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Deinococcus radiodurans genome contains a large number of guanine repeats interrupted by a few non-guanine bases,
termed G motifs. Some of these G motifs were shown forming guanine quadruplex (G4) DNA structure in vitro. How
is the formation and relaxation of G4 DNA regulated in the genome of D. radiodurans is not known and is worth
investigating. Here, we showed that the topoisomerase Ib of D. radiodurans (DraTopoIB) could change the
electrophoretic mobility of fast migrating intramolecular recF-G4 DNA into the slow migrating species.
DraTopoIB also reduced the positive ellipticity in circular diachroism (CD) spectra of intramolecular recF-G4
DNA structures stabilized by K+. On the contrary, when DraTopoIB is incubated with G-motifs annealed without
K+, it showed neither any change in electrophoretic mobility nor was ellipticity of the CD spectra affected. DNA
synthesis by Taq DNA polymerase through G4 DNA structure was attenuated in the presence of G4 DNA binding
drugs, which was abrogated by DraTopoIB. This implies that DraTopoIB could destabilize the G4 DNA structure,
which is required for G4 drugs binding and stabilization. Camptothecin treatment inhibited DraTopoIB activity on
intramolecular G4 DNA structures. These results suggested that DraTopoIB can relax intramolecular G4 DNA
structure in vitro and it may be one such protein that could resolve G4 DNA under normal growth conditions in
D. radiodurans.
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1.

Introduction

Genomes of both prokaryotes and eukaryotes have stretches
of guanine repeats interrupted by a few non-guanine bases
termed G motifs. When four guanines of these oligomeric
regions interact through Hoogsteen base pairing, they produce square planar structure. Two or more such guanine
tetrads when stacked on top of each other form guanine
quadruplex DNA (G4 DNA) (Burge et al. 2006). These have
been found in both DNA and RNA sequences. Gquadruplexes have the ability to self-assemble in the genome
and can acquire uni-, bi-, or tetra-molecular topologies.
These structures get stabilized by monovalent cations, which
can penetrate the central cavity of G4 DNA (Kim et al.
2013). It is important to mention that not all monovalent
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cations function by penetrating the central cavity, as it is size
dependent. For example, the Na+ and K+ penetrate the central cavity while the ions like Li+ and Cs+ cannot, but they
help in G-quadruplex DNA stability through counterion
condensation (Kim et al. 2013). More recently an exceptional K+ selectivity in stabilizing bacterial DNA quadruplex and
producing G4 DNA structural polymorphism has been reported (Rehm et al. 2014). The planar geometry of these
structures, which can be either a parallel/anti-parallel or
mixed, is dependent upon the polarity of the stacked guanines in G4 DNA (Maizels and Gray 2013). It has been
observed that the effect of G4 DNA on transcription, replication and recombination are position and orientation dependent (Holder and Hartig 2014). G4 DNA present in the
transcription region leads to the formation of R-loop and this
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transformation becomes the important target of transcription
coupled genomic instability (Aguilera and Garcia-Muse
2012; Kim and Jinks-Robertson 2012). Further, the R-loop
containing RNA/DNA hybrid without G4-DNA in nontemplate region becomes the target for some recombination
factors (Duquette et al. 2004). Therefore, the formation of Gloop structure in DNA and R-loop in form of RNA/DNA hybrid
helps to maintain functional homeostasis. Since G4 DNA structures can be formed throughout the genome in any organism
and as demonstrated in human genome (Huppert and
Balasubramanian 2005; Lipps and Rhodes 2009, Biffi et al.
2013; Biffi et al. 2014), and if it remains unresolved, it can lead
to increased genome instability (Belotserkovskii et al. 2010;
Belotserkovskii et al. 2013). Therefore, there would be mechanisms that could help in the formation as well as in the resolution of G4 DNA structure for controlling genome functions. In
this direction, a number of DNA binding proteins with diverse
functions including helicases and topoisomerases have been
characterized (Paeschke et al. 2005; Bochman et al. 2012).
Recently, the involvement of a helicase Pif1 in resolution of
G4 DNA mediated replication fork arrest (Paeschke et al. 2011)
and that of a topoisomerase I in the rescue of genomic instability
in the highly transcribed G4- motifs region in yeast genome
(Yadav et al. 2014) have been demonstrated. It has been shown
that natural products like Telomestatin identified from
Streptomyces anulatus (Shin-ya et al. 2001) and porphyrin drug
like N-methyl mesoporphyrin IX (NMM) (Ren and Chaires
1999, Smith and Johnson 2010) can bind with G4 DNA,
thereby increasing the thermal stability of G4 DNA structure.
Deinococcus radiodurans, a radioresistant bacterium, is
known for its efficient DNA double strand break repair
(Zahradka et al. 2006, Misra et al. 2013) and an extraordinary
oxidative stress tolerance (Daly et al. 2010, Tian and Hua
2010; Slade and Radman 2011). The multipartite genome of
this bacterium is GC rich and contains numerous G motifs
distributed throughout both the chromosomes (White et al.
1999). These G motifs are present on both the strands of
chromosome in both the polarities and at different positions
upstream to the putative promoters as well as within the repeats
in the genome of D. radiodurans (Makarova et al. 2007;
Beaume et al. 2013). D. radiodurans treated with NMM
showed downregulation of gene expression, growth inhibition
and loss of γ radiation resistance (Beaume et al. 2013). The
formation of G4 DNA and its functional significance in the
regulation of gene expression have also been reported in
bacteria (Rawal et al. 2006; Holder and Hartig 2014).
However, the molecular mechanisms underlying the regulation
of G4 DNA formation and resolution are not sufficiently
studied in prokaryotes. D. radiodurans genome encodes a
large array of known as well as putative DNA/RNA helicases
and both Type II and Type IB DNA topoisomerases
(Makarova et al. 2001). DNA Topoisomerase IB of
D. radiodurans (hereafter referred as DraTopoIB) has been
J. Biosci. 40(5), December 2015

