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A role of the envelope protein pifl of Spodoptera littoralis nuclear polyhedrosis virus in the process of viral
penetration into the midgut columnar cell of the insect has been investigated. It has been shown that pif1 de-
letion from viral genome does not block viral and cell membrane fusion detected by
octadecyl-rhodamin-B-chloride fluorescence dequenching assays. The use of RT PCR techniques allowed
demonstrating that pif] was predicted to be an executor of some step(s) of viral life cycle upstream of viral
DNA entry into the nucleus, presumably such as nucleocapsid internalization, nucleocapsid transport, viral

DNA release from capsid and its penetration into the nucleus.
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Introduction. Representatives of different viral
groups have common ways of entry into the cell. In
particular, enveloped viruses penetrate into the cell by
means of viral and cell membranes fusion [1]. This
process is maintained by attachment and fusion pro-
teins, which are the components of viral envelope. Al-
though fusion proteins of different viral groups are
known to be non-homologous, their structural
changes in the process of membrane fusion have com-
mon features, which allows supposing the common
conservative model of the process. The description of
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this model has been the object of numerous reviews in
the recent years [2].

It should be noted that the major part of data on the
mechanism of fusion has been obtained while study-
ing small enveloped RNA-containing viruses, specific
for the presence of one fusion protein, which is suffi-
cient for maintaining all stages of the process. Large
enveloped DNA viruses are different from small RNA
viruses in their origin and evolution history [3]. The
process of their entry into the cell is barely studied due
to its complicated nature, although the involvement of
the complex of viral proteins into the membrane fu-
sion allows supposing that there may be disagreement
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between the mechanism of this process and general
paradigm.

Baculoviruses, insect pathogens, are not infectious
for mammals, which makes them a convenient model to
study the process of penetration of large DNA viruses
into the cell. Baculoviruses are specific for longer evo-
lutionary history, compared to vertebrate viruses, and
thus, the process of their penetration into the cell is of
great interest due to its archaic character. Besides,
some specific features of baculoviruses allow expecting
special ways of entry into the cell. One of the unique
features of baculoviruses is the existence of two forms
of virus particles, formed at different stages of life cycle
and different in origin, membrane contents, tropism to
different cells, and ways of entry into the cell.

Budded virus (BV) particles are formed at the
carly stages of virus life cycle. BV penetrates into the
cell via endocytosis [4]. Envelope protein gp64,
which provides attachment and fusion of BV with
endosomal membrane, is specific for features of stan-
dard fusion protein. The process, maintained by this
protein, has common features with that of other vi-
ruses [5], which supposes its correspondence to the
common model. BV particles are responsible for sys-
temic infection of all organs and tissues of the insect.

Polyhedra derived virus (PDV) particles are
formed at the final stages of infection. The name PDV
indicates the inclusion of the particles into the protein
capsule called polyhedra. PDV nucleocapsids are re-
sponsible for primary infection of midgut columnar
cells. They penetrate into the cytoplasm via direct fu-
sion of viral envelopes and membranes of columnar
cell microvilli [6]. Neither the mechanism of the pro-
cess is known, nor PDV fusion protein is identified.
PDV of Autographa californica (Ac) nuclear
polyhedrosis virus (NPV), the most studied represen-
tative of baculoviruses, includes circa 44 proteins, en-
coded by the virus [7]. At least 4 of them were shown
to be absolutely required in the process of
nucleocapsid entry into the cell — 3 per os infectivity
factors — pifl [8], pif2 [9], pif3 [10], and p74 [11]. De-
letion of genes of the mentioned proteins results in the
loss of PDV infectivity. Genes of these proteins are
present in genomes of all (over 30) sequenced
baculoviruses, which presupposes the conservative
mechanism of PDV penetration into the cell. pif3 was
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determined not to participate in the processes of at-
tachment and fusion, its role remains unclear, whereas
pifl, pif2, p74 promote attachment [10, 12]. Authors
of the mentioned works showed that attachment effi-
ciency of these genes deletion mutants is 3-fold lower
than that of wild type virus. At the same time the at-
tached virus tends to fusion with microvillar mem-
branes, which is detected by the
octadecyl-rhodamine-B-chloride (R18) fluorescence
dequenching assay, which in author’s opinion allows
excluding the possibility of direct involvement of
these proteins into the fusion process. It is yet to be
discovered why attachment and fusion of 1/3 of viral
particles does not result in productive infection.

Current work is dedicated to further functional in-
vestigation of one of the factors of Spodoptera
littoralis (Spli) PDV infectivity, namely pifl. Fusion
capacity of pif1 deletion mutant has been investigated
in in vitro experiments. The application of PCR
method attempted to answer the question — which of
the stages of viral cycle is blocked by the absence of
this gene product?

