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ABSTRACT

Plasmid DNA constructs containing 5'end truncated
retrotransposon gypsy were introduced into Drosophila
cultured cells. Appearance of new complete DNA
copies with reconstructed via reverse transcription
5'LTR were detected by PCR after transient expression
and by Southern blot analysis of genome DNA of stably
transformed cells. Two gypsy subfamilies supposed to
be different in transpositional activity were analyzed in
terms of their ability to produce new DNA copies via
reverse transcription in D.hydei cultured cells. It was
demonstrated that both gypsy variants undergo
retrotransposition but with different efficiency.

INTRODUCTION
Retrotransposons are a widely distributed group of eukaryotic
mobile genetic elements that resemble the vertebrate retroviruses
in their structure and mode of replication. Gypsy (mdg4) (1, 2)
is one of the most thoroughly studied Drosophila melanogaster
retrotransposons transpositional cycle of which is based on reverse
transcription (3). Recently it was shown that gypsy plays an
important role in the genetic system of Mutator Strain that exhibits
prolonged instability (4, 5). Molecular analysis of the structural
organization ofgypsy elements cloned from both Mutator Strain
(MS) and Stable Strain (SS), from which MS originated, revealed
the existence of two distinct subfamilies, which have definite
structural differences (6). These differences are mainly single
nucleotide substitutions and most of those in coding region do
not change aminoacids sequence. In total there are only 16
aminoacids substitutions. The data obtained showed that in spite
the fact that both gypsy variants are transcriptionally active only
one of them is amplified in Drosophila melanogaster cultured
cells (1) and in MS (6) and causes insertional mutations (2,
7-10). This allowed us to suggest that these two gypsy
subfamilies differ in transpositional activity and ability to produce
new DNA copies via reverse transcription. To check this
suggestion we have created a model system allowing us to detect
the appearance of new gypsy elements formed via reverse

transcription and compared the ability of two gypsy variants to
produce new copies in Drosophila cultured cells. The latter were
detected by Southern blot analysis in stably transformed cells and
by PCR after transient expression.

MATERIALS AND METHODS
Preparation and treatment of nucleic acids
Extraction of plasmid, total genomic DNA and poly(A)+RNA,
restriction enzyme treatment, DNA labelling, Southern and
Northern blotting experiments were performed according to
Maniatis et al. (11).

DNA constructs
The initial construct pHSGYP described elsewhere (12) contained
5'end truncated gypsy under control of the hsp70 promoter.
pGYP(Xho)6 was constructed by inserting 6.6 kb XhoI-EcoR!
fragment and 0.8 kb EcoRI-HindIII fragment from pHSGYP
into pUCl9 treated with SaIGI and HindIII. As a result
pGYP(Xho) contained only one XhoI site in the gypsy 3'LTR.
pGYP(Xho)7 was constructed by ligating the 6.7 kb BglII-XhoI
fragment from p7K (6) with the 3.4 kb BglII-XhoI fragment
from pGYP(Xho)6. pGYP(p) was constructed in several steps.
Two gypsy fragments: 0.2 kb XhoI-XbaI and 0.6 XbaI-Sau3A
from Dm1 11(1) were inserted into pUC19 treated with SalGI
and BamHI. This intermediate I construct was treated with SniaI
and EcoRl and ligated with 0.25 kb EcoRl-BspRI fragment
containing complete polylinker from pUC19. The next step was
the insertion of two gypsy fragments: 1.3 kb Sau3A -PstI and
4.3 kb PstI-EcoRI into the BamiHI and EcoRI sites of
intermediate II construct. And finally the 2.2 kb EcoRl fragment
from Dm1 11 was inserted in the proper orientation into the EcoRI
site of intermediate HI construct.

Transfection
D.melkogaster Schneider 2 and D.hydei Dhl4 (13) cultured cells
were transfected by a standard calcium phosphate procedure (14)
by plasmid DNA of analyzed constructs in the presence of
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pUChsneo (15) DNA. Stably transformed cells were obtained
as being resistant to G418.

