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ABSTRACT We have isolated the gene coding for the
Drosophila type II DNA topoisomerase by immunochemically
screening a Drosophila cDNA library constructed with a phage
X expression vector, Xgtll. The identity of the cloned gene is
confirmed by the analysis of an antigenic fusion protein
produced in Escherichia coli and by the in vitro translation of
its RNA. The gene is 5.1 kilobases in length, the expected size
for a gene encoding topoisomerase II (Mr 170,000), and it is
divided into five exons. By in situ hybridization to the polytene
chromosomes from salivary glands, we have mapped it to
chromosome 2L at 37D.

in the chromatin domains where genes are actively tran-
scribed (see recent reviews in refs. 4 and 13).
We are interested in the function of Drosophila DNA

topoisomerase II and in establishing a molecular genetic system
to rigorously analyze its functions during Drosophila develop-
ment. Using antibody against topoisomerase II, we have
screened a Drosophila cDNA library for the production of
antigenic determinants in E. coli. We isolated the gene encoding
Drosophila topoisomerase II and analyzed its structure. In this
paper, we also report the results of cytogenetic mapping of this
gene in Drosophila chromosomes.

DNA and chromatin in cells are likely to undergo many
structural changes during the cell cycle. DNA topoisomer-
ases are a class of enzymes that can mediate these structural
changes in response to various functional needs of the
chromosomes (for recent reviews, see refs. 1-4). Topoiso-
merases catalyze the interconversion of DNA topoisomers
by reversibly breaking phosphodiester bonds in DNA. Two
types of these enzymes are known, and both are ubiquitous
in nature. Type I DNA topoisomerases work by transiently
breaking one strand at a time, whereas type II enzymes
mediate the passage of a segment of DNA through a revers-
ible double-strand break. In bacteria, three genetic loci
encoding topoisomerases are known: topA encodes topoiso-
merase I (o protein) and gyrA and gyrB encode gyrase.
Topoisomerase III is another type I enzyme in Escherichia
coli (5), and its genetic locus has yet to be mapped. With the
combination of biochemistry and genetics, the functions of
DNA topoisomerases in bacteria have been analyzed in
detail. They are involved in essentially all aspects of DNA
metabolism, including replication, transcription, recombina-
tion, repair, and transposition (2-6). In recent years the genes
encoding type I and type II topoisomerases have been
identified in yeast (7-11). It is clear that TOPI (coding for
topoisomerase I) is not essential for yeast growth, whereas
TOP2 (coding for topoisomerase II) is an essential gene and
is required specifically at the time of mitosis, most likely in
the step of segregating intertwined daughter chromosomes (7,
12). There is, however, evidence suggesting that TOP2 is also
involved in other aspects of chromosomal functions during
the cell cycle in addition to mitosis. Although the TOP]
mutation does not alter yeast growth, conditions under which
TOP] and TOP2 are rendered inactive result in immediate
growth arrest and eventual killing of yeast cells (9-11).
Therefore, both types of topoisomerases have complemen-
tary roles in modulating the necessary chromatin structure
changes during cellular growth. There is also increasing
evidence suggesting that the eukaryotic topoisomerase II
may play an active role, such as generating DNA supercoils,

MATERIALS AND METHODS
Construction of cDNA Library and Immunological Screen-

ing. Total poly(A)+ RNA was isolated from Drosophila
embryos. The first- and second-strand cDNA was synthe-
sized according to a published procedure (14, 15). Following
the addition of EcoRI linkers and digestion with EcoRI
restriction endonuclease, the cDNAs were inserted in the
single EcoRI cleavage site of Xgtll expression vector (16).
When the packaged cDNA library was plated in the presence
of 5-bromo-4-chloro-3-indolyl ,-D-galactoside, 95% of the
plaques formed colorless plaques because of the inactivation
of lacZ by inserted cDNA fragments. DNA was isolated from
19 randomly chosen plaques and analyzed by EcoRI diges-
tion. Nine of 19 contained inserts, the average size being
about 800 base pairs (bp).

Screening of the Xgtll cDNA library was carried out as
described (17). Antitopoisomerase II antibodies were
preabsorbed with filter-immobilized total proteins from E.
coli Y1090 lysate. This treatment resulted in removal of most
anticoliform antibodies and gave significantly lower back-
ground in subsequent screening of plaques.

