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Modified baculovirus system for high expression of Bombyx
mori bidensovirus NS1 in silkworm

Guohui Li, Mangmang Li, Qian Zhou, Zhaoyang Hu, Qi Tang, and Qin Yao
Institute of Life Science, Jiangsu University, Zhenjiang 212013, Jiangsu, China

Abstract: To improve the expression of heterologous genes using baculovirus expression system, we constructed a novel
shuttle vector based on the Bm-Bacmid. In the Bm-Bacmid, partial sequences of Chitinase and Cystein Protease were
replaced with a tandem cassette of Cm and egfp through homologous recombination. Bombyx mori bidensovirus (BmBDV)
nsl under the control of polyhedrin promoter was inserted into the modified Bm-bacmid by transposition. For comparison,
BmBDV nsl under the control of polyhedrin promoter was also cloned in the wild type Bm-bacmid. The resulting
Bm-bacmids were transfected into the cultured BmN cells to prepare recombinant virus to infect silkworms for expression
of BmBDV nsl. Total proteins of hemocyte from infected silkworms were subjected to Western blotting and ELISA
analysis. The yield of BmBDV NS1 with the modified vector was three times as much as that with the unmodified vector.
The method to improve the yield of BmMBDV NS1 in silkworms will facilitate the function and three-dimensional structure
study of BmBDV NS1.

Keywords: Bm-bacmid, Bombyx mori bidensovirus, NS1
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143

48 bp
1 659 bp

323

[9-11]

Protease

1 HHE57*®

1.1 BRI, B, HmERF

128 kb pUC119 pFastHTB-P;.-egfp-SV40]  pFastHTB
(81 pKOV-Cm
Escherichia coli DH5 DH10B LB
552 vBm-bacmid-nsl
972 bp vBm-bacmid
(Amp) (Kana)
(Tet) IPTG L-(+) X-gal
OPD NS1
Abmart
IgG-HRP (BSA)
Chitinase Cystein Hind III Pst1 Xbal Spel
Bm-bacmid Sac] T4 DNA Taq pMD18-T
NS1 «C ) (D
NS1 1.2 FHFER pUCL19-USLCmHP-egfp-SVad-
DS BI#E
Primer Premier 5.0 4
US-F  US-R  Bm-bacmid
551bp US US
Bm-bacmid pUC119 Hind III  Pst1

*1 KMREESIYIIR
Table 1 Primers used in the study

593

Primer name

Primer sequence (5'-3")

Enzyme digestion site

US-F

US-R

Cm-F

Cm-R
Pi.1-egfp-SV40-F
Pi.1-egfp-SV40-R
DS-F

DS-R

nsl-F

nsl-R

GCAAGCTTCGTATGCGTTTTGCTCGT
AACTGCAGCGCGCCAAGTTGGAACT
AACTGCAGCTTCGAATAAATACCTGTGA
AATCTAGAAACCAGCAATAGACATAAGC
GCTCTAGAGTAGGTTATTGATAAAATGAAC
CGAGCTCGATCCAGACATGATAAGATACATTG
GCGAGCTCGGAATTGATTAATCTGTCG
AGAGCTCAGCAGTAGACGCAAGTTCG
ATACTAGTATGGAATCGAAGTCAAATTT
TACTCGAGCTACCCATAATATTTATTATATACG

Hind III
Pst [
Pst [
Xba I
Xba |
Sac |
Sac |
Sac [
Spe |
Xho I

Underlined letters indicate restriction enzyme digestion sites.
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pUC119-US 1 h L-(+)
Cm-F  Cm-R pKOV-Cm pBAD-gbaA
1039 bp Cm US{Cm}P;.;-egfp-SV40-DS  Bm-bacmid
PstI  Xbal Cm
pUC119-US Cm|-P;i-egfp-SV40|  Bm-bacmid  Chitinase
pUC119-US-Cm | Pi.i-egfp-SV40-F Cystein Protease

Pic1-egfp-SV40-R pFastHTB-P;;-egfp-SV40]
1544bp egfp
Xbal Sacl egfp
pUC119-US-Cm ]
pUC119-US-{CmHP;.,-egfp
SV40 DS-F  DS-R
Bm-bacmid 519 bp DS
Sac | Sac [
pUC119-US-CmP;c1-egfp-SV40|

