeF AHE dE 9 SUES 7t AHE
o] 2= Inducerg 7ot WA] InductionA
21 & AA OD#ol IPTGE Z7Iote] hEGFE Hdst
At 4709] BL21(DE3) BEHEA F pGro7 &pEGF,
pKJE7&pEGF 181 pTfl6&pEGF/} EUH 5=
= 719 AIA7F E3E SOB brotholl Seed culturegt
% 5Y3t SOB brotholl 0.5 yg/ml L-ArabinoseE
7t2 H7Fskal Main cultures AAISHATE YA 17)
9] BL21(DE3) XA pG-Tf2&pEGF7} =Y&
T5= 5Y3 SOB brothol 5 ng/ml Tetracycline®
2712 A718ke] Main culture® AASM3E o] &zt
ZYe] #5= OD 600 nmellA FF=7} 0.8°] 2 w7t
A ke AARE £, IPTGY] HF5%=7F 1 mMe] ¥=
£ 3716kl 37 CTollA] 4412 5 hEGFY] HdS X
Pt

FTUEo| gEH #Fe YAEE AT & 4719
AT =5 W o 2 Cell lysis @ WashingS 213
3}2 18 % Polyacrylamide GelolA AZgH hEGFO
gt 8/ SdRo] Uy o Elri=g

0= d
‘l_bé"ﬂ'_‘/}jl

2.5. XHEEH hEGF THHHEIO| M|

A x3 pEGFe2RE WdHE hEGF= FAE ¢
6x His Tagel ¢ w&ol Ion-Exchange
Chromatography< &5t @d JAE A5t
Columnoll DEAE Sepharose CL-6B Resing %1 Al
71 & 20 mM9] Tris-HCl Buffer (pH 7.5)& B33ls}
3L hEGFE LoadingstSitt. ©] & NaCl& 500 mM7t
A A BARE &8 HHO=E pl 3o Apolof wht chiE
< Esigleh BA] =9 FAE flste] Column
DEAE Sepharose CL-6B ChromatographyS $HH
o 9 31} 20 mM Tris-HCl Buffer® pHE 6.8
02 I3 Flow rateg 1.0 ml/min®E JAAIZ] &
NaCl9] 5EE& 150~200 mMOojlA tfj9- FAHoZ &

S5 A=t AAIARl GA| 8782 Protein Auto

562

Purification System (280 nm, Bio-Rad)& A&-3l%
o, Axzto g o] 858 Sqlstal ZH7te] B
H i AEL SDS- PAGEE 2 AJ5te] A28 hEGFe]
AA| RE 81519tk AF hEGF= BCA Protein
Assay Kitg AR8Sto] A7F 48 HA5t9

2.6 =& Human EGF2| ELISA analysis

ZF ME9 H 16 pg/mLE A5 29 &
%9 29] 100 W= Micro Plate®] Z+ Wellol| &7}5}1
PlateE 37 °CollA] 2A17F5<%F B8k PBSell 100
ul At SFA, 3 % AR5 Hkste] Welloll Hotal
£ o] A BoE Adoto] vREsHlth @A 50

£ 7+ Welloll A71sta, 37 ColA 1A% B vidat
it 100 w PBSTZ 69 A&ttt ARE- A &5
Apoto] s|AE FH o]z}t FA| 50 WE 7 F
37 ColA 1 AIZF B<F Higstitt. 100 w PBSTE 6
H 5190t oFIEAL TMB 9 H,0,5 4:1:59] H|Z2
e 713 89e Welld 50 w2 Eoistict. Plate
37
_ﬂ

rlor

TQl oJF-2 XolA 308 <t wigFst, SHst
P 2 Wellel 100 w9 A €A H7tstsinth
Plate reader2 450 nmolA SF=E &It
ELISA assayx= 33] Hh&Esto] 4= A0

e

2.7 MZEgH EGFL MESAIAE

96 Well Cell Culture Plate®]] 10 % Fetal Bovine
Serum (FBS)Z+ 1 % Penicillin/Streptomycin®] 37}
= IMDM (Isocove's Modified Dulbecco's Medium)
sjFAiog 2X10° cells/well X2 A-FobAdEl
CCD-986sk MEZE 24A|17t 8iFst F Serum free, 1
% Penicillin/Streptomycin®] 7} IMDMO.Z HjZ]
£ wABHL 2417 WSSt AEE v EE £H
5}al °o]& Serum free, 1 % Penicillin/Streptomycin
°] 371 IMDML.& s8] wAISIAL 48417t viFsHA
o AlZ7F oido]l €EES W EZ-CYTOX
(BZ-1000, Daeil Lab Service, Korea)S 10 % &7
IMDM(Serum Free, 1% P/SHiX|Z Ao},

