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ABSTRACT
Mdg3 i s a family of mobile d ispersed gene t ic elements r e -

presented by 15 copies in the haploid genome of D. melano-
gas t e r and flanked, l ike other s imi la r elements, by the r e -
gions of homology. In the present work, these regions of mdg3
have been sequenced. The exis tence of pe r f ec t d i r e c t r epea t s
268 base p a i r s long has been demonstrated. Inve r t ed repea ts
are loca ted on the gene d i s t a l s ide of them. I t i s poss ib le
to cons t ruc t a per fec t 8 b . p . palindrome or a s l i g h t l y mis-
matched 18 b . p . palindrome. The inve r t ed repea t s are flanked
by two short 5 b . p . d i rec t r e p e a t s .

INTRODUCTION

The exis tence of movable genet ic elements in the eukaryo-
t i c genome was known for many years / 1 / . However, t h e i r exten-
sive i nves t i ga t i on became poss ib le only a f t e r recombinant MA
techniques had been developed. Several fami l ies of mobile ge-
n e t i c elements dispersed throughout the whole genome (mobile
dispersed genes, or mdg) were discovered i n the genome of
D. melanoRaster /2-7A Recently, the s t r u c t u r a l organizat ion
and t r a n s c r i p t i o n pa t t e rns of one of them, mdg3, were s tudied
in d e t a i l / 8 , 9 / . Mdg3, " -5 .5 kb long, i s represen ted by~15
copies in the f l y genome and by 200-250 copies in tae genome
of cu l tu re c e l l s . Like other mdg elements / 3 / mdg3 i s framed
by two regions of sequence homology / 9 / . The l a t t e r may be i n -
volved i n the process of t r a n s p o s i t i o n and therefore the know-
ledge of their structure is important for understanding the
transposition mechanisms in eukaryotes.

In this work, the regions of homology at the ends of mdg3
nave been sequenced. I t has been shown that they are represent-
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ed by two perfect direct repeats 268 tup. long. In addition,

two short inverted and direct repeats have been detected at

the gene-distal sides of the above mentioned regions.

METHODS

I s o l a t i o n of p lasmid p38m. The o r i g i n a l hybr id p lasmid

p38 / 9 / c o n t a i n i n g t h e Dm38 D. melanoRaster DNA fragment w i t h

the r e g i o n s of homology was too l a r g e and i n c o n v e n i e n t f o r

sequencing. Taerefore, the insert isolated from p38 was cleav-

ed by a mixture of BaniHI and Eco3I, and fragments 2.8 kb long

were isolated and ligated to pBR322 DKA cleaved by a mixture of

EcoKL and BamHI. Ligation, transformation and colony hybridi-

zation were performed as described previously / ' / / . For colony

hybridization, the nicn-translated subfragments of Dm38 plas-

mid containing the regions of interest (see Pig. 1) were used

as probes. Among, the new plasmids thus obtained, a plasmid

designated as p38m (plasmid N38 mini) was shown to contain only

two terminal fragments carrying the sites of homology) (see

Fife. 1). This was used in further experiments.

The sequencing procedure. The method of Maxam and Gilbert

/10/ modified as described previously /11/ was used for sequenc

inf. 120 îg of p38m DKA was digested with Hinalll and then

treated with alkaline phospoatase (BAP?, V.'horthin£ton) at pH

8.6. DLIA was deproteinized, precipitated v/it:i pnenol, dissolv-

ed in 40 p.1 of 10 oi/i Tris.HCl, 1 mil iJDTA, pa" 8.0, heated for

2 min at 72°C, and incubated at 37°C for 30 min with 250

pmoles of y--^P-AT? (1000 Ci/mmole, Amersnam, and 20 units

of T4-polynucleotide kinase. After bei fi l tration tnrough Ge-

phadex G-50^?, the labeled IX.,t v:as cleaved with r.coi-1. The re-

salting i'rajnents were separated by electrophoresis in 4;* poly-

acrylamide ^el, eluced anc used for sequencing. One of those

-ients (0.45 ^D) v/oicn. s t i l l contained the label ai both

v/ac eluted aa-i tionally, cleaved by Bspl, and the subfrag-

s were sexxirated by electrophoresis in 5/° polyacrylamide

To confirm tne sequencing data for the L region (see be-

low;, a jiCo.J fra^itent 2.8 kb long was isolated fron 2.8 /o
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polyacrylamide gel, and cleaved with Sau3A. The resultant

fragment 0.8 kb long (the longest in the digest) was isolated,

labeled, cleaved with Bsp and the two fragments thus produced

were sequenced. This allowed us to obtain a more easily read-

able sequence ladder for the junction of direct and inverted

repeats (see below and Fig. 3).

