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Viral genome DNA from four different multiple-enveloped nuclear polyhedrosis
virus isolates, obtained from naturally infected larvae of satin moth (Stilpnotia salicis),
a pest of poplar tree (Populus) was analysed. Larvae were collected over a period of 11
years, from 1978 to 1989. The genomic DNA restriction patterns pointed to
heterogeneity of these wild-type viruses. The differences observed in isolates of
several years revealed limited restriction fragment length polymorphism and showed
that these viruses contained distinct, but closely related genotypes. The genome size
of SsMNPV was established as 126-134 kb, based on HindIIl and Sacl restriction

analysis.

Baculoviruses infecting invertebrates, mainly
insects, are big viruses of complicated structure
and life cycle, carrying double-stranded coval-
ently closed DNA [1, 2]. The size of their DNA
ranging from 88 to 180 kbp, is usually charac-
teristic for the particular type of virus isolated
from its host [3, 4]. In nature, baculoviruses are
natural insect pathogens having a narrow host
range limited mainly to Lepidoptera (butterflies).
The majority of insect pests belongs to this order.

Baculovirusesare an efficient and ecologically
safe means of controling the pests populations.
From this point of view a natural viral pathogen
of Stilpnotia salicis, the nuclear polyhedrosis
virus, SsSMNPV was examined as a biological

agent in fighting this pest[5, 6]. For possible use
of baculoviruses as insecticides a knowledge of
their structural and genetic character is re-
quired. Morphology and microscopic analysis
of SsMNPV polyhedra were described several
years ago [7] in natural isolates of this virus
appearing on Polish territory. However, there is
no information concerning biochemical ana-
lysis of this virus, viral genome characteristics
or type of occluded proteins. In this paper we
describe the structure and size of SSMINPYV viral
genome studied by restriction analysis, a
simple and widely used method for charac-
terization and identification of baculoviruses
from the Baculoviridae family [8, 9].
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MATERIAL AND METHODS

Virus. SSMNPV was obtained from infected
last instar larvae of satina moth, Stilpnotia
salicis, collected in: 1978 (DNA-I), 1980 (DNA-
ID), 1987 (DNA-III) and 1989 (DNA-IV).

Isolation and purification of polyhedra.
Polyhedra were obtained from dried larvae
kept at 4°C. Larvae were homogenized in 1%
SDS water solution and filtered through two
layers of cheesecloth. The filtrate was cen-
trifuged at 10000 r.p.m. for 30 min. The pellet
was suspended in TE buffer (10 mM Tris/1 mM
EDTA, pH 8.0) and 10 ml portions were layered
onto a two-step sucrose gradient of 20 ml 50%
{(w,/w) and 6 ml 60% (w/w) sucrose. After cen-
trifugation in an SW 28 Beckman rotor at 24000
r.p.m. for 60 min, the polyhedra were collected
at the interface between 50% and 60% sucrose.
Polyhedra were subsequently washed three
times with distilled water and the final pellet
was resuspended in water and stored at 4°C.
The amount of polyhedra was calculated in a
standard chamber hemocytometer. Occasion-
ally, the polyhedra were obtained without puri-
fication in the sucrose density gradient.

Isolation of viral DNA. DN A of SsMNPV was
isolated from polyhedra according to the modi-
fied method of Cherepenko & Martynenko [10].
The modification, based on including the 0.05
M EDTA and proteinase K into the DNA isola-
tion solution, permitted to isolate undegraded,
protein free virus DNA from a small quantity
of collected material. The minimal amount of
material that can be used for DNA isolation by
this method is 10° polyhedra or 10 mg. The
pellet containing polyhedra was suspended in
100 pl of 50 mM EDTA, pH 8.0, and supple-
mented with equal volume of the solution for
DNA isolation consisting of: 125 pl spermidine
(2 mg/ml), 40 pl ethidium bromide (10
mg/ml), 50 pul 0.5 M EDTA, pH 8.0, and 285 pl
H>0. To this mixture, a solution of 0.2-05 M
NaOH was added in small portions (5-10 pl)
up to pH 11.0, with very gentle stirring after
addition of eachdrop. As DNA is released from
polyhedra, the lysate should become viscous
and clear. Subsequently, the pH of the mixture
was adjusted to 8.5-9.0 with 0.1 M HCI. For
protein hydrolysis proteinase K was added to
a concentration of 200 pg/ml and incubation

performed at 37°C for 60 min. Then 10% SDS
was added to a final concentration of 1% and
the incubation continued for another 60 min.
DNA was extracted with an equal volume of
phenol/chloroform (50:50, v/v, equilibrated
with 50 mM Tris/HC], pH 8.0), avoiding viol-
ent shaking as this shears the high molecular
mass virus DNA. The phases were separated by
spinning for 5 min in a microfuge. The extrac-
tion procedure was repeated twice. The water
phase was placed in a fresh tube and sup-
plemented with 2 vol. of absolute ethanol. DNA
was recovered from this solution by winding
up ona glass rod, washed three times with 75%
ethanol and air dried. Then the rod with DNA
on it was placed in 100 pl of TE buffer and kept
at4°C overnight. Usually such a procedure led
to total dissolution, withoutany degradation of
high molecular mass viral DNA.

Analysis of virus DNA with restriction endo-
nucleases. DNA isolates before restriction ana-
lysis were characterized by electrophoresis in
0.8% agarose gels containing ethidium bromide
(0.5 pg/ml). The DNA probe (1 pg) was mixed
with 1 pg of ethidium bromide and loaded on
a gel. Electrophoresis was carried out at 50 V
for 60 min. Viral DNA was digested with re-
striction enzymes: BamHI, Kpnl, EcoRI, Pstl,
Xhol, Hind1l1, Sall, Sacl (Fermentas, Lituania) in
appropriate reaction buffers and incubated for
34 h at 37°C. The restriction products were
separated in 0.7% agarose gel in TBE buffer
(0.089 M Tris/boricacid, 0.002M EDTA, pH 8.0)
at30Vfor18 h.

RESULTS

Characteristics of viral DNA preparation

The electrophoresis of baculovirus DNA per-
formed in the presence of ethidium bromide
revealed differences not only in the size of
DNA, but also in the presence of several forms
of viral DNA molecules [11]. The following
DNA structures could be distinguished: a) cir-
cular, relaxed forms located in the loading slots,
b) covalently closed forms, migrating slowly in
agarose gel, and ¢} linear forms migrating more
rapidly than forms a) and b). In the absence of
ethidium bromide both forms of circular DNA
did not migrate in agarose and stayed in the
loading slots as a result of the superhelix den-
sity of closed circular baculovirus DNA being
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practically zero [12]. For restriction analysis,
the DN A which was mainly a mixture of circu-
lar and covalently closed DNA, has been used.
The amount of linear high molecular mass
molecules was negligible.

Estimation of molecular size of the SsMNPV
genome

Application of proper restriction enzymes for
baculovirus DNA analysis was crucial for re-
liable DN A analysis, for accurate estimation of
the SsSMINPV genome size as well as for com-
parison of different virus populations appear-
ing in Poland during several years. For scre-
ening of the products appearing after digestion
with different restriction enzymes, we used the
DNA-I, purified from isolate of 1978. This viral
DNA was digested with the following restric-
tion enzymes: BamHI, Sphl, Pstl, EcoRl, Xhol,
Ncol, Sall, HindIll and Sacl. The electrophoretic
pattern of restriction products (Fig. 1) shows
that three restriction enzymes: BamHI, Kpnl
and EcoRI gave several high-molecular pro-
ducts, the size of which is difficult to estimate.
On the other hand, two other enzymes: Pstl and
Neol, digested the genome DNA into many
low-molecular mass fragments. For this reason
the genome size was calculated on the basis of
the restriction fragments obtained after diges-
tion with two enzymes: HindIIl and Xhol (Fig.
1, 2), without taking into consideration the
minor fragments. After adding the length of the
products presentafter Hindlll digestion we cal-
culated the genome size to be 128.6 kb. Asimilar
calculation based on Xhol restriction fragments
has shown that the genome size equals about
134 kb. We also estimated the genome size of
Autographa californica MNPV based on Xhol and
HindIIl (Fig. 2) restriction fragments to be
about 130 kb. This is in accordance with the
data available for the size of ACMNPV DNA
[13], which has been well characterized and
the most thoroughly studied of baculoviral
genomes.

Comparison of restriction products from differ-
ent SsSMNPV isolates

For restriction analysis of the genome from all
four SSMNPV isolates (DNA-I-DNA-IV) col-
lected in 1978-1989 the following endonu-
cleases were used: HindlIIl (Fig. 3A), Sacl (Fig.
3B) and Clal (not shown). The electrophoretic
patterns of Hindlll digestion products of

genome DNA from the four virus isolates (a—d)
were very similar. The DN A digestion products
contained many minor fragments. The patterns
of Sacl restriction products (Fig. 3B) showed
some differences between the isolates. These
differences concerned mainly the high molecu-
lar mass Sacl fragments. DNA-I (d)and DNA-II
(c) after restriction with Sacl gave, in the range
of higher molecular mass fragments, three frag-
ments of 38 kb, 23 kb and 15 kb which were
present in equimolar quantities. The 23 kb and
15 kb fragments became minor ones in DNA-III
(b) and DNA-IV (a) after digestion with Sacl
(Fig. 3B, a—d). On the basis of the size of these
two fragments and quantitative changes in the

a bcde f g hSt.

Fig. 1. Restriction endonuclease profile of Stilpnotia
salicis nuclear polyhedrosis virus (SsMNPV)
DNA, digested with the following enzymes: BamHI
(a), Pstl (b), Ncol (c), EcoRI (d), Kpnl (e), HindIII
(f), Xhol (g), Sacl (h).

Digestion conditions as described in Methods. Stand-

ard (5t) shows the mixture of ADNA/Hindlll and
ADMNA /EcoRl.



636 L. Strokovskaya and others

c d

Fig. 2. Comparison of the HindIIl (a) and Xhol (b)
digestion fragments of SsSMNPV DNA, isolate
DMNA-I, and Xhol (c) and Hindlll (d) restriction
fragments of Autographa californica nuclear

polyhedrosis virus DNA.

Standard (5t) as in Fig. 1. Digestion conditions were as
described in Methods.

restriction pattern we can suggest that a new
Sacl restriction site appeared in the 38 kb frag-
ment in isolates DNA-III and DNA-IV. It
should be pointed out that the presence of a
high quantity of sub-molecular fragments did
not result from partial digestion, as it can be
observed with DNA probes treated with inap-
propriate restriction conditions (digestion time
or amount of restriction Enzyme}_

The electrophoretic patterns of digestion pro-
ducts of HindIll, Xhol and Clal endonucleases
were closely similar whereas in the case of Sacl
the restriction products were more distinctly
resolved. This enzyme may be a useful tool in
identification and clone isolation of SsSMNPV
baculovirus.

DISCUSSION

The method for baculovirus DNA isolation
directly from polyhedra, without purification
of virions, was described by Cherepenko &
Martynenko [10]. Our modification of this
method allowed to obtain an undegraded ba-
culovirus DN A extracted from assmall amount
as 107 polyhedra (or 10 mg) even without poly-
hedra purification, and suitable for restriction
analysis. This modified procedure is based on
turning the baculovirus DNA into supercoil
torm in the presence of ethidium bromide. Co-
valently closed virus molecules have no super-
coiled structure at all, and it is necessary to
stabilize sucha structure with spermidine. Also
the supercoil form makes possible to obtain the
baculovirus DNA molecule in undegraded
state on adjusting the pH to very high values
by adding NaOH. At this point double stran-
ded linear DINA as well as open circular DNA
were denatured and did not show their native
structure when the pH was adjusted to 8.0.
Thus, the described procedure gives mainly
DNA preparations without degraded molecules.

The electrophoretic pattern of difterent viral
DNA preparations in agarose gel in the
presence of ethidium bromide showed the
presence of a small amount of the open circular
and full-size linear molecules. Some degraded
linear molecules appeared only occasionally. It
should be stressed that the above method for
viral DNA isolation is very useful but certain
precautions should be taken, mainly at two
steps of the procedure; 1 — adjusting the pH to
11.0, but not above that value; and 2 — the
mixture after adding each portion of NaOH
should be stirred immediately, but very gently,
to avoid high molecular mass DNA degrada-
tion. This procedure does not require introduc-
tion of RNase because RNA at a high pH is
degraded.

The differences observed in restriction pat-
terns of SSMNPV genome (Fig. 3B) are not sur-
prising and can be also found in the case of
other baculoviruses. It is known from the pub-
lished data that AcMNPV strains, which are
biologically identical, and also similar in the
genome organization and nucleotide sequence
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Fig. 3. Comparison of HindlIl (A) and Sacl (B) restriction products of SsMINPV, analysed in 0.7% agarose.
DNA was isolated from four selected SSMNPV isolates, collected over 11 years: 1978 (DNA-I} —a, 1980 (DNA-II} —b,

19587 (DN A-II) — ¢, and 1989 (DNA-IV) —d.

in general, can differ in certain regions of the
genome. For instance, strain L 1 and C 6 differ
from E 2 by the presence of an additional Hind 111
site in the Hindlll fragment A. Also strain C 6
and HR 3 differ from L 1 and E 2 by a small
insertion in the fragment HindII1 C [13]. Geno-
typic variants have been studied in Mamestria
brassicae MNPV [14] and Spodoptera frugiperda
MNPV [15]. Baculovirus genomic variation
was found to be restricted to defined regions,
and three separate mechanisms for generating
the variation were proposed. The genotypic
variants could result from recombination [16],
or acquisition of host cell DNA [17]. Other
possible sources of genomic variants are muta-

tions resulting in sequence deletion and /or re-
iteration within the viral genome. Both dele-
tions and reiterations have been reported for
baculoviruses propagated in vitro [18] and in
vivo [19]. Further analysis of Stilpnotia salicis
MNPV genome will allow to show the relation-
ship of this poorly characterized virus to other
multi-enveloped baculoviruses.
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