Analysis of Antigenic Fusion Proteins. E. coli Y1089 and its
lysogen containing A3cl were grown in LB medium supple-
mented with 50 jig of ampicillin per ml at 32°C until cell density
reached 5 x 106. The cells were induced by shifting the
temperature to 42°C and the addition of 10 mM isopropyl
/3-D-thiogalactoside (IPTG). After an induction period of 15
min, the cells were incubated at 38°C for another 30 min and
then harvested by centrifugation. The proteins in cell pellets
were separated by NaDodSO4/PAGE (18). The immunological
activity of these proteins was analyzed by transferring them
electrophoretically to a sheet of nitrocellulose membrane (19)
and detecting the antigenic species by means of "I51-labeled
protein A or peroxidase-conjugated second antibody.

In Vitro Translation and Immunoprecipitation. Templates
for in vitro translation were prepared by in vitro transcription
of cloned topoisomerase genes using phage SP6 or T7 RNA
polymerase (19). Sense-strand template was transcribed with
phage T7 RNA polymerase from the cDNA clone pGFcl,
which had been linearized in the 3' polylinker with Xba I.

Abbreviations: kb, kilobase(s); IPTG, isopropyl /3-D-thiogalactoside;
bp, base pair(s).

3664

The publication costs of this article were defrayed in part by page charge
payment. This article must therefore be hereby marked "advertisement"
in accordance with 18 U.S.C. §1734 solely to indicate this fact.



Proc. Natl. Acad. Sci. USA 83 (1986) 3665

Reaction conditions were 40 mM Tris HCl (pH 7.8), 6 mM
MgCl2, 20 mM dithiothreitol, 2 mM spermidine, 0.5 mM
(four) ribonucleoside triphosphates, 20 ptg of DNA per ml,
1200 units of RNasin (Promega Biotec, Madison, WI) per ml,
1000 units of T7 RNA polymerase (United States Biochem-
ical, Cleveland, OH) per ml, and 100 AtCi of [a-32P]ATP per
ml (1 Ci = 37 GBq) at 370C for 2 hr. Anti-sense RNA was
prepared by cleaving pGFcl in the 5' noncoding region with
Mlu I. Transcription of this template with purified SP6 RNA
polymerase (Promega Biotec) was performed according to
manufacturer's recommendations. Messenger-sense RNA
was also transcribed with purified SP6 polymerase from the
genomic clone pPX5.6, which had been cleaved in the 3'
polylinker with Xba I. The size of these templates was
determined on formaldehyde/agarose gels (20).
Template RNAs were translated in nuclease-treated rabbit

reticulocyte lysates (Promega Biotec) under conditions rec-
ommended by the manufacturer. The final concentration of
template was 10 ,ug/ml. Proteins were labeled with [35S]me-
thionine and visualized by autoradiography of NaDodSO4/
polyacrylamide gels. For immunoprecipitations, 5 ,ul of the
translation reaction was added to 100 Al of binding buffer
containing 25 mM Hepes (pH 7.6), 0.1 mM EDTA, 100 mM
KCl, 1 mM phenylmethylsulfonyl fluoride, 2% Triton X-100,
and 0.1% NaDodSO4. Antitopoisomerase antibody was add-
ed to a final concentration of 68 ,g/ml. After 5 hr of mixing
at room temperature, 20 ,ul of protein A-Sepharose (Phar-
macia) was added. After 5 additional hr of mixing at room
temperature, the protein A-Sepharose-bound material was
collected by centrifugation, and pellets were washed five
times with 0.5 ml of binding buffer. Bound material was
eluted by boiling 3 min in gel sample buffer (2%
NaDodSO4/100 mM dithiothreitol/50 mM Tris HCl, pH
6.8/10% glycerol/0.01% bromophenol blue), and samples
were loaded directly onto NaDodSO4/polyacrylamide gels.

S1 Nuclease Digestion. Poly(A)+ embryo RNA (3.8 ,ug) (or
yeast tRNA for controls) was precipitated by ethanol along
with 0.1 ,ug ofpPX5.6 that had been digested with Cla I orBgl
II. The precipitate was resuspended in 15 ,ul of 80% forma-
mide/40 mM Pipes, pH 6.4/0.4 M NaCl/1 mM EDTA.
Digestion by S1 nuclease was carried out as described (21, 22)
with some modification. After digestion the samples were
fractionated in a 1.2% alkaline agarose gel, transferred to a
nylon membrane filter, and hybridized with various labeled
probes.

