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In the presence of subunit A inhibitors DNA gyrase
cleaves DNA fragments as short as 20 bp at specific

sites
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ABSTRACT

A key step in the supercoiling reaction is the DNA
gyrase-mediated cleavage and religation step of
double-stranded DNA. Footprinting studies suggest
that the DNA gyrase binding site is 100—150 bp long and
that the DNA is wrapped around the enzyme with the
cleavage site located near the center of the fragment.
Subunit A inhibitors interrupt this cleavage and reseal-
ing cycle and result in cleavage occurring at preferred
sites. We have been able to show that even a 30 bp DNA
fragment containing a 20 bp preferred cleavage
sequence from the pBR322 plasmid was a substrate for
the DNA gyrase-mediated cleavage reaction in the
presence of inhibitors. This DNA fragment was cleaved,
although with reduced efficiency, at the same sites as a
122 bp DNA fragment. A 20 bp DNA fragment was
cleaved with low efficiency at one of these sites and a
10 bp DNA fragment was no longer a substrate. We
therefore propose that subunit A inhibitors interact with
DNA at inhibitor-specific positions, thus determining
cleavage sites by forming ternary complexes between
DNA, inhibitors and DNA gyrase.

INTRODUCTION

subunit and hydrolysis of ATP is required for further catalytic
cycles ((3-15). Binding of ATP promotes a conformational
change of the tetramer and it is thought that this change brings the
DNA segment to be translocated into near proximity to the
double-stranded DNA break)(

A key step in the supercoiling reaction is DNA gyrase-mediated
cleavage of DNA and it has been shown that both classes of
subunit A inhibitors, the quinolones and the pyrimidoHl],6-
benzimidazoles, interrupt the cleavage and resealing cycle at the
cleavage stepl6-18). Cleavage in the presence of these inhibitors
does not require ATP, occurs at preferred sites and it is assumed
that these sites represent the physiological sites of action of DNA
gyrase 6,19-22). In vivo analysis of cleavage sites and their
flanking regions in the pBR322 plasmid generated in the presence
of the quinolone oxolinic acid has suggested a consensus sequenct
(shown below) where R = purine, Y = pyrimidine, N = any
nucleotide; T and G are equally preferred at the position 13 of the
consensus sequence and the G and T in brackets are preferrec
secondarily to T and G respectively.

[G] G
5'-RNNNRNRJGRYCTYNYNGNY-8onsensus sequence
5'-GGCTGGAJGGCCTTCC@CT-3 ' preferred cleavage site
[ J

DNA cleavage occurs at the site indicated by the arrow and also
shown is the major cleavage site (between thymidine and

DNA gyrase (EC 5.99.1.3), a prokaryotic topoisomerase Huanosine) at position 990 (black dot) on this plasmid and the

enzyme, consists of two subunits, A and B, and the active enzysw@rounding 20 bp sequenced). The mismatch between the

is an AB, tetrameric complex (reviewed ir5). The enzyme preferred cleavage site and the consensus sequence is underlinec
can introduce negative supercoils into DNA using the free energfyhas been shown that a 34 bp DNA fragment containing this 20 bp
derived from ATP hydrolysis. Footprinting studies have shownleavage sequence is not a substrate for the cleavage reaction ir
that DNA gyrase protectdl00—150 bp of DNA from nuclease the presence of oxolinic aciél3). However, we and others could
attack, with a most strongly protected central regidH0f50 bp  show that fragments of 70 bp or longer containing this 20 bp
(6-9). The DNA is wrapped around the tetrameric protein in aequence at different positions were accepted as substrate and the
single positive supercoil. After binding, DNA gyrase cleavethese DNA fragments were positioned onto the enzyme in such
each strand at sites separated by 4 bp and forms a coval@mtay that cleavage occurred at the expected 8jiesj. Therefore,
phosphotyrosine bond between thelosphate groups of the both the 20 bp cleavage sequence and the length of the flanking
cleaved DNA and a tyrosine (Tyrl22kcherichia cojiof the  DNA on either one side of the cleavage site seem to be critical for
A subunits {0,11). A segment of DNA is translocated throughcleavage reactions carried out in the presence of inhibitors. To
the break and presumably through the protein complex and thather investigate the role of the 20 bp cleavage sequence and the
broken phosphodiester bonds are resealed. Binding of DNa&levance of the length of the flanking regions we have examined
gyrase to DNA is probably sufficiently stable to allow processivéhe DNA gyrase-mediated cleavage reaction in the presence of
supercoiling before the enzyme dissociates from the ORA ( subunit A inhibitors with DNA fragments of 10-122 bp each
At some point in the reaction an ATP molecule binds to each &ntaining the 20 bp cleavage sequence or part of it.
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MATERIAL AND METHODS ]

