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ABSTRACT
A mobile dispersed genetic element, mdg4, ~ 7-5 kilobases

(kb) long has been cloned from D. melanoRaster genome. Chromo-
somal bands have only few sites of mdg4, but it always hybri-
dizes to the chromocenter. The location of mdg4 varies among
D. melanogaster strains. Blot hybridization shows that, in
contrast to other mdg elements, mdg4 sequences are rather
heterogeneous. Only few copies are full-length. A strong
amplification of mdg4 has occurred during the in vitro culti-
vation of cells involving only one mdg4 variant.

Long terminal repeats (LTRs) and flanking sequences have
been sequenced in two cloned copies of transposable element
mdg4. In both cloned copies of mdg4, LTRs have an identical
nucleotide sequence 479 bp long. The mdg4 is flanked by four-
base-paix direct repeats, short mismatched palindromes being
present at the ends of each LTR. The termini of the mdg4 body
contain an oligopurine stretch and a region partially comple-
mentary to D. melanogaster tRNALy8. Thus, structural organi-
zation of mdg4 LTRs Is similar to that of several other mdg
elements and retroviral provixuses.

INTRODUCTION

Mobile dispersed genetic elements (mdg) or copia-lUce

elements were first cloned from D. melanosaster genome /1, 2/.

Some of their families are well studied /3-6/. These elements

have certain properties in common, i.e. a multiple copy number,

scattered positions throughout the genome, and a varying loca-

lization /2, 7, 8/. The nucleotide sequences of different mem-

bers from the same family are usually conservative. At least

in culture cells, the mdg elements are actively transcribed

/9/. This seems to be connected with the mdg amplification /3-

5, 10/. All mdg elements are framed with long terminal repeats

which may play a key role in mdg transposition and transcrip-

tion /1, 3-6/.
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The p resen ted paper descr ibes mdg4, a novel mdg element of
D. melanoRaster. I t was f i r s t cloned i n experiments on i s o l a -
t i o n of DNA sequences hybr idiz ing to double-stranded ENA, and
designated as Dm11. In con t ras t to o ther mdgs,Dm11 hybridized
t o few s i t e s on chromosomes. I t was heavi ly amplif ied in c e l l
cu l t u r e / 4 , $)/.

The i n t e r e s t to mdg4 i s s t imula ted by the following obser-
v a t i o n s . Gerasimova describes a la rge family of unstable cut
muta t ions . These mutations appeared to be induced by an mdg4
i n s e r t i o n / 1 1 / . At the same t ime, Modolell e t a l . / 1 2 / inde -
pendent ly cloned the same sequence, named i t "gypsy", and
showed t h a t mutat ions induced by i t s i n s e r t i o n could be sup-
pressed by the Hairy wing suppressor . F i n a l l y , Leigh Brown
has p resen ted the data on the r e s p o n s i b i l i t y of mdg4 for some
n a t u r a l mutat ions i n a heat-shock gene /13A

The s t r u c t u r a l organizat ion of mdg4 and the nucleot ide s e -
quence of i t s LTRs and t h e i r f lanking regions are described
below.

MATERIALS AND METHODS
Iso topes and enzymes. [ TJDeoxyr ibonuc leos ide t r iphos-

pha tes were purchased from the Radiochemical Centre (Amersham,
England) and Glav-Izotop (Moscow, USSR). PHjDeoxyribonucleo-
s ide t r i phospha t e s and PHJur id ine were from Glav-Izotop.
P ^l]dCTP was synthesized according to Shaw e t a l . / 1 4 / . Re-
s t r i c t i o n endonucleases were obta ined from Dr. A.Yanula i t i s ,
and DNA polymerase I from Dr. R .Beabea lashvi l i .

The DNA cloning;. Full copies of mdg4 were obtained by
cons t ruc t ing recombinant plasmids which contained BamHI-rest-
r i c t e d DNA from D. melanoRaster c u l t u r e c e l l s (67J25D) and
pBR322. For colony hybr id iza t ion , -^T3-labeled fragments of
Dm11 / V were used.

