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Summary

| . Title

Mass production and formulation on Spodoptera exigua nucleopolyhedrovirus

II. Research content and scope

RESULTS AND DISCUSSION
1. Mass rearing condition of Spodoptera exigua in vivo

Nucleopolyhedrovirus(NPV) is a well-known entomopathogenic virus. In

an attempt to develope it as a potential biocontrol agent in Korea, we have
studied rearing condition of S. exigua.
The rearing of S. exigua larvae on three different artificial diet was tested
under the various conditions such as major food constituents, vitamins,
temperature, humidity and rearing cage size. This study showed that yellow
soybean powder was working well as an alternative major nutrients
constituents. Vitamins seem to play a critical role to complete the life cycle
of S. exigua. As temperature goes higher from 20C to 32°C, the larval weight
of S. exigua was gradually increased. In addition, optimal humidity was 60%
at 28°C. The optimal ratio between rearing cage and number of larva was
turned out to be as follows; 31x25x19em/250~300, 27x20x14cm/150~ 200,
7x12.5%6¢m/100~150.

2. Larval growth of S. exigua by different artificial diet



Compared to standard artificial diet, artificial diet 1 was better in
producing total number of eggs per female. However, it was quite similar in
number of egg masses laid per female, hatchability, developmental periods
between artificial diet 1 and 2. Using these larva produced from rearing

conditions, it was possible to mass produce SeNPV.

3. Optimal production condition of SeNPV on S. exigua larva

SeNPV extracts was isolated using 55% sucrose gradients and
centrifugation method. Optimal conditions for SeNPV concentrations on the
life cycle of S. exigua at various temperature such as 20C, 24C, 28C, and
32C. Also, the overall growth of the larvae infected with SeNPV was
estimated by RGRi, RCRi, and ECD.

4. Yields of SeNPV by different temperature and S. exigua larval stage

The larval mortality was examined using 2nd to 4th instar larvae at
both 20C and 28C by applying various concentration of SeNPV on artificial
diet. We found out that the individual mortality was increased SeNPV
concentration goes up and the production of SeNPV was best under the
condition; 28°C, 3rd instar larva, and 1.0x10° PIBs/ml. Furthermore, the same
conditions were applied to the mass rearing of S. exigua larvae in the
cage(31x25x19cm). Taken together, we have established both stable rearing

condition of S. exigua, and mass production for SeNPV.

5. The Effect of Temperature, Storage and Sunlight on the Pathogenicity of

the S. exigua nucleopolyhedrovirus



A nucleopolyhedrovirus of the beet armyworm, Spodoptera exigua would
be a promisible agent for the control of the insect.
To develop a viral insecticide using S. exigua NPV, effect of spray on
temperature, storage and sunlight on the pathogenicity of the virus were
studies as follows. Stability of S. exigua NPV was quickly decreased at the
higher temperature than 60C and at the longer exposure to the higher
temperature. Storage of the virus at -20C was kept higher pathogenicity
after 6 months. Viral activity was maintained more than 9 days on the
sprayed entire, under of leaves in green house and PVC house, but decreased

at 2 days after spray in the leaf surface when exposed the virus to sunlight

6. Selection of spray method and sprayer of SeNPV

We have investigated to find optimal sprayer on kidney bean seedling
and chrysanthemum. On the kidney bean, mortality of S. exigua by hand and
delivery sprayer were higher than that by electronic sprayer. Electronic
sprayer was high mortality at 3 days after treatment but SeNPV did not
spread out to leaf surface so the mortality was low at 7 days after treatment.
In automatic sprayer mortality was 92.2% at SeNPV 1x10°PIBs/m¢ as 5%
higher than other sprayer. It could feed easy by S. exigua cause of SeNPV

spread out all leaves surface.

7. Stability and pathogenicity of SeNPV formulation

Formulations of SeNPV were additive matters to increase mortality.
Kaoline and bentonite affect mortality of S. exigua larva. It suggested that
these mineral materials indigest on the midgut of S. exigua. Presample made

7 times and among them, water dispersible granule(WG) was suggestion to



production. On the experiment to increase and long time residue of SeNPV on
the plant, fluorescent brightener which induced stilbene disulfonic acid was

highest mortality as 97%.

8. Biochemical characteristics of SeNPV

Nucleopolyhedrovirus collected and conserved 6 species on lepidopteran.
Polyhedron and virus particles appeared on the infected tissue which is
corpulent nuclear compared to normal tissue. The shape of polyhedron was
quadrangle and octagon in the electron microscope. Various virus particles
was found in the polyhedron and a number of nucleocapsid within a envelop
embeded. The number of virion band waas nine and virion band showed six

clear.

9. Effects of different temperatures on pathogenicity of Spodoptera exigua

nucleopolyhedrovirus(SeNPV)

This experiment was conducted to investigate pathogenicity of
Spodoptera exigua nucleopolyhedrovirus(SeNPV) with different temperatures
for mass production. In laboratory condition, LCs values of SeNPV were
9.797x10° PIBs/ml at 20°C and 3.351x10° PIBs/m¢ at 32°C in 2nd instar larvae.
LCs of the other larval stage were similar to that of 2nd instar. LTsy values
of SeNPV was 9.0 days in 1.0x10° PIBs/m¢ but 6.9 to 35 days in 1.0x10"°
PIBs/m{ against 3rd instar of Spodoptera exigua. LTy Values of 1.0x10*
PIBs/ml were 5.7, 55 and 49 days in 24, 28 and 32T, respectively. As a
results, LTs was shortened with increase of temperatures up to 32C and

also dependent on viral concentration and larval instars.

_10_



10. Field experiment and enhanced effectiveness of SeNPV with additives

Values of lethal tim(LTs) of S. exigua treated SeNPV after 7 days
treatment on the kidney bean seedling in open field and PVC house were 5.96
days on 1x10° PIBs/m¢, 491 days on 1x10° PIBs/m¢ in the open field and 5.84
days on 1x10° PIBs/m(, 4.86 days 1x10° PIBs/m(. Lethal time was gradually
short on the high concentration of SeNPV. Cumulative mortality of S. exigua
after spray of SeNPV on the kidney bean seedling in the greenhouse
increased fast 4 days after spray on the concentration of 1><107, 10° PIBs/ml
such as 909 mortality after 10 days. On the concentration of 1x10° PIBs/md,
the mortality of S. exigua was low which is not suggestion concentration.
Values of lethal tim(LTsy) of S. exigua treated SeNPV on the chrysanthemum
in open field and PVC house were 7.1 and 65 days on 1X108PIBS/m£,
respectively. Protection value of S. exigua after spray of SeNPV 1x10°PIBs/ml
on the chrysanthemum in the open field and PVC house were 92.3%. Values
of lethal tim(LTs) of S. exigua treated SeNPV with Tinopal-UNPA-GX and

Fluostain on artificial diet were 4.39 and 4.25 days, respectively.

11. Cloning and partial characterization of SelAP, SeSerpin and SeSOCS

genes overexpressed after SeNPV infection

Insect innate immunity has been one of the hot issues in conjunction
with host-pathogen interactions. Our laboratory has recently been involved in
investigating the interactions between S. exigua and SeNPV. Thus, we have
cloned and partially characterized serpin and suppressor of cytokine signaling
(SOCS) from S. exigua and inhibitor of apoptosis (IAP) from SeNPV. It has

beeen known that IAP play a critical role in the early phase after SeNPV

_11_



invasion. In order to estimate the level of IAP-2 and IAP-3 transcripts,
RT-PCR analysis was conducted. It showed that these genes were
specifically induced in response to SeNPV. The level of IAP-3 was higher
than that of IAP-2. In addition, IAP-2 was cloned into pRSET expression
vector to produce the recombinant protein and polyclonal antibody against it.

Recent report on serpin from Anopheles gambiae indicates that the level
of serpin was also induced in the midgut at the time of Plasmodium invasion.
This lead us to clone and characterize the homologous serpin gene that may
have important functions in response to pathogens from S. exigua. Using the
RT-PCR and TA cloning approach, we found a partial fragment (514 bp) of
serpin from S. exigua. It has a homology to various insects such as Bombyx
mori (67%), Manduca sexta (52%), Anopheles gambiae (42%), and Drosophila
melanogaster (41%). Temporal expression patterns of SeSerpin were
examined using RT-PCR after being immune-challenged with SeNPV and
laminarin. It showed that SeSerpin was strongly upregulated by SeNPV and
laminarin.

Suppressor of cytokine signaling (SOCS) is known to play a key role in
the insect defense system. SOCS has been characterized as a negative
feedback regulator in JAK-STAT signaling cascade involved in NOS
production. This context lead us to clone and characterize a SOCS gene that
may have important functions in response to pathogens. Using the RT-PCR
and TA cloning approach, we found a partial fragment (416bp) of SOCS5
from S. exigua. Blast search and multiple alignment data showed that it has
a homology to various insects such as Anopheles gambiae (78%), Aedes
aegypti (75%), Drosophila Melanogastar (77%), Mus musculus (69%), and
Homo sapiens (69%). Temporal induction patterns of SeSOCS5 were analysed
after being immune-challenged with NPV and laminarin. It showed that the

level of SeSOCS5 mRNA was strongly induced in response to SeNPV and

_12_



laminarin, respectively. Future work will be focused on the cellular
distribution of SeNPV-IAP, SeSerpin, and SeSOCS5 in the NPV-invaded cells
using confocal microscopy and the polyclonal antibodies against the three

genes, respectively.

12. Formulation of SeNPV

Formulation for SeNPV could make suspension concentrate in liquid and
water dispersible granular in solid which with high mortality on S. exigua.
We selected additives to enhance effectiveness of SeNPV and could establish
on water dispersible granular. To evaluate of environmental safety, we
research toxic of humans and animals and toxic of environmental ecology on
the suspension concentrate and water dispersible granular. The results were

third degree of fish virulence which could make production.

_13_
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Fig. 2. Growth of S. exigua by change of minor artificial diet component

Table 1. Weight changes by temperature on 2nd larval instar of S. exigua

Weight change (mg)

Temp.(C)
pre-treat. 1DAT 2DAT 4DAT 6DAT 8DAT
20 1 2 2 3 5 3
24 2 3 5 9 17 55
28 5 9 7 62 124 154
32 2 6 16 63 155 163

2o QRS 0T A= 8do] Arstol% 8ng
2

A Akl 2T wobd s Aol T wMEs & 5 AT (Table D).

38 o= 283 VAR 227h Eolda s Aso] wEaa Fhoy
20T e 24TolM = e ko Hlgte] F4 &2 455 Blen 28T9 32T
M= 8ol &3t7F A (Table 2).
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Table 2. Weight changes by temperature on 3rd larval instar of S. exigua

Weight change (mg)

Temp.(C)

pre—treat. 1DAT 2DAT 4DAT 6DAT 8DAT

20 15 16 22 31 43

24 12 18 28 40 97
28 19 22 52 107 &3}
32 15 20 67 139 &3t
495 A 2, 38 A F o 20CTAAE AFo] FrstA T e ¢

1Rt F2 S Bt w2 222 24T 8dAdl &art Hot 2

oF 32Tl = 6LdA ol &317F o] Fof M eh(Table 3).

Table 3. Weight changes by temperature on 4th larval instar of S. exigua

Weight change (mg)

Temp.(C)
pre-treat. 1DAT 2DAT 4DAT 6DAT  8DAT
20 67 87 135 140 146 141
24 63 9 136 141 147 s}
28 63 101 121 176 &3}
32 67 139 194 201 &3}
Table 4. Growth of S. exigua larva by different temperature
Temp. Larval instar
) egg . 5 5 . - Pupa total
20 5.6 3.6 2.9 2.8 3.3 6.1 34.7
24 3.0 3.1 19 1.8 2.2 4.1 24.8
28 2.2 2.8 1.7 14 1.7 3.3 184
32 19 2.1 1.3 1.3 14 2.6 15.8
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ggbupel] glojA wgu &3 7 dAe] el 7|ke 2xd g oE
Aol 7F3ttH(Table 4). 20T YojAE & &
o 28T+ 1849, 32TColA = 158Y =2 A AT} o)Aw o] &x7 Sz

5 20CeF 32T Afolell Fulf o]4e] &8

i
rr
pous
o
fe
)
uj
3L
)

Table 5. Growth of S. exigua of 3rd larva by different humidity at 28C

Humidity Change of larva weight(mg) Mortality
(%) pre-treat. 1DAT 2DAT 4DAT 6DAT S8DAT (%)
40 19 20 27 42 73 31 29
50 19 21 30 49 30 90 15
60 22 29 42 71 99 112 14
70 23 31 37 53 34 101 16

S 28CeA =208 d27 AL o b 38 759 A5S 8LA
ZALgE A3 40%00 A = 8lmg, 50%+= 90mg, 60%+= 112mg, 70%°1 4= 10lmg= =

271 60%01 A duipel Agol 7 T A&l oAM=
20%1dl whslel 5% 60%NA = A&

AdeA= 28CHT= A5

40% N A =
14% % 7} wEQkth(Table 5). 22T %
o] BRI FE 40%, 50%N A= 8D Al F=A
o] 80mgldl Wrate] 60%9] FEFECNA 102 mge 2 AFo] 7Hg Fhom A}
& QoM E 12%= 7Hd skekth(Table 6)

of

ofj

Table 6 . Growth of S. exigua of 3rd larva by different humidity at 22°C

Humidity Change of larva weight(mg) Mortality
(%) pre—treat. 1DAT 2DAT 4DAT 6DAT 8DAT (%)
40 17 20 21 29 45 30 22
50 18 20 24 35 50 30 16
60 18 25 27 40 64 102 12
70 19 23 25 37 60 92 18
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S-S A7) fletel 871E R AA veleE AAsr] flste] A
A3 oy AFFE71(31x25x19 cm)ll A= E3H&2 1007k ol A= 87.8%,
200ve] 85.3%, 300mkE] 80.4%, 400wt oAM= 77.1%= wielrt Woldas &
sh&o] dojxlom Hakao] SlojM 300vke] ofstell M= 95% ol ol et
400wkl ol M= 85% = WolHth EF AlF&ol o)Ak 400vte] ol de A

