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Expression and Characterization of Porcine Epidermal Growth
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WANG Yang, YANG Gui-xiang, WU Bo-lang, ZHANG Wan-jiang, HUANG Wei-hua, PENG Xian-feng

( Guangdong Key Laboratory for Veterinary Pharmaceutics Development and Safety Evaluation, College of Veterinary Medicine,
South China Agricultural University, Guangzhou 510642 )

Abstract: [Objective] Porcine epidermal growth factor (pEGF) can stimulate dormant primordial follicle into active follicle
and stimulate growth of gastrointestinal (GI) tract and repair the GI tract in pigs and it may enhance productivity of sows and reduce
the stress of early-weaned piglets, so it is necessary to develop recombinant pEGF. [Method] According to the codon usage
preference of pichia pastoris, a pEGF gene was synthesized and the PCR was performed to obtain pEGF-6-His fragment using the
synthetic pEGF gene as template. Then pEGF-6-His fragment was cloned into plasmid pPIC9. The resulting plasmid pPIC9-pEGF
was linearized and transformed into pichia pastoris by electroporation, multicopy strains were screened out by dot blotting analysis,
and the target protein in the medium supernatants was purified by His-tag affinity column. The purified protein was analyzed by
Western bloting using anti-His-tag monoclonal antibody, amino-terminal sequencing, and in vitro bioactivity assay. [Result] The
stronger hybridization signal of the transformant in dot bloting, the more obvious target protein band from this transformant was
observed in Tricine-SDS-PAGE. An immunobloting band was observed in the western bloting analysis, and N-terminal amino-acid
sequencing showed that purified products contained two peptides. The N-terminal sequence of one peptide was the same as the
sequence of the natural pEGF, and the other peptide was Glu-Ala-pEGF. Finally, the expressed pEGF fusion protein could
significantly increase the proliferation of BALB/c 3T3 cells. [ Conclusion] These results indicated that a recombinant strain which
can effectively and stably produce recombinant porcine epidermal growth factor with high biaoactivity was obtained.
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FHEEMSERE L. TIWAPREEY i TREEK
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(thEGF) FIE /MR A KK F (rmEGF) 75K
RPN AR AT R R A
KA 4RIE - Oka S5 HAE 1985 HI KT 18 1A 2 b P
thEGF , {H & 5 9% 2 B35 b thEGF H A 1.026
mg- L', Ebrahmi-Rad 25 T K 4T i 3% thEGF i,
FIRRIE ARG (MI5/pSE) , 41 J& Ji o vl s v 2
[k 0 120 pgL', 1 H3KIAM thEGF %} Balb/c
3T3 4GS IS MEAG; 1A BL21/pET32 RIARA
Rk B AT 20 pg L', Yamagata %5
Bacillus brevis 73 i % ik rthEGF, &k &1 ik 260
mg L', Clare 25 [ ¥ R RE ok /) WA 255 rmEGF,
TIHIE T 28 VS AL, 45 a3 IA
HTIA 447Tmg L', SR RO S R RE SR A
thEGF {788 300mg- L%, LAWY A Y H i,
X HE ] pEGF ik MHRIENIR > . Pascall SFRIETE
Saccharomyces cerevisiae ik T /D[] pEGF [Ffl&
B AP 2001 4EFEE L] 6300311B1 18 7 H K AT
W IA Rl A 8 A 6His-pEGF, JH] Ni-J ik 41 i
A RIL ), AHERIE TP C-oin i A 19 ASKIE
TRIEBRATER; Lee M Y/RIETERIA RS
HIhFIL T pEGF, i & RHK = 870 mg L', {HE
WAL A RIL =R 71, R RIS =it
Fretiqel®, DRI R IA I 55 T ELRATAE-80°C o
i) pEGF M LLEAT R IR . AHETTh

THAFRE AL R REIT T8 BRIl R LA S 241 pEGF,
DI T AT TE . LA DRI CHE ) R ] AT ST
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1.1 R

FEI TR E.coli DHSa, JHT ki 14 5 4%
e, TR RS 1 A VRN SR ARAT
pPICY #ifk. HE IR GS115 kK. GS115/His+MutS
albumin #FE, W4T INVITROGEN /A,

Qiaprep Spinminiprep X 7] & M Qiaquick Gel
Extraction X 7l & W H Qiagen 2w ; [H L &
[0-32P]dCTP, W4 [ Ak 4@ AP 2% A 7] s Takara
Random Primer DNA labeling X5 %, J | TakaRa 2>
Al NPT His-Tag B 50 B 54K & i-NTA
His-Band Resins, % H Novagen A .