Nucleic ac id p repa ra t i ons . Plasmid DNAs were i s o l a t e d by
the a l k a l i n e method / 1 5 / - DNAs from D. melanoftaster cu l tu re
c e l l s , embryos or adul t f l i e s were prepared by the phenol-
de te rgent method. Culture c e l l s were c o l l e c t e d by cen t r i fuga-
t i o n . The f l i e s and embryos were frozen wi th l i q u i d n i t rogen
and mechanlcaly d i s i n t e g r a t e d . After suspending the ma te r i a l
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in 0.15 M NaCl, 20 mM Tris-HCl, pH 8.0, 20 mM EDTA, 0.5% SDS,
pronase was added to the final concentration of 200_ug/ml, and
the mixture incubated with gentle stirring for 30 min. DNA was
deproteinized by phenol, phenol-chloroform (1:1) and chloro-
form, and reprecipitated with ethanol.

DNA restriction fragments were obtained by elution from
agarose gels using the freezing-thawing method /16/.

Hybridization. The DNA was labeled with 3H, 32P or 1 2 5 I
by nick translation /17A The in situ hybridization was per-
formed as described earlier / 7 / . The DNA for blot hybridiza-
tion was transferred to nitrocellulose f i l ters according to
Southern /18/ . The f i l ters were preincubated in the 2xSSC,
0.1% SDS, 2Z Denhardt solution containing 20 /ig/ml of salmon
sperm DNA for 5 h at 65°C /19/. The hybridization was per-
formed under the same conditions for 20 h. Then the f i l ters
were extensively washed with O.ixSSC, 0.1% SDS at 45°C.

The sequencing. The determination of the nucleotide se-
quence was performed according to the Maxam and Gilbert tech-
nique /20/. For this, the DNA of plasmids p111 and p112 was
restricted with either Xhol or Bglll. After labeling of the
3'-termini with reverse transcription and additional trans-
cription with BamHI, PstI and EcoEI endonucleases, the frag-
ments were fractionated by 4% polyacrylamide gel electrophore-
sis . One-end labeled fragments were eluted and taken for the
sequencing. In order to confirm the nucleotide sequences ob-
tained in these experiments, we performed the sequencing from
Hpall-sites localized inside the LTR.

KESUHTS
1. General organizat ion of mdpft-

F ig . 1 shows the r e s t r i c t i o n maps of cloned DNA fragments
Dm11, Dm111 and Dm112 containing mdg. The o r ig ina l clone was
Dmil which contained about half of mdg4. I t was obtained by
hybridizat ion to double-stranded RNA of D. melanoRaster cu l -
ture c e l l s A , 9 / . I t was not iced tha t Dm11 did not contain
BamHI s i t e s and t h a t Dm11 DNA ef fec t ive ly hybri>dized only to
large BamHI fragments of genomic DNA. Therefore, we attempted
to get a f u l l - l e n g t h copy of mdg4 from the BamHI l i t i r a ry of
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FiK. 1. Restriction maps of cloned fragments of D. mela-
noRaster DNA containing mdg4.

B - BamHE; Bg - Bglll; X - Xhol; P - PstI; H - Hindlll;
E - EcoEI; f—I - long terminal repeats.

genomic DNA. Thus, Dm1Tl and Dm112 were obtained.

The restriction analysis and cross hybridization experi-

ments with Southern blots of plaamid DNA show that a ca. 7.5

kb DNA segment is present in two different clones. It has

exactly the same restriction sites in the two clones. Long

direct repeats appear at the termini of the 7.5 kb segment.

Their presence is proved by a similar arrangement of Bglll

and Xhol sites and cross hybridization between the correspon-

ding restriction fragments. The size of long terminal repeats

(LTEs) is estimated to be ~500 bp, which is also confirmed by

sequencing.

2. The total number of mdp;4 copies per genome and localization

of this element on polytene chromosomes

The in situ hybridization of mdg4 to chromosome of diffe-

rent D. melanogaster strains shows the mobility of mdg4. All

hybridization sites are quite different. The chromocenter is

the only hybridization site in common for different strains.

Table 1 presents the results of some of these experiments.

In contrast to other mdg elements, mdg4 is located only at

a few sites.

