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Enhancing the expression level of human epidermal growth
factor using the polyhedrin protein sequence of BmNPV
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Abstract: Human epidermal growth factor (hEGF) can be applied in the treatment of surgical

trauma (burns, scalds), tissue repair, skin moisturizing, beauty, skincare, etc. However, the low
expression and high cost limit the application of hEGF. In order to improve the expression level
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of hEGF and reduce the production cost, considering the high expression of polyhedrin, this

study fused a partial sequence of polyhedrin with hEGF and expressed the fused sequence by

using a silkworm baculovirus expression vector system. In view of the small molecular weight

of hEGF, we connected hEGF genes in series and optimized the codons to construct multiple

fusion expression vectors by fusing different partial sequences of polyhedrin at the N-terminus.

The results showed that through the above strategy, the protein expression level of hEGF was

significantly increased. The expression vector containing three concatenated hEGF genes with

optimized codons and fused with the sequence encoding 25 or 35 residues at the N-terminus of

polyhedrin showed the highest expression level.

Keywords: silkworm; baculovirus; polyhedrin; fusion expression
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1.2 AREMEKEFHEXEE R E
PLSC I 2 2 i 1Y & A hEGF (1K
fLfL)F1 hEGF-bias [H 4 % % 1 2 Fy {0 75
(Bombyx mori nucleopolyhedrovirus, BmNPV)Z%
FAEE 1R PR 97 285 {32 D0 Ak Sy fl
AT R AE 8 PCR OB AR, A
SnapGene Viewer # %t PCR 5|41, 4
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SIFIIILE 1o SOVAZR . 2xFast Pfu Master
Mix 10 pL, 1 pg/pL BEFRFARL 1 ul, 10 pmol/L
IE. 54 1 ul, ddH,0 7 pL, SRR
20 pL., PCR JZ W AR H: 95 °C 5 min; 95 °C
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4 T # &5 51ic 8 T-hEGF #1 T-hEGF-bias.
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PCR J5 2K 1Y 3%y A BamH 11741,
Sy A Bgl 1RGP 41, A Bgl 11 #1 BamH 1
[ R PERT, R — A 3RS —A
SR SuRAE, SEBEEBRNERN. 2 4
hEGF/hEGF-bias 3 [F £ It 5 (1) T 41 14 Ay 44
3 T-2hEGF #1 T-2hEGF-bias, T-2hEGF-NT F
T-2hEGF-bias-NT A& 2 |E %5 TAA )
] %14, 3 4~ hEGF/hEGF-bias K& [ 541 8 15 1
#4H 34K Ar 4%l T-3hEGF #1 T-3hEGF-bias,
14 2B8ZANKREBRIEFIIA pFastBac
E3RLNE R AEES

Pl BmNPV &4 B, 75 et &
Z MG F LUK SRS BmNPV ZMAAKEN N
% 5. 10, 15, 25, 35, 50, 100, 150, 200,
245 NIRRT 5, 4346 A pFastBac %k
& SnaB 1 #l BamH I {7 i, #8710 FhZE A
pFastBac Zki& . ¥ Bk BRBAECH 1 1) hEGF/

Table 1  Primers used in this study

Primer name Primer sequence (5'—3’)

hEGF-TEV-F GGATCCGAAAACCTGTATTTTCAGGGCAATAGTGAC
TCTGAATGTCCCCTGTCCCAC (BamH I, TEV)

hEGF-TEV-R AAGCTTTTAGTGATGGTGATGGTGATG (Hind III, 6xHis)

hEGF-bias-TEV-F

GGATCCGAAAACCTGTATTTTCAGGGCAACAGCGAC

AGCGAGTGCCCCCTCAGCCAC (BamH I, TEV)

hEGF-Bgl-F AGATCTGAAAACCTGTATTTTCAGGGC (Bgl 11, TEV)
hEGF+8-R AAGCTTGAGGACAGGGATCCTTAGTGATGGTGATGGTGATG
(Hind 111, BamH 1, 6xHis)
hEGF+8-NT-R AAGCTTGAGGACAGGGATCCGTGATGGTGATGGTGATG (Hind III, BamH 1, 6xHis)
M13-F CCCAGTCACGACGTTGTAAAACG
M13-R AGCGGATAACAATTTCACACAGG
HTB-F TTCTAGTGGTTGGCTACGTA
HTB-R ATTATGATCCTCTAGTACTTCTCGACAAGC

