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Advances in insect virus synergists
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Abstract: This paper summarized the recent advances in insect virus synergists> including the synergistic characteristics
and mechanism of viral enhanein, a biological synergist from insect viruses. and the optical brightener, a chemical syner-
gist. The paper also gave a framework of the molecular biology of enhancin. Viral enhancin was found in nuelear polyhe-
drosis virus. granulosis virus» cytoplasmic polyhedrosis virus and entomopoxvirus: and it was metalloproteases. Several
enhancin genes have been cloned, based on that, some enhancin recombinant virus and plant has been constructed. Op-
tical brightener with enhancing activity were stilbenes. It has been confirmed that the destruction of peritrophic membrane
contributed to the enhancement of viral infectivity by synergists. Other mechanism related to the enhancement needs fur-
ther study. Finally the use of insect virus synergists was discussed.
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Table 1 Varieties of viral enhancin

HIRBRTIE

FEnhanced vims

FHEENRE

Virus with enhancin

MR 2 ay

Target References

BHERE PV

Pseudaletia separata EPV PulNPV
Anomala cuprea EPV BmNPV
PRERE oV
Pseudaletio unipuncia GV PulNPV
PsNPV
HaNPV
AcNPV
Trichoplusia ni GV AcNPV
AcNPV
AcNPV
AcNPV
Xestia cnigrum GV KeNPV-tetra
KcNPV-tri
KcNPV-tri
KcNPV-tri
MBNPV
MbNPV
SINPV
Helicoverpa armigera GV LANPV
Spodoptera frugiperda GV LANPV
B ERERE PV
Dasychira pudibunda CPV DpNPV
LANPV
LaNPV
Macdunniughia confusa CPV SINPV
B E R IERE NPV
Agratis segetum NPV HalNPV
Helicoverpa armigera NPV SINPV

Psendaletia separata
Bombyx mori

Pseudaletia unipuncta
Psendaletia separata
Psendaletia separata
Psendaletia separata
Trichoplusia ni
Psendaletian unipuncta
Helicoverpa zen
Spodoptera exigua
Kestia ¢ nigrum
Kestia o nigrum
Psendaletia separata
Mamestra brassicae
Mamestra brassicae
Helicoverpa assulta
Spodoptera litura
Lymantria dispar
Lymantria dispar

Dasychira pudibunda
Lymantria dispar
Lymantria monacha
Spodoptera litura

Helicoverpa armigera

Spodoptera Iitura

Xu et al., 1992
Mitsuhashi e af .. 1998

Tanada. 1959
Xu et al., 1992
TEE, 1995
TES, 1995
Derksen et af.» 1988
Wang e ol . 1994
Wang et ol .- 1994
Wang et al .. 1994
Gotos 1990
Goto et al ., 1992
Goto et al ., 1992
Goto et al ., 1992
Goto et al . 1992
Goto et al ., 1992
FEFE, 2003
Shapiro, 2000
Shapire. 2000

Lobinger, 1991
Lobingers 1991
Lobingers 1991
HEFE, 2003

BNRIT 2, 2000
Ramarethinam et af ., 1997
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5RO RRTE B R 1R 1R 0 A s
71, BRSNS I E L . PuGy R R
B0 puNPY. H T8 BT Autographa californica
NPV CAeMNPV O ¥ SL MR Trichoplusia ni NPV
(TaNPV) X B B 40 M AR Y% 57 (Uchima et al.»
19882, PuEPY MR R ANA] BN AL & f iR & 50
HH LR ) (Hukuhara and Wijonarke, 2001a). 5
FlnEARr, JHaRE A IS REE N L E-a A
& RE—E N RE.

