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Preparation of Recombinant Human Epidermal Growth Factor by
Hydroxylamine Cleavage
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Abstract The purpose of this study was to provide an economical and easy preparation method for
recombinant human epidermal growth factor (thEGF) without the need for an expensive enzyme to
cleave the fusion part. However, the N-terminal fusion part is still useful for affinity chromatography.
The hEGF is an important hormone in cell growth and proliferation in humans, and many studies on
the expression and purification of this protein have been reported. In the present study, the hEGF gene
was designed to be optimized with the £ coli codon usage preference and to contain Asn-Gly at the
N-terminus of the protein. The gene was inserted into pRSET_A, an E. coli expression vector, and
transformed into £ co/i BL21 (DE3). The recombinant fusion protein was successfully co-expressed with
pG-Tf2, a chaperone vector, in £ coli and purified by Ni-NTA column chromatography. The rhEGF was
then released by hydroxylamine treatment and confirmed by SDS-PAGE. ELISA analysis showed that the
activity of the free rhEGF was more than 92% similar to that of commercial EGF. The biological activity

of the rhEGF was confirmed by a cell proliferation test with human skin fibroblasts.
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A= Ao F4], 23t o, FHIY 3
Az AHE 5 TR A 715E 2R %
AT N E 71 HEpidermal growth factor: EGF,
oJ3} EGF)E 53712 obv]ieAHMW: 6,054 Da), 1597H
O] DNAR o|Zojx A% AR [1-3] Al #H &
Asl= 48491 Epidermal growth factor receptor
(EGFRYE &/d3foto] thefdt 4% HJeg Al 54 4
E3E 2HgTH4-7]. A2 APAIE 3% ARHKhEGE)
= F2 A, 38, 7L 24 SolA fEiE 19899
A A/E Yol A= e okE, Vs 3
E 5ol AgEolgtth6, 8-101. 18U EGFe HE &
=9 AN &3 o o]F &85 A 5TAC N
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i oy o o AR 5E AE, 25 Alx
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E. colPl A X delae o
Z Qlsto] B4 FEE dEEr=
7] I ohget A7t X glow
HogE= AHE 3UdES B8 7heA
UCH13]. AbEl 22 thdatollA dds= &
= AaA7IH 7R EE ST
(trigger factor) GroBES, GroEL, DnaK, Dna],
GrpE 5719 EA7F EAgtt. EgA QIA= A= &4
== EEelEE Aoy B4 ol HIS we
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E. coli BL21 (DE3) (iNtRON, Republic of Korea)
2} DH5e (iNtRON, Republic of Korea)7} @& ¥
d 9 Az EGAvEY o EE A% &35 AL
|Eoon ol IddS et WE2= pRSET_A
(Thermo Fisher, USA)7} AFSE Tt AFHE S
et A 9Fe WlE = pG-TF2 (TaKaRa, Japan)S
ARESIRATE #5= SOB broth (Biosesang, Republic
of Korea)& &3l #igstdrt. His-tag THES A
5171998l Ni-NTA Agarose (QIAGEN, Germany)<
ARE5Fth ELISA £42 Human EGF ELISA kit
(Aviva Systems Biology, USA)E ARE5FF 1L AlZS54]
Ao A= CCD-986sk cell (human fibroblast cell
line), IMDM/High Glucose (LM004-01, Welgene),
Penicillin/Streptomycin (SV30010, Thermo), Fetal
bovine serum (16000-044, Gibco), TrypLE
(12604-013, Gibco), 96 well cell culture plate
(3595, Corning), EZ-CYTOX (EZ-1000, Daeillab)s
o] ARGt 1Mo ARGE AlREE BT AFHiA|
oo &5l SHER st ARSIt
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=% pBEGFE[22] template® ARSI Forward
primer (pF)°ll HydroxylamineQ14] ofu]i=Ab AEA
Asparagine-Glycine (Asn-Gly)2] DNAAE AAC GGC
2} BamHI 914 A¥ GGA TCCE AYUoI3.2H reverse
primer (pR)= EcoR1 914 MY GAA TTCS F7}5tq
offl Table 13} o] ARSI, hEGF N-Zdol
Asn-Gly Ag& F716I57] digol &d 9 A4 &
Hydroxylamine 2|2 N-Utt g3 B Fi&o] AAH]
H Eafjo] hEGFETH N-geto] shte] ofu|iAl Glyol
o] S7}=jo] 54709] op|ieAlo & oozl AXF hEGE/}
=k PCR ¥FS-2 i-StarMAXII™ DNA ploymerase
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Table 1. Primer design for amplification of hEGF. The
restriction enzyme recognition site is
underlined. The hydroxylamine recognition
sequence is shown in bold.

