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Abstract

Ourgoalwastoimprovethebiosafetyof baculovirus-baset#chnologiedy deletingthepif (perosinfectivity factor)genefrom
baculovirusexpressiovectors.Suchadeletionwould block transmissiornin naturewithoutdisturbingproteinproduction A pif
deletionmutantof AutographacalifornicamultiplecapsichucleopolyhedroviruAcMNPV) wasconstructeandits infectivity
totwo hostspeciewvastestedoy oralor intrahemocoelicnoculation.Virus replicationafteroralinoculationwasmonitoredusing
PCR.Oralinoculationswith a mixture of the wild type andthe pif deletionviruseswerecarriedout. The pif deletionblocked
oralinfectionbutit did not hampetinfectivity in cell culture. The blockagetook placeearly afterinoculationandcouldnotbe
overcomeby mixedinoculationswith thewild type.The cat genewasinsertedunderthe control of the polyhedrinpromoterin
thedeletionmutantandthewild type CAT yield wasmeasuredn Spodopterdrugiperdainsectcells (Sf9) infectedwith either
recombinantThe pif deletiondid not hamperCAT production.This deletionsignificantlyimproved CAT yields early in the
infection. Hence expressiorvectorslacking pif may producehigherquality protein. The pif deletionis a simplemeasurehat
dramaticallyreduces the chances of virus spread or gene transfer in nature.

Keywords: Biosafety;Baculovirus;pif; Oral infection

1. Introduction ically engineered organisms (GEOSs). In the case of
genetic engineered pathogens, the major issues are

Currently, the public and scientific opinion is con- horizontal gene transfer, infection of non-target hosts
cerned by the risks associated with the use of genet- and displacement of indigenous pathogen populations