DS Sac [

pUC119-US-Cm}HP;;-egfp-SV40}-DS
1.3 33 Chitinase #0 Cystein Protease &%k
A1 ¢ Bm-bacmid
US-F  DS-R pUCI119-US-
P..;-egfp-SV40-DS 3 653 bp
US-{Cm}Pici-egfp-SV40}-DS
DNA DNA
200 ng/pL pBAD-gbaA
Ba-bacmid
DHI10B 200 uL.  DHI0B
5ug US-Cm}{Pic;-egfp-SV40}DS
30 min
0.2 cm 23kV 200 Q
25 uF
800 uL SOC 37 °C

http://journals.im.ac.cn/cjben

Bm-bacmid (20 pg/mL
Cm 50 pg/mL Kana)
LB
Bm-bacmid
PCR Chitinase  Cystein
Protease Bm-bacmid

Bm-bacmid (ChiA /CP")

14 REREZSREFE NSLEAMESR
Bm-bacmid BY#9iE
nsl
Bm-bacmid (ChiA/CP")
nsl-F nsl-R
nsl
Spel Xhol
pFastHTB
pFastHTB-ns1
2] Bm-bacmid
DHI10B
5ng pFastHTB-nsl DHI10B
42 C 45 s 800 uL SOC
37°C 225t/ min
2 h 100 pL 40 pg/mL
IPTG 20 mg/mL X-gal
K'T'G" (50 ug/mL 5 ug/mL
7 ug/mL )LB 37°C 3648 h
PCR
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pFastHTB-ns1  Tn7L-Tn7R
Bm-bacmid (ChiA/CP")
BmBDV NSI1
(ChiA™/CP")
15 HIEEHBRSLE
DHI10B
Bm-bacmid-nsl (ChiA/CP")

Bm-bacmid-nsl

Cellfectin®
(Invitrogen)
BmN
96 h

BmN BmN
96 h
BmBDV NSI1 vBm-
bacmid-ns1 (ChiA/CP")
vBm-bacmid-nsl ( Chitinase
Cystein Protease ) BmN

96 h vBm-bacmid-nsl

1.6 Western blotting 4 #7#0 ELISA il
5 uL vBm-bacmid-nsl

(ChiA™/CP") 4 (306
) 30
5 uL vBm-bacmid-nsl
30 4
27 °C
NSI1
Western blotting ELISA
NS1
1oouL 4°C
12h 5% 37°C 2h

PBS-T 3 3 min
NS1 37 C lh
IgG-HRP 37 C 0.5 h
3 OPD 37°C
2 mol/L H,SOq,
492 nm
BSA oD

30 min

2 HR

21 FAEK pUCI19-US{CmHPy-egfp-SVAQ
-DS MR IZ
US{Cm|-
[Pic1-egfp-SV40}DS
US Cm
iel egfp
DS pUC119

pUC119-US-Cml-P,.,-egfp-SV40}-DS

1

PCR
US-F/US-R 551 bp US
( 2 1) Cm-F/Cm-R
1 079 bp Cm ( 2
2) P;.1-egfp-SV40-F/P;.;-egfp-SV40-R
1544 bp egfp ( 2
3) DS-F/DS-R 514 bp
DS ( 2 4) US-F/Cm-R
1630bp US+Cm (
US-F/P;.1-egfp-SV40-R
3174 bp
( 2 6)

2 5)
US+Cm +egfp
US-F/DS-R
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3688bp US+Cm +egfp 9) Pie1-egfp-SV40-F/DS-R
+DS ( 2 7) 2058bp  egfp +DS
Cm-F/P;e;-egfp-SV40-R 10) DNA
2623bp Cm +egfp ( 2 PCR
8) Cm-F/DS-R 3137 bp
Cm +egfp +DS ( 2
Hind 111
Pst 1
/. Xba 1
MCS
Sac |
pUCIIS  |— _ Hind I
3162 bp
Us
Pst 1
Anip pUCI19-US | Xba 1
> 3673 bp Sac | ot I Cm
P 1079 bp
Amp
. Us _
Hind 111 Pst T
538 bp
l Hind 111
Us
st |
_ pUC119-US-Cm
e HJS — Ampry 4752bp Cm
/PSt 1
,a‘r.fL Xba 1
4 Sac
Amp [pUCT19-US-Cm cm ac |
Sae ] DS -egfp 6296bp &\, ¢
Sac
514 bp P
‘ . P, —egfp—sv
sl Paegsvi0 L xpa oo ol
1544bp

Sac | P, —egfp—sv40

DSgac 1

B 1 F|HFHK pUCL19-USICmHP, -egfp-SV40-DS B RIZ R =
Fig. 1 Strategy for construction of the recombinant plasmid pUCl1 19-US-- P;.i-egfp-SV40-DS.

http://journals.im.ac.cn/cjben



ZFEE FFRRBARENENRBITRBERERRRS NS1 REFE

bp M 1 2 3 4 5 6 7 8 9 10

4500

2 NNN
J Vv

2250
1500

1000
750

500

250

B 2 F|HFHK pUCL19-US-CmHP;,-egfp-SV40-DS
HEE
Fig. 2 Identification of the recombinant plasmid

pUC119-US-[CmHP.,-egfp-SV40}-DS. M: DNA marker;

1-10:  the PCR  product amplified from

pUC119-US-[Cm}P,,-egfp-SV40[DS  with different

primer pairs.