1.2 fmEEmERNEMREELFE

MR AR SRR MR REERE, X T
HARTE A B R OB iR, ik (A
SMERFETHAESRAD. 2—MIIREQ. A
ZRMBENRA B, T ETE 104 ~ 120 kD (Zhu et
al . 1989). H— M AFTATRFR SRR
B E&BEEE (Lepore e al.» 1996). F£RE
ERSTPUHRT porpy B R, EHFREH
PuEPV SRR TECR i, ZEORS TEN
38 kD, MY —MEED, SHAERES S
B EMAR AL, BEFERIYER, B0
BEREESFRNARSEBREARR (Xa e d..
1994, W/REIT e R W RN g S E
FETREREHEHRRGE. SEEARETALR
BERTABAT, MAFE T RE TR RE
FFIF (Wijonatko and Hukuhara, 19983, BIACK
MEFESEE S AR S, (B RRAR
RERAEmENEE, RETHESM Lymantria dis-
par NPV (LANPV > FUE T B Mamestra configurara
NPV (McNPV) PRI T 5308 f50m & 8 WA
— 5 FIRTE F1 B K (Bischoff and Slavicek, 1997;
Holly et al .» 2001; Li et al.» 2003). HA LdNPY F
EMT 25 ovs BaEREMNEREE g1 #
E2, FEFWE D T &40 89 kD M 88 kD, E2
EHE5EL EE K PuGV. XeGV ZARBHE Helicoverpa
armigera GV (HaGv) WHEFRENZEELE
F30%HREE, KER EZFNNEARSTHES
MRIRE D FET 2.3 & AE R EENESE
WHTH T 1.8 15 FFEREEF 2 EEAWS
BLNTHT 245, REBERFRENEARY
P LANpY HES, FHEE —MEBEARE.
TE McNPV R FILED 38 3058 I 5 2w 38 S B R e 4
BHAER EF 0% FEE. RENEBRS
TEABKD, EH—ME&EELE. 5 McNPY B
AWEF FEAN AcNPY T, KGR EAH FAE TR

MRS IR E T 4.4 8. MEMZR Agrotis segetum
NPV (AsNPV) Z B EAMBEER TS
HaNPV RV A BIREE, TR ANPY
LA, WENTM pucy MR E 2 A LR,
{85 HaNPV 2 F 4R R HFREE (B0 M
T2, 20000
1.3 FHBBERSTTEYENR

IMEME T 8 FmEMAEENTR, ©19
B PuGV. TnGV: HaGV, XcGV, = 1235 M B
Choristoneura  fumiferana NPV CINPV 3, LJMNPV,
McNPV 1 PSEPV, HHTE XeGV 1 LAMNPY 45+ 3
KILT 4 40F 2 AREIEEE E (Hashimoto and
Comaros 1991; Roelvink et af.» 1995; Hayakawa and
Hukuhara. 1996: Bischoff and Slavicek. 1997; Hayaka-
wa et al .» 1999; Holly ez ol .» 2001; XI3RZF, 2001;
Li et al .» 20030 3% 12 W85 E R XeGV B4 B E
SRS AR R A A AR RS e, RN
mEAI-MEBEARE. B4 oV F NPV A LT
PHZEEET N ORFEERE,. FHETE
RPN 200 ~ 300 EERIK, [FYEMETE
0%k b, T ¢ R RRERIE, R 7% LT,
WA DA ROR IR RS AR T 7 & i)
o R, 12 WMIMSEET AT K, 2P
TnGV~ GGV, PuGV. HaGV F XeGV E3 [Fl B A%
1. LAMNPY E1, LdMNPYV E2. McNPY, XeGV El
XeGV E2 1 XeGV B4 AL Z % 2. TEZE 1 T,
TaGV. CIGV. PuGV TR — B, HaGV F XcGV
B3 WAk —288E . &0 2 A P28, Me-
NPV: XcGV E1 A1 XcGV E2 BT — 258, LdMNPV
El, LIMNPV E2 1 XcGV E4 AR —8. Fik2
PREMREREREE (783 ~867) RTHZE 1
(900> (Li et al.» 20037

