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Abstract

The open reading frame 24?2) of the Helicoverpa armigera single nucleocapsid nucleopolyhedrovirus (HaSNPV), a conserved gene in most
baculoviruses from lepidopteran insects such as p78/83 dfittagrapha californica MNPV, was characterized. It is 1242 bp long and potentially
encodes a 45.9 kD&la2 is conserved among baculoviruses from lepidopteran ingée2dranscripts were detected from 16 to 96 h post infection
(hpi) of HzZAML1 cells. Rabbit polyclonal antiserum against a GST-HAZ2 fusion protein reacted with three protein of 50, 46 and 35 kDa at 24-72h
of HzAML1 cells. Anti OpMNPV ORF2 (homologue of HA2) antibody reacted only with the 46 and 35 kDa proteins in HaSNPV-infected cells.
These results demonstrate that Ha2 is modified at the mRNA or protein levels. Western blot analysis showed that only the 50 kDa product of
is a structural component of proteins of both the budded virus (BV) and occlusion-derived virus (ODV) phenotypes. HA2-EGFP fusion prote
showed that HA2 is localized primarily in the nucleus of HzAM1 infected cells. The HA2 was found to co-localize with actin by labelling of actin
with Rhordamine-Phalloidin. In summary, the data indicated that HA2 is a structural protein and interacts with host cell actin.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Release of BV nucleocapsids from endosomes into the cyto-
plasm induces the formation of thick actin cabl€sérlton and
The Baculoviridae is a large family of diverse arthropod Volkman, 1993. These cables are detected only transiently from
specific insect viruses with large, circular, supercoiled, doublei to 4 h post infection (hpi), during which time the entire viral
stranded DNA genomes, and occluded, rod-shaped virions. itucleocapsid travels to and enters the nucl@rarfados, 1980
consists of two generairanulovirus (GV) andNucleopolyhe- During this period, viral nucleocapsids are often co-localized
drovirus (NPV), the latter of which are sub-divided into Group | with one end of an actin cable while the other end is oriented
and Group Il based on phylogenetic analy§ibén et al., 1999; away from the virion Charlton and Volkman, 1993It was
Herniou et al., 2001l There are two phenotypes of virion gen- shown that nucleocapsids of tharographa californica nucle-
erated during the infection of baculoviruses: budded virus (BV)opolyhedrovirus (ACMNPV) are capable of nucleating actin
and occluded virus (ODV). ODV initiates the infection through polymerization in vitro and two viral capsid proteins, P39 and
oral ingestion of virus-contaminated food and BV spreads infecP78/83, were found to bind actin directlygnier and Volkman,
tion within larvae to different cells and tissues. 1998. The protein P78/83, a nucleocapsid-associated phospho-
protein Russell et al., 1997 shares the WH2 and acidic motif
with mammalian Wiskott-Aldrich syndrome protein (WASP)
family, although the overall arrangement of the WH2 and acidic
mpondmg author. Tel.: +86 27 87199106; fax: +86 27 87199106. motifsin P78/_83 homolog is_someh(_)w different from that of their
E-mail address: chenxw@pentium.whiov.ac.cn (X. Chen). counterparts in WASP-family proteinslachesky et al., 2001
1 They contributed equally to this paper. Therefore, the conservation between P78/83 homologues and
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WASP-family proteins suggests that baculoviruses might use theFast-Ha2-egfp. The plasmid pFast-Ha2-egfp was then used to
WASP-Arp2/3 pathway to achieve nucleo-cytoplasmic transportransformed competent DH10B cells containing helper and HaS-
and assembly of nucleocapsids. NPV bacmid (HaHZ8) or ACMNPYV bacmid (Invitrogen). The
There are intriguing evidences that host cytoskeletal prorecombinant HaSNPV was used to transfect HzAM1 cells and
teins are involved in viral egress and assemBlydeik et al. AcMNPYV bacmid DNA isolated from DH10B transfected Sf21
