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ABSTRACT

We have identified strong topoisomerase sites (STS)
for Mycobacteruim smegmatis  topoisomerase | in
double-stranded DNA context using electrophoretic
mobility shift assay of enzyme-DNA covalent
complexes. Mg 2*, an essential component for DNA
relaxation activity of the enzyme, is not required for
binding to DNA. The enzyme makes single-stranded
nicks, with transient covalent interaction at the 5 "-end
of the broken DNA strand, a characteristic akin to
prokaryotic topoisomerases. More importantly, the
enzyme binds to duplex DNA having a preferred site
with high affinity, a property similar to the eukaryotic
type | topoisomerases. The preferred cleavage site is
mapped on a 65 bp duplex DNA and found to be
CG/TCTT. Thus, the enzyme resembles other prokaryotic
type | topoisomerases in mechanistics of the reaction,
but is similar to eukaryotic enzymes in DNA recognition
properties.

INTRODUCTION

segment is wrapped around the enzyme in the enzyme-DNA
complex (L1). A strong gyrase binding site (SGS) has been located
within the tet gene at position 990 on pBR322 DNAZ).
Bacteriophage Mu DNA has a SGS located towards the center of the
genome which is indispensable for the optimal replicative trans-
position (L3). TetrahymenaDNA topoisomerase | preferentially
cleaves a hexadecameric sequence present in the DNasel-hyper-
sensitive regions in the non-transcribed spacer of the rDXA (

In contrast, vaccinia virus DNA topoisomerase | recognizes short
DNA sequences and exhibits a strong sequence specificity. The
enzyme cleaves after the pentameric sequence motif (C/T)CCTT
(15). A variety of topoisomerase inhibitors inhibit the enzyme
activity by arresting enzyme—DNA covalent reaction intermediates.
These topoisomerase poisons influence the sequence-specific
cleavage by topoisomerasés$,(7,18).

The type | topoisomerases from prokaryotes are known to
prefer single-stranded regions in DNB).(Initial studies with
E.coli and Micrococcus luteugopoisomerase | showed that
cleavage of single-stranded DNA substrates occurs preferentially
at the sequence-EXXX-3'. In the case of thE.coli enzyme,

G residues are not found at position —1 in 80% of the cleavage
sites studied1(9). However, this sequence requirement is not

DNA topoisomerases are ubiquitous enzymes catalyzing tuifficient to account for the observed non-random distribution of
interconversion of topological forms of DNA)( The enzymes (he cleavage sites. The cleavage sites were also mapped on
transiently break the DNA backbone bonds and allow the passagjdle-stranded oligonucleotidea0f or double-stranded DNA

of the intact DNA through these enzyme-operated DNA gates. A¥th & nick 1) or a loop 2). Site-specific interaction of the

a consequence of these reactions, they play a major role in variéug0litopoisomerase Il has been studied in some d&ilThe
biological processes involving DNA, such as replicatia), ( €nzyme binds with high affinity to a single-stranded DNA

transcription 8), recombination3) and chromosome dynamiey).(

substrate with a strong cleavage site (CT*T) and can cleave a

Chromosomal superhelical density in prokaryotes is homeostaticafiiPstrate as small as a heptamer. _
maintained as a result of cumulative action of topoisomerase | andere we report the identification of preferred cleavage sites for
DNA gyrase §). Type | topoisomerases relax supercoiled DN AMycobacterium smegmatispoisomerase |. We have designed a
by concerted reactions involving single-strand cleavage arfW Strategy for determining the preferred cleavage site for the
religation of the DNA backbone bonds after the passage of t§§zyme on duplex DNA fragments. To our surprise, we find that
other strand 1). During this process the enzyme becomedhe enzyme binds to double-stranded DNA with high affinity, a

covalently linked to the transiently nicked DNA, and itis possibl€haracteristic feature of eukaryotic type | topoisomerases.
to identify the preferential cleavage site of topoisomerases by
irreversible arrest of the covalent intermedidle ( MATERIALS AND METHODS

