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Abstract

Defective viruses, not transmissible alone, increase the transmissibility of complete genotypes in natural populSpanoptiera
frugiperdamulticapsid nucleopolyhedrovirus (STMNPV). The defective phenotype is associated with a 15 kb deletion, which includes the
pif (per os infectivity factor) gene. The sequence of a 2.4 kb fragment that inghifde@as determined. Multiple transcripts encompassing
pif were detected by Northern blot analysis. RT-PCR and nuclease protection analysis demonstrated the presence of run-through transcripts
starting upstream gfif. A 2.0 kb messenger started from a CTAAG promoter motif located 11 nt upstreampuf #tart codon, and ended
450 nt downstream from thgif stop codon. Thipif MRNA included a small downstream ORF (homologous to Se37). A transcript of 0.8 kb
was detected that may correspond to a specific transcript from this small ORF. This transcript would start at a late consensus motif internal
to pif coding sequences, ending at the same polyadenylation signal pg trenscript. These transcription features resemble thogéf of
transcription inSpodoptera littoraliSNPV, although the genomic location pif is not equivalent in the two viruses. STMNRf can encode
a protein of 529 amino acids, closely relatecSjmodoptera exiguMINPV PIF.
© 2004 Elsevier B.V. All rights reserved.
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Baculoviruses (family Baculoviridag are enveloped  ally produced in a sequential manner in the same cell. When
viruses with double-stranded DNA genomes. These virusessusceptible insect larvae ingest OBs present on contaminated
are pathogenic to invertebrates, particularly to insects of the foliage, the OBs dissolve in the alkaline conditions in the in-
Order Lepidoptera. Baculovirus replication is biphasic, in- sect midgut, and the virions they contain are released. ODVs
volving two phenotypically distinct forms of virions. The pass through the peritrophic membrane, attach to columnar
occlusion-derived virion (ODV) is adapted for infection of epithelial cells and infect thenifanados and Lawler, 1981
the insect midgut, and is responsible for the transmission of  Entry of the ODVs into epithelial cells can occur in two
infection from insect to insect in nature. ODVs are embed- stages: binding of ODVs to the cell membrane followed by
ded in occlusion bodies (OBs). The budded virion (BV) buds fusion of the membranes, suggesting that at least two virion
out of infected cells and transmits the infection from cell to proteins may be involved in the procestofton and Burand,
cell, within the infected host. Both forms of virions are usu- 1993. Three genes have beenidentified as responsible for the

oral infectivity of ODVs. The product chutographa califor-
P _ _ nica multiple nucleopolyhedrovirugenusNucleopolyhe-

The sequence of the $fMNPMf gene was deposited with GenBank drovirus) (AcMNPV) open reading frame (ORF) 138y(res

Data Library under Accession No. AY531110. etal., 1993, named P74Kuzio et al., 1989; Faulkner et al.,
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os infectivity factor) ofSpodoptera littoralis nucleopolyhe-
drovirus (SpliNPV) (Kikhno et al., 2002 and pif-2, identi-
fied in Spodoptera exigua MNP{&eMNPV) Pijiman et al.,
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(Kikhno et al., 2002, that corresponds to AcCMNPV ORF119
or SeMNPV ORF36. This gene was orientated positively ac-
cording to the physical map of the SfNIC isolate (Simet al.,

