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Cloning and sequence analysis of DNA
gyrase genes from Mycobacterium

tuberculosis

K. Madhusudan, V. Ramesh and V. Nagaraja*®

Centre for Genetic Enginecring, Indian Institute of Science, Bangalore 560 012, India

Using a heterologous DINA gyrase probe from Strep-
tomyces sphaeroides, we have cloned the gyrA and gyrB
genes of Mycobacterium tuberculosis., The M. tuber-
culosis gyrB gene has been sequenced and compared
with the amino acid sequences of GyrB from other
bacteria, There is a sigaificant level (60-80%) of amino
acid sequence homology between GyrB of M. tfuber-
culosis and that of other bacterial species, indicating
a high degree of conservation of this essential enzyme,

D~na gyrase is a type Il topoisomerase, present ubliqui-
tously in bacteria. The enzyme has essential function
in catalysing the introduction of negative superhelical
turns into DNA'. The reaction involves ATP-dependent
transient breakage and resealing of both strands of
DNA®’. The negative supercoiling thus generated is a
prerequisite for replication and transcription. Apart from
serving as a swivel during replication fork movement,
the enzyme acts on positive supercoils generated ahead
of the wanscription complex. Along with topoisome-
rase I, DNA gyrase serves to maintain the homeostatic
balance of chromosomal superhelical density™”>,

E. coli DNA gyrase is a tetrameric protein having
two A and two B subunits, encoded by gyrdA and gyrB
respectively®. Both the genes of E. coli have been
cloned, sequenced’” and overexpressed' . The genes
have also been isolated and characterized from other
bacterial sources. Two classes of compounds-quinolones
and coumarins and their derivatives inhibit DNA gyrase
activity. The prototype compounds are nalidixic acid,
oxolinic acid (quinolones) and coumermycin Al,
novobiocin (coumarins). While quinolones interact with
DNA-protein complex'"'?, coumarins affect the ATPase
activity of GyrB", resulting in inhibition of supercoiling
mediated by the enzyme.

The genus Mycobacterium has attained importance
due to pathogenic spectes such as Mycobacterium tuber-
culosis, Mycobacterium leprae and other opportunistic
members. Tuberculosis and leprosy have continued to
be serious public health hazards in India and other
developing countries over a long period of time. Only
recently, the industrialized countries have shown enor-
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mous interest in this problem due to the increased
incidence of tuberculosis and development of resistance
to known antimycobacterial drugs'®'>. Though DNA
gyrase has been well studied 1n several organisms, hardly
any information is available from Mycobacteria. The
enzyme could be an ideal target for the development
of new line of antimycobacterial drugs. Although DNA
gyrase activity was detected In M. smegmatis earlier'® ",
details about the enzyme¢ structure and function from
the Mycobacterial species are yet to be elucidated. Cloning
and expression of the gyrase genes should facilitate the
isolation of the protein in large quantities to carry out in
vitro drug screening experiments. Here we report the
cloning of gyrA and gyrB genes trom M. twuberculosis.
Further, we have determined the nucleotide sequence of

gyrB and compared with other known gyrB sequences.

Materials and methods

Bacterial strains M. tuberculosis H,,R,, E. coli DH50,
and plasmid vectors pUCI9, pBR322, were from our
laboratory stocks. M. tuberculosis Hy;R, was propagated
on Youmans and Karlson’s medium as described earlier .
All E. coli strains were grown on Luria-Bertani medium.
The following plasmids and strains were generous gifts:
pSLS447, E. coli gyrA (J. C. Wang, Harvard Univ,,
Cambridge, USA)’; pMK90, pMK47, E. coli gyrA and
gyrB and E. coli N4177 gyrB® cou’ (M. Gellert, NIH,
USAY*"; E. coli LE316 gyrB® (E. Orr, Leicester Univ.,
UK)'®; E. coli NH647, KNK453, KNK402 are gyrA®
strains (N. R. Cozzarelli, Univ. of Chicago, Chicago,
USA)’, pGPD80, K. pneumoniae gyrA (H. K. Das,
Jawaharalal Nehru Univ,, New Delhi, India)®*; pAKI,
B. subtilis gyrA and gyrB (K. F. Bott, Univ. of North
Carolina, Chapel Hill, USA)"': pL.S182, S. sphaervides
gyrB (A. S. Thiara and E, Cundliffe, Leicester Univ., UK)™.

