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Abstract — Human epidermal growth factor (hEGF) can stimulate the division of various cell types and has potential
clinical applications. Since the protein contains three intra-molecular disulfide bonds, the high expression of active
hEGF in Escherichia coli has not been well researched, We fused the hEGF gene with a small ubiquitin-related modifier
gene (SUMO) by synthesizing an artificial SUMO-hEGF fusion gene that was highly expressed in E. coli (DE3) strain.
The optimal expression level of the soluble fusion protein, SUMO-hEGF with IPTG (Isopropyl-p-D-Thiogalactopyra-
noside), was up to 38.9% of the total cellular protein. The fusion protein was purified by Ni-NTA affinity chromatog-
raphy and cleaved by a SUMO-specific protease to obtain the native hEGF, which was further purified by Ni-NTA
affinity chromatography. The result of the reverse-phase HPLC showed that the purity of the recombinant cleaved hEGF
was greater than 98%.
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QIZY 749 M| 329 %4212}, Human epidemal growrh factor)i= 9o] A A 0 7 o} 2| Bl 28 s A EHA whil o)),
Sk} ~elg]- 73 (Stanley Cohen) BHAtel] &) sl hEGF®] F ¢ 282 HIAE ol Zo17hA A2 EL3} T4
CEIA A RAA R 9] e Gl A2 AR Al EEE 3 8= 715S gtk mu A xR £9F4 S 7y
g AL AR A Al FAEE o] elFe] A HEskA ds] 3 A Avbgel PES Frd &
; 3 7 AAERAA] BB E RS ol 1] FARel 2o
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e PEES YA ST QIS M EAZEAAE] 2 EE g
812 540w 3709 o)A Rt Efshs 53709 oAk ®
N-ZHetof| asparagine?} C-2eho] arginine= 2+, lysine, alanine,
phenylalanine®] A1 ¥ single polypeptide®]| TF. ®-AF&2 2F 6222
o], o)A plgk 4.780]t}, ol SH8HE ®i= Asparagine?}
glutamate®] 5= 717} 57119} 47l0] a1, S == Arginined}
lysine®] == 217} 370, 2700]}H4,5].

e AYrkS 93 S52 71 wol o] &5 & tidstollA
ek o] 3} A 49 B30 84 (soluble form) S 2
ko] %] oka1 H|EHI Q) -84 5% A (inclusion body) FENZ
LA E = A7 gk o] B84 SAA R e Tl o]
Bd& 71471 $laliA = A8 (refolding) ©HAIE A A oFgt Sl=
HARFo] it 2B O S 2 RE] SfeehiaS wE A
72 739, ddE s BHuo] 587 $RAVE obd 84 F
B2 B A7]7] 915 oheFst i Eo] AE AL QlThe]. o1 ¢
), a0 2 vk L g oty AL chul ] g3t IHE
HE E9ste] §8 9id Fe= B 7= o] ARE AL 3l
oh7]. A ] 8 WS HlEl] ol ARSE I gl &
3}E 1 2 & Maltose-binding protein (Mbp), thioredoxin, glutathione
S-transferase (GST), ubiquitin 5-°] It &3 IFEYE o]-&-5}o]
ST PR HHE S F3t ke 2 At ojsf
of &4 e ASHATH8g). o] 5 o]-&-at] HIFE (ubquitin)
S QXA ARIA ) Nl A 7L Tt o] & Ao
A1717171 §]8F Mbp-ubpl (ubiquitin specific protease)ys AHE-$Hct.

e e 24 A2-¥ pET-vectori= construct lol| polyhistidine
D& 7FA) 2 9t} o213t His-tage] 73-$- amino acid”} 6715}l
HA] o] wiel 2715 22 dejje] vl ol HoE
T TA o g Az dAd S vhE Fo mE gl oF
ol% Hrk= HelAdo] k. 8t His-tags E 3= vectors ©]
&3k, ddshs Hdo] 2 8AYAEE His-2E d%l& o] &
sto] MAZ AT FASE = Q17] witel vl-$- A=l stehs].
Histidine tag<> o}7] At Z2] 321 histidine©] 57 B+ 6717}

2%

A0 2 A o0 peptideo]th. b :AF A]Ho] His-His-His-
His-His His-tag 27}2] 545 o] 23} 21348 7 th A A] o=
T2 YA 73t A AHsH B, o] WS oFAFE IMAC
(Immobilized Metal Affinity Chromatography)°]2}al $H}H9].