2003. These three genes are conserved among all sequencednpublished). The nucleotide sequence of the gene encoding
baculoviruses. Deletion or disruption of eithpat4, pif or pif- PIF predicts a protein of 529 aa.
2results in a complete absence of per os infectivity of ODVs,  Genes homologous tif are found in all sequenced bac-
whereas injection into the haemocoel results in polyhedro- uloviruses, and itdelicoverpa zeairus 1 (Hzv-1). The tax-
sis and insect death. Thwéf gene product is present in very onomic status of Hzv-1 is not clear, but this virus also re-
low amounts in the ODV envelope of SpliNPXikhno et tainsp74 and apif-2 homologue, suggesting that is related
al., 2003. A previous study opif transcription in SpliNPV to the Baculoviridae. STMNPV PIF shares the highest de-
(Gutierrez et al., 2004concluded that the low levels of PIF  gree of identity at the amino acid level with the SeMNPV
protein may be due to a very Iguif transcription in thatvirus.  PIF, 64% identity (78% similarity). Twenty-five residues are
A complex unit of transcription with overlapping mMRNAwas completely conserved in all PIF proteins, among them, 14
observed in SpliNPV. It therefore seemed appropriate to de-cysteines. If Hzv-1 PIF is excluded, the number of absolutely
termine whether another baculovirus with a different genomic conserved residues increases to 46.
organisation would show a similar pattern of expression for ~ SfMNPV pif presented a hydrophobic domain (aa 1-15),
such an essential gene. that could act as a putative secretion signal or a N-terminal
Insects of the genusSpodopteraspp. are important  signal anchorFig. 3). In addition, AnTheProtDeleage et
polyphagous pests in various regions of the world. Various al., 198§ predicts a single transmembrane domain between
baculoviruses infecspodopterapp. larvae. Of these, SeM-  residues 136 and 152, while four putative transmembrane do-
NPV is the most highly specific. Productive infections can mains were detected for SpliNPNf (Kikhno et al., 2002
only be achieved irs. exigudarvae, while others, such as Prosite detected four potential N-glycosylation sites, var-
Spodoptera frugiperda MNPYSfMNPV) or SpliNPV can ious phosphorylation sites (both casein kinase Il and ty-
infect severaBpodopterapecies, to variable degrees. SfM- rosine kinase), and lipid binding consensus sequences (N-
NPV has a host range that overlaps that of SpliNPV. Us- myristoylation and membrane lipoprotein lipid attachment
ing DNA hybridisation kineticsKelly (1977)concluded that =~ consensus)Hig. 3). The putative myristoylation sites would
among the four NPVs infectin§podopteraspp., SpliNPV only be used if the Gly residue is located at the carboxy termi-
and SfTMNPV were the least closely related. nus, which implies that the protein is cleaved. No such cleav-
The genotypic diversity of a Nicaraguan strain of SfM- age was detected gikhno et al. (2002)n SpliNPV PIF.
NPV (STfNIC) (Escribano et al., 199%as recently been de- These sites are therefore unlikely to be functiot@khno
scribed byL 6pez-Ferber et al. (2003pf the nine genotypes et al. (2002did not detect experimentally any glycosylation
isolated from SfNIC, three are not infectious per o0s. They for SpliNPV PIF, suggesting that the protein does not enter
survive in the virus population by transcomplementation with into the lumen of the endoplasmic reticulum, and thus, the
other genomes. Heterologous hybridisation indicated that, al- N-terminus hydrophobic domain would act like a membrane
thoughp74is conserved in all three genotypes, two of them anchor sequence. They reported that PIF extraction from the
(SfNIC-C and SfNIC-D) have deletions 6f15 kb in the re- membranes was difficult. This observation is compatible with
gion of pif (Lopez-Ferber et al., 20p3hey also lackpif-2 a lipid anchor.
(Simon et al., unpublished). These variants contribute pos- The most conserved portion of the protein, between
itively to the overall pathogenicity of the viral population residues 144 and 174 (13 residues perfectly conserved in
(Lopez-Ferber et al., 2003 all lepidopteran baculoviruses), partially overlaps both the
The region containingif in STMNPV B genotype was de-  transmembrane domain and the conserved lipoprotein mem-
termined by heterologous hybridisatidnopez-Ferber etal.,  brane attachment site. This consensus pattern is found in the
2003. Hybridisations with SpliNP\pif did not allow detec-  databases at a low frequency (4730~ 1°). Its conservation
tion, whereas a clear band was observed using a SeMNPVin all PIF sequences suggests a functional relevance of this
pif probe. TheEcadRI-N restriction fragment of the SfNIC-  motif, probably related to the role of PIF in midgut infection.
B variant containingpif was cloned in the pSP70 vector An analysis of its role using mutations that disrupt this site
(Promega) (p264.306Y4able 1) and its sequence determined would be required. Both the putative transmembrane region
by primer walking Fig. 1). The extremity of the contiguous  and the lipid anchoring would likely contribute to understand-
fragment,EcaRI-I (p264.100) was also sequenced using the ing the role of PIF in midgut infection. SpliNPV PIF has been
same approach. shown to be a structural protein of the ODV envelope. Dele-
A schematic representation of the STMNPV region is tion of STMNPV pif leads to the same phenotype; absence of
shown inFig. 1 Five ORFs (ORF2, ORF3, ORF5, ORF6 per os infectivity of ODVs, suggesting that its location may
and ORF7) longer than 150 nt were found, plus two partially be the same.
sequenced ORFs in the extremities (ORF1 and ORF4). An A late baculovirus consensus promoter motif, TAAG
ORF, ORF2, which contained 1589 nucleotides (from nt 170 (Blissard and Rohrmann, 19p@as identified at nt 156. This
t0 1759) Fig. 2), encoded a gene homologous to SpliNgil/ core sequence was preceded by a C. The SfMIdPgene