Restriction and DNA modifying enzymes were from
Pharmacia and Boehringer Mannheim and used according
to their spectfications. Nylon membrane (Gene screen
plus) was from New England Nuclear, Du Pont. [o**]P-
dCTP was obtaired from Bhabha Atomic Research Centre,
India. 7-deaza dGTP was from Boehringer Mannheim
and Sequenase version 2.0 and Genescribe vectors pTZ 18U,
pTZ19U were from U.S. Biochemicals. All other
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reagents were purchased from Sigma Chemical Co.

Isolation of genomic DNA and other
DNA manipulations

Genomic DNA from M. tuberculosis H, R, was isolated
by the method of Srivastava ez al.”’. Briefly, the bacterial
pellet was treated with lysozyme in GTE (Glucose 50
mM: Tris HCI pH 8.0, 25 mM; EDTA 10 mM) containing
0.19% Tween 80 at 37°C for 3 to 4h and incubated
with proteinase K (100 ug/ml) at 60°C for 2h in
presence of 1% SDS. After phenol and chloroform
extractions the genomic DNA was precipitated with
ethanol, spooled and dissolved in TE (Tris. HCl pH 8.0,
10mM; EDTA 0.1 mM). RNase A digestion was
followed by cetyl triethyl ammonium bromide treat-
ment”® and phenol, chloroform extractions. DNA was
spooled out after adding ethanol, air dried and dis-
solved in TE.

Southern analysis of genomic DNA

Genomic DNA (2pug) was digested completely with
several restricion enzymes, such as BamHI, EcoRI and
Bglll. The digested DNA was electrophoresed in 0.8%
agarose (4-5 V/icm) and transferred on to nylon mem-
brane in presence of alkali. This blot was prehybridized
for 4-6h and then hybridized with radiolabelled 2.2 kb
BamHI fragment cantying S. sphaeroides gyrB" gene for
12-24 h. The experimental details were as described in
Sambrook et al.”’.

Isolation of positive clone by colony hybridization

The DNA was electroeluted from the region of the
signal and ligated to EcoRl digested, dephosphorylated
pBR322. The transformants in E. coli DHSo were trans-
ferred on to nitrocellulose circles and hybridization was
performed as described above. The colonies were scre-
ened and the positive clones were jsolated and reanalysed
by Southern hybridization”.

DNA sequence determination

Different restriction enzyme fragments were subcloned
into Genescribe vectors (pTZ18U and pTZIYU) to
prepare ssDNA  templates. Sequencing reactions were
carried out following suppher’s manual and the products
were resolved on 6% Urea PAGI:. The DNA sequence
was analysed using UWGCG software, at the Distributed
Intormation Centre, Indian Institute of Science. The
sequence information has been comymunicated to LML
Data Library.
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Results and discussion

We have used different strategies to clone the DNA
gyrase genes from M. tuberculosis. The genomic libraries
of M. tuberculosis were prepared in pUC19 and pBR322
using different restriction enzymes. The libraries were
transformed into temperature-sensitive gyrA and gyrB
strains of E. coli" "™ " to obtain functionally complement-
ing clones. This approach did not yield positive results.
Probing the genomic DNA with gyrase genes of E.
coli*"* B. subtitis and K. pneumoniae” also did not
give hybnidization signals in spite of several attempts
using different conditions. The failure of these hetero-
logous probing experiments could be due to the vast
difference 1n the G+ C content of the probes (= 50%)
to that of Mycobacteria (= 70%). Hence, we used the
cloned gyrB" gene™ (a generous gift of A. 8. Thiara
and E. Cundliffe) of 8. sphaeroides, a G+ C rich
organism closely related to Mycobacteria.