= W= 25% ol w2 AlsEes BAtH(Table 7). 223 ¥xk UF =2
TolM = ME oty = Aol Aoyt o] ARSIl = 3007 e AR

ey
ot

Table 7. Mass production of S. exigua by big rearing cage(31x25x19 cm)

Mortality (%) Pupation Hatch.
Density
IDAT 2DAT 4DAT 6DAT  8DAT (%) (%)
400 1.7 78 14.3 17.2 259 77.1 85.6
300 0.9 1.0 4.3 5.2 4.3 80.4 97.1
200 0.2 0.9 1.2 1.7 2.3 85.3 96.3
100 0.0 0.3 0.5 1.6 19 87.7 975

Table 8. Mass production of S. exigua by middle rearing cage(27x20x14 cm)

Mortality (%) Pupation Hatch.
Density
IDAT 2DAT 4DAT  6DAT 8DAT (%) (%)
400 2.2 109 19.7 27.3 40.6 73.3 80.2
300 15 2.6 12.3 155 23.2 772 86.7
200 0.1 04 2.9 3.3 4.7 80.9 95.4
100 0.1 0.1 0.7 2.8 4.1 80.3 97.1

ZHAASE71(27x20x14 em)ol A E 300mFE] o] S AFSES wWlE 20% ©] A2
=S AFES BYon 200mte] oldtdl M= £38S 80%°lY, $3E&S 95%
o] Ao & 300mtE] 77%, 86% K.t} =ol(Table 8) ©] Al&-87]o A= 300mte] Bt}
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AA Agee Ao F& Aoz 4

L

=g

2PGAPEE7](Tx125%6 cm) ol A = 2009HE] o] S AMS S W& 30% o]/
=2 AFES 1At $8&w Azt v S2EA T §3k& A E 300w o A
= 64.4%91d wkaloe]l 200mbe ol A= 72.3% = EolA (Table 9) o] A7)0 A

= 200mtE] o]EtE Al Flo] & o= Az

Table 9. Mass production of S. exigua by small rearing cage(7x12.5x6 cm)

Mortality (%) Pupation Hatch.
Density
IDAT 2DAT 4DAT 6DAT  8DAT (%) (%)
400 13.3 179 32.7 40.5 497 53.2 92.7
300 7.7 12.0 19.7 22.4 30.0 64.4 94.5
200 0.7 0.9 3.3 5.7 12.6 72.3 94.2
100 0 0.1 04 2.2 3.9 78.8 96.3
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FAEAL & Qe 10% A® =S &dste] AbghE skl

MAE T A weoldo] JdEALR(GE0.2 g)
ol G HFslo] ZekaE A(20x12x12 cm)Wol A 28744 AFSSHgiT
3@ F-E & cannibalisme 7] 9l8te] JHA] ARS8 71(4x4x3 cm)ell 19Fe] A @Al
4~59 Ao AFAE7E vtEW wASHA WEHrlE fFEsATh Fo 5}
7] 91 10410 o] ol AFSE HAlE 7 wild typedt wWAIA F
o] &g Ao, AFAYW AgEAS &5 25:2C, RH 60%, 357
16L : 8D°] At}

o
S
R
oX,
ol
o
2
)
zr
A
S
o
do

i

Artifical diet 1 Artifical diet 3 Artifical diet 2

bl AR olWA Fam TSl §old ABARE WEY 93

A E EE AR FARE Beste] Aus $& 2R 43 F AL

woren FARTE WA AEALR 25 JlEARY Mzal. HasE 7
FARRTGE AFAR 19 AFAL 2004 oFF BolAt Agolg o) s
= 2070 A== vzt tH(Table 1).

_‘
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Table 1. Number of the eggs and egg mass oviposited by female adult of
S. exigua with food sources

Food sources Total no. of No. of egg masses No. of eggs/egg

eggs/female laid/female mass/female
Artifical diet 1 393.6+32.3a" 9.6£0.97a" 24.4+3.43a"
Artifical diet 2 351.9+36.3b 9.5+0.97ab 99.2+3.49a
éﬁfﬁ) diet 3 351.4+34.3b 9.4+1.65b 20.5+3.99%

U Means with each column followed by the same letter are not significantly different(p=0.05,

Duncan’s multiple range test [SAS Institute, 1988]).

kg BE AR 90% FE o H|S2skltH(Table 2). 7152
wol Aol Fahgol A9l 100% Adl o JFHEe Qo] FRE FHdtu
ol AxaA 7] wEel o] & FEsirlel F2 2 Wl Aow A7
HojA = whell, deAtss g4 AxARR VFAEERY v FEES y
Bl Ao = oyt
Table 2. Hatchability of S. exigua reared by food sources
Food sources No of egg masses tested Hatchability (%6)
Artifical diet 1 50 91.0+2.05a"
Artifical diet 2 50 91.4+1.84a
éﬁiﬁ) diet 3 50 89.642.48a

Y Means within a column followed by the same letter are not significantly different(p=0.05,

Duncan’s multiple range test [SAS Institute, 1988]).

Hol FHo] WE AS7| 7S A A A 5= 25T, 55 60%, S 164
7F ke 8A 7t 2 dle] AR Ay &(3Y), FE(13Y), (7D 1A4H 7|zF
(23%); 1110] Sourceoﬂ IIJT-E]- 74g i}o]7}’ ‘Sj\?i‘:]'(Table 3) %%Oﬂk] %_O] 51"\:—;

S22 QEALR 1914 843%= 7 =ken QEAlR 204 % 7|EAR Y



=2 81.9%°] &3&S Ul Bae 5(1999)2 HulAAm o] &3h&2

#§%719 Hol7l% weh Aols wAThn @ Adsl Axste] 7)F Afno
Aol Bage o & A9

Table 3. Developmental periods of S. exigua with different food sources

Developmental periods (Day)
Food sources

Egg Larval Pupal Total
Artifical diet 1 2.9+0.8a" 13.0+2.2a" 7.8+1.8a"  23.7+3.3
Artifical diet 2 2.9+0.8a 13.6+2.4a 76+26a  24.1+32
Artifical diet
(current) 3.0+0.8a 13.4+2.0a 7.4+18a  23.8+3.0

D Means with each column followed by the same letter are not significantly different(p=0.05,

Duncan’s multiple range test [SAS Institute, 1988]).
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Table 4. Pupation and Adult emergence of S. exigua with different food

sources
Food sources Pupation(%6) W eizlllll‘g?rln o) Adult emergence(%)
Artifical diet 1 84.3+3.4ab" 0.86+0.06a" 96.7+2.5a"
Artifical diet 2 81.914.2b 0.82+0.05a 96.5+1.8a
Artifical diet 3
(current) 79.4£5.3¢ 0.84+0.03a 96.8t1.5a

UMeans with each column followed by the same letter are not significantly different (p=0.05,
Duncan’s multiple range test [SAS Institute, 1988]).
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Table 5. The larval mortality of S. exigua after fed by different food
sources

No. larva % Mortality of larva Total

FOOd sources teSted Zdl) 4d 6d 8d lld mortahty(%)

Artifical diet 1 100 50 21 20 31 30 15.22”
Artifical diet 2 100 62 40 21 30 32 185b
Artifical diet 3 100 42 42 25 36 36 18.1b
(current)

D day

? Means with each column followed by the same letter are not significantly different(p=0.05,

Duncan’s multiple range test [SAS Institute, 1988]).

el Aupa A vid Al len '999= 293 hal A 3HE A=
S A 91dEY 32%A % Aaeklal, AR Aol s vk E=g
Tl A AtEE FdEe EFoR Hel og¥a ow, A

200 E ALE Fstd St e dAoth AlsdAA fFEEH e 7HAE

A<
EgogE=

Fol gtk ABE E47 T F Y =FFOE

FAREE wASE PP A Us £49 2 Aolrk
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A3 sl g A Eetels s HH AdxH 71

1. A <

o % @desd H A A Fof AR EAE oF7] Al7IAL T ol &
H

shdsts] AW YHF e ARH PARES =Ase] B4R YA

2. As 2 Y

7h wolE 2 WA 2y B F2

vtz Mol e A~ FejE BE3sH7] 93 2, AAE Im et al(1989)2] HHH
= Abgelen dnzbAgutel s 2 ARl oF 10l (v/w)é] 0.01% SDS-&
NZ Theto] whagk § olFrz=®  of3star 3~43] 4AE2(3,000 rpm,

10min.)38le] el thzhA] AHMES Ak o] FHES 10° PIBs/ml7t H %



vrEo] 9ol A BfiE 8mE AAs] B F 941E8(22,000 rpm)dte] T}
ZYAl bandE LAt ©] bandE THITE FAse] AR (15000 rpm, 30
min.)&te] FS AAS T 20T HAsHAA ALEEA

ﬂ
g,
T
ok
i~
@]
S
IS}
~
e
S
)
=
0
N
Q
rlo
bl
o
=2
o
Ho
o
ftlo
2

A3t Im et al.(1988)0]
AFE3E QlFAtE RATAA AEF B Al Sl A o] AulE 1 &4

T e EEE UAs] ARt AES Aske] Y 20~3070

gk A AFo] Arge Rte] §ARAE F A wlojulo] AR (5+0.2
g) el dHE HJFet] Feh2E &71(20x12x12 cm)Wl ol A 28 744 A5 EFA
t}. 38X EE cannibalisme 7] f5Fe] WA AFSE7](4x4x3 cm)oll 19 A
3L 4~549 Ao R JAFAR7E w2 WASHHEA WU 77F d WA AL
stk g AbS2Fe 29SS fASta HitE 9] Sl 104 ol
AF3E A wild typedt WA A OH, AFSFEAL &% 25+27C, RH 65%, %
7] 16L : 8Do] At}

X5
AFAEE 30 m E%Fe] F740] dv T Zetaggd EF(5:02 g)sho]
4T WA A 28] ALE3tg vlo]lg 2~ R 1832 1.0x10°77 PIBs/ml, 3
Hal 58S 1.0x10°° PIBs/ml FEE HY 100 w22 AZAQ TritonX-
10000.1%) 7 g7 ®wol =xsta 1A A% F18 g3 J7|EE HF 5o
21 & A4 (FLI-301IN, EYELA Co.)ol &=271S 20, 24, 28, 32Tl 247+ 7Y
A AbEEEA FF AT WskE 2AERATh AP 10wk A 59HE 33] A Al E)
dow HAHe Ay AbbotdoE AFEES BA3IY] Finney(1971)9] probitd
Mol ostel LCs¥ LTss AHEsaith



gh. dgzAgnlel g s dFe A
FA el ®de] 10° 10%, 10° PIBs/mle] F==Z vlo]#] A2 g3t & 28

s& AFste] 28ColA ZHAl AbEaRdnh vholgf s AYE AEARE °E

rO

=
& QdFARe $A, Aol FFE AeAmne ¥AE 2AS] AUALE
(Relative growth rate: RGRi= mg weight gained per mg initial laval weight
per day), 2t 24| $(Relative consumption rate: RCRi= mg mg-1 day-1), 43
T Holo] o]& #&(Efficiency of conversion of ingested food: ECI= Weight
gained/Food ingested x100)S T3l t. 30vte]® FA|5te] S5ubE o & A A5
ot

3. A% 4 nF

7h duZ A g atel Y s WA e 2 HE

SeNPVE #g38l7] flste] AAlE A% dd=Ful2 A4l ste] 55%
SucroseZ°l| AHa 170e] ©ZtA bandZ L AtHFig. 1). ©] bandZ FH 31
S AAT F AAE AAe] % 4 JHE BFET. FRAddAnE o R

dZE gAAe] oRgHs 449, 54%F B 84% 5 FAFY Bl EAH
= &)

o] glom FAAARAN A e ] 7HS zhe JAFHE Bt g4 s
09 m~13 me A7|2 Zol& wWol] WA H 1.6mA . A=A G4AE
Weo u By S wy| $ste] sl do] SeNPVE 10° PIBs/ml = 3]4]

2 A s FedatgthFig. 2). B AE A8Al Bwd Yol 2E: olgl
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Fig.1. Polyhedra band Fig. 2. Polyhedra on plant

g, szt el A4 AEd 74

8
~rUntreated

> =<NPV 1x10°
2 6 NPV AX10* |
© 5
g -=NPV 1x10
2 —=NPV 1x10°
= 4 NPV 1x107 S
= _
£
5
g 2
=

Days After Treatment

Fig. 3. Changes of body weight of S. exigua larva by different
concentration of SeNPV at 20T

N

vt ztA utel g 2 o] wE bl AS JAS 1Y) 9t Ex
S 2P S W & AFY HIE 20TAAE T2 BAG 27| *
A e} vzl oy 49 ol Fo 2FH zolE BHAY. i R 5855

Mol mojgdom AFAAE 100 ool 229t (Fig. 3).

il
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=-Untreated

0 NPV 1x10°

< 6 “NPVix10* |
2 NPV 1x10 °

2 -~NPV 1x10 ®

= NPV 1x10 7

> 4 —"—, e e - o5 b
£

5

D 2 r---—---—-—-—-—"—-"—-——-——_-—_——— e - - = _ _
=

0

1 2 3 4 5 6 7 8 9 10 11
Days After Treatment

Fig 4. Changes of body weight of S. exigua larva by different
concentration of SeNPV at 24T

24CANE HE F 29A%H A4S Aol5 Holy] AFaste] 1x10° PIBs/meol
M 9Y olFole AES AV e AFWstE 20CHTE Zol7p Fth
(Fig. 4). 28TColA A9} SeNPV Az zrel o7k 74 ol yekow
SeNPV F%7} &5 W&ol =gy 9dAds o o) w&o] A ek

tH(Fig. 5).
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Fig 5. Changes of body weight of S. exigua larva by different
concentration of SeNPV at 28C
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gy a2} 32Tol M= 28T R FA ol A AFo] F-skol(Fig. 6), 20T
=

o|3te] A&3} 32T e Lo npolg)z Bgo] A Fe Ao
dekE T
8
“=-Untreated
><NPV 1x10°
6 |NPVXTOt L _____
=NPV 1x10 °
-~NPV 1x10°¢
«NPV 1x10’

Weight(mg) (Thousands)
£

0 1 2 3 4 5 6 7 8 9 10 11
Days After Treatment

Fig. 6. Changes of body weight of S. exigua larva by different
concentration of SeNPV at 32T

o ok A el e s FAFe A%

Table 1. Relative growth rate of S. exigua by different concentration of
SeNPV

Concentration RGRi(mg mg ™’ dayfl)
(PIBs/m¢) 2DAT 4DAT 6DAT S8DAT
control 0.011 0.086 0.149 0.377
107 0.018 0.075 0.109 0.311
10 0.015 0.058 0.099 -
10° 0.011 0.037 0.061 -

Sy Az as Add F AR Gyl A%e 2w

vl 22 2tol 4= 10° PIBs/meol A 00182 713 =& AA4ES Bygon o=
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495, 64A7A FAF S wth FFES 107 PIBs/mAE A
AgEo] STFeHAIRE 1 o] %9 R HE At o ® UERTHTable 1).