O. Sinon et al. / Virus Research 108 (2005) 213-220 215

Table 1
The plasmids developed and the location of their inserts in the STMNPV isolate physical map (indicated by map units, m.u.) or in the described&equence
AY531110 (in nt)

Plasmid Location Vector Purpose

p264.306 24.1-26.8 m.u. pSP70 Sequencingifof

p264.100 26.8-31.5 m.u. pSP70 Sequencingjfof

p284.1 24.1-25.7 m.u. puUC19 Sequencingibf

p284.2 25.7-26.8 m.u. puUC19 Sequencingibf

p293.3 1-2247nt pGEM-T Plasmid construction for PCR amplifications
p290.2 1263-1759 nt pGEM-T Riboprobe generation, Northern blot
p291.10 1-236nt pGEM-T Riboprobe generation, RNase protection

is preceded by a partially sequenced ORF (ORF1), homolo-or 1964 signal, whereas ORF3 may use the signals located
gous to SeMNPV ORF35 characterisedp#s2 (Pijlman et at 2067 or 2185. Both poly(A) consensus motifs oveftgp

al., 2003. The 3 end of SIMNPVpif-2 gene was sequenced. coding sequences.

Only 18nt separatepif-2 andpif. Downstream fronpif, a Three minor ORFs are included withimif coding se-
small ORF of 85 aa (ORF3) homologous to SeMNPV ORF37 quences, ORFs 5 (nt 865-641), 6 (nt 738-938) and 7 (nt
and a partially sequenced ORF (ORF4) homologous to SeM-1387-1184), with coding capacity for 74, 66 and 67 aa, re-
NPV ORF38 {gf) were found, respectively. The ORF3 was spectively. ORFs 5 and 7 run in the complementary strand,
preceded by a late baculovirus consensus motif at nt 1533.while ORF6 runs in the same strand fi$ but in another
Putative polyA signals (ATTAAA or AATAAA) are present  frame. No significant homologies were found for these puta-
at nt 1964 and 2185 in the leading strand and 2219 in the tive ORFs in the Swiss-Prot database. Three late baculovirus
complementary strand. Some other almost perfect consensusonsensus motifs were located in the complementary strand
(ATAAA) motifs were found at 165, 1921 and 2067 in the (nt885, 1875 and 2043). Upstream the translation start codon
leading strand, 203, 1307 and 2082 in the complementary of the ORF5 a late consensus motif was identified. No such
strand. A TATAAA sequence at 165 may correspond to the promoter consensus sequences were found in the vicinity of
pif-2 polyadenylation signal. STMNPYif may use the 1921  ORFs 6 and 7. In the complementary strand, the consensus

(A) EcoR | L1 1 1 L1l iy TR [TRIRET 1
0m.u. 1.5mu. 100 m.u.