(NRC, 2004). The concern triggered by these poten-

"+ Corresponding author. Fax: +33 466524699, tial problems has promoted the development of genetic
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finement of GEOs, especially of those that can cross or mation, which might give a selective advantage to the
recombine with wild species (Daniell, 2002; Hare and recombinant or alter its host range. For example, hy-
Chua, 2002; NRC, 2004). brid baculoviruses containing human-virus genomes or
Baculoviruses are enveloped, double-stranded DNA baculovirus with improved infection efficiencies have
viruses which infect specifically arthropods and, beencreated (Yapetal.,1997; Delaney and Isom, 1998;
among them, especially lepidopteran insects (butter- Fipaldini et al., 1999; Tani et al., 2003). Although the
flies and moths). These viruses, in particufauto- utilisation of recombinant baculoviruses seems safe, re-
grapha californica nucleopolyhedrovirggcMNPV), combinants with modifications as the ones mentioned
are extensively used for the expression of recombi- above may require further confinement measures to
nant proteins in insect cells (King and Possee, 1992; avoid their possible replication in the environment in
O'Reilly et al., 1992). The baculovirus expression sys- case of accidental release.
tem (BES) provides high expression levels and al-  The deletion of baculovirus genes required for host
most all the post-translational processing events found infectivity is a confinement measure that would avoid
in mammalian systems (Kidd and Emery, 1993). Re- virus replication in nature (Vlak and Hu, 1997). Can-
cently, another application of baculoviruses as gene de- didate genes for deletion should be essential for host
livery vectors is being developed (reviewe{xnyst and infection but unnecessary for replication and protein
Condreay, 2002). production in cell culture. Such genes are present in
From a biosafety point of view, the BES has several the baculovirus genome as a result of the unusual life
attractive features and a perfect safety record. Thesecycle of these viruses.
viruses cannot replicate in vertebrate cells although  During the baculovirus cycle, two types of virions
they can be taken up by them (Kost and Condreay, are produced. The first type, the budded virion (BV),
2002; Leisy et al., 2003). Furthermore, proteins can is responsible for the cell-to-cell spread of infection
be produced without animal supplements as foetal calf whereas the second type is responsible for the trans-
serum. Finally, a biological containment strategy is in- mission between hosts. The second type of virion is
herent to the BES. Most of the baculovirus vectors are embedded in the occlusion body, a protective proteina-
constructed by replacing the polyhedrin or gi®cod- ceous matrix. This type of virion is named pre-occluded
ing regions by the gene of interest (Kidd and Emery, virion (POV) before their embedding in the occlusion
1993). The deletion of polyhedrin @lOreduces the  body (Wood et al., 1993) and occlusion derived virion
environmental fitness of the recombinant viruses and, (ODV) when itis liberated from the occlusion body by
thus, serves as containment measure (Vlak and Hu, digestion.
1997). Both BVs and ODVs/POVs are produced in all in-
However, these deletion mutants retain their oral fected cells, in atimely regulated pattern. Budded viri-
infectivity to their natural hosts (Wood et al., 1993; ons are produced earlier in the infection. They bud
Bianchi et al., 2000) and the possibility of recombi- out from the infected cell into the insect hemolymph
nant baculoviruses being carried out from the labora- or into the culture medium, spreading the infection to
tory by invertebrates has been addressed (O'Reilly et other cells. Later in the infection, virions of the second
al.,, 1992). In such scenario, gene transfer may take type are produced in the nucleus where they accumu-
place in the environment. Homologous baculoviruses late and the occlusions bodies are formed (Granados
are highly recombinant in vitro (Croizier and Ribeiro, and Lawler, 1981). Baculovirus infection eventually
1992; Martin and Weber, 1997; Hajos et al., 2000) leads to cell lyses and host death. The occlusion
and recombinant baculoviruses can recombine with bodies are then liberated in the environment. New
wild relatives in vivo (Merryweather-Clarke et al., hosts become infected while feeding on food con-
1994). Host transposable elements have been identi-taminated with occlusion bodies. Once in the host
fied in baculovirus genomes and can mediate genetic midgut, the occlusion bodies are dissolved, liberat-
transfer between baculoviruses (reviewedHniesen, ing the ODVs. These virions infect the midgut ep-
1993). ithelial cells by attaching and fusing the viral enve-
Furthermore, certain modifications of baculovirus lope with the cell membrane (Horton and Burand,
vectors have involved the insertion of genetic infor- 1993). Infection of the midgut cells yields BVs and



the infection spreads all through the host (Federici,
1997).

The BV is practically non-infectious to insects when
orally administered (Volkman, 1997) but it is highly
infectious to cells in culture and essential for the virus
cycle invitro. Onthe contrary, the second type of virion
hardly infects cell culture or cells other than the midgut
cells (Volkman, 1997). Most baculovirus vectors used
in biotechnological applications do not produce occlu-

nificantly promoted CAT vyield in early times in the
infection.

2. Materials and methods

2.1. Cellline, larvae and viruses

Spodoptera frugiperdasect cells (Sf9) (Vaughn et

sion bodies because they lack the gene coding for theal., 1977) were maintained at 28 in TC100 medium
main protein of the occlusion body. In such cases, the supplemented with 5% fetal calf seruB. frugiperda

second type of virion is not occluded and only POVs

ands. littoralislarvae, two ACMNPYV hosts widely dis-

are produced. POVs are less persistent in the envi- tributed, were obtained from our laboratory colony and
ronment due to the lack of a protective structure but reared as previously described (Kikhno etal., 2002). In-

they are fully infectious (Wood et al., 1993). There-
fore, ODVs or POVs have little or no utility during the
virus cycle in vitro but they could launch infection if

fected larvae were reared individually. Wild type AcM-
NPV clone 1.2 (AcMNPV-1.2) (Croizier et al., 1988)
and recombinant baculoviruses were propagated in Sf9

ingested by a host. In principle, the genes exclusively cells. Occlusion bodies of ACMNPV-1.2 and AcApif

involved in the infectivity of ODVs/POVs could be
deleted to block oral infectivity without affecting virus
replication and recombinant protein production in cell
culture.

were isolated from virus-kille&. frugiperddarvae as
described (Croizier and Ribeiro, 1992).