In Situ Hybridization. Late third instar larval salivary
glands were squashed on slides that had been treated with
Denhardt's solution (0.02% polyvinylpyrrolidone/0.02%
Ficoll/0.02% bovine serum albumin). Biotinylated probes
were prepared by nick-translation with biotin-11-dUTP (ref.
37; Bethesda Research Laboratories) and were purified by
isopropanol precipitation. Each slide was hybridized with 100
ng of probe in 20 A.1 of a buffer containing 0.3 M NaCl, 30 mM
sodium citrate, 10 mM sodium phosphate (pH 7.0), 50%
formamide, 10% dextran sulfate, 0.5 mg of salmon sperm
DNA per ml, and 0.5 mg of yeast tRNA per ml. Hybridiza-
tions were performed overnight at 37°C in a humid chamber.
Slides were washed and the probe was detected with avidin-
peroxidase complex (Enzo Detek-I hrp) according to the
manufacturer's instructions. Slides were stained with Giemsa
and photographed by phase-contrast on a Zeiss photomicro-
scope III with Panatomic-X film.

RESULTS
Isolation of the Gene Encoding DNA Topoisomerase I from

Drosophila. We first constructed a Drosophila cDNA library
using the expression vector system of Xgtll (16, 17). With
monospecific antibodies against topoisomerase II (23), we
screened the library for the production of antigenic determi-

nants in E. coli. Of 5 X 106 plaques screened, five indepen-
dent recombinant phages reproducibly yielded positive im-
munochemical signals throughout various plaque purification
cycles and with different preparations of monospecific anti-
bodies. All five recombinant phages contain inserts with sizes
between 1.3 and 1.5 kilobases (kb). Southern blot hybridiza-
tion analysis and restriction endonuclease digestion experi-
ments indicated that the insert sequences are homologous to
each other.
To further characterize these recombinant phages, the

production of their fusion proteins was analyzed. We first
lysogenized E. coli Y1089 with these phages. From these
lysogens the phages were thermally induced, and expression
of the cloned sequence under the control of lac promoter was
activated by the addition of IPTG (16). The proteins from
these cells were analyzed by NaDodSO4/PAGE (17) and
immunoblots (18, 24). Fig. 1 shows the results with one ofthe
topoisomerase II-clone candidates, X3cl. With induction by
temperature and IPTG, E. coli cells lysogenic for X3cl
produced a series of proteins that are antigenic toward
antitopoisomerase antibodies (Fig. 1, lanes 4 and 12). The Mr
of the largest of these antigenic polypeptides is 167,000,
consistent with it being a fusion between f3-galactosidase (Mr
114,000) and a polypeptide of Mr 53,000 produced from the
1.45-kb insert in X3cl.
The smaller, induced, antigenic polypeptides are likely

generated from the larger one by partial proteolysis, since
their yields increase during prolonged storage ofthese protein
extracts. We have also isolated the fraction of antibodies that
can bind specifically to these fusion proteins and demon-
strated that these affinity-purified antibodies can also bind
specifically with Drosophila topoisomerase II (data not
shown). Therefore, X3cl and its homologous recombinant
phages likely contain an inserted segment ofDNA sequence
encoding part of topoisomerase II in Drosophila.
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FIG. 1. Induction of the synthesis of antigenic fusion proteins in
X3cl lysogen. Total proteins from E. coli Y1089 and its X3cl lysogen
were isolated and analyzed by NaDodSO4/PAGE. An identical
triplicate of the gel either was stained with Coomassie blue (lanes
1-4) or transferred to a sheet of nitrocellulose membrane and
subsequently treated with antitopoisomerase II antibodies (lanes
9-12) or preimmune antibodies (lanes 5-8). The immunoblots were
processed to detect the antigenic polypeptides. Lanes 1, 5, and 9 and
lanes 2, 6, and 10 show the samples from Y1089 before and after
induction, respectively. Lanes 3, 7, and 11Sand lanes 4, 8, and 12
show the samples from the lysogen before and after the identical
induction conditions. The bars beside lanes 4 and 12 indicate the
major antigenic polypeptides.

