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Summary: During studies on the enzymology of DNA replication in
mitochondria of Saccharomyces cerevisiae, a topoisomerase like activity
was detected for the first time. Crude extracts of mitoplast were found
to show enzyme activities which could both catenate and relax supercoiled
plasmid DNA. Chromeatography of the  mitoplast lysate on a
phosphocellulose column, using Tris-HCl (pH 7.5) buffer containing 0.6 M
NaCl as eluent, was found 10 yield a topoisomerase like activity capable
of relaxing supercouiled plasmid DNA (Fraction 1). This fraction was not
dependent on ATP for its activity. The other fraction eluting at 1M NaCl
showed predominantly catenating activity, which was found to be ATP
dependent. © 1994 Academic Press, Inc.

Topoisomerases are ubiquitous enzymes which catalyse the
interconversion of topological isomers of a DNA molecule by causing a
concerted breakage and religating of the DNA backbone (1). They have an
important role in functions relating to topological changes of DNA Dboth
during replication, transcription and recombination. They can relax,
catenate and decatenate DNA molecules. They are classified into 2 types
on the basis of ATP requirement and mechanism of strand breakage (either
double or single) and linking number change (2-5}.

In eukaryotes the information on topoisomerases 1is mostly
restricted to nuciear enzymes and recently this enzyme has been reported
and characterised from mammalian mitochondria (6). We present here the

evidence for topouisomerase like activity in yeast mitochondria.

MATERIALS AND METHODS

Strain and growth

Saccharomyces cerevisiae D 27310B napluid strain was used in
these studies. Cells were grown on YEPD medium aerobically to log
phase.
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Preparation of purified mitochondria

Crude mitochondria were prepared from 1log phase cells of S.
cerevisiae using previously publisned procedure (7). Crude mitochondria
were then purified by centrifugation at 25000 rpm on a discontinuous
sucrose density gradient for two hrs using an SW 28 rotor (8).

Assay of topoisomerase

The standard assay for topuisomerase activity was carried ourt
according to Castora and Kelly (Y9). Reaction mixture (20 }11) contained 25
mM Tris HC1 pH 8, 40 mM KCl, 1 mM EDTA, 0.5 mM DTT, 30 Pg/ml BSA,
0.5 pg pUC 19 plasmid DNA and differcnt amounts of enzyme praparation
and was incubated at 30°C for 30 min. The reaction was stopped by the
addition of 2.5 pl of 1% S5DS, 50% glycerul and U.1% bromophenol blue.
The reaction mixture was then lvaded on a 0.7% agarose gel and
electrophoresed for 3 hrs at 80 volts in Tris borate EDTA buffer. The
gel was stained with 0.5 pg/ml ethidium bromide and the DNA bands were
visualised by illuminatiun with UV lamp.

Gel electrophoresis

Purified enzyme was subjected to electropiioresis on 7.5%
polyacrylamide gel. SDS polyacrylamide electrophoresis (10%) was carried
according to Laemmli (10).

Estimation of DNA and protein
DNA was estimated using Laberca's method (11) and protein was
estimated by the method of Bradford (12).

RESULTS
Mitochondrial DNA  topuisomerases have been purified from
mammalian sources. We have earlier reporied and characterised DNA
primase activity from yeast mitochondria (7). In our studies on a

replisome complex (unpublisned results), it was found that mitochondcrial
crude extracts showed, apart from other DNA replicating enzymes, the
presence of a topoisomerase like activity. Studies were therefore directed
towards ascertaining the presence of this enzyme in yeast mitochondria and
attempts were made to purify it,

The pure mitochondrial layer obtained from discontinuous sucrose
density gradient centrifugation was suspended in 20% sucrose buffer and
treated with digitonin to strip off the mitochondrial outer membrane. Any
chance contamination of nuclear debris is ruled out by this treatment.
The mitoplast was then solubilized in 1 M NaCl in buffer A (50 mM Tris-
HCl buffer pH 7.0, 1 mM DTT, PMSF, 10% glycerol) by homogenisation
followed by centrifugation at 10000 g for 30 min. The supernatant was
dialysed against low salt buffer (0.1 M NaCl). This crude extract was
then assayed for topoisomsrase activity.

As seen in Fig 1, crude extract was capable of relaxing and
catenating supercoiled plasmid DNA. [Both PUC 19 and pBR 322 DNA were
used as template and the extract could catenate and relax both the
substrate DNAs]. Increasing amounts of crude mitochondrial extract

resulted in increased catenation and complete removal of supercoiled DNA.
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Fig. 1. Detection of topoisomerase activity in crude mitochondrial extract.
Logarithmically grown cells of 8. cerevisiae were harvested, lysed
and mitochondria were isolated. Topoisomerase activity was
assayed as described in Materials and Methods using supzrcoiled
plasmide pucl9 DNA as the substrate.

Lane 1 plasmid DNA; Lane 2 with 10 pl of crude mitochondrial
lysate; Lane 3 with 20 pl of crude mitochondrial lysate.