Ge_ne_rally, t_opoisome_rases do not exhibit very high sequ_eng?]zymes and nucleic acids
specificity, unlike restriction enzymes, repressors and transcriptiona
activators. Yet, a few of them show some degree of site specificifyppoisomerase | was purified to apparent homogeneity from
while others show some sequence preference. The sequeMsmegmatiSN2 cells as described (to be published elsewhere).
specificities for gyrase7j and eukaryotic type B(9) and type Il  In brief, the cell free extract was treated with 1% polyethyl-
(10) topoisomerases have been subjected to extensive studies. Ingheimine and the supernatant was purified through phospho-
case ofEscherichia colDNA gyrase, a 140 base pair (bp) DNA cellulose, SP-Sepharose and Q-Sepharose columns. The enzyme
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Table 1.Sequences of oligonucleotides used in this study

Sequence of oligonucleotides Lengths Purpose

5’ -AACGAAGTGCTGAAC 15 mer Covalent complex
competition experiments
5’ -ATGGATCCGATATCGGCCAACAGCTCG-3 " 27 mer Do
5/ -GACTCTAGAGGATCCCCGGGTACCGAGCTC-3 " 30 mer Do
5’ -TATTGGGCGCTCTTCCGCTTCCTCGCTCACTG-3 " 32bp Non-covalent complex
3’ -ATAACCCGCGAGAAGGCGAAGGAGCGAGTGAC-5" (Specific) competition experiments
5’ -GACTCTAGAGGATCCCCGGGTACCGAGCTC-3 30 bp
3’ -CTGAGATCTCCTAGGGGCCCATGGCTCGAG-5" (Non- Do
specific)

has an apparent molecular mass of 110 kDa. One unit of enzytneated with 5Qug/ml proteinase K in the presence of 1% SDS and
catalyses 50% conversion of 500 ng of supercoiled pUC19 DNBO mM EDTA for 3 h at 37C, wherever indicated. The products
into different relaxed topoisomers at°8in 30 min under standard were separated through a 10% polyacrylamide gel (29:0.8) using
assay conditions. The protein concentration was estimated by t&x TBE (25) as the running buffer. The gels were electro-
method of Bradford44), using crystalline bovine serum albumin phoresed at 100 V at room temperature, dried and then subjected
as standard. to autoradiography.
Plasmid DNA was purified by the standard procedufés. ( The non-covalent binding of the enzyme to DNA was also
Restriction enzymes were purchased from Boehringer Mannheiassessed by EMSA to determine #g value. DNA (32mer
and New England Biolabs and used according to the manufacturegtisplex DNA with the cleavage site) was incubated with varying
specifications. Klenow fragment &.coli DNA polymerase |, amounts of the enzyme in the reaction buffer for 10 min on ice and
acrylamide and other electrophoresis reagents were obtairg@ samples were analyzed on 5% native polyacrylamide gels at
from Gibco-BRL. NAP10 gel filtration columns were purchased4®°C. The amount of radioactivity in the free and bound fractions
from Pharmacia. Radioactive nucleotides were obtained fromas determined by liquid scintillation counting. This 32 bp
Amersham International, UK. oligonucleotide and a 30 bp oligonucleotide were used as specific
and non-specific competitors respectively, for the non-covalent
) complex formation. The sequences of the oligonucleotides used
Labeling of DNA fragments in the present study are presented in Table

DNA fragments generated after different restriction enzyme
digestions were end-filled with eithera-f2PJdATP or
[a-32P]dCTP (5000 Ci/mmol) and other cold dNTPs, usin
Klenow fragment ofE.coli DNA polymerase |. Radiolabeled
fragments were purified using Sephadex G-25 spin column
Radiolabeled nucleotide (3€Ci) was used per reaction and the
specific activity of labeling waSlL0’ c.p.m.fig of DNA used.

For purification of the individual fragments, the labeled! Yy ,
fragments were separated on native polyacrylamide gels. The {@gment was labeled witty-P?PJATP and T4 polynucleotide
pieces containing the required fragments were excised and DNgX1ase followed by digestion witHadlll which resulted in the
was eluted into 10 mM Tris-HCI pH 8.0 and 1 mM EDTA b removal of the Iabell f_rom the'-Bnd .of the top strand. Reaction
constant shaking at 3C. The eluant was passed through NAP1dMiXtures (2Qu) containing 20 mM Tris-HCI, 20 mM NaCl, 5 mM
gel filtration columns according to suppliers’ specifications. NAP13/19C!2 and radiolabeled DNA fragment were incubated with
column fractions containing the radioactivity were precipitated wittPPoisomerase | at 4 or 3¢ for 10 min. The covalent complex
ethanol, using glycogen as carrier, and re-dissolved in sterile watd@S arested and the protein was removed from the complex with