AR mEEREEN B T AR
T ATAAG U TTAAG, H P LdMNPV E1 # E2.
PuGV M B A — ¥ B 3 F ATAAG. 1
TGV F1 HaGV 38 3B MR 438 &F 2 A1 3
HIBBITF TTAAG, B XeCV BNEFBEHF 1
B2 BT, MEEA TR AR EEE T R
ERUEFIFIE, XEME LAMNPY. TnGV F Mec-
NPV 5915 29F 32, LIMNPV E1 B8 3 & H T2
LA6S2Y A0 HE 48 h fo A H 5% T (Bischoff et al ..
19973, 1fil TnGV 7E12 R &0 4 5 6 K G 38 5k
F ¥ 3E (Hashimoto et al ., 19912, [FI4F McNPV 3824
EFRTHESBaFHIAT FEAN AcMNPY 2



6 WEFHE: RRRESEINHRAERE 769

YEAMERE L (Li e af.. 2003). WAL AINE IS
MERMAFRFESEEALRA, 6V H 170 kbp
PLE, LdMNPY A1 McNPV 73 Bl 4 161 kbp 1 155
kbp, LU OAN 8B A 2 M 4500 35 49 K 25 ~ 30 kbps
FEXEREAFIEARERIE. W RERAR
E4 AR R RS L IR 5 R I R R
B RIEE (Li et al.. 2003)-

¥ ToGV B EEFE AT IEHE ACMNPY pl0
BEiF M, BIMNEARSEREREER, H
T A E R, R, B E T
4 AcMNPY, EAFRHESEHARS AL S
i, W RIEE R R AR EFREEN 2 B ERRIE
B, WifE@Eee e THRAHEEME (Zhong and
Granados, 1998). LEAh, TR 3| T3 A MNPV 3
HEHIEH AcMNPY FRE R 8 LAMNPY,
eRNSEAEGEIAERE. BREEEARSH,
WA MEFERZA AP RIE. CF PsEPY
BME R T A iR, REFYERE
HEg A R A TR J5 B E IR [ PsMNPV % R 7k
HEVEE S (Hukuhara et ol .» 2001b). PsEPV B35
BEFRER I AKES, 53] 7 /855 puNpy 5t
AR DR E K (Hukuham et al .
1998>. EMMERNFEN SR ENE LR PR
EERIEE (Granados, 1999, FAAEIR; Huku-
hara, 1999, A AT .
1.4 fREETERNEKIIE

T IR R A N RS R T e
Wik L, HWAAR—. T EREmRSmEE
TR BT S LA R I A A, — I A0A
PRAREEEEFEA RS ETT, BRI
Fo PG AR . ETE puGy 3898 2R 1 S AE
HE =ML R Brh i bR ERRNE S
A, MAHEBEHNEEL R P EAEE SR
Femheh &g, SRERER M IEH pucy JH5E
EHNEFHMARPBERHMEERE (Uchima et ol .
19880, {E7E TnGV B AFRA 4 M ERS, ({F
W R LA HAF RS S A, RErg. EEE
B AFT SE R RIX 3 T B A SR R IR R =
B R AA . BB AR S SRR
AR AT A2 5 T i B i B 1 2 -5 T 8
FRT R IHEH (Wang et al.» 19940 H—FH
SA oV B9 3R 1F R [ S R B KA
B, MO RERFLE MM M A 2 AiAR S
FIEFENE. DRI TaGV 58 E ARG ISR

mEEE, FeEHEARELEE (Derksen and
Granados. 19880 XA M DU AIMATH
— M AL B 807 HE 788 MEEMAMN R
BBHEE Cinseet intestinal muecin, 1M, AL
P HE R A8 M, 1 PuGy 158
REEWARSNEAE v, B AEE puGv B3R R AN
SRR REFEPREED M. MHEPH. X
LEATFE A UL PuGY SRR RN S M. B
fi# IM. T AcMNPV FIECGL ) (Wang and Grana-
doss 1997a, 1997b). 3 ShEEHAR I A S AU
BERFLETE Taov R RFR AN, BREE S
RWEB A, LT KRBEEBM (Peng e ol .
1999). BT LR B Fh A FED A ETH BT R A E A
7, e [F R A R R B AR AR RN T
o EEF B R AR T AR S5 AR R
EIAE MRS NREG IR L AihRE
B, RAERAAES, BT PBAETES, Ff
EFEER R LT LR EERENR, REBEEH
—BWTET . R FE ARSI N T £ A o R
Pt R . FEAIRESF AT IROR & nE I R
FeiRl& AR A0 I B, HP IR &
THER, RAMREEREL LABMELE
M. BOEN RS MERT G500 e i M
B pucvVERR TARER, EAgAkTERLE
Fratge THRESRE, GrERFNREED
HEAERNER (Hukuhara and Zhus 1989; Huku-
hara and Wijonarko, 2001 3. Ie4h, *F FAZLY £ £ 4%
WigE. REEREMRE L AR S BRI EVR
LRTH, BREHEAFH.