A GGC'I‘GGA. GCCTTCCCCAT
. . . . QCGACCTACCG GGGGTZ
Enzymes for cloning, isolation and labeling of DNA fragments N <

were purchased from Boehringer and the methods used were EE S E§\\ %é-/’ % 3

. . A w Q W S w Q
essentially as previously describ@d)( 3+ 1] - l
Cloning, isolation and labeling of DNA fragments utwith BamHUSpH
A gel-purified Bgll-BsNI DNA fragment from position 933 to : el et s
1061 from the pBR322 plasmid was blunt-ended with the Klenow Cut with PvullHindll
enzyme,EccRI linkers were attached and the resultifgRI- $ end labelling

digested 140 bp fragment ligated into the desphosphorylated Gutwith EceRl, or Msplor Hirl

EcdRl site of pUC18. The orientation of the inserted fragment _
was determined by restriction enzyme analysis and is shown in 2 £% %’
Figure 1. For the construction of deletions, the plasmid was T t= W
digested withBanHI and SpH, the recessed'-8ermini of the E
BanHlI site were removed by incubation of i@ DNA with 20 U
exonuclease Il for 2-5 min at 32 and the DNA was ethanol
precipitated and dissolved in TE buffer (10 mM Tris—HCI, pH
8.0, 1 mM EDTA). Single-stranded DNA was digested with S1

Pvull H Pvull

nuclease, the plasmids were blunt-ended with Klenow enzyme B 453

and ligated with T4 DNA ligase. Competé&ntoli HB101 cells 3 =5 £ =

were prepared by the calcium chloride method and transformed b3 3 8 &

with the constructs described above. Plasmid DNA from the P chrtmmmt—\w—h

. P —

transformants was prepared and the DNA sequenced using Cc 0 gg D

Sequenase (US Biochemicals) and the prirar€r8SGAAACA- = = _

GCTATGAC-3. The resulting DNA fragments are shown in § §§% 8 3

FigurelA. i s i s w— w— |
Pvul-Hindlll fragments from the above-mentioned constructs D £ —

were isolated from agarose gels, dephosphorylated with calf 38 bp -

intg;t)inal alkaline phosphatase, labeled at thends with

[y-°“PJATP with polynucleotide kinase and purified by centri- . .

fugation through a Sephadex G-50 spun column. The fragments B ggggﬁggggﬂﬁiggggﬁgﬁg

were digested wittMsg, Hinfl or EcaRl, separated on a 10% £ *COCTGGANGGCCTTCCCCAT

acrylamide gel and the labeled fragments eluted from gel slices CCGACCTACCGARAGGGGTA

by a 2-fold incubation in 0.5 M ammonium acetate, pH 8.0, 1 mM *calleaccTTe

EDTA at 37C. CTACCGGAAG

Oligonucleotides (Genosys) of 30, 20 and 10 bp, as shown in
Flgurelgl)?;z, were labeled at theénc_is of _the top strand (marke_d *) Figure 1. Cloning and isolation of the DNfxagments. &) The Bgll-BstNI
with [y->“PJATP and polynucleotide kinase and, after heating abna fragment from position 933 to 1061 from the pBR322 plasmid was
100°C for 2 min, annealed to the complementary unlabeledilunt-endedzccRl linkers were attached and the resuliogRI-digested 140 bp
oligonucleotides for 35 min at 3, purified on a 20% fragmentligated into the desphosphoryl&edRl site of pUC18. The plasmid

: : : was digested witBanH| andSpH, the recessed-3ermini of theBanHl| site
acrylamide gel and eluted from gel slices as described above'were removed by incubation with exonuclease Il and single-stranded DNA

: P : digested with S1 nuclease. The resulting plasmids were blunt-ended and
Expression and purmcatlon of the A and B subunits of religated. Competerf.coli HB101 cells were transformed with the above

DNA gyrase described constructs. Plasmid DNA from the transformants was prepared and