(1997)provided compelling evidence that herpes virus simplexcells by Lipofectin (Invitrogen). Recombinant viruses vHa-Ha2-
1 parental nucleocapsids use microtubules for transport to thegfp, vAc-Ha2-egfp were harvested at 120 h post transfection
nucleus, ancCudmore et al. (1995Jemonstrated that vaccinia (hpt). Recombinants were authenticated by PCR and restriction
virus progeny induce and use the vectoral polymerization oEnzymes analysis. Virus titres were determined by end point
actin to bud from cells. It has become apparent that numeroudilution assay.
viruses interact with actin at various stages throughout their life
cycle, both disrupting and rearranging actin cytoskeleton to theig.3. Preparation of antibody
advantage@Qudmore et al., 1997P78/83 is conserved in most
baculoviruses from lepidopteran insects suggesting thatitmaybe Two primers, Ha2in (5GGA TCC TTG ATG GAA CAA
involved in some basic process of viral life cycle. Even characATA CAG AAA GGA-3') and Ha2down (5AAG CTT TTA AAC
terization ofp78/83 homologies has been carried out in groupTTG CGA TTC AGT TGA CAT-3') were designed to amplify
| baculoviruses, they are never characterized in group Il bacthe truncatedia2 (corresponding to the C-terminal of Ha2: aa
uloviruses. 201-413) from the pT-Ha2 and then cloned into the expres-
A p78/83 homology, open reading frame /Z:2), is found  sion vector pGEX-KG wittBamHI andHindlll. This generated
in Helicoverpa armigera single nucleocapsid nucleopolyhe- plasmid pGEX-cHaz2, in whicha?2 is in-frame and fused with
drovirus (HaSNPV) of the group Il NPVQhen et al., 2001  GST at the C terminugzscherichia coli DH5acells containing
Its function remains elusive. In this report, we tried to char-pGEX-cHa2 were grown to an Qjgy of 0.4 and then induced
acterizeha? by transcriptional analysis, protein identification with 1ImM IPTG. After 3h at 37C, cells were harvested and
and localization. RT-PCR analysis indicated the@? was tran-  lysed with lysozyme, sonicated, and centrifuged at 59@0
scripted at the late stage of the infection. Three products witfior 10 min at £C. The fusion protein, present in the pellet
the sizes of 50, 46 and 35 kDa were detected in infected cellsyas separated in 12% SDS polyacrylamide gels and purified.
implied that the different post-translation modifications mightAntiserum were generated by immunizing rabbits with purified
occurred. It might also be possible that the smaller proteins (4frotein Sambrook et al., 19§%nd tested by Western blot anal-
and 35kDa) arise from proteolytic degradation of the 50 kDaysis. The antibody to OpMNPV ORF2 was kindly provided by
protein. However only the 50 kDa product was detected in botlDr. G. F. Rohrmann (Department of Microbiology, Oregon State
BV and ODV. We also provided evident that HA2 co-localized University).
with cellular actin skeleton.
2.4. Transcription analysis of ha2
2. Materials and methods
HzAM1 cells (1®) were infected with HaSNPV-G4 BV at a
2.1. Cells and virus multiplicity of infection (MOI) of 5. Total RNA was isolated
at 0, 4, 8, 16, 24, 48, 72 and 96 hpi by Trizol according to
The H. zea cell line (BCIRL-HZ-AM1, HZ-AM1) and the manufacture’s guidelines (GIBCO BRL). The RNA was
Spodoptera frugiperda (Sf21) cells were used and maintained atdissolved in 5Qul water and quantified by absorbance mea-
28°C in Grace’s medium supplemented with 10% fetal bovinesurement at 260 nm. Mock-infected HzAM1 cells were used as
serum. The HaSNPV G4, whose genome has been entiregontrols.
sequencedChen et al., 2001 and HaSNPV bacmid (HaHZ8) RT-PCR was performed usingul total RNA as template
(Wang et al., 200Bwere used as wild type (wt) virus and prop- for each time point. First strand cDNA synthesis was performed
agated in Hz-AML1 cells. An AcCMNPV bacmid (bMON14272; with AMV reverse transcriptase (Promega) and a 15-nt oligo-dT