Primer name Nucleotide sequence (5'-3")

ICGC GGA TCC AAC GGC AAC AGC GAT
AGC GAA TG

Forward primer (pF)

IGGC CCG AAT TCT TAG CGC AGT TCC

Reverse primer (pR) CAC

2.3 MZEEH hEGF &d HH {A=

PCRZ ZZ4 hEGF R3A-& BamHI, EcoR1 A
dEAZ A5 FUS AtEAZ FHst pRSET_A
HEjo] Aeisto] I #E pHAEGFE 75513 tHFig.
1). BL21 (DE3)S pHAEGFE 3&&3sle] Ampicillin
(Amp)e] 231 SOB HiA|o A viFstglct. FAxgd
pHAEGF/BL21 (DE3)= &d f5-5 &Rlst] ¢ &
Fo2 U HAEE WY} ODgooollA 0.60] =
T2 pHAEGF/BL21 (DE3)E ®l¥ ¥ 1.0 mM
Isopropyl-8-D-1-thiogalactopyranoside (IPTG)E
A71stant. Edl 2l 15% SDS-PAGE gel ©]-83}
o A7|9eoR Id FFE st
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GGATTC AACGGC hEGF DNA AAGCTT
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Fig. 1. Schematic representation of the expression

vector pHAEGF

2.4 pG-Tf22t pHAEGF2| S

2| hEGFE &4 FHI=0 T8-S B0 =3t AR
E3t9] FIdo] T AFolA AMHE WE F pG-Ti2
olo] FHido] AZAog B FHQrH22]. & ALofA
T &Y g Az dedS A7) st pG-TH2<}
9] FHAS AlEst9rh. £ coli BL21 (DE3)E
pG-TfR22 FAHT A|Z1 & Chloramphenicol (Cm)
ShRRE HiR| oA HieFete] FAMS fFE 1AH L
gelstal pG-Tf2/BL21 (DE3)= THAl pHAEGFE
AHE AFY. Amp 9F Cmeo] &8 SOB HjA]of| A
pG-Tf2, pHAEGF/BL21 (DE3)E A'gs}o] Hjgoio
10 ng/ul Tetracycling 7}5F] ODeoo?llA 0.6°] 2
712wk & 1.0 mM IPTGE H7Iste] 6A17Hs<t
2710 wjorslolct,
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2.5 MZEZ hEGF H M 33
HiFA-S 6,000 rpmOllA] 30& YAEZSH £ coli
£ 345}l pellet 1 g Buffer 1 (10% Sucrose, 0.1
M Tris-HCl, 0.05 M EDTA, 0.2 M NaCl, pH 7.9) 5
=2 Feolal 230t stk A o &Aoo 2 HE
16,000 rpmOlAl, 3027t U4l Eejste] =8/ Tzl
< P55 @8d A= Biologic LP System
(BIO-RAD, USA)2& 43st{tt. Column®l Ni-NTA
% Buffer 2 (50 mM Sodium
phosphate, 500 mM Sodium chloride, 10 mM
Imidazole, pH 8.0)2 1 ml/min°& columne B
kot 53 84 Z@HEE 0.5 ml/minoE

—iEs

agaroses 74



slol=8 Aotul WG ol Az

Azt AL A Az

loading 3}t &% peak’} YERGA] &S w7lX]
Buffer 3 (50 mM Sodium phosphate, 500 mM
Sodium chloride, 20 mM Imidazole, pH 8.0)Z A
Asto] 11 Imidazole %7t 250 mMo] == Buffer
4 (50 mM Sodium phosphate, 500 mM Sodium
chloride, 250 mM Imidazole)&H o2 E&3}%ct.
2.6 XX hEGFe| 8¢ Chutd Aot
A" AxF hEGF 8 13 mg/0) 1 wE
Buffer 5 (0.2 M Tris-HCl, 2 M Hydroxylamine, pH
9.0) 2 moll H7ksto] 45 TollA] 2 hr & BESAIFT.
°o]% HCI& ol-§3to pH 6.00% W5 n w335 2
AlFe AdwE gEo Labscale TFF  system
(Micropore, USA)& ©]-85t% 5 kDa membranel.2
E2 ol Qg hEGFE &ttt ol 15%
SDS-PAGE gelZ &3l 719528 42 siglth