Balb/c 3T3 4l |5 o [FARFE B ek dr by b
SN PP DMEM SERERTIRIE. G- . 8
Ha. HEER. KWW E GBICO AW, EAANER
S A KT (Recombinant Human EGF, hEGF) , %
PeproTech House A ] . Cell Counting Kit-8

(CCK-8) , Dojindo Molecular Technologies A ) »
1.2 RWHE
1.2.1 pPICY9-pEGF FiAHMAMMHE 45 pEGF 11
IR 7 51 LA K B R R i i m ar e, AN
4 % pEGF JEA . DLEG %) pEGF BEPA A5k, it
—XF 514, A L3S 54 Xho T 42 SnaB [ 2
[P, RSP0 5 S gmh 6 A2 %R LA &%
EcoR [ fi7 4, #E47 PCR 4. PCR ;“#F1 pPIC9 ]
Xho T #1 EcoR T MEATXUNGY), WD) BEAGREBENL
ik 432 J5 F Qiaquick Gel Extraction &7 &k [Hl1i 210
bp ] pEGF J BRI 8 000 bp 445, SRR EATE
BN o ERE AL E.coli DHSo JES2 540, 1]
Qiaprep Spinminiprep & 7| G HE HBH #4110 Tk,
HATHED) % e U7 %02 « SRS I E A RIAE AN
pPIC9-pEGF.
1.2.2 pPIC9-pEGF #: 1k ek e B 5 41 i hi
pPIC9-pEGF H Bl Il B VIZkPEAb )G, SRA b ik
TLIERE GS115 B2 541l 2 Pichia Expression kit



11 TS BRBEREFESRIRER P RS L% 2595

IV, 75 MD Je MM “PARC W% % e b7 i A= K
(RS LA o A IR AR 2
1.2.3  BEAZASITE L4 VUESHAL T 1F Clare 257
JrE AR BT s o g D RN AL
TET 100 ul YPD BiF7IEM 96 FLHH, 30°CH; I
48 h, HL 10 pl #APE Bt YPD 5575350 96 FLA 1,
AREERETE 48 he SRJEEEFLEL 50 pl H5FRI BT 2 ml
LY, BOE REE, H 80 pl AR

(lyticase) [P REZ i 28 iy S5 & 41 M i, 37 °C
24 4 h, 100°CYER] 10 min J&, 37 BLE S5O RN TK
W, IR 20X SSC, 15 EIZ . A FHBE
FAATINFERS B4 IRV 2L Ve A% R R 4T 4 3L
b, ARVERG 80°CHUKE 2 h, BEAZALE, IATAATH
ZAT 4 he M5 CEGF514 AOX primer 5-GACTGG
TTCCAATTGACAAG-3', 5|4 pPSEGF primer 5'-
CCTAGGGAATTCTCAATGATGA-3") M pPIC9-pEGF
YK 535 bp & pEGF MM A B, H
Qiaquick Gel Extraction 7% [ PCR 724, LAZA
%, F Takara Random Primer DNA labeling 57 &
DL [0-32P]dCTP #EAT R, R E b e B o Kb
MIEREF INANTRARAS I T, ZACid . EMYS, HUH
IR AT 4 2 5 A 24 ho K5 iZ B AR AE Bio-Rad FX 471
A B34, TR 28 DAL T
1.2.4 pEGF [FRaMalifl, PR AT Ik 1)
P NUEAL T T 40 ml BMGY B:97 15597 16~18 h,
By, AEUEA 10 ml & 1%Casamino Acid [1]
BMMY #5553k, 1% FEESRE, 207 0.
24, 48. 72. 96. 120 h B 100 pl Li%, 2 Schagger
261 7R BT Tricine-SDS-PAGE 4347, ik ik &
e IR A TR

