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Abstract: [Objective] The study was conducted to investigate the virulence enhancement on Helicov-
erpa armigera single nucleopolyhedrovirus (HearNPV) by baculovirus chitinase (ChiA). The HearNPV
chitinase gene was cloned and expressed in E. coli TB1 and BL21(DE3) ,respectively. And the bioassay was
carried out to evaluate virulence enhancement. [Method)] The PCR product of the chitinase gene was cloned
into the prokaryotic expression vector pMAL-p2x and the pET-32a,and then expressed in E. coli strains
TBI1 and BL21(DE3), respectively. The BL21 (DE3) products were used for bioassay. [Result] The chiti-
nase (ChiA) was cloned and confirmed by sequencing and then inserted into expression vectors resulting in
pPMAL-p2x-ChiA and pET-32a-ChiA. The pMAL-p2x-ChiA was expressed with a yield of 15. 8% of the to-
tal cellular proteins in TB1 while the pET-32a-ChiA was expressed with a higher yield of 26. 8% in
BL21(DE3). And the soluble products were 20. 0% and 30. 2% to the fusion proteins expressed in TB1 and
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BL21(DE3) respectively. The BL21(DE3) product was fed to the third instar larvae of the H. armigera for

bioassay of virulence enhancement. The bioassay results showed that the mortality was 36. 6% higher than

the control virus at a combination of 1. 0 ng/mL of soluble ChiA to HearNPV. [Conclusion] The virulence

of HearNPV could be enhanced by soluble ChiA expressed in E. coli significantly.
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1.1 # #

1.1.1 & # M HR Helicoverpa armigera ,
HearNPV %%, HearNPV R [H 40 DNA, KW 5
TGI, TB1 fil BL21 (DE3), % ik # {k pMAL-p2x,
pET-32a, 3 2 P4 A 4 Ak B $2 R 27 4 Ok 27 B 1 9
1.1.2 4K # JLFEFAK pGEM-Teasy Vector,
T4 DNA % 45 il S AH B (9 Buffer 22w, %11 A
Promega A v, BR#|ENVIEE . Tag DNA R4 [ .
DNA Marker, 2 [ J& 4> T = 5 fE, ¥ 8 Takara 24
A PE A BRI E ALY (HRPY FRICH £ PR TG,
W A V% e A W N w) s DNA [HISGR ) & . 1 B b

HRRAEY AT,
1.2 F &
1.2.1 314t 54m S HearNPV J[H 4]

4255 (GenBank % 5% %5 AF271059) i ChiA 3K
B4 KR8 B He A 5 IR A IR FE R B R
g n & BamH T 1 Hind I 8§ Y] 07 45, %3151
Yot DA T AR, Bt bW 9  E
CR RN I3 R B O 8

ChiAexp-F: 5-G GGATCC GCT CCA CCC
GGC GTT CCC - 3" (BamH 1);