Southern hybridization of chromosomal DNA isolated
from M. tuberculosis Hy;R. with S. sphaeroides gyrB°
gene probe 1s shown in Figure 1. Single hybridizing
fragment of different sizes was seen in each lane except

Vigure ). Southiern amalysis of M adwropdoas TR DNA. The
detads of the eapeaiment gre goven e Methods DNA was digesied
wilt Basnlll (lane 1), ] (lane 2), FoeRY (laue 3) and Billl ¢lane 3)
Siecs of the Lumbds DNA-Fndill Gapnents we madiested
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in EcoRI lane where two fragments 6.2kb and 4.2kb
hybridized to the probe. DNA from EcoRI lane in the
region comresponding to 6.2 kb and 4.2 kb was eluted
and cloned into plasmid pBR322. Bacterial colonies
harbouring these recombinant plasmids containing gysB'
hybridizable fragments were then picked up by colony hy-
bridization with the same probe. Several recombinant
plasmids were isolated and screened again by Southern
hybridization to obtain pMN13R and pMNO6R of sizes
6.2 kb and 4.2 kb respectively. The contiguous arrange-
ment of these 6.2 kb and 4.2 kb fragments 1 the genome
was confirmed by subsequent Southern analysis of
genomic DNA using several restriction enzymes. The
plasmids were digested with several restriction enzymes
to obtain the restriction map. The combined restriction

map of pMNI13R and pMNG6R is given in Figure 2.
Enzymes such as BamHI, Smal, Sacll, Pvull have mul-
tiple sites. This information was used to generate smaller
subclones for sequencing. The gyrB gene was located
by hybridizing the DNA from different subclones with
the probe. The location of gyrA was identified by partial
sequencing of plasmid pMN6R. We have determined
the complete nucleotide sequence of gyrB gene by
sequencing about 5.0kb region of the cloned region.
The sequencing strategy will be described in detail
elsewhere. Sequence data obtained from double-stranded
DNA sequencing were ambiguous. We therefore resorted
to make single-stranded templates and use 7-deaza dGTP
to relieve GC compressions. This modification provided
unambiguous sequence data. Analysis of the sequence
revealed the presence of an ORF of 714 amino acids
(Figure 3). Examination of the derived amino acid
sequence indicates the presence of several potential start
codons and the exact N-terminus of the protein is not
determined at this stage. Comparison of this derived
amino acid sequence to known DNA GyrB subunit
amino acid sequences using GAP {GCG software) showed
a high degree of homology. At the amino acid level,
the sequence shows about 55% identity and greater than
70% homology to E. coli GyrB subunit. DNA sequence
comparison indicated poor homology between the gyrB
genes of E. coli and M. tuberculosis. This result is not
surprising constidering the difference in the G + C content
of these two unrelated species. However, the gene shows
about 80% homology at the amino acid level and greater