2.2. Plasmid transfer vectors

Several authors have suggested the use of vectors
lacking such genes to increase the biosafety of the BES2.2.1. p269

(Vlak and Hu, 1997; Pijlman et al., 2003). However, to

This vector was used to obtain an AcMNPV mutant

our knowledge, no such vector has been examined. Onewith a deletion of theif coding region. p269 contains

possible candidate gengii (per os infectivity factor).

the pif region with a deletion of the open reading

Thepif gene has been characterised in the Spodopteraframe pif (ORF119). ABamHI site has been inserted

littoralis NPV (SpliNPV). SpliNPVpif codes for an
ODV protein essential for oral infection but not re-
quired for BV infectivity inS. littoralislarvae (Kikhno

at the deletion site. To obtain p269, a plasmid vector
containing thepif region was created. The ORI was
then deleted using a PCR approach. First, EeeRI

et al., 2002). The presence of genes homologous torestriction fragment from AcMNPV-1.2 containing
SpliNPV pif in all the sequenced baculoviruses sug- from ORF114 to ORF127 was ligated into plasmid
gests that its role is conserved among this family of pSP70 (Promega). DNA fragments corresponding to
viruses. Therefore, the deletion of this gene seems anthe sequences upstream and downstream fibmere
attractive confinement measure. generated using PCR. The PCR product encompassing
Our aim in this study was to improve the biosafety 301-bp upstream from the ORHf was obtained with
of the baculovirus-based technologies by constructing FOR119A (3-CCAAGAATTCCGTACAACGTTAA-
a vector lacking oral infectivity. Since ACMNPV isthe ATGTTGATACGCATTATTCAC) and BAC119A (5
baculovirus most commonly used as expression vector, GGACAAGCTTCAGTATAATAGCAAAATGGATC-
we have constructed an AcCMNPV vector which lacks CTACT) primers. The PCR product containing 213-bp
thepif gene. downstream from thpif stop codon was obtained with
In this report, we first show that the deletion of the FOR119B (5CTTGAAACTTACCCCAACTA-
AcMNPV pif blocked oral infection as previously ob- CTCTGGATCCCAACATGAG) and BAC119B (5
served with SpliNPVpif. Secondly, we verified that GGACAAGCTTCTCTGTAGT TTTCTTGTTTAAC-
the deletion ofpif did not hamper the production of ATGACTGCCAC) primers. Both PCR products
the reporter protein chloramphenicol acetyltransferase were ligated and the resulting fragment cloned in the
(CAT) in cell culture. Surprisinglypif deletion sig- previously modified pSP70 vector to yield p269. The



construction was verified by sequencing (Genome  AcApif—-CAT and AcCAT, two recombinants ex-

Express). pressingcat under the control of the polyhedrin pro-
moter, were constructed by cotransfecting Sf9 cells
2.2.2. p274 with the p299 vector and AcApIiNA or ACMNPV-1.2

DNA, respectively. These recombinants were purified

This plasmid was used to creatpibdeletion AcM- | i A
by selection of the occlusion body-negative plaques.

NPV producing blue plaques and, thus, easily isolable.
p274 originates from p269. The polyhedrin promoter . . . .
and theEscherichia coli LacZoding sequence were ~ 2-4- Oralinfectivity of AcApif to lepidopteran
inserted in thdBamH] site of p269. larvae