¥ TRUEHRF 400 ml BMGY 5973, 30°CHEM

Hid® 16~18 h, B5.0, 25 B3, 41 fu#%Fh 100 ml BMMY
BRaRsE, gkeminigR, M 1%TIEES 96 hy BT
FEIR I L5 BRI pH (H 28 7.8, B0 240 i K v
F, B0 BT Ni-NTA SERERTREZidk, ek
Fie 1 ml AR5 5] 2 ml EP 4. BU& EP 45 it
Wi/> &, 4T Tricine-SDS-PAGE 4347, #4-07 #IU 8 (1%
JBEIBOAE 1 L 10 mmol-L™ (IR ZE MBGENT 24 h, SR
HRAE

1.2.5 RIEFWINM % &

1.2.5.1 Western bloting # Ni-NTA SR 2412k
= Pyii AT SDS-PAGE HiJk, 3484 PVDF Jii. £ 141,
R /N BIETERPT His-Tag ¥ 5ipEPLA (Novagen

AF]D) BLK BRI A Al AR i 1) LSRN R 1eG 1
AT G Y5 BN IV o

1.2.5.2 N W &EmNy WOREH TR RIE
FE, FZEIRKE R, TN B-3i3E L E (ZOREE R 5%) »
100°C [V 10 min, AF55F K —hi it it . SR 5K
FEF 4T Tricine-SDS-PAGE HiJk LA M2 %% PVDF Jiit.
& H 453 1) PVDF 5% g e AR M) R B
AFVAT N s PSRRI T, W5E N i 15 SRR
Bt

1.2.5.3 FlGEAEMERAN  Balb/c3T3 41 &
10%/N - L3 (1) DMEM 1983k (Se 4R g7l B4R,
7%, Mg 2 5x10%ml", PIA&ESL 100 ul
IAE] 96 LA MuRzFetlet, 37°CHiFR 24 h, HE 1%
/NFMLIE DMEM Ri7R%E (GERIEFRIL) YUK
12 h, JMARYIFREP) &4 L) pEGF £ s hEGF
PSR R FRIE CRRANRIE KP4 NESD , 37C
YLz SE 48 h, Jin 10 pl ) CCK-8 ¥, 37°CAEH 2h
JEdllsE 600 nm AR E(E (OD)

1.2.6  ZEikarhr  mila s s A I i D Ao
Excell 2000 #AH3E4T student T 5, 437 LL# pEGF
XL S5 thEGF 4% 40 IR 384 5E 4 FH 117 25 5 o

2 HRSH

2.1 pPIC9-pEGF FiAFIKHHIE

DA BRI pEGE BE RN BSEH B RIS 1404 48
—/M) 200 bp Fi B, I Xho T AT EcoR T 4354} % PCR
PP pPICY BAREATIGVIEAL, BEDIEIY pEGF
J Bt pPICO #ifhk v BOIATIE AL, SRk
HEATHE RS FR, W PCR 714 (1) 45 S ) I — 4 K/hg
200 bp 1457 (B 1-A) o $FEHUEE PCR 25 5 Ky B
(K% I sk, ) Xho T AT EcoR 1 XUE§), BED) 74
HL K B n] 4 K/ N1 200 bp (114575 (B 1-B) &
XKW pEGF-6His F B 2l ZhHh v B £ pPIC9. T
45 R K W] pPIC9-pEGF #i ik 4di A 1f] pEGF K 7471
5 &A1 —3.
2.2 ZENEEHLFHIFILES pECGF IS

FEIRHEAY T ] MD BRI MM AR 5 Hox) B ) T
PP, ZEPRI 200 MLt T, 3 Mut+

(R P BT H%E A Mut+. Mut s

RN THH, BT VE TR Ik 2 35 DU %
W g0 2. 28 NS AT (55 B
b7, 40 A8, B2. B7. B8. C6. C7. Kkl
PEOUE AL, 05 BGMY Fl BMMY K4 A h;
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A1, 2: W PCR F“HHUKIE; M: DNA 43 FHiA5iE DL2000; B. 1:
FHPERE AL T U SORE G D HLBK s M DNA 931 itbsif DL2000