ChiAexp-R:5-G AAGCTT TTA AAT CAA
TCT ACT GTT TGT ACC - 3'(Hind ).
1.2.2 PCR # % ) HearNPV H:[H 41 DNA ¥
AR, 1. 2.1 sy 8 ChiA 2K, PCR
FRZ N 25 pL:10 X Buffer 2.5 pL.Mg™
ANTP(2. 5 mmol/L) 2 L, F F#E5I ¥4 0.5 pul.,
itk DNA 0.3 pL, Tag DNA R 458 0.3 pL, W&
7k 16.9 pL, PCR Y IEFLF K94 CHIASH: 5 min;
94 CAEME 45 5,55 CH M 45 5,72 CHEM 1 min, 30
MEH s B J5 72 CHEAR 10 min, PCR =¥y 4ifb
i DNA [0 & B 15 3547
1.2.3 RiEzxEHEAHE BEYE PCR =Y
5 pGEM-Teasy i [ 1K 1% # #9 & & 241 51 ke
pGEMT-ChiA, & #2 7 W) 5% AL K 1w TGI, £
Fr 88 E IE A S . bR SR R R B R B BamH 1
1 Hind 1%} 5 2 Bk pGEMT-ChiA K ik 8 /K
pPMAL-p2x,pET-32a 73 5 k47 XUAE VI . [ IF 26 Ak
H R B ChiA, 43 5 5 2 P b 3K pMAL-p2x,
pET-32a % 4% . 15 3| # 20 £ IK 8K pMAL-p2x-ChiA
1 pET-32a-ChiA, % BamH 1 F1 Hind [l A fiff 4] %
GEE HEOE S o B o4k R B AT | TBL M
BL21(DE3),
1.2.4 m&ERaWiFTREBMEGRYH &
53 90 Hk O B PR SR 1) SR AR TR B s R L T 37 C &R
BoPE LB AR 32 3 35 55, A1+ 100 R L
MR A NP LB KRR R .37 CIRG IR E
ODgo H0. 5. /1A IPTG EL ¥ A 0.5 mmol/L,
37 CiESH % 6 h;6 000 r/min B0 3 min, IEEE

2 L.



5 2 0
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UL D T A N SN T 7 2 A e W TR
T4 W% SDS-PAGE 438, 3 J§ GS-800 Calibrated
Densitometer (Bio-Rad, 3¢ ED) HFH M E LA ILT
JoT Tl i, PRI B LT o AR 1 A R0 AT A L
T (RO . BRI LT BEG 0) 8
Ao AR A IEWR P LT B .
VE W CE R LT R ) B T AR I e
5 —80 CLRIF#H .

1.2.5 @k&&aeiahn PO f 3

e 2y L F AN [ b B O3 S54RI IR 2 mm® AR Ry CED
SEL 2 IRE IGO0 B R R B H OSSR e TR T
o BUWALE 30 Ryl H A 3 . 4 M ilsa iRk
Py f 2 pL (1 HearNPV il #2017 (10° PIB/mL) ,

1 M

2000 bp

1000 bp
750 bp
500 bp

250 bp
100 bp

1650 bp

B 1 HearNPV ChiA #:H 1 PCR =4
1. ChiA FEN ) PCR 724 ; M. DNA Fr#E DL2000
Fig. 1 PCR amplification of HearNPV ChiA
1. PCR product of ChiA; M. DNA Marker DL2000

2.2 HearNPV ChiA EEEXBEHERHFRIE
2.2.1 pMAL-p2x-ChiA £ X 4 #H TBl1 ¥ & £
5 SDS-PAGE HLyk 255 (B 3) BoR, 5 P11 X |
TB1 M. 5246 pMAL-p2x-ChiA B TB1 %35 T 41
FHEZ) 100 ku WEEREE A ., RAWILT K
it 1) 2 1 S R B R A 15, 820, T Rk LT R
fitf 2 1Y 20. 00 A Al s dE ik . O Tl 8 ik =
Wy IE e . H MBP B siBEHUR 1T Western blot
HeZ HE R AE LY 100 ku b AT PHME A0, B S
SDS-PAGE 5 PE 54T .

2.2.2 pET-32a-ChiA /£ X % #F ¥ BL21(DE3)

Horp LT B fg s oKk ¥ 43 51 0. 5,1.0,1.5 F1 2. 0
pg/mL; RIR% 2 ASXF B X IR 1 (CK1) 25 HearNPV
(10° PIB/mL) 7K & 1% ¥ ; XF #8 2 (CK2) &y HearNPV
(10" PIB/mL) + pET-32a 25 #5155 5 3¢ 15 W) H 24 ft
WL Trx S EM 2.0 pg/mb),
1.3 HiEAIE

N DPS & F %t i 5 5 o A7 4 W S5 Ak
R

2 AR5

2.1 HearNPV ChiA EEHMREREARKMN
pMAL-p2x-ChiA #1 pET-32a-ChiA Myt

Pl HearNPV ZE[H 40 DNA Jy itk . 4 PCR §"
WSR2 1,65 kb 9454 (K DL, PCR & 5
pGEM-Teasy # # . ¥ JC 1R J5 , 437l ¥4 2 3R ik 2 Ak
pET-32a-ChiA #1 pMAL-p2x-ChiA, %4 BamH [
Ml Hind T WEFYI 452 T 5 B K/ —30% DNA
B 2) R R IR AR L) .