functionally characterized (Krogh and Shuman 2000) and
more recently, its interaction with a pleiotropic protein having
function in genome maintenance has also been demonstrated
(Kota et al. 2014). Here, we report the involvement of
DraTopoIB in the resolution of G4 DNA structure in solution.
The G motif located at the 46th position upstream to recF
(recF-G) formed a parallel geometry. Further, we showed that
the intramolecular G4 DNA was destabilized when incubated
with purified recombinant DraTopoIB. This function of
DraTopoIB was abolished in the presence of camptothecin, a
topoisomerase I inhibitor. These results suggested that recF-G
motif in D. radiodurans forms parallel G4 DNA structure and
DraTopoIB plays an important role in the resolution of G4
DNA structures at least in vitro.
2.

Materials and methods

2.1 Identification of putative G motifs
in Deinococcus radiodurans genome
Putative G motifs in the genome of Deinococcus radiodurans R1
(White et al. 1999) were identified as described earlier (Rawal
et al. 2006). The formation of G motifs within 500 bp upstream as
well as within coding region of a few DNA repair genes were
analysed in silico using the QGRS Mapper (http://
bioinformatics.ramapo.edu/QGRS/index.php). Since, in silico
characteristics of G motif located at 46th position upstream to
recF (recF-G) in D. radiodurans genome were nearly similar to
that observed with the G motif characterized from the telomeric
region of human genome, further studies were carried out using
recF-G motif (5′GGGGTGGGGTGGGCCGGG3′). Further,
these results were compared with a well characterized G4 DNA
forming oligonucleotide (5′GGGTGGGTTGGGTGGG3′)
(Cahoon and Seifert 2009) and a non G4 motif
(5′ TCCTGCATCTTCAGGC3′). All the oligonucleotides mentioned here were commercially synthesized, gel purified and
concentration was determined using absorbance at 260 nm and
appropriate molar extinction coefficients as described in (http://
biophysics.idtdna.com/UVSpectrum.html).
2.2