26.8 m.u.

p264.306 p264.100

(B) EcoRl Pstl EcoR|
p284.2 | p284.1

© By
ORF1[p3) ze pif >

(D) Sfpif7  Sfpif1 Sfpif3  Sfpif4
> > > >
-t - -
Sfpif5  Sfpifs Sfpif2  Sf100a

Sfpifé  Sfpif9

p291.1 p290.2

L 1 | 1 1
1000 2000

Fig. 1. Position of thgif gene on the STIMNPV genomic map and sequencing strateg¥ddg| restriction map of SIMNPV-NIC (SfNIC) genome. Numbers
below indicate the map units. (B) Detailed physical majfEofRI-N and -1 fragments, and plasmid constructioBsoRI-N fragment was cloned into pSP70
plasmid (p264.306), and fragments generatedPby digestion of EcaRI-N fragment into pUC19 (p284.1 and p284.EcadRI-I was cloned into pSP70
(p264.100) and its left extremity was sequenced. (C) ORFs located in the region are indicated by an arrow. (D) Position of the different primees and pro
used.
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1- TCACCACCAACACGGAC. GCATTCCTTTTCACTGTACCCGGATCGTTTCCCACGTCGGGTAACGGTTTAGACGAACCC
Sfpif7 ORF1 pif-2 stop codon ORF2 pif promoter
81- ACATGGCGTTTCATGATGGAGGTTCAGAGTAGAATAGATTTCGGCCAAATTCGAGCTTCGCCGCCCGTCTAACTCTAAGA
ORF2 pif M translation start codon
161- GTCTATAAAATGTATAATATATTGTTGATEGTCTTGTTGATCTTTAECATTCTAATAGTCTACAACAACATTACTCTTE%
Stpifl Sfpifs
241- ACAATACGTTCAACAAGACTATATTCCGGTTCTGACGAGATTCGACAATACACATGTGCCGTTGATCGAACCACCTACCG
Stpife
321- AAATCGTCATCGAAGGAAACACGCATGAATGCCACAAAACGCTCACGCCGTGCTCGACTCACATGGACTGCGATGTGTGT

401- CGAGAAGGTTTAGCCAATTGCCAGTACTTTGAAAACAAAACCATCATCACCATCACCGACGAAGACAACGTGGAALSCCA
fpif8
481- GTTCACAATCGAACCGGGCGAATCGTATTGTATGGCTCTTGACCGCGAACGCGCTAGATCCTGCAATCCCAACACGGGCG

561- TTTGGATTCTCGCCCAAAGTCCTGTAGGTGTCTCTTTACTCTGCAGCTGCCTGACGCCCGGTCTAGTCACACAGCTCAGT

641- CTATATCACGATTGCGATATACCGATAGGATGTCAACCGCACGGCAATATCATCAGCATCAACGAAAGACCTATGCGTTG
Stpif9

721- CTCGTGCGAAGTCGGCTATGTCGCTGACTTTAACACCGAAACACAAACTCCCTACTGTAGAACAAGACGCATACGCGATG

801- TCATACAAAATCCTGACTTTTTCCCATTGGCGCCGTGCTCTTGGCCATACATACCCATCGAACATCCCGGTCTCGACCCT
881- GCCTACTTACAATCGACAAACGCAAGAAACGCGTGCGTCATCGATCCATGCACCGTAGACCCCATCACCGGACAACAGGT
961- CGTGGGTTGGCTGGTGACGCGGTATCTCAACGATGAAGACAAAGATACTCAGTTTTTCTGTAATTGTTCAGCGGGACACA
1041- ATCTGTTCGGCGTGTACAATGACCAACCGAACATGATTAGGCCGAGCGCCGAGAAACTCGTTAACGCTTGCATTCAACCT
1121- TTCAACGTACACGTTGCTCAATTGCCCGCCATCGAGTACAAATGGTTTTGGGGACAGAGAAATCTATACACGTCCGACGA
1201- TGACGTGGTCGCCACTGTGAGACCCGACCAAATCAGTTCGCCGAGATACCGTCGCATGCTTTTCACATATCTCACACCTC:

Stpif3
1281—E%pCCGTTTTTCCCCGAAAGTGTCAACTTTATGGTGATGAAATTCTCTACCGCCTACACTCCCATATTCAACGAAGCAGAT

1361- AGGAATTATCATAATTTGTTTACGCATTACTATGAACTAAACCATCGGAGCGCTACGTGCTTCTATCCGGGTTTCGGTAG

1441- ATGTGTCGTTCACGATCACACAAATTGTATTCGACGGTTCGGCAGTGTTCAAGTGGGCACGGSGGAAAATTTAAAAGGCA
ORF3 promoter Stpif4
1521- CCCAATGTTATTTAAGTCGAGACCGATGGTGGATTCGAATTTGGTACAAGCCGCAAGTGTACACCAATAGACGATATGCT

1601- GTGGCGTTGTACGTGAACGGTCTTTTCTTCGTTATCAACACAAGAGACTTTAGAACGGTTCGTTTTGTGAGCGCCACCGA
ORF2 pif translation stop codon
1681- TCTTTTGATCAATCAAAACGACCTCAACAATTCTCTAATCACTCTACTCAACACGTACACCACATATCGGTGGTTTGAA
ORF3 M translation start codon Stpif2
1761- GAAAACATGGACAATGTCACCGAAGCATTATTACTGGCCAAACAATATGAAAAACGTCAATTGTACACGAAATCCATGGC

1841- TTGTTACAATTTGGCCATACATTTTTTAGTGTTGCTTAAACGCAAAAGATTGCAAGAAATAGTTTTACGAATGATTGACG
Polyadenylation signal

1921- ATAAAATTCTACATTGTGTCAGAGAACGGAAGAAAATCAATGAATTAAACAAACAAATCATTTTAAAAAAGTATATATTA
ORF3 translation stop codon

2001- ATCGATGATAATGATGTATATTAAACGTACGACATACAATATCTTAGAATAGTTTGATGGAAAAACATAAAAGGATGAAT
ORF4 fgf translation stop codon

2081- GTTTATAGTGATATTCTTCGCAGCCACCAGCTTTGAAACGACAGTTTCGACATGTTCCGTGCGATCGTCGTCCAGAGTGC
Polyadenylation signal 3’ end of ORF2 pif transcript

2161- GAATACTGAATTCTTCGTCGTGGTAATAAAAATTCTTTGGTATGGCTCCTTCCTTTGTTTTATLEACCTTCGACGAATCC

Polyadenylation signal Sf100a

2241- AAGTAGAC

Fig. 2. Sequence of the STMNPNIf region. Partial sequence of the STMNPV gendgoeRI-N and -1 fragments starting from Sfpif7 primer, located in the 3

end of thepif-2 gene, to the Sf100a primer in tiigf gene. Baculovirus consensus late initiation motifs TAAG, polyadenylation signals, start and stop codons
SfMNPYV pif-2, pif and the ORF homologue to Se37 (Sf37) dgidranscripts are shown in bold. The sequences of the primers used for transcription analysis
are underlined.

located at 2082 or 2219 cannot be usedddythat ends at  of pif-2just upstream, is not a general featuBeitiérrez et al.,
2021. No consensus polyadenylation signals were observed2004). The location opif (and ORF3) in the genomes varies
in the vicinity of ORFs 5, 6 or 7. between baculoviruses. In lepidopteran NPp§js closely

The putative sequence of STMNPV PIF clearly places preceded by a late consensus TAAG, often in a non-optimal
SfMNPV close to SeMNPV, while SpliNPV or ACMNPV are  environment (preceded by C or T). The distance between this
more distantly related. In addition to the sequence data, theputative promoter and the first ATG itis always less than 20 nt.
gene organization in this region also confirms the degree of Only in CuniNPV is this distance larger (104 nt). THezea
relatedness between SeMNPV and SfTMNPV. The ORF clus- virus 1 (Hzv-1) is the only virus to lack such a consensus.
ter (pif + ORF3 +gf), observed in the majority of the Group Gutierrez et al. (2004¢stimated the relative quantity of
IINPVs, is also conserved in STMNPV, whereas the presencethe transcript generated by the SpliNRW gene to be 300
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SfMN PVPIF
. L .. Li. l. L I
v YNNI TLLQYVQQODYIPVLTRFDNTHVPLIEPPTEIVIEGNTHE 60