The oral infectivity of occlusion bodies of AcApif
2'2'3'_ p299 ) ) and AcCMNPV-1.2 tcS. frugiperdaands. littoralislar-
This transfer vector was used to obtain recombinant \,, \vas determined using the droplet feeding technique

viruses expressing CAT. Theatgene was inserted in (1, ghes and Wood, 1981). Cohorts of 24 neonates of
the polyhedrin locus and under the control of the poly- o5ch species were fed with four doses of virus sus-

hedr?n prqmoter. Theatcod?ng sequence was obtained pensions (18 10°, 107 and 16 occlusion bodies/ml).
by digestion of the plasmid pBLCAT2 (Luckow and | 5ra mortality was recorded until all larvae had either
Schutz, 1989) wittglll andKpnl. This fragmentwas  gieq or pupated. Death larvae were checked for virus
ligated into the polyhedrin transfer vector PGMAC116T jntection by microscope observation. All experiments
(Pouletal., 1995), yielding p299. were repeated at least three times.
The presence of viral DNA in orally-inoculatesi
2.3. Generation of recombinant baculoviruses frugiperdaands. littoralislarvae was determined in a
time-course experiment. Newly-moulted second-instar
Sf9 cells were cotransfected with viral DNA and larvae were fed with a virus suspension containing
a transfer vector using the lipofection reagent DOTAP 10? occlusion bodies per ml of AcApidr ACMNVP-
(Roche). All recombinant viruses were isolated from 1.2. Although neonates are more susceptible to bac-
the transfection supernatant through three rounds of ulovirus infection, second-instar larvae were chosen
plaque purification. Virus stocks were generated by because their bigger size facilitated subsequent exper-
propagating viruses in Sf9 cells (75 érflasks) and iments. Fifty larvae per virus and host species were
titrated using end-point dilution assays (King and processed for DNA isolation at 24 and 48 h post inoc-
Possee, 1992). For all the recombinants, the presenceulation (p.i.). Before 24 h p.i., the colorant diluted in
of the different inserts at the right locus was verified the virus suspension was excreted with faecal pellets.
using restriction enzyme digestion and Southern blot We assumed that the virus inoculum followed a similar
analysis (King and Possee, 1992) (data not shown). pattern. Larvae of the same species and infected with
The construction of AcApif, an ACMNPV mutant the same virus were separated in cohorts of ten. Each
with a deletion of thepif coding region, was done in  cohort was then grinded separately in 0A x TE.
two steps. First, a recombinant virus expresdingZ, The resulting suspension was treated with gDSDS
AcApif-LacZ, was obtained after cotransfection of Sf9 10% and 10Qul proteinase K (1ug/pl). After diges-
cells with ACMNPV-1.2 DNA and p274. AcApif-LacZ  tion, debris was removed by centrifugation and DNA
was plaque purified by selecting plaques staining blue purified by sequential phenol, phenol-chloroform, and
in the presence of X-Gal (King and Possee, 1992). chloroform extractions. Then, DNA was ethanol pre-
Then, AcApif—-LacDNA and p269 were cotransfected cipitated and quantified by spectrometry. The pres-
in Sf9 cells to obtain AcApif. A& pif was purified from ence of viral DNA in each cohort was examined us-
the parental virus by selecting plagues, which did not ing PCR. PCR amplifications were performed with the
turn blue after X-Gal staining. Sequencing confirmed Expand High Fidelity System (Roche) and the primers
that the cassette containing the polyhedrin promoter Acpif150up (3-ACTGACAGATCTATGGAGATAAT-
and thelacZ coding region had been deleted from the TAAAATGATAACC) and Acpifl50down (3-CTAG-
pif locus of AcApif. CAGGATCCATTTATAGGTTTTTTTATTAC). These



primers were located 150-bp upstream and 150-bp had either died or pupated. Virus offspring and DNA

downstream from the@if coding region, respectively.

were isolated from each dead larva and analysed using

When using these primers, a PCR product of 300 bp or PCR as described above.

1.9 kb is obtained when using AcApif ACMNPV-1.2
DNA as a template, respectively.