proteinase K treatment. Samples were extracted with phenol/

chloroform and precipitated with ethanol in the presenceaugf 5
Electrophoretic mobility shift assays (EMSAS) yeast tRNA used as a carrier. The precipitated DNA samples were

suspended in 1@ of formamide loading dye and heat denatured
Reaction mixtures (2Ql) contained 20 mM Tris—HCI pH 8.0, for 5 min at 90C. Sequencing of the DNA fragment by chemical
1mM EDTA, 20 mM NacCl, radiolabeled DNA fragments method was according to Maxam and Gilb2f) ( The reaction
(25 fmol, 10 000 c.p.m) and topoisomerase | (0.1-1 pmol). Tharoducts were re-dissolved in 50% formamide, 10 mM EDTA,
reactions were incubated at°®87 for 10 min and then arrested 0.025% xylene cyanol and 0.025% bromophenol blue, heat
with 25 mM NaOH. Incubations were continued for anothedenatured for 5 min at 9C and analyzed on 15% poly-
5min and then the reaction mixtures were neutralized usirecrylamide—8 M urea gels. The gels were dried and subjected to
25 mM HCI and 25 mM Tris—HCI pH 8.0. The complexes wereutoradiography.

gDetermination of cleavage sites

he 65 bHinfl fragment of pUC19 (FighC) was differentially
abeled on the top strand witti-BZ2P]JdCTP (depending on the
identity of N in theHinfl site, GANTC). Differential 5end
abeling of the bottom strand was carried out as follows. The 65 bp
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RESULTS A

Identification of DNA fragments having preferred cleavage
site(s)

A new method was used to identify strong topoisomerase sites
(STS) on duplex DNA substrates. Figd#e shows the scheme

of the experiment. The rationale of the approach is based on the l Restriction Enzyme digestion,
conjecture that the enzyme could interact with double-stranded labeling the ends (o)

DNA as it would normally encounter a duplex DiXAvivo. If the .
enzyme binds tightly at a site on the duplex DNA fragment, the
complex could be arrested as an enzyme—DNA reaction inter-
mediate. Such covalent complexes could be detected as slower -
moving bands on a native polyacrylamide gel. An example of -
such an experiment is shown in Figui. DNA fragments
generated byinfl digestion of pUC19 were radiolabeled and
used as substrates for complex formation in the absence?df Mg S Topoisomerase I,
(see later section). When the DNA—protein covalent complex was NaOH
arrested with NaOH, a few of the fragments showed retarded
electrophoretic mobility including the two smallest fragments

L

(Fig. 1B, lane 3). Proteinase K digestion of the reaction products . @

abolishes the retarded mobility of the fragments (Eglane 4). e —

Even in the presence of larger DNA fragments (214 and 396 bp), —

covalent complexes are seen with the 75 and 65 bp fragments, Gel retardation assay
indicating sequence preference of the enzyme. Specific interac- l Autoradiography

tion of the enzyme at preferred sites on duplex DNA was

confirmed by carrying out the assay with fragments generated
with other restriction enzymes (data not shown). The method
seems to be a convenient approach to identify STS on double-
stranded DNA fragments.

EMSA with individual fragments having STS Covalent complex of
" R topoisomerase I and
The purified 65 bp and the 75 bjinfl fragments were used for duplex DNA

further analysis. The fragments were incubated with different
concentrations of enzyme (Fi@®). Increased amounts of
complexes were formed with the increase in enzyme concentration
(Fig. 2, lanes 4 and 5, and 10 and 11). When the NaOH treatment

4

was omitted, no complex was observed (Bjganes 3 and 9) as B b2

topoisomerase | cannot form a stable non-covalent complex

under the conditions of the assay and electrophoresis. The higher -r‘-

amount of radioactivity in the complex of the 65 bp fragment a - 94 ;

indicates that it is a better substrate than the 75 bp fragmer&, (Fig.

compare lanes 4 and 10). Proteinase K treatment abolishes the -

complexes (Fig2, lanes 6 and 12), demonstrating that the -

observed complexes were indeed protein mediated. - ———
The ability ofM.smegmatisopoisomerase | to form the covalent

complex with the 65 bp fragment was compared with different DNA St )

fragments. A 214 bp fragment (pUC19 digested Wihfl), a

114 bp fragment (pUC19 digested whttmfl andDral) and a 30 bp 756p PR
fragment (pUC19 digested wiffad) did not form any detectable 65bp > ". -
covalent complex wittM.smegmatigopoisomerase | (not shown

and Fig4, lane 9). Thus, it seems that not just any double-stranded

DNA fragment is a substrate for the enzyme. _ R . .
Figure 1. Method for identification of ‘strong topoisomerase | site(s)'.