M 1 2

2000b
P «—1650bp
1000 bp
750 bp
500 bp

250 bp
100 bp

K 2 ®E4 R pET-32a-ChiA F1 pMAL-p2x-ChiA
XML 45 5
M. DNA #5# ;1. pET-32a-ChiA ;2. pMAL-p2x-ChiA
Fig. 2 Digestion analysis of the recombinant plasmids
pET-32a-ChiA and pMAL-p2x-ChiA with double enzymes
M. DNA Marker;1. pET-32a-ChiA ;2. pMAL-p2x-ChiA

# & ik SDS-PAGE K45 R (K O Box, 501
X IR BL21(DE3) A It . ¥ k. pET-32a-ChiA ) DE3
TR T FIREZ 80 ku MY & R . 5 Hilit
FRMEAS TR A -, H 6 X His fHrit
%7 Western blot 2438 43 #7, 45 H- B/~ 7 80 ku &b
FHVE 2% A7 8 5 SDS-PAGE F¢ 5 M 4541 AH AT
R EARBIER.

Sy AT B F Ak 09 LT AR 1 A B R B R
FIIR 26. 826, T 23K JL T J5 filf 26 11 19 30. 2 % hy vl 5
PERIL, BIRB| PSR AW O RS Y
W h, ¥ B pET-32a-ChiA 7€ K B I 1
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BL21(DE3) BRI = WE M EH .

M 1 2 3 4 5 6

100 ku
»

97.2 ku

|

66.4 ku

44 3 ku

- —

B —
3 pMAL-p2x-ChiA fE K IAFF I TBL i kik
M. &0 Tibrie; 1,2, iR R IK M pMAL-p2x-ChiA;
LESEIEN pMAL-p2x;4. i £ k0 TBI;
5. TB1 1§ Western blot 43#7 ;6. pMAL-p2x-ChiA iy
Western blot 43t
Fig. 3 Bacterial expression of pMAL-p2x-ChiA
in E. coli TB1
M. Protein Marker;1,2. Induced pMAL-p2x-ChiA;
3. Induced pMAL-p2x;4. Induced TB1;5. Western
blot for induced TBI;6. Western blot for pMAL-p2x-ChiA
2.3 HearNPV ChiA E B3t HearNPV B %11EH
M 1 0[50, HearNPV ChiA & (A%} HearNPV
A WBAEN AERGR TR A 5 K EE AL T B
FITRINZKE R 1.0 pg/mL B, B AT 7= Az 8 3% A 34 54
fER (P<0. 05) iz A3 N iy il AL IEAE T- 3 (DL
fT FRAE T %) B % B CK2 5 36. 6% ;11 CK1 584

29.0 ku

20.0ku_n.‘

K 4 pET-32a-ChiA 7E K #F# BL21(DE3) i iy £ ik
M. A T EARE; 1,2, 55 F£iK M pET-32a-ChiA;

3. WS RIAM pET-32a;4. 55 #3519 BL21(DE3) ;5. BL21(DE3) [y

Western blot 4347 ; 6. pET-32a-ChiA fij Western blot 43 #f7
Fig.4 Bacterial expression of pET-32a-ChiA
in E. coli BL21(DE3)
M. Protein Marker;1,2. Induced pET-32a-ChiA;
3. Induced pET-32a;4. Induced BL21(DE3) ;5. Western blot for
induced BL21(DE3) ;6. Western blot for pET-32a-ChiA