2 AEEHEROI—oeE A

FIEI ] Coptical or fluorescent brightener) £
—RIEwA T M. B, BRETI ALY
F, e R A G RS AR RS 415 ~
466 nm F1¥5 6.

2.1 FAEBATIEEME M

VRIS OFN RS EHEN AR
DAL IR A E H TR 35 5 52 2R A ER BB
e AT HAEALAI TR, NI RO
FEM S AL B 8 280 ~ 310 nm B9 UV-B . 1M
THE SN D 320 ~ 400 nm B UV-A EERIE KR
HEE, FeeFE R A N B FIERA RN
Rl P o R R i R k| P v il
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AT (Rl IR P 2 B B3R A2 Shapiro (1992h) KR
LA FOEH AR PRSI & AR BT AL
EARAPIE M, P TR AR T BRI R R
RE A 100%. H—FHRFRATCLBRA
EA R RAAS L2508, mHEAT
REWEFEAIMNEFN {Shapiro: 1992a)« Shapiro 1
R KIS TR MR, AR RO H
FITEPES ML, BB, #REYH. KSR, AR
M. ZEZEMME. PNMOERMEETRESHE R
TR A AR ARG HF A (Sheppard and
Shapitos 1994; Vail e al.. 1996; Zou and Young:
1996; Argauer and Shapiro» 1997; Li and Otvos,
19992, 1999h, 1999¢; Martinez er of .» 20005 Shapiros
2000a. 2000b; Shapiro et af., 2001; Boughton et af .
2001 ).

FOL B 5 R R R FE SR SRR
Fl: (D FOEBEANENEEEFRERESN
FANTR AR IR, (20 ZOEM AR TR A E A E
EHRATEN, MEEER LA SN,
ANTE— A EF =S A A A R A S B T
T 2P HaEFEE, BER—ZEERERFD
FHEPHGEMAR . 30 Blankophor HRS TERE 22 71 1
-SeMNPV PHEVE R, MERASM-LIMNPY 1, B
#& 4 {% T Blankephor BBH. Tinopal LPM. Blankophor
P167 1 Blankophor RKH. 18, AFLE7EFE— R
AR Bt A TE e Rarh th ok
F, 40 Blankophor BSU~ Blankophor DML 1 Blanko-
phor LPG TF = 12 & M #-SINPV, £ 5 B -LIMNPV,
FHEE UL -SeMNPY (Otvos and Li» 1999: Shapiro and
Argauer, 2001 FRIIL I SE . B B AN
BRI R A AR B RIBR . T B AR
R fRREM B REHE BT, (3> 30tH
I A 38 20 ME S A R E T K. X Tinopal
LPW ISR, MBS RERER 0.25%
~ 1%, WEER 0.01% ~ 0.1% B 68 23 3 iE H,
WP R M A (Vail et ol 19960

28I 2 AR R A GE T SO B
AR, B TR 2R, W WE TR ML)
ARFAREBTEH LW EERITEN. —HE
MRS, SOt ATRAKE SR, BIXHFA
SHEYE MR R ERIE-SeNey . 18 3%
VI SR A0 9 BT Blankophor HRS A 2 M AR
., TG HGE A Blankophor BSU B 6 i B2
B, EEFW-LAMNeY L TR E AR Y