Purification of recombinant protein

draTopoIB coding sequence was cloned and expressed in
E. coli, and the recombinant DraTopoIB was purified as
described earlier (Kota et al. 2014). In brief, recombinant
E. coli expressing DraTopoIB was lysed and soluble protein
recovered in cell free extract was purified using Ni+ affinity
chromatography under native conditions following kit protocols (QIAGEN, GmbH, Germany). Partially purified protein was dialysed in buffer (25 mM Tris–HCl, pH 8.0,
50 mM NaCl, 10% (v/v) glycerol, 1 mM DTT and 5 mM
MgCl 2 ) containing 10% glycerol and 5% ethanol and
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repurified using Ni2+ affinity chromatography. The partially
purified protein was further purified through Q-Sepharose
chromatography at pH 7.5, followed by gel filtration using
Sephacryl S-200 column chromatography in the above buffer using standard protocols. The highly pure protein preparation was dialysed in sample buffer containing 50%
glycerol and stored at −20°C for subsequent uses.
2.3

CD spectroscopy

CD spectroscopic studies were carried out as described earlier
(Giraldo et al. 1994; Siegfried and Bevilacqua 2009). In brief,
4 μM or 10 μM DNA was heated at 95°C and slowly cooled to
25°C in 10 mM Tris-HCl pH 7.4 in the presence and absence of
different concentration of KCl. DNA substrates were mixed with
different concentrations of DraTopoIB in the presence and absence of NMM or KCl as required and incubated at 37°C for 30
min. The CD spectra were recorded on a CD spectrophotometer
(JASCO Model: PTC-423S, JASCO Analytical Company,
Tokyo, Japan) between 220−320 nm wavelength range with the
response time of 2 s and scanning speed 100 nm/min. The CD
spectrum showed here represented the average of three scans taken
at 25°C. The contributions from buffers, salts, NMM and protein
to CD characteristics were subtracted appropriately using inbuilt
software within the spectrometer. All the experiments were repeated at least three times independently, data were processed and
graphs were plotted using Graphpad prizm software (GraphPad
Software, Inc, La Jolla, USA).
2.4

Gel electrophoresis

G4 DNA formation was checked using native polyacrylamide gel electrophoresis (PAGE) as described earlier (Li
et al. 2013). In brief, 4 μM G4-recF DNA was mixed with
different concentrations of purified recombinant DraTopoIB
in a buffer containing 25 mM Tris–HCl, pH 8.0, 10% (v/v)
glycerol, 1 mM DTT, 5 mM MgCl2, 0.5 mM EDTA and 0.1
μg/μL BSA, and different concentrations of KCl. Reaction
mixture was incubated at different temperatures ranging
from 25°C to 37°C for 30 min. Products were analysed on
15% polyacrylamide gel. Since the enzyme showed almost
similar activity at 25°C, 30°C and 37°C (data not shown),
further reactions with DraTopoIB were carried out at 37°C
for 30 min before analysing on PAGE. For ascertaining that
the mobility retardation of G motifs are not due to the
nucleoprotein complex, the purified protein was incubated
with both non-G4 DNA and G4 DNA and analysed using
10% native PAGE. Likewise DraTopoIB activity with intramolecular G4 DNA was monitored in the presence of
camptothecin. The gels were stained with SYBR Green 1
and DNA bands were visualized under UV and documented
using SYNGENE (UK) gel documentation system.

2.5

Taq DNA polymerase stop assay

Taq DNA polymerase stop assay was carried using a modified
protocol as described earlier (Han et al. 1999). For that, 400bp
DNA template containing a well characterized G4 DNA present
at the 67th position upstream to recQ (hereafter referred as recQG4) (Kota et al. 2015) was incubated with Taq DNA polymerase
under different conditions and DNA synthesis was monitored by
PAGE. In brief, 100 nM PCR amplified DNA fragment containing recQ-G4 was denatured at 95°C for 5 min and annealed in
the presence and absence of K+. The DNA containing G4 DNA
structure was preincubated with different concentrations (0.5
μM, 1.0 μM, 1.5 μM, 2.0 μM, 5.0 μM) of DraTopoIB, 4 μM
TmPyP4 and 25 nM NMM for 1h at 37°C. Samples treated with
DraTopoIB were further incubated with 10 nM NMM for 5 min
as required. DNA synthesis was carried out with 2.5 U Taq DNA
polymerase in 1X Taq DNA polymerase buffer containing
3 mM MgCl2 and 100 mM dNTPs for 2 h at 37°C. Reaction
was stopped with 10 mM EDTA, 0.1% xylene cyanol, 0.1%
bromophenol blue and products were analysed using 8% native
PAGE. The gels were stained with SYBR Green 1 and DNA
bands were visualized under UV and documented using
SYNGENE (UK) gel documentation system.
All the experiments were carried out at least three times.
Data presented without statistical analysis are the representative data of typical reproducible experiments.

