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ABSTRACT

Introduction: Fluoroquinolone resistant clinical isolates
belonging to the family Enterobacteriaceae, is a major public
health concerninIndia. Dataanalysis in JIPMER hospital revealed
10% rise in fluoroquinolone resistance within a span of three
years suggestive of the possible involvement of mechanism/s
other than QRDR capable of imparting fluoroquinolone
resistance. DNA methylation regulates gene expression.
Moreover, methylated cytosine is a mutational hotspot. Thus,
DNA methylation can alter bacterial gene expression profile as
well as facilitate the bacteria in accumulating mutations possibly
leading to increased antimicrobial resistance. Therefore,
the present study was carried out to identify the potential
involvement of DNA methylation in ciprofloxacin resistance.

Aim: To elucidate and compare the methylation level of genomic
and plasmid DNA among clinical isolates of E. coli sensitive and
resistant to ciprofloxacin.

Materials and Methods: The study included 40 clinical E. coli
isolates of which, 30 were ciprofloxacin-resistant and 10 were
sensitive to ciprofloxacin. Genomic DNA (gDNA) and plasmid
DNA were extracted and quantified. Methylation levels were
elucidated using 5-mC DNA ELISA kit (Zymoresearch, California,
USA) as per kit protocol and guidelines.
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Statistical Analysis: Spearman correlation 2-tailed test was
used. A p-value <0.05 was considered significant.

Results: The MIC values of sensitive and resistant strains
against ciprofloxacin ranged from 0.125 pg/mL - 0.75 pg/mL
and 8 pg/mL - >256 ug/mL respectively. No difference was found
in plasmid DNA methylation level but, the gDNA methylation
level of the resistant strains significantly differed from that of
the sensitive strains. Based on Spearman correlation test
gDNA methylation level of bacteria was found to be inversely
proportional to its MIC against ciprofloxacin with p= -0.956
(p-value < 0.0001).

Conclusion: The influence of DNA methylation over plasmid-
mediated quinolone resistance needs to be further confirmed
by bisulphite DNA sequencing of the plasmid-borne genes.
Extensive usage of ciprofloxacin has led to rise in ciprofloxacin
resistance possibly induced by DNA methylation. Thus rational
usage of ciprofloxacin in a clinical setting is essential to
combat the further development of ciprofloxacin resistance.
Hypomethylated genes and adenine methylation needs to
be identified to fill up gaps in knowledge concerning the
involvement of DNA methylation in fluoroquinolone resistance
exhibited by E. coli.
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INTRODUCTION

Fluoroquinolone resistant clinical isolates belonging to the family
Enterobacteriaceae form a major public health concern as it has
increased the incidence of respiratory tract infections worldwide
and that of UTl and intra-abdominal infections particularly in
Asia [1]. Until 1998 accumulation of mutations within Quinolone-
Resistance Determining Region (QRDR) alone, was considered
responsible for fluoroquinolone resistance until a plasmid encoded
gene gnr capable of imparting fluoroquinolone resistance was
identified [2]. Similarly, little more plasmid-mediated mechanism
such as enzymatic modification of fluoroquinolones, protection
of DNA gyrase enzyme against the fluoroquinolone activity and
efflux pumps have also been reported [3-5]. Of late the prevalence
as well as the level of fluoroquinolone resistance among clinical
isolates belonging to the family Enterobacteriaceae has increased
[6,7]. The prevalence of fluoroquinolone resistance among clinical
isolates of Enterobacteriaceae has gone high particularly in India,
ranging from 65% to 70% [8,9]. We also observed similar findings
in our laboratory, 75% of the Enterobacteriaceae species isolated
in the Dept. of Microbiology, JIPMER were resistant to ciprofloxacin
in the year 2012. But in 2015, it increased to 85%, with MIC values
ranging from 2 ug/mL to >256 pg/mL (Unpublished Observations).
Thus, some other resistance mechanism apart from QRDR
could be associated with this steep increase in fluoroquinolone
resistance.
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DNA methylation was initially discovered in the context of the
restriction-modification (R-M) system, but some of the bacterial
DNA methylases are known to regulate cellular pathways (such
as cell signalling, bacterial virulence and pathogenesis) other than
the R-M system [10]. DNA methylation regulates gene expression;
increase in DNA methylation lowers gene expression [11]. A
significant increase in the genomic DNA (gDNA) methylation level
of the E. coli isolates during the exponential to stationary phase
transition has been reported [12]. The gDNA methylation level
was found to be lowest in the exponential phase of the E. coli
during which the cells are highly metabolically active [12]. As the
metabolic activity of a bacterium is comparatively higher in the
presence of an antibiotic, there could be a possible alteration in
the DNA methylation profile of the resistant strains. This modified
methylation level of the bacterial DNA could, in turn, alter the
bacterial gene expression profile thereby, imparting antimicrobial
resistance. Moreover, methylated cytosine is more prone