. ..._sequenced using the prim&iGAGGAAACAGCTATGAC-3. Pvul-Hindlll
The A and B subunits of DNA gyrase were expressed and purifigghgments were isolated from agarose gels and labeled at¢neisswith

as previously described). For some experiments the subunits [y-32P]ATP. The fragments were digested witd, Hinfl or EcaRl and the

were further purified on a novobiocin—Sepharose columnlabeled fragments gel purified. The 140 bp pBR322 sequence is shown as a

Novobiocin—Sepharose was prepared as describ®d After shadowed box and the cleavage sequence where DNA gyrase cleaves

loading of the subunit A fraction. the column was washed wit referentially in the presence of subunit A inhibitors is shown as a black box.
9 . ’ 0 keep the original orientation of the pBR322 plasmid, the pUC18 plasmid

TGED buffer [50 mM Tris—HCI, pH 7.5, 1 mM EDTA, 5 MM map is reversedBj Oligonucleotides of 30, 20 and 10 bp were labeled at the

DTT, 10% (w/v) glycerol] and the protein eluted with 1 M NaCl 5-end of the top strand withy-P2PJATP (marked *), annealed to the

in TGED. After loading of the subunit B fraction, the column wascomplementary unlabeled oligonucleotides and purified by electrophoresis on

; ; olyacrylamide gels. The lines denote the earlier reported 4 bp staggered

WaSh.(ad with TG.ED’ 1M Na.Cl. and 2 M ”rea. in TGED and theglegvagr;ye site angd the thymidine at position 990 from t?me pBR322ppIas?r?id is

protein eluted with 6 M guanidine hydrochloride. The B subunityarked with a black dot.

was then renatured by dialysis against 50 mM Tris—HCI, pH 8.0,

100 mM KCI, 5 mM DTT, 1 mM EDTA, 10% (w/v) glycerol.

Stock solutions of inhibitors 15 mM NaOH, ciprofloxacin in 0 and Ro 46-2825, Ro

46-6962, Ro 46-7864 and Ro 47-3359 in 5 mM HCI. The stock
Stock solutions of the subunit A inhibitors (Tablat 1 mM were  solutions were diluted with 40 and added to the reaction
made as follows. Fleroxacin was dissolved in 25% ethanol andixtures as indicated in the figures.
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Table 1.Structures of quinolones and pyrimido[Bpbenzimidazoles

£ = c
SNwo oo m g Souwno =
Compound Structure 158848 thgdsE  fSgidss
s B oo EOS%5E cJ9%se  £8gsse
Fleroxacin g | \ |2 .."..Tr' bp "'! 'es:-:n memsm.
1 - it -
Hie” N\) F (|)H20H2F EY | = . ;i E E
[o] - : .,. - .
. . F COOH L1 L L. -
Ciprofloxacin | | “m s -
HrO l La LEL b -
Q,
y—NH -
Ro 46-6962 FJ::E N_)° =
N N :
He N >
ci)_ > Figure 2. Determination of the cleavage sites on the 77, 64 and 38 bp DNA
Ro 46-2825 Fﬁg o fragments generated by DNA gyrase in the presence of quinolones and
N pyrimido[1,6-a]benzimidazoles. The DNA fragments, labeled at thenfis of
H UN\) $ the top strand withf32P]ATP, were incubated at an estimated concentration of
2 o oA 20-40 fmol at 37C for 60 min in a total volume of 20 with (2.5 pmol DNA
Y- { gyrase in the presence of @@ subunit A inhibitors in 35 mM Tris—HCI, pH
Ro 47-3359 F »S)“ 8.0, 24 mM KClI, 2 mM spermidine and 4 mM MgQReactions were stopped
HaG A ' N by the addition of SDS to a final concentration of 1% and the enzyme was
Nes A digested for 2 h at 3T with proteinase K at a final concentration of EgOnI.
e The DNA was purified and redissolved ipl5TE, pH 8.0. 5ul loading buffer
> o on were added, the samples heated for 4 min a€ 9¢hilled on ice, loaded on a
NH Yo { 12% sequencing gel containing 7 M urea and electrophoresedBELbuffer.
Ro 46-7864 F rs_j‘° Reaction products were visualized by autoradiography and scanned with a
N N BioRad G-700 imaging densitometer.
HQC/ N\) F

necessary length of the flanking regions in more detail, we

Analysis of cleavage products on sequencing gels examined the DNA gyrase-mediated cleavage reaction in the
) presence of subunit A inhibitors with DNA fragments of 10-122 bp