3.
3.1

Results and discussion

G4 DNA and non-G4 DNA are distinguishable
in solution

The G-motif (5′GGGGTGGGGTGGGCCGGG3′) located at
the 46th position upstream to the coding sequences of RecF
(recF-G) in the genome of D. radiodurans was synthesized
and its CD spectral characteristics was compared with a wellcharacterized G motif (5′GGGTGGGTTGGGTGGG3′)
(Cahoon and Seifert 2009) as a positive control and a
non-G motif (5′TCCTGCATCTTCAGGC3′) as a negative
control. It was observed that both positive control (figure 1a)
and recF-G sequence (figure 1b) produced CD spectra with λ
min at the ~240 nm and λ max at ~262 nm while the non-G
motif showed λ min at the 240 nm but its λ max was shifted
to 271 nm (figure 1c). Since the CD ellipticity with λ min at
the 240±2o and λ max at the 260±2o has been reported for G
motifs that form parallel G4 DNA structure (Giraldo et al.
1994), recF-G motif is also forming a parallel G4 DNA
structure. Earlier it has been shown that NMM specifically
binds to parallel G4 DNA structure in vitro (Li et al. 1996)
causing an increased positive ellipticity of the CD spectra.
Therefore, the recF-G motif was annealed in the presence of
25 mM KCl and CD spectra were recorded in the presence of
J. Biosci. 40(5), December 2015
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NMM. Results showed an increased positive ellipticity in the
CD spectra of recF-G motif when incubated with NMM
(figure 1d). These results suggested that the recF-G motif
forms parallel G4 DNA structure, which is similar to positive
control, and it is structurally different from non-G-motif at
least when annealed in the presence of K+.

3.2

DraTopoIB works better on G4 DNA prepared
in the presence of KCl

Earlier it has been demonstrated that the intramolecular form
of G4 DNA moves faster than unfolded and intermolecular
form of G4 DNA on PAGE (Li et al. 2013). Therefore, the
recF-G motif of the D. radiodurans genome was annealed in

the presence and absence of KCl and analysed on PAGE. We
observed that DNA annealed in the presence of KCl produced the typical intramolecular form of G4 DNA and migrated faster than unprocessed control (Compare lane 1 and
2 in figure 2a). However, when G4 DNA is incubated with
increasing concentration of DraTopoIB, majority of them got
converted into slow mobility species (Compare lane 1 with
lanes 3–7 in figure 2a). Whereas when this G4 DNA was
incubated with increasing concentration of KCl, there was no
change in the quality and apparently the PAGE mobility
characteristics were similar to substrate control (compare
lane 2 with lanes 8–11 in figure 2a). Interestingly, the positive ellipticity in CD spectra decreased with increasing
concentration of DraTopoIB (figure 2b). Similar PAGE mobility was observed for positive control when treated with

Figure 1. Characterization of G4 forming DNA substrates. The known G4 DNA from telomeric region as positive control (a), putative G4
DNA (G4-recF) (b) and non-G4 motif as a negative control (c) were analysed by CD. G4-recF motifs was annealed in a buffer containing
10 mM Tris-HCl pH 7.4 and 25 mM KCl (con) and incubated with different concentrations 1 nM (blue), 2 nM (green), 5 nM (red) and 10
nM (gold) of NMM and CD spectra were recorded (d). Data shown here is from a reproducible representative experiment that has been
repeated at least three times.
J. Biosci. 40(5), December 2015
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Figure 2. Effect of DraTopoIB on intramolecular G4 DNA structure. The recF-G motif (as defined in figure 1b) was heated at 95°C in
10 mM Tris-HCl, pH 7.6 and annealed to room temperature in the presence of KCl (Annealing +K). Annealed DNA substrate was
incubated with different concentrations 0.25 μM, 0.5 μM. 1.0 μM, 1.5 μM and 2.0 μM of DraTopoIB enzyme, and an additional 25 mM, 50
mM, 75 mM and 100 mM KCl. These samples were analysed on 12% native PAGE in KCl buffer (a). For CD analyses, the G4-recF DNA
was incubated with 1 mM KCl (Con) (black) and to this the different concentration, 0.5 μM (blue) , 1.0 μM (green) and 1.5 μM (red) of
DraTopoIB was added and CD spectra was recorded (b). Similarly for positive control, the earlier characterized G4 DNA (figure 1a) was
incubated with different concentrations 0.5 μM. 1.0 μM, 1.5 μM, 2.0 μM and 2.5 μM of DraTopoIB enzyme and products were analysed on
12% native PAGE in KCl buffer (c). Data presented here are the representative of the reproducible experiments repeated at least three times.

