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In order to find the cellular interaction factors of the have led to its serious resistance and environmental pollution.
Heliothis armigera nuclear polyhedrosis virus capsid  The Heliothis armigeranuclear polyhedrosis virus (HaNPV),
protein VP39, aHeliothis armigeracell cDNA library was due to its specifity and harmlessness to other organisms as
constructed. Then VP39 was used as bait. The host actin well as the environment, has been used as a commercial
gene was isolated from the cDNA library with the yeast bioinsecticide for years. But compared to chemicals, HaNPV
two-hybrid system. This demonstrated that VP39 could Kkills pests slower, which decreases its effect and limits its
interact with its host actin in yeast. In order to corroborate ~ wide application (Pengt al, 1998). We are now researching
this interaction in vivo, the vp39 gene was fused with the the infection mechanism of HaNPV and hope to improve its
green fluorescent protein gene in plasmid pEGFP39. The pest-killing effect.
fusion protein was expressed in the Hz-AM1 cells under Like the Autographa californica multiple nuclear
the control of the Autographa californica multiple polyhedrosis viruses (AcMNPV), the type-species of
nucleopolyhedrovirus immediate early gene promoter. The  Nuclepolyhedrovirus genus, larvae infected by HaNPV also
host actin was labeled specifically by the red fluorescence results in the liquidization of the host. It was discovered that
substance, tetramethy rhodamine isothicyanete-phalloidin. the AcMNPV capsid protein P39 is related to the
Observation under a fluorescence microscopy showed that rearrangement and polymerization of host actin (Chadton
VP39, which was indicated by green fluorescence, began to al., 1991; 1993). The conformation-changed actin is more
appear in the cells 6h after being transfected with suitable for proteolysis by another viral protease, V-CATH,
PEGFP39. Red actin cables were also formed in the and leads to the host liquidization (Loresteal, 1996). In
cytoplasm at the same time. Actin was aggregated in the addition, ACMNPV VP39 is needed in the host nuclear actin
nucleus 9h after the transfection. The green and red polymerization that is required for ACMNPV nucleocapsid
fluorescence always appeared in the same location of the morphogenesis (Tamt al, 1999).
cells, which demonstrated that VP39 could combine with The vp39 gene of ACMNPYV, the major component of the
the host actin. Such a combination would result in the actin  capsid, is 1044bp. Thgp39 gene of theHeliothis armigera
skeleton rearrangement. nuclear polyhedrosis virus (HaNPV) that we isolated and
identified is 882bp. It has a 54% and 40% homology with that
Keywords: Actin, Capsid protein VP39, Green fluorescent of AcCMNPV in the DNA and amino acid sequences,
protein, Heliothis armigeranuclear polyhedrosis virus, Yeast respectively (Loreneet al, 1996; Chenet al, 2001). The
two-hybrid system objective of the current study is to corroborate the function of
the HaNPV capsid protein VP39 in virus infection.

Introduction Materials and Methods

Heliothis armigerais the most dangerous cotton pest in P.R.Insect cell culture, bacterial strain, yeast cell, and plasmids
China, which causes significant damage to corn, tobaccdjz-AM1 cells, provided by Dr. Liu Deli (Huazhong Normal

tomato, and wheat. Many years of chemical control to the pesiniversity, P.R. China), were the host for the VP39 transient
expression. The cells were cultured in Grance’s insect cell culture

*To whom correspondence should be addressed. medium that was supplemented with 10% fetal bovine serum (FBS)
Tel: 86-27-87682938; Fax: 86-27-87661831 at 28C. E. coliDH5a, originating from our laboratory, was host for
E-mail: giyipeng@whu.edu.cn all of the bacterial plasmid manipulations. The yeast two-hybrid
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constructed in this paper.
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plasmids allowed the construction of the Ha-cDNA library.

Yeast two-hybrid system The yeast two-hybrid system was
manipulated according to the Clontech Yeast Protocols Handbook.
First, the open-reading frame of the HaNW339 gene was fused in
frame with the Gal4 DNA-binding domain in the vector pGBT9,
which resulted in the bait plasmid pGBT39. Then, according to the
library-scaled sequential transformation protocol of the yeast two-
hybrid system, pGBT39 was used to transform the yeast HF7C
cells that originally carried the Ha-cDNA library plasmids. Next,
the transformation mixture was plated onto the SD/-Trp-Leu-His
plates and all of the Trp+Leu+His+ clones were streaked onto fresh
SD/-Trp-Leu-His plates fop-galactosidase filter assay after 4 d.
Finally, the His+Lac+ clones were identified by sequencing.