FIRA 2 A E4 M ERRE. BT HEIGEMEAN R Z
BFEF R (Blankophor HRS, Blankophor RKH) E{ —
(R E) 5 H# Blankophor BBH: Blankophor
P167), IMGIE R BRI & EH (Blankophor
LPG) EREME (1, 4-BEA7NHM) (Blankophor DMLY
W T R 20 AN R AT AE S G TR AR K
ARSI B pH 7 6.9 $ 9.5 28], ET pH
B R/ 5 38 2 55 M 6 X (Shapiro and  Argavers
20017+
2.2 RAIEEFIAELHE

BRI B R A AL B R SR D
R EPERERE T . Sheppard 55 (1994)
WA A 5856 38 57 Tinopal LPM % LAMNPY {18 2% {F
TS AT R A p ETFEH %, (@ Shapiro
& (20000 WATH pH B T FERFH R 7
ISR, Washbum % (19980 NHAY pH B T &
AT AR LE T30 5 R i b s A
FOfi %, X RFOLMAFERN ERERE. W
Wang 5 (20000 XFE&IEQBIFRHA, 2l
| Caleofluor Wit 7 S g5-& 2 JLT M L, HIEE
B RS E RO B, X EEHKIRE. F
BEfREREAT T HREEEEE, Fite
Sh ARECIERS, RS FEH— PR,

3 9 A BEROSIAY LA e 22

BN 2 58 2 8 AR M AORE AR IL B = AT
REER. EMHFLREENHENHATEL TFI=
igfE: (0 BEEFEAEMMERANRMRESES
B (20 AEFNTEMERREAEERNEAR
5 (3 FAEETREAFREREY. ST
FMhiEAE T B E SR I NN = A A R A
b, TPRBIERE, (B TESAIEEPI R E AT
AFEmAEN, REEAESEANNBERE. /M
WaReh THRAEETE~MENEARTEEER
e, A RAE, EFRAREK, FH
FAREREERE LSRN E, BORET L
LAY (Zhong and Granadoss 1998;: Hukuhara et
al .» 1998; Granados, 1999, F A& R; Hukuhara
1999, RNJEIND, UTHL AT A ASE I T AR A 7
H, AEEERBERES BRI E.

T BRI R E RO g RO AR, Ay 2
FOEHCEMAGINESE, AHKEMSARRT
KRR, B A5 & R % EL
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TJLAE: (1O HEREEE=EAERNS 2.
AR BT E R BRGE T A2 618 5T 7R H
[ FFEA R, NP6 B R Caleofluor White M2R 7B
EHA BERE NpY W NEREE S, HER
FEAREFOEAEE. XTEEROTEREAHN
FHEY IR L L, FOLE BRI EZMREE T R
PRSI %, AR AORE A ) R T R Y
FH R MAE B HOFE R RFEF (Boughton e
al > 20010, (2> FICHWEFIRNHRA. WFEE
= AR (X 3618 F A A% B & A R B G
Biie =tz G, RAEHBERREN0.1%
A RFIATH] (Martinez et of .- 20000, (3) FJUIEH
A5 2% EARIERAREERERNRE.

2 % ¥ @t (References)

Argauer R» Shapiro M> 1997. Fluorescence and relative activities of stilbene
optical brighteners as enhancers for the gypsy moth (Lepidoptera: Ly-
maniriidae) baculovitus. J. Feon. Ensomsl., 90 (2): 416 -420.

Bai X D, Ding €, 2000. Smudy on synergistic action of Agrotis segetm nu-
clear polyhedrosis. . Appl. Environ. Bisl., 6 (10: 52-55. [B
AR TE, 2000, BHER NeV WEERRITNR. AR
S5H¥EM. 6 (1) 52-55]

Bischoff D 3, Slavicek J M, 1997. Molecular analysis of an enhancin gene in
the Lymantra dispar muclear polyhedrosis virus. J. Virel., 71: 8 133
-8 140.

Boughton A J» Lewis L €, Bonning B G, 2001. Potential of Agrotis ipsilon
nuceopolyhedrovirus for suppression of the black cutworm (Lepidoptera:
Noctiidae) and effect of an optical brightener on vims efficacy. J.
Econ. Entomol., 94 (5): 1045-1052.