Biochemistry: Nolan et al.
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Structure of the TOP2 Gene and Its Transcript. Purified
Drosophila topoisomerase II is a homodimer of polypeptides
with size ofMr 170,000(23, 25). Using X3cl as a hybridization
probe, the size of TOP2 mRNA was determined to be 5.1 kb
(Fig. 2), very close to the size predicted from polypeptide
length. The cloned insert in X3cl therefore represents only a
portion (about 30%) at the 3' end of TOP2 cDNA (Fig. 3).
We isolated several recombinant XEMBL4 phages (26)

containing overlapping Drosophila genomic DNA sequences
that are homologous to the X3cl insert. Some of these
genomic clones, X102, X106, and X107, are shown in Fig. 3.
Ufsing various restriction fragments generated from these
genomic clones as hybridization probes, thR coding region for
TOP2 RNA was mapped between the restriction sites of Bgl
II and EcoRI (from map coordinates -1 to 6.6 in Fig. 3). This
region represents a length of =7 kb, which is significantly
larger than the size of TOP2 mRNA, thus suggesting the
presence of intervening sequences in the TOP2 gene. To
further characterize the gene structure we proceeded to
isolate full-length cDNA from our Xgtll-Dm cDNA library.
We screened about 3 x 106 plaques with a radioactively
labeled probe generated from a BamHI/EcoRI restriction
fragment (from map coordinates 1.5 to 3.3 in Fig. 3) using the
plaque hybridization procedure (27). Six recombinant phages
were recovered and all of them contain an apparently
identical insert, 5.1 kb in length, corresponding to the size of
TOP2 mRNA. The size of the inserts in these recombinant
phages suggests that they contain most, if not all, of the
cDNA sequence from TOP2. One of them, XFc1 (Fig. 3), was
further characterized. It has a tract ofdA/dT at the end of the
insert and shares the same sequence as the X3cl sequence. By
comparing the genomic DNA sequence in this region with
that of cloned cDNA using restriction enzyme digestion and
nucleotide sequence analysis (data not shown), we concluded
that TOP2 RNA is encoded by five exons (Fig. 3). The largest
intron is about 1 kb in length, whereas the other three introns
are <100 bp in length.

* -.-5.1kb

FIG. 2. RNA transfer blot hybridization of the topoisomerase II
transcript. Total poly(A)+ RNA from Drosophila was fractionated in
a 1% agarose gel containing formaldehyde, electrophoretically trans-
ferred to a nylon membrane, and probed by radioactively labeled
pGFcl, a plasmid DNA containing the insert from XFcl. The
molecular weight of TOP2 mRNA was determined through compar-
ison with RNA size markers generated by transcribing cloned DNA
sequences with phage SP6 RNA polymerase.
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FIG. 3. Restriction map of cDNA and genomic DNA clones
containing Drosophila TOP2. The following restriction sites were
mapped: Sal I (S), Pst I (P), Mlu I (M), Bgl II (Bg), BamHI (B), and
EcoRI (R). XFcl and X3cl are cDNA clones and X102, X106, and X107
are from genomic clones. pPX5.6 was constructed from X102 and
X107. The bars and lines beside these clones indicate the span of the
cloned region, whereas the open end of the line indicates the end is
mapped to a region beyond the map shown here. The boxes denote
the exons of TOP2. An stands for the poly(A) end, determined from
nucleotide sequence analysis, in cDNA clones.

The intron-exon structure was further confirmed by S1
nuclease digestion analysis (28) of the TOP2 message. Plas-
mid pPX5.6 DNA, which contains all but the first exon of the
TOP2 transcript (from the Pst I site at 0.8 to EcoRI at 6.8, Fig.
3), was cut with Cla I or Bgl II (Fig. 4a). This unlabeled DNA
was hybridized to Drosophila embryo poly(A)+ RNA, di-
gested with S1 nuclease, and fractionated by alkaline agarose
gel electrophoresis. The DNA was transferred to a nylon
membrane and sequentially probed with various labeled
DNAs.

Fig. 4a shows the DNA fragments used for S1 nuclease
protection as well as the labeled probes used to detect the
protected sequences on the blot in this analysis. Fig. 4b
shows the autoradiographic result for each of these probes.
For A, B, and C, only the protection of Cla I fragments is
shown; for probe D, Cla I and Bgl II are shown. Probe A is
the full-length cDNA, which detects bands at 3100, 600, and
400 bp protected by message in lane 1; no bands are seen in
lane 2 (no message). The intensity ofthe 600-bp band suggests
that it is an unresolved doublet. Only the 3100-bp exon is
detected with probe B; probe C detects this exon as well as
a 600-bp band, which must be derived from sequences
between the Sal I site and the external EcoRI site. Although
probe D (a Bgl II fragment from coordinates 1.7 to 3.0) does
not cover the Sal I to EcoPJ region, it hybridizes to a 600-bp
exon, which must, then, be different from the one detected
with probe C. In addition, probe D hybridizes to the 400-bp
and 3100-bp exons. Lanes 3 and 4 for probe D are S1
protection experiments using Bgl II fragments. A 1300-bp
band caused by renaturation of an unlabeled protection
fragment is seen in the control and message lanes. A broad
band of about 400 bp is protected by message in lane 3. This
results from the clipping of one of the 600-bp exons and the
3100-bp exon by Bgl II. Probe D detects only the intact 400-bp
exon and the 350- to 400-bp segments cut by Bgl II from the
exons flanking it.
From this information, we can unambiguously map the