Invitrogen) was also used. primer according to the manufacturer’s instructions. The cDNA
mixtures were amplified by PCR using the gene-specific primer,
2.2. Construction of plasmids and recombinant virus Ha2down (5GGA TCC GCAACT TGC GAT TCAGTT GAC

AT-3’) and an internal primer, Ha2in&GA TCC TTG ATG

The entireha2 was amplified from the HaSNPV G4 genome GAA CAA ATA CAG AAA GGA-3’). PCR products were ana-
with the primers: Ha2up’8GAA TTC ATG GTT CAA CTG  lyzed on agarose gel.
CAA AGT GTT-3 and Ha2down 5GGA TCC GCA ACT
TGC GATTCA GTT GAC AT-3. The PCR product was first 2.5. Purification of HaSNPV BV and ODV fractions
cloned into pGEM-T-Easy vector (Promega) (pT-HA2), and
then cloned into pEGFP-N1 vector withicoRl and BamHI Hz-AM1 cells were infected with BVs of HaSNPV G4 at
to generate the Ha2-egfp fusion gene. To get the recombinaan MOI of 0.1. After 3 days, the cell culture supernatant was
virus, Ha2-egfp fusion gene was cloned into the vector pFastollected and clarified at 2000g for 10min at 4C. The
bacl with EcoRl and Norl and produced the donor plasmid supernatant containing the BVs was passed through a 0.45 mm
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pore-size filter. BVs in the filtrate were pelleted through a 25%3. Results
(wt/wt) sucrose cushion in 0ATE (TE: 10 mM Tris/HCI, pH
7.5, and 1.0mM EDTA) at 100,000 ¢ for 90 min at #C, and  3.1. Sequence analysis of ha2 and its homologues
resuspended in 0 TE. ODVs were purified from HaSNPV
G4 polyhedra derived from infectdd armigera fourth-instar Ha? is located in theHindlll-A fragment of the HaSNPV
larvae Chen et al., 2001 genome (nt 735-1978Chen et al., 2001 Sequence analysis
indicated thaka2 is 1242 bp, and encodes a protein of 413 amino
acids with a predicted molecular mass of 45.9 kDa. Two early
transcription initiation motifs, TATA and CAGT, were found
HzAML1 cells were infected with HaSNPV-G4 at a MOl of 5. 238 and 138 nt upstream of the putative translational start site
Samples of total cell proteins were prepared from infected cell§f /a2, respectively. A late baculoviral transcription initiation
harvested at 0, 4, 8, 12, 24, 36, 48, 72 hpi. Protein samples wepaotif, ATAAG, was found 397 nt upstream of the putative trans-
separated on 12% SDS-PAGE and transferred onto Hybond-Ktional startsite, suggesting ta® may be an early or late gene
membrane (Amersham) by semi-dry electrophoresissgbel ~ ©f HaSNPV. A T-rich sequence was found 63 nt downstream of
et a|_, 1994 HAZ-SpeciﬁC antiserum and alkaline phosphatase.the Stop COdon, which mlght function as the mRNA transcription
conjugated goat anti-rabbit immunoglobulin (Sino-American,termination and polyadenylation signaifand Guarino, 2000
China) were used as the primary and secondary antibodies, Searches of databases showed that HA2 is conserved among
respectively. The signal was detected using a BCIP/NBT ki@l the lepidopteran 16 nucleopolyhedroviruses and 4 gran-
(Sino-American, China). uloviruses whose complete sequence have been reported, but not
in baculoviruses from dipteran or hymenopteran hosts. Homol-
ogy analysis indicated that HA2 is most closely related to
HzSNPV ORF2 with 99% identity, consistent with the previ-
ous suggestion that HzZSNPV and HaSNPV might be different
strains of the same viru€hen et al., 2002 Sequence align-
ments (data not show) indicated low sequence identity among

Ha2—egfp atMol (.Jf 10. '.A‘t 24, 36, 48, 72 a.nd 96 hpi, the C(.EHS Il the HA2 homologues in NPV. However, the homologues are
were fixed and stained with Hoechst (Beyotime), then examined . . . . .
ositionally conserved in their respective genomes and share

under a S2 Leica laser confocal scanning microscope for fluores:

cence. For the colocalization of HA2 and cellular actin, infecteof:onserve(j regions such as a proline rich region. Further analysis
. . . o showed that HA2 contained common motifs of WASP or WASP-
cells were fixed at 48 or 72 hpi for 5min on ice in 2% formalde-