The DNA fragments, labeled with-P2P]ATP at the 5ends of  (Fig. 1A and B). The DNA fragments of 30~122 bp contained the
the top strand, were incubated at an estimated concentrationg bp cleavage sequence at different positions. The 20 bp
20-40 fmol at 37C for up to 120 min in a total volume of @0 fragment consisted of this cleavage sequence and the 10 bp DNA
with [2.5 pmol DNA gyrase in 35 mM Tris—HClI, pH 8.0, 24 MM fragment contained only part of it. Assuming that labeling
KCl'and 2 mM spermidine. Mggvas added at a concentration occyrred with similar efficiency, equal amounts of these DNA
of 4 mM and the inhibitor at the concentrations indicated in thﬁ"agments were incubated with DNA gyrase and®Mg the
figures (up to 50QM). Reactions were stopped by the additionyresence or absence of subunit A inhibitors. After incubation, the
of SDS to a final concentration of 1%. Proteinase K was addedrgg)tein was denatured with SDS and digested with proteinase K.
a final concentration of 5Q0g/ml anq the samples digested forThe DNA was purified and loaded onto a denaturing gel. For
2 h at 37C. The DNA was purified by phenol/chloroform getermination of the positions of the cleavage sites, the migration
extraction and ethanol precipitation and redissolveduhTi,  of the cleavage products was compared with the sequenced 122,
pH 8.0. Five microliters loading buffer (50% formamide, 0.05%11, 105, 96, 30 and 20 bp DNA fragments.
bromophenol blue, 0.03% xylene cyanol FF and 5 mM EDTA) oyr earlier results showing that pyrimido[#jBenzimidazoles
were added, samples were heated for 4 min‘at 9¢hilled on  haye 3 mode of action similar to that of quinolones could be
ice, loaded on a 12 or 15% sequencing gel containing 7 M urggnfirmed (.8). Both classes of subunit A inhibitors induced
and electrophoresed in 90 mM Tris-borate, 2 mM EDPATBE ~ pNA gyrase to cleave at the same sites and differences between
buffer). Reaction products were visualized by autoradiographifese inhibitors could be observed only in the preferences of DNA
and scanned with a G-700 imaging densitometer (BioRadjyrase for these cleavage sites (shown for the 77, 64 and 38 bp
Sequencing of the DNA fragments were carried out by thgna fragments in Fig2 and Table2). However, the results
Maxam-Gilbert sequencing method. indicate that DNA gyrase preferred the cleavage site between
RESULTS positions 993 and 994 (TGGCT, cleavage occurs at the site

indicated by the arrow) in the presence of the pyrimidd]L,6-
The pBR322 plasmid contains, around position 990, a 20 Hgenzimidazoles Ro 46-2825, Ro 46-7864 and Ro 47-3359, but in
sequence where DNA gyrase preferentially cleaves in thbe presence of Ro 46-6962 the cleavage site between position
presence of quinolonesd). In an earlier report we demonstrated990 and 991 (TGGCCT) was preferred. It is worthwhile to mention
that DNA fragments of 85 and 71 bp containing this cleavagbat Ro 46-6962 is one of the pyrimido[&]6enzimidazoles that
sequence at different positions were accepted as substrate domot chelate divalent cations but nevertheless inhibit the DNA
cleavage reactions in the presence of subunit A inhibitBysiio  gyrase-promoted supercoilingactionas well as the quinolones
further explore the role of this 20 bp cleavage sequence and #ral the chelating pyrimido[1d-benzimidazolesig).



Table 2. Quantification of DNA gyrase-mediated major cleavage sites between
T'GGCCT and TGGECT in the presence of quinolones or pyrimidog,6-

benzimidazoles
Inhibitor DNA (bp) T'GGCCT TGGC'CT
lower band upper band
(% of total) (% of total)
Fleroxacin 77 27 14
64 31 23
38 17 20
Ciprofloxacin 77 21 23
64 20 29
38 12 37
Ro 46-6962 77 26 0.5
64 23 2
38 9
Ro 46-2825 77 5 31
64 8 34
38 18
Ro 47-3359 77 13 33
64 4 21
38 3 39
Ro 46-7864 77 4 27
64 8 35
38 12
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As previously reported, DNA gyrase produced high amounts of
cleavage products aiL.O0 M inhibitor concentration1(8). For

the 64 bp fragment no significant increase in cleavage productiagments generated by DNA gyrase in the presence of fleroxacin. The DNA
between 100 and 5@/ fleroxacin was detected and even |0ngerfragments were incubated at°&7for up to 60 min in the presence of up to

incubation periods (up to 120 min) did not result in a significan?