The underline represents the restriction endonuclease recognition sequence, the double underline represents the TEV (tobacco
etch virus) protease recognition sequence, and the wavy line represents the 6xHis sequence.
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43 pFastBac # A& (5-100), L3k 28 FrELdl
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A pE5—pE245 . pEb5—pEb245 . p2EH .
p2E5—p2E100 . p2EbH . p2Eb5—p2Eb100 ., p3EH .
p3E5—p3E100 . p3EbH . p3Eb5—p3Eb100, it
52 FPE 4] pFastBac # /A& (p: B4 ik ZIA, E:
hEGF , Eb: hEGF-bias, H: Fpq Ml fb J& 4f
pFastBacHT B #{4&, 5-245: & a5l &A A
Z R H &SI H (1) pFastBac 2k {A). 4l
pFastBac ZAAL5 4 R R E A& 1 s
1.5 E4H Bacmid HIFEER

P B FE 4] pFastBac 2K L AR

A
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FRILJG 37 CCHERRGFEE D 4 h, B 2-10 pL B
ORI EA FIRER . KRER . WHEN
b b, SPARESEEIRIRISS] IPTG Al X-Gal, &
T 37 °CHige, BRI RBEY KGR,
F M13 385 1Y) 7R PCR Bk, Al H Y
SRR A5 LN A& A 5% A A3 Bacmid ok,
2] Bacmid 0 iE IG5 $EUTORE 4 °CLRAF25 H o
H 2 Bacmid 43 5iC & BacE5—BacE245 .BacEb5—
BacEb245 . Bac2EH . Bac2E5—Bac2E100 ., Bac2EbH .
Bac2Eb5—Bac2Eb100. Bac3EH . Bac3E5—Bac3E100,
Bac3EbH , Bac3Eb5—Bac3Eb100 (5 #4H pFastBac
BTN, k52 FEEZH Bacmid FIAEHA
1.6 Bacmid FI55 3. FHHBHAIIREL

Fi¢ 18 Lipolnsect™ B A 21 g F% 4% 057 15d B
P 7 EH Bacmid B4y, B Y529 96 h K
# BmN 200 B S JE gy, ISR B RE
PO UE A FE . AR EET LN VES—VE245,
VEb5—VEb245 . V2EH ,V2E5-V2E100., V2EbH ,
V2Eb5-V2Eb100 . V3EH . V3E5-V3E100 .
V3EbH ,V3Eb5-V3Eb100('5 # 4 pFastBac #{A
FITE2H Bacmid X ), 3t 52 FhvdE ARG

BmNPV polyhedrin promoter
» and polh sequence

B BamH Bgl 11

TEV protease
recognition sequence

l]]]] hEGF sequence
6xHis tag sequence

. Termination codon TAA

BamH 1, protecting bases,
Hind 111

1 hEGF #fA pFastBac #{Kf5E4H pFastBac HALEMRERE  A: 2> hEGF HIk. B: 3 4~ hEGF il

Figure 1

Schematic diagram of the recombinant pFastBac vector structure after hEGF inserted into

pFastBac vector. A: Two hEGFs in series. B: Three hEGFs are connected in series.
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1.7 |EHFTESH

WA B I AR IR , 11T SDS-PAGE
F1 Western blotting 7347 . 5 F 15%HA% H 3k T il
e, FREREN 5 L., SDS-PAGE By 415K 70 V.,
2 h 30 min, #5 A #4T Western blotting £, |
SDS-PAGE J5 B 1% Sl td 2 h, Z
Je i 2R R I S IR B e, RV TR
RIRT AT LEAA I s #53E4T Western blotting £
WM, BEREAAE R 100 mA . 1h, ZJEH 5%
JBLRE W3 (TBST WS RVA AR EC DA 2 h, —¥t
(BT 6xHis HUA)IFE 1 h (BIRWIELHI, ke
2 000 f%), TBST %% & — 8 & M
(polyvinylidene fluoride, PVDF) I, 4k &/
10 min, ¥ 3 K, “HUHRP FRIcH LT
FLIgG)MF A | h (TBST ¥ AL T , #5510 000 £),
TBST %YL PVDF i, EKZE/D 10 min,
FEVE 3 Wk, I Ja il FH ISR A ECL fh2% ke fe il
177 &5 (enhanced ECL chemiluminescent substrate
kit) A IR