Holo] Aul S A7 T 28z A 10° PIBs/ml o] 5o FwelA Hap st
Qe olE 49, 64 E H %= PSS UEhdth 3 10° PIBs/ml, 10
PIBs/ml 9] 7% Alzto] Zatate= o] 2l go] F7hatgl ot 10° PIBs/meol 4]
T #AE YR At (Table 2).

Table 2. Relative consumption rate of S. exigua by different

concentration of SeNPV

concentration RCRi(mg mg ' day "
(PIBs/mt) 2DAT 4DAT 6DAT S8DAT
control 0.284 0.303 0.818 0.816
10 0.262 0.272 0.508 0.570
10* 0.193 0.246 0.454 -
10° 0.178 0.160 0.123 -

Hpol2] 22 A7 296 10° PIBs/m7F FA ] Bt} Q3]
< Yetdloy 49 x| A= T vlE] ¥ 288

FRE gadtgEd vleleas A
Zade v dEso] 10° PIBs/mle 4 49, 10 10° PIBs/mt
= Ay 29238 2asksitH(Table 3).
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Table 3. Efficiency of conversion of ingested food of S. exigua by
different concentration of SeNPV

concentration ECI(%)
(PIBs/ml) 2DAT 4DAT 6DAT 8DAT
control 4.655 12.212 15.906 12.757
10 5618 7.207 4.542 3.028
10* 4.209 3.781 2.861 -
10° 3.495 1.466 1.183 -
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S w(Spodotera exigua) 71FHS7E Wl A4, 3, A5 59 407
2000 Foll gete= Ao dEA A el H 3 wjF, Fuk Sol W
Astol a7t AF Aoz nuEgon, 1986l e AolA dsi7t el
H o] % 1988 = A=A ow a7t gitse] watE i 5 50015 2}
=5 7Hliste]l = s Fi Atk 53] 3" FF olFole= AFAd I
Aol Fate] WAZE oJHE Fow FEstaL Atk o9k Zo] {71 A
Z Ao AeAdS YEFN ™ Bacillus thuringiensisoll & <Al o] <Fsk i}l

= oubolel 2 E ol g% WAl /3 EAAL Ao delA Ak 2Fuole)

A
=t

o

25 o] &3 |FWA T Ignoffo (1973)7F Heliothis zea WAE 3 S wvlo]

WAMOR tEH I ek sy
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rlo

S (Spodoptera exgua)S EFAA 52 AP Im et al.(1988)°]
AREEE QlEAt R A FollA AT B Al Sulel A ol Az S A
T 8 F e T EEE MAste ARgesith S-S flste] kg 20~307W
o HE7| & FAARE e AZHE (R 50, A= 30, o] 30 cm)ell B3 AF

om SRR, §44 F ok 10% HBEL FFIA AL fEAT.

g) Sl S HFste] Fek2E §71(20x12x12 ecm) el A 28744 AFE8ES]
t}. 38 FEE cannibalismS 7] 8o A AFSE7](4x4%3 cm)ol 1v}E]A
I3 4~52 7tA o7 olETAlR )l ntEW wASWHA Hd 77 @ wzpA] AFS
stk g AbS2Fe 29S fASta HIE 9] fla 104 ol
AR A wild typedt WHIAIZ O, AFEE2AL 2% 25:2T, RH 65%, %
7] 16L : 8Do] At}

o Sk atel e s Bel 2 S

gpbup 3zt A g ko] 2] 2 (SeNPV)
g) ol 500pe] wiolel~E A=d F 1A AR FAAA WA ASE7I
(4x4x3 cm)oll Wil 4% FrFo] &xds] AHAA g F AIFEHA FE& FE5S
FestAdth Im et al(1989)°] Bl wel F=g o] ZFol 10vi(v/w)el 0.01%
SDS &9 7hete] mHf g $ olF A=g o¥sta 1,000 rpmeE 5% F<t
ARGt F5o AAVE AAT F 2~33 3,000 rpme] AL LA 9}
40~65% A D= 9425000 rpm, 60 min) o2 ThZHA S =34AA o]
#12 E%7 1.0x10° PIBs/ml ¥ %2 ZA &t o] npolzjx &S -20T W
s atol] BstHA AREESA T
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kel
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rlo
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o SnpzbA g Ebel e 2~ o] o] npol s £
MARES AFAR] EHo] wlolgl F%R 10°~10" PIBs/mtE 77+ A
gt =

q2] ¥ QAFAtsel 28, 39, 49 35S 247 A Ao ¥
incubator®] &% & 28T, 20C= 250 A&t & 5 744 F&3tat).
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O FALS S Sl FALZ o] Hlol#] 2~ 1.0x10° PIBs/mlS =X 35Fe] ARS8 7] (31x25%19
cm)el ¥ gt 38 3 ZEFste] HE F 798 F88le] nlolg &

BeHel oJste] FEE SR

Table 1. Yields of SeNPV after inoculum of different SeNPV concentration
on 4th S. exigua larva at 28C

Inoculum conc. No. of polyhedra )
. Mortality (%)

(PIBs/ml) production per larva(+SD)
1.0x10° 84 + 1.8 x107 58
1.0x10° 58 + 1.3 x10° 73
1.0x10" 83 + 2.1 x10° 84
1.0x10° 96 + 2.0 x10° 92
1.0x10° 69 + 1.3 x10° 95
1.0x10° 49 + 16 x10° 99

ArizbA yutol el AMAH T wWE wpoly s FERE WY JEtY 2%, f%F
G7IEE wolY s FRHER AYste AN A 2% 28C, 48 fFol HE
o] 7d9A FE A FE5F dAASFE 1.0x10° PIBs/molAE 84 = 1.8
x10" PIBs/mf, 1.0x10° PIBs/mel A= 69 + 1.3 x10° PIBs/mZ A &% =7t 2ol
A4E B A7 AArE ot 1.0x10° PIBs/mol A& 49 + 1.6 x10° PIBs/
n® ol th(Table 1). 18U &% AbE&dl oA w57t HoldF+5 =
okt

38 fE JdolAE 1.0x10° PIBs/molAl 91 = 1.6 x10° PIBs/ml %o}
1.0x10° PIBs/méoll A1 9.8 + 1.9 x10° PIBs/m = Eolxl ot} 1 o]4e] HEw o

= Sao] Wolx it AFIATHTable 2). G4 §F AFEE BRI ES4

>

Bfil
e
%2
i)
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Table 2. Yields of SeNPV after inoculum of different SeNPV concentration
on 3rd S. exigua larva at 28T

Inoculum conc. No. of polyhedra

(PIBs/m{) production per larva(+xSD) Mortality (%)
1.0x10° 9.1 + 1.6 x10 67
1.0x10° 54 + 15 x10° 80
1.0x10" 96 + 1.1 x10° 88
1.0x10° 9.8 + 19 x10° 94
1.0x10° 86 + 1.8 x10° 95
1.0x10" 54 + 12 x10° 99

Table 3. Yields of SeNPV after inoculum of different SeNPV concentration
on 2nd S. exigua larva at 28T

Inoculum conc. No. of polyhedra )
] Mortality (%)

(PIBs/md.) production per larva(+SD)
1.0x10° 35 + 15 x10° 72
1.0x10° 1.2 + 0.6 x10 89
1.0x10" 86 + 1.8 x10’ 91
1.0x10° 39 + 15 x10° 94
1.0x10° 33 + 1.3 x10° 99
1.0x107 28 + 1.6 x10° 100

28 F%ol YoIME 38} 433} vpRIEH 9] a9l ot 1.0x10° PIBs/meol
A 39 + 15 x10° PIBs/m& 7}d Eol 48Rt W FwoA 7 Be 7
AL FAHAoH F5 AFES AN 57 2EFE EUH(Table 3

A9l 20T M= 43 FF5=7b 10x10° PIBs/m Y We 39 o7
AFE 45 + 15 x10° PIBs/m ot 1.0x10° PIBs/mol A& 55
PIBs/m(Z 7} B2 otz A7 Aatse]l se7b mobdas f59 oA AS7t
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gol = Agelglont WCHTE BAFe §F AE&e]l WolArHTable
4).

Table 4. Yields of SeNPV after inoculum of different SeNPV concentration
on 4th S. exigua larva at 20C

Inoculum conc. No. of polyhedra .
i Mortality (%)

(PIBs/ml) production per larva(+SD)
1.0x10° 45 + 15 x10° 38
1.0x10° 1.2 + 1.8 x10° 52
1.0x10" 54 + 16 x10° 59
1.0x10° 49 + 16 =10’ 66
1.0x10° 54 1.2 %107 72
1.0x10° 55 + 1.8 x10° 84

3ol el 283 mAR HFEETt 2obdFE fF5F dAAF
@ol# 1.0x10" PIBs/mel A 5.1 + 14 x10' PIBs/m2 73 @2 thzha7p At
Aot A 28CH = ok TH(Table 5).

Table 5. Yields of SeNPV after inoculum of different SeNPV concentration
on 3rd S. exigua larva at 20T

Inoculum conc. No. of polyhedra .
' Mortality (%)

(PIBs/m{) production per larva(+SD)
1.0x10? 32 + 1.8 x10° 49
1.0x10° 21 + 1.6 x10° 58
1.0x10* 88 + 1.0 x10° 70
1.0x10° 25 + 1.6 %10 74
1.0x10° 46 + 1.8 =10’ 79
1.0x10" 51 + 1.4 %107 90
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Table 6. Yields of SeNPV after inoculum of different SeNPV concentration

on 2nd S. exigua larva at 20C

Inoculum conc.

No. of polyhedra

(PIBs/m{) production per larva(xSD) Mortality (%)
1.0x10% 80 + 1.4 x10" 56
1.0x10° 43 + 1.2 x10° 63
1.0x10" 66 + 1.6 x10° 76
1.0x10° 89 £ 1.4 x10° 84
1.0x10° 88 + 15 x10° 89
1.0x10° 1.1 £ 1.8 x10 95

28 % 3, 483 npskAE 1.0x10° PIBs/mel Al 1.1 + 1.8 x10" PIBs/ml& 7}

4 we oAzt AnEed dAHen 43

3 &)U tH(Table

Table 7. Yields of SeNPV polyhedra from

different density at the same rearing cage

T zh A 7 28 C HL) ko
6). o]l Az A Aol
7FA1 3 1.0%10° PIBs/mé

9
&

3rd instar S. exigua larvae by

No. of larva/cage

No. of polyhedra/larva

No. of polyhedra/cage

(PIBs/m) (PIBs/ml)
100 52 x 10° 82 x 10"
200 6.8 x 10° 9.8 x10"
300 76 x 10° 2.4 x10"
400 6.3 x 10° 48 x10"
500 34 x 10° 56 x 10"




shevbd i gAbSoll o3 wpole s ARbEly] S1EA lEAbRe] Hpol
1.0x10° PIBs/m& EXE3to] AME871(31x25x19 cm)oll @al spvhvhd 3% &
& HFde] 79 Fo| ST A 871 7 1007k L W §F 7 O
A 57152 x 10° PIBs/meol i 3007kl ol A= 7.6 x 10° PIBs/m = 7H =9t ow
ool eV d W §F 9 OAASFE BejAs Ageldnh. §7] 7 o
AR FEF BEFE EAAT ALS vha] ol glo] 3009 Y W 76 x
10° PIBs/m 2 7Hg o} whelejz ojwk Aol H4@ Aoz Azbeth(Table
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ul, B z71o] SeNPV E& A3 nx&= o3
B# ZHo] SeNPV E&A3lo] X IS dolrry] 9dle] HPE %
AL 20T, 5T, 5C, 15T, 25C, FLoz Ay slgon HE H=t= 1.0x10

PIBs/m¢ol™ wi€ 1097 2zt 23t £ dlolg) ~E 10w FAlste] AT AR

Hh B FA o] SeNPVE] =& stel] vA= FF
Age] SeNPVZE BieF Fadol e =243t H= Al7IE Lotrr] §éfo]

=
AEEe J)FR 3t wolel~E 1.0x10°9 F== 7}7h 9o oy Eaki)

=t

i=]

3. A% % 12
NFA BN nhele~ kg R WANE 1Y) Patel J)F AEEe B
U 28 §3S JAEe T ouolyAE 1.0x10° PIBs/mES A¥d Ay nE 7

=l 95% ool AFE&s Holow, Hit AITUIE 69 A= ada

ol S Kol ol YFA =l HA sk tH(Table 1).