2 ATt Ulo) 1% AZF hEGFS digo= A
Abeh Qe AN AA S AEstaakelit) o5 fl8)
et AIES] A S Q1gh wiekzd A s 223 hEGF

= 215 A7gskar, Ax3 hEGFE EesketAel 4

do
o
EN

= L3l AHY 718 A3t 1231 Mbp-ubplS-
f3Fo] gk S Hukslo 2 4 FA13E hEGF S E 97]
& S AT

2-1. ARBT T S 2 HIES| HIZ=

TTE AH-E BL21(DE3)E BZ3gke] 7hs¢t digatoltt. 4
2B A1 DNASTY 2= lacUVS promoterol] &3l 2 == T7 RNA
polymerase A AE X &3}, pLysS S84 = Yof 9= T7
lysozyme 7S X851 QT T7 RNA polymerasei= IPTGE
A7reta . ol WA WE ol Q1= T7 promotor® -8 &
Wz WS T3 T7 lysozymes RNA polymerase?] 442
©J A &}=H), E. coli BL21 (DE3)pLysS strainS g+ B -5 A0 11,
o] 735 oF7]) 8 4= Q1 lon protease$} ompT membrane
protease’} Ao =] St} 'DHAWE 24| 2] PET-15b WH & N-2¢
%:9] His-tag 41937} thrombine site?} Al 7§2] cloning site”} 2/ T}
T3 2 F-917F T7 promoterel] 2J3l AALE = AAIE 2 Qi
T7 promoter+= bacteriophage T72] RNA polymerase (T7 polymerase)
o] 5o]4 o7 W& &= promoter 4] G o]t} BL21plysS 7+
lac promoter®]] T7 polymerase= 74| 2L S1th. webA | IPTG 5=
AFE-31A lac promoters -5 T7 polymerase”} THE014] 12, ©]
T7 polymerase’} pET-15b & E] 2] T7 promoterol] AZ=3E +
AxE A 71Tk 283} B pET-15b vectoroll 21+ polyhistidine

AGCAGCCATCATCNTCATCATCACAGCAGCGGCCTGGTGCCGCGCGGCAGCCATATGCAA

6xHisTag

I->Ubiquitin gene

ATTTTCGTCAAAACTCTAACAGGGAAGACTGTAACCCTAGAGGTTGAATCTTCCGACACT

ATTGACAACGTCAAAAGTAAAATTCAAGATAAAGAAGGTATCCCTCCGGATCAGCAGAGA

TTGATTTTTGCTGGTAAGCAACTAGAAGATGGTAGAACCTTGTCTGACTACAACATCCAA

AAGGAATCTACTCTTCACTTGGTGTTGAGACTCCGCGGTGGTAATAGTGACTCTGAATGT

I->hEGF

CCCCTGTCCCACGATGGGTACTGCCTCCATGATGGTGTGTGCATGTATATTGAAGCATTG

GACAAGTATGCATGCAACTGTGTTGTTGGCTACATCGGGGAGCGATGTCAGTACCGAGAC

CTGAAGTGGTGGGAACTGCGCTGA
Fig. 1. Genetic code of fusion hEGF.
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ol NEehol] Ndeld} CHetoll Saclld] AFaAF-A5 2t Sl
FHARS XA, 7 ukE FHol LEWE S MCSH-9]
(multiple cloning site)$} Sac 112 AZA= o] UT}(Fig. 1). °1& &
3}o] hEGFS] NZete] Sac 119} CLe+e] Xho 1 35 H= primers
Azksto] hEGF 201 R} g2 710t