PCR
Primer oligonucleotides were synthesized using an applied
Biosystems 381A synthesizer. Transfected D.hydei cells (106)
were collected by centrifugation, washed with PBS, lysed in 100
,d of PCR non-ionic buffer (5OmM KCl; lOmM tris-HCI pH
8.3; 2.5mM MgCl2; 0.1 mg/ml gelatin; 0.45% NP-40; 0.45%
Tween20) containing proteinase K (60 /Ag/ml) and incubated at
37°C for 1 hour and at 90°C for 10 min. 10 ,u of cell extracts
were used for PCR reactions. 20 cycles (denaturation at 95°C,
1 min, annealing at 450C, 1 min, polymerization at 720C, 1 min)
were performed in PCR non-ionic buffer containing 250 1tM
dNTP, 0.25 ,uM primers and 2.5 units of Taq polymerase (USB).
Reaction products were separated in 1.5% agarose gels and
visualized under UV illumination.
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RESULTS
The structure of plasmid constructs
Fig. 1 shows the schematic presentation of plasmid constructs
used. They contain gypsy with the 5'LTR truncated up to the
position of -30, relative to the RNA start site (3). Thus, such
constructs do not contain a complete gypsy element but they can
be transcribed, producing normal, complete gypsy RNA. Hence
after the cycle of reverse transcription in cultured cells there
should appear full-length gypsy DNA containing reconstructed
5'LTRs, which can be detected directly by PCR and by the
appearance of gypsy DNA containing XhoI sites in both LTRs
in Southern blot experiments using DNA from stably transformed
cells.
pGYP(Xho)6 construct was made for D.hydei Dhl4 line cells

and contained gypsy under the control of the D.melanogaster
hsp70 promoter. pGYP(p) was made for D.melanogaster
Schneider2 line cells. To distinguish the introduced construct from
endogenous copies the former contained gypsy marked by a 250
bp pUC19 fragment inserted into a Sau3A site located between
the regulatory region and ORFI ATG codon of the element.

Introduced plasmid constructs produce new gypsy DNA copies
pGYP(Xho)6 and pGYP(p) constructs were introduced into
D.hydei Dhl4 and D.melanogaster Schneider2 cultured cells
respectively. In both cases transfection was performed in the
presence ofpUChsneo DNA (15). Stably transformed cells were
obtained as resistant to G418. DNA isolated from transformed
cells was digested by XhoI and analyzed by Southern blot
technique. The results of these experiments are presented in
Fig.2. Two main bands can be seen with both Dhl4 (Fig.2a,
lane 2) cells after the hybridization to gypsy DNA and Schneider2
cells (Fig.2b, lane 7) after the hybridization to 250 bp fragment
ofpUC 19 DNA, while DNA isolated from untransformed cells
did not hybridize to probes used (Fig.2a, lane 5 and Fig.2b, lane
6). The upper 10.1 kb (Fig.2a, lane 2), which has the same size
as initial plasmid construct treated with XhoI (Fig.2a, lane 3),
and 11.55 kb (Fig.2b, lane 7) correspond the introduced
constructs inserted as tandem repeats. The lower 7.0 kb (Fig.2a,
lane 2), which has the same size as wild-type gypsy treated with
XhoI (Fig.2a, lane 1) and 7.25 kb (Fig.2b, lane 7) bands
correspond newly formed gypsy copies. Thus, these experiments
showed that introduced gypsy constructs are able to produce new
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Figure 1. Schematic presentation ofDNA consucs used in research. LTRs are
denoted by a solid line, hsp70 promoter sequences by an open line, gypsy internal
sequences by a dotted line, adjacent D.melanogaster sequence by a thin line and
pUC19 by a thick line. RNA start site is indicated by arrow. Restricton enzymes
are abbrivated as follows: B, BamHI; Bs, BspRI; E, EcoPI; G, BglII; H, HindII;
M, Sau3A; P, PstI; S, SalGI; Sm, SmaI; Sp, SphI; X, Xoi; Xb, XbaI.