The in situ hybridization was also performed with diffe-

rent internal subfragments (1.7 kb Hindlll, 2.2 kb Hindlll-
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Table 1. Sites of mdg localization in the polytene chromo-
somes of D, melanogaster salivary glands

Eegions of
chromosomes

2B
14D
16A
21D
41A
42B
44C
80
83C
chromocenter

gtw gt

_ _
+ _
+ _

+

+ _
_ _
— _
+ +

13z ™.i
AX

_

+
+

_
_
_
_
_
—
+

Oregon ECX

_
_
_
_
_
_
+
+
+

Bfvy.YL(y+)

may exist two more hybridization sites normally non-
distinguishable from the chromocenter but they are not the
chromocenter in reality. This could be observed occasional-
ly upon separation of chromosomes from the chromocenter.

EcoRI, and 2.7 kb Hindlll-Xhol) of mdg4, the patterns obtained

being indistinguishable from those of total mdg4. Hence, all

the sites seemed to contain full-length mdg4 copies. The

hybridization of mdg4 to the chromocenter puts several ques-

tions about the total number of mdg4 copies per genome. It is

well known that the centromeric regions of chromosomes remain

underreplicated in polytene chromosomes. Therefore, a rather

high labeling of the chromocenter may indicate that several

mdg4 copies are present there.

To answer the question, one should estimate the number of

mdg4 copies in embryonic cells. We hybridized ^T>-labeled

total cellular DNA to an excess of the Xhol fragment of mdg4

immobilized on a nitrocellulose filter. This fragment 7 kb

long covers practically the whole mdg4. The conditions of

hybridization are described elsewhere /21/. To prevent the

binding of flanking sequences, the DNA was sheared to 150-200

nucleotide fragments. From Table 2 one can see that the number

of mdg4 copies determined by this method is about 20 per hap-

loid genome. Similar data were obtained when internal Hindlll

or Hindlll-EcoEI fragments of mdg4 were immobilized on nitro-

cellulose filters. With other mdg elements (mdgi, mdg3), the

copy number estimated by the saturation hybridization is
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Table 2. The copy number of mdgs in D. melanosaster genomes

Gene

mdg4
mdgi
mdg3
r ibo-
so-
mal*

Size
of
DNA

frag-
ments

7.0
7.2
5.2

14.0

0.
0.
0.

1.

gtwa

%

083
10

055

89

n

19
23
17

216

0.
0.
0.

2.

culture
Oregon EC cells

%

084
13
065

04

n

19
28
20

233

strain
67J25D

% r>

0.74 170
1.035 230
0.65 200

2.08 238

Number of
hybridiza-
tion sites
on chromo-

somes
gtwa Oregon

5 3
16 21
11 13

1 1

% - percent of DNA bound to the f i l te r ;
n - the copy number per gaploid genome;
^The clone containing ribosomal gene was a kind gift from

Dr. A.A.Kolchinsky.

roughly the same as the number of the in situ hybridization
sites (Table 2).

The anomalous behaviour of mdg4 may be explained by the
fact that a lot of gene copies are located in the chromocen-
ter which is known to be underreplicated. An alternative ex-
planation suggesting a tandem repetition of mdg4 in each si te
cannot be excluded either but i t does not seem probable. The
third possibility i s that, besides full-length copies of mdg4,
some sequences homologous to different parts of mdg4 may be
present in the genome. The centromeres may be enriched in
such sequences (see below).

From Table 2 i t is also clear that a ten-fold amplifica-
tion of mdg4 occurred during cell cultivation in vi t ro.

3. The existence of Kenomic sequences homologous to different
parts of mdK4
To study the arrangement of the mdg4 element in Drosophila

genome, we prepared Southern f i l t e r s containing genomic DNA
restr icted either with Bglll or Xhol that cut mdg4 cloned
copies within LTRs only.