222, AF2| FEA! HIUYTA

kS Q)8 Eujok ¥-3]9] 15%7} HFE == LBHA] F9] S
Asto] Fepazel Yol Earsta, LB 1% ¥ &3t
Ampicillin 40 mg/mLe] ¥ =5 ¥ 1, Jgu]ek7] ¢4 37°C, 180
pm O % BHA WS ST o] & o miYFet] 21ske] 30 L,
300 L =187 100l ZH2 A% wliA] (Glucose 1%(8 =T ), MgSO,
2 mM(*24h), (NH,),HPO, 5.7 mM, KH,PO, 0.022 mM, <14k
0.0086 mM, casein pepton 1%)5 @1l B § FHIUFS AL A
3tk AE AYAS 98k uka 2 oko] uljek 2718 37°C, 300 rpm,
350 L/min 57|, pH 7.02 A3 3}ar 5413 B¢t ujeks3ith. EGF=
M HA) 70 ABAS A1ZE EGFS) inductions $13F 271
o8 FEAE HrreomA wd WEox] 52 S Wy A
71 WHo] Sl = WA 2= catabolite repressions # 43} A7
A&t ArL 270 whEo] 771 flste] @ 557t WA=
7HA] A loE F el Zo]7 k= o] Qi 2 ATtellA] ARS-st
FEAIE IPTG 1 mMS 371l 30tk IPTG 371 37°C, 300 rpm,
350 L/min 7], pH 7.09] 2712 & 5717+ o] wjokslict. vijek
o] By A% A7) E o83t 75,000 rpm, 0.4 L/min2]
o ® Az ot 358ttt

ZH MUz HERIXL 22| HHISE
NS SHTE AEAIX F 7,500 rpm, 20 min, 4 °CE
ato] sl thdatell 2ol Sl A S AlA ST
AH B gt 3399 15%7} E 5= Lysis buffer (50 mM Tiis, 5 mM
EDTA, 2% Triton X-100, pH 8.0)°ll AEAI AL} ¢413] SEted
homogenizers ©]-8-31%] 900~980 barel| Al A3} QI I}
A7F B dAndg ol gate] ok o] & wdsigict.

A25-21(7,500 rpm, 20 min, 4 °C)E- 5199 -4 Al (inclusion bodyys
S 33t A AE HA 12332 A4 (denaturation)
F oA S ZHs AR 3R R HE o $it o]
o] 7] W Eo] AlAl Hi=d], 7] M= pHE ]85k
F3k5lth. 1A E EAAE F99 1% HES S

I HEAHCE 1 N NaOHE 234 H7181e] pHE 11.5

| 4517131, o] 2ol A 30i3E Aol A F . o] A
ElelA= whilldo] B Folo] BB R X o3| 2w
AR A i}, o] F thA] pHE A3 1022 W11 107 vhe-
ATt 103 - glycines #HF 5 10 mM°] H =5 3713}
3] 50 HE pHE 9.07H4 UFTh HA o515 g9l ¥
A#-2](7,500 rpm, 20 min, 4 °C) $ 0.45 um filterS ©]-&3}¢
s AABA

olojA] AEmpE 7T YA AdS H et -4, hEGFl &
#=o] Q1= poly-histidines ©]-8-38to] M AZntE T 4
A S Jesic) 29 Hof| AREE resine - 2F T3S A3} resin>
Ni Sepharose 6 Fast Flows AH8-3F31Th, F-3] &= 52 w2 o] oz}
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resin?} Ztgo] WE ¢ 9l S ERIgk, 20~30 cnvh® &
=T} HE 958910 mM Glycine buffer, pH 9.0)°.% resin -3 9]
10815 S =) F 07 =d Fn)e vl MES F9eith
a3 BA o2 A S A A $3 A (EH Y SET 5
+6 mM Imidazole)2}-2 5 ZH -y 2 8 3kc}, wpA] E} N resin®|
22 hEGFZ 3|51 $l8ll £ 2@J 9548 + 60 mM Imidazole)
WAE 4 Z 5o = Kyt