Derksen A G» Granados R R. 1988. Alteration of a lepidopteran peritrophic
membrane by baculoviruses and enhancement of viral infectivity. Virolo-
gy» 167: 242 -230.

Ding C» Deng T> Cai XY, 1995. Enhancement of baculovirus infection by
the synergistic factor of a granulosis virus of the armyworm. Acia Ento-
mal . Sinica> 38 (4): 407 -413. [T 5, REE, BHE, 2001, #h
B ARFEME TOEEEM. BHEFEMR, 44 (2): 407 -
413]

Goto C» 1990 . Enhancement of a nuclear polyhedrosis vimus (NPV) infection
by a granulosis virus ( GV isolated from the spotted cutworm, Xestia ¢
nigrum L. (Lepidoptera: Noctuidae). Appl. Emt. Zool., 25 (1):
135 -137.

Guo HF: Fang J C» Luo W J» Zhang H» 2003 . Synergism of different insect
viruses to Spodoptera litura and Spodoptera exigun. Chinese J. Biol.
Conmrol» 19 (10: 23 -26. [HAF, F&m, FHk, KiE,
2003, A [ B 07 30 BF SR P A ST R B A 1R RE A
FEEWMIE, 19 (1): 23-26]

Hashimotw Y Corsaro B G» 1991. Location and nucleotide sequence of the
gene encoding the viral enhancing factor of the Trichoplusia ni gramilosis
virus. J. Gen. Virol., 72: 20645-2651.

Hayakawa T» Xu J H, Hukuhara T. 1996. Cloning and sequencing of the
gene for an enhancing factor from Pseudaletio separata entomopoxvirus .
Genes 177: 269 - 270.

Hayakawa T» Ko R, Okano K, Seong S L, Goto €, Maeda 3, 1999, Se-
quence analysis of the Xestia c-nigrum granulosis virus genome. Virslo-
gys 262: 277 - 207.

Holly J R» David S B» James M 5, 2001. Both Iymantria dispar nucleopoly-
hedrovirus enhancin genes contribute to viral potency. J. Virol.. 73
(18): 8639-8 648,

Hukuhara T» Tamura K, Zhu Y F, 1987. Synergistic factor shows specificity
in enhancing nuclear polyhedrosis virus infections. Appl. Ent. Zool.,
22 (2): 235-236.

Hukuhara Ts Zhu Y Fy 1989, Enhancement of the in vitro infectivity of a nu-
clear polyhedrosis virus by a factor in the capsule of a granulosis virus.
J. Invertebr. Pathol., 54 (1): 71-78.

Hukuhara T, Hayakawa T» Wijonarke A. 1998. The mode of action and
transgenesis of a virus enhancing factor of an entomopoxvirus. Proceed-
ings of VIkth International Colloquium on the Invertebrate Pathology and
Microbial Control and of IVih International Conference on Bacillus
thuringiensts . Sapporo. 7 - 8.

Hukuhara T; Wijonarko A. 2001a. Enhanced fusion of a mucleopolyhe-
drovirus with cultured cells by a vims enhancing factor from an ento-
mopoxvirus. J. Invertebr Pathol . » 77 (1): 62-67.

Hukuhara T Hayakawa T» Wijonarko A A» 2001b. Bacterially produced vir-
us enhancing factor from an entomopoxvirus enhances nucleopolyhe-
drovirus infection in armyworm larvae. J. Imeertebr. Pathol.. 78
(12: 75-80.

Lepore L, Roelvink P R, Granados R R. 1996. Enhancin, the granulosis
virus protein that facilitates nucleopolyhedrovirus (NPV) infections, is a
metalloprotease. J. Invertebr. Pathol., 68: 131-140.