increasing concentration of DraTopoIB (figure 2c).
These results indicated that DraTopoIB acts on intramolecular G4 DNA structure and converts it into other
molecular forms in vitro. Similar enzymatic activity of
DraTopoIB on two different G motifs having different
sequences though forming parallel G4 structures suggested that, DraTopoIB recognizes DNA structure rather
than nucleotide sequence.
In order to distinguish whether DraTopoIB acts on parallel G4 DNA structure or on DNA substrate, we checked the
effect of this enzyme on recF-G motif processed without KCl
assuming that there would be no or very little G4 DNA
structure formation. When the recF-G motif processed without KCl was incubated with increasing concentration of
DraTopoIB, there was no change in PAGE mobility of the
substrate (compare lane 1 with 2–5 in figure 3a). However,
the addition of KCl to recF-G motif processed without KCl
had changed the original PAGE mobility patterns of the
substrate and a new species presumably the intramolecular
G4 DNA had appeared (compare lane 1 with lane 6–8 in
figure 3a). Further, CD analysis of recF-G motif annealed in

the absence of KCl showed positive ellipticity at 262 nm and
a little less pronounced negative ellipticity at 240 nm
(figure 3b). However, addition of KCl to this preparation
resulted in a significant change of PAGE mobility and negative ellipticity become clearer (figure 3b). Proteins promoting intramolecular G4 DNA formation (Borgognoone et al.
2010, Muniyappa et al. 2000) and some helicases that could
relax intramolecular G4 DNA in vitro (Kamath-Leob, et al.
2012; Postberg et al. 2012) have been reported. Therefore,
these results could suggest that DraTopoIB recognizes intramolecular parallel G4 DNA structure and relaxes it either to
unfolded species or leading them to intermolecular interaction.

3.3

G4 DNA incubation with DraTopoIB makes it
extendable by DNA polymerase

The relaxation of intramolecular G4 DNA structure by
DraTopoIB was ascertained using Taq DNA polymerase
stop assay. For that G4 DNA was pre-incubated with different ligands and DraTopoIB followed by DNA synthesis
J. Biosci. 40(5), December 2015
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Figure 3. Effect of DraTopoIB on unfolded guanine quartet motif. Unannealed G4-recF motif (as defined in figure 1b) was incubated with
different concentrations, 0.5 μM, 1.0 μM, 1.5 μM and 2.0 μM of DraTopoIB enzyme, and 25 mM, 50 mM, 75 mM and 100 mM of KCl.
These samples were analysed on 12% native PAGE in KCl buffer (a). Similarly, the unfolded G4-recF (Con) was incubated with different
concentration 0.5 μM (blue), 1.0 μM (green) and 2.0 μM (red) enzyme and 25 mM KCl (black), and CD spectra was recorded (b).

using the primers flanking to G4 DNA structure (figure 4a).
Taq DNA polymerase could synthesize full length product
from the template containing non-annealed G4 DNA. Taq
DNA polymerase failed to synthesize full length product
when G4 DNA made in the presence of K+ ion and also
was incubated with NMM and TmPyP4 (Compare lane 2
with 3 and 9 in figure 4b). However, upon DraTopoIB
treatment, Taq DNA polymerase could extend DNA synthesis even in the presence of NMM (Compare lane 3 with lane
4–8 in figure 4b). These results suggested that DraTopoIB
relaxes parallel G4 DNA structure making it possible to get
full length template synthesized by Taq DNA polymerase.