2.5. Complementation assays

Mixtures of occlusion bodies of AcApifand
AcMNPV-1.2 were fed tcS. frugiperdalarvae so as
to determine whether AcApifcclusion bodies were
orally infectious when co-inoculated with wild-type
AcMNPV occlusion bodies. Occlusion bodies from
AcApif and AcCMNPV-1.2 were mixed in equal pro-
portions to obtain a suspension 0&2L0’ occlusion
bodies/ml. This suspension was fed to newly-moulted

2.7. CAT expression assays

Sf9 cells (4x 10° per 25 crd flask) were inoculated
with a BV suspension (5 p.f.u./cell) of AcApif-CAT,
AcCAT or AcCMNPV-1.2. After 1 h of adsorption at
room temperature, the viral inoculum was removed and
fresh culture medium was added. Cells were further
incubated at 28C. Samples (4« 1C° cells per virus
and time point) were collected at 2 days and 4 days
p.i. The amount of CAT enzyme present within the
cells was determined with the CAT ELISA kit (Roche)
following manufacturer’s instructions. Infections and

second-instar larvae using the droplet-feeding method CAT quantifications were done in triplicate. A one-
(Hughes and Wood, 1981). One hundred virus-dead way analysis of variance was used to test for CAT-

larvae were separated in groups of five. The virus
progeny of each group was isolated and the viral
DNA was extracted as described by (Hunter-Fujita et
al., 1998). The presence of AcApind ACMNPV-
1.2 DNA in the DNA of the virus progeny was
analysed using PCR. The primers Acpifl150up and
Acpifl50down (see above) were used to check for
the presence of AcCApIDNA. Preliminary PCR ex-
periments with these primers showed that very low
proportions of AcApIfDNA (1%) could be detected
in template mixtures of AcApifand ACMNPV-1.2
DNA. In fact, PCR only yielded the AcApDNA de-
rived amplification unless AcCMNPV-1.2 DNA propor-
tion in the template was over 60% (data not shown).
As a result, we used the primers Acpifright’{5
TTTTGTGCAACTGCTTACGG) and Acpifleft (5
CCACATGACGCAACGATAAC) to specifically de-
tect ACMNPV-1.2 DNA. These primers were internal
to thepif coding sequence and amplified a 561-bp PCR
product.

2.6. BV injections

To assess susceptibility to systemic infectiéh,
frugiperdalarvae were injected with a BV suspension
(cell-culture supernatant). Twenty plaque forming units
(p.f.u.) of AcApif, ACMNPYV or a mixture of each virus

level differences between AcApif-CAT- and AcCAT-
infected cells at each time point (SPSS software, SPSS
Inc.).

3. Results

3.1. pif deletion effects on ACMNPYV oral
infectivity

We compared the oral infectivity of occlusion bod-
ies of AcApifand AcCMNPV-1.2 irS.frugiperdaandsS.
littoralis neonates. None of the larvae inoculated with
AcApif died from virus infection at any of the doses
(Table 1). Onthe contrary, ACMNPV-1.2-induced mor-
tality levels ranged approximately from 20 to 100%.
Similar results were obtained with POVs of the CAT re-

Table 1

Average virus-induced mortalities observed after oral inoculation
of Spodoptera frugiperdand Spodoptera littoralisneonates with
different doses of AcApi&ind AcMNPV-1.2 occlusion bodies (OB)

OB (ml) ACMNPV-1.2 AcApif
frugiperda littoralis frugiperda littoralis
(%) (%) (%) (%)
10° 100 89 0 0
107 96 60 0 0
100 67 28 0 0
(03 25 19 0 0

in equal proportions were injected into the haemocoel -
of third instar larvae (12 larvae per virus) with a sharp- Twenty-four larvae of each species were infected per experiment and
tip needle. Larva mortality was recorded until all larvae each experiment was repeated three times.