Cell transfection The HaNPV vp39 transient expression vector
PEGFP39 was constructed by insertivgB9 in frame with the
green fluorescent protein (GFP) geumeder the control of the
immediate early (IE1) gene promotar ACMNPYV. The negative-
control plasmid pEGFP only contained thg gene under the
control of the AcMNPV IE1 promoter. Using the

system was purchased from Clontech (Franklin Lakes, USA). YeadtipofectAMINE™2000 reagent, the Hz-AML1 cells that were grown

HF7C, which was grown in YPD medium a@Qwas the host for
pGBT9, pGBT39, pGAD424, pGADal, the Ha-cDNA library

on coverslips in 6-well plates were transfected with pEGFP39 in
order to express the fusion protein GFP-VP39. The cells that were

plasmid, and3-galactosidase positive control plasmid pCL1. The transfected with pEGFP were used to express GFP.

plasmid pGBT9 contains &pl gene and Gal4 DNA-binding

domain (Gal4-BD), the yeast transformants of which can be growrrluorescence microscopy At 6, 9, 12, and 24 h after being

on a SD/-Trp plate. The plasmid pGAD424 contaideu2 gene

transfected with pEGFP39 or pEGFP, the cells on the coverslips

and Gal4 activation domain (Gal4-AD), the yeast transformants ofvere extracted for 10 min in a PHEM buffer that contained 0.15%
which can be grown on a SD/-Leu plate. Figure 1 shows a map dfriton X-100 and 3¢ 10°M TRITC-phalloidin. TRITC-phalloidin

all of the vectors that were used and constructed in this paper.

Chemicals and buffers Yeast media YPD, SD/-Trp, SD/-Trp-

Leu, and SD/-Trp-Leu-His were purchased from Clontech. Theviewing

TRIZOL reagent, Oligo (dT) cellulose columns, SuperSipt

was able to bind to the actin protein specifically and emit red
fluorescence under fluorescence microscopy. After being rinsed
twice with PHEM buffer, the extracted cells were mounted for
in a drop of a nonbleach mountant (10mg of
phenylenediamine/ml of PHEM mixed 19 with glycerol). Then the

Choice System for cDNA Synthesis kit, Grace’s insect cell culturecoverslips were viewed and photographed with a photomicroscope

medium, FBS, and LipofectAMINE2000 reagent were purchased
from Invitrogen Co. (New York, USA). TRITC-phalloidin was

purchased from Sigma Chemical Co. (St. Louis, USA). T4 DNA
ligase, restriction endonucleases, and other common chemica

that was equipped for fluorescence microscopy

[\s’esults

were obtained from Hua-Mei Co. (Wuhan, P. R. China). The ZQuantity of the Ha-cDNA library The titer of the Ha-

buffer/X-gal solution [100 ml Z buffer (16.1 g/l M4PQ, - 7H,0,
5.50 g/l NaHPGQ, - H,O, 0.75 g/l KCI, 0.246 g/l MgS©O 7H,0, pH
7.0), 0.27 miB-mercaptoethanol, and 1.67 ml X-gal stock solution
(20 mg/ml X-gal in N,N-dimethylformamide)], PHEM buffer
[60 mM piperazine-N,N'-bis (2-ethanesulfonic acid), 25 mM N’-2-
hydroxyethylpiperazine-N-2-ethanesulfonic acid, 10 mM EGTA,
and 2 mM MgCJ(pH 6.9 with NaOH)], as well as other buffers
were prepared in our laboratory.

Ha-cDNA library construction Using the oligo (dT) cellulose
column, mRNA of the Hz-AM1 cells was purified from the total
RNA that was isolated from the Hz-AM1 cells with the TRIZOL
reagent. The cDNA of the Hz-AM1 cells (Ha-cDNA) was
synthesized with the SuperSchpiChoice System from a cDNA
Synthesis kit. Inserting Ha-cDNA with tHecdR| adapter into the
EcdRl site of pGAD424 resulted in the construction of Ha-cDNA
library plasmids. Transforminde. coli DH5a with the library

cDNA library was 2. 1 cfu/ml calculated by spreading
diluted-library transformants onto LB/amp plates, then
counting the number of colonies that were grown on the
plates. The Ha-cDNA insert size of 10 randomly-selected
clones was determined by PCR amplification using insert-
screening primers. Fig. 2 shows that 7 of them had different
inserts ranging from about 0.6-9kb. Therefore, the
independent clones of the library were @10 x 0.7 =
1.5x 1 cfu/ml. The Ha-cDNA library could represent the
MRNA population complexity of the Hz-AM1 cells.

