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The initiation sites of the Galleria mellonella L. nuclear polyhedrosis virus (G.m. NPV) DNA replication 
were revealed. For this purpose SCLd 135 cells permitting the G.m. NPV productive reproduction were 
transformed by the recombinant plasmids containing the viral genome individual fragments in pRSF 2124 
and pBR 322 vectors. It was revealed that 2 of the 32 recombinant plasmids can autonomously replicate 
in the eucaryotic cells. According to the Maxam-Gilbert method the DNA G.m. NPV fragment (1300 bp) 
primary structure of pHBR plasmid was determined. The structure analysis revealed the typical regulator 
signals as in the replicons. The possible regulation mechanism of the DNA G.m. NPV synthesis initiation 

was supposed. 

Nuclear poiyhedrosis virus Plasmid Culture cell Ori site Nucleotide sequence 

1. INTRODUCTION 2. MATERIALS AND METHODS 

The initiation of DNA synthesis is a key stage of 
viral reproduction. Thus the most important prob- 
lem of the functional mapping is the detection of 
the viral genome sites containing the DNA syn- 
thesis origin. To solve this problem we used a 
method based on the study of the ability of the 
recombinant plasmid containing the individual 
fragments of the viral genome to replicate in the 
cell system permissive for the virus-donor of DNA 
fragments. 

Introduction of the plasmid DNA in SCLd 135 
cells was made as in [3]. 

Treatment of the cellular monolayer was with 
DNaseI (Sigma) in the presence of 10 mM MgCl2 
at 3 mg enzyme/mg plasmid DNA. Isolation of the 
extrachromosomal DNA from SCLd 135 cells was 
carried out by the procedure in [4]. The E.coli 
C600 competent cells were transformed by the 
plasmid DNA as in [4]. 

The system of the culture cells (SCLd 135) per- 
missive for the reproduction of the free nuclear 
polyhedrosis virus of Galieria mellonella (G.m. 
NPV) has been selected previously [ 11, and the col- 
lection of the recombinant plasmids containing the 
individual fragments of this viral genome was 
made [2]. Our purpose in these experiments was to 
locate and to determine the primary structure of 
the origin of replication of G.m. NPV DNA. 

Restriction endonucleases, polynucleotide kin- 
ase and DNA polymerase I were provided by Dr 
Yu.S. Nechaev. Alkaline. phosphatase was kindly 
donated by Dr V.G. Korobko. [cy-32P]dNTP and 
[y-“P]ATP (spec. act. 1000-3000 Ci/mmol) and 
[6-3H]thymidine were supplied by Amersham 
(England) or Radiopreparate (Tashkent). In- 
troduction of 32P by means of polynucleotide 
kinase or DNA polymerase I was made as in [5]. 
DNA sequencing was done as in [5]. 
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3. RESULTS AND DISCUSSION 

The replicative ability of the recombinant 
plasmids containing the individual fragments, 
G.m. NPV DNAs, was studied in the eucaryotic 
cells in the following way. 

The plasmids were introduced into SCLd 135 
cells and cellular monolayer was treated with 
DNase I. Cells were incubated at 28°C for 24 h, 
then removed from the glass and lysed. Subse- 
quently, the extrachromosomal DNA was isolated 
by the standard procedure. The E.coli C600 com- 
petent cells were transformed by the obtained 
material. 

The 32 recombinant plasmids were studied using 
the given scheme. Twenty-seven of them contained 
EcoRI fragments of G.m. NPV DNA in pRSF 
2124 (series-pNRSF) and the 5 harbored BamHI 
fragments of this viral genome inserted in pBR 322 
(series-pNBR). 

The material that transforms E.coli C600 com- 
petent cells proved to be isolated from the cell 
culture introduced by plasmid pORSF and pHBR. 
Transformants obtained in the course of ex- 
periments were cultivated and used for isolating 
the plasmid DNAs. The restriction analysis data 
indicated that pORSF and pHBR retained the 
ability to transform E.coli cells after incubation 
for 24 h in SCLd 135 cell culture. 

In order to recognise the ability of plasmids 
pORSF and pHBR to replicate in SCLd 135 cells 
the kinetics of the plasmid conservation was deter- 
mined as follows. 

The recombinant plasmids were introduced into 
the cell monolayer. Then, the cells were removed 
from the glass, lysed and the plasmid DNA was 
isolated at 6-h intervals. The E.coli C600 compe- 
tent cells were transformed by the prepared 
material. 

All recombinant plasmids were used in these ex- 
periments. The G.m. NPV DNA, pBR 322 and 
pRSF 2124 were used for the control of the conser- 
vation of the plasmid DNAs in SCLd 135 cells and 
the transformation of E.coIi cells. 

The reliable increasing of the transforming ac- 
tivity of the material, isolated 24 h after introduc- 
tion of plasmids pORSF and pHBR into SCLd 135 
cells, was observed in comparison with the activity, 
determined after 6 and 12 h incubation in the 
culture. 

We then investigated the degree of incorporation 
of [6-3H]thymidine into the acid-insoluble frac- 
tions, obtained after isolation of extra- 
chromosomal DNA from SCLd 135 cells, treated 
with plasmids pORSF and pHBR. As a result, ac- 
cumulation of the labelled plasmids was found to 
correlate with the accumulation of the transform- 
ing activity in SCLd 135 cells introduced by 
pORSF and pHBR. 

The two bands, concentrating both the radioac- 
tivity and the transforming activity, are formed 
from the SCLd 135 cells introduced by these 
plasmids after the centrifugation of clear lysate in 
the CsCl density gradient. The simulation of this 
experiment, i.e., the centrifugation of the plasmids 
produced in the bacterial cells in the CsCl density 
gradient, made it possible to establish the similari- 
ty of density CsCI, favouring the formation of the 
bands containing the plasmid DNA in the principal 
and simulated experiments (fig. 1). 

Two bands obtained on agarose gel by electro- 
phoresis of DNA in the simulated experiment were 
shown to represent the circular and supercircular 
forms of the plasmid DNA. 

The results of all presented experiments are con- 
clusive evidence that plasmids pHBR and pORSF 

cpm x 10-3 
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FRACTION NUMBER 

Fig. 1. CsCl density gradient centrifugation of the 
material isolated from CSLd 135 cells 24 h after intro- 

duction by the plasmid pHBR. 
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can be autonomously replicated in SCLd 135 cells. 
Analogous results were obtained in studying the 
eucaryotic systems, precisely the replicative 
characteristics of the recombinant plasmids con- 
taining ori Xenopus laevis 161, Ph_warum [7]. 
Thus, ori Gm. NPV in the plasmids pHBR and 
pORSF was considered to be cloned. 

The G.m. NPV DNA fragment of plasmid 
pHBR was sequenced as in [5]. The determined 
primary structure is shown in fig.2. Screening of 
the structural elements characteristic of the DNA 
replication origins resulted in the following. 

Four initiating codons possessing potential 
ribosome sites [8] in the preceding sequence were 
recognised. They are located in positions 263, 383, 
658 of the upper chain and 73 of the lower one. 
Thus, the untranslated region may be situated 
within the segment 74-262, 74-382 or 74-657. 

There is a set of direct repeats with an evident 
homology in the region from 64 to 314 bp (fig.2). 
Three of these repeats (263-277, 280-294, 
301-315) overlap with the sequence having the in- 
itiating codon in position 263. The hypothetical 
protein X can be expected to be translated from 
this codon. An interesting property of this protein 
is the presence of the cluster of charged amino 
acids coded by the sequence from 521 to 622. Thir- 
teen of the 34 amino acids in this region are 
positively charged (fig.2). Such clusters are 
characteristic of many DNA binding proteins such 
as r-protein coded by plasmid pR6K [9] or T- 
antigen of SV40 virus [lo]. 

In positions 199-205, 309-315, 505-511 there 
are sequences similar to the Goldberg-Hogness box 

TATAX [l l] which are usually situated 25-30 

bases upstream from a transcription initiation site. 
The polyadenylation signal AATAAA [12] was 
found in position 421-426. These structural 
elements may be important for regulation of the 
synthesis of hypothetical protein X. 

The features of the established sequence are 
typical for DNA replication sites. Direct repeats 
are known to be present in many replicons [ 13- 151. 
Such sequences are supposed to be recognition 
sites for the proteins taking part in the initiation of 
DNA replication [ 161. The direct repeats marked in 
the primary structure of the G.m. NPV DNA frag- 
ment overlap with the hypothetical protein region 

and one of the possible Goldberg-Hogness boxes. 
The proximity of a replication initiation site and 
gene coding for the protein responsible for in- 
itiating DNA replication &as shown for phage 
@X174 [17] and X [15], SV40 virus [la], and 
plasmid pR6K [9]. 

The hypothetical protein X may play a similar 
part in the replication of G.m. NPV DNA. The 
plasmid pHBR does not include the C-terminal 
region of this protein gene, but replicates in 
eucaryotic cells. Probably, the N-terminal part of 
the protein’ involving a cluster of the positively 
charged amino acids is enough for its function. 
Similar facts are described in the literature. There 
exists a replicable plasmid, pR1, containing the ori 
site and the N-terminal region of the gene coding 
for the protein 1, which is sufficient for the 
replication [9]. 

Our results can be useful for further investiga- 
tions of the replication mechanism of NPV DNA. 
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