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| Abstract
Baculoviruses have been used to control some serious lepidopteran pests. However, their narrow target insect
spectrum and slow efficacy are main limitations to be used in various applications. This study introduces a
technique to overcome these limitations by inhibiting insect immune defence to enhance the viral pathogenicity.
Polydnaviruses are an insect DNA virus group and symbiotic to some ichneumonid and braconid endoparasitoids.
Cotesia plutellae bracovirus (CpBV) is a braconid polydnavirus and encodes several immunosuppressive genes. We
selected seven CpBV genes and recombined them to wild type Autographa californica multiple nucleopolyhedrovirus
(AcNPV). A bioassay of these seven recombinants indicated that most recombinants had similar or superior
efficacy to wild type ACNPV against beet armyworm, Spodoptera exigua, and diamondback moth, Plutella
xylostella. Recombinant AcNPV with CpBV-ELP was the most potent in terms of lethal time by shortening
more than 2 days compared to wild type AcNPV. This recombinant was further proved in its dose-dependent
pathogenicity and its efficacy by spray application on S. exigua infesting cabbage cultivated in pots. We

discussed the efficacy of CpBV-ELP recombinant AcNPV in terms of suppressing antiviral activity of target
insects.
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Fo] Wheo] A& &39S (koinobiont) 0.2 fHE T}
(Mackauer®} Sequeira, 1993). £F4-83 Y7189 4
T =5 AU Hogo] 71&g FEsjo} sl £59] W
& 2Ast] A9 UE-g Trstoof stk o] & Y3
ohofst 718ARE BAata, o8 7|AE tio] 7HEAA
A5A V& oA & 4 Sl olFEt 7141 thA)
ofol2RE A SUE el AT, Ehoud 9
ZEEvlolg| 2oy, Weohs Wizt R e F]QlH 949
71 N E(teratocyte) & E35}A EltHQuicke, 1997).
Z2d XY (Cotesia plutellae)S W 3ZE VN Plutella
xylostella)dl| oA WR7|YEo2A Sy 714 A
8ok Hlth( 5, 2004). Zsuyto)gAel CpBVE
SEO|L 7|FAE, dauHE 9 EAthid g sRelirE
H{star QltkBasio®t Kim, 2006; Kimi} Ryu, 2007).
CpBVE= 9F 470 kb 0|49 AxZ7|E 7ML e ALE,
TR oF 80% H7IMFol Bzl 8ol A < 13570 o)At
TAAE Efdle Aeg 2451 9/thKim 5, 2007). ©f
= e 2E obmiAl g wel 7)2ef A &
Evjto]H A HAH(Kroemer?t Webb, 2004)02 2
52 9lort o] 7425 oF 50% oS ot HEHE HA)
H& 2 23T gk
FRUAH 7] wF=E e HA7)e Akt &
W5 717te) A doleke AEld EAL HolA Hrk(Lee
5, 2005; Ibrahim¥} Kim, 2006). H¥7]%S £43= 7]
AARLZA 71FA 2= F5HER]4E CpBV155(Nalini®} Kim,
2007), CpBV-ELP(Kwon} Kim, 2008), CpBV-H4(Gad
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o RBEAA ] EIE AAsH £ aclo] Aok F, 2008).
PN WS AT 4 Y SEY 2 AR vdE
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Table 1. Primers used to clone different CpBV genes into pBacPAKS8/9 transfer vectors

CpBV genes Sequence (5'3")
EGFP FP CCGGTCCTCGAGATGGTGAGCAAGGGCG
RP CGCGGGTACCTTACTTGTACAGCTCG
CpBV15a/3 FP CCGGTCCTCGAGATGAATACTTTCTTGTTTTG
RP CGCGGGTACCTTAATTACGTTTAGGCTCAGTGA
ELP FP ATGTTCAACAAAGTAGTCTTCATTG
RP TTGCAGCCGATAACTAGGACTTAATG
H4 FP GGATCCATGGCTGATCATCCTAAAGG
RP GAATTCTCAACCTCCATAACCATAGATC
kB FP CTCGAGATGAATAAGTCAAATATAGTA
RP GCATGCCAACTGAAGCCTTTGAGTCTT
Lectin FP CCGGTCCTCGAGATGAGTATTGGGAAGAGACT
RP CGCGGGTACCTTACACGCTTGTGCAGAAGAAGG
PTP FP GCGCCCGGGATGGGCGCGAAATTCAC