450 nmOllA Plate reader® %5t} AlX F4]
Aitstact. Ad ZAitol] ot BAA {0k
MicrosoftAte] 2381 Office Excel 2007 715
t-test (Paired t-test, F=335)S o]&5to] A5
), BAHCRE p g-Z 0.05 v of §-9] sjriar
=3It

e

3

I
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o
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Efal

3.1 BL21(DE3)25H MZEE pEGFY

AxFE pEGFE BL21(DE3)ol| 3AAS &
3H151] 93 SDS-PAGEE 415t A3} lane 5%
o] oF 7 kDa A oA Y= FE3 HiEE B
Al Feo] Q=3 hEGFE BEQItHFig. 3). & pEGFE
FAA% d WY WA X3 hEGF g d2 o
£ YA FHE S Azad] 250 Q1zk
EGFe] #pd o Qlgf o|gs} Ato] FxolFolA|=
A gEo] &4 Aol o|FojMA FUA FEH=E
el 4= Qledl BUA FEie TR & 94 Eesto]
AAE FHE DL = XY 243 FEH7F o ER

Refolding®] F7FH7o] G sttt

1=lg

o

o2

(kDa) 1

Fig. 3. SDS-PAGE analysis of pEGF expression in Z.
coli BL21(DE3). Lane 1: marker, Lane 2:
pEGF/BL21(DE3) negative control (not
induction), Lane 3: Total protein from
pEGF/BL21(DE3) after induction, Lane 4:
Soluble proteins from pEGF/ BL21(DE3),
Lane 5: Inclusion bodies from pEGF/
BL21(DE3).

I

| 15

3.2 X8 pEGFR AHEZE HIE9| &

UddE pEGFE FEHE H ¥E #F
BL21(DE3)°ll Akl2 WE|Ql pGro7, pKJE7, pTfl16 1
g1 pG-TRE Z¥Zt F7Hor FAHE ot
pTf16&pEGFZ ¥ZAH% & BL21(DE3)S] - hEGF
9] band7} BUYA FEo] 5= U2 (Fig 4, lane 3),
pGro7&pEGF 3@ H9+= SRR BAH &=
7N =Y 84 2 B84 FH AXF hEGFH B
oltiFig. 4, lane 4, 5).

S
[

o
fiA
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—_—

z
s
=
—
=

ML

. SDS-PAGE analysis for co-expressions of
pTf16&pEGF/BL21(DE3) and
pGro7&pEGF/BL21 (DE3). Lane 1: protein
marker, Lane 2: Soluble proteins of
pTf16&pEGF, Lane 3 : Inclusion bodies of
pTf16 &pEGF, Lane 4: Soluble proteins of
pGro7&pEGF, Lane 5: Inclusion bodies of
pGro7&pEGF. (Bands considered to be
expressed rthEGF are indicated by arrows)

pKJE7&pEGF7} =91® BL21(DE3)S] 3<% <F 7
kDa719] hEGF2] Band7} -84 Tl ol Fsis}

A T A F Rl gl SHA AR FEQ
Az AR Hoi(Fig. 5, lane 2, 3) HF-E B
A P2 hEGF7t 4= 2 o2 vep7] o] A
HE FAES 53 hEGFY Tl H9 &It e
Ao o7 Holt},

(kDa) 1 2 3

200 — —
- ==

T2 | — =

=

T [—

16 [ -

B —

Fig. 5. SDS-PAGE analysis for co-expression of pKJE7
& pEGF / BL21(DE3). Lane 1: Protein marker,
Lane 2: Soluble proteins of pKJE7 & pEGF,
Lane 3: Inclusion bodies of pKJE7 & pEGF.

Tetracycline= AFHE HE] 9] Induction EAZ A}
85h= pG-Tf2&pEGFR 443 | BL21(DE3)9] 7
£ 84 ST BAA Sdo B R334
%3 hEGF9] Band7} #E=SoH, 84 dHd=s
AgE]= D Qo] 45| =2 A0 = e THFig.
6, lane 3, 4). °] 23t= pG-T29] AFH|E thiliZEo]

S ==
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Az hEGRS] WY T3S
SR =S FULEX)

anHog AgA

HE~

AEE ZAHgsh= Zlow
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2__
e ——
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e
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Fig. 6. SDS-PAGE analysis for co-expression of
pG-Tf2 & pEGF/BL21(DE3). Lane 1: Protein
marker, Lane 2: BL21 (DE3) negative
control, Lane 3: Soluble proteins of pG-Tf2
& pEGF, Lane 4: Inclusion bodies of pG-Tf2
& pEGF, Lane 5: Commercial standard EGF.