Li 3, Otvos 1 S, 1999a. Comparison of the activity enhancement of a bacu-
lovirus by optical brighteners against laboratory and field strains of Cho-
ristoneura oceidenialis ( Lepidoptera: Tortricidae ). J. Econ. Ento-
mol ., 92 (3): 534 - 538,

Li8Y, Owos I 8, 1999b. Optical brightener enhance activity of a nuclear
polyhedrosis vitus against western spruce budworm ( Lepideptera: Tor-
tricidae) . J. Eeon. Enmtemol., 92 (2): 335-330.

LiSY, Otvos I 5 1999c. Differential mortality between male and female
Chorisioenra occidemalis (Lepidoptera: Tortricidae) larvae expoed 10 a
baculovirus with or without optical brighteners. Can. Entomol ., 131:
65-70.

Li@Qs Li L, Moore Ks» Donly 5 Theilmann D A, Erlandson M, 2003.
Characterization of Mamestra configurata nuclecpolyhedrovims enhancin
and its functional analysis via expression in an Autographa caltfornica M
mucleopolyhedrovirus recombinant. J. Gen. Virel.. 84: 123 - 132.

Lin Qs YeY: Bai X Dy Ding €, 2001. Location of the gene encoding syner-
gistic factor of the Pseudaletio unipuncta gramilosis virus. Aeta Ento-
mol. Sinicas 44 (2): 143 — 154 [ 38, M&, 5K, TH,
2001, FAEERER SR BMETHEREWG. ERFR, 4
(2: 148 -154 ]

Lobinger G» 1991. On the synergism of a cytoplasmic polyhedrosis virus
(DpCPV) isolated from Dasychira pudibunda 1. (Lep.s Lymantiidae)



77 B R Adcta Entomologica Sinica 46

in mixed infections with different nuclear polyhedrosis viruses. J. Appl
Ent.» 112: 4 335 -4 340.

Martinez A My Goulson D» Chapman J W» Caballero P, Cave R D, Williams
T» 2000. Is it feasible to use optical brightener technology with a baecu-
lovirus bicinsecticide for resource-poor maize farmers in Mesoamerica?
Biol . Control, 17: 174 - 181.

Mitsuhashi W, Furuta Y, Mamorn 3, 1998. The spindles of an entomopox-
virus of Coleoptera CAnomala. cuprea) strongly enhance their infectivity
of a mucleopolyhedrovirus in Lepideptera ( Bombyx mori ). J. Invertebr .
Pathol .5 71: 186 - 188.

Peng ] X» Zhong J» Granados R R» 1999. A baculovirus enhancin alters the
permeability of a mucosal midgut peritrophic matrix from lepidopteran
larvae. J. Insect Physiol ., 45: 159 - 166.

Ramarethinam 3> Marimithu 5; Murugesan N V. 1997, Relative changes in
the pathogenicity of HNPV and SNPV in their original hosts after alter-
nate passages in Helicoverpa armigera (H.D and Spadoptera litura
(F.). Indian J. Enuviran . Toxicol .. 7 (2): 83386,

Roelvink P'W, Corsaro B Gs Granados R R, 1995. Characterization of the
Helicoverpa armigera and Pseudaletia unipuncta granmulovitus enhancin
genes. J. Gen. Viral.. 2693 -2 705.

Shapiro M, 1992a. Enhancement of gypsy moth ( Lepidoptera: Lymantri-
idae) baculovirus activity by optical brighteners. J. Eeon. Emomol.s
85 (4): 1120-1124.

Shapiro M, 1992b. Use of optical brighteners as radiation protectants for gyp-
sy moth (Lepidoptera: Lymantiidae ) muclear polyhedrosis virus. J.
Eeon. Entomol.» 85 (5): 1682-1 686.

Shapiro M, 2000a. Enhancement in activity of homologous and heterologous
baculoviruses infectious to beet armyworm (Lepidoptera: Nocwidae) by
an optical brightener. J. Feon. Entomol.. 93 (3): 572 -576.

Shapiro M. 2000b. Effect of two grammlosis viruses on the activity of the gyp-
sy moth (Lepidaptera:  Lymantiidae) nuclear polyhedrosis vims. J .
Eeon. Entomol.s 93 (6): 1633-1637.