RP CGCGGTACCTTAAAGCCTATCAGCAACTAACTTAGC
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PTPI, CpBV-IkB3, CpBV15a, CpBV153, CpBV-ELP,
CpBV-lectin, CpBV-H4)2] 4-#27} AdrE]jc} o] 94
A22] ORF(open reading frame)7} £0]2] Ze}o|m(Table
DE 47 FEE, o} 2ejolr|EL A2 e Aea
& R91E 2 AU ) el Zefolulo] HAAA o

TAAE SEHGT o[FA 535 DNAE Zelojn|off %]
AH F AgtaAZ 212 3 pBacPAKS/9(Clonetech, USA)
9 thA g L2 Elo] YAE ohFERY F9of Jung
5(2006)9] Hpof wet A ghEQlt.

MEEHE2H0l2{A Hz W 4
2355 pBacPAKS/9L Je (2001)9] o] } e
PAPGOZASL} F5 02 SfY A Zof] YA o0, 23
W& 2ulolg Ag Eela BA(OReilly %, ]992).,- 4l
3tgich, —Z?*, OF 1 x 10° Sf9 A EZ 60 mm 274 9| wjorg7
of §& & 27°Col|lA] 30 Bt wiFAAh 3 1 pgd
pAPGOZA DNAE 4 ug® pBacPAK8/93} 7| 100 ULl
incomplete TC-100 vy} 33kt on 2 Bl 20
ug? CellfectinTM(Invitrogen, USA)2 100 uL2] incomplete
TC-100 ¥l 33 & o] = RHE 49lt} o] &g
NS AYRZoA 45 Bt vk AL o e wjoE
SIO Ao A3kl 27°CellM 5 AIZF wigsigict. o) % o
A o] Hlit= 10% fetal bovine serum©] E3HE TC-100 1)
oA 59U B9t viFT 0% 500 x goflA] SE7F YA
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Recombinant baculoviruses

Fig. 1. Bioassay of seven recombinant AcNPVs against two lepidopteran larvae by oral administration. The virus suspension (7 x
107 PIB/ml) in 10 pL was loaded on a piece of cabbage (5 x 5 mm), which were fed by 10 test larvae per replication for = 5
h. Each treatment was replicated three times. Different letter above standard deviations represent significant difference among means
at Type I error = 0.05 (LSD test). Wild type (‘WT’) and enhanced green fluorescence protein (‘EGFP’) baculoviruses were used
for treated controls. All genes for constructing recombinants were derived from Cotesia plutellae bracovirus (CpBV): ‘CpBV15¢,
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Recombinant baculoviruses

‘CpBV154°, CpBV-ELP1 (‘ELP’), CpBV-H4 (‘H4%), CpBV-IkB3 (‘IkB’), CpBV-lectin (‘Lectin’), and CpBV-PTP1 (‘PTP).

Table 2. Comparative pathogenicities of different recombinant baculoviruses against two lepidopteran pests in terms of median lethal
time (LTso). Wild type (“WT") and enhanced green fluorescence protein (‘EGFP’) baculoviruses were used for treated controls. All
genes for constructing recombinants were derived from Cotesia plutellae bracovirus (CpBV): ‘CpBV15«’, ‘CpBV1543°, CpBV-ELP1

(‘ELP’), CpBV-H4 (‘H4"), CpBV-IkB3 (‘IkB’), CpBV-lectin (‘Lectin’), and CpBV-PTP1 (‘PTP’).