Table 1. Mortality of S. exigua on different host after spray of SeNPV

concentration chrysanthemum chiness cabbage soybean
(PIBs/me) mortality duration mortality duration  mortality duration
1.0x10° 95.0% 6.2 95.2% 6.4 96.0% 6.2
damage none none none
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- 30C - 40C

NEE(%) NS E(%)

g il 7 5hr £-813 L
100 g2 = e ey sy sy 3
80— —————— - ———————————— B ———— - —
60— ——————————— - — = —— —— — — — — B0fF —————————————
J L e O —— - —
W0 —— Mf ————
0 0

4 5 8 10 12 4 5 8 10 12

Hel® A(2) Hel® 2(g)
50T - 60T

ﬂa\aé%¢ Hel® 2 (2)
Fig. 2. Inactivity of SeNPV on relative low temperature
50T olshe] &molAt 8AFS Aeldle Wi shiuhy SohzhA kel o

gEoll= A Fo MAA G oy 60TAAM = 2A1tS F et 50% o
de AbsES 2ol A Aol dojd Hego] stobxth(Fig. 2).

o
01

Bykxo]l iy 5”\:}7’%4]%*3}0]31’\(107 PIBs/ml) =273t F= &
< EY 2EEUE 20T 42 Hasks Aol 671d7kA Hedde] £4 glol

Az&Egom, -5CoME 90U AE WA Aol ¢ldrh. 1@ Aol
25C, 15, 5T+ 75 ol -5 WA o] "o Hth(Fig. 3).
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Fig. 4. Comparison of mortality of SeNPV by spray site on

greenhouse

_73_



MAge s AAag

ANES(%)

9 12 15

of mortality of SeNPV by spray site on PVChouse

= 9olBE 284357t e Al =] 152 Ao

wAEGNAE G AT 29
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Fig. 6. Comparison of mortality of SeNPV by spray site on the field
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dlolel 27k e Auizel A9 Foel 109004 28% oA wAE A
wasta] ke Ao UEhdtHTable 2). & YA, 4Ee 23, 4G ¢ 2

Bge vholes Aol FAFE wwstW Aolzh vhehbA ergkeh

Table 2. Effect of next generation after feed of SeNPV on 5th S. exigua

larva
concentration Parent progeny Weight of Hatchability
(PIBs/ml) mortality(%) mortality(%)  pupa(mg) (%)
0 6.7£2.9 42436 83 96.8
1x10* 34.1£10.1 11.1£75 82 95.6
1x10° 36.1£17.7 10.0+8.9 81 95.4
1x10° 54.945.2 28.3+16.8 82 95.0

oj/del Atz wolH s Frfel FFE HuiAAvIUYelA oA np
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o WIS FAAE BE A4E5IE 50, AR 30, %ol 30 cm)oll ¥a AF
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TF71G84), FARAVI(MAE £57], HAHA =5)S ©]
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automatic sprayer

3. 2% 4 33

A4 rkelA AHgsa ot AX 7FE olgste] Fre] wpeld
2 HEstel shhbPe 4F&2 E2ASAL. 49 FRA S

AET T 109 Fol| Axv|dER Axste] AF8S xAg A3 1x10° PIBs/

>
off
H
i)

O
AW
i)
Ll

m AFAE AH Y ZAAA AEI w=F =77} Fo} wloly A AAIF Fa
FoAxE FEAd vl 75% o] el AE&S HtHTable 1). 1eivh A

-
N4 BEETIE 2o]dE AEGoe] Fouh 9 AAel nF HAA Yol AF

Table 1. Mortality of S. exigua by spray of SeNPV 1x10"PIBs/m¢ on kidney
bean seedling

oD No of alive larva TOtél

Sprayer type mortality
pre-treat. 3DAT 5DAT 7DAT 9DAT ©6)
hand sprayer 162 138 82 46 38 76.5
delivery sprayer 160 136 89 44 40 75.0
electronic sprayer 168 125 86 58 51 69.6

1x10° PIBs/ml 23X Alo] &= npo]#] 2o o3k AbZ e 3AAREH e}y A Z
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dto] Z ALZ &S mjR2o] 828%, ¥4 0] 81.9%= 1x10' PIBs/mlz A g
AR o 5~ 8% AX AFHo| Ut oy o] vzt (Table 2).

Table 2. Mortality of S. exigua by spray of SeNPV 1x10° PIBs/m¢ on
kidney bean seedling

i Total
pop. No of alive larva

Sprayer type mortality
pre-treat. 3DAT 5DAT 7DAT O9DAT

(%)
hand sprayer 155 132 89 36 28 81.9
delivery sprayer 151 129 83 31 26 82.8
electronic sprayer 158 125 89 49 37 76.6
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Table 3. Mortality of S. exigua by spray of SeNPV 1x10° PIBs/ml on
kidney bean seedling

oD No of alive larva Total
Sprayer type mortality
pre-treal.  3DAT  SDAT 7DAT 9DAT (o

hand sprayer 150 124 21 14 7 95.3
delivery sprayer 148 120 18 12 5 96.6
electronic sprayer 162 115 31 25 18 88.9
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Table 4. Mortality of S. exigua by spray of SeNPV 1x10° PIBs/m¢ on

chrysanthemum

i Total
pop. No of alive larva

Sprayer type mortality
pre-treat.  3DAT 5DAT 7DAT 9DAT

(%)
delivery sprayer 989 683 492 272 219 779
electronic sprayer 1011 742 596 319 258 74.5
automatic sprayer 1006 623 421 216 196 80.5

Table 5. Mortality of S. exigua by spray of SeNPV 1x10° PIBs/m¢ on

chrysanthemum

i Total
pop. No of alive larva

Sprayer type mortality
pre-treat. 3DAT 5DAT 7DAT 9DAT

(%)
delivery sprayer 1002 642 396 196 113 88.7
electronic sprayer 965 725 453 210 117 879
automatic sprayer 987 624 401 128 77 92.2

Ege A wloly 25 Axe ) yp Ade Ax TFE dAe] 9t 4
2/ TR 7 AAE sIEge A Axeislh Fskel A 23 2Bem
Arow Ax 1044 A+ F 50~6071E AFske] 109 FHol A
AEE ARG o HlolEa T O FEE AeE EEVEE AYsdd e
FE9 1x10° PIBs/me A @ d Axk A7t wAg A ] (v 2B R R]) 7}

80.5% = Th& Ax7|Fel Hlste] ozt =& AMF &S B THTable 4).

Hlolgl 4 FEE o] 1x10° PIBs/mE A X3S o FoAl7]E 92.2%]
BA7LE Bol e AZ7|RY 5%HE EATHTable & B dEHE Ax
7] wol of WA 1T Axw o] shyhve] Aao] folgr] WiwoR A
7} =t}

g =2
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g) floll G E HETs Fohrag §71(20x12x12 com) Wl el Al 28 74A] ALS-EF A
th 38 H-H = cannibalisme 7] flske] HAl ARSE71(4x4x3 cm)ell 1vhe] A
Hal 4~59 Ao R QFARTt vtEW wASHA W77t 2 w7k A
stk g AMS2FY &YS fAstal HItE W] fa 1040 oY
AbEe JHAlE wild typed wW|AH oW AMSFE S 2% 25+27C, RH 65%, &
F7] 16L : 8Do] it}

zEO| FdTL AAste] 2090l P Hol TEF by wal(d 20~

m¢ =2k AZAQ] TritonX-100(0.1%)& &3 Axste] mjd dAg Al A
T DAY Ad G o10vE Y 108 AAs o fFRAAY A

AFEA 3} Duncan®] tE 4 A (SAS Institute, 1988) 0. & B L3¢ T},

M

o AGAAA) A T
ARE AES ot REAE FAsRR AGe] Sl o X mz

Eahol A FAWel Fakel ARG Ed oo, 3,

WAaxd 2 FRAaA oste] outE AAjsdom AFHIMAE AS531A o A
AEFAY boric acidE HFZA AFE3A T FFEWA 2= stilbene disulfonic

acid %= fluorescent brightener 28 (free acid, Sigma-Aldrich A% OBA),
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7+& stilbene disulfonic acid =o)X FZ7} Y2 fluorescent brightener
113 (Bayer A3 OBB) 13 il stilbene disulfonic acid®] heterocyclic %<1
fluorescent brightener 191 (Bayer Al OBC)9 3%F°] A& Ath Al

FrE A Fote] 108k A A s

3. 2% 4 u%

Table 1. Growth of S. exigua by additive for formulation

Weight of  Weight after treatment(mg) Mortality

additive

pre—treat(mg) 1DAT 4DAT  T7DAT (%)
White carbon 5.8 11.2 39.8 149.3 6.7
Diatomite 5.4 131 29.3 120.0 0
Talc 5.4 164 28.6 1254 0
Kaolin 52 - - - 100
CaCOs3 56 18.0 35.9 169.2 0
Bentonite 5.8 8.2 - - 93.3
control 5.6 124 38.5 164.3 0

ARz AEE st BxAE FAsta A 5o7ts o8 7HA Bz
AE ertzol mxste] spihpde] 452 A9E 23 vE H7h 24852
it frE A AFE T4 FRAT Kaolin?t Bentonite™  3HiFuprol
et dAHAT o] AL o] F =Hol F=H, =7FFol7] wZol ¢l
AR wE A He] A Al ] AA] AspEe] o3 slow Aozl
b B A A a2 4 White carbon® 6.7%9] AFE&S Ho M7 A

“

AN
fi
N

=

FRg nestolor & Aow AZtATHTable 1). B3 o2d 245 2o], T
F, A, 49 59 fR wEEE A4 Al S 44® A% ve

EHAES TAZE o axAer A A A A ka7t skl Al Y

2 =47 wAdol & Zem AzH ozt (Table 2).
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Table 2. Damage of additive for formulation

additive dilute cucumber red pepper rape kidney
seedling seedling bean

5008} x x x X

Bentonite
1000#H X X X x
500 X X X x

Kaoiln
1000 X X X x
500 X X X X
CaCO:;
1000 X X X x
500 X X X x
White carbon

1000 X X X x
500 X X X x

Diatomite
1000 X X X x
500 X X X x

Talc

1000 X X X x
antifoaming 0.2% X O X x
surfactant 7% @] X x X

ScAgutol el 20 AYE AAAA AFLaA, BFEAA, AY 5 oo

A WElz 63717 oo Bowm 1adA 5A7AE AN otalrt e A

2% e 7ol 729% o|3ATHTable 3). 1Lt 63 Aol SholA o3} o
A3k A (DGAA 1107 PIBs/mol A SEAGIA 80% ol o] 4E8S ol
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Table 3. Mortality of SeNPV by formulation

Time  formulation concentration Damage Mortality
(PIBs/mt) Kidney bean  cucumber (%)
Ist SC 1x10° o o 38
2nd SC 8.9x10° A(DR-oFa) o 49
SC x A (YL F-F3)) 68
3rd 1x10°
SC NIRRT 53
WG 2 0 X X 69
4th 1x10
WG 3 x x 58
WG 2 9 X X 72
5th 1x10
WG 2 X X 50

Table 4. Mortality of SeNPV by 6th formulation

Formulation Concentration(PIBs/m{) Mortality (%)

1x10° 84
Soluble

1x10° 80
Concentrate

1x10° 71

1x10° 76
Suspension .

1x10 73
Concentrate(SC) )

1x10° 62

1x10° 81
Suspension

1x10° 81
Concentrate(DG)

1x10° 63

1x10° 94
SeNPV 1x10° 90

1x10° 86

A ol Ay, AYFEAT A FRAA Heles FEEZ
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Hatel AT A% A3 AFERADGOAM 80% ol gl HFAS ek
spolg s qlele] wjstel A WolAuk AFAA AGeNA AP B HFELS

et A tH(Table 4). 2] 74 & whEo Xl 1~727kA41 €] AP 2 Fig. 1 3
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rr
pau)
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FT st ok AggdA vloly s HYGFAY AL 2sle] F4 3]
A3t (McLeod 5, 1977) ¥ 7] wj&o| #|¥

S Mg 5 9k 240 Aol Basd

=]
=
2

Aol AHgE EHES AFsAA HEEJAE boric acids tHE=A A
39 FFE WA 2= stilbene disulfonic acid -f%= A < fluorescent brightener
28 (free acid, Sigma-Aldrich #|3% OBA), &2 stilbene disulfonic acid %A
o] AWt Fx7} trE fluorescent brightener 113 (Bayer A% OBB) 181
stilbene disulfonic acid®] heterocyclic %=#]2] fluorescent brightener 191
(Bayer A3 OBC)9 3Fo] A&EHAY. AEZAH HAAAF, boric acidol] 2|3
ERETE FFaAe] o s ERIt e FFEIAE o=
TZxH o7 AolE Mo stilbene disulfonic acid =A<l fluorescent brightener

28 (free acid, Sigma-Aldrich A% OBA)7} &4%& I71%= 7MF 3 13
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£ R ((Table 5).