hyde and 0.2% glutaraldehyde in PBS, then washed once witI ke protein such as R'CI.(A and A.CtA’ including an acidic mo_ﬂf
- . . : . ), a central basic motif or cofilin homology and WH2 motif.
PBS, solubilized with 0.15% Triton X-100 and stained with . . L
. - . Il of these proteins have the same motifs and organization. The
Rhordamine-Phalloidin (Sigma). vHa-egfp was used as GFIg‘ . . .
control motif conservation betvv_een HA2 and WASP proteins sgggests
' that HA2 may be a functional homologue of WASP proteins and
. ' may have the ability to interact with host actin and could well
2.8. Computer—assisted analysis be involved in virion transportation and/or assembly.
) No signal peptide sequence was predicted on the putative
HA2 was analyzed using the ExPASy servApgel et al.,  HA2 protein by PSORT and SignalP software, and one strong
1994 for the prediction of signal peptides, transmembrangransmembrane region from Gly218 to Leu236 was identified
regions and motifs. Protein comparisons with entries in theby TMpred software at the EXPASy servéppel et al., 199
updated GenBank/EMBL, SWISS-PROT, and PIR databaseg, this 19 residues transmembrane domain, 17 are composed of
were performed with BLASTP, FASTA and F’Sl-BL.AST Pro- highly hydrophobic alanine, glycine, leucine, isoleucine, serine
grams Qltschul et al., 199y, Multiple sequence alignments anq threonine. HA2 contained three potential N-linked glycosy-
were performed with UW-GCG Pileup computer programs, withation consensus sequences (N-X-S/T) at position 15, 151 and

gap creation and extension penalties set to 8 and 2, respectivelyg  Two of these, at amino acid position 15 and 278 were
(Devereux et al., 1984Alignment editing was done with Gen-

doc software.

2.6. Western blotting analysis

2.7. Fluorescence microscopy analysis

HzAM1 or Sf9 cells (1x 10°) were grown on glass cover
slips in Petri dishes and infected with vHa-Ha2-egfp or vAc-

kb MO 8 12 16 24 36 48 72 96

2.9. Growth curves

2_

For one-step growth curves, Hz-AM1 cells were infected 0_;:
with viruses (vHa-egfp and vHa-Ha2-egfp) at an MOI of 0.5. 04—
Supernatants were collected at the indicated times (0, 12, 24, 02—

36, 48, 60, 72, 84, 96, 108, 120 hpi). The titers of supernatants

were determined by .end point dilution assay (EPDA) in HZ_Fig. 1. Transcriptional analysis @t:2. Hz-AMI cells were infected with HaS-
AML1 cells, and the final results were checked 7 days aftefpy g4 at5Molandharvestedato, 8,12, 16, 24, 36, 48, and 72 h post infection.

EPDA. RT-PCR was used to analyse2 transcription in each sample.
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Fig. 2. Ha2 expression analysis and detection in virions. 10° Hz-AMI cells were infected with HaSNPV G4 at MOI of 5. HA2 expression analysis with anti-HA2

antibody (A); HA2 detection in ODV and BV with anti-HA2 antibody (B).

predicted to be glycosylated by the NetNGlyc program of3.4. Cellular distribution of HA2 in HZAMI cells and Sf21
ExPASYy server. Also there are numerous serine or theonine phoeelis

phorylation sites predicted by NetPhos program.

3.2. Transcription analysis of ha2

Transcription ofha2 was examined by RT-PCR, using total
RNA isolated from HzAM1 infected with HaSNPV at different
time points. The transcript éf:2 was first detected at 16 hpi and

The subcellular localization of the HA2 in permissive and
non-permissive cells was investigated using a C-terniin2!
egfp fusion construct. Two recombinant HaSNPVs were first
generated by Bac-to-Bac systems. Th2-egfp fusion gene was
inserted into HaHZ8 and AcMNPV bacmid and produced vHa-
Ha2-egfp and vAc-Ha2-egfp, respectively. Hz-AM1 cells were
infected with vHa-Ha2-egfp and examined for fluorescence by

continued to be present until 96 hjgii§. 1), indicating thatia2
is a late gene and may be transcribed from the late transcription
initiation motif ATAAG.

3.3. Immunodetection of the HA2 protein in infected cells P olhocus

and in virus particles

Truncated HA2 (C terminal part, cHA2) was expresses.in —@mmhinn Hiz __ [UEGRRT— yHa-Ha2-egfp
coli as a GST-cHAZ2 fusion protein and purified by SDS-PAGE. __G e EIEGERT)
o . . . . . entamicin| H o f
Specific antiserum was generated by immunized rabbits with the _ : viierede
Gentamicin a2 [ EGFP ]

purified protein. vAc-Ha2-egfp

Western blot analysis of extracts of HaSNPV—infected Hz-
AML1 cells revealed three specific bands in size of 35, 46 and
50kDa fig. 2). The major band of 50 kDa was first detected
at 24 hpi and peaked at 48 hpi, while the minor band of 46 kDa
appeared at 24 hpi and was undetectable by 72 hpi. In contrast,
the other minor 35 kDa was first observed at 48 hpi. These data
are in agreement with the analysis of transcripts and indicate that
HA2 was synthesized at a late stage of infection. The size of the
50 kDa protein is larger than the predicted 45.9 kDa based on
its sequence, which suggests that this protein may be subject to
post-translation modification. The 35 and 46 kDa forms might be
a cleavage product at the late stage of infection. When antibody
of OpMNPV ORF2 was used in the western blotting, only two
bandsin size of 46 and 35 kDa were detectable; the 50 kDa could
not be detectable (data not shown.)