CHKTLTPCSTHMDCDVCREGLANCQYFENKTIITITDEDNVERQFTIEPGESYCMALDRE 120

RARSCNPNTGVWILAQSENCEEEEN T0LSLYEDCDIPIGCQPHGNIISINER 180

PMRCSCEVGYVADFNTETQTPYCRTRRIRDVIQNPDFFPLAPCSWPYIPIEHPGLDPAYL 240
QSTNARNACVIDPCTVDPITGQQVVGWLVTRYLNDEDKDTQFFCNCSAGHNLFGVYNDQP 300
NMIRPSAEKLVNACIQPFNVHVAQLPAIEYKWFWGQRNLYTSDDDVVATVRPDQISSPRY 360
RRMLFTYLTPHPFFPESVNFMVMKFSTAYTPIFNEADRNYHNLFTHYYELNHRSATCFYP 420
GFGRCVVHDHTNCIRRFGSVQVGTAENLKGTQCYLSRDRWWIRIWYKPQVYTNRRYAVAL 480
YVNGLFFVINTRDFRTVRFVSATDLLINQNDLNNSLITLLNTYHHISVV 529

Fig. 3. Protein sequence of STMNPV PIF (deduced from nucleotide sequence). The residues corresponding to predicted transmembrane donigtitesdcare highl
in pink. Residues absolutely conserved in all PIF proteins are in red, those conserved in 75%, in blue, and those over 50%, in green. Underiireticatgdue
consensus N-myristoylation sites. Double underlined, consensus membrane lipoprotein attachment site. Baculovirus sequences used itMbacalypara
were GenBank (accession numbers includ&hodoptera frugiperddSf) MNPV (AY531110),Spodoptera exiguéSe) MNPV (NC002169)Spodoptera
littoralis (Spli) NPV (AF527603)Spodoptera litturgSplt) NPV (NC003102)Mamestra configuratéMaco) MNPV A (NC003529)Mamestra configurata
(Maco) MNPV B (NC004117)Heliothis armigera(Ha) SNPV (NC003094)Heliothis armigera(Ha) SNPV G (NC002654 }elicoverpa zegHz) SNPV
(NC003349) Autographa californicgAc) MNPV (NC001623)Bombyx moriBm) NPV (NC001962)| ymantria dispar(Ld) MNPV (NC001973) Orgyia
pseudotsugatédOp) MNPV (NC001875)Epiphyas postvittanéEppo) NPV (NC003083)Rachiplusia ouRo) MNPV (NC004323)Xestia enigrum (Xc)

GV (NC002331)Phthorimaea operculell@hop) GV (NC004062Plutella xylostella(Px) GV (NC002593)Cydia pomonelldCp) GV (NC002816)Culex
nigripalpus NPV (CuniNPV) andHelicoverpa zeavirus 1 (Hzv-1, NC004156). The sequences were aligned using ClustalX versiombbigson et al.,
1997).

A yw M 2 4 6 8 12 24 48 72 120 mw

Ly 530 bp

(B) M 2 4 6 8 12 24 48 72 120

26 Kb
2.0Kb

1.8 Kb

0.8 Kb

Fig. 4. Temporal expression of STMNRA transcripts. Total RNA was extracted from uninfected Sf9 cells (lane MI, mock infected) and STMNPV infected Sf9

cells at the indicated time (h p.i.). Cells were homogenised in TRIzol (Invitrogen) and the RNA was then extracted following the manufactuditmmstr