J. Biosci. 40(5), December 2015

3.4

G4 DNA processing by DraTopoIB requires its activity

Requirement of enzyme activity of DraTopoIB per se
for its action on intramolecular G4 DNA structure was
further confirmed using TopoI inhibitor. For that
DraTopoIB was treated with camptothecin, an inhibitor
of topoisomerase I before incubating with G4 DNA and
products were analysed on PAGE. It was observed that
DraTopoIB could convert intramolecular G4 DNA into
slow migrating molecular species presumably arising
from intermolecular interactions. However, in the presence of camptothecin, the conversion of intramolecular
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Figure 4. Tag DNA polymerase stop assay of G4 formation. Schematic representation of G4 motif localization in upstream region of recQ
in D. radiodurans genome, and forward (F1, 5′CGGGATCCCGAGACCGGGCACGAG3′) and reverse (R1,
5′ GGACTAGTCATCTCCCC AGGATAG-3′) primers were used for amplification (a). Putative G4-recQ DNA substrate (S) was heated
at 95°C, and annealed in the absence (1) and presence of 25 mM KCl (2). The template containing G4 DNA structure (3-10) were incubated
with either NMM (3) or first with increasing concentration 0.5 nM (4), 1.0 nM (5), 1.5 nM (6), 2.0 nM (7) and 5 nM (8) of DraTopoIB for
1 h followed by 10 nM NMM to all DraTopoIB treated samples. Similarly G4 DNA formed in the presence of KCl was treated with 4 μM
TmPyP4 (9) and heated at 95°C for 5 min (10). Tag DNA polymerase was added and incubated at 37°C for 2 h. Reaction was stopped with
10 mM EDTA, 0.1% xylene cyanol, 0.1% bromophenol blue and products were analysed on 8% native PAGE (b). Data shown is
representation of a reproducible experiment.

species to intermolecular species was inhibited indicating
that DraTopoIB activity is required for resolution of
parallel G4 DNA structure (compare lane 2 with lane 3
in figure 5). The non-G motif incubated with DraTopoIB
in the absence as well as in the presence of
camptothecin did not show significant effect in PAGE
profile of the substrate (compare lane 5 with lane 6 in
figure 5). On contrary G motif incubated with
camptothecin in the presence as well as absence of
DraTopoIB converted unfolded G motif to fast migrating
intramolecular G4 DNA species (compare lane 5 to 8 in
figure 5). These results suggested that camptothecin
could inhibit DraTopoIB mediated resolution of intramolecular G4 DNA structure but itself could promote the
formation of intramolecular G4 DNA structure by a yet
unidentified mechanism.
The GC rich genomes of the organisms across the
kingdom have been found having very high density of G
motifs. These G motifs produce non-canonical secondary
structures in genome called as G4 DNA. The G4 DNA
structures are known to affect both functions and

genome integrity if remain unresolved (Bochman et al.
2012). These effects of G4 DNA are differentially regulated based on its position and orientation with respect
to functional units in the genome. Recently, it has been
demonstrated that G-loop formed at the G4 DNA site as
well as R loop formed at G4 DNA/RNA heteroduplex
region become highly recombinogenic and thus create
hot spots for genomic instability (Tarsounas and
Tijsterman 2013). Accumulating evidences further suggests the formation of G4 DNA in vivo, and its effects
on genome functions and maintenance. Presence of G4
DNA in the upstream region of the coding sequence,
and its regulatory role in bacterial promoter activity has
been demonstrated in vivo (Kota et al. 2015). Therefore,
the questions arise about what favours the formation of
G loop from an energetically stable guanine-cytosine
triple bond structure and then, how such structures are
resolved in vivo to take care of genomic stability and
genome functions. In vitro studies using G motif containing single stranded oligonucleotides have shown that
monovalent cations like Na+/K+ stabilize G4 DNA struc-

J. Biosci. 40(5), December 2015
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Figure 5. Effect of topoisomerase I inhibitor on DraTopoIB role in G4 DNA metabolism. Guanine motifs (5′GGGTGGGTTGGGTGGG3′)
shown to form parallel G4 DNA structure was heated at 95°C and slowly cooled down in the presence (+K) and absence (−K) of 25 mM
KCl. These were incubated with DraTopoIB and camptothecin in different combinations. These products were analysed on 15%
polyacrylamide. A representative data of the reproducible experiment is shown.