increase in cleavage products (Bif§.and Tabled). Cleavage of
the 38 bp fragment increased significantly between 100 andvb00
at the TGGCCT site but not at the' GGCCT site (Fig3B and
Table 3). Inhibitors together with Mg in the absence of the
enzyme did not cleave the DNA fragments (data not shown).

Table 3. Quantification of DNA gyrase-mediated major cleavage sites between
T'GGCCT and TGGECT in the presence of different concentrations of

fleroxacin
Fleroxacin DNA (bp) T'GGCCT TGGC'CT
conc. (1M) lower band upper band
(% of total) (% of total)
50 64 27 15
38 17 7
100 64 28 21
38 17 16
200 64 24 24
38 17 27
500 64 17 26
38 10 43

Figure 3. Determination of the cleavage sites on the 64 and 38 bp DNA

00 uM fleroxacin. Reactions were carried out, stopped, purified and
electrophoresed as indicated in Figure 2.

with the 20 bp, but not with the 10 bp fragment, small amounts
of DNA fragments which arose from cleavage reactions within
the sequence'TGGCCT could be detected, indicating that even
the 20 bp cleavage sequepes seis to some extent a substrate
for the enzyme (FiglE).

Densitometric quantification of the major cleavage products on
the gels shows that the major cleavage products of the DNA
fragments down to 30 bp consisted®#50% of the total amount
of all bands, with a tendency that smaller DNA fragments were
poorer substrates for the DNA gyrase than longer ones. The data
also suggest that the preference for the major cleavage sites shift
from the T GGCCT cleavage site for the DNA fragments >96 bp
to TGGC CT for the shorter DNA fragments (Taldle The 20 bp
DNA fragments were cleaved with reduced efficiend24 of
the total of all bands) and this dropped to zero with the 10 bp DNA
fragment as substrate.

The DNA fragments were cleaved in the presence of inhibitors,
though less efficiently, at several additional sites (#ig$. The
electrophoretic mobilities of these cleavage products on the gels
indicate that cleavage at these weaker sites occurred at the sam
positions in all DNA fragments, indicating again that the enzyme

The results obtained with the DNA fragments of 30-122 bforms complexes at specific sites in the presence of quinolones.
show that DNA gyrase cleaved preferentially at two sites in the Cleavage within the 20 bp cleavage sequence in the presence
presence of 10QM fleroxacin (Fig.4). The sequencing data of Mg2* but absence of inhibitors could not be observed,
revealed that these sites are within the 20 bp cleavage sequenosfirming our earlier results showing that DNA gyrase performed
In addition to the preferential cleavage site reported earlier withthe religation reaction very efficiently in the absence of inhibitors
the sequence ' TGGCCT, efficient cleavage also occurred 3 bp(18). However, especially with DNA fragments <70 bp, a ladder of
downstream (TGGUGCT), confirming our earlier observations fragments deriving from cleavage reactions close to the end of the
obtained with DNA fragments of 71 and 85 b)( Further, even DNA fragments could be observed and cleavage atditesevas
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Figure 4. Determination of the cleavage sites on DNA fragments generated by DNA gyrase in the presence of fleroxacin. The DNA fragments were ifi€ubated at 3
for 10 min with DNA gyrase as described in Figure 2. When fleroxacin was added the final concentratiouiaf&@6tions were carried out, stopped, purified
and electrophoresed as indicated in Figure 2. The asterisks indicate the major cleavég&sitd® (igures show the same groups of DNA fragments as in Figure 1.

even increased in the absence of inhibitors gig-hese cleavage complexes cleaved at the end of the DNA fragments. However,
products also appeared when the DNA fragments were incubatsgtause cleavage at these sites also appeared in the presence
in the presence of Mg either with the A subunit or with the B Mg2* but absence of inhibitors, one can assume that they are not
subunit alone (shown for the 38 bp DNA fragmentin¥Agand  the result of specific enzyme—quinolone—-DNA complexes but
the appearance of the cleavage products was time dependecturred at non-specific sites.