Interaction of VP39 with actin in yeast We used the yeast
two-hybrid system to screen the cellular interaction protein of
HaNPV VP39 from the Ha-cDNA library. The open-reading
frame of thevp39gene that was fused in frame with the Gal4
DNA-binding domain in the pGBT9 plasmid was used as bait.
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Fig. 2. PCR analysis of the cDNA insert in the Ha-cDNA library 3 k\—f//

plasmids. Lane M, DNA size marker (from top to bottom:

23.1kb, 9.4kb, 6.6 kb, 4.4kb, 2.3kb, and 2.0kb); Lanes 1-10Fig. 4. B-galactosidase filter assay for interaction of VP3%hwit

inserts of the cDNA in the Ha-cDNA library plasmids ampiifie host actin in yeast. The yeast transformants that were grown o

by PCR. the SD/-Trp-Leu-His plate at 3D for 3 d were clung to a sterile
VWR grade 410 filter, and then submerged in a pool ofdiqui
nitrogen for 10 s. The filter was then placed on another filtér tha

o . | had been presoaked with a Z-buffer/X-gal solution to produce
From 1x 10" co-transformants, one His+LacZ+ clone was blue colonies. Top left 1, the negative-control yeast ttha

isolated. The full-length of the inserted cDNA was 1298bp.qntained pGBT39 and pGAD424; Top right 2, the yeast tha

(Fig. 3). It encoded a polypeptide of 376 amino acids, wWhictcontained the positive-plasmid pCL1; Bottom 3, the yeast tha
was just the same as the actin lélicoverpa armigera  contained pGBT39 and pGADal.

(Rourkeet al, 1997).

To conform the interaction of HaNPV VP39 actin protein,
the open-reading frame of the actin gene was fused in frameansformant of plasmids pGADal and pGBT39 grew very
to the Gald-activation domain in vector pGAD424, which well on the SD/-Trp-Leu-His plate, and displayed a strong
resulted in the Gal4-AD/actin fusion protein expression vectoblue color in the3-galactosidase filter assay. However, the co-
pGADal (Fig. 1). As shown in Figure 4, the HF7C yeast co-transformant of pGADal and pGBT9 could not grow on the

I GAC TAA TTC AAA ATG TGC GAC GAG GAA GTT GCT GCG CTG GTA GTA GAC AAT GGA TCC GGT
| -

M C D [ E A% A A L Vv Vv D N G S G
61 ATG TGC AAG GCC GGG TTC GCG GGC GAC GAT GCG CCC CGT GCC GTG TTC CCA TCC ATC GTG
17 M C K A G F A G D D A P R A Vv F P S I v
121 GGC AGG CCG CGC CAC CAG GGC GTC ATG GTC GGC ATG GGA CAG AAG GAC TCG TAC GTA GGT
37 G R P R H Q G Vv M Vv G M G Q K D S Y \4 G
181 GAC GAG GCC CAG AGC AAG AGA GGT ATC CTC ACG CTC AAG TAC CCC ATC GAG CAC GGC ATC
57 D E A Q S K R G 1 L T L K Y P I E H G I
241 GTC ACC AAC TGG GAC GAT ATG GAG AAG ATC TGG CAC CAC ACC TTC TAC AAC GAG CTG CGT
77 vV T N w D D M E K I w H H T F Y N E L R