3.3 lon Exchange chromatographyES St Xixgt

hEGF THHZIOf x|
pG-Tf2%} pEGFe] 3dS 59 A2 4-8/9] A
Z3 BGF whiize Ha g FGAIBE] A4 Ton

Exchange Chromatography (DEAE Sepharose
CL-6B)E AAI5F9Y. 20 mM Tris-HCl (pH 7.5)&
Base BufferZ NaCl9] =& 04 9 500 mM7}t
2 ARH o2 SEHA pl 3] xjojof wet TS
Eotqnh 484 ©iE2 oF 200mM NaClolA &
Zo] ik

i+ rhEGFE AAISH] $fste] ©A] DEAE
Sepharose Cl-6B ChromatographyS A35tich
20 mM Tris-HCI(pH 6.8, 150 mM NaCl) &#&-8Ho=
Columne HE3}slal NaCl¥ 5=E 150 ~ 200 mM

oflA] Wi HRFH o= &S AlEalHFig. 7). Fig. 79
ChromatogramollA] Hojxl 14HEE 179H71%]9] &
3 = DEAE-Sepharose CL-6B2] Chromatography
oA oF 160~170mM NaClojA 8&% EE0] tis}
o] SDS-PAGEE AAEFAL 9F 7 kDa 719] HAH

%3 hEGFE &1 st9tHFig. 8).

564

m
Mg
]
z
ms
£
190
120
1

000 160

aanaat At AAIAAR AR AR AR RRAAR AR AR AARAATS

00w DN 4R N B N W MWW D MW I W MW
1 17 Tow st

7. DEAE Sepharose CL-6B chromatogram of fractions
including soluble rhEGF resulted from first IEX
(Ion Exchange chromatography).

Fig.

(kDa) 1 2 3 1 5
100 p—

50 -—

30 | ey

15 ” : .

Fig. 8. SDS-PAGE analysis after Ion Exchange
Chromatography for purification of hEGF.
Lane 1: marker, Lane 2~5: purified hEGF.

AR EEE A% hEGF= BCA protein assay
ol A 4L AAstalon, Ud vjx] o o
chiflZ o] AARES AlAbelgnt. o2 AFElE HE QL
pGro7, pKJE7, pTf163}+9] 384d 792t HFARl v
WENE ste]  BdA FH = tisto]
Refolding ¥d& AZ & 47]9] Chromatography
IS 43t TS BCA protein assays AAlsto] Z+
| 1‘4101— 2% hEGFY] WaFge=ol oA &
FH v B2 AN AHE HE F pG-T27t
7V St EE SEVE Z2l Hlow pG-ThRet

pEGF9] B0l @2 A=Y hEGF= && HiA

o
=
=

-

r&"

=
o =
=

o oK

e}
=2

1 Literd 9 20.5 mg® 5 #F % %k 70 %7t 84
oA = 208 EAEQItTable 1).
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Table 1. Comparison of various chaperone types for
soluble hEGF expression in E. coli.

rhEGF
Strain Vector concentration (mg/{)
Total Soluble
pTf16/pEGF 15.4 3.7
BL21 pGro7/pEGF 17.1 8.9
(DE3) PKJE7/pEGF 187 7.0
pG-Tf2/pEGE 205 143

pG-Tf2(8.3 kb), pGro7(5.4 kb), pKJE7(7.2 kb),
pTf16 (5 kb)2 Z}Z} groES-groEL-tig, groES-groEL,
DnaK -DnaJ-GrpE, tige} &2 ©Hid-S x35lslal Q)
O groEL2 14709 MERUOZE o]FolA i1, &
BA0oZ folding®o] YAY ZE folding® = et
O|EE GroES%} #-&sto] FAHC=E foldingo] °lF
XA st= dTZ 5}5 RAog ATA QUrH29). TF
(Trigger Facton)®= &Y< HZX5k AEE £YS of
Aot ApElE ThifEo|tk(30). AAQ] AIk= pG-Ti2
9} pEGF9] Z&Hd AJAHIOA groES-groEL -tigo] A

Aol FEQ oujsls Aog HojAL)

3.4 T hEGF2| ELISA Assay

AQZS hEGF] =S BA4517] Y3l ELISA assay
7} +3=9et. ZF Control, Standard EGF, pE GF
Inclusion body, pEGF refolding, Native protein(AF
HE 388 M8 33y BHS ey, 24 A
£9] FE+E 16 pg/mLolA &35ttt Control

035 4
J ** *k
03 —E— * —i—
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Fig. 9. ELISA analysis of hEGF quantification.
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