Fig. 2. Purification of topoisomerase (Fraction 1) on phosphocellular

column. Mitochondria were isvlated from logarithmically grown
yeast cells, lyssd and dialysed and loaded on phosphnozellular
column. The column was eluted with 0.4 and 0.6 M NaCl in -buffer
A anil fractions were assayed for topoisomerase activity.
Lane 1 pucl9 DNA; Lane 2 with column wash; Lane 3 with crude
mitochondrial lysat2; Lanes 4 and 5 with mitochondrial dialysate;
Lanes 6-11 with 0.4 M Na(Cl fractions; Lane 12 onwards with 0.6 M
NaCl fraction.

The crude extract (which contained other DNA replicative eazymnes) also
probably had nuclease activity as seen by the smearing pattern.
Topoisomerase was selectively purified from this mitochondrial lysate by
fractionating it on a phosphocelluloss column (10 x 1 cm]} equilibrated with
buffer A containing 0.1 M NaCl. After extensive washing with 0.2 M NaCl
in buffer A, bound proteins were eluted successively by 0.4 M NaCl, 0.0
M NaCl and 1 M NaCl in buffer A. Fractions of 0.7 ml were collected and
assayed for topoisomerase activity. As can be seen 1in Fig 2
topoisumerase activity was detected in early 0.6 M NaCl fractions
(Fraction 1). The enzyme showed a predominant relaxation of plasmid
DNA. Active enzyme fractions were pooled and concentrated using a
centricon. Further elution of the column with 1 M NaCl yielded a fraction
which showed a predominantly catenation activity (Fraction 2)(Fig 3). It is
known that Topoisomerase Type 1 is not stimulated by ATP and Type 2
requires ATP for its activity (2-5). As seen in Fig 4, Fraction 1 shows
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Fig. 3. Purificatiun of Topoisomerase { Fraction 2) {continued).
Phosphocellulose column loaded with mitoplast dialysate was
further eluted with 0.8 M NaCl and 1 M NaCl in buffer A and
topoisomerase was assayed in the fractions.

Lane 1 pucl9 DNA; Lane 2 with crude mitochondria lysate; Lane 3
with mitoplast dialysate; Lanes 4-11 with 0.8 M NaCl fractions;
Lane 12 onwards with 1 M NaCl fractions.

Fig. 4. Effect of ATP on the activity of Fraction 1 enzyme. Fraction
eluting at 0.6 M NaCl were pooled, concentrated and assayzd with
+ and without ATP.
Lane 1 puclS DNA; Lane 2 with crude lysate + 0.5 mM ATP; Lane
3 with Fraction 1 + 0.5 mM ATP; Lan2 4 with Fraction 1 + 1 mVv
ATP, Lane 5 with Fraction 1 + 5 mM ATP.

unaltered activity even in the presenze of increasing concentrations of
ATP. Thus Fraction 1 sesms to resemble Type 1 class of topoisomerases,

The eazyme protein was concentrated and then subjected to
electrophoresis on 7.5% PAGE to c¢hzack the homogeneity. SDS
polyacrylamide gel electrophoresis showed 2 major bands of 85 and 90 kDa
(rig 5}.

It is known that topoisomerase Type II requires ATP for its
activity (2-5}. Inclusion of ATP at different concentrations increased
activity of Fraction 2 (Fig 6). Efforts are on to purify this fraction.
Based on the pres2nt results it can bYe stated that Fraction 1 resembles
Type 1 group of topoisomerases in that it has predominantly relaxing
activity and is independent of ATP (2) and Fraction 2 which showed
catenating ability and is dependent on ATP may resemble Type 2 groap of

topoisomeras<as.
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Fig. 5. SDS PAGE profile of [Fraction 1. Fraction 1 was 2nalysed in SDS
PAGE and stained with Coomassie blue.
Lane 1 crude mitochondrial lysate; Lane 2, 1 M extract of
mitoplast; Lane 3, mitoplast dialysate; Lane 4, Fraction 1.

Fig. 6. Effect of ATP on the activity of Fraction 2. Enzy.ne fractions
eluting at 1 M NaCl were poolad, concentrated and assayed with
and without ATP,

Lane 1 pucl9 DNA; Lane 2 with Fraction 2 + 0.5 mM ATP; Lane
3 with Fraction 2 + 1 mM ATP; Lane 4 with Fraction 2 + 2 mM
ATP,

DISCUSSION

These studies have provided evidence to suggest tnat wmitdchondria of S.
cerevisiae may possess enzyme activities that can relax and catenate
supercoiled plasmid DNA. Crude extracts showed the presence of both
relaxing and catenating activities, Upoa purification on phoasphocellulose
the relaxing activity was predominantly isolated in 0.6 M NaCl eluant.
The enzyme tends to show similarity to Type 1 1iopoisomerases. As 1is
clear from Fig 1 crud= axtract of mitochwndria showed catenating activity
also, which was eluted at increasing salt con:centration (Fraction 2). This
could resemble Type II enzyme which is kaown to reguire ATP. Its
detection in crulde mitocnoadrial lys:te (which is rizh in ATP) would mean
that endogenous ATP would have sufficed to stimulate its activity.
Topowisumerases play important roles in replicative and repair
synthesis of DNA (13). We have reported earlier that mitochondria lack
axcision repair after UV radiation (14). Recombination repair which is
one of the major repair pathways also requires topoisomerases (13}). The
presence of the enzyme in mitochondria of S. cerevisiae thus assunes

importance in view of this evidence.
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