Trx bRZHE AR CK2 A H A mIET- R 22 R A R
# o ULHI bR S 8 B AR T3 fE . (LT 5
AT INK - 2.0 A 1.5 pg/ml i, 85 2 1
455 KIBETH 4 M CK2 @ 47. 0% Al 42. 6%
RO B dE Y (955 6 KL UL T i Ak 3 A AE
TR R NI CK2 & 14, 4% L |,

% 1 HearNPV ChiA £ #1353 HearNPV(10° PIB/mL) B9 14 51E A

Table 1 Enhancement of HearNPV ChiA and Cryl AB as enhancer for HearNPV (10° PIB/mL)
Ab B i A IESET: %/ % Corrected mortality for larvae

Treatment 3d 4 d 5d 6 d
HearNPV+2. 0 pg/mL ChiA 4.0 a 17.1 a 49.4 b 90.8 b
HearNPV+1.5 pg/mL ChiA 3.9 a 15.5 a 47.9 b 90.5 b
HearNPV+1. 0 pg/mL ChiA 4.1 a 15.9 a 45.9 b 90.1b
HearNPV+0. 5 pg/mL ChiA 3.8a 15.6 a 35.0a 80.3 a
CK1(HearNPV) 3.8 a 14.1 a 32.9 a 80.0 a
CK2(HearNPV+Trx 2.0 pg/mlL) 3.9 a 14.4 a 33.6 a 79.1a
A IR HER Pooled SE 0.3 0.6 1.1 1.9

TE < [ 50 Bl J i A [ /NG 5% B 3 7R 28 5 .35 (P<<0. 05)

Note:; The different letters mean significant differences( P<C0. 05).

3 shik S

AT R A [ ) 22 38 400, #5947 4% T ChiA
e K B9 AT M SRR o R B AR pET-32a-
ChiA i, Al PSR 1 & 50T 38 H & MY 30. 204,
AN E 25 R R I R R R AR AT 1 ChiA 8 H BE
GE B 2 3% 58 HearNPV AR Jy . R ALJLT i i 1Y
WK 2.0 pg/ml i 358 HL R FE T 3 A0 I
A7.0% . ULWIFFIRIE A9 ChiA BEUS ¥ 4 3R He-

arNPV [958 J7, Hon] B 769 8 2 Y 1 32 B e i) o
Ok 2 EEAEH

L AR BE | [ B X BR 85 K Ah AR W 1) 47 5 R
Wy BRAL 2% B B A it B RS LT BT
PIJLT B AR i A2 ok 5 1 R 3h 20K W& 1) i 4
PR BUARELAWRITAR L ChiA R FF R 8 &
ARl 0 75 3 R0 (B G A DR 0 2 e i R R R
S B0 ARV A RN K T AL 1 0 2 B oh R P AR
FEETND D HRT L S B ChiA 789 712 Y 18 2 ad
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TR L 45 A B A% Y 2 A (A0 25 LT 5Tl A SRR 3% 3 % HG b ) 3 250 4 T 91

o R A VR AL B 4 0 HC A AR ] R 5 2 A O
TEfR Yt b ChiA BEAE I M g 32 B Hu iy UL T i
R 2 RS B v i BT G SR s Ao A 5 B D)
s ChiA Al BE 23 39 i 35 1= 5 1 205
AR & 3 3 1. ABFFEARIEN] . RIX A E A
ChiA BEAE W] 50 25 ) 4= e L 48 Wl TR 25 ) IXFf
B AR T RE SN R R e R R A b ChiA [
fifp B T vl BT T LT OR3GO H fE
—FCT R PRI R ChiA B AU —
55 5 B AR A R BE KA AR AT G A9 FE A L T
Hoab & —A 50 B 1R Y i EA G , RERG G I 22 4= e
RO IR R TR ) A Z RN
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