Materials and Methods. Viruses and larvae.
Wild-type Sp/i NPV strain M2 and earlier obtained on
its basis plaque isolate Spl/i A4 with deletion of pif]
were used [8]. Spli larvae of different age, grown and
artificially fed in insectarium were used for experi-
ments. Larvae were infected by feeding them with
polyhedra suspension or purified PDV in 10% sucrose.

Purification of polyhedra and PDV particles.
Polyhedra and PDV particles were purified according
to the procedure, described by Braunagel et al. [13].
40 g of dead larvae were homogenised in 100 ml of
0.1% SDS solution, homogenate was filtered several
times through the cotton tissue. Polyhedra were pre-
cipitated by centrifugation at 6 000 rpm for 10 min.
Pellet was resuspended in 0.15 M NacCl solution and
centrifuged once more at the same conditions. Pellet
was resuspended in water and then layered onto
50-60% sucrose—TE gradient. After 1-hour
centrifugation at 25 000 rpm, polyhedra, located on
interphase, were collected. The suspension was di-
luted several times with water and polyhedra were
pelleted at 10 000 rpm for 20 min. Obtained pellet was
resuspended in water to final concentration of 5-10°
polyhedra per 1 ml.
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PDV were released from polyhedra by alkaline
treatment. 900 pl of suspension were mixed with 300
pl of 0.2 M Na,CO, and incubated for 15 min at room
temperature. Suspension was neutralised with 0.1 M
of tris-HCI, pH 7.4. Insoluble polyhedra were elimi-
nated by centrifugation at 5 000 rpm for 5 min per-
formed in Eppendorf centrifuge. Supernatant was lay-
ered onto 20-60% sucrose—TE gradient. After 1 hour
centrifugation at 90 000 g a band, containing PDV par-
ticles, at the interphase was removed. PDV suspen-
sion was diluted 3—4 times with water and viral parti-
cles were pelleted at 90 000 g for 30 min. The pellet
was carefully resuspended in cold PBS buffer (137
mM NaCl, 2.7 mM KCI, 10 mM Na,HPO,, 1 mM
KH,O,, pH 7.4).

PDV quantity was calculated using Volkman crite-
ria [14], which states that 1 pg of viral proteins corre-
sponds to 1.8-10° PDV. PDV proteins concentration
was determined using BSA assay kit (Pierse, USA)
according to the manufacturer’s instruction.

Fluorescent labelling of PDV particles. Fluores-
cent label R18 was introduced into membrane accord-
ing to the method described in [15]. 7 ul of R18 etha-
nol solution (1 pg/ml) were added to 500 pl of PDV
suspension, containing 1 mg/ml of viral proteins. The
sample was incubated in dark room at room tempera-
ture for 1 hour, diluted 3 times with PBS buffer and
pelleted in Eppendorf centrifuge at the maximal speed
for 30 min at 4°C. PDV were washed twice in three
volumes of PBS, pellet of labelled PDV was sus-
pended in 500 pl of PBS.

Membrane vesicle isolation from insect midgut
cells. Midguts of 7-day-old larvae were isolated using
microsurgical tools and magnifying glass, and then
treated according to the method, described in [16].
500 mg of midgut tissue preparation were homogen-
ised on ice in 200 pl of buffer A (300 mM mannitol, 5
mM EDTA, 17 mM tris-HCI, pH 7.5) with addition of
protease inhibitor cocktail (Promega, USA) in
Eppendorfvial using pestle and then needles of differ-
ent diameter (23-26 G). Then 4.5 ml of buffer A with
protease inhibitors and 4.5 ml of 24 mM MgCl, were
added with subsequent incubation of homogenate on
ice for 15 min. Homogenate was centrifuged at 5 000
rpm for 15 min at 4°C. Supernatant was removed and
centrifuged at 19 000 rpm for 30 min at 4°C. The pel-

let was resuspended in the same volume of buffer A
and MgCl, and then the procedure of high-speed
centrifugation was repeated. Obtained pellet of mem-
brane vesicles was resuspended in small volume of
PBS buffer.