The f i l t e rs were hybridized to one of the following
probes - 7.0 kb Xhol fragment, 2.2 kb EcoRI-Hindlll fragment,
or 1.7 kb Hindlll fragment (Fig. 1). In fig.2 one can see
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23.7

1 I 9 I & I 8 S i
_. mm

4 26

2.25
1.96—

gig. 2. Ifrbridization of Dm111 32P-labeled Hindlll-EcoRI
(1), Hindlll (2), and Xhol (3) fragments to Southern blots
containing restricted D. melanogaster DNA isolated from cul-
ture cells (a) and from Oregon EC flies (b). The amount of
Oregon RC MA was 2.5 times greater than that in UNA from
culture cells. The HindiII restricted X DNA was used as
size markers.

the major labeled 7.0 kb band corresponding to a full-length
mdg4- and also a number of other restriction fragments which
bind the label. They are more expressed in the ENA from
Oregon EC flies comparing to the DNA from culture cells. This
can be explained by the amplification of the full-length mdg4
in cell culture.

I t i s noteworthy that the sizes of Bglll and Xhol rest-
r ic ts (other than 7 kb long) binding the label in fly DNA do
not coincide one with another. Therefore, their appearance
does not result from simple deletions or insertions in the
body of mdg4. The most probable explanation is that the genome
has a heterogeneous set of sequences homologous to different
parts of mdg4. Indeed, one can see a number of non-coinciding

bands after the hybridization of Belli (Xhol) restricted DNA
32to different J P-labeled mdg4 fragments.
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The presence of additional (other than 7.0 kb long) rest-

riction fragments binding the label may also be due to strong-

ly diverged mdg4 copies. The non-coincidence between the bands

in Bglll and Xhol digests can be explained by the heterogenei-

ty in the terminal repeats.

Additional hybridization bands coinciding in the blots

after Bglll and Xhol restriction were obtained in the DNA

from culture cells. They appeared to be produced by deletions

or insertions in mdg4 during the in vitro cultivation of cells

and mdg4 amplification.

4. Underreplication of several sequences hybridizing to

mdpft- during polytenization

As mentioned above, mdg4 M A always hybridized to the

chromocenter which is known to be underreplicated. Therefore,

it was of interest to compare the hybridization of mdg4 DNA

to the Southern blots containing the DNA prepared from

embryos, adult flies and larval salivary glands.

The DNA was restricted with BamHI endonuclease since the

cloned mdg4 copies possess no sites for this enzyme. The

amounts of DNA in all the samples were approximately the same.

As probe, the 7 kb Xhol fragment was used.

Not only strong hands, but also weak ones can be seen in

Fig. 3 presenting the results of these experiments. The in-

tensity of some of them sharply decreases in the salivary

gland DNA, i.e. in polytene chromosomes. This fact indicates

that the corresponding DNA is underreplicated during poly-

teinization and allows to associate some weak bands with the

sequences localized in the centromeres. The decrease of in-

tensity of some strong bands in polytene chromosomal DNA may

reflect the localization of some mdg4 copies in close to

chromocenter regions (see Table 1).

5. Only one mdfi4 variant is amplified in cell culture (strain

67J25D)

The restriction pattern is shown to be similar for diffe-

rent copies of the same mdg family in D. melanoRaster /1, 8,

21/. This is also true of the copies that appear during ampli-

fication in culture cells. However, there exist some excep-
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0 1
32

P-labeled Xhol fragment to Southern
blot containing BamHI r e s t r i c t e d
D. melanomaster DNA iso la ted from (1)
embryos, (2) l a rva l sal ivary glands, (3 )
adult Oregon EC f l i e s . The BamHT r e s t r i c t e d
-* DHA was used as size markers.

5.5<i

tr

tions / 3 / . To analyse the situation with mdg4, we hybridized
Southern blots containing the DNA from ( i ) Oregon RC f l i e s ,
( i i ) £twa f l i e s , and ( i i i ) 67J25D culture ce l l s restricted
with Hindlll and Hindlll+EcoBI to either the ^2P-labeled
2.2 kb Hindlll-EcoEI or to the 3 2P-labeled 1.7 kb HindiII
fragment (Fig. 4 ) .

There appears a number of bands i f the UNA from f l i e s
i s restr icted with HindIII and some restrict ion fragments
hybridize to both the 1.7 kb and 2.2 kb - ^ - l a b e l e d mdg4
fragments and some of them hybridize only to one of tnem.
These observations correlate with those shown in Fig. 2. I t
should be mentioned that a l l strong bands corresponding to
the restr ict ion fragments which hybridize both to the 1.7 kb
and 2.2 kb mdg4 fragments are longer than 4.5 kb. Therefore,
these restr ic t ion fragments may represent ful l - length copies
of mdg4.
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i l l III
E a s a a a H B B 0 s

9.46—I

6.67

4.26

1.96 .