After chemical cleavage, each series of products was frac-

tionated by electrophoresis in thin 40 cm 20% gel and in 80 cm

8% gel/22/.

RESULTS

The restriction map of mdg3 cloned in Dm38 plasmid is

presented in Fig. 1 (a,b). Almost the whole mdg3 is located

within tae Hizidlll fragment A. The terminal regions of sequence

homolotjy are arranged around the Hindlll sites /9A

For their sequencing, a new plasmid has been constructed

which s t i l l contained the EcoRI and EcoRI-BamHI fragments of

D(2.9) • CI3.0) • B(3.6) A(5.2)

ILL

(045)
Dm38

mdg3

R(2.8)

I l l IF Dm38m

(a) Toe
(j) Hue

0 1
j kb

1. i'he r e s t r i c t i on maps of Dn38 ana i>n38m D. melar.o-
Kaster fraynents cloned in pEF.322.

Ox original Ita38 cloned
part oi L«ii38 Dii.i c

. - , ..—x. of reclo-ioci Lin38m DIIA of JJ^

.•-. tr_ctio£x s i t e s : r BainHI, I Hindlll ,
..eijiona of nojiolouy | 1 . Transcribed

xL-i dirocoion ox" transcript ion > /9/.
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b r 1 T l L n V l l r i n T r L "n l r iCHTi f T . - . H T T C T C H T 1 i I •" "I i L T(_i C • 41 C . ILL i f

I ' I H M r .T f " ' i - i , f i I T , | I T I I H ; H H T T I I I ' I C
. Tu l ' H I T H H H I I I H I T . J T l H h 1 ! ! . ~5kb -Z

flfiCTTTGGGT T G T C H G C G H T HHGTCt.TTi.ri GiHHT^ , T H T C G T C C H T T T T G G H T T A T TflHTCCCftCT TCTGflGftTTT TPlGCCGCCGT TTfiCfiGflflGT
CCO rlCHGTCGCTH T T P H A J4GT C ' T T H I . T H I H HTrtGCflGGTft FlflHCCTflflTfl PlTTrtGGGTGH HGftCTCTHflfl ffTCGGCGGCFl flHTGTCTTCfl

• i • . • • t ,

i T._ T ,-, C T T ThbCTTGhTI CHHfHL.CGnr T C H C T G L T G C

T H H H T I U ' I M L C H H GTFGTCGCTG HL fCfiCGG1 G

r C i r i G C i , Gn1"jTGGl"GHr,

rGr tLMl f iT CTCrtCC'j fTL D

•KTC,r.,:Tr, THT.: ,H,TGTH Ti'iiHi" TTHTI", HI TOGHTTI G CTHTGTHTH I TinGGTHTCl

~T' "'"CHI" f.lH'. iCfiCitT HTTL&HHTH. T M T C T H H T L-HTHCHTHTT K I T L L H T H C H

THL [GH TT ' L I I i i
,, , .", . . - ' " , ' i t , ;T.HH IHGITLTGHH TCHGHGHHGC HHGCPGHTIG L T TTTTHHHG CJHTHI^GUH

, i l ' 1 . , , . i . ,,rr,TTr'HrT ulLGtlhHCTT HGTCTGTIC'. TTCGTC TriflC GHHHHHTUC G T T H T I L T T

Fijj. 2. The sequence ol the regions L and It of mdfe3-
The £ -sequences (268 b .p .J are underlined with one l i n e , the inverted repeats (18

.) with dotted l ine ..iid short direct repeats (5 b .p . ) with two l i n e s . In te rna l pa l in-
dromes or direct repeats are marked with arrows ( in L only). The symbol W indicates
Hindlll and Sau3a cleavage s i t e s tha t were labeled for the UNA sequence analys is .
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Dm38 UNA in pBE322, but the internal EcoRI fragment was de-

leted (Fig. 1c).

The sequences were read by the Maxam and Gilbert technique

in both directions from all of the three Hindlll sites as de-

scribed in Methods. Those located around the first and second

Hindlll restriction sites designated as L (left) and R (right)

sequences cover both regions of homology detected in the hy-

bridization experiments (compare with Fig. 1). They are shown

in Figs. 2 and 3.

Both L and E regions contain exactly the same sequence of

268 b.p. in length which is oriented in the same direction.