combinants. AcApif—-CAT POVs did not kill any larva  vae and we examined this progeny for the presence of
whereas larvae which had fed on AcCAT POV sus- DNA ofeachvirus using PCR. Asample ofthe resultsis
pensions became infected and died (data not shown).presented ifFig. 1A. We did not detect ACApIDNA
Next, we compared the infectivity of ACMNPV-1.2and in none of the 20 samples (each sample =viral DNA
AcApif using BV injections inS. frugiperdalarvae. from five larvae) whereas AcCMNPV-1.2 DNA was de-
We found that larvae were sensitive to both viruses at tected in all the samples. We injected larvae with a
roughly the same levels (92% mortality for AcApif, mixture of BV from AcCMNPV-1.2 and AcApifo de-
85% for ACMNPV-1.2). In addition, we did not ob- termine if these viruses could replicate togetherin vivo.
serve any substantial difference between the replica- The virus progeny obtained from the dead larvae was
tion of ACMNPV-1.2 and AcApifin Sf9 cell culture. isolated. PCR analysis of the virus offspring revealed
These data show that the deletion of giegene pre- the presence of DNA of both viruses (Fig. 1B). Hence,
vented ACMNPV oral infection in two host species. both viruses could replicate together when injected but
Moreover, this deletion does not seem to have effect on ACMNPV-1.2 could not complement AcApih oral
BV infectivity. These results are consistent with pre- infections.
vious observations on the role pif during SpliNPV ) ] ] .
infection of S. littoralis larvae (Kikhno et al., 2002). 3.3. pif deletion effects on recombinant protein

We examined the progression of AcApiid AcM- production
NPV infections inS. frugiperdaand S. littoralis lar-
vae after oral inoculation using PCRable 2summa-
rizes the results of the PCR analysis. We did not detect
AcApif DNA in any cohort of larvae. At 24 h p.i., AcM-
NPV DNA was detected in one cohort out of five for
each host species whereas all the cohorts were AcM-
NPV DNA positive at 48 hp.i. These results indicate
that thepif deletion probably blocks oral infection at a
very early stage.

We have examined the effect qif deletion on
the production of a recombinant protein with the
BES. Results are shown iRig. 2. CAT was read-
ily detected in cells infected with theif deletion
recombinant, AcApif—CAT, at both sampling times.
Surprisingly, CAT vyield was significantly higher 2
days after infection in AcApif—CAT-infected cells
than in AcCAT-infected cells (p 0.02). AcApif-CAT-
infected cells produced over twice the CAT amount
compared to AcCAT-infected cells at this time point.
The difference in CAT amounts was not significant
at 4 days after infection (0.08). Nevertheless,
AcApif-CAT-infected cells produced around 15%
more CAT than AcCAT-infected cells. CAT yield
increased substantially with time for both viruses.
This is consistent with previous observations on CAT
expression with the BES (Carbonell et al., 1985;
King et al., 1991). This increase in CAT yield was
less marked for AcApif-CAT-infected cells than for

3.2. pif deletion mutants are not complemented by
wildtype virus during oral inoculation

To investigate whether AcMNPV-1.2 occlusion
bodies can complement AcAmitclusion bodies dur-
ing oral inoculation, we fe@. frugiperdalarvae with
a mixture of occlusion bodies from both viruses. We
collected the virus progeny from the virus-killed lar-

Table 2 . .

Detection of viral DNA in orally-inoculated larvae at 24 and 48h ACCAT'_mfeCted cells (dOUble and almost fou_r tlr_nes’

post inoculation (p.i.) using PCR respectively). Our results show that the deletiompibf

Viral DNA 24hp.i. 48hpi. did not interfere with the expression of a recombinant
- , . . . . protein. Moreover, this deletion significantly increased

frugiperda littoralis  frugiperda littoralis protein yieId early in the infection.
ACMNPV-1.2 1 1 5 5
AcApif 0 0 0 0

4. Discussion
Each number corresponds to the number of cohorts of larvae which

were found to contain viral DNA. Five cohorts were tested for Th . f this stud toi th
AcMNPV-1.2 or AcApifDNA for each time point and host species. € main purpose of this study was to improve the

Each cohort consisted of t&podoptera frugiperdar Spodoptera biosecurity of technologies that use baculoviruses. We
littoralis larvae. aimed to do so by constructing an expression vector in-
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Fig. 1. PCR analysis of the virus offspring isolated fr&podoptera frugiperdiarvae inoculated with a mixture of ACMNPV-1.2 and Apif.