2.7 MZEZH hEGFe| &M 2M
F42 Human EGF ELISA kit Z2&E2] A
o P51t 96 well plate©l standard human
EGFe} A2 713t H 37 Collk] 90 52t idsial
t}. Plate well o] Ri2X] Q& Hr g HAE AA &
anti-human EGF antibodyE #7I5lal 37 TolA 60&
Bt vliksiitt. Washing buffer2 33] A3 & 1x
Avidin-biotin-peroxidase complexE 7}kl 37 C
ol 304 HiFstal 53] Al TVMB LA 7t
oto] QHAloflA 37 TollA] 258 Higslal HA-8HS do]
Y8 FAAIF Microplate reader® ODgsollA A&
T 9 RS 7 2 well® 3] ¥R Z590ct
2.8 ME SA Al

CCD-986sk cell& 96 well plateo]] 2 x 10° cells/well
o2 %27] v&& 4% ¥ 10% Fetal bovine serum¥t
1% Penicillin/Streptomycin®] &7Fe IMDM/High
glucose G4 7|0 7|&d Wl w2t #ig 5kl
oH23). A¥E gxz7s 24 s=HEE 1%
Penicillin/Streptomycin IMDM HZ]o] 5]43}to] 96
well platec]l HiXE WA & 48A17F viFsiirt. o]
EZ-CYTOX & ol&std ugZ FZAR H
microplate readerZ ODus°lA &334 ZF A&
S 7 2709 wellollAl 3314 Al on HAgo=
HlolElE EA513itt.
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3.1 pHAEGF L3I 1=

FE #Zg}E hEGF DNAE PCRE £33l 43do
2 Hydroxylamine cleavage siteQl Asn-Gly A&o°]
4+ol=] hEGF DNAS 3E3192m pRSET A HE 0|
AQlete] e WEH pHAEGFE F-=3M¥thFig. 1).
pHAEGF H@HE7} 54 child whgdo] 7hs3hA] &1l
5t7] Y8l 4O R IPTG = Ed & SDS-PAGEE
S3ste] EA Rlskgr.

Hi5

3.2 pG-Tf2, pHAEGF/BL21 (DE3) B%&

H AFoA 9] 22F hEGFE= Hydroxylamine ¢l
4] A8 Asn-Glyol F7H=]317] wiZo] Atk Sol=
o] EGFET 1719 ohwieAt = Glyo] EGFE] N-&
ol 714 54719] ofn|ieAto g o]Fojxlom F7]
£ 9F 6.5 kDa°ltt. pRSET_AQ] ¥4 WEZ gt g3t
E119] 7]+ 9F 3 kDao|E& cloning 3 3% th
A2 9F 9.5 kDa9] I7]|2 Uehdt} SUAR dd==
22 A9 foldingS -+ groES-groBL-tig T
AZ HHSk= pG-TI2 vectorto] STEZ AP
o SDS-PAGEZ Z3E B4 cHFig. 2). Fig. 29
lane 2+ 84 @S BojE1 Qled °F 9 kDa
7oA 2E hEGFe] ¥do] western blot 40
93 &kl = QItkFig. 3, lane 2). 9] N-T¢t g1
7} 9= A=F hEGFSF pG-Tf29] T3 ®1[22]9h

Nf[ 1 2 3
{kDa}—
55 E 4
42 ]
24 .
15 W —
cw B

Fig. 2. SDS-PAGE analysis of expression by
pHAEGF in E. coli BL21 (DE3) (lane M:
Smart Color Protein Marker, lane 1:
BL21 (DE3), lane 2: rhEGF soluble
protein, lane 3: rhEGF inclusion body)
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AS5k= Z3TE pRSET vectorof|A] @d whfalo] N-
el 8= 6719 HisT epitope #-20] AFs| 22}
UM Q] Tl H3lof o] §ls AR fF5Hrh

M 1 2
(kDa
15
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Fig. 3. Western blot analysis of expression by
pHAEGF in E coli BL21 (DE3) (lane M:
Smart Color Protein Marker, lane 1: BL21
(DE3), lane 2: rhEGF soluble protein)

St
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3.3 =g hEGF| XA

Wd® hEGF= N-gwo] 6719 His 7719
Imidazole IIF¥ Eo]ZQl HigddE & & U=
Ni-NTA column chromatography2 533t} A
HUcHFig. 4). E coli v &4 ol g4
loading 3t Th3 A28 458H(Buffer 3) 02 F-EI
AIASFL Ni-NTA columno]l 23 Azx3 hEGF=
250 mM ImidazoleZ A% 2= AM&st] 8EAH
HFig. 4).