Thus, mdg3 is framed by perfect direct repeats which we de-

signate as t -sequences (Fig. 2). On the gene distal sides of

£-sequences, one can find two sequences 18 b.p. long which

may be regarded as a mismatched palindrome (Fig. 3). The15 out

of 18 nucleotides can be paired. The longest continuous per-

fect inverted repeats consist of eight base pairs. In the L-

mdg3

-5 kb

268b»j«s A T 268bas«s

A-TT «=
I "A
T-A
A-T
C~G
G-C

A - ? c

vT-G
T-T-A

T-A
T

G C

AGAAG GAGAAG

. The demonstration of mismatched inverted repeats
on tiic mdg3-distal sides of £ -sequences.

base pairs are separated by — , GT hydrogen pair
bv • .
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- region, such a repeat immediately precedes the j? -sequence

whereas, in the h-region, i t is separated from the £ by one

base pa i r . In t h e i r turn, these 18 b .p . nonperfect repeats are

flanked with, short (5 b .p . ) direct repeats (Figs . 2, 3 ) .

Fig. 4 demonstrates the s t ruc tura l gels covering, the r e -

gions on the gene d i s t a l sides of long direct repea ts .

No homology could be detected beyond the described region

in any d i rec t ion .

,Ve also have sequenced about 200 oase pai rs in the region

around the th i rd Hindlll r e s t r i c t i on s i t e . The sequenced area

i s located about 150 b.p. apart from the R-regian sequence.

Thus, i t does noi; belong, to mafe3- However, v/e present t h i s

sequence in Fig. 5 to demonstrate the existence of a pecul iar ,

extremely (A+TJ-rich sequence in z'ae genome of D. cielanokaster

not; far from the t a rge t s i t e for iiid&3 inser t ion .

DI3CU5&10K

In th is worx, we nave sequenced the regions of homology

located a t the ends of a mouile dispersed genetic elements in

D. iafclanohaster. Tne existence of airecu repeats a t tns t e r -

mini oi' -idg3 sufxestfad by previous hybridization experiments

/ 9 / has Deen proved by sequencing. The d i r e c repeat consis-

t ing of 2b8 ba^e pa i rs aie perfect , l.o mismatched nucleotides

.iave Dcen found. Th.3 absence Ox deviations indica tes tna t

e i ther C.T.L perfectne^s ox r e p t a t t a sequencer io onuer zae se-

lect-on precsuro oi t i aj.roct r^pjazz in a p jna ica lar loca-

te oi. ox' —UJ3 '•'•̂ -L'- formed ^utLwr recent ly , posLioly in the

course- oT u. r^cei.u ura-.^poc^tioii event.

IIK, bs.^L.icec copy of "cue :2 (̂j3 i'aiaily OL-I^HWIUS JroL 93C

r ^ ^ o . . o_ ^ . . elanOf.aci.er chrouOLonec. ?ai^ i . -a'- only region

bj -.. nich t.ie .LLnalli _ico_^ntb C anu J o_' y~}'4 j...v (^ee -j'iC- 1)

^c u/orioizo /cj/. Ho./ovur, onlj a. lev/ of inolvidualo ancly2.ua

.vi- n tne a i a 0-T in s i t u .\,'uri tii iia i,i on Liavo UC*.L. found to con-

Ouin auf:3 at in i t parLicalar s i t e Ox. u c.ixio...o£.oi1—. In rr.oLt

ca^sL, 9 i" r e^o i i aoes not aybridize to an 1̂0.̂ 3 probe. I t

v/o^Ia be in-ccresting to analyze the £ -sequences oi nidc3 co-

pies orioinatinij from tne other s i tea oi clirouosoines, xn par-

t i c u l a r from tne s i t e s where mdg3 i s usually located.
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G /WJ7VC c L
G A+G T+C C G>C G+A R

* * * W

• t *

I
A
A
T
C
Cr
6
C
6
6

A
A
A
T
6
T
C
T
T
C

TSW
—5*™* t

g
A
A
A
T

A
A
C
A
T
C
A
T
C
C
a
A
C
0
A
O
A
A
6
A

b±u. 4. The sequencing Ge-C deiiioiictrauint jtie existence
of short inverted aiiu direct repeats at the ends
of uag3.

lae lines G, A+0, i'+C, ana C indicate chemical reactions
according; »o /10, 11/ , ai-d G,>C, G+A ai-e those employing
diethylpyrocaibonate (<L.iCrayev, in preparation).
L-seqaence flanicintj tae left f was read from toe right
co tae left . I-.-sequ.ence flanxint, tiae ri£.ht If was read
froju "cae left to the rigat.
Che 5 nucleotide direct repeats and 18 nucieotide invert-
eu. repeats are marked by vevLical lines.