2E R3o] b 35 © hEGFel Mbp-ubplE 48} BFS-A]A
hEGFel §&=lo] Sl f8]1F8 S AlASte] hEGFE RHso] T}
HH-&- 2712 hEGF §3] thn]3e] Mbp-ubpls 10% 3 7}skal
20 °CollA 24]7F BES-3IL}, o] FAE hEGFe] ¢1A o] Q= #4)
FARE EetA Alste] dket] whitell hEGFS} His-ubiquitin®]
2] 0 7 2] fck wkgo] Eibd, oA 13 A RelE TiuE
283} hEGF A& ol= imidazole©] 9102 & 2 A Ni resin}t
His-tag7t2] A2 913107 imidazole #1718 $Helol A2l & $ict.
3k ¥= 5 K cellulose membranes ©]-4-3Fit}. 3k, A3fol
Fol A7 10 mM glycine, 500 mM 3155, pH 9.0 © & n}
7] St 8- Wik 2 = o] gt} 8l E -2 His-tag™h
Ni resin?}9] A& ST AT

1A o} FA 3 HY 58N 21 0 2 53 F hEGFS} Histidine-
ubiquitin® 2 U¥lo} ol A8 5 T 28A M3 2=}
E 9] Ni resin®} &4l ]3] 2213 Histidine-ubiquitine
AZA7] 31, hEGFE flow through -3 2 3|4al =t 1 5%
©] 7] wi-e]l loading ¥ 3|3t HIE v 3 0% doj7itt
3]4* ¥ hEGF A59] §5¥ B2 w28 dsto] sk o
SRS o] &8 A A WS ARSIt SRR S EE
hEGF-&-< 3] thH] 30% (viw)y7t B =% Aol7baA H3s] 4%
A H71sle] ds] 59l - mellA 30 F XA 7 hEGEZ}
5] AR D), 9422 (7,500 rpm, 20 min, 4 °C)alo] FHE-S- 3]
Fretet. Alofzt g EukE T eu] gl 27 ek 90 9(FH resinF
thH] 3~5%)S 31L& 3l 100 mL buffer (5 mM Tris buffer, 4 M
Urea, pH 7.4)= dAgsit), oju] 55 ¥ Aejo]| B2 Tl 57}
FobA A= AATAE WAk, ek Wi Faj g &
‘4o & hEGFE] #all7} 28e 4= ¢17] whitell 4 M9 Urea?t 7}
2=

Aoy} g 7rbE JH9] 272 resin (S-200)°1 B 9825 mM
Tris buffer, pH 7.4)5 10 Z¥ F-3 &2 Z&Frt. Ao} A2vtE
JellA T4 AIES resin® ThH] 5% FI] 2 31910, 74
% 5 mM Tris buffer (pH 7.4)%5 +% 7.5 mL/min®. 2 ST} &
F3f| Lhes= Aol gal 8-S srato] 2 e Alstel 1
2] hEGF 24k A esigirt.

2-4. A

3 FEA(UV-1700)F ©]-8-5t0] Al EEEE 600 nmabgellx
=7kt 17]19%52 15% SDS-PAGER 313111, & ol 4
A2 LowryH] & 383} Ith hEGFS ==& ERIs] 918t
RP-HPLC (Reverse phase Hight performance liquid chromatography) -
A& sodeh o8 A (G 1L8HTFA 1 mL) ©1%84 B (1 L 871
ACN 1L%} TFA 1 mL)& A% $ Shimadzu HPLC System (Solvent
Delivery System: LC-20AD, UV- VIS Detector: SPD-20A, %
mL/min, 37280 nm, T4 : 20 uL)= FHH ©]Fd-S Foixl

Korean Chem. Eng. Res., Vol. 56, No. 5, October, 2018
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vl el 2 A (Vydac C18, 250 cmx4.6 mm, 5 um)-S S 34 AT},
hEGF 415 918h &ull7M = vhs 3 2Tk 20% o157 B-0.01%,
1323 1% A o] %4 B 57H0.01 to 40 min), 5% 2% 60% ©] =4 B
FA, 179 12% ©]%A4F B 222(45 to 50 min), 205 =<t 0% ©]
374 B A41(50 to 70 min)° |t}

3. 24 3 HE

3-1. CHERALHOIA R QIZ7F MMM ERIKIL| W

300 L AAEHHS7]o A ol okalal om, WS 213t induction
A7) wleF el Bo] OD 5~6914] 3H9ITE IPTG 1 mME 3
7}F8}9] induction 3 54 7+S 327} v ekalA e}, induction & 34
Al OD= 116031, 33 F-A1= 3 kgo|th. hEGF:= 53711<] o}
wAako 2 FAdEe] 9131, 6.2 kDa2] molecule weight©] ™, £-1]]
B2 767 9] ofn]:=AFO & 8.5 kDao|Th W3 671 2] Histidine ©]
A A= o] Qlo], Fig. 28} 2ol Td Ay} o] A7|YF
ARLE Hola ek, 2 T Alef] oF 17 kDa®] =17] % Uehdtt.