To investigate if HA2 is a structural component of HaSNPV
virions, Western blot analysis of BV and ODV proteins was
conducted. HA2 was detected in preparations of both ODVs
and BVs Fig. 2B), indicating that the protein is a structural
component of ODVs ands BVs. However only the 50 kDa band .

(A)

24hpi

24hpi

72hpi

(E)

GFP

Hoechst merge

was detected, the unmodified form of 46 kDa and truncateqi'g

Fig. 3. HA2 distribution in Hz-AMI (B) and (C) and Sf9 (D) and (E). Schematic
gram of recombinant baculovirus constructs (A). Hz-AM1 were infected by

form of 35kDa did not appear to be incorporated into the Virus;Ha-Ha2-egfp (8) and (C) and Sfo cells with vAc-Ha2-egfp (D) and (E) both

particles.

at MOl of 10, fixed and stained with Hoechst and observed at 24 and 72 hpi.
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Fig. 4. Co-localization of HA2 and cellular actin. Hz-AMI cells were infected with vHa-Ha2-egfp at MOI =5 without (A—C) or witiinil cytochalasin D (D-F).
(A) and (D), cells were stained with Rhordamin-Phalloidin at 48 hpi; (B) and (E), HA2-egfp distribution in cells at 48 hpi; (C) and (F), merge images.

confocal laser scanning microscopy at 24, 48, 72 and 96 hpi.  6.00E+07-
The HA2-EGFP fusion protein was localized primarily in the 5.00E+07
cytoplasm in the early stag€i). 3B) and in the nucleus from = 400E+07
48 hpi Fig. 3C) and had the tendency to form bright foci. How- 5 3.00E+07

—&—vHaSNPV-egfp

ever, when Sf9 cells infected with the vAc-Ha2-egfp, the fusion 2.00E+07
——vHa-Ha2-egfp

protein was localized both in the cytoplasm and in the nucleus 1.00E+07
(Fig. 3D and E). GFP alone showed homogeneous fluorescence  0.00E+00
in the cytoplasm and nucleus (data not show). The different
localization of HA2 in Ha-AM1 and Sf21 might be due to the

different cell lines and/or the different viruses, implied that hostFig. 5. One-step growth curves in Hz-AML1 cells. Cells were infected with vHa-

factor(s) and/or viral protein(s) might be involved. egfp, vHa-Ha2-egfp at an MOI of 0.5. Progeny virus was assayed by the end
point dilution assay (EPDA).

0 12 24 36 48 60 72 84 96
Hours post infection

3.5. Colocalization of HA2 and cellular actin ) o
higher than that of vHaSNPV-egfp. The growth kinetics of both

Hz-AM1 cells were infected with vHa-Ha2-egfp and vHa- Were quite similar. All titers increased to the highest at 84 hpi.
egfp at 10 MOI. Infected cells were stained by Rhordamine-Therefore, over-expression of HA2 did not appear to have an
Phalloidin and then observed with laser confocal microscopy agffect on the virus growth and, the recombinant virus vHa-Ha2-
24,36, 48, 72 and 96 hpi. HA2 was found to show co-localizatiorf9fp has the same infectivity in HZ-AM1 cells.
with cell actin especially in late course of infectidfig. 4A—C).