2.2

1.7

#. *i

gjg. 4. Hybridization of Dm111 ^-labeled Hindlll (a)
and vrinriTTT-'Rr.nRT (b) fragments to Southern blots containing
restricted. D. melanoRaster DNA isolated from (1) culture
cells, (2) Oregon RC flies, and (3) Rtw5 flies. The Hindlll
restricted X DNA was used as size markers.

There are much more Hindlll restriction fragments hybri-

dizing to the 2.2 kb mdg4- fragment in the DNA of culture cells

as compared to flies. Hence, a strong amplification of mdg4

does take place during the in vitro cultivation of culture

cells. (The quantity of DHA in all the samples was approxima-

tely the same.) It is interesting that the hybridization of

Hindlll restricted Drosophila DNA to the 1.7 kb mdg4 frag-

ment reveals a great difference between culture cells and

flies. In culture cells, a band corresponding to the 1.7 kb

mdg4 fragment is very strong whereas it is even weaker than

other bands in Oregon EC and £twa flies.

These data indicate that most of the mdg4 copies in flies

lack, a Hindlll site at the border line of two segments used

as probes. This site is present in two cloned mdg copies. In-

3716

D
ow

nloaded from
 https://academ

ic.oup.com
/nar/article/12/8/3707/2358636 by guest on 18 April 2024



Nucleic Acids Research

deed, if UNA from flies is restricted with Hindlll and EcoEI,

both probes hybridize predominantly to a 3«9 kb band corres-

ponding to the sum of two segments (see also Fig. 1). On the

other hand, hybridization to the 1.7 kb and 2.2 kb bands is

poor.

On the contrary, for the DNA from culture cells, the main

hybridization bands coincide with the 1.7 kb and 2.2 kb bands.

The intensity of the 3^9 kb band is very weak. One may con-

clude that most of mdg4 copies in the animal genome do not

contain a Hindlll site within the 3-9 kb segment whereas only

the copy (copies) containing this site amplifies during the

cultivation in vitro.

Finally, if one compares blots of genomic UNA from diffe-

rent Drosophila melanoRaster strains and from culture cells,

one can see several common bands possibly corresponding either

to strongly diverged mdg4 copies or to sequences partly rela-

ted to mdg4. They might be unable to transpose.

6. The nucleotide sequence of mdR4 LTRs and the flnniHnp;

regions

Pigs. 5 and 6 present the nucleotide sequence of LTEs and

flanking s e quenc e s.

The following conclusions can be drawn when analysing LTH

sequences and the adjacent areas, (i) The sequenced regions of

two mdg4 copies containing four LTEs under study are comple-

tely identical. No base changes were detected in the sequenced

parts of the mdg4 body either, (ii) The mdg4 sequences are

flanked with short dixect repeats 4 bp long that differ in

two clones (TATA and TACA). (iii) The length of LTE elements

in mdg4 is 479 bp. (iv) In contrast to the major part of other

mdg elements, mdg4 LTEs like 297 and 17.6 /22/ do not contain

characteristics TG...CA nucleotides at their ends. Instead of

them, the dimicleotides AG...TT were detected, (v) Inverted

mismatched repeats 5 bp long are located at the ends of each

LTE element, (vi) Within LTEs, one can find regions similar

to TATA boxes which are considered as signals for transcrip-

tion and termination signals (positions 254-259, 278-279. 296-

299) /23i 24/ are present, (vii) A sequence partially comple-
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10

80
AATTOOGTIC

150
CTTCaCGCTG

2O 30 40

TMCAMBIA TTOCTTOGEA GCMCIMGr

90 100 110
AftOGCTOCM; OOSMGAATG CCT3GCSG03

160
CAAGAAATOC '

170 180

220 230 2 4 0 250
AKU.T1U1U1'