3-2. 289 SUdle| &l I JIEE!
A3 33 - hEGF= dH= 8t 2ol o gt 2t o348t Aoyl

M 1 2

kDa
212 — —
120 — — - vand
116 — _—
66 — —-—
6 — .
38 1 —

-
20 —]
.‘—> His-Ub-EGF

14 — e
65 —] - .

Fig. 2. Expression of hEGF by SDS-PAGE. lane M, protein size marker;
lane 1, before induction; lane 2, after induction.
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14 —

Fig. 3. Solubilization of insoluble expressed hEGF inclusion body. lane
M, protein size marker; lane 1, total lysate supernatant; lane 2,
total lysate precipitate; lane 3, solubilized inclusion body.

AESA B Aejo]| 27 o] 5 Zojx thA] A 33} 25
TSo] Fojofslt}, o] 74 pHY SHHE el WS o] f-ato] o
WAo] zky Qe AetE BU AH 2 WEo] IR E ZojF
th olw] 1 N NaOHE &34 78t §al58 o+ Fig. 3
4 lane 19 A 5-Noll EA3H= A Jane 201 A chaA o)
A7) EAS BolF a0 9t} lane 3914 FACE 3|5E 0] &
¥ &3 EGF WA 0] 17]9% APE Bolar i},

33, A timf 2z 3=2niETiulE ol28 22 Ml

o] gt T A S 2 HE histidine®] A2 %o Q)= hEGFIHS:
2] AAE] Sk eAlo|t). 27F wol<l o] Aghe £
%% resin histidine®] imidazole ring@}2] %13} ol 2|3l his-hEGF
SR A} Aehs givt webd Ze i =3te] et 7ks

9 10 ™M 11 12 153 14 15 16 17 18 19 20 21 M 22 23

¢ i

Fig. 4. SDS-PAGE of His-tag purified gradient eluates. lane M, protein size marker; lane 1, hEGF loading sample; lane 2, flow-through; lane
3, washed eluate by 6 mM imidazole; lane 4~23, Gradient elution fractions (10 mM~60 mM).
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siet. st A%E hEGFE G924 0% §ESA17)7] flst A=
1559 imidazoleS ©]-§3Ht}. 10~60 mM7FA] imidazole &%
—TLHHE sy AzvkE 19 g A3 Fig. 49) o] ofe] 8= &

1 1 %“;}‘ﬂ.mol AR AL 53] lane 107} 11014 L5 =2

1m

%}’“‘ﬂ hEGFE €71 93l &% His-ubiquiting Mbp-ubpl &

2E o] g3ste] Y-S AASICE ANl 9lo] &, AR, &
5, pHE©] 583 aR10® Aga7] wliol Rkg-2318 ZkTh
#4055 hEGF sample 73] tv] 4%ollA] 10% HL= 2413k
u1-2- 5491t} Fig. 5014 K= 1o} 7+0] His-ub-hEGF (2F 17 kDa)<]
fra)F gl o] AkE]E His-Ub (11.5 kDa)2} hEGF (6.2 kDa) S 2
ol ek 549) F 57 5% His-Ub (11.5 kDa)$} hEGF
(6.2 kDa)2| o] S71eES & 4 Itk 10%2] a4hsER o] &
Ak WS s3It

3-5. & Hmf Zizkd I=nlETIRHOIE o|8S 22| A

227 hEGFS} His-Ubs w2]sk7] 3l thr] 1sld A 2vhe
a3 E AFESEITE His-Ubs histidine] A2 o] ¢lo] Ni
sepharose?} 2 §+3}al, U A] hEGF+ Flow through®} Al %] %74]
(6 mM imidazole)°l| A S]5=Ht}. Fig. 62] lane 22} 3014 =5t
hEGFE 213t 4= 21t} lane 49} 521 60 mM, 100 mM §-% -5 3
A=At 3175 22] imidazolee] 23l o7 His-Ub-EGF S}
His-Ubs K051 Qltt.