Table 5. Mortality of S. exigua by SeNPV plus additive on kidney bean

Mortality (%) Total
Formulation mortality
1DAT 2DAT 3DAT 4DAT 5DAT 6DAT 7DAT (%)

Water dispersible

granule(WG) 1 - N 6 35 19 21 5 86
WG 2 - 12 48 28 9 - - 97
WG 3 - - 14 36 25 16 91
WG 4 - - 12 34 29 14 1 90
SC - - 6 31 24 11 9 31
SeNPV - - - 38 42 8 6 94
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A8 gAY telH 2o A 54 A

H
spebe] Aol B T dAsdeRs FA S A AA gyl A9

2H& ATA71L Jdoen I FoAME A, vlole s, AP, 98EE 5 8
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K3
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=
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rr
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ol
K3
)
ot

Baculovirus subgroup Ac°ll £&bi= by sitkzbA| W ute] 2 2 (Spodoptera
exigua nucleopolyhedro virus : SeNPV)+ circular double stranded DNAE %t
= e wpolelz, tzbAl dE el wpelelx byt wig o] qlnh
SeNPVE WA & A= 7gstr] fAste] o8 7kA A9 e ¢4 712

A9 Astet A4S FEstaat AA sk
2. AR ¥ %Y
s (Spodoptera exgua)S TN f5S W3 Im et al.(1988)0]

AREEE AdEAR TN AEdT BEE g4l sl A Bel AmiEa E44

TY Qe F RTR WSl AESAT ATS Askel 45 20~307)

o MH7E FAAR e AAEOER 50, AR 30, o] 30 cm)ol ¥ AF
SR FspAZlen, fFabA] Ftel 10% ATEES FHste] Abwhe FEadTh
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wul gk 7 A Fo] e BEe] fFAAE G F wlojlio] 13 AR (5+0.2
g) el dAE HFFe FehE £71(20x12x12 cm)Wl ol A 28 744 A3
t}. 38 5B = cannibalisme 7] 5] A AFSE 7] (4x4x3 cm)ol] 1vFE] A

4~5d Ao QAFAEZE mbEYE wAlsAA WHEHZI7F 2 w7bA] A
stk g AbS2Fe &9S fAstal HItE W] fa] 104 ol o
AbSE AAE wild typedt WV AR oH AMF AL % 25:2C, RH 65%, ¥

] 16L : 8Do] it}

N
N

o oA g abel B 2~ 54

s Stz A B nfo] 2] 2~ (SeNPV) = X2 S ¥ ¢Fe AFALE(5+0.2
g) ZEHol 500 wel welH s A F AN AR FAAA A ALY
(4x4x3 cm)oll HiL 4% FrFo] &xs] A g F AIFSEA & FEE
Tttt Im et al(1989)0] Wiiel whel =2kgk o o 109 (v/w)el 0.01%
SDS &9& 7hate] mpsfek & o]F A=RE ot 1,000 rpmoE 5% FeF
ARgste]l §F9 AA7IE AAT F 2~33 3000 rpme] AL LA E] o}
40~65% A8 D= 94125000 rpm, 60 min) o2 A S £34A1A Hfo
212 %7 1.0x10° PIBs/ml H %2 ZAatoch o] wloly~ &S -20C W
Saroll HystH Al AE-EF T

olr

r4°

ok owtolE 2o AA H #F
D wzA

AotzrA o] Hel gl kA gutely 2 A FFol oF10ul (v/w) el 0.01%
SDSE&HE 7hate] mifgh & o]F 7=® of3star 3~43] A4 2(3,000 rpm,
108)8te] Gl gzta] AAES At o IAES 10°7 PIBs/m7t 5=
= 0.01% SDSgHo] FFA17] o3 40md P4l E2] el 40-65% sucrose density

gradient 32ml Yol FH4 Sml= A A 3] sucrose 4 Yo EF31 AAET
(22,000 rpm, 1hr)dted ©}ZbAl bandE LA ©] bandE FHold THITZ 84
A AAE (15000 rpm, 30%)3tL sucroseE A AE & -20Ceo] BHAsAA
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g Ag-sA T
vzt o] AxEnAd BEHES formvar® coating ¥ gridol] thztA s 4
ojrey] - 296 uranyl acetate® negative @A 3te] TR n] A o

=
Sk @E g ARE WEAZF FREAF FARAANAen @L

#AsG T gAY yETFRE AAE 044 10PBs/me] TRz 9459
o, B FEAA JAE g A4 50CE 7F2A17] 20% agars £35S

o} 22 agars Imn Z7] = #E} 25% glutaral dehyde®} 1% osmium tetroxide

h

TA3 . alcohol A (30-100%) ¥ Propylene oxide® ©423}iL Epon812¢] wj
EAAY. 93-S Ultramicrotome(Sorvall® MT6000, Du Pont Co.) o & WHE0]
2% uranylacetate®} 0.3% lead citrate® FAste] FAREHnF oz A23HA
=3

2) Virion

AAE Tz R4 (10°PIBs/ml) 5méE 3,000rpmell Al 10%7F QA1 22 ste] 3
AA 71 72 £9(0.1M Na2Co3, 0.0IM EDTA, 0.17M NaCl, pH10.9) 4ml®]
FFAlA 37CAA 303 Adstaitt. o7l S/HFE 7Fete] 8mliz s
3,000rpmell A 10&3F Al elste] &HA g dAAE At FTAE
skt

o] & 40-60% sucrose linear density gradient 32m¢ 9o A7) A=H =
s BEFeta GAEZ (25000 rpm, 90E)3Fe] virion bandZ
fraction collector(LKB2212, HEURAC)S A}&3}¢] virion band ¥ 2 33t}

ne
32
—
o
i

Z} bandol 2¥ie] F=HFFE 7F3 F UV Spectro Photometer (Pye Unicam
UN-8300)% 260nmolA &F%E =743} virion bandE A3 YA &2 (50,000
rpm, 40%) 3] sucroseZ A A3 virion FAES AFo| A1E3H T 2 virion

FA ot

Oll

band negative 94 3sle] FadxtdAn o= Az
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g Sgubolelan oW B4 W wholese] WHd 54

Symptom Polyhedra outer shape(SEM)

polyhedra inner shape (TEM)

hhA Fels 4WA, b e FEALBAEI 2 - 64T Eoid

). 2= avizhgutel e 4~ (MbMNPV)

Symptom Polyhedra outer shape(SEM)
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polyhedra inner shape (TEM)
A Pej= PsNPVETE 25, 728 WA =% PsNPVSF frALst

o). WlEEU 7 guto] e 28 (PxGV)

Symptom Polyhedra outer polyhedra inner shape
shape(SEM) (TEM)
AP or U wEHBA =T 2ojE HYP A FHRutols FHE HI..
eh. vholel 2 ate] AgWETuyel g el

purified virus shape
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uh), ghzbA o] A7)
sdfE g (2o])354um + 0.70pm, (Z) 3.02um 0.59m
= 5 v 9 (Zo]) 318m = 056um , () 2.79m + 0.42um

I+
H+

+
+

t}. wlolg] 2 DNAS Aldtah #4

M 1 2 3 4 5 6 7 8

M, HindIIIDNAdigested;1,3,5,7, MamestrinMbNPV;
2,4,6,8, KoreanMbNPV;
1,2,Hindlll; 3,4, Pst1;5,6,Sall;
7,8,Xho
Compared with MbMNPV DNA

= % MbNPV DNAE &<lat7] 93] wpold ndFA= ov] &
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= Mamestrin(Z2%2) DNAE ¢} v|lus7] 93l Hindllls Agtas st A

2 Ao e,

Muscle Brain

Hemocyte Fat body

Midgut cell Tracheal matrix
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of Hste] o] wuEe] YTk AWA, THAL, ¥, A
ol A 5o Hol A TR F4H e,

Purified polyhedral on sucrose linear density gradient

Tzt A| S sucrose linear density gradient® ZUAIF-gl ol o dte] AA T A
7} 55% sucrose o AWg 171 bande]l ©HAE A

o HE %FAel7] Y8kl bandE A #H 8kl negative @ Mol] 93 T3
7 2 FAAREu o st BEAs Y. FAAS

ol
E
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o
2
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%
v
N

Aol e pdEs WAl A7he 82493 42k 5 HAge] mgolgon Fal

AR Aol = Thzhe] 22 2t QAR e

= RN H

N
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Transmission electron microscope Scanning electron microscope

Polyhedra

gz o] WET2E Axdn oz ##Ee Ay g ol Be S u}
ole =g A7t Eo] 9low th49] nucleocapsid’t 34+l envelope©l
S Holx Ut} o|FE envelopeto] o2 789 nucleocapsid’}t &

MNPVel &3kt
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A9d exxAd we Fuhjua gzl 2
(SeNPV)9] W9l &4

. A4 ¢

Rt (Spodotera exigua) 71FHLI7E Wlol A &3, A 5o 403
2000 Foll Hete= BoR dHA A wuelA e H 3, wjF, FEb ol W
Aete] g7t A o2 BuEdom(Ahn et al, 1989). 19861l M =
oA Izt e 9384 A=A ow vzt gikeo] waE A
A2 5 509 Fe] A= td

o,
o
—

0

E]

s

1

o
:qu
ol
1
o>,
z

7} &5 Fi At Park et al., 1991). &
At Aol ko] WAV oHE HFow
Tetal U th(Park and Goh, 1992). ol¢t o] #7184 AFAldd AFdS o
Bl Bacillus thuringiensisoll = 74 o] <k3k uppbudlo= njlo]g| 25 o] &
g ARl 7HE mabA Aow delA AtH(Smits and Vlak, 1988). &}
olf =& o] &3t d|EWA = Ignoffo (1973)7} Heliothis zea WAE $3] A2
vol g = AF ARl Elcarg 4#3F ole M= WAMoRr o+ dvt. syt

g doizbAEutel g 2o S M SFEFY] dEASES T3 AA
T2 Wo]l FE ol&HI dom 2F AEZWSAE ol &3 AAAALE A%
Ha lou AAA EAE AEstHA Retar ol oH(Kurstak, 1982), A5
Aol gk wpojg] 20 FA AL eFIFY A S HUI ol &t TA
HAAdo] w2 mfoly g AASHel vk whebA AR S 2002 F-E] 20031 7t

A S sohz A g ulelel 0] S o3 WAde @Ashe] oA

AAE sy mAt AA T

2. As 2 WY

rlo
b
Y

s (Spodoptera exigua) Foll A S A3 Kim et al.(2003)0]
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o
Off

F

} AVR ZAZFANA AdE B g T BUE WAy ALSsiah
AT sl b 20~3070¢ Wul7|E FARAE wE AHE R 50, AlE
Fo] 30 c)ell Bal AFo R Ao, fFakA] F kel 10% AEES
FFate] Aes FEsgTh wudk 93l AdFol Abwdk B H

A wojgo] JAFAIE (5402 g) 9ol FHE HFs] HehaE §71(20x12x12
cm)ell A 28744 ASs ) 3# K-l & cannibalisme 2H7] $)8ke] JRA] AL
471(4x4x3 cm)oll 1vFg]¥ 911

A 717F d w7 ARSETE @ AMSEEe ZES fA 5 HEEs v
sl 104 o] Foi AFEE HAlE wild typedt WP AR o AAGE2AL &

Ul

%= 26+2C, RH 65%, &57] 16L : 8Do] 1t}

of

7

v oA R afo]E = S

skl Shzh A g ale] 8 2 (SeNPV)E 5387y ZERIE sdd%
I WA A A B ol yEwds 99X g2 AdFARGH02 g) ®
Holl 500uto] vield =& HEd F 1A A% SAAA WA AR E7](4x4%3
cm)oll Wil 38 fFo] s AAsA 3 F ASEEA 2 &
At Im et al(1989)9] WHel wel 4=kt o] Fol 108 (v/w)e
| HE Thste] wpH g § o]F A=E o }etil 1,000 rpmo 2 5
gato] & AAZIE AAZ F 2~33 3000 rpme] AL JAE S} 40~
65% A W E) 94125000 rpm, 60 min.) 2. E® BZAA S £33 A]A vlolEl A
FE7F 1.0x10"° PIBs/ml =2 A8ttt o] upolgls 48 20T WE o
HPstE A ALEs T

oh. SR gatele 2~ Wad A4

AFTALEE 30 m &% 40 e 9 ZetxgHd EF(5+02 g)dhe]
4°C WAmol A A8 Abgsiirh wleld s FEE 1.0x10'° PIBs/ml BEE 7
g 100w S A=A TritonX- 10000.1%)3 37 Fwo] =xFan 1A A
A% o5 G7EE HEske] A EAESFLI-30IN, EYELA Co)dll &%=

Ly
a

1:110
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235 20, 24, 28, 32TColA ZzF A AbFsbEaA ASE&S AR A
g 10vke] ¥ 59k 33] AAjsiglon] HAS Aik= AbbotH o ATES HA

3Fo] Finney(1971)9] probiti2A1 el 9ste] LCs¥ LTsS AHEstg )

3. A%

et

a1z

Table 1. Values of lethal concentration(LCsy) of SeNPV with different
temperatures against 2nd instar of S. exigua larva

Temperatures 95% Fiducial limits

(C) LCs(PIBs/ml) Regression line Cower FE— %

20 9.797x10°  3.89 + 035X 7.957x10° 6.460x10"  0.637

24 1.080x10°  4.16 + 025X 1.149x10° 3.025x10°  0.507

28 4996x10°  4.35 + 035X 1.920x10° 1596x10°  0.449

32 3.351x10°  4.70 + 024X 1.812x10° 1.703x10°  0.996
styhubg sichzba gulolel 20 HAQS AR P8l Avlel vt exd

2 LCng ZAMEATE 283F9 20TolAE 9.797x10° PIBs/m gl oy, 24CE
1.080x10° PIBs/ml, 28°C¥E 4.996x10° PIBs/ml, 32C+E 3.351x10° PIBs/ml = <%
7} =olgel LCsxol webAth (Table 1).