TKD
ey

Figure 2. Restriction map of the cloned region. A contiguous stretch
of 10 4 kb from plasrmds pMNI3R and pMNER is shown. The location
and onientation of both genes are indicaled by the arrow mark. Ab-
breviations: B, BsiWl; E, EcoRI, H, Hpal; K, Kpnl, P, Psil; Sa, Sacl
and Sm, Smul.
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)] MGKNEARRSALAPDHGTVVCDPLRRLMNRMHGH
3), ATPEESIRIVAAQEKERERAQDEYGAASITILTE
6l G LEAVRIEXRPGMYIGSTGERGLHHLIWEVYVD
91, NAVDEAMAGYATTVNYVVLLEDGGVYEVADDG
12], RGIPVATHASGCGIPFTVDVVMNMTOQLHAGGI XVPFDS
151 DAYAI S GGLHGVGVSVVNALSTRLEVETIKR
18l DG YEWSQVYEKS EPLGLEQGAPTYXEKTOGLGSTUV
211 RFWADPAVFETTEYDFETVARRLOQEMAFLN
241 KGLTINLTDERVTQDEVYVDEVVSDVAEA APK
27, SASERAAES TAPHXVESRTIBYPGGLY DFUY
301 KHINRTKNATITHSS IVDFSGKGTGHEVETIAMNM
331 QWNAGY SESVHTFANTINTHEGGTHETEGTFR
361 SALTSVVNEKYAXDRKLLEXKDEKDFPFNLTGDDIR
39 EGCGLAAVISVIKVYVSEPQFEGQTXKTEKLSGNTEV VK
421 5FvnxvcurﬁﬁLTHHFEAHPTDA!{V??HK&?
451 S SAQARIAARKARELVRRIXKSATDIGGLPGK
481 LADCRSTDPRKSELYVVEGDSAGGSAKSGR
$11 DS MFQAI LPLRGKXKIINVEKARTIDRVLEKNTE
54T VQAIITALGTGIKDEFDIGERKLRYHKIVLMA
$71 DADVDGOQHISTLLOLUTLLFRFMRPLIENGHYVW
€01 FLAQPPLYXKLEWQRSDPEFAYSDRERDGLIL
631 EAGLEKAGXXINXEDGIQRYXGLGEMDAMRETL
€6l WETTMDPSVRVLRQVTLDDAAMAARDELVPY¥SIL
€90 MGEDVERBARRSPITRNAKDVRFLDV»

Figure 3. The denved amno-acid sequence of gvrB of M tuberculosts.
Potential translational starts are indicated by dots,

than 70% DNA scquence homology to S. sphaeroides
gyrB gene,

Next, we aligned one of the most conserved regions
amongst the known GyrB proteins. This region includes
Lys-103 and Tyr-109 residues of E. coli GyrB which
contribute to the ATP- binding pocket*®. The conservation
to near identity of this 27 amino acid stretch reflects
the importance of this region in the structure and function
of the protein across diverse bacterial genera (Figure
4). It should be noted here that crystal structure studies
of the N-terminal fragment of E. coli DNA GyrB protein,

137
M.tuberculosiw VVETOQLHAGGEKEFPDSDAYAISGGLHGY

93

E.coli VINTVLEAGCGCEREFDDNSBSBYKVYEGGLHEHCGY
S5

B.pubtilis VIMTVLHAGGRPDGS GYKVSGECLHGY
97

M.pneumoniae TVPIVLHAGGEPDNDSYEKVSGGLHGYV
95

P.putida VIMTVLHAGGEFDDNSYXVEGCGLHCEY
93

P.mirabilis VINTYLRAGCSGEKPDONSYEXVSGSLHGY
'-?.-7

N.goparrhoeas VINTVYLHAGGEFDMNNERBYXRXKISGGLHGY
114

S.achaercldes VVLTVLHAGGEPFGGGGYBVYVSGGELHGY

bigure 4. Alignnent of the conserved N-termirus region of differemt
GyrB proteins.
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complexed with ATP analogue, ADPNP have revealed
important features of cofactor—protein interactions®. Apart

from Lys-103 and Tyr-109, Tyr-5, Asn-46, Asp-73,
GIn-335 and Lys-337 are shown to be involved in
interacting with the cofactor. These amino acids are
also found to be conserved in gyrB gene of M. tuberculosis:
While there are structural and possible functional
similarities between E. coli and M. tuberculosis GyrB
proteins, the following differences may be noted.

(1) An unusually long N-terminal stretch of 46 amino
acids (considering the first ATG of the ORF) when
compared to GyrB of E, coli; the significance, if any,
of this region is yet to be ascertained.