(A)

kDa

Ft

AR

kDa

212

120
116
66

46

38

20

14

6.5

Fig. 6.

O AZF ehidatollA eI} AAl A 715

M 1 2 3 4 5

—f  —
—f  —

— ] —

) "- e

Second step His-tag purified hEGF. lane M, protein size marker;
lane 1, loading sample; lane 2, flow-through; lane 3, washed elu-
ate (6 mM imidazole); lane 4, elution fraction(60 mM); lane 5,
elution fraction (100 mM).

(B)

212 —
120 —
116 —

66 —

38 —]

20 —

6.5 —|

.-—>His—Ub—EGF

~ p— Ub-EGF
- EGF

Fig. 5. (A) Effect of digestion enzyme concentration. lane M, protein size marker; lane 1, fused hEGF (uncut); lan 2, 4% enzyme cut; lane 3,
6% enzyme cut, lane 4, 8% enzyme cut; lane 5, 10% enzyme cut. (B) Contrasted digestion SDS-PAGE. lane M, protein size marker;
lane 1, before enzyme digestion; lane 2, after 10% enzyme digestion.
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kDa

212
116
66

46

38

14

6.5

9 M 10 11 12 13 14 15 16 17

Fig. 7. hEGF fractions from gel filtration chromatography; lane M, protein size marker; lane 1~17, hEGF fractions.

3-6. 7|4 A =0LELE Of

251 &

2| A

w2 7% GAE 5Eo] A% fraction collector (Frac-
920 Fraction Collector, GE healthcare)E ©]-8-5}o] 2] 3}%t).
resin (Sephacryl $-200 HR) 6.7 L, <5 7.5 mL/min, 7} fractions-

tubell 45 mLA 807}5 o] #-2l8lit}. SDS-PAGER -4 4]
o= wE RIS v} gqlakA] ok 5748 F]1EkQiT). Fig. 7004
HIZo] Aol & waE diEo] 1WA 674 e,
hEGF= 4% -8 oflA] the 7] AJaHgit), o] Foll A algieql 7~11

mAU % Det.A Ch1
w
500
400
300
200
100
& 8
_ gE
o] { T
1 T T T T T l T T T Al T T T T T T L T T
[s] 10 20 30 40 50 60 70
min
1 Det.A Ch1/280nm
<Results>
Detector A
ID# Name Ret. Time Area Height Conc. Units Area %
1 RT42.124 42.124 341964 19040 2448 mg/L 2.448
2 EGF 42.915 13604373 542018 97.405| mg/L 97.405
3 RT48.291 48.291 9670 259 0.069| mg/L 0.069
4 RT50.553 50.553 10744 213 0.077| mg/L 0.077

Fig. 8. HPLC chromatogram of final hEGF.
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3-7. HPLC &AM

AR HF AFel st ERl8l7] $13ke] RP-HPLCE

o] &35t o] 5/ ARl HPLCH %—%#(0 1% TFA)Z $+413] 3
F3lE ANAT F F8]E AAE 20 uL T3 Fig. 82 A=t
EIE AT hEGF BEF7} hLoFO% 2L AFAITER] 42 min

of| A %Al E hEGFE <1313t Fig. 8ol 1.l 2 2ol #& hEGF
TR 98%0] AT

_E_
=

r+>

4.

[IF}
T

EGF 32 2h2 v 7€l &3 774 2Ksmall ubiquitin-related
modifier gene, SUMO), histidine -1 22} A %-5l32 DE3 th-dol| A
ST B g SEAIZ AL AP AEetE
I E AA Eefste] vt 22 dES ik

(1) IPTG (Isopropyl-B-D-Thiogalactopyranoside) % 7% 5}7 T
et ME T 0 38.9%2 TS WA ST

(2) Histidine™} 2 %3h= Ni 213Hd A 2vlE 789 2 EGFE 2

2] seleh. AA s Iz ekE Teu] oA gt Tzl et
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