tures. Furthermore both natural as well as synthetic G4
DNA binding drugs have been identified and are used to
understand their mode of actions in vivo and roles as
therapeautic agents. However, the formation and resolution dynamics of G4 DNA structure is very little understood in vivo except that of certain proteins’ role in the
formation of intramolecular G4 structure (Muniyappa
et al. 2000; Kang and Henderson 2002; Borgognoone
et al. 2010).
Deinococcus radiodurans also has GC-rich genome with
numerous islands of G motifs (Makarova et al. 2007).
Although the formation of G4 DNA structure in the genome
of this bacterium is not shown yet, the G4 DNA binding
porphyrins like NMM and TmPyP4 showed negative effect
on its growth and radioresistance (Beaume et al. 2013).
Recently it has been shown that G motifs located upstream
to recQ and mutL form parallel and mixed G4 DNA structures, respectively in solution and the G4 DNA binding
drugs differentially affected the activity of these promoters
(Kota et al. 2015). Here we have brought forth some interesting results to suggest that DraTopoIB functions as
resolvase to the parallel G4 DNA structure, which appears
to be converting intramolecular G4 DNA into intermolecular
species. Taq DNA polymerase stop assay has been used for
monitoring the destabilization of G4 DNA mediated stalls
during DNA synthesis (Han et al. 1999). We also observed
that G4 DNA containing template when incubated with G4
DNA binding drug NMM, the DNA synthesis was inhibited.
J. Biosci. 40(5), December 2015

However when same DNA was preincubated with
DraTopoIB before incubating with Taq DNA polymerase,
the full length DNA synthesis was observed irrespective of
the presence of NMM (figure 4 and figure 6). This suggests
that (i) NMM could stabilize pre-existed G4 DNA structure
and thereby inhibits DNA polymerase activity, and (ii)
DraTopoIB could resolve the G4 DNA structure, which
makes it possible for Taq DNA polymerase to read
through the entire DNA template. The resolvase activity
of DraTopoIB has been observed with three G4 DNA
substrates like recF-G4 (figure 2a), recQ-G4 (figure 4b)
and a positive control (figure 2c) (Cahoon and Seifert
2009), which were formed from three different nucleotide
sequences of G motifs. This indicated that DraTopoIB
activity on G4 DNA is structure specific and does not
seem to be sequence specific. Earlier the role of human
topoisomerase I in the resolution of G4 DNA structure and
the yeast topoisomerase I in keeping check on genomic
instability particularly in the highly transcribed G motifs
regions of the genome have been reported (Arimondo
et al. 2000; Yadav et al. 2014). In addition, a large
number of proteins belonging to different classes have
been suggested as G4 DNA binding proteins that could
be involved in both formation and destabilization of G4
DNA structure (Kang and Henderson 2002; Fry 2007;
Castillo-Gonzalez et al. 2012). Future studies can test
whether DraTopoIB has a direct role in the regulation of
gene expression under G4 DNA control or whether this
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Figure 6. Schematic representation of Taq DNA polymerase stop assay on DNA template having G4 DNA. Template with G4 DNA was
incubated with DraTopoIB and G4 DNA stabilizing drug NMM in different combination and DNA synthesis by Taq DNA polymerase was
monitored. Taq polymerase could synthesis full length product using DNA template containing G4-recF motif (a) as well as the G4 DNA without
G4 DNA binding drugs (b). Taq polymerase failed to copy G4 DNA containing template in the presence of NMM or TmPyP4 drugs (c) until
DraTopoIB was added before the addition of NMM to G4 DNA stabilized template (d). DNA synthesis by Taq DNA polymerase was monitored
using native PAGE as described in figure 5. The symbols (√) represent synthesis while (×) no-synthesis of DNA by Taq DNA polymerase.

function is redundant with other proteins in the bacterium.
From the available results it is emphasized that G4 motif
upstream to recF forms parallel G4 DNA and an active
DraTopoIB could resolve intramolecular G4 DNA structure at least in vitro.
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