(A) Scheme of the experimenB)(10% native PAGE to resolve covalent
|\/|g2+ is not required for DNA binding and cleavage complexes. End-filledHinfl digested pUC19 fragments (50 000 c.p.m., 5 ng)

(lane 1) were incubated with 100 fmol of purified topoisomerase | (lane 2).
The covalent trapping experiments described above were carriégvalent complexes were not detected without alkali treatment. The largest

; ; agment, however, shows retardation, possibly due to specific and non-specific
out in the absence of M-g This was necessary, as the presenCélrr‘lteractions. Covalent complexes were trapped with NaOH (lane 3). Proteinase K

e . ; .
of 5 mM M92 m, the reac'qon (concentration used for relaxa-t'ontreatment of the covalent complexes (lane 4) greatly abolishes the retardation of the
assay) resulted in lower yields of trapped complexes. The enzynaemplex. Arows indicate the covalent complexes from the 65 and 75 bp
can efficiently bind and cleave double-stranded DNA in thefragments.
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Figure 2. Electrophoretic mobility shift assay with the individual fragments.

The end-labeled 65 bp (lanes 1-6) and 75 bp (lanes 7—12) DNA fragments were FREE —> .‘
used as substrates (10 000 c.p.m., 25 fmol) in the absencé&bfidges 1, 2,

7 and 8, no topoisomerase |; lanes 4 and 10, 1 pmol, and lanes 3, 5, 6, 9, 11 and

12, 2 pmol of topoisomerase |. The samples were run in 10% native PAGE as
described in Materials and Methods. Proteinase K treatment (lanes 6 and 12)

results in abolishing the covalent complex. Figure 3. Effect of Mg+ on DNA binding and cleavagEnd-labeled 65 bp

DNA fragment (lane 1) was incubated with 2 pmol of topoisomerase | and the
complex was arrested with NaOH (lanes 2-5) in the presence of 2.5 mM (lane 3),
5 mM (lane 4) and 10 mM (lane 5) Kty Other details are as described in
Materials and Methods.

1 2 3 4 5

absence of Mg (Fig.3, lane 2). The amount of covalent complex
decreased with the increase in #gon concentration (FigB,
lanes 3-5). However, it should be noted here that there is an
absolute requirement for Mg ions for the DNA relaxation

activity of the enzyme2(7). These results indicate that kgs 1 2 3 45 6 7 89 10
not required for DNA binding and cleavage, yet it is required at
a subsequent step of catalysis. A noteworthy point is that

d P y YD COMPLEX = G et — oo

eukaryotic type | topoisomerases do not requiré*Mons for

their activity, but the metal ion can activate the religatici ¢r

cleavage stef®) of the enzyme. M is also known to shift the

enzyme from a processive to a distributive mode of cataB@is (

The decrease in the amount of covalent complex at 10 mi# Mg

could be due to an ionic effect contributing to reduced interaction I T T e .

between protein and DNA. At this concentration o2¥JdONA

relaxation activity is also inhibited (not shown). The decrease in

the covalent complex at higher concentrations ot \guld also

be due to an ionic effect resulting in reduced interactionFigure 4. Competition assay with different single- and double-stranded DNA

Examples of other DNA—protein interaction studies indicate thaﬁubstrayes. End-lab_eled 65 bp DNA fragment was use_d as the substrate. Lane 1,

binding of protein to their specific sites may or may not be{]ho topoisomerase; in all the other lanes 1 pmol oftopmsomerase!wz?s used and
- - . -the complex was arrested with NaOH. Lane 2, no competitor; lane 3,

metal-ion-dependent. This aspect can best be illustrated by takigigie-stranded M13 DNA; lanes 4-6, 15 base, 26 base and 30 base

the examples of restriction endonucleaBesR| and EcaRV. oligonucleotides, respectively; lane 7, unlabeled 75 bp DNA fragment; lane 8,