(Fig. 5B). However, cleavage did not occur when the DNA

fragments were incubated with the subunits or with the tetrametigpje 4. Quantiication of DNA gyrase-mediated major cleavage sites between
complex in the absence of a divalent cation in the reaction buffefGGccT and TGGECT within DNA fragments of different length in the

(Fig. 5). Because both proteins were purified after over-productigstesence of fleroxacin

on heparin and ion-exchange columns, the co-purification of an

Mg2+- dependent '3, 5' DNA exonuclease cannot be excluded: TGGCCT TGGCCT

However, it is also possible that both fractions still contamedD lower band upper band

small amounts of the other subunit. Therefore, both subunits were (% of total) (% of total)

further purified on a novobiocin—Sepharose-coluivh Eluting

the subunit A fraction at high salt concentration should remove | :Z) 1107
the remaining B subunit, which binds to novobiocin and can only, ;- 45 o4
be eluted under denaturing conditions. After loading the B g 26 12
subunit fraction, the column was washed with high-salt buffer to ,; 18 18
remove the A subunit. The B subunit was eluted with guanidinegg 20 26
hydrochloride and renatured by dialysis. However, the ladder ofg4 21 27
DNA fragments also appeared after incubation of the DNA gg 5 23
fragments with these purified subunits (BG). Even after this 53 19 37
highly specific affinity chromatography step, co-purification of a 51 13 14
Mg?*-dependent '3.5' DNA exonuclease omot be entirely 47 7 33
excluded, but another possible explanation is that both fractionss 11 15
still contained a small amount of the other subunit which was30 7 9

co-purified due to protein—protein interactions and that these20 1
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even these DNA fragments, despite their length being in principle

A _ B ¢ insufficient to wrap around the tetrameric protein, were accepted
§ 3§ as substrate for cleavage reactions in the presence of subunit A
§E & g g inhibitors (L8). The DNA fragments were positioned onto the
ER I T 7 % enzyme in such a way that cleavage occurred at the predicted site
%% s g 2 E £t - A within the 20 bp cleavage sequence. In this report we show that
fEgPREE £ @ o T % T oz even a 30 bp DNA fragment containing the 20 bp preferred
Scccegeccfcocfccefcoecf cocfoecf cecffcct cleavage sequence from the pBR322 plasmid is still a substrate
Se880s cseRoseRonsRoss® onefogsl 2ag Noga® for DNA gyrase. Even a 20 bp DNA fragment was cleaved, but
esce- with very low efficiency. Cleavage within a 10 bp DNA fragment,
i 1 §§ . l .! 3 !_E_ - “; : m_ containriyng only part 01¥the 20 bg cleavage seqSence, cogld not be
=z ieg 3 23 =83: : observed, indicating that a fragment of this length is no longer a
-t : 183 T32 : substrate for the enzyme. Inefficient cleavage of short DNA
o : : fragments may reflect a lowered binding affinity because a
e 4 minimum number of DNA—protein contacts are necessary for
rapi efficient cleavage.
e Confirming our results obtained earlier with the 85 and 71 bp
DNA fragments, DNA gyrase cleaved all the cleavable DNA
t fragments in the presence of subunit A inhibitors preferentially at
. two sites within the 20 bp cleavage sequence of the pBR322
Figure 5. Cleavage sites at the end of the 38 bp DNA fragment generated b)? lasmid.
the DNA gyrase subunits in the presence ofMg)) The DNA fragment was — 4 —+
incubated with(LO pmol DNA gyrase subunits at %7 for 30 min in the 5-GGCTGGATGGOCTTCCCCAT-3
presence or absence of magnesium ions and/or fleroxacin as indicated in the 0 3

figure. B) The DNA fragment was incubated wiffi0 pmol DNA gyrase

subunits at 37C for up to 120 min in the presence or absence 8fMg@) The . .
DNA fragment was incubated wiffLlO pmol novobiocin-Sepharose-purified Bases that form covalent phosphodiester bonds with the