2.2 E4H Bm-bacmid (ChiA/CP") HIXE
Bm-bacmid (ChiA/CP")
Bm-bacmid 3A
Cm egfp Chitinase
Cystein Protease DNA
Bm-bacmid (ChiA/CP")
Bm-bacmid ( 3B)
Bm-bacmid
PCR
( 30 1 3 5 7 9
Bm-bacmid (ChiA/CP")
Cm-F/Cm-R Cm
Pie1-egfp-SV40-F/P;e;-egfp-SV40-R egfp
Cm-F/P;.-egfp-SV40-R Cm
egfp US-F/Cm-R US Cm
US-F/DS-R US Cm
egfp DS4 DNA 2 4

6 8 10 Bm-bacmid
Cm-F/Cm-R  Pj;-egfp-SV40-F/P;.;-egfp-SV40-R
Cm-F/Pj;-egfp-SV40-R US-F/Cm-R  US-F/DS-R

Bm-bacmid (ChiA/CP")

2.3 WARWUE
Bm-bacmid (ChiA/CP")

Bm-bacmid
(ChiA™/CP")
4A 24 h
48 h
96 h 80%
96 h BmN
1h 10%
BmN
4B 24-96 h
Chitinase  Cystein Protease Bm-bacmid

(ChiA/CP)

2.4 E4H%mE vBm-Bacmid-nsl (ChiA/CPY)
B &
Bm-bacmid (ChiA/CP")

nsl

M13-F/M13-R
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PCR Bm-bacmid 5
280 bp nsl Bm-bacmid
Bm-bacmid 3 200 bp (ChiA/CP)
A
N
Bm-bacmid
Chitinase & Cystein protease
Poeglp—sv40 [ DS
lef7
A
11 bp overlap
B
US-F DS-F
—> —>
wt Bm-bacmid lef7 _-—
o -«
US-R DS_F
US-F  Cm-F Pig-egfp-SV40-F DS-F
. —> —> —> -
Deleted Bm-bacmid g7 RGN SNCHIR) Poegl-svi0 LGP — 667
(ChiA~/CP") USR r y
Cm-R P, —egfp-SV40-R DS-R
C
bp
4500
3000
2250
1500
1 000
750
500
250
Cm-F P -egfp-SV40-F Cm-F US-F US-F
+ + +

+ +
Cm-R P, -egfp-SV40-R P -egfp-SV40-R Cm-R DS-R
3 BB ELH Bm-bacmid (ChiA/CPY) BIMEREREEF PCREE

Fig. 3 Strategy for construction of Bm-bacmid (ChiA”/CP") and confirmation by PCR analysis. M: DNA marker; 1,
3,5,7,9: deleted Bm-bacmid; 2, 4, 6, 8, 10: wt Bm-bacmid.
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24 48 72 96 (hp.t)

»

pBm-bacmid
ChiA~/CP-
(Chi ) 20"um 20 pm

B
96

vBm-bacmid
(ChiA-/CP")

4 FERTUREZE BmN 48R oh R B A (8] R O B L RN R
Fig. 4 Fluorescence micrographs of BmN cells transfected with bacmids or infected with virus at different time
points.

bp M 1 2 vBm-bacmid-nsl (ChiA /CP")

25 WMMHEALAFRSBEHREMAZT NS1 &
HBVETE

vBm-bacmid-nsl (ChiA/CP")
vBm-Bacmid-nsl

vBm-Bacmid

( 6 1)
Western
blotting NSI1
IgG
BCIP/NBT
5 48 Bm-bacmid -ns1 (ChiA/CP") & PCR %5 vBm-bacmid-nsl
Fig. 5 Identification of the recombinant Bm-bacmid- (ChiA/CP)  vBm-bacmid-nsl
ns1(ChiA/CP") by PCR. NS1
Bm-bacmid-ns1 (ChiA/CP") vBm-bacmid-ns1 (ChiA /CP")
BmN NSI( 6
3) ( 6 2)
ELISA NS1
BmN 96 h vBm-bacmid-nsl (ChiA/CP")
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kDa

250

130
100
70
55

40
35

25

El6 MEREMREMAD NSIEBLETE

NSI1

Fig. 6 Western blotting analysis of BmBDV NSI
protein from the hemocyte of silkworms.

BmBDV NSI

3 Wik

Possee 1413
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