EcaRlI can bind to DNA in the absence of Mdut requires its  relaxed pUC19 DNA; lane 9, unlabeled 114 bp DNA fragment; lane 10,

presence for the cleavage at the specific 8it (n contrast, supercoiled pUC19 DNA. All the competitors were taken in 25-fold molar excess.

binding of Mg* to the restriction endonuclea&edRV is a

pre-requisite for the enzyme to bind to its cognate site. In the latter

case, Mg"is also required for cleavad(32). In arecentstudy, |engths (15, 27 and 30mer) were used, the complex formation

E.coli topoisomerase | was shown to have bound™Mens in  with the 65 bp fragment remained unaffected (idanes 4-6).

two different pockets of the enzyme. The occupancy at both thghus, any single-stranded DNA is not a good substrate for the

sites is required for the DNA relaxation activity of the enzymenzymeEscherichia coltopoisomerase | is known to bind short

(33). Additional experiments would delineate the precise role odingle-stranded oligonucleotides. Even an 8mer oligonucleotide

Mg?* in M.smegmatisopoisomerase | mediated reactions.  serves as a good substrate to the enzg@eThus, the absence
of competition with larger oligonucleotides (27 and 30mer) in our
Competition assay with different DNA substrates study is unlikely to be due to inadequate length. Amongst the

other DNA substrates used as competitors, the 75 bp DNA
Prokaryotic type | topoisomerases are known to prefer singléragment and the relaxed pUC19 DNA were found to compete
stranded DNA or single-stranded regions in the double helicahrtially with the 65 bp fragment (Fig, lanes 7 and 8) under the
DNA as efficient substrates for the enzyme activit§) (Such  present experimental conditions. A 114 bp fragment cannot
substrates could efficiently compete with the 65 bp fragment fanhibit the complex formation with the 65 bp fragment (Hig.
complex formation. When M13 single-stranded DNA (Hig. lane 9). Similarly, 30 and 214 bp DNA fragments were also
lane 3) and supercoiled pUC19 DNA (Bigane 10) were used unable to compete with the 65mer for covalent complex
as competitors, no complex was observed with the 65 Hprmation (not shown). These results confirm the point that the
fragment. When single-stranded oligonucleotides of differeritl.smegmatigopoisomerase | does not bind to any single- or
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(C) 5" AATCGGCCAACGCGCGGGGAGAGGCGGTTTGCG
3 GCCGGTTGCGCGCCCCTCTCCGCCAAACGC

rl

4y
TATTGGGCGCTCTTCCGCTTCCTCGCTCACTG 3'
ATAACCCGCGAGAAGGCGAAGGAGC GAGTGACTCA 5'

Figure 5. Localization and mapping of the cleavage sitefg) Autoradiogram of the SDS—PAGE. 1 and 2 pmol of topoisomerase | were used for complex formation
(lanes 1 and 2). Position of a 116 kDa molecular weight marker is indicated by arrow. The radiolabeled protein band em®doetivds the reaction was carried

out under the following conditions: omission of alkali treatment, omission of enzyme or incubation of DNA with BSA ar{8pMalbping of the cleavage site(s)

on the 65 bp fragment. Differentially labeled 65 bp fragment (labeled atehel 8f the top strand) was used as the substrate. A mixture of chemical cleavage reactions
(G, A>G, C+T) and G sequencing lanes are indicated. 65 bp DNA (1 pmaQPc.p.m.) was incubated with 2 pmol of topoisomerase | in indicated lanés; at 4
(lane 4) or 37C (lanes 3 and 5). Heat-denatured enzyme was used in lane 3. DNA was treated with only NaOH (lane 6), or the NaOH treatitiedt(iaas 7, also

serves as a proteinase K control). DNA was incubated with protein without trapping of the complex @reegjuénce of 65 Hginfl fragment of pUC19 DNA.

The arrows represent the position and extent of cleavage.

double-stranded DNA and exhibits sequence specificity faklethods. The uniquely labeled 65 bp fragment was incubated
efficient binding. with M.smegmatigopoisomerase |, the DNA—protein complex
was trapped using NaOH and the samples were analyzed on 1%
SDS-7.5% PAGE3b). The autoradiograph of such a gel showed
that the radioactivity has been transferred to the protein5f&jg.