290

360
QOOQQOGftM

430
AM3BTCICTA

300
CaTCMTCTT

370
TCAMDOCIC

440
SCCEdQG

310 320
CTTWTC7CA MCAAMOQC

380 390
CMCCTMOC TCCXTPMCA

450 460
AAMWOTA ML'lt-'lUUNX

50 60 76
Mcrrrorsr GAMSMGCT GMIICUOCAG

120 130 14O
GMfCCTGfC JCnCCTBOC QQGBGIGTTC

190 200 210
OGGOOOGHIG CMTOCT03A GOGEAMCIT

260 270 280
03WffiAA?C CJOGCTIGC TOOGGCTCftT

330 340 350
TM0Q3CKA MGCraGTGA TRHTASCIAA

400 410 420
GTOICIAMA O3RM3CICW3 OGRASfflSGG

470 480

1 2 4 2 LTR2

K 5. Nudeotide sequences of mdg4 LTEs present in
Ito111~anam112 clones (a) and schematic presentation of
mdg4 LTEs.and flanking sequences (b).
1 - duplication of host MA; (2) mismatched inverted repeat;
3 - region of partially homology to tENApyS; 4 _ purine-rich
region.

KSTO

ACCGCGCCOUGCACCCCGAG-CUUGGGOO (25)

ml94 TCCCGCCCAACCAAC-AATCTCAACCCAC

412,mdg1 TCCCGACCGTGACA (24,27)

IOTTV TCCCCCCCGAACACGGAC (2B)

SBV TGGGGGCTCGTCCGGGAT (31)

Rof.
HSV SGGGAATC (32)

•V1 AGGGGGAAATG (33)

AHV AGGGGGAAATG (34)

SHV AGTGGGGAATG (31)

UtTV AGSGGGAAATG (35)

412 GGAGGCACATG (27)

mdgi GGAGGCAGATO 126)

I>lg4 GGGGGGASTAG

297 GAAGGGGAGTG 122)

17.6 CAAGGGAACTG (22)

Fig. 6. Sequences immediately adjacent to the mdg4
LTEs tAJ and comparison of sequences in the zones of possible
tENA primer binding sites (B) and purine-rich sequences (C)
for mdg4, tENAjy8 , several mdg elements and proretroviruses.

Duplications of host DNA are underlined with two lines,
dotted lines indicate inverted repeats at the ends of LTEs.
The sequences shown with a wave and dashed lines desig-
nate possible tENA primer binding sites and purine-rich
sequences.
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mentary to that of D. melanogaster tBNAs (tENA^78) /25/ exists
in the region of the mdg4 body immediately adjacent to the left
LTE. (viii) An oligopurine stretch ( GGGGG<iAGTAG ) is located at
the opposite end of the mdg4 body neighbouring the internal
end of the right LTE.

DISCUSSION
The described properties of mdg4 show that this transposon

is a typical mdg element similar in its organization to mdgi,
mdg3, Dm412 and copia /1-5, 7-10/. This follows, first of all,
from its variable localization in chromosomes revealed by the
in situ hybridization to polytene chromosomes of different
Drosophila melanoRaster strains and from the analysis of its
general structure and organization in Drosophila genome.

The organization of mdg4 termini is quite similar to that
of several other LTEs sequenced such as mdgi /26/ and Dm412
/27/. Mdg4 is flanked with 4 bp repeats different in two
copies which should correspond to a duplication of the target
sequence. The ends of the LTE form a mismatched inverted re-
peat (Pigs. 5» 6). No base changes can be detected in two
LTEs of the same mdg copy.

However, some properties of this element are peculiar.
Many of mdg4 copies have been shown to be truncated or highly
diverged sequences. Part of them may be localized in the cent-
romeric regions of chromosomes. Indeed, the in situ hybridiza-
tion data obtained in this research and also by Modolell ejb
al./12/ demonstrate that there are sequences homologous to
mdg4 chromocenters of different D. melanoRaster strains.

Sequences close to the centromeres are known to be under-
replicated in polytene chromosomes. Hence, BamHI restuicted
Drosophila DNAs isolated from flies and from salivary glands
hybridize to mdg4 differently. In the case of the DNA from
salivary glands, some bands (commonly the weak ones) are ab-
sent.

Sequences more or less homologous to different mdg4 frag-
ments are located not only in centromeric regions but, appa-
rently, throughout the genome. They look like weak bands on
Southern blots. The intensity of theix hybridization to mdg4
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varies in different experiments, possibly due to their incom-
plete homology to mdg4 fragments.