Addition of cytochalasin D (Jug/ml) to infected cells resulted 4. Discussion

in HA2 and actin aggregating in the nucleus and uncoupling the

co-localization Fig. 4D—F). It is in concord with the previous Ha?2 is a conserved gene with homologues in most bac-
report that cytochalasin D treatment uncoupled P78/83 and R#loviruses from lepidopteran insects. The length and the iden-
actin co-localization, indicating that HA2 bounds to the pointedtity of the homologies are quite variable, but they share the

ends of actin filamentd.&nier and Volkman, 1998 same motifs of mammalian WASP proteins such as proline rich
domain, acidic motif, cofilin domain and WH2 motif. Acidic
3.6. Biological assay of vHa-Ha2-egfp motif (A), which was found to be Arp2/3 binding sequence and

seems to increase the efficiency of actin nucleation as well as
The temporal kinetics of the one-step growth curve of buddedhe parameter of motilityMlachesky et al., 1999Central basic
virus of vHa-Ha2-egfp was similar to that of vHa-egffid. 5). motif termed cofilin was reported to be crucial to the stimulation
Though the titer at 84 hpi of vHa-Ha2-egfp was about 0.15 log®f actin nucleation by Arp2/3 in vitro, and is also required for
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actin polymerization and motility in cell$Viki and Takenawa, 1 use microtubules for transport to the nucleus, @udimore
2000. WH2 motif supplies the sequence of monomer-actinet al. (1995)demonstrated that vaccinia virus progeny induced
binding and itis essential for actin nucleation in vitkdgchesky  and used the vectoral polymerization of actin to bud out of cells.
etal., 1999. The domains and motif conservation between HA2The vaccinia virus was also found to move along microtubles and
and the WASP family suggest that baculovirus might use theecruit actin tails to support membrane protrusion, and thus facil-
WASP-Arp2/3 pathway for assembly and egress. However, thigate cell to cell spreadfudmore etal., 1995; Smith etal., 2003
ha2 homologue is not found in baculoviruses frdwptera or ~ Several other pathogens, includiSijgella flexneri and Liste-
Hymenoptera. It is highly possible that viruses @fepidoptera ria monocytogenes and multiple Rickettia species have evolved
might have acquired the gene in the later evolution. Viruses ofo indirectly stimulate Arp2/3 complex-activated actin nucle-
more ancient orders ddiptera and Hymenoptera, which only  ation by activating WASP family members on their surfaces.
replicate inthe midgut, must use a different mechanismin assenMimicking WASP or activation of the WASP family member
bly and egress. leads to stimulation of the Arp2/3 complex and rapid actin

To elucidatgia2 function, we analyzed the transcription and assemblyGoldberg, 2001 It has become apparent that numer-
translation ofra2 in HaSNPV-infectedd. armigera cells, and  ous pathogens interact with actin at various stages of their life
investigated whether it was a structural component of the viricycle, both disrupting and rearranging actin cytoskeleton to their
ons. RT-PCR showed tha#2 transcription started at 16 hpi and advantageGossart and Sansunetti, 2004; Cudmore et al., 1997;
continued until at least 96 hpk{g. 1) suggesting thata2 isa  Gruenheid and Finley, 2003Recently, it has been found that
late gene whose transcription might be initiated from the ATAAGcortactin, an actin-binding protein and a pivotal regulator of the
motif. We could not detect transcripts in the early stages of infecactin cytoskeleton, is the common target exploited by variety of
tion, even though the elements of early transcripts are present microbial pathogens during infection. The protein cortactin has
ha2 promoter. been shown to play a crucial role in invasion, actin-based motil-

Western blot analysis further confirmed that2 is a late ity, pedestal formation and cell scatteririgaly, 2004; Selbach
gene detected from 24 to 72 hpi¢. 2A). Also, multiple protein  and Backert, 2005; Weed and Parsons, 2001
bands of HA2 with the size of 50, 46 and 35 kDa were detected Whether the protein encoded g2 possess the ability to
in wild-type HaSNPV-infected Hz-AM1 cells. The 46 kDa pro- interact with Apr2/3 complex and to induce or accelerate actin
tein is in good agreement with the predicted 45.9 kDa based opolymerization like WASP proteins is yet to be determined. We
sequence, while the 50 and the 35kDa have apparently beeame interested in how HaSNPV use the protein to recruit fac-
post translationally modified. Multiple phosphorylation sites intors for actin polymerization and how the protein interacts with
HA2 have been predicted by programs at ExPaSy server, smrtactin to manipulate the actin networks. These are intriguing
the 50kDa band is likely to be a phosphorylated HA2. Theareas in baculovirus replication and further experiments shall be
AcMNPV P78/83 has two phosphorylation formRussell et  designed and conducted to elucidate them.
al.,, 1997. Only the modified 50 kDa protein is incorporated
into BVs and ODVs Ifig. 23), the function of the 35 and 46 kDa Acknowledgements
products are under investigation.