order and location of all of the exons of pPX5.6. The 5' end
ofthe gene was mapped by S1 nuclease protection and primer
extension techniques; it is mapped within 20 nucleotides from
the 5' end of the XFcl insert (data not shown). All splice sites
predicted by S1 nuclease have been confirmed by DNA
sequencing. Since Cla I cuts 100 bp upstream of the poly(A)
addition site, the size of the last exon is 700 bp, instead of the
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FIG. 4. S1 nuclease map of the TOP2 transcript. (a) Schematic
diagrams showing the physical locations of various probes used. "S1
Protection Fragments" indicate the unlabeled DNA used in the S1
nuclease reactions. Blot probes A-D are the labeled sequences used
to detect the protected fragments on the blot. Probe A, full-length
cDNA; probe B, internal EcoRI to Sal I; probe C, internal EcoRI to
external EcoRI; probe D, Bgl II to Bgl II. (b) Autoradiographs of S1
digestion blots probed with the fragments shown in a. Unlabeled Cla
I- or Bgl Il-digested pPX5.6 was hybridized to RNA, S1 nuclease
digested, run on an alkaline agarose gel, and blotted. The same blot
was then probed with labeled DNA, autoradiographed, stripped, and
reprobed. Odd-numbered lanes contain poly(A)+ RNA; even-num-
bered lanes are controls (tRNA). Lanes 1 and 2, Cla I fragment
protection; lanes 3 and 4, Bgl II fragment protection.

600 bp indicated by protection of Cla I fragments from S1
digestion. The length of the first exon, determined from
sequence data, is about 230 bp. Therefore, the approximate
sizes of the exons in 5' to 3' order are 230, 600, 400, 3100, and
700 bp. These total 5000 bp, in good agreement with ourRNA
transfer blot hybridization result and the size of the full-
length cDNA.
In Vitro Translation of TOP2 RNA. To further confirm the

identity of our cloned Drosophila TOP2 gene and to establish
an in vitro expression system for future analysis of this gene,
we examined in vitro translation of TOP2 RNA. The cDNA
insert in XFcl was isolated and cloned in a plasmid vector so
the sense and anti-sense RNAs are transcribed from phage T7
and phage SP6 promoters, respectively. Sense and antisense
RNAs were transcribed with purified T7 or SP6 RNA
polymerase and translated in a rabbit reticulocyte lysate. In
control experiments with no exogenous RNA (Fig. 5, lane 2),
a single polypeptide with Mr 50,000 was synthesized. Trans-
lation of the sense RNA (Fig. 5, lane 1) gave polypeptides of
sizes ranging up to Mr 170,000, the same size as Drosophila
type II topoisomerase and the size expected from translation
of a 5.1-kb RNA. Premature termination or internal initiation
probably accounts for the synthesis of the smaller peptides.
The Mr 170,000 polypeptide and a few smaller ones were
recognized by antitopoisomerase II antibody and can be
purified by immunoprecipitation (Fig. 5, lane 7). The immu-
noprecipitation of these labeled polypeptides was abolished
by adding an excess of purified Drosophila topoisomerase II,
and they were not precipitated by preimmune antibody using
the same immunoprecipitation procedure (data not shown). It
is also interesting to note that, using an RNA generated from

IMMUNOPRE-
CIPITAT ION

FIG. 5. In vitro translation of high molecular weight products and
their specific immunoprecipitation by antitopoisomerase antibodies.
The [35S]methionine-labeled products of in vitro translation in rabbit
reticulocyte lysates were analyzed by autoradiography of NaDod-
S04/7.5% polyacrylamide gels. RNA templates in the translation
reactions: lanes 1 and 7, RNA transcribed in the message-sense
direction from the cDNA clone pGFc1; lanes 2 and 8, RNA
transcribed in the reverse-sense direction from pGFcl; lanes 3 and
9, RNA transcribed in the message-sense direction from genomic
clone pPX5.6; and lanes 4 and 10, no template. Lanes 1-4 are the
complete products of the translation reaction; lanes 7-10 are protein
products immunoprecipitated by antitopoisomerase antibodies and
protein A-Sepharose.