5}

at 280

orbance

Abs:
(1wl sozepiuy jo uopenuLIUO,

e !

1020 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170

Time [minutes]

Ni-NTA agarose cloumn — immobilized metal
affnity chromatography of rhEGF conditions:
in 250 mM imidazole buffer (Buffer 4) elution
with flow rate 1.0 m¢/min; chromatogram
representing protein concentration at 280
nm.

546

£&55 YU EL 15% SDS-PAGE gel& 53 £4
H At Fig. 59] lane 3+ 250 mM ImidazoleZ &%
H AE2A 9 kDa A4 @Y bandE UehH 4
34 AxF hEGFY AAE Hojsal Qich

Fig. 5. Analysis of rhEGF purified by Ni-NTA column
chromatography (lane M: Smart Color Protein
Marker, lane 1: sample loading step, lane 2:
rhEGF column wash step, lane 3: rhEGF
elution step)

3.4 =8 hEGFo| 8% Ej1 Htt

Hydroxylamine2 #5F7] §kg-2] &4 2 2 2
o} Eojx o oAl AHY Asn-Gly 2 A
SHe S22 ARSE o] ItH24]. <=3t 23 hEGFE
A7] A3l 45 ColA 2 hr B9t HydroxylamineS &
Adste] 8§ ®HI FEO HAdo] SYP=HUrh
SDS-PAGE #4(Fig. 6)°llA §&=17F &olSl= Az
3t hEGF (2F 9.0 kDa, lane 1)7} lane 2°fA
(Hydroxylamine A& Al&) ¢F 3 kDa A&7} Zlotdl
chld M2 yepd 123 hEGFe] N-2H g8
AEHorE  AA=EASCl I EHih
Hydroxylamine®® A" A= 5 kDa
membrane cut offE E3J4 AR hEGFS 3|531%
tHlane 3). BCA protein assayS 53 535S &%
3t AT FEY oF 12.5 igo2 B AP A4 AT F
o9 N-Eh g0l glo] WaH" A=Y hEGFY
Gt FARE AR YetTH22].
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Fig. 6. Cleavage of rhEGF fusion peptide by
Hydroxylamine (lane M.: Smart Color
Protein Marker, lane 1: rhEGF, lane 2:
cleavage rhEGF, lane 3: cut-off rhEGF)

3.5 MZg hEGF S8 24

N-Tet 88 #l71 F&o] AAHE =23 hEGF &
AZE ELISA assay® £4] F it ControlZ BUA|
Fe 9] A2 hEGFE Ar8dt9i2H, standard EGF2
A& EGF7L ARGE NI} 5Ye 2o BUA B
9] A3 hEGF= 7157801 A9l gl Aoz veht
control24] A3 Z0g MAEQIct & AT}
A AL & A ETS] 3d 9 Hydroxylamine A2
£ 5 A= hEGF7H Al ds &% A= hEGFR
ot oF 8% t] =2 TS HolH H4YPL] standard EGF

ot 92% ALl SARE EHYEE JeERJ QL)

100

*k

80

60

40

20

Standard
Human EGF

rhEGF
inclusion body

Refolded
-rhEGF

Co-expressed
-rhEGF by
chaperone

Fig. 7. ELISA analysis with anti-human EGF
antibody (p € 0.05 = *, p ( 0.01 = **
< 0.001 = **¥)
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3.6 MZ8 hEGF| ME B4 Al 24
Hydroxylamine 2] & A€ AH=F hEGFY Al

=Z4] e DAL GFS 917 o *é%o}*ﬂ

CCD-986sk?] Al 254 Aoz H7} =it &

£ 53] A" AZF hEGF= 0.1 WA 10 ppm ﬂﬂ
T HRolN . J&Holy FAZHCE {3t

(p€0.05) FEO=2 AFotA|o] AFAE E-ok=
Aoz YePGtHFig. 8).
1404 -
2 130
c
.Q *%
£ 120
8
S 1104 g
s
3 1004
(3]
90 v T 7 T » 1
Control 0.1 0.5 1 10

Concentration (ppm)

Fig. 8. Cell proliferation test of rhEGF
(p €0.05 =% p <001 =*, p{0.001 = *)
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=5 Holal MIESAA[PIM CCD-986skel EAIk=
EGFR¥} 235l foufshA sk X 07 AlzFalE
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RS affinity chromatographyS ©]83t 80|35+ AA|
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