We have found that HA2-EGFP co-localized with cellular \ye gcknowledge Dr. Basil Arif for undertaking a critical

actin skeleton as illustrated Fig. 4. It has been demonstrated |oyiew of the manuscript. We are indebted to Dr Zhihong Hu

that the replication of either groups | or Il nucleopolyhedrovirus, 41y able suggestions during this research project. This work
is F-actin dependent. F-actin-dependent progeny morphogeyas supported by National Basic Research Priorities Program

ecis appears to be a characteristic common among viruses Y China (2003CB1140) and the National Nature Science Foun-
this genus that have lepidopteran hostagman and Volkman,  yations of China (30325002, 30470075).

2000. Further, it is implicated that baculoviruses found to be

F-actin dependent must encode gene products that specificall

interact with and manipulate the actin cytoskeleton. In Acm-References

NPV, P78/38 and P39 were found to bind actin in vitro andAltschul S.F. Madden, TL.. Schaffer, AA., Zhang, . Miller, W, Lipman
In vivo (Lan_ler a”‘?' Volkman, 1998A_HA2'EGFP fusion co- D.J., 1997. Gapped BLAST and PSI-BLAST: a new generation of protein
localizes with actin and cytochalasin D treatment uncouples atabase search program. Nucleic Acids Res. 25, 3389-3402.
HA2-EGFP and F-actin colocalization, suggesting a possibl@ppel, R.D., Bairoch, A., Hochstrasser, D.F., 1994. A new generation of
association between the two and implying HA2 might have the information retrieval tools for biologists: the example of EXPASy WWW
ability to bind actin and induce actin polymerization, thus could  Server. Trends Biochem. Sci. 19, 258-260.

be i ived in th .. bl dlor t tati Ausubel, F.M., Brent, R., Kingston, R.E., Moore, D.D., Seidman, J.G., Smith,
€ Involved In the vinon assembly and/or transportation. J.A., Struhl, K., 1994. Current Protocols in Molecular Biology.

Actin assembly plays an important role in many vital cellular chariton, c.A., Volkman, L.E., 1993. Penetration Afrographa californica
processes, thus by recruiting actin, pathogens can quickly and nuclear polyhedrosis virus nucleocapsids into IPLB Sf 21 cells induces
successfully take over the host cell machinery to help ininvasion actin cable formation. Virology 197, 245-254.
and locomotion within and between cells. There are intriguing"en X., 1Jkel, W.F., Dominy, C., de Andrade Zanotto, P.M., Hashimoto,

id that host cvtoskeletal tei . ved i iral Y., Faktor, O., Hayakawa, T., Wang, C.H., Prekumar, A., Mathavan, S.,
eviaences that host Cyloskeletal proteins are involved in vira Krell, P.J., Hu, Z., Vlak, J.M., 1999. Identification, sequence analysis and

assembly and egresSodeik et al. (1997provided compelling phylogeny of the lef-2 gene dfelicoverpa armigera single-nucleocapsid
evidence that parental nucleocapsids of herpes virus simplex baculovirus. Virus Res. 65, 21-32.



Y. Nie et al. / Virus Research 116 (2006) 129-135 135

Chen, X., WF, I.J., Tarchini, R., Sun, X., Sandbrink, H., Wang, H., Peters, S.Kasman, L.M., Volkman, L.E., 2000. Filamentous actin is required for lep-
Zuidema, D., Lankhorst, R.K., Vlak, J.M., Hu, Z., 2001. The sequence idopteran nucleopolyhedrovirus progeny production. J. Gen. Virol. 81,
of the Helicoverpa armigera single nucleocapsid nucleopolyhedrovirus 1881-1888.
genome. J. Gen. Virol. 82, 241-257. Lanier, L.M., Volkman, L.E., 1998. Actin binding and nucleation Ayro-
Chen, X., Zhang, W.-J., Wong, J., Chun, G., Lu, A., McCutchen, B.F., Pres-  grapha california M nucleopolyhedrovirus. Virology 243, 167-177.
nail, J.K., Herrmann, R., Dolan, M., Tingey, S., Hu, Z.H., Vlak, J.M., Machesky, L.M., Insall, R.H., Volkman, L.E., 2001. WASP homology