_ These results demonstrate that (i) the top strand of the fragment
The above experiments demonstrate that the 65 bp DNAas specific topoisomerase | cleavage site(s) and (i) as label is
fragment contains strong topoisomerase site(s). However, it dogiesent at the'2nd of the DNA, protein-DNA covalent linkage
not indicate the location of the cleavage site(s) to a particulafust be via the'Sphosphate group at the nick.

strand. The following set of experiments were carried out to

determine the STS-containing strand. The 65 bp fragment label ; ;

at either, or both, ends showed complex formation. Futtietl %pplng of the cleavage site(s)

digestion of the 65 bp fragment (labeled by end filling) results iThe positions of cleavage site(s) were mapped by comparing the
removal of the label at the-8nd of the bottom strand while the mobility of the cleaved fragment(s) with a sequencing ladder
top strand retains the label. Detection of cleavage products impeoduced by chemical cleavage of the 65 bp fragment. The 65 bp
denaturing polyacrylamide gel electrophoresis (PAGE) fronfragment, labeled at the top strand, was incubated with the
such a fragment is an indication of the presence of STS in the tepzyme on ice or at 3T respectively (FighB, lanes 4 and 5).
strand (data not shown). In a reverse experiment, cleava§gecific cleavage products were observed with the active enzyme
products could not be detected whéreid labeled fragments incubated at 37C (Fig. 5B, lane 5). Three sites of varied
digested wittHadll were used, indicating the absence of STS orintensities were detected. The chemical cleavage yields fragments
the lower strand. The presence of STS on the top strand waith 3' phosphates while topoisomerase | cleavage products end
confirmed by the differential labeling of the top strand of the 65 bpith 3-OH. This is taken into consideration while mapping the
fragment with §-32P]JdCTP as described in Materials andcleavage positions. Two major cleavage sites map after the

Localization of the cleavage site(s) and characterization of
covalent intermediate
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regions having strong topoisomerase | sites with high affinity. The

50
—— Non specific cleavage site within the binding region is determined, and is
40 —=— Specific surprisingly similar to the cleavage sites of some of the well
H characterized eukaryotic topoisomerases. We also demonstrate
£ 301 that not just any double-stranded DNA is a good substrate.
S Further, in spite of binding tightly to the double-stranded DNA,
s 207 the enzyme makes only single-stranded nicks with covalent
attachment to the'&nd at the nick.
104 The earlier method employed to identify the cleavage sites for
different type | topoisomerases was to analyze the cleavage
%00 085 080 075 180 195 150 product obtained from an end-labeled single-stranded DNA
' ' ‘ ' ’ ‘ ' fragment after trapping of the covalent complex. The cleavage
[Competitor] x 102 M sites ofE.coli and M.luteustopoisomerase | were mapped on

single-stranded DNA fragments by TEeal. (19). Archaebacterial
reverse gyrase3g) andE.coli topoisomerase 11143) cleavage
Figure 6. Competition assay with duplex oligonucleotidé®n-covalent sites have also been mapped on single-stranded DNA substrates.

complexes of topoisomerase | (10 fmol) and a labeled 32 bp specifi : :
oligonucleotide were resolved in a native PAGE (Materials and Methods) thhIS approach while successful, produces a large number of

obtain[50% complex formation. The competition with specific (square) and Cl€@vage products. This is expected as type | topoisomerases from
non-specific (triangle) duplex oligonuclectides (Table 1) were carried out. Theprokaryotes are known to prefer single-stranded DNA for their
amount of complex was estimated by counting radioactivity in each lane usinhinding and cleavage. Analyses of many cleavage sites of the
aliquid scintilation counter. enzymes do not reflect a high degree of sequence specificity. A
notable exception is observed in the case @ itaitopoisomerase

[l cleavage site, wherein a highly preferred site is mapped to a
gRguence CTT2Q). The approach we employed to identify the
preferred site is rather novel and developed on the following
premise. In most circumstances, the enzyme would normally
. o . . encounter DNA in double-stranded form, although single-
High affinity binding of M.smegmatisopoisomerase | to stranded regions in superhelical DNA would also be available for
duplex DNA its interaction. Thus, when the enzyme encounters a highly