Recombinant type of N LTso 95%. Slope
AcNPV (days) confidence interval
Plutella xylostella (2nd instar)
WwT 30 5.32 4.64-7.31 5.70£1.45
EGFP 30 4.47 3.67-6.28 2.83+0.06
CpBV15a 30 6.05 4.68-11.50 2.85+0.73
CpBV158 30 3.37 1.92-6.04 3.09£1.10
ELP 30 3.22% 2.72-3.90 3.08+0.55
H4 30 2.67 1.53-4.61 3.00+0.99
IkB 30 4.69 4.37-523 10.35+2.28
Lectin 30 10.20 6.22-29.72 3.12+1.45
Spodoptera exigua (2nd instar)
WT 30 5.07 4.53-6.40 6.66+1.62
EGFP 30 4.56 4.11-5.39 6.17+1.29
CpBV15a 30 4.24 2.06-9.37 2.93+1.22
CpBV1543 30 3.68 1.40-9.68 5.98+6.05
ELP 30 2.46* 2.02-2.92 2.9940.50
H4 30 4.24 3.97-4.55 ’ 11.19+£2.05
kB 30 4.78 4.01-6.59 3.44+0.74
Lectin 30 5.75 5.11-10.62 9.9443.68
PTP 30 324 2.77-3.84 3.43+0.59

Asterisks after LTsy indicate significant difference between treatment and WT control by non-overlapping of 95% confidence interval.
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Fig. 2. Dose-mortality curves of a recombinant AcNPV
containing CpBV-ELP against two lepidopteran larvae by oral
administration. Different concentrations of the recombinant
virus suspension in 10 uL was loaded on a piece of cabbage
(5 » 5 mm), which were fed by 10 test larvae per replication
for = 5 h. Error bars represent standard deviations of three
replications. Wild type (‘WT’) baculovirus was used for treated
control.

td

< F=A CpBV-ELP %5} vlojg|ie sro] w2
Y A5g 2olom, opide| vig) BE Froji A%
ol 4t} o3t B *J%Ei% vl thafA
DB ueiten, HEE &I $%(22,500 PIB/individual)
o= obdF ol vs oF 20 & AFEE verid

ol
i)

CpBV-ELP I{X &} W|E2HI0|a{AQ| AZ0|| WE bt
M &

opge] el whet ELP 23 vfojgie
ShelE] oL, theo R AR Abxof meh HYg U
AstriFig. 3). ©}F S8l HIM Bl A U&%
H/]l:ﬂg E}]/‘]'_E IE /Sha< Foyke:l

/k]—zaﬂo‘

e %

) 5] LIS SIS 4 oA oo

[s3
oolE fAE FHFEE HolEA “‘:‘5 YT o)

o= Jf— iy Lk

0|88t HiE=2do[dA YH M 7z 287

100 —4— Untreated

—O— ELP
go|-—¥ EB

60

Mortality (%)

— ¥ — T T T T T —

0 20 40 60 80 100 120 140 160
Time (h) after treatment

Fig. 3. Pot bioassay of a recombinant AcNPV containing
CpBV-ELP against larvae of Spodoptera exigua by spray of
the viral suspension (400 PIB/uL). The larvae were mostly
2nd-4th instars and infesting cabbage on pot (30 cm diameter).
After 5 days after the spray, live larvae were counted to
express mortality compared to density before treatment. Fach
treatment was replicated three times. Error bars represent
standard deviations of three replications. Emamectin benzoate
EC (1,000 ppm, Syngenta-Korea, Seoul) was used for treated
control.
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o U9 Aok 7|52 BRIt olE Eol, CpBVISS
+ 879 87 93-S AN A AxY HYS £Y5HA)7)
m(Nalini®} Kim, 2007), CpBV-ELP1-& @A 9] 7+
25 z#ste] HAYAE F=3h(Kwond} Kim, 2008),
CpBV-Hd+= 7|3 3|AE H49| GAMZA 14T &
FE IR A7) H(Gad2} Kim, 2008), CpBV-IkB= &A=
A g 715E & & 9o, digEu Fatolg A 7
A AN QARA FHEL Jdou(Z 5, 2006),
CpBV-lectin® 7429 Q14 2-8-8 A5 (Lee F,
2008), CpBV-PTP1& 18y 4 A& AstE 9
A2 A 9Fe A ch(Ibrahim Kim, 2008). & s o)y
AR A QRS AEA GARUAQ HFZHtola 0] A
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2204 Ly Elo] HLEITHKwon} Kim, 2008).
o2 wlgzHoles HUALE 42 T AY olF 4
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