2002. Comparative analysis of the genome sequencéklifoverpa zea sequences in baculoviruses. Trends Cell Biol. 11, 286-287.
and Helicoverpa armigera single-nucleocapsid nucleopolyhedrovirus. J. Machesky, L.M., Mullins, R.D., Higgs, H.N., Kaiser, D.A., Blanchoin, L.,
Gen. Virol. 83, 673-684. May, R.C., Hall, M.E., Pollard, T.D., 1999. Scar, a WASp-related protein,
Cossart, P., Sansonetti, P.J., 2004. Bacterial invasion: the paradigms of activates nucleation of actin filaments by the Arp2/3 complex. Proc. Natl.
enteroinvasive pathogens. Science 304, 242—-248. Acad. Sci. U.S.A. 96, 3739-3744.
Cudmore, S., Cossart, P., Griffiths, G., Way, M., 1995. Actin-based motilityMiki, H., Takenawa, T., 2000. WASP-family, a critical signal transducer link-
of vaccinia virus. Nature 378, 636-638. ing various signals to rapid actin-polymerization. Seikagaku 72, 550-554.
Cudmore, S., Reckmann, ., Way, M., 1997. Viral manipulations of the actinRussell, R.L., Funk, C.J., Rohrmann, G.F., 1997. Association of a
cytoskeleton. Trends Microbiol. 5, 142-148. baculovirus-encoded protein with the capsid basal region. Virology 227,
Daly, R.J., 2004. Cortactin signaling and dynamic actin networks. Biochem. 142-152.
J. 382, 13-25. Sambrook, J., Fritsch, E.F., Maniatis, T., 1989. Molecular Cloning: a Labo-

Devereux, J., Haeberli, P., Smithies, O., 1984. A comprehensive set of ratory Manual.
sequence analysis programs for the VAX. Nucleic Acids Res. 12l,Selbach, M., Backert, S., 2005. Cortactin: an Achilles’ heel of the actin

387-395. cytoskeleton targeted by pathogens. Trends Microbiol. 13, 181-189.
Goldberg, M.B., 2001. Actin-based motility of intracellular microbial Smith, G., Murphy, B.J., Law, M., 2003. Vaccinia virus motility. Ann. Rev.
pathogens. Microbiol. Mol. Biol. Rev. 65, 595-626. Microbiol. 57, 323-342.
Granados, R.R., 1980. Infectivity and mode of action of baculovirusesSodeik, B., Ebersold, M.W., Helenius, A., 1997. Microtubule-mediated trans-
Biotechnol. Bioeng. 22, 1377-1405. port of incoming herpes simplex virus 1 capsids to the nucleus. J. Cell
Gruenheid, S., Finlay, B.B., 2003. Microbial pathogenesis and cytoskeletal Biol. 136, 1007-1021.
function. Nature 422, 775-781. Wang, H., Deng, F., Pijiman, G.P., Chen, X., Sun, X., Vlak, J.M., Hu,

Herniou, E.A., Luque, T., Chen, X., Vlak, J.M., Winstanley, D., Cory, J.S.,  Z., 2003. Cloning of biologically active genomes fromHlicoverpa
O'Reilly, D.R., 2001. Use of whole genome sequence data to infer bac- armigera single-nucleocapsid nucleopolyhedrovirus isolate by using a
ulovirus phylogeny. J. Virol. 75, 8117-8126. bacterial artificial chromosome. Virus Res. 97, 57-63.

Jin, J., Guarino, L.A., 2000.”2&nd formation of baculovirus late RNAs. J. Weed, S.A., Parsons, J.T., 2001. Cortactin: coupling membrane dynamics to
Virol. 74, 8930-8937. cortical actin assembly. Oncogene 20, 6418-6434.



	Characterization of ORF2 and its encoded protein of the Helicoverpa armigera nucleopolyhedrovirus
	Introduction
	Materials and methods
	Cells and virus
	Construction of plasmids and recombinant virus
	Preparation of antibody
	Transcription analysis of ha2
	Purification of HaSNPV BV and ODV fractions
	Western blotting analysis
	Fluorescence microscopy analysis
	Computer-assisted analysis
	Growth curves

	Results
	Sequence analysis of ha2 and its homologues
	Transcription analysis of ha2
	Immunodetection of the HA2 protein in infected cells and in virus particles
	Cellular distribution of HA2 in HzAMI cells and Sf21 cells
	Colocalization of HA2 and cellular actin
	Biological assay of vHa-Ha2-egfp

	Discussion
	Acknowledgements
	References