The time 0h p.i. was defined as the moment the virus inoculum was allowed to adsorb to the cells, or the moment that insects consumed the virus inoculum.
RT-PCR was performed using the Access RT-PCR System (Promega). RNA samples were treated with DNase prior to RT-PCR. (A) RT-PCRpahalysis of
gene performed on total RNA extracted from uninfected Sf9 cells (lane MI, mock infected) and SfTMNPV infected Sf9 cells at indicated times (f2.i.). Sfp

and Sfpif3 primers were used for the amplification, RNA was previously treated with DNase. As control, RT-R&Raf immediate-early transcribed gene,

was performed under the same conditions described above. (B) Northern blot analysis of SfMNHakscription using a riboprobe obtained from p290.2

plasmid insertTable 1. The size of specific hybridisation bands is indicated to the right.
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times less than that of theolyhedringene transcript. The
similarity in the promoter environment betweeif genes

in SpliNPV and in SIMNPV strongly suggests that the ob-
servations made for SpliNPV concerning the low levels of
expressionKikhno et al., 2002and transcriptionGutierrez

et al., 2004 are likely to be general features of this gene in
other baculoviruses.

The temporal regulation @if transcripts was examined by
RT-PCR and Northern blot analysis using total RNA isolated
from SfNIC-B infected Sf9 cellsKig. 4). The very early
transcribed genie-0 (Pullen and Friesen, 1996f SIMNPV
was included as reference.

Two primers internal to theif ORF, Sfpif3 and Sfpif2
(Figs. 1 and », were designed to amplify a 500 bp fragment
internal topif. Total RNA extracted at different points was
treated with DNase prior to the RT-PCR assay. Control am-
plifications were performed to ensure the absence of contam
inant DNA in the samples. A single RT-PCR product was
obtained of the expected size (500 bp). Amplifications were
detected from 48 h p.i., increased at 72 h p.i., and remained ¢
a steady-state level up to 120 h pHid. 4A). The same RNA
samples were used to amplify a 530 bp fragment ofiek@
transcript using two internal primers. TheeO mRNAs were
detected from 2 h p.i. Northern blot analysis using thergi
of PIF (nt 1263-1759, insert of plasmid p29012ble 1) as
a probe revealed four transcripts overlappgifithat appear
late in infection. Both methods confirmed that STIMNPW

(A)
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Sfpifs
v

Sfpif9

MI MV

0.75

Sfpifs  Sfpif6
mw M VM

Sfpif8
VoMV

Sfpif9
MV

Fig. 5. Transcriptional mapping of thé &nd 3 end of thepif messenger.
Total RNA was extracted from uninfect&dfrugiperddarvae (Ml) and SfM-
NPV infected larvae at 120 h (V)! RACE RT-PCR was performed using
the SMART'M RACE cDNA amplification kit (Clontech, BD Biosciences)

behaves as a late gene. The 2.0kb and 1.8 kb transcripts ha@imploying 1ug purified total RNA as template! RACE was performed

a size compatible with that of the hypothetip#lmessenger

(1.6—2.0 kb). However, these transcripts were not the most

using the Improm-I1™ reverse transcriptase (Promega) and the oligo(dT)
anchor primer, following manufacturer’s instructions. An aliquot of the re-
action was then subjected to PCR amplification willagDNA polymerase

abundant transcripts detected; a hybridisation band of 0.8 kb(promega). Arrows indicate the amplification observed of expected size. Size

was the most abundant transcript.

standards (mw) are indicated in kb. (X)BACE analysis using Sfpif8 and

Nuclease protection assay was carried out using a 256 ntSfpif9 primers. (B) RT-PCR analysis using cDNA mixtures frohRACE

fragment (the insert of p291.10 plasmithble 1 as probe.
This fragment includes 87 nt complementary to therid of
the pif gene and 149 nt complementary to i€ upstream

and Sfpif7 primer located upstregif promoter, and primers internal pif
ORF (Sfpif5, Sfpif6, Sfpif7 and Sfpif8) (se€g. 1C). (C) 3 RACE analysis

on total RNA extracted from infected larvae, oligodT and Sfpif4 were used
in the amplification at 65C.