Monitoring of membrane fusion. Fusion of viral
and cell membranes was registered as earlier described
for Ac NPV [17], according to the method, based on
fluorescence dequenching assay of R18, incorporated
into viral membrane in the concentration leading to
“self-quenching” of fluorescence [18]. 10 pl of mem-
brane vesicle suspension (1 mg/ml) were mixed with
different amounts of M2 or A4 PDV (from 1-10° to
1-10'"), sample volumes were adjusted to 200 ul by
PBS buffer. The samples were incubated in dark room
at 27°C for 4 hours, with periodic shaking. Then each
sample volume was adjusted to 1 ml by PBS buffer
and intensity of fluorescence was measured using
Cary eclipse spectrofluorimeter (Varian, USA), exci-
tation wavelength 560 nm and emission wavelength
590 nm. Intensity of fluorescence for each sample was
measured one more time after addition of triton X-100
to final concentration of 1%. Fluorescence
dequenching percentage was calculated using stan-
dard formula:

dequenching % = 100-(F,— F,) / (F,— F,),

where F, — fluorescence intensity of sample; F, —
fluorescence intensity of labeled PDV; F, — fluores-
cence intensity of sample after addition of triton X-100.

Isolation of RNA from midgut cells. Midgut tissue
cells, isolated from infected larvae, were used as the
source RNA. RNAs were isolated using RNA easy
Protect mini kit (Qiagen, USA) according to the man-
ufacturer’s instruction.

Amplification of egt gene region using RT-PCR.
RNA preparations, isolated from midguts of infected
larvae, were used to obtain cDNA gene copies using
reverse transcriptase. The following primers, homolo-
gous to N-terminal region of Sp/i NPV egt gene, were
used in PCR: direct — TCACAGTCTGGTGGT and re-
verse -CGCTGAGACCTTTGA. Reactions of re-
verse transcription and amplification were carried out
using One Step RT-PCR kit (Qiagen) in accordance to
the manufacturer’s instructions.
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Fluorescence dequenching, %

Fig.1 Dependence of fluorescence
dequenching percentage on the amounts
of PDV particles: / — M2 PDV; 2 — A4
PDV. Increasing number of labeled R18
PDV M2 or PDV A4 was mixed with 10

The amounts of PDV particles +10°

Results and Discussion. /nvestigation of fusion
kinetics of Spli M2 and A4 PDV with membranes of
midgut columnar cells. Fluorescence dequenching as-
say of R18 is widely used in studying of membrane fu-
sion. This assay is based on the fact that incorporation
of fluorochrome molecules R18 into membrane lipid
bilayer in certain concentration results in the effect of
fluorescence “self-quenching”, caused by the interac-
tion of neighbouring molecules. The fusion of la-
belled and non-labelled membranes leads to redistri-
bution of R18 between donor and recipient mem-
branes, which results in “dilution” of the label,
decrease in its concentration and, consequently, in flu-
orescence intensity decrease.

Fluorescence  dequenching, registered by
spectrofluorimeter, was used to study the fusion kinet-
ics of labelled PDV particles with membrane vesicles,
isolated from insect midgut cells.

Different amounts of R18-labelled viral particles
were incubated in the mixture with 10 pg of membrane
vesicles for 4 hours at 27°C. The increase in PDV M2
amount from 1+10” to 8¢10° was accompanied by pro-
portional increase in membrane fusion percentage, de-
tected as increase in fluorescence dequenching from
11 to 88% respectively (Figure 1). Further increase in
PDV amount to 1¢10" results in insignificant plateau
increase of fluorescence dequenching to 95%, which
evidences to saturation. Similar tendency to increase
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in fluorescence dequenching due to the increase in vi-
ral particle amount has been observed for PDV A4 as
well, which confirms the fact of membrane fusion of
deletion mutant envelope with membrane vesicles. At
the same time it took almost 2.5 times more viral parti-
cles, comparing to wild type virus, to achieve the same
level of fluorescence dequenching. As it has been
mentioned above, investigation of pifl on models of
Spli NPV and Ac NPV revealed phenotypic manifesta-
tion of these genes to be equal in both viruses, i.e. their
deletion results in the loss of infection capability by
PDV [8, 10].

Current paper reveals that deletion of this gene
does not impede the fusion of Sp/i NVP and cell mem-
brane, which is in good correlation with the data on Ac
NVP [10]. The authors of the latter work showed that
fluorescence dequenching percentage during fusion of
deletion mutant Ac NVP with cell membranes is re-
duced three times, compared to wild type virus. This
fact is explained by three time decrease in number of
mutant viral particles, attached to the microvilli. We
have not studied efficiency of attachment of Sp/i to
membranes, as it has been performed for Ac NVP, yet
it is possible to suppose that fusion efficiency of A4
PDV, which is 2.4 times lower compared to M2, can
be considered as the result of decreased efficiency of
this virus attachment. Therefore, Sp/i NVP piflcan be
considered as functional analogue of pifl 4c NVP,
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namely attachment factor. It is also evidenced indi-
rectly by absolute conservatism of four PDV entry
proteins, which presupposes singular mechanism of
penetration, as the common mechanism requires func-
tional conservatism of its performers.

Investigation of PDV DNA presence in the nuclei
of infected midgut cells. As deletion mutants, not so
efficiently, yet were attached and fused with the cell
membranes, while infection was blocked, it can be
supposed that, along with the function of attachment,
pifl participates in the initiation of other processes of
viral life cycle. It is supposed theoretically that the
function of pifl is the maintenance of some stages of
infection, following the fusion of membranes, namely,
penetration of nucleocapsid into cytoplasm of
microvillus, transport to the nucleus, overcoming of
viral DNA barrier of nuclear membrane, DNA replica-
tion, transcription and translation of viral genes, for-
mation of nucleocapsid, and withdrawal of
nucleocapsids from the cell. Participation of pifl in
the following events is unlikely, as BV particles with
deleted pifl, injected into the insect haemolimph, re-
sult in normal infection process [8].

The facts that promoters of early baculoviral genes
are recognized by enzymatic systems of host cells and
that transcription of these genes is performed by host
DNA-polymerase are commonly known. Early pro-
moters function after transfection in the insect cell and
do not require any products of viral genes for main-
taining their activity [19, 20]. On the basis of the
abovementioned data on specificities of early
baculoviral promoters, we put forward the supposition
that the absence of transcripts of early baculoviral
gene in the nucleus of midgut cells may testify to the
absence of viral DNA in the nucleus.

To verify the presence of viral DNA in the nucleus
of infected cell we carried out the following experi-
ment: 6-day-old Sp/i NPV larvae were infected by
feeding with high concentrated suspension of Sp/i
NPV M2 or A4 polyhedra (3-10° polyhedra in 1 ml).
In 7 hours after infection, insects were decapitated,
midguts were removed and released from their con-
tents. Total RNA was isolated from midguts. cDNA
pool of matrix RNA has been obtained using reverse
transcriptase on the basis of these samples. Reaction
of amplification using the primers, homologous to

N-terminal region of early egt gene, was used as the
evidence of presence/absence of cDNA gene copy in
the investigated samples. Positive result was regis-
tered during reaction of amplification using cDNA
samples of insects, infected with M2 (Figure 2). Reit-
erated PCR using A4-infected insects cDNAs re-
vealed the absence of egt RNA in them. The results
obtained reveal that DNA virus with deleted pif7 gene
does not reach the nucleus. Thus, it is possible to con-
clude that function of pifl is to maintain the stages of
infection, preceding the viral DNA entry into the nu-
cleus, supposedly nucleocapsid nto cytoplasm of
microvillus, transport to the nucleus or viral DNA
penetration into the nucleus.

As pifl is known to belong to envelope proteins,
and not a nucleocapsid component, it is hard to sup-
pose its direct participation in transport or release of
DNA. In this case it can be supposed that pifl, at-
tached to specific receptors, is capable of switching
cell signaling pathways, providing the execution of
given functions [10]. This hypothesis is supported by
Okhawa et al., who point out the fact that amino acid
sequence of Ac NVP pifl contains RGD-motif, spe-
cific to protein-ligands of integrins (as integrins are
the transductors of extracellular signals). Not disput-
ing with the possibility of signal transduction in the
cell via pifl, we would like to pay special attention to
the presence of motif in amino acid sequence as neces-
sary but insufficient factor to judge about the function-
ality of this motif. Additional confirmation to func-
tional significance of the motif is its conservation in
protein homologues. At the moment, there are pifl
aminoacid sequences of over 30 baculoviruses, avail-
able in the Gene Bank database. Their analysis re-
vealed the absence of conservative RGD-motif.
Amino acid sequence of Sp/i NVP pifldoes not con-
tain this motif at all, which casts doubts on its func-
tional significance in 4c NVP as well. Continuing the
discussion with Okhawa et al. we would like to under-
line the inability of crossing out of fusion function
from the list of possible pifl functions. We found it
possible to suppose that pifl may be direct performer
of the membrane fusion process. Modern fusion para-
digm, applicable for both artificial lipid bilayers and
protein-containing biological membranes, suggests
the presence of several stages of this process [21].
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Fig.2 Electrophoretic analysis of products of amplification of
cDNA copies of RNA, isolated from midguts of infected larvae: / —
marker 1 kb (Fermentas); 2 — positive control (amplification of pu-
rified DNA Spli M2); 3, 4 —insects, infected with PDV M2; 5, 6 —in-
sects, infected with PDVA4.

One of the important stages of the process is the state
of semi-fusion, which is characterized by mixing of
external layers of recipient and target membranes,
whereas internal layers remain intact. The subsequent
state of internal layers mixing results in complete fu-
sion, fusion pore formation and mixing of water con-
tents of two compartments, up to that moment sepa-
rated by membranes. It is also important that fluores-
cence dequenching of RI18 allows detecting
distribution of fluorochrome between lipids of donor
and recipient membranes, at the same time it is impos-
sible to determine whether complete or incomplete
membrane fusion reflects this process. To differenti-
ate these stages, distribution analysis of their wa-
ter-soluble components is used along with study on
distribution of liposoluble components [22]. In the
frames of current model of fusion the presence of one
fusion protein is sufficient for maintaining of all
stages of process, thus, pifl can not be considered as a
candidate for the role of fusion protein. However, the
latest data, obtained in the investigation of herpes vi-
ruses, allow supposing that the mechanics of fusion in
complex DNA-containing viruses may be different
from the described one.
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In herpes viruses fusion is provided by the com-
plex of four conservative proteins, namely gD, gH,
gl, and gB, acting consecutively, i.e. gD is attachment
protein, gHL. complex provides semi-fusion, and gB
completes the process of fusion, which results in the
pore formation [23]. Similarly to herpes viruses it is
possible to suppose that incomplete fusion may be the
obstacle for the penetration of nucleocapsid into the
cell, and pifl is the performer, or one of the perform-
ers, of the process of complete fusion. It is worth men-
tioning that though fusion of herpes viruses is per-
formed by a harder scheme, general features of pro-
teins of the complex are the same as for all fusion
proteins. One of these features is the presence of
glycosylation. Unlike all other known fusion proteins,
pifl is non-glycosylated [8], which casts doubts on its
function as fusion protein. However, there are evi-
dences that glycoproteins are not involved into the
process of PDV fusion.

The treatment of infected cells with tunicamycine
usually results in the absence or significant decrease in
infectivity of virus, obtained from these cells, as
tunicamycine interferes with the process of
glycosylation of fusion proteins. Whereas it is justi-
fied for BV [24], treatment with tunicamycine does
not influence infectivity of PDV [25]. Moreover,
some details of PDV fusion process are different from
those of other viruses. For all investigated viruses di-
rect fusion of viral and cell membranes is pH-inde-
pendent. Efficiency of PDV fusion increases with in-
creasing pH value, reaching its maximum at pH 9-11
[17]. For all known viruses the decrease of tempera-
ture to 4°C is commonly accepted method of fusion
blocking, yet such a temperature is permissive for
PDYV fusion with microvillus membranes [17].

The abovementioned facts evidence to the fact that
the study on PDV penetration into the cell will allow
discovering the unknown mechanisms of this process,
maintained by the complex of new type of fusion pro-
tein(s).

Further investigation on process of PDV infection
by electron microscopy as well as monitoring of de-
gree of membrane fusion using water-soluble dyes
will enable to either confirm or reject the hypothesis
on pifl belonging to new type of fusion proteins.
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Ponp OGenka pifl obomouxku BHpyca SAEPHOrO IOITHIAPO3A

Spodoptera littoralis B mporiecce IPOHUKHOBEHUS BUPYCAa B KIIETKY

Pesome

Hccneoosanu ponv pifl — benka obonouku eupyca s0epHO20
noausoposa S. littoralis 6 npoyecce npoHukHosenus eupyca 6
KOJIOHYAmMyI0 Kiemky Kuuieunuxa nacexkomoeo. Ilokasano, umo
Odenemuposanue pifl uz eupycnoeo eenoma He 610KUpyem npoyecc
CUSAHUA BUPYCHOU U KIeMOUYHOU MeMOpaH, OemeKmupyemozo
Memooom 680CCMAH0BIeHUSA pryopecyenyuu
okmaoeyun-pooamun-B-xnopuoa. C  npuereweHuem  mexHuxu
OT-IIL[P nokazawno, umo pyukyueil pifl sensemcs obcayjicusanue
00H020 UNU HECKONbKUX OMAN08 OJCUBHEHHO20 YUKIA eupycd,
npedutecmeyowux NnpoHukHoseruio eupycvou JHK 6 sopo,
npeonoIoANCUMeNbHO MAKUX, KAK UHMEPHATUZAYUSA HYKIeOKANCcUod,
e20 mpancnopmuposkd, oceobodcoenue supycroi JJHK usz kancuoa
u ee gnedpeHue 6 s10po.
Kutouegvie  crnosa:
oaxynosupyc, pifl.

NpOHUKHOBEHUe  eupyca 6 Kilemky,
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