2 BER54

2.1 hEGF tHXEEMRE S

hEGF &4 53 N2 HER, XN DNA ff
K BEEH 162 bp, M LESINAY TEV 2 B A5
JF91 . 6xHis JF 1] . R A% B8 A D) T U0 7 s
J£41, FTLL4: PCR J& B4~ hEGF #1 hEGF-bias
KEEN 213 bp. BlgMHEERS R UK ZS R A&l 2 fr
T o A P 51 B BK 5 , 2hEGF F1 2hEGF-bias
K/NH 431 bp, 3hEGF il 3hEGF-bias K/NH
635 bp, hEGF HELS R EL T #iAMH M13
5 YT PCR B1IE, PCR P~ ¥ BEiE K/
FERFH K2 100 bp, 5 R 401K 3 F1ld 4 Fior,
PCR W) R/NMFG TN . FiRFT A i@ 1t PCR 4%
WERYEE AL T ARy 45 15 M . 7% 42 pFastBac
M5 8 BT T R 5 [ (HTB-F

&: 010-64807509

HTB-R)#47 PCR KiiE, PCR F=# it K/ R
(R RN+l G 2 8 R TR R /N+100) bp,
Hrp 2hEGF %4 pFastBac 254451 PCR
WUEZE R AE 5 R, R iR R E T
e, R/ANVEE ST, WP 25 RS H 4%
W IE A48 A 3 pFastBac A,

bp

1 000
750
500
250

100

B2 hEGF f hEGF-bias PCR # 1& /5 ik &5 R E
Figure 2  Electrophoretic results of hEGF and
hEGF-bias after PCR amplification. Lane 1: DNA
marker; Lane 2: hEGF; Lane 3: hEGF-bias.

bp

1 000

750
500

250
100

3 T-2hEGF. T-2hEGF-NT. T-2hEGF-hias.
T-2hEGF-bias-NT Z=4H T #{&#Y PCR iE

Figure 3 PCR validation of T-2hEGF,
T-2hEGF-NT, T-2hEGF-bias and T-2hEGF-bias-NT
recombinant T vectors using M13 universal primers.
NT is an intermediate vector without the
termination codon TAA. Lane 1: DNA marker; Lane
2: T-2hEGF; Lane 3: T-2hEGF-NT; Lane 4:
T-2hEGF-bias; Lane 5: T-2hEGF-bias-NT.
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bp

1 000
750

500

250
100

B4 T-3hEGF. T-3hEGF-biasZ4H T #H{KAI PCR
I

Figure 4 PCR validation of T-3hEGF and
T-3hEGF-bias recombinant T vectors, amplified

using M13 universal primers. Lane 1: DNA marker;
Lane 2, 3: T-3hEGF; Lane 4, 5: T-3hEGF-bias.

22 AFRFEMEEKEFHIERFRIEEN

AN TR 21 B 4N 3R Rz 4t i A TR 7 2
> T RIS sk 2 FoR, 45 1 JIFRE
41 hEGF A EZMikENAERKE,
55 2—4 143 FR 1-3 4~ hEGF B AR
ek EZMRERENS TR Bl 6 R
2 /> hEGF HHHXFRIKJ5 1) Western blotting £l
g5, WK AT LLAE ) hEGF Y153 T ah#
ik, ULEHRIREARM AT, WEHIE A LA
A TR R PR, HERT
V2E100 4, HoAx 8 8 i /N 5 e T 5AE
AR /N, ATRE /N PR EAEALAE T
AR TS, | 7 JB/R T hEGF kK FAHNT 42
e P4 R A ARG 75 IR e 40 ) 1) SDS-PAGE #6:
M5, IWERRTLIE ) V3Eb25 1 V3Eb35
PR AT B, A B R B R S T AR
(CAAEFTR), UL R B AR - hikal
U, 3 i B RS AL A AR B 2 MR A Y
G 2R RS ST LI4 i 4l hEGF MR 13k
Bk
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%2 E{HhEGF ERHTFEMME

Table 2 Prediction of molecular weight of
recombinant hEGF protein
Polyhedrin length/hEGF E (kDa)

2E (kDa) 3E (kDa)

number

pFastBacHT B 9.6 19.3 27.3
5 8.6 16.7 24.7
10 9.2 17.2 25.3
15 9.8 17.8 25.8
25 11.0 19.1 27.1
35 12.2 20.3 28.3
50 14.1 22.2 30.2
100 20.0 28.0 36.0
150 26.0 - -
200 31.8 - -
245 36.8 - -