(2) Absence of a stretch of about 165 amino acids
towards the C-terminal region of M. ruberculosis GyrB
which is present in E. coli. This might explain the
failure of our earlier functional complementation experi-
ments using temperature-sensitive E. coli gyrA and gyrB
strains. It should be mentioned here that B. subtilis
gyrB which lacks this stretch also fails to functionally
complement its homologue of E. coli’**. This result is
in general agreement with our observation. We have
noted that the same stretch of amino acids is absent In
GyrB of M. pneumoniae”, and S. sphaeroides™.

The DNA gyrase of Mycobacteria could be a very
effective target for new antimycobacterials, either deriva-
tives of known inhibttors of DNA gyrase or novel ones.
There is an urgent need for new drugs for the treatment
of tuberculosis due to the resurgence of the disease'
and alarming Increase in resistance’ to proven an-
timycobacterials such as Rifampicin and INH. The clon-
ing and sequencing of the gyrase genes is a first step
in this direction. Expression and characterization of the
protein should enable us to screen a variety of quinolone
and coumarin compounds.

Note added in proof- Takiff et al”’' have recently cloned
and sequenced gyrA and gyrB genes from M. tuber-
culosis H,, R,.
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Root-shoot communication in drying soil is
mediated by the stress hormones abscisic
acid and cytokinin synthesized in the roots

P.S. Abida*, V. R. Sashidhar*§, R. V.Manju*, T. G. Prasad* and L. Sudharshana'

Department of *Crop Physiology and 'Biochemistry, University of Agricultural Sciences, GKVK, Bangalore 560 065, India

In drying soils, particularly during initial stages,
stomatal conductance (g ) and leaf growth of plants
may be controlled by a chemical message from the
roots rather than by the water status of the leaves.
The most likely mechanism involves a baild-up of
abscisic acid (ABA) in dehydrating roots, its transport
through the xylem flow and regulation of g and leaf
growth. We have developed different systems to moni-
tor g_ and water relations of leaves during progressive
soil dr;} ing, as well as to determine ABA and cytokinin
content in roots at different depths of the drying soil
in two species, sunflower (Helianthus annuus) and
cowpea (Vigna unquiculafa) The data suggest that the
initial reduction in g  under soil drying in both
sunflower and cowpea could be excluswely attributed
to root signals as there was no decrease in turgor of
leaves. The hormonal basis of a nevel communication
mechanismn between root to shoot for dehydration
postponement is discussed.

IN recent years, there has been concerted interest in the
possibility that the root can communicate to the shoot
some indication of the perturbation in the soil environ-
ment. Stomatal conductance may be Influenced under
drought conditions through changes in leaf water potential
and metabolic changes in leaf. Evidence tor a non-
hydraulic root-to-shoot communication on soil water
status, which causes stomata to close without changes
in the water potential and the turgor of the leaf, had
accumulated during the last dt‘:cadel =, Initial mtﬁrest in
root signals was generated by field observations® which
showed that stomatal behaviour can be largely inde-
pendent of changes in leaf water relations but may be
more closely linked with soil water status. Later work'™

suggested that such a phenomenon results from roots
sensing drying soil via the production of a chemical,
‘root signal’, which is transported to shoots in the
transpiration stream to influence shoot physiclogy. The
greatest advantage of such a response is that it can

occur early in the soil drying cycle before any water

deficit develops in the shoots and may, in fact, prevent
or at least delay the onset of shoot water deficit. More

recently, it has been suggested that root-sourced abscisic

SFor correspondence.
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acid (ABA) plays a major role in chemical signalling
from roots to shoots®. It is apparently produced in roots
which undergo only mild dehydration and appears shortly
thereafter in xylem and in the leaf epidermis®”"' and

was therefore classified as a positive signal (Figure 1).
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Figure 1 Diagrammaltic rnepresentation of factors influencing the gencration
of cherucal information (dotted hinc) inv roots in drymg soil, the tansfer of
this information to leaves and ws effects on shoot processes (from ref. 8).
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