DNA gyrase subunits at 3 for up to 120 min in the presence or absence of €nzyme are marked + and the freby&iroxyl ends at the cleavage
Mg?*. Reactions were stopped, purified and electrophoresed as indicated igjte are marked —. The sequencing data shows that cleavage occurre
Figure 2. at the site earlier reported within the sequen¢&QCCT
between T at position 990 (humbered 0) and G at position 991, but
Cleavage generated in the presence &f @ad the absence of in addition 3 bp downstream (TGGCT) between C at position
inhibitors occurs at the same sites as those obtained in ®@3 (numbered 3) and C at position 994. Even if one considers
presence of oxolinic acid, but with different relative efficiencieghat cleavage occurs on the other strand 4 bp awag%), no
(3). However, it seems probable that not only the sequence mitvious sequence homology can be deduced from these major
also the length of the DNA fragments is critical for cleavageleavage sites and one can only speculate that the quinolones may
reactions carried out in the presence oFGas). The results of prefer a guanosine at position +1 in at least one strand. To confirm
this work confirmed these observations because the DNiRis speculation, further strong cleavage sites would have to be
fragments>96 bp were cleaved in the presence of*Gad analyzed. However, it is known that some antitumor drugs target
absence of inhibitors within the sequenc&sGCCT but the eukaryotic topoisomerase Il and that these compounds also
shorter ones< 77 bp) were not substrates (data not shown). stimulate topoisomerase Il-mediated DNA cleavage by interfering
with the breakage—religation reactidt6¢31). Different drug
DISCUSSION families show a variable degree of sequence specificity but
cleavage sites are generally conserved within the same family
DNA gyrase cleaves in the presence of quinolones at preferréiB,32—-35). Also, quinolone derivatives that have been shown to
sites on DNA and this quinolone-induced cleavage reaction hemluce eukaryotic topoisomerase Il to cleave at specific sites
been taken as a model for the double-stranded cleavage evaneffer a specific base at the cleavage 36 [t is postulated that
during supercoiling. Footprinting experiments have shown th#éttese antitumor drugs form a ternary complex by binding to
the DNA gyrase binding site is 100-150 bp long, with thereferred nucleotides adjacent to the cleavage site and to amino
cleavage site located near the center of the fragndef). ( acid residues of the enzyme. It is thus a possibility that DNA
Cleavage sequences share homology around the breakage pgymase subunit A inhibitors also prefer specific basesratute
and, based on analysis of cleavage sites and their flanking regi@¥$A gyrase to cleave at inhibitor-specific sites.
in the pBR322 plasmid, a 20 bp consensus sequence has beétfence, DNA gyrase cleaved DNA fragments in the presence of
proposed 19). It was also shown that there is a major cleavagsubunit A inhibitors preferentially within the 20 bp cleavage
site at position 990 on this plasmid). However, a 34 bp DNA sequence, but the cleavage pattern also shows cleavage product
fragment containing the 20 bp cleavage sequence around tHerived from cleavage reactions at the end of the DNA fragments.
major cleavage site is not a substrate for the enzyme in tfibese cleavage products may be the result of%-Mependent
presence of oxolinic acid and flanking DNA is required for3' - 5 DNA exonuclease which was co-purified with novobiocin
efficient DNA breakage23). In a previous report we used affinity column-purified DNA gyrase subunits. The specific and
restriction fragments of 85 and 71 bp from the plasmid pBR32&:ry different purification steps for the two subunits are expected
as model substrate DNA, each containing the preferred 20 bp remove potential exonuclease contamination at least from
cleavage sequence at a different position, and we could show taitlher one of the two subunits. The purified subunits, however, even
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after several purification steps, might still be cross-contaminatetikaryotic topoisomerase Il inhibitors, interacts with preferred
with small amounts of the other subunit due to their tightucleotides adjacent to the cleavage site or whether it is the DNA
interaction in the AB5 tetrameric DNA gyrase complex. Becauseconformation which determines the inhibitor-specific cleavage
cleavages at the end of the DNA fragments also appeared in #ites requires further investigation. However, we propose that the
presence of Mg but absence of inhibitors, cleavage at these sitesibunit A inhibitors interact with DNA at inhibitor-specific
by DNA gyrase, resulting in DNA fragments shortened by somgositions thus determining cleavage by forming a ternary complex
bases, would not be the effect of specific enzyme—quinolone—DNxetween DNA, inhibitors and DNA gyrase, but it remains an open
complexes but would occur at non-specific sites. However, thipiestion whether these sites are also the physiological sites.
mechanism of such a suicide type of cleavage at the very ends of
DNA fragments is not clear. ACKNOWLEDGEMENT
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