The competition experiments described earlier reflect higRreferred site in double-stranded DNA, it should have the
affinity of the enzyme for duplex DNA having STS. EMSA waspotential to bind tlg_htly at the sequence to carry out the_breakage
employed to assess the binding of the protein to DNA and @d reunion reactions. The method employed here is easy to
determine the specificity of the interaction. Formation off€rform and only strong topoisomerase sites in double-stranded
non-covalent complexes (not shown) of the enzyme with a 32 NA context would be identified. _

duplex oligonucleotide having STS enabled us to make an estimaté\nalyses of the cleavage sites of different topoisomerases show
of the equilibrium dissociation constant for tM:smegmatis —Cconsiderable similarity in the cleavage pattern of the mycobacterial
topoisomerase |. The duplex DNA was incubated with increasirRizyme to that of topoisomerase lll frofncoli (23) and
amounts of the enzyme. The concentration of the enzyni@Poisomerase | fromietrahymeng14) and vaccinia virusiQ).
required for 50% of the duplex oligonucleotide to form thelhe cleavage is next to sequence CTT for topoisomerase | from
complex was taken as tig value. The value of 1-§109M  M.smegmatiswhich is very similar to that of vaccinia type |

is comparable to the affinity of many other site-specific DNAenzymeA point to be noted here is that topoisomerase Il from
binding proteins, such as Arc and Trp repressegs3(). The  E.colifalls into the type 1A category making-énd covalent
value is also comparable to the equilibrium dissociation consta#@ntacts, while vaccinia anétrahymenanzymes come under

of DNA gyrase ofE.coli (38) and to that ofTetrahymena type 1B group, making '3covalent complexes during the
topoisomerase 11(/), to their respective preferred sites. A intermediate stage of catalysi). The results presented in this
competition assay was carried out with specific and non-specifi@per, show thavl.smegmatisopoisomerase | makes aend
duplex oligonucleotides (Tabig to further assess the affinity of covalent contact similar to topoisomerase llEafoliand hence

the enzyme. For this purpose, the topoisomerase and labekglongs to the 1A group.

32mer duplex (specific) DNA were incubated to obtain 50% The site-specific, high-affinity binding of topoisomerase | from
complex formation as in the casé<gfmeasurements. The ability M.smegmatigo double-stranded DNA is rather unexpected and
of the specific and non-specific oligonucleotides to chase tH@ises additional questions. Clearly, the ability to bind double-
non-covalent protein-DNA complex is shown in Figerdhe  stranded DNA efficiently and then make specific single-stranded
absence of competition even at 1000-fold excess of the non-specifieks is of physiological relevance. It is also conceivable that unlike
oligonucleotide also reflects the specific, high affinity interactiorother prokaryotic type | enzymes, the enzyme shows preference for

trinucleotide CTT (Fig.5C). Experiments with the uniquely
labeled bottom strand did not release any cleavage produ
indicating the absence of preferred sites.

of the enzyme with DNA. double-stranded DNA like the eukaryotic counterparts, as
organisms belonging to the actinomycetes are considered to be
DISCUSSION evolved prokaryotesi(,,42).

We propose the following model to explain the action of
In this manuscript, we describe the site specific binding antpoisomerase | frorivl.smegmatisinitially the enzyme would
cleavage reactions of topoisomerase | filghsmegmatiswe  bind to any region of DNA in a random fashion. This binding
demonstrate that the enzyme binds to double-stranded DNA @duld be considered as low-affinity binding. Once bound to DNA,
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the enzyme could slide or track along the DNA as in the case &f Liu, L. F., Rowe, T. C,, Yang, L., Tewey, K. and Chen, G. L. (1983)
other site-specific DNA binding proteins such as repressors, RN f_-_B'OL'- FCherSZV?/a 153;6%‘1513;7% 115 979084
polymerase, restriction endonucleases, etc. This linear difusiq Fiupe: | v Bes kA soet color M. E (198880 1.5, 14111418,
along the DNA is very likely to be random and could be in eithefs pato, M. L., Howe, M. M. and Higgins, N. P. (1988)c. Natl. Acad. Sci.
direction. Encounter of STS by the enzyme while tracking would USA87, 8716-8720.
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