A. 1, 2: Agarose gel electrophoresis of PCR products from pPIC9-pEGF
transformants; M: DL 2000 DNA marker; B. 1: Agarose gel electrophoresis
of pasmid from positive transformants; M: DL 2000 DNA marker

B 1 IBs#ERIkE
Fig. 1 Agarose gel electrophoesis

TR KIS pEGF. £i& L1 Tricine-SDS- PAGE
vk 4 B L 3. ME 3 wLUE H, pPICY # A1k
TSRS RG2S H s a4l
(VKI& 9) ; pPIC9-pEGF Z % N4k T I3k B,
FEANFALTAE 6 kKD~14.4 kD 2[4 W] b 112 11 447
GKIE 1~6) , #8 DHMZ ()i 1, ik Bihal
T4 R .

T 0 o w =

D3. D 4: pPICY #4t.77; D5 D6: A#:4L¥) GS115; D7. D8: pPIC9-pEGF
Joki: HeA pPIC9-pEGF ¥4k 1

D3, D4: pPIC9 transformants; D5, D6: Untransformed GS115; D7, DS:
pPIC9-pEGF plasmid; The other dots were pPIC9-pEGF transformants

B2 MmRRIHESENELT
Fig. 2 Multicopy strains isolated by dot blotting

2.3 RIEFYHBGELEEE

2.3.1 FIEPRaith Rk BiEiE Ni-NTA g
AR, SR E AR AR 2. 3, 4 UM (&
4) . NE 4 vTLUE H, RIA Bt Ni-NTA SERIHE,
R AR = NIRRT 5 R A e s e
BN 82 mg L',

2.3.2 Western bloting 73#1 TR FHRIA L
5% Tricine-SDS-PAGE Hi vk LK i 155 , FH BT His tag

1~6: FEUECAFR 6 AWK RIS B 7: GS115/His+ MutS
albumin [} FRIE LW M: AN TRbsdE: 9: pPICY #ifksAL
TP RE B

1-6: Induced supernatants from 6 different multicopy strains; 7: Induced
supernatant from GS115/His+MutS albumin; M: Protein marker; 9: Induced
supernatant from pPIC9 transformant

B3 ZHENESHNLTHIRIELER SDS-PAGE 54
Fig. 3 SDS-PAGE analysis of expressed supernatants from

multicopy strains

1~8: 3 1-8 ELO R BEIEG M: S BRI 1 bl
1-8: Aliquots from 1th-8th eluted solutions; M: Protein marker

Bl 4 FiAs EEZ Ni-NTA di{k 5 SDS-PAGE 434
Fig. 4 SDS-PAGE analysis of the products purified by
Ni-NTA affinity chromatography

AT REPURIEAT S BN (B 5D o RS 1.
2 YK ] LR AT o

2.2.3 NIRIERIMF Ni-NTA SEREE4ib %Rk
PP Edman FEEVEEAT N a0 EERINT, KIL
FEM R EAT 2 420K, 3N 5610 15 RIEMIEIE N 7
514y %) 4 NSYSECPPSHDGYCL # EANSYSECP
PSHDGY .

2.2.4 RIKWIREMERI Al i) Rk e gt
Balb/c 3T3 41U vE (Kl 6) - ME 6 I, 5
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1,2: AABIFIETY): M. FHLEE AT 1 ibri

land 2: Purified products; M: Pre-stained protein marker

[E] 5 Western blotting %
Fig. 5 Western bloting analysis

25 AR HEAR LE, AWFERIA 440 1¥ pEGF 4 (1 X4) Balb/c
3T3 4l BAT &35 i A s s s o (P<<0.01) , S5
AN B A DRI 0 B 0 4 B S S PEAR L, ot
¥EER (P>0.05) .

oD

0.5 L L 1 I
1] 1 10 100 1000

#IE Concentration (ng'ml™)

& 6 i CCK-8 MERI4E{LFTIEF=4 pEGF-6His XF Balb/c
3T3 M MIEE
Fig. 6 Bioactivity of purified pEGF-6His on Balb/c 3T3 cells
by using CCK-8 assay