3ol glolA® 283 npFIkA R 32°Col A LCxol 3.080x10° PIBs/ml= 7}
srokeh refuf 28l Blshe] LCxol FiF EolAlar 1 ko] M= 33 oA 27
Bl FA Uels e (Table 2).), Im et al(1988)3} Kim et al(2003)°] &3t =&
ct2 AR Guj A A v g S ohzbA g uke] 8 A~ (SINPV)= Hal AA v v 2 7]

2 LCsx a2 F717F gl weh LCsxol oF 10¥] &= =kt 9} &

ol glojA ofzrel A moluh AFE wlahal Ueith

flr
i
%
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Table 2. Values of lethal concentration(LCs) of SeNPV with different
temperatures against 3nd instar of S. exigua larva

95% Fiducial limits

Temlg()gée)ltures LC(PIBs/ml)  Regression line ¥
Lower Upper
20 4930x10° 389 + 026X  2.144x10° 5.056x10"  0.329
24 1.118x10° 417 + 024X 9.622x10° 8.036x10°  0.488
28 9.796x10° 458 + 0.18X  7.957x10° 6.460x10°  0.179
32 3.080x10° 448 + 0.19X  1.884x10* 1.719x10° 0507

489 = 20CoA  5996x10° PBym, 28T 2144x10° PBym, RTE=
1304x10° PIByYmZE %o glojAlE o2 9719k 2ozt gl ort 3kl W= 3

Fol Blete] Eobx=dl(Table 3), ol #2 §==2 HFAZ 493 39 35l

A EEEE 2o]lE HolA FAY 93| 48 weol Fro] Ze AL fEFAH 5ol
e Abs AAFo] Aoz 48 w AN ol npolyAE Y= Fo] IA]
B Im et al(1983)9) R 9} YAse A9e BT
Table 3. Values of lethal concentration(L.Csy) of SeNPV with different
temperatures against 4nd instar of S. exigua larva
95% Fiducial limits
Tem;z?éa)ltures LCo(PIBs/mf)  Regression line ¥
Lower Upper
20 5.996x10° 390 + 025X 1.920x10° 1596x10*  0.180
24 4.325x10° 438 + 0.17X  7.812x10° 1.374x10*  0.492
28 2.144x10° 3.86 + 024X 4.930x10° 5.057x10°  0.329
32 1.304x10° 419 + 024X 1.202x10° 8.896x10°  0.173
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FrpzkA gulol gl 2 Fd LTS 20CoA 28-S 1.0x10" PIBs/nl 5 %ol 4]
5790] 2e¥om w7t 1.0x10° PIBs/ml ol &tell A& 109 o] Ao] A5
58 1.0x10" PIBs/mloll A= 2H7 6993} 610 2eHger A%
Z LTs Aoz, 3k g47]el oM E fFo] ALFE LT
o]l =t (Table 4) ©]& Kim et al(2003)& wiolglx F27b &1
FrEol AEFEH LT kol #Agle] &opxlvk= Harel dX| sttt

24°Col M= 20T R 7]kl @& e] 282 1.0x10" PIBs/ml s=olA 514

of za¥glom 333 4FANE 27 579, 59Yeldm, Ut olBER

LTske] tiAlZ #Zek=d ol 47|17 AHF=E vlo]eg e s Agrdo] vt
£& & = At o= Im ef al(1988)8 28 HLE HEH A o4

LTsoako]l #obxith= Aol A A3k} (Table 5).
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Table 4. Values of Ilethal
and 4th instar of S. exigua at 20TC

time (LTs) of SeNPV against 2nd, 3rd

Instars Co?glegg/?ntgns LTy (95%CL) LTe (95%CL)
1.0x10° 45 (3.4~54) 14.2 (11.1~20.9)
1.0x10° 49 (3.8~509) 25.7 (19.6~39.1)
1.0x10" 5.7 (4.4~6.9) 29.3 (17.4~51.8)

2nd
1.0x10° 9.6 (7.7~11.6) 469 (21.9~74.9)
1.0x10° 135 (11.4~16.3) 586 (31.1~96.3)
1.0x10 24.0 (18.9~36.0) 915 (54.3~142.3)
1.0x10° 35 (2.6~4.3) 16.8 (13.1~24.8)
1.0x10° 65 (55~7.1) 236 (17.6~36.5)
1.0x10" 6.9 (55~7.8) 24.4 (18.2~38.9)
3rd
1.0x10° 9.0 (7.4~10.7) 60.0 (39.0~98.5)
1.0x10° 9.6 (80~11.5) 64.2 (41.2~128.9)
1.0x10 16.9 (14.1~22.7) 94.2 (58.7~219.)
1.0x10° 47 (4.3~51) 9.6 (87~11.4)
1.0x10° 5.7 (5.0~6.4) 13.1 (11.4~15.9)
1.0x10" 6.1 (4.8~7.2) 159 (11.9~26.6)
4th
1.0x10° 6.5 (5.3~75) 28.0 (20.7~52.2)
1.0x10° 9.1 (7.9~105) 35.9 (24.8~69.0)
1.0x10 14.3 (11.2~21.9) 1169 (54.3~188.1)
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Table 5. Values of lethal time (LTs) of
3rd and 4th instar of S. exigua at 24C

SeNPV against 2nd,

Concentrations
Instars LTs (95%CL) LTy (95%CL)
(PIBs/m{)
1.0x10° 42 (35~4.8) 8.6 (6.7~14.8)
1.0x10° 47 (39~5.2) 11.0 (9.0~15.2)
o 1.0x10" 51 (4.1~59) 17.3 (125~31.5)
181
1.0x10° 5.4 (4.8~6.6) 21.2 (145~456)
1.0x10° 7.2 (5.9~9.4) 254 (15.1~59.4)
1.0x10 14.8 (10.7~19.6) 32.6 (21.4~54.9)
1.0x10° 47 (39~55) 9.4 (75~13.2)
1.0x10° 55 (4.8~6.1) 10.8 (9.2~14.2)
- 1.0x10" 57 (63~7.1) 116 (9.2~18.2)
T .
1.0x10° 6.1 (5.1~7.3) 11.8 (9.1~21.9)
1.0x10° 79 (65~12.1) 24.8 (14.8~455)
1.0x10 10.8 (8.6~145) 43.1 (22.9~149.4)
1.0x10° 51 (4.4~58) 9.2 (81~11.1)
1.0x10° 56 (4.7~6.3) 12.7 (10.2~18.4)
s 1.0x10" 59 (5.4~75) 142 (11.2~21.7)
1.0x10° 6.2 (5.3~7.2) 175 (13.2~29.8)
1.0x10° 8.4 (5.8~10.1) 240 (14.1~94.2)
1.0x10 10.9 (6.1~29.2) 73.4 (24.4~116.9)

28ColA 282 1.0x10" PIBs/ml 5ol A 4.9% 0]

7_11-
2 1.0x10" PIBs/m¢ FEo A 47d0] ~Q¥a, 39
=

g
8] &% T LTxol 7FF #kon 281
o] &t

El-Saadany et al(1992)& NPVl

s

n O
=
=
o~
S
Q
=

225905, 3F 3 4% 7

7}
559, b4d®E tE 2=A g H23 A4S B tHTable 6). 32TollA 25

I 47 77 37Y, 584

B}k LTl Zolx o (Table 7). ©|

s §% AFee LR 2

5CoA 30CE Z718o2 ZolAa, LTypE $& %04 © ZAojxdria 3t

Aol i m@ Aol
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Table 6. Values of Ilethal

time (LTs) of SeNPV
3rd and 4th instar of S. exigua at 28C

Tnstars Co?lglegg/itg’ns LTs (95%CL) LTes (95%CL)
1.0x10° 36 (1.8~33) 78 (56~12.8)
1.0x10° 46 (3.9~53) 94 (7.6~125)
1.0x10" 49 (38~59) 114 (83~14.3)

wnd 1.0x10° 52 (42~6.2) 131 (10.7~16.2)
1.0x10% 53 (4.1~6.5) 179 (114~21.2)
1.0x10 10.1 (82~13.8) 204 (161~26.7)
1.0x10° 45 (4.0~5.0) 76 (6.7~9.4)
1.0x10° 52 (44~59) 128 (105~17.8)
1.0x10* 55 (4.6~65) 13.1 (10.0~19.1)

ord 1.0x10° 65 (5.7~78) 14.8 (11.4~24.8)
1.0x10° 71 (66~82) 22.7 (13.7~37.9)
1.0x10 11.3 (9.6~135) 24.1 (16.3~45.7)
1.0x10° 45 (29~57) 78 (59~9.1)
1.0x10° 51 (42~6.1) 109 (7.3~15.2)
1.0x10* 54 (44~66) 12.1 (81~16.9)

i 1.0x10° 6.0 (4.9~83) 180 (14.2~20.8)
1.0x10° 8.3 (6.2~10.3) 20.1 (15.3~33.2)
1.0x10 10.1 (7.3~14.9) 22.9 (18.4~33.3)

E3 gphupel A 58 fFo HlolgAE HE F AIS2
W 2T} 1.0x10° PIBs/molA] 19 A=
o] A}o] Ao Aot o] u}

a2 &s

uE Ag 25T AL ALST
oAX g 3 ZA3(Choi et dl.,
o]g] ~

o] o
s

1996) ¢F= A A3kt
o @e 32Tl A% woted shuhol
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A e

Table 7. Values of lethal
and 4th instar of S. exigua at 32T

ZAZ Aol Fsd Aow Az ol

time (LTs) of SeNPV

against 2nd, 3rd

Tnstars Co?lifgg/?ntg;ms LTs (95%CL) LTes (95%CL)
1.0x10° 3.7 (29~4.4) 75 (6.1~11.1)
1.0x10° 42 (3.4~49) 74 (62~105)
1.0x10* 47 (4.0~5.4) 9.7 (81~13.4)

ond 1.0x10° 47 (3.8~56) 9.8 (7.6~18.0)
1.0x10 56 (51~9.0) 136 (11.3~19.4)
1.0x10 76 (64~9.3) 182 (13.3~22.4)
1.0x10° 39 (3.1~48) 76 (61~99)
1.0x10° 42 (33~58) 86 (7.4~11.6)
1.0x10" 49 (41~64) 9.8 (7.8~15.3)

ord 1.0x10° 5.0 (42~7.0) 12.7 (9.6~18.7)
1.0x10° 59 (4.8~74) 136 (10.2~20.4)
1.0x10 89 (69~11.0) 175 (12.7~215)
1.0x10° 4.4 (3.8~50) 9.8 (84~125)
1.0x10° 4.8 (3.8~5.8) 12.1 (9.5~20.9)
1.0x10* 58 (4.8~7.1) 16.6 (12.1~23.1)

i 1.0x10° 72 (62~85) 186 (14.2~30.3)
1.0x10 8.3 (6.7~10.9) 19.8 (13.9~41.2)
1.0x10 9.9 (84~138) 26.7 (17.4~782)
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g) Sl dAE HFae] FekxE 87](20x12x12 c)W el A 28 74A] AFSEEA
T} 3¥ Y H & cannibalisme 7] 918k JNA] AFSE7](4x4x3 cm)oll 1vFE A

4 ArE7E stEW At EA wH 7 2wk AR
sttt @A AMS2Fe 88 fAga HE 7] 98 1049 ol Fo
AFS3 Al wild typedt DUAF oW AVSZEALS % 25427, RH 656%, &

7] 16L : 8Do] gt}

!
o
e,
o
I
o
t
‘0,

of

o Sz g etel e S

sl Stz A B nfo] ) 2~ (SeNPV) = X2 dS ¥x] ¢F AFALE(5+0.2
g) XWol 500uee] mlelE~E A F 1A A= SFAAA A ALY
(4x4x3 cm)ell B i 4% fr5ol &ds] AAEA o F AMSEEA £ §55
sttt Im et al(1989)9] Wiiol wah F3hek oy
SDS &g 7hate] why g & olF A= o#}stal 1,000 rpmSE 5% FF
AAEYstq FF9 AAVIE AAF § 2~33] 3000 rpme] AL YiEe e}
40~65% A& DETa 9425000 rpm, 60 min.) &2 THHAE £8HA] A nlo]
212 %7 1.0x10° PIBs/ml H %2 ZAatoch o] wloly~ &S -20C W
Tate] HAsAA ALEERlTh
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ZE] AT At 20940 B FHol £EY by G 20~
307ME 2708 HEste] stALR FAS e & X ef Hjdeh oA F-3)
T o7dA el Aol WEE ARG FodlolglA~E 1.0x10% 10° 107 polyhedral
inclusion bodies(PIBs)/ml &%=t A =2AQl TritonX-10000.1%)& &35t v%
e A Aeld 10vke s 109

5 AAsY e fEaAAd Ay BE2EXNI Duncand U3 AH(SAS

WE AES] Y AP A

>

=

Zroll

Hhole] 2~ A A|e] AFade HagdE vFoA PVCEH-29F A XA A
=35 Udoz 20039 8¢ 15¥YFEH 10€15¥ HA FdsAn. AgTE
5x1.8x1.5m Z7]¢] FYALR FA & whEo] {59 o5& WAYL HETE
= FAE e vtoly 2 dAgds xSt WY bl 3S 150788 HEF
g 3 2gs 10dAe] HlelEl~ w% 1.0x10° 107, 10°PIBs/ml7t H %2 10a%

¢Fo g A e T AFAQ Triton X-100 01%2 H71ste] 15¢ &%

EH olWe] FA HEshGov W AGF Azt AFFE

vl wloleja ¥ gy FH EF A

&)t} 2 A W vl o] 2] 2 (nucleopolyhedrovirus) & St 3AIZ 4= = EHS A
at719late] wuldl A AREE L = New white 4F(CA, CB, CE, ERN)¥
Tinopal -UNPA-GX, Fluostainl & wlolg]xel Z33ste] QlFAlzd  ZHzt
1,000ppme EX&Fe] WEFEAARAELT0) 3 F59 BFFS AT 99
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7b. g zbA g ete g s FEAA

vt 20h wXo] XE
Gt 20~3070)E FF 20 st F3ked & FES fF5ol diske] 7Y
Aol szt Wutelel 22 FEEE A¥E AR LTy =4A 1x10° PIBs/
meell A& 5962 1x10° PIBs/meoll M= 491901%l a1, Bl dah-$-~E= 1
5849, 1x10° PIBs/mlol A& 486U & F%7l %2542 golxE= 4 aFo|YrHTable

D.

Table 1. Values of lethal tim(LTs) of S. exigua treated SeNPV on the

kidney bean seedling in open field and PVC house

Cultural pattern Concentrations LTs0(95%CL) LTos5(95%CL)

NPV 1x10° PIBs/ml  591(4.74~655) 9.55(8.96~11.24)
Open Field NPV 1x10" PIBs/ml  5.34(4.07~568)  7.16(6.09~9.53)
NPV 1x10° PIBs/ml ~ 4.96(4.28~545)  6.91(6.89~8.23)

NPV 1x10° PIBs/m{ ~ 5.84(4.38~7.45) 8.96(7.19~10.51)
PVC house NPV 1x10" PIBs/ml  5.09(4.27~6.40)  7.11(6.12~857)
NPV 1x10° PIBs/ml  4.86(4.00~5.75)  6.72(5.99~8.77)

FA OAEge =R Aol A 1x107, 10° PIBs/ml oA = 494 5E T2
3] Z71a7] AlFsle]l 10D el 90% ©]4e AESS wggort 1x10° PIBs/ml
oM AFgo] "ojx FHA

A
SEEE BRI P

55
off
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[=NPMO = NPVID = NPWVID = Cetral ] 4 —

Cumulative morality (%)
8 & 8 B

=}

Criays alter trealrmeank
Fig. 1 Cumulative mortality of S. exigua after spray of SeNPV on
the kidney bean seedling in the field

103 = =
(= NPV = HPYID = HPAYID = Canbrel | _,f"".
£ =
£y
£ &0
=
: w
g
=1
E o=
i il
1 7

Days afar ireatment

Fig. 2. Cumulative mortality of S. exigua after spray of SeNPV

on the kidney bean seedling in the greenhouse

. sgztagelelg s 2444
T 87F s o s =AEGI PVCEHE2oll 5x1.8x1.5m 7] 9] Atz
Fo olEe WASTh  snhpA g btele el A H A9

9% HA7rste] AEEAL w A EFAA LTS 1x10°PIBs/

o)
TS wHEo

Jo

Triton X-100< 0.