The analysis of genome DNA blots demonstrates the exis-
tence of two variants of full—length. mdg4 copies differing
greatly in their properties. The only structural discrepancy
between these two mdg4 copies revealed in our experiments is
the existence in one of them the Hindlll-site in the middle
of mdg4. Recently, it has been confirmed by cloning of mdg4
copies from D. melanoKaster flies' DNA. The major part of
full-length mdg4 copies do not contain the facultative Hindlll-
site while all the other restriction sites are just the same
as shown in Pig. 1 (unpublished data). We suggest that only
the copies that contain a facultative Hindlll-site can trans-
pose and amplify in culture cells. Indeed, the analysis of
Hindlll-restricted DNA isolated from D. melanosaster culture
cells, strain 67J25D, frozen at different steps of a 15 year
in vitro cultivation shown that there occurred an explosion-
like amplification of the mdg4 copy (copies) containing the
facultative Hindlll-site. Thus, on Southern blots containing
UNA from earlier passages the band corresponding to the 1.7 kb
mdg4 fragments was just like others and the pattern of hybri-
dization looked like that for flies (Fig. 4a, slot 2, 3). On
Southern blots containing the DNA from later passages, this
band became much more intensive while the intensity of other
bands remained the same, and the pattern resembled Pig. 4a,
slot 1 (paper in preparation).

Besides, LTRs sequencing of two cloned mdg4 copies re-
vealed their identical structure while a difference in the
LTE sequence of the members belonging to one and the same mdg
family usually makes up several percent. Therefore, we suggest
that both cloned copies of mdg4 originated from one copy
during the in vitro cultivation of Drosophila cells.

It is of interest that all other so far mdg4 copies are
reported to contain the middle Hindlll-site• However, it
should be taken into account that, in all these cases, the
investigators employed mdg4 in order to isolate structural
genes using the system of insertion mutagenesis /12, 13/.

These facts confirm the viewpoint that only one
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variant of mdg4 containing a facultative Hindlll-site can
transpose.

LTRs sequencing has also revealed some peculiar features
of this transposable element. One of them - the identical
LTRs1 structure of different mdg4 copies - is mentioned above.
Another peculiarity is that no TG...CA sequences were detec-
ted at mdg4 LTR termini. Also, in contrast to other mdg ele-
ments no perfect inverted repeats (even short ones) were
found at the LIE ends. However, mdg4 transposes quite readily
suggesting that GT...CA and a perfect symmetry at the ends of
mdg are not obligatory for transposition.

Similar to mdgi and Dm412 (mdg2), mdg4 contains a stretch
partially complementary to one of tENAs, i.e. tBNAr78 27 nuc-
leotides in length (Fig. 6). First eight nucleotides are the
same as in mdgi, Dm412, and MMTV /26-28/. Sequence TGG can
hybridize to the CCA end of any tENA. This T is the last
nucleotide of mdg4 LTE differing in this respect from mdgi
and Dm412(it is adjacent to LTE there) and from retroviral
proviruses (it is separated from LTE by two nucleotides in
this case) /27/. An oligopurine stretch is located at the
other end of the mdg4 body just before LTE, again, similarly
to mdg1,Dm412, and retroviral proviruses (Fig. 6c).

All the mentioned sequences serve in retroviruses as sites
for reverse transcription of a M A copy. They may play the
same role in the case of mdg elements including mdg4. Becent-
ly, the extrachromosomal circular DNA molecules with mdg ele-
ment copia have been detected /29/, the ENA of copia being
found in retrovirus-like particles /30/. Besides, we have ob-
served that in addition to copia other mdg elements (mdgi,
mdg3 and mdg4) possess a circular extrachromosomal counterpart
in D. melanogaster cultured cells (in press). Our structural
studies on different mdg circular copies suggest that the
amplification and the following integration of mdgs may be
due to the reverse transcription of ENAs transcribed on mdg
DNA. In this connection, it may be thought that that only the
copy (copies) containing a facultative HindiIl-site can be
transcribed. We believe that further studies along these lines
are of great interest.
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