3269

D
ow

nloaded from
 https://academ

ic.oup.com
/nar/article/8/15/3263/1051253 by guest on 23 April 2024



O_

o'

AGTTTGTTGT TTGTTATGCA TAACGAGGAC GflTAAGTATG TTACAGTTTT AATTAAATTT TCAAAATATT TATCAAACTA AACAAGATAA AGAAATTCAA
TCAAACAACA ftACRflTflCGT ATTGCTCCTG CTATTCATAC AATGTCAHAA TTAATTTAAA flGTTTTOTftfl flTfiGTTTGftT TTGTTCTflTT TCTTTfiflGTT

Q.
in
J3

CTTTTCAfiCT GrthlTTTTTTT HTTTITITr f rTT:TTT'-
GflAAAGTTGft CTTAAfiAAAA TAAACHHHGA ri^HGHflHG

H T T C T P - H T T T C H T T I W C TTH&THCTGM ATTTTTCflAC TGfiHTTTCTT TATTTCTTTC
01'1MI.-AH1TH AHGTRHTTCG HATCftTCACT TAliAAAGTTG flCTTAAAGAA

TTTCTTAATT TTTTTTAAGC TAATTfiAPCT HCAhiCAG^C rtATTTATGAG ATACTTCCTC TGCTAATTTA TACGCTflGCT GCffAGTTTTO HfiCTTHCCCC
ApAGAATTAA AfiAAAATTCG ATTAA TTTGA TjTTIClCTf, ' " IAHHTACTC THTGAAGGAG ACGATTftrtAT ATGCGATCGA CGTTCAAAflT ITCftflTGGGC

TCGTGAGTCT CTGAAGAGGA TGGCTGCATG GTGTCCHTCC
AGCACTCAGA GPCTTCTCCT ACCG^CGTAC CACPCCTAGG

5. The AT-rich sequence around the third Hindlll site located outside
the indg3 region.

The symbol ^ indicates Hindlll cleavafc,-e site that was labeled for the DNA se-
quence analysis.
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The analysis of the \J -sequence reveals several short pa-

lindromes there as well as internal direct repeats (5—8 base

pairs in length) (see Pig. 2). Their significance remains un-

clear.

Previously, we found that the transcription of mdg3 was

terminated and possibly started within the £ -sequence /8, 9 A

Also the quasi-symmetric caaracter of transcription was de-

monstrated. Analysis of the £ -sequences allows one to find

several sites similar to the Hogness boxes and to the known

termination signals /12/ in both orientations. However, it is

impossible to deduce the real localization of the transcrip-

tion initiation and termination sites from the DNA sequence

data only. Additional experiments are necessary and these are

in progress now.

The most interesting observation is concerned with the

organization of gene distal termini in the regions of homology.

We found there mismatched inverted repeats 18 b.p. long flank-

ed with perfect direct repeats 5 b.p. long. Such a structure

(a non-perfect palindrome and direct repeats 5 or 9 b.p.long)

is typical of the ends of bacterial insertion sequences (IS)

and transposones /13-16/. The short direct repeats there ori-

ginate from the duplication of the genomic target sequence in-

to which a transposone is inserted. By analogy, we may suggest

the same origin for our 5 b.p. repeats but such a possibility

should be directly tested by sequencing the ends in other meii.-

bers of mdg3 family, as well as by studying the target sequerte

in flies witaout an ndg3 insertion in 93C region.

In bacterial cells, the mismatched inverted repeats are

parts of transposable elemenls /13, 14, 16, 18/. Their origin

in D. melano;-,aster is under investigation now.

It should be pointed out that the existence of long direct

repeats at the termi_ni of an inserted sequence is typical of

endogenous pro-retroviruses /19/. However, no details are

available so far about the sequence organization at the junc-

tion sites of the pro-retroviruses and the host genome. The

presence of similar long direct repeats in the mobile dispers-

ed genes of D. uelanpRaster /3. 20/ and yeast /21/ may indi-

cate tao close relationship betv/een these two types of genetic
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elements .

The au thors are g ra t e fu l to Prof. A.A.Bayev for va luab le

d i scuss ions and t o Drs. A . J a n u l a i t i s , A.Bocharov and P.Sub-

tsov for r e s t r i c t i o n enzyme p r e p a r a t i o n s .
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