3 itig
3.1 pEGF EE S FKIE

T RIRH pEGF 7EAE RN il R 1, BT A
AHIFTUR ] 43 WA B F 1R 38AK pPICY A Ae) it B 4H I 2,
4 7t pPICO Bi44A b7 %ifih Saccharomyces cerevisiae
o factor 15 5 JIKFF 41, I MR HT 1] BAS- b B 7
o FEZMIRILHIERE T, 55 Ikn] i SR REAA N
(Y125 (I KEX2 J¢ STEL3 YIkk, b Glu-Ala EEJF
FI e HL G STEL3 VIR o AHIF T I 45 S B 4l

VS A MWBR: — &K N-3 15 DN AR N
NSYSECPPSHDGYCL, 5 K%K pEGF HIJFH—5; 73
— SRR N-3ig 15 ML ) EANSYSECPPSHDGY ,
Vi W] TR 7F %214 pEGF-6His I, A ¥4 By
Glu-Ala VA58 4%

AWFFAT BN A R TR B e s R A A R RS 5
Fik L35 pEFG nlik 82 mg L. A, i%FEN T
FER L —ANRERRIA I TR, X5 12560 TR
B pEGF 35 [R] 1) 25— A HE /IR I REA FH A6 d v
(1) B0 - DA SRR DR TR g I 22 4 DU S A 1 Ok
3.2 FRIEFHIRILEL

T AE TR AR (M 2liAk, R R IA AR pEGF
FED RN BT gt 6 N 2 AR 251K DNA R B .
PRI L R R TR 8 1) 5 73R8 B I Ni-NTA SiERIAE
i, PR AAiER S (B 4) o im HNRIEFE YR
BALB/c 3T3 4L 40 e 385 4 FH K&, pEGF 12
KUl 6 AN I-BA I B g LAY . X
LKA HRIER 6-His-pEGF AN H 6 Bt i)
i SR (SR (V8
3.3 SDS-PAGE #BERHP FERARIIR

1 133 [¥] SDS-PAGE FHLUK R IN 22 4% UL AL T 1)
FHIRIE LIEFRHE AN, BAERRESTRANT
10 kD 145, 1R =2 HIEH % (Tricine)
-SDS-PAGE HLik I LW S 27 6~14.4 kD Z [l
M—FMEMERALT (F3) o (HEE 3 R
FI#EEE A4 F oW 2 KT pEGF-6His /% Glu-Ala-
pEGF-6His HJHIR{E (4374 6.97 kD, 7.17 kD) ,
1M HAE western bloting B 52 2R IA =¥ 5y EAE
WL 11 kD (B 5) o XML G A H e Sk A i
P b R A F RS B0 E T 547 His-tag (&
A FifE SDS-PAGE H /3 1 & LU S Frsr1 =K, 1 H.
¥ SDS-PAGE (1) )5t BE, XF UL AT T 1R
SDS-PAGE M8 40 #7 1 8 1 e iV vE 5, 5
SDS ity 1 AT TRL T, 7RI AR T mBHIIZ 3,
FARE FK S H TR S IR PR B R S L s T
7 His-tag IRIRlG 22 750 T3 6 A7 1E Ha far (1) 21
R, ¥ ILAE SDS-PAGE HiT #4518, iy 5 51
SDS-PAGE M %15 T LB AP, eAh, Lee
S EE IR RERIA R FRILIEA 6 AN AL Z b ic i)
pEGF, 7& SDS-PAGE L/ western blot 73# & 1,
pEGF #1718 K/ 5 2 5L 7 4 HEWT 1K) 43 1 B A —
B, Rt AT SDS-PAGE L J% western blot 4341
Jr OB B (AR HE A 40 T R K LG AR A T BE A2 il
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6 MEFbRIEFTEL,
4 g

4.1 ARBFFORI AR e SR T B A A A2 5 1) 35 1
A HCT pEGF JERl . I DRIRA) S 11 43 b R Rl 4k
pPIC9-pEGF HUFEAY 5 NYESRIERE 5 , 38 JBUR 1 A4
FRHLE I YIbRciETiE T 245 U1 pPIC9-pEGF #4511
FER T FERR

4.2 XPTREEMRIETY), H His-tag Sz 4li4k
J7iE A E 4] pEGF 2l A ] 95%LA .

4.3 RWFFUIRAFHIFE N TR BT R L W E 4] pEGF
HAR 2 F .
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