sequences. The probe was completely protected, indicating

the presence of MRNAs starting well upstream froifn As

an alternative technique to mag transcripts, 5RACE was
employed. Four different primers (Sfpif5, Sfpif6, Sfpif8 and
Sfpif9) internal tapif ORF were used with total RNA isolated
at 120 h p.i. The amplifications obtained with Sfpif8 and Sf-
pif9 are shown irFig. 5A. For each 5RACE reaction, sev-

from (A/G/T)TAAG, but to date, none had been found to ini-
tiate from CTAAG (u and Miller, 1997. This represents the
first evidence that the late promoter core TAAG, preceded by
a C residue, acts as a functional promoter. In the SeMNPV
genome, one unique late promoter motif upstream from the
pif start codon is present at 13 nt upstream. This late promoter

eral products were obtained. The amplified fragments were consensus is also preceded by a C. A similar situation is found
cloned and several plasmids were sequenced containing amfor the Mamestra configurat&lPV pif, and for other genes,

plified fragments from each of the four primers. In all cases,
the sequences obtained that included thegion ofpif (i.e.
the specific amplifications), revealed a start of transcription

such as SeMNPif-2.
Both NPA and Northern blot analysis indicated the exis-
tence of transcripts initiating upstream frquif. To investi-

atthe C residue, just upstream from the late consensus TAAGgate this, PCR was performed using cDNA mixtures obtained

(nt 155 inFig. 2), confirming that this motif acts indeed as
the pif promoter. This sequence is also conserved in SeM-
NPV (nt 34402-34406). In SpliNPV, the transcript start was
mapped by primer extension to the T located at the equiv-
alent position. The work byijlman et al. (2003suggests
that in SeMNPV, the conserved CTAAG motif actually acts
as apif promoter. Late promoters have been found to initiate

from the B RACE experiments, with an specific primer lo-
cated upstream from the transcription start detected’by 5
RACE (Sfpif7 forward) and within theif gene (Sfpif5, Sf-
pif6, Sfpif8 and Sfpif9, reverse primers). All amplifications
resulted in fragments corresponding to the size expected if
MRNAs encompassed both the upstream ORF and'tree 5
gion of pif (Fig. 5B), demonstrating the existence of run-
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through transcripts, although their characterization was be- pif and the downstream ORF, which suggests that their regu-
yond the scope of this study. lation is linked.

The 3 end of thepif gene transcript was determined by 3 The pif gene is a conserved gene present in all bac-
RACE. RNA was reverse-transcribed using oligo(dT). PCR ulovirus species. However, at the population level, the wild-
was then performed with oligo(dT) and Sfpif3 or Sfpif4 at type SfNIC isolate is naturally diverse pif; not all virus
different annealing temperatures to obtain a specific amplifi- genomes in the population contain this gehéfez-Ferber
cation. The 0.75kb fragment, corresponding to the amplifi- et al., 2003. Infection of individual cells by multiple geno-
cation using Sfpif4 and oligo(dT) primers at 85 (Fig. 5C), types is common in baculoviruseByll et al., 2001, 2008
was cloned into the pGEM-T Easy Vector and sequenced. TheThe persistence of genomes defectivpifircan be explained
3 end of the transcript was located at nt 2208, 449 nt down- by rescue with undeleted genotypes. However, the presence
stream from thepif stop codon and 24 nt downstream of a of the deleted mutants did not reduce the pathogenicity of the
consensus polyadenylation signal, AATAAA. The amplifica- SfNIC population. In addition to the low efficiency late pro-
tion obtained with oligo(dT) and Sfpif3 was not sequenced moter drivingpif transcription, the presence pif defective
as it showed a length compatible with the above observationgenomes would contribute to an even greater reduction in the
(data not shown). Taken togethef,d@nd 3 terminal map- PIF/genome ratio. The results presented here characterise a
ping predict apif MRNA of approximately 2.0 kb, which is  gene clearly important not only at the level of the individual
in agreement with the 2.0 kb transcript size determined by genotype, as its absence leads to a non infectious ODV, but
Northern blot analysis. also at the level of the viral population.

The pif MRNA includes the downstream ORF3 (homol-
ogous to Se37), that is conserved in all NPVs, giving a bi-
cistronic messenger of 2kb. However, the presence of the
small 0.8 kb messenger suggests that the downstream ORFZ\cknowledgements
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