DNA copies containing 5'LTR reconstructed via reverse
transcription both in D.hydei and D.melanogaster cultured cells.
Only D.hydei cells known to lack normal gypsy element were

used in further experiments to exclude the possibility of
interaction between introduced and endogenous gypsy copies.

Both gypsy variants undergo reverse transcription but with
different efficiency
To compare ability of two gypsy variants to produce new DNA
copies via reverse transcription we have used two constructs:
pGYP(Xho)6 based on Dm 11 similar to p6K, cloned from MS
and pGYP(Xho)7 based on p7K, isolated from SS (6). First of
all we intended to check ifpGYP(Xho)7 also can undergo reverse
transcription in D.hydei cells. For this purpose we have
performed PCR reactions on DNA isolated from D.hydei cells
48 hours after being transfected either by pGYP(Xho)6 or
pGYP(Xho)7. As first primer the oligonucleotide from 5'end of
LTR (position 115) was used. The introduced constructs contain
this sequence only in 3'LTR. As the other primer the
oligonucleotide adjacent to 5'LTR (position 519) was used. The
results of these experiments (data not shown) revealed the
appearance of DNA fragments of the expected size in D.hydei
cells transfected by both pGYP(Xho)6 and pGYP(Xho)7 while
in untransfected cells such fragments were absent. Thus, it was
demonstrated that both gypsy variants undergo reverse
transcription in D.hydei cells. Still these experiments could not
answer the question if newly formed copies can be integrated
into genome DNA and if there is any difference in the efficiency
of the processes. To answer these questions we obtained D. hydei
cells stably transformed by pGYP(Xho)6 and pGYP(Xho)7.
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Figure 2. Southern blot analysis of XhoI digested DNA of plasmid pGYP(Xho)6
(lane 3) and DNA isolated from different cell lines: D.melanogaster Schneider2
(lanes 1, 6); D.hydei (lane 5); D.hydei transformed by pGYP(Xho)6 (lane 2) and
D.melanogaster transformed by pGYP(p) (lane 7). As a probe 32P-labelled XhoI
gypsy fragment (a) and 250 bp BspRI-EcoRI pUCl9 fragment (b) were used.

P-end-labelled lamda HindIII fragments (lane 4) used as size markers are: 23.1
kb; 9.4 kb; 6.7 kb and 4.4 kb.
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Figure 3. Hybridization of 32P-labelled XhoI gypsy fragment to XhoI digested
DNA (a and b) and poly(A)+RNA (c) isolated from D.hydei cells transfected
by pGYP(Xho)7 (1) and pGYP(Xho)6 (2). Nucleic acids were isolated immediately
as cell lines were obtained (a and c) and 6 weeks later (b).

Southern blot analysis of DNA isolated from cell lines
DhGYP(Xho)6 and DhGYP(Xho)7 revealed that both gypsy
variants can produce new DNA copies integrated into genome
DNA but with different efficiency. The results of such
experiments slightly varied from one to another. Results of
Southern blot analysis of DNA obtained in one of the most
impressive experiments, as well as Northern blot analysis of
poly(A)+RNA isolated from these cell lines, are presented in
Fig.3. Sometimes the appearance of new gypsy copies in
DhGYP(Xho)7 was detected immediately after the cell lines were
obtained. Sometimes new copies were detected only several
weeks later. In the case of DhGYP(Xho)6 newly formed gypsy
copies were always detected immediately after the cell lines were

obtained. Moreover, the ratio between the intensity of the 7.0
kb XhoI fragment corresponding to newly formed gypsy copies
and 10.1 kb XhoI fragment corresponding to the introduced
constructs was always less in the case of DhGYP(Xho)7 cell lines
than for DhGYP(Xho)6 lines (Fig.3a). Therefore, both gypsy
variants undergo reverse transcription in D.hydei cells and
produce new DNA copies but in case of pGYP(Xho)6 this process
is several times more efficient than in case of pGYP(Xho)7.