Two different PCRs were performed with each DNA sample: PCR with the primers Acpifdown and Acpifup (on the left of the central line) or

PCR with the primers Acpifright and Acpifleft (on the right of the central line). PCR products sizes (in base pairs) appear on the left. (A) PCR
products of viral DNA isolated from orally-infected larvae. Each DNA sample (lanes 1-5) was obtained from five virus-killed larvae. (B) PCR

products of viral DNA isolated from larvae infected by injection. Each lane corresponds to a PCR performed with the viral DNA obtained from
one larvae (lanes 6-10). MW: molecular weight marker Smartladder (Eurogentec).

capable of oral infection, the common way of infection Our findings show that the deletion of thi#gene of
in natural conditions. This vector could not replicate  AcMNPV, the most used baculovirus expression vec-
and spread in nature, reducing potential environmental tor, prevents oral infection of two host species. When
risks. orally administered, theif deletion mutant failed to
yield productive infections. Moreover, this mutant did
2500 not replicate within two different hosts or replicated at
levels undetectable by PCR. The blockage caused by
the deletion could not be overcome by co-inoculation
with a wild-type AcCMNPV. Nevertheless, thpif dele-
tion mutant was fully infectious when administered
by injection or in cell culture. Similar results have
been obtained with an AcMNPYif deletion mutant
in Trichoplusia nilarvae (R. Possee, personal com-
munication). Thus, the role of AcCMNPWif seems
restricted to oral infection as previously determined
for SpliNPV pif (Kikhno et al., 2002). The deletion
2 days 4 days of AcCMNPV pif reduces dramatically the chances of
replication and transmission in natural conditions but
Fig. 2. CAT yields obtained with two baculovirus vectors ir 40° it does not seem to affect virus performance in cell
Sf9 cells (multiplicity of infection =five plaque forming units per culture.

cell). CAT quantities were measured at 2 and 4 days after infection. . .
Each point represents the mean and the standard error of the mean SpIINPV PIF has been Only detected inthe ODV en-

of three repetitions. velope (Kikhno etal., 2002). This location suggests that

2000

OAcCAT
AcApif-CAT

1500

ng CAT
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PIF plays a role during ODV attachment and/or fusion possibility of spread of the recombinant AcMNPVs
with midgut cell membranes. AcCMNPV PIF location used in biotechnology and of the genetic information
is not known yet but the conservation of a transmem- they carry. Furthermore, this measure is easily feasible
brane domain in the different PIF proteins (Kikhno et and cheap. We recommend, thus, the use of this mea-
al., 2002) suggests that AcMNPV PIF might have the sure in the biotechnological applications of the bac-
same location as SpliNPV PIF. Our results indicate that uloviruses. Although the role gfif is likely to be con-
AcCMNPYV pif deletion blocked infection soon after in-  served, it may be possible that the oral infection of
oculation, which agrees with a role of PIF in ODV in-  certain ACMNPV hosts does not require this gene. The
fection of midgut cells. A blockage at this stage would pif deletion vector should be tested with other hosts in
imply that the viral DNA is not liberated from the nu-  order to check the validity of our approach. In addi-
cleocapsid, and that the virus does not replicate in any tion, more work on the specific function of ACMNPV
host cell. Such blockage would be desirable in biosafety PIF is required to confirm the blocking step suggested
strategies because the probability of gene transfer be-by the presented results. Besides the advantages from
comes extremely low. a biosafety point of view, the deletion pff seems to

The common role opif in two baculovirus species  increase recombinant protein production early in infec-
and the presence pif homologues in all the genomes tion. Such production pattern may yield higher quality
of the sequenced baculovirus suggest a conservation ofprotein. This result should be further studied by ex-
thepif role among baculoviruses. Thus, the deletion of amining the expression of other proteins with thig
pif may block oral infection in other hosts and other deletion vector.
baculoviruses used as expression vectors.

Once thepif deletion vector was shown to be non
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