the insert ofpPX5.6 by SP6 RNA polymerase, the translation
products are much smaller than those made from sense TOP2
RNA (Fig. 5, lane 3). This is in accord with the presence of
introns in this DNA sequence.
Chromosomal Location of the TOP2 Gene. Determining the

cytogenetic location of the TOP2 gene is the first step toward
our goal in using a molecular genetic approach to analyze the
functions ofDNA topoisomerase II. To this end, we prepared
a biotinylated probe from p3cl, a plasmid DNA containing
the insert sequence from X3cl. This probe was used for in situ
hybridization to polytene chromosomes from salivary glands
(29). It is mapped to the wild-type (Oregon-R, P2) chromo-
some 2L at position 37D (Fig. 6). Using various fly strains
carrying different deletions in this region, the TOP2 location
was mapped to a cytogenetic region between 37D2 and 37D6
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FIG. 6. In situ hybridization of the TOP2 probe to polytene
chromosomes. Biotinylated p3cl DNA was hybridized to third instar
larval salivary glands and detected with avidin-peroxidase. The
arrow indicates the site of p3cl hybridization, 37D.
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(unpublished data). A detailed account of the cytogenetic
location of TOP2 will be presented elsewhere.

DISCUSSION
The topoisomerization reactions catalyzed by topoisomerase
II, like catenation/decatenation and knotting/unknotting of
circular duplex DNA, suggest that this class of enzymes may
play an important role in condensation, decondensation, and
segregation of chromosomes. Recent genetic studies on
the topoisomerase mutants in yeast demonstrated that
topoisomerase II is required to segregate topologically inter-
locked progeny chromosomes (7, 9, 12). However, the
difference in the phenotypes between TOP2 mutants and
TOP1/TOP2 double mutants suggests additional topoisomer-
ase II functions in modulating chromosome structures (9-11).
Other lines of evidence also implicate a functional role for
topoisomerase II in controlling chromosome structure.
Topoisomerase II is a major component in the nuclear matrix
of Drosophila cells (30) and in the scaffold of chicken
chromosomes (31). Topoisomerase II in the mitotic chromo-
somes is concentrated at the bases of radial loop domains
(32). The sequence specificity of the topoisomerase II cleav-
age reaction in DNA and chromatin (33, 34) also suggests
preferential location of this enzyme in certain domains of
eukaryotic chromosomes.
To establish a genetic system with which we can thorough-

ly analyze the functions of topoisomerase II during the
development of Drosophila, we isolated and characterized
the gene encoding Drosophila topoisomerase II. We con-
firmed the identity of the cloned gene by the following two
types of analysis. One is the immunochemical analysis on the
expression in E. coli of the fusion protein carrying the
carboxyl-terminal portion of topoisomerase II. The other
indicates that in vitro translation of TOP2 RNA resulted in the
production of polypeptides with sizes up to that of purified
topoisomerase II and these high molecular weight polypep-
tides could be specifically precipitated by antitopoisomerase
antibody. Furthermore, the size of TOP2 mRNA was mea-
sured to be 5.1 kb, consistent with the expected size of an
RNA coding for topoisomerase II (Mr 170,000). We have
isolated various overlapping genomic DNA clones containing
TOP2 and full-length cDNA clones. Detailed restriction
digestion analysis of these cloned DNAs and their nucleotide
sequence revealed that TOP2 is encoded by five exons. This
result was further confirmed by S1 nuclease protection
experiments. The largest intron in this gene is about 1 kb in
length and located near the 5' end of the gene, whereas the
other three are <100 bp in length.
The cytogenic location of TOP2 was mapped to chromo-

some 2L at 37D. A meiotic drive mutation Sd (segregation
distorter) was also mapped to this region (35). Since this
mutant was isolated from the natural population (36), its
effect on the meiotic apparatus of Drosophila is not severe
enough to alter its viability. The phenotype of Sd indicates
that a male heterozygous for this gene will transmit the Sd
chromosome to the virtual exclusion of the Sd+ (wild-type
allele) chromosome. The molecular basis of segregation
distortion is not understood yet. It is plausible that DNA
topoisomerase might play a role in this phenomenon. The
physical proximity between Sd and TOP2 suggests that one
can now use cloned TOP2 as a starting point in chromosomal
walking to isolate the Sd gene and analyze its role in meiosis.
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