—
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el A= 7199 ¥ 1x10°PIBs/ml ol A= 98U oF 39 AL Zojgon,
LTe% 15793 20498 Hol Hlo]lg)x 27t 2342 AEx3lo] FhobA

PVCsl-¢- 2ol M= A 243 22 F3FS B AtH(Table 2).

Table 2. Values of lethal tim(LTs) of S. exigua treated SeNPV on the

chrysanthemum in open field and PVC house

Cultural pattern

Concentration

LT50(95%FL)

LT95(95%FL)

Open field

1x10° PIBs/m{
1x10" PIBs/m{
1x10° PIBs/m{

9.8(7.6~13.5)
7.4(7.71~8.45)
7.1(7.39~8.04)

20.4(14.1~30.5)
17.9(12.6~22.8)
15.7(10.3~19.9)

PVC house

1x10° PIBs/m{
1x10" PIBs/m{
1x10° PIBs/m{

9.4(7.5~11.3)
7.2(59~9.2)
6.5(5.2~8.6)

18.5(14.1~26.4)
16.6(12.3~19.2)
15.2(14.6~18.8)

[=HPY 1610 "—HPY 1210 =-NPY 1450 “+contral |

Marialty (%)

1 2 4 & a L[] 12 14 16
Days Aftar &pplication

Fig 3. Cumulative mortality of S. exigua after spray of SeNPV on the

chrysanthemum in the PVC house

b

A EG7 PVCaF-2=ol Aul= o Q= =43to] SrpztAynlolefxr Fd=
SRS w wpolel ol 93 A Fe A F 4AdAFE e A 2EEY
16L 744 A4 = A tH(Fig. 3, 4).

AF
=

ke
o
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100 (= NPV 1X10 —NEV 1410 = NPV 1%10 - cantrol )

&0
£ @
E.
L}
5 40
=

20

o _.—15:!‘ - -

1 2 El =3 a2 10 12 14 16

Days Aftar Applicatian
Fig. 4. Cumulative mortality of S. exigua after spray of SeNPV on the

chrysanthemum in the open field

HE WAE =4 TF A 1x10°PIBs/mle] 92%, PVCE$-2olAE 1x107
PIBs/mlo] 94% = 7bd =kout tr2 Aglek BAZA Fx7F 1 tH(Table

3). olyst AFoR Hol wAXZT &$AEqA 1x10°PIBs/ml BEZ A g

S S e BAY 5 9L Aow Azach aed sy ekl

Hlol ] 2 (SeNPV)E X F AQARE AFEA7 JEUL 7 4974 A
ABBS AStnz vloles AE Fol 7] AEES Eolm Wi A4
of o) WALHEL HH7] wiel upolelse] BHL AHAIE Ho] Fa
St o= SlelA sthzbAy wholelso] WAAel GRe WAA 2 27
HEES Folm BAL AV HX AL & A= HAAE Arkste] AR5
dholop & Aoz AztEo Y,
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Table 3. Protection value of S. exigua after spray of SeNPV on the
chrysanthemum in the open field

protection value (%)

treatment
field PVC house
1.0x10° PIBs/mt 834 b 86.0 a"
1.0x10" PIBs/m{ 91.4 ab 912 a
1.0x10° PIBs/m¢ 923 a 923 a
control - -

Y Means with each column followed by the same letter are not significantly different(p=0.05,

Duncan’s multiple range test [SAS Institute, 1988]).

o dheles AEEI FA B AW

Table 4. Values of lethal tim(LT50) of S. exigua treated SeNPV with

fluorescent brightener on artificial diet

Tretment LTs (95% CL) LTy (95% CL)
NPV 1x10° PIBs/ml + CA" 5.05(4.56~5.44) 7.32(6.67~9.81)
NPV 1x10° PIBs/m¢ + CB? 5.52(5.10~5.99) 8.11(7.15~10.66)
NPV 1x10° PIBs/ml + CE” 5.53(5.07~6.05) 8.48(7.33~11.81)
NPV 1x10° PIBs/ml + ERN” 4.86(4.51~5.18) 6.52(5.97~7.70)
NPV 1x10° PIBs/m¢ + T 4.39(4.03~4.68) 5.70(5.25~6.73)
NPV 1x10° PIBs/ml + F° 4.25(3.94~4.57) 5.81(5.28~6.96)
NPV 1x10° PIBs/ml 5.25(4.88~5.63) 7.32(6.61 ~8.95)
Y CA : NEW white CA ? CB : NEW white CA ¥ CE : NEW white CA

P ERN : NEW white CA % T : Tinopal-UNPA-GX % F : Fluostain I

&l o} 2} A ¥ vl o] 2] ~(nucleopolyhedrovirus)= Bl %z} &) Mo olsle] FA3 &
gdAstx 7] wito] AFsE Yl 25z nloly s kA SIAIL 4 9l



© =42 Aol Fgsit AMEE uweldx 3 =dEA FFauA
(fluorescent brightner)¥ LCs0S 7F2A17]3 violgl A8 HE AESES 44
AttE Haryp wol AUl AFEEHIZ = New  white 45,
Tinopal-UNPA-GX¢®} Fluostain I & #holg]sef Eebste] 1 HAS & 23}
Tinopal-UNPA-GX®} Fluostain I & ufo]e]~ o Ax7F 525¢ ¢ H|&ko] 4.3
o, 4259 F LTyl 1¥ A% d5HA0h 22y sllol A A& 0= New
white 715 ERNR®F 486d = °FF @=Hlow g FE& zol7F gt
(Table 4).

Ne)

4 & & (ma)

(—~2#2 —CA +~CB =CE ~ERN =T ~F |

Fig. 5 Growth of S. exigua treated fluorescent brightener on

artificial diet

Y CA : NEW white CA % CB : NEW white CA ¥ CE : NEW white CA
Y ERN : NEW white CA ® T : Tinopal-UNPA-GX % F : Fluostain I

FFxAe] g3E B fJste] dEabmed mHAEE Agste] s
of Aae Al A3 w5 Al Hste] Aol ozt "ojA= Aol

Fluostain I o]¢]elli= & zto]7} glar AbS = dojupA] ol AAHon= 4%

kv

HS 7ML A B2 Ao AAEHAT( Fig. 5)
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& B & mg)
= :
=]

HEl —.hl - N+ChA —MN+LB MN+CE =M+ERM = H+T =[N+F ]

= Al B
Fig. 6. Growth of S. exigua treated SeNPV with fluorescent

brightener on artificial diet

UN:NPV ? N+ CA: NPV + NEW white CA ® N + CB: NPV + NEW white CA
Y N + CE : NPV + NEW white CA ® N + ERN : NPV + NEW white CA
9 N +T : NPV + Tinopal-UNPA-GX ” N + F: NPV + Fluostain I

b outol 2oke] Egte ] mutut AAwS B flete] 2 AdER
=%3 A3 Tinopal-UNPA-GX¢} Fluostain I & wlol#] =~ ©@= 37

do]hon New white A% % ERNW wlol#j~ ©& n]:235 9tk tfE New
white Z1&& vhole]s @A gEThE AFo] o #ZHEo] molyag oA|dt=

Aoz A7k #oj v (Table 6)
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A11-d SeNPV7ZF 33y (Spodoptera exigua)oll
79" & #AEddE IAP, Serpin, ¥ SOCS

=
R o [

by
ra
—Ll

bl

Al Aoz WAV oHe AuiEzel & dHE dAS ¥ ol AFA

dsol 2F dFoly FA el a4, A dsfof FRrdor A7 44
18

=
o9 2 AEA R 5o AA4H FAES oFr] A7)

=
X0,
v
o
i
:oé
iR
ol
ol
N,
fo
rot

22 d % wAlel aapd o). At AR nlolYxo] Ftgl
NPV (Nucleo polynedrosis virus)7b <5 2%l Ipybvpike] W 9 whof 1) A 9}
oW 7]#ow S Sol=A ol dslA
Aol A= SeNPVZE dpbvpwlel 3 Sjgh & 3
FH == IAP, Serpin, 28|12 SOCSE A7 3txAF 31

oW e FEAES s A, wd

0
= oolA7hA el gk 2

2. A5 ¥ %4y
7v. Ihte]l SOCS# Serpin 2t 224

syl o 2 B E] SOCSH Serpinfr A AHE cloningdl”] 9138te] homology 7} 7}
F =& BRES o] 839 degenerate primerE designdtgth. PCR7]H S o] &3}

o] cDNAES ZFZAFow Z2¥ PCR product® TOPO TA cloning vector
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(invitrogen) ©l ligation3 % ToplO cello]l &2 A3S AAG. o7]A Y
positive colonyoll A plasmidZ %¥°} sequencing< 3} th Sequencing ¥ cDNA

sequenceE blast searchE ©o]&3to] 2 FAAE et Ed clustalXE

o] &-3}o] multiple alignmentZ 433} th.

o o] SOCS+t Serpin o] HE A A
NPV ztdel o3t fdzke] Bdgds Lotnr] ffste] RT-PCR & 33}

Atk S. exigua®l NPVE #9AIZl & 4A13F, 841, 124]17Fe] sample collection

tlo

3 Ay A Fk 29l laminaring injectiondl il 4A]7F, 8A17F 12417, 24

S

17+2] sample collection &9tk Total RNAE #3t7] 95t¢] RNeasy mini
kit(Qiagen)S AF&319 2™, RT-Premix(Bioneer)Z ©]-§3lo] ¢cDNAZ 433
ok Actin 825 o] &ste] FE 9 § SOCS 9 Serpin 82+ Fd=

SRIET

t}.  SOCS protein 9] pRSET expression vectorel] & =24

pRSET expressions 3l7] Y3te] SOCSE enzyme sites (Bglll & KpnD)ZE
Y& expression primersE design 39t PCRS o] &3¢l TA vectorel
cloningS 3 % plasmid DNAE &390 &8 % plasmid DNAE pRSET

vectore} ligation A%l ToplOF’ celld]l %o plasmid DNAZS #]3dto

k=3
sequencingS 33Ut &el¥ sequenceE F43Fo] inframe°l mutation®] $1
=AE st g9 plasmid DNAE BL21 celld] tA] 2 [8E& A
o AXZE stockrZl F IPTGE ¥o{SOCS proteing b 23 AlFHY
SOCS Protein induction A1%! & 2hr, 4hr, 6hr sample & %o} 12% SDS gelol

3]

=

7

ol

}12, o]Z2 PVDF membranec] transfer 3 % 5% BSA°] 1647t
blocking A7 ¥ primary @A (AntiXpress antibody)E 3417t RT ol A
incubation Al At 3¥H ¢washing %ol alkaline phosphatase-conjugated 22} 3F
AE o]&3te] RT oA 1A%+ E¢t incubation A1Zth 3¥Hel washing %9
BCIP/NBT &4& ol&sto] wks Alzith
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3. 2% 4 1%
7} IAP-2 (Inhibitor of apoptosis—2) ©¥ o] A x3 wad gt

Cill | Cill 2
i\ ) =
/—_ acin I-r —

Vool B
[l i ate b

3 ™ 1

L Phes dhws Ghws M C  Phes dhrs Bhes

Sl ibrmipy
itrfrme B}

¥
BLET ol &

A i C

an
1

Fig. 1. A. Illustrated view to clone and express the recombinant SeNPV-IAP2
protein in E. coli. B. IPTG induction of SeNPV-IAP2 protein in 12%
SDS-PAGE. C. Western blot analysis of SeNPV-IAP2 protein. His-tag
antibod detected the heterologously expressed protein in E. coli, which is 25
kDa.

22b A% o] H oA JIAPYM AL 7] %3] WE Peptide antibodyZE 2zt 2
3l A7} 22 &Yt o] Peptide antibody el &A EolAdeo] EA7F 9t
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i AZAEA o] F 2 AT HRE gAE7] A% Ao R SeNPVE IAP-24
AAE TA cloning vectorel cloningdtth, 21 & Az dds wr&57] 93}
o] Kpnl# EcoRIS ©]&3}e ThA] pRSET expression vectord] 24 3F$th
(Fig. 191 A =), Fig. 19 #4& o] &38te] ol SeNPV-IAP2 whvjzd
= AN 2 F e 9wl S o AxFdauds glakr] ek 12%
SDS-PAGE #43 Western blottingS 3}t

(Invitrogen)& ©]8&3te] SeNPV-IAP2 ©@W AL gHelsigich. dA Affinity

AntiXpress antibody

columng o]&3ste] At qor HAH [IAP2 wildAS E7ld complete
adjuvante} 4 FAES A E WE R 3}

1}, SeNPVe] 7ol S%5E Serpin @ e fjsh A+

Spodoptera exigua Serpin Amino acid sequence

P L E N K % Y F K B W O K @ F O P & N
I & W @ F F H 0T A O 8 & ¥V E V P 0 W ¥
! R EDDEDY LY B E S & E LS LI L L EN
P Y O B 4 A5 N I ¥ L P N E I E G I
0 G ¥ L 5 K L A 5 BB F D L M E | & K M
H £ 7T 8 ¥V Qv T | P K F K T [
an DL L PR L G | kK 3 F 08 A N & G L
T £ I L H A D E P F ¥ 5 K &L ¥ O K A F

Fig. 2. Se-Serpin®] partial amino acid sequence
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EEEEELELELE

1T
114
114
113
18
14%
i1
111
i1l

B Ik

H & &

—-.-.| s i B ¥ O 4O 45 &
I L] My B O 41 % &
1 i ™ 2 H W\ oo oM
D ® N & F

“ L] g 4 3

S S

I: - ] 55

Fig. 3. A. An aligned amino acid sequences of Se-serpin and other related serpin. B.
Dendrogram of serpin protein from several species. C. Percentage identity (%) of
amino acid sequences among serpins. Ag; Anopheles gambiae (42%), Bm; Bombyx
mori (67%), Dm; Drosophila melanogaster (41%), Hs; Homo sapiens (43%), Ms;
Manduca sexta (38%), Mm; Mus musculus (38%), Rn, Rattus norvegicus (45%), and
X1, Xenopus laevis (41%).

1) Se-Serpin multiple alignmen

TA Cloning 3 ¥ plasmid DNAE %} Sequencing 3+ 23} 514bp2] cDNA
sequences A AHFig. 2). Blast searchE E3}9] serpin FAAYS #2314
ok g2 =719 fFAIEES F23dl7] 98] amino acid® HAMAI A W, blastp
searchE E3lo) U2 29 amino acid® At Multiple alignmentZ 3}

Anopheles gambiae (42%), Bombyx mori (67%), Drosophila melanogaster
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(41%), Homo sapiens (43%), Manduca sexta (52%), Mus musculus (38%),
Rattus norvegicus (45%), Xenopus laevis (41%)9] A S 71X 9&S 3
ol 4= A (Fig. 3). FF full length® cDNAZE 7] 938l libraryE A2+

3Fo] screening@ A & o]t}

C 4hr 8hr 12hr 24hr

Serpin

Actin

Fig. 4. Induction pattern of Se-serpin after laminarin injection

ke 4hr 8hr 1Zhr
Serpin
[AP2
IAP3

Actin

Fig. 5. Up-regulation of Se-serpin, SeNPV-IAPZ2 and SeNPV-IAP3 after
SeNPV infection.
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2) RT-PCR analysis

gdbue; FEo] W ¥leS doy|= 249 laminaring injection A7 ¥
serpin 32k T FFS &lgk A3} Controlol]l Hlgte] F7lsts A& 249l
S AT = ZskA] &ttt (Fig. 4). &% LPS, CpG, LTA

s
S e vhrd We fE BAL SbY £330l 49 A7 F Sepin 414
o

ot Solx o=z FslE SeNPVE fF5ol 792zl & SeNPVel A
W = &= [AP(inhibitor of apotosis) % x& RT-PCR 7I'HE& o] &3to] &<13}

T-PCR 23 IAP9} serpin B Altbel A d45 Frlete 445 ¥
A5S FAT 5 A}JTH(Fig. 5). A SOCS 32| antibody & A4tstar 3l

o o]Z o]&3dto] NPVEF SOCS kel Az 285 stas 3t}

o}, SeNPVe 7Zde] €55 SOCSwwlAoef sk o 3

Spodoptera exigua SOCS Amino acid sequence

1 F ¥* W & E MDD R Y E A E R L LDNTIEPE .
n & T F L L B 0D §8 A Q E E H L B &3 ¥ 5 F R i
11 K T & B 5 L H A R I EH Y & H B F 5 F D K
i S R DF AY P A A BT Y T EKLELI E-H Y E #
L D P A CYMPFPFPFEPHLTANPEPLPESE Ho
il P F S L Q G L AR A Y I Y 5 BT S Y D G )
121 ¥y &8 K L pP L P PR LEBELY L K ETYT HY L

Fig. 6. Se SOCS 9| patial amino acid sequence
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g EEE Ry REdEEEy REREE EE F EEE g EE WgwEdgy g BE dy gEEE

116
136
138
136
136
138

Hs

69
70
76
£
100

Fig. 7. A. An aligned amino acid sequences of Se-SOCS and other related SOCS. B.
Dendrogram of SOCS protein from several species. C. Percentage identity (%) of
amino acid sequences among SOCS. Ag: Anopheles gambiae (78%), Aa: Aedes
aegypti (75%), Dm: Drosophila melanogastar (77%), Mn: Mus musculus (69%), and
Hs: Homo sapiens (69%)

1) Se-SOCS multiple alignment

TA Cloning 8+ § plasmid DNAE o} Sequencing 3+ 23} 416bpe cDNA
sequenceE A H(Fig. 6). Blast searchS %53t] SOCS F#x#e EA F 3ty
A 3 FHo =2 FAMES 7FH SOCS box 9 U4FEEUS #den. o2 3
9] FAIEE FQldt7] ¢3te] amino acid® HAAMA|FH oW blastp searchs %3

o] o2 F£9 amino acidE <Ltk Multiple alignment ZA3 Anopheles

- =
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gambiae (78%), Ades aegypti (75%), Drosophila Melanogastar (77%), Mus

musculus (69%), and Homo sapiens (69%)= 70% ¢ =& FAMAS 7FA 2 9
o)

Kol
=]

o

ol 4 JAF(Fig. 7). 3% full length® cDNAZS 97 938t library

£ AlZ3ke] screening@ Al & o]t}

Fig. 8. Temporal induction pattern of SOCS after laminarin injection

C 4hr 8hr 12hr
SOCS

[AP2

[AP3

Actin

Fig. 9. Up-regulation of SOCS, SeNPV-IAP2 and SeNPV-IAP3 after SeNPV

infection.
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2)

RT-PCR analysis

Cell 1. Cel 2

TA ciring T
Vector + Vector  f

e

®
Yector B
&
&
®, &
s, o

C  2hrsdhrs Bhrs M
) — .

~  isoistion

'

Sequencing
linframe B2)

v
BL21 coll &
=+ Protein
Expression

v

Prabain
Purification

C  Zhrs dhrs Bhrs

Fig. 10. A. Overall view to isolate the recombinant Se-SOCS protein in E.
coli. B. IPTG induction of Se-SOCS protein in 12% SDS-PAGE C. Western
blot analysis of Se-SOCS protein. His-tag antibody detected the
heterologously expressed protein in E. coli, which is 20 kDa.

Sty fFEo] WY Hheg JdoJ)E= EZ<Q Laminaring injection A7
SOCS Ao d Fds &Rlst Az At F43] T7Fet L, 1247k

= Ui S5t 24hrdd YAl STt E RS S a5 AT (Fig.



e gk Sold oz FQldti: SeNPVE #3550l A7 F SeNPVelA
3 = = IAP(inhibitor of apotosis) f+##t& RT-PCR 7|'H& o] &3to] &<ls
Atk RT-PCR A% Azt A G5 Frtets d4S 9T 5 Atk wd
o SOCS frxA= AN Al F7Eat s thr 8A17bell st o 1247k )
Al FA43 F7F 3 A th(Fig. 9). @A SOCS ##AH9] antibody S 4+
&1 glom, o]Z o]g3dte] NPV ¢ SOCS 8z 4528S Fystas 3
o},

3) SOCS protein 2] pRSET expression vectorol] & =4
SOCS #+#A= pRSET A vectore] 24 3 T owd d8S G2 AlA
129% SDS-PAGEe°l =93k A3 o 4trto] =(20kDa)ol Al SOCSE =H<latl e

Western blottingS %£3}9] recombinant SOCS proteing ¢1213}= polypeptideZ
g = AR (Fig. 10).

& A Histag affinity columns E3Fo] @A S AHAAS T antibodyE AJ4bsta

glom, 5 A antibody® ol §3te] SeNPVSE SOCSe] 454§ %2
2ASH PP ohel Yl THsRuA o
4. A% 99

b s dAtsoe] gk B Aol SeNPV7E shyhwe] IAd F gadye
IAP, Serpin 123l SOCS5 Frxiztel] #ste] 7124 A5 Fdsdh. [AP=
SeNPV7} spiupiol] AQ)eh & 27jd7lo] S28 a8 svfa 44 ok IAP-29
IAP-39] mRNA 2d $4& RT-PCRYHO= 2RlIsith. 1 A7 NPVl <3t
IAP-29} IAP-3 A7} sl fr = =itk IAP3 mRNA7}F IAP2¢l| H]gte] o} o
3w = ko] Wkt HEF o7 JAP2 £4A2 pRSET expression vectore] 2213}
ol A dd § FAE Aiste] IAPS} Ao gt Tl ds gAstas gtk
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r
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(42%), 283 238(41%) 9 FAES 2zt 9ot Serpin 3 NPV ¢} laminarindl] 9
sl A FEEJT. Bo® Jak-STAT AZAGAAY negative feedback
regulator® 283k SOCSHAAMS SF8&4dste] EA48 A3 2342(77%), Eehe]ot
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acid %= 2 fluorescent brightener 28 (free acid, Sigma-Aldrich #|3% OBA),
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Table 1. Recipes of SeNPV suspension concentrate for stability test by

milling
Formulation Content(%)
recipe Material Remarks
Treat 1 Treat 2
NPV tech 1 1 2x10°PIBs/ml
Dispersant 5 5
Antifreeze 10 10
ilr?;tedient 3 3
Stabilizer 1 1
Thickner 0.2 0.2
Substance 0.1 0.1
Antifoamer 0.2 0.2
Carrier Rest Rest Water
Total 100 100
Process | Equipment Dynomil Stirrer

Grinding O X

Physics and| Item Result Remarks

chemistry Formulation SC(Suspension Concentrate)
Appearance gray, sticky liquid
Hydration good good
Fineness good bad 325meusl;})1 98%
?{E;]gﬁ%; good bad 50C, 4weeks
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Table 2. Recipes of SeNPV suspension concentrate for selection of additives

Formu_lation ) Content(28)
recipe Material Troatl Troat? Remarks
NPV tech 1 1 2x10°PIBs/m!
Dispersant 5 5
Antifreeze 10 10
ngredient] 3 3
Inert 1 1
ingredient?
Stabilizer 1 1
Thickner 0.2 0.2
Mt | o 01
Antifoamer 0.2 0.2
Carrier Rest Rest Water
Total 100 100
Physics and | Item Result Remarks
chemistry Formulation SC(Suspension Concentrate)
Appearance gray, sticky liquid
Hydration good
Fineness good 325mesh 98% up
Sgggﬁ%; good 50C, 4weeks
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Table 3. Recipes of SeNPV water-dispersible granule for stability test by

drying temperature

Formulation Contest(%)
recipe Material Remarks
Treatl Treat2
NPV tech 1 1 2x10°PIBs/ml
Dispersantl 2 2
Dispersant?2 5 5
Weting : ;
ilggtedient 5 5
Carrier Rest Rest CaCOs
Total 100 100
Process Equipment Dynomil Stirrer
Grinding O X
Physics and | [tem Result vl a1
chemistry
Formulation | SC(Suspension Concentrate)
Appearance gray, sticky liquid
Hydration good good
Fineness good bad 32bmesh 98% up
oorage good bad 50C, 4513
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Table 4. Final

recipe of SeNPV suspension concentrate for efficacy test

Material Content(%) Remarks
SeNPV 1 2.6x10"
Dispersant 5 DAN
Antifreeze 10 AFG
Inert ingredient 1 3 ASA
Formulation| Promotion agent 1
recipe
Thickner 0.2
Antiseptic 01
substance ’
Antifoamer 0.2
Carrier Rest
Total 100
Item Result Remarks
Appearance gray, sticky liquid
Physics and
chemistry Hydration good
Fineness good 32bmesh 98% up

Storage stability

5% layer separation

50C, 4weeks
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AESA AFZA boric acidel]l 93 a2y HTi=E FFFT A o3 Fais
Y7 4R FEIAE ol F3F 2olE HolA & &fon F=
o g zo]E H] stilbene disulfonic acid %3¢ fluorescent brightener 28

(free acid, Sigma-Aldrich A% OBA)7} 7}4 $43 &35 w otk

Table 5. Recipes of SeNPV water—dispersible granule for selection of

adjuvants
Content(%) H] 31
Material
Treatl | Treat2 | Treat3 | Treatd
NPV tech 5 5 5 5 2.6x10"
Dispersantl 2 2 2 2 DAS
Dispersant? 5 5 5 5 DAP
Wetting agent 3 3 3 3 WAS
: Inert
f;(()jrmulatlon ingredient 1 5 5 5 5 DCA
pe -
Promotion 1 _ _ _ BA
agentl
Promotion B 1 B 3 OBA
agent2
Promotion _ _ _
agent3 1 OBB
Promotion _ _ _
agent4 1 OBC
Carrier Rest Rest Rest Rest | CaCOs
Total 100 100 100 100
Item Result Remarks
Appearance granule
Physi d
ngﬁﬁfst?;‘ Hydration good
. 325mesh
Fineness good 98% up
Storage 507C,
stability good 4weeks
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Table 6. Final recipe of SeNPV water—dispersible granule for efficacy test

Material Content(%) Remarks
NPV tech 1 5x10"
Dispersantl 2 DAS
Dispersant2 5 DAP
Formulation Inert ingredient 5 DCA
recipe Wetting agent 3 WAS
Promotion
agentl 1 BA
Promotion
agent?2 1 OBB
Carrier Rest CaCOs
Total 100
Item Result Remarks
Appearance granule
Physics and | Hydration good
chemistry
Fineness good 325mesh, 98% up
Storage .
stability good 50T, 4weeks
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o0 Thomas A. Coudron : Research Chemist coudront@missouri.edu

o Arthur H. McIntosh : Research Microbiologist mcintosha@missouri.edu
oKent S. Shelby : Research Entomologist shelbyk@missouri.edu

o Cynthia L. Goodman : Insectary Manager/Entomologist goodmanc@missouri.edu
o James J. Grasela : Entomologist graselajj@missouri.edu

o Carlo M. Ignoffo : Collaborator ignoffoc@missouri.edu

o Maureen Wright-Osment : Entomologist mmwa9b@mizzou.edu

oLarry D. Brown : Insect Production Worker brownl@missouri.edu

o Bradley V. Vickers : Insect Production Worker vickersb@missouri.edu
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