E, 2E and 3E respectively represent the number of hEGF
series connected.pFastBacHT. B: Commercial unmodified
vector, with zero fusion of polyhedrin.

bp I 2 3 4 5 6 7 8 9 10

1 000
750
500
250
100

Bl 5 p2EH. p2E5-p2E100 E4H pFastBac F{KH)
PCR $iE

Figure 5 PCR validation of p2EH and p2E5—p2E100
recombinant pFastBac vectors. Lane 1: DNA marker;

Lane 2: Commercialized original pFastBacHT B
vector; Lane 3: p2EH; Lane 4—10: p2E5—p2E100.

kba I 2 3 4 5 6 17 8 9 10

45
35

25
15

10

E 6 V2EH. V2E5-V2E100 B3 BmN A&

F 3R IAHT Western blotting #3745 R

Figure 6 Western blotting analysis of protein
expression in BmN cells infected with V2EH and
V2E5—V2E100. Lane 1: Protein marker; Lane 2:
Uninfected cells serve as negative controls; Lane 3:
V2EH; Lane 4—10: V2E5—V2E100.
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kDa12_345678910
45 —w— |

35 —o—

25—-‘

15 —=.

» wSSEEESER

7 ARRAREKEFRIEKERSH/LME
BIFRHmEHRERIZH SDS-PAGE £ R

Figure 7 SDS-PAGE analysis of fusion expression
of several recombinant baculovirus with high
expression levels of human epidermal growth factor.
Lane 1: Protein marker; Lane 2: Uninfected cells
serve as negative controls; Lane 3: V2Ebl15; Lane 4:
V2EDb35; Lane 5: V2Eb50; Lane 6: V3EbS; Lane 7:
V3EDbl15; Lane 8: V3Eb25; Lane 9: V3Eb35; Lane
10: V3Eb50

3 WwE5E&#h

A5 R BmNPV ZMAIREH N i A
KEREILRRIFY S5 hEGF PHTRI &Ik
W, e A %N Tk, £ hEGF 3R 75
FRIBCRIA I s, JEM T 52 PRk 8k, Xt
NPEA T 52 R4 hEGF MR . i
— 3 I 2 R S, 7E K 4 BmN 4 il 3R
A H 4 hEGF £ H, ##id SDS-PAGE 1 Western
blotting 43 HrH:Fi Lk H V3ED25 Fl V3ED35 iX 2 Fif
AR B KE E EAFIRRRE, R A
FEBE R A RR KO R R DI ST AT, R
F AR 52 AT 45 A A 1 IR iR
g 2 m AT i R A A R g R
hEGF W55, hEGF i3k K -8 A o
AT B ER R BRI R B HA RS, 52
FAREE T N o 116 DMIERRRL A 5 365, MR &
YENEYI R VAR, TER AL ik A3k
FEAMMAAR R, A A=Y 6-7 pg/2x10° 4
AR, G I b B R 2 i gk B A A 2R
32 pg/mLM; EE( A L hEGF 545
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5 BmNPV il 125+, FREUAEL] hEGF &1
AR E N 28.4 pg/mL A IMKEA 33.07 pg/mL
IR R EL T R NEESR 3 RSP E 1Y
hEGF J7 41 R Bk, 7E 58 f HUIK rh 3R 36 it 36 3]
148.82 pg/mL, 7E Pso Fll Ppoi BUA BT,
FEE 2 3 Mk hEGF ByZiA 54351 K
148.82 pg/mL F1153.36 pg/mL!"; Rid (Y figim
i Western blotting i+ A F- B ] hEGF 1)
35, SDS-PAGE kil ANZRe 407, RME
T 2BRA " . A58 I %) SDS-PAGE i it
1778 T i W e ot mT LR 31 4 B 8 1 B
i, SCHT hEGF PR HERBRE RS
YRR3R IR . ARIFTE X TR AR AR A
Wy R g AT R RLEAE = hEGF #4755,

S TiE— 4% 8 hEGF (38 3k K7 BAT 8- 1
SR S MR SRR IE 76 R AT 0 A R
2Tk 1 2N SR R A A K R R A AR
W Tk 10 TR — 2N 2 R 4 I 7E BmN 4
R & AR P R IXE Y hEGF, IRR AL E
aifb ik, JExtalifeny hEGF EAE AT
YT REREIN 23T o
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