301 GTG GCG CCC GAG GAG CAC CCC GTG CTG CTG ACG GAG GCC CCC CTC AAC CCC AAG GCC AAC
97 V A P E E H P \ L L T E A P L N P K A N
361 AGA GAG AAG ATG ACA CAG ATC ATG TTC GAG ACG TTC AAC ACG CCC GCC ATG TAC GTC GCC
117 R E K M T Q I M F E T F N T P A M Y v A
421 ATC CAG GCT GTG CTG TCC CTG TAC GCG TCC GGT CGT ACC ACC GGT ATC GTG CTG GAC TCC
137 1 Q A \4 L S L Y A S G R T T G I v L D S
481 GGC GAC GGT GTC TCG CAC ACC GTG CCC ATC TAC GAG GGT TAC GCG CTG CCG CAC GCC ATC
157 G D G \ S H T v P I Y E G Y A L P H A I
541 CTG CGT CTG GAC TTG GCC GGC CGC GAC CTC ACA GAC TAC CTG ATG AAG ATC CTC ACC GAG
177 L R L D L A G R D L T D Y L M K I L T E
601 CGC GGC TAC TCG TTC ACC ACC ACG GCC GAG CGT GAG ATC GTG CGC GAC ATC AAG GAG AAG
197 R G Y S F T T T A E R E 1 \ R D I K E K
661 CTC TGC TAC GTC GCC CTC GAC TTC GAG CAG GAG ATG GCC ACC GCC GCC TCC AGC AGC TCC
217 L C Y v A L D F E Q E M A T A A S S S S
721 CTG GAG AAG TCC TAC GAA CTT CCC GAC GGA CAG GTC ATC ACC ATC GGT AAC GAA CGA TTC
237 L E K S Y E L P D G Q v 1 T [ G N E R F
781 CGT TGC CCT GAG GCT CTC TTC CAG CCC TCA TTC TTG GGT ATG GAA GCT TGT GGC ATC CAC
257 R C P E A L F Q P S F L G M E A C G I H
841 GAG ACC ACC TAC AAC TCG ATC ATG AAG TGC GAT GTC GAC ATC CGT AAG GAC TTG TAC GCC
277 E T T Y N S I M K C D v D I R K D L Y A
901 AAC ACA GTT CTG TCC GGA GGT ACC ACC ATG TAC CCT GGT ATC GCC GAC CGT ATG CAG AAG
297 N T A L S G G T T M Y P G I A D R M Q K
961 GAG ATC ACA GCC CTG GCC CCG TCC ACA ATG AAG ATC AAG ATC ATC GCG CCC CCA GAG AGG
317 E i T A L A P S T M K 1 K 1 I A P P E R
1021 AAG TAC TCC GTA TGG ATC GGT GGA TCG ATC CTC GCC TCC CTC TCG ACC TTC CAG CAG ATG
337 K Y S \% w I G G S I L A S L S T F Q Q M
1081 TGG ATC TCG AAA CAG GAG TAC GAC GAG TCT GGC CCC TCT ATT GTG CAC AGG AAG TGC TTC
357 W 1 S K Q E Y D E S G P S I A H R K C F
1141 TAA GCG AGC CGC GAC ACG CTG CCG ACA GCA GCC CGC GGC CCG GCC GGT CCC GCG GCC GGC

377 *

1201 TGC TCA ATT CAG GCT TGT AAT CTC CGT TAA TTT AAT TGT ACG TAA GAT ATT ATT GTA ATT

1261 AAA TCG TAA TAG TGA CGG CAG GAC GGA GCG CGG AAC AG

Fig. 3. DNA sequence and deduced amino acids of the isolated actin_gene. AASTAA poly (A) signal.
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Fig. 5. Transient expression of HaNPV VP39 and the actin skeleton in the Hz-AML1 cells observed under fluorescence micescopy. Th
actin skeleton in the Hz-AM1 cells was stained specifically by the red fluorescent substance TRITC-pl@akétidamd the fusion

protein GFP-VP39 that was expressed in the Hz-AM1 cells were shown by the green fluorescence that was emitted by the green
fluorescent protein. A, the actin skeleton in the normal Hz-AM1 cell; B1, the GFP that was expressed in the Hz-AM1 cdll that wa
transformed with pEGFP; B2, the actin skeleton in the same cell of B1; C1, D1, and E1, the fusion protein GFP-VP39 that was
expressed transiently in the Hz-AM1 cells 6, 9, 12, and 24 h after being transfected with pEGFP39; C2, D2, and E2, #iet@ctin sk

in the corresponded cells of C1, D1, and E1.

same plate. These results demonstrate that two fusiomansfected-Hz-AM1 cells before 6 h after the transfection,
proteins, Gal4-BD/VP39 and Gal4-AD/ACTIN that were which indicates that the GFP protein or GFP-VP39 was not
expressed in the yeast HF7C that contained plasmids pGBT3xpressed before that time. The actin skeleton in these cells,
and pGADal, can form a transcription-activation factor which was illuminated by a red fluorescence substance
because of the interaction between VP39 and actin. TheSERITC-phalloidin, was just like that of the normal cells (data
proteins also activate thes andlacZ gene expressions under not shown).
the control of the Gal4-responsive promoter. Therefore, the Six hours after the transfection, the fusion protein GFP-
HF7C co-transformants that displayed the His+LacZ+VP39 began to appear in the cell plasma (Fig. 5C1), and the
phenotype confirmed the interaction of HaNPV VP39 with itsactin skeleton began to rearrange itself (Fig. 5C2). After 9 h,
host actin in yeast. the actin skeleton was further aggregated in the cytoplasm and
began to appear in the nucleus. The cells then became round
Actin rearrangement in Hz-AM1 cells induced by the  (Fig. 5D2). At 12 h and 24 h after the transfection, the actin
transient expression of HaNPV VP39 The GFP  skeleton formed thick aggregates in the nucleus (Fig. 5E2,
expression or the fusion protein VP39-GFP in cells wad-2).
observed wunder fluorescence microscopy. No green On the other hand, the Hz-AM1 cells that were transfected
fluorescence was discovered in the pEGFP or pEGFP3@ith pEGFP that contained tiyp gene under the control of
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