Shapiro M, Arganer R, 2001. Relative effectiveness of selected stilbene opti-
cal brighteners as enhancers of the beet armyworn ( Lepidoptera: Noc-
widae) nuclear polyhedrosis virus. J. Econ. Entomol., 94 (2): 339
—-343.

Sheppard C A, Shapiro M. 1994. Physiological and mutritional effects of a
fluorescent brightener on nuclear polyhedrosis vinus-infected Lymantria
dispar (1.0 larvae (Lepideptera: Lymaniidae). Bisl. Conrsls 4:
404 —411.

Tanada Y, 1959. Synergism between two viruses of the armyworm, Pseudale-
tia unipuncta ( Haworth ) ( Lepidoptera:  Noomidae 7. J.  Insect
Pathol ., 1: 215-231.

Uchima K» Harvey J P» Omi E M, 1988. Binding sites on the midgut cell
membrane for the synergistic factor of a granulosis virus of the armyworm
( Pseudaletio unipuncia) . Insect Biochem ., 18: 645 - 650.

Vail PV, Hoffmann D F, Tebbets J 3, 1996. Effect of a fluorescent bright-
ener on the activity of Anagrapha falcifera (Lepidoptera: Noctuidae)
nuclear polyhedrosis virus to four noctuid pests. Biol. Control, 7: 121
- 125.

Wang P. Hammer D A» Granado R R» 1994. Interaction of Tricheplusia ni
granulosis virus-encoded enhancin with the midgut epithelium and per-
itrophic membrane of four Lepidoptera insects. J. Gen. Virol., 75:
1961 -1 967.

Wang Ps Granados R Ry 1997a. An intestinal mucin is the target substrate
for a baculovirus enhancin. Proc. Natl. Acad . Sei.. U3A, 94: 6 977
- 6982,

Wang P Granados R Ry 1997b. Molecular cloning and sequencing of a novel
invertebrate intestinal mmein ¢DNA. J. Biol. Chem., 272 (26):
16 663 — 16 669.

Wang P» Granados R R» 2000. Caleofluor disrupts the midgut defense system
in insects. Insect Biochem. Mol. Biol.» 30: 135-143.

Washbum J O, Kitkpatrick B A, Haas 5 E, 1998, Evidence that the stilbe-
me-derived optical brightener M2R enhances Autographa californica M
nuclecpolyhedrovirus infection of Trichoplusia ni and Heliothis virescens
by preventing sloughing of infected midgnt epithelial cells. Biol. Con-
trol, 11: 38 - 60.

Wijonarke As Hukuhara T» 1998. Detection of a vims enhancing factor in
the spheroids spindles and virion of an entomopoxvirus. J. Inveriebr.
Pathol . » 72 (1): 82 -386.

Xu J Hr Hukuhara T» 1994. Biological properties of an enhancing factor of
an entomopoxvirus. J. Invertebr. Pathol., 68 (1): 14 -18.

Xu J H. Hukuhara T, 1992. Enhanced infection of a nuclear polyhedrosis
virus in larvae of the armyworm: Pseudaletia separata- by a factor in the
spheroids of an entomopexvirus. J. Iwertebr . Pathol ., 60 (3): 259
- 264.

Zhong I, Granades R R, 1998. Engineering Awtographa californica nucle-
opolyhedrovirus ( AcMNPV) with enhancin. Proceedings of V1lth Inter-
national Colloquium on Invertebrate Pathology and Mierobial Control and
of 1Vth International Conference on Baeillus thuringiensis . Sapporo. 65.

Zhu Y Fy Hukuhana T» Tarura K, 1989. Location of a synergistic factar in
the capsule of a granulosis virus of the armywonns Pseudaletia unipunc-
ta. J. Invertebr. Pathol., 54: 49 -56.

Zon Y, Young 3Y, 1996. Use of fluorescent brightener to improve Psedo-
plusia includens ( Lepidoptera: Noomidae ) nuclear polyhedrosis virus
activity in the laboratory and field. J. Econ. Entomol., 89: 92 - 96.