Southern blot analysis of the same cell lines 6 weeks later
(Fig.3b) demonstrated that in both cell lines gypsy is amplified
and again in DhGYP(Xho)6 this process is more efficient than
in DhGYP(Xho)7.

It can be seen that there is practically no difference in
transcription of introduced gypsy constructs in both cell lines
(Fig.3c) in spite the fact that there may be some variations in
copy number of the element. Therefore, the difference in ability
to produce new DNA copies via reverse transcription between
two gypsy variants cannot be explained by difference in their
transcription.

DISCUSSION
The present paper is devoted to comparative analysis of two gypsy
subfamilies in terms of their ability to produce new DNA copies.
We have created a model system which allowed us to detect gypsy
DNA originated via reverse transcription of its RNA. Analogous
systems were made for Tyl (16) and I elements (17, 18). It is
noteworthy that we have shown the appearance of gypsy DNA
containing restored 5'LTR using neither selective markers nor
the conditions of hyperexpression. For D. melanogaster cells we
used constructs containing only gypsy promoter elements adjacent
to RNA start site. The only reason why we used hsp70 promoter
in constructs for D. hydei cells was the possibility that gypsy
promoter would not work in heterologous system. No heat shock
induction was used. Thus, the processes of gypsy reverse
transcription in Drosophila cultured cells are rather efficient.
The comparison of two gypsy variants in these experiments

revealed that both are able to undergo reverse transcription but
with different efficiency. Variations in experiments may be due
to influence of nonspecific reverse transcriptase or some
uncontrolled conditions of cell transformation. To exclude the
latter we have obtained D.hydei cultured cells line containing both
gypsy constructs. Southern blot analysis of DNA isolated from
such cells confirmed the results described above. To check the
possibility of interaction between introduced constructs and some
endogenous D. hydei reverse transcriptases we made a construct
based on pGYP(Xho)6 with interrupted ORF2. The preliminary
results of our experiments showed that reverse transcription of
such construct can be detected only by PCR but not by Southern
blot analysis.

Data obtained do not exclude the possibility that in flies only
one gypsy subfamily (which was cloned from MS) is 'active' and
can transpose. Sequence analysis (data will be published
elsewhere) of p7K, cloned from SS (6) showed that 'inactive'
gypsy has identical LTRs indicating that this element either was
'active' recently or still can undergo reverse transcription with
low efficiency. This gypsy variant has several structural
differences in comparison to p6K (6). The latter is similar to
Dm 11 (1) and gypsy cloned fromforked mutation (2). As it was
mentioned above there are only 16 aminoacids substitutions in
all three ORFs. All the nucleotide substitutions in noncoding
regions do not touch important regulatory areas and as it was
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demonstrated previously (6) and in this work do not effect gypsy
transcription. Therefore, we consider that some (or maybe one)
of aminoacids substitutions are responsible for the difference in
transpositional activity. Some of these 16 substitutions seem to
be of no importance changing one aminoacid to another of the
same type (e.g. Val-Ile). Two substitutions are located between
the first and the second ATG codons of ORF1 and it seems that
the latter is a real translation start site. There are two substitutions
of Pro, one in the end ofORFI and the other in the end of ORF2,
which may change the structure of protein products of these
genes. Among the most interesting substitutions are the following.
The first one is located in the beginning of ORF3 (there are 6
substitutions in this ORF in total) which changes Gln to
termination codon. But it is located between two theoretical
acceptor splice sites, so if gypsy ORF3 is expressed like retroviral
env gene trough splicing using the first one acceptor splice site,
then this substitution may be significant. The second interesting
substitution is located in the overlap region of ORFl and ORF2
and may influence the frameshift and as a result the ratio between
gag and gag-pol protein products.
We believe that usage of hybrid constructs, containing different

combinations of 'active' and 'inactive' gypsy copies in mentioned
above model system will allow us to find particular structural
differences responsible for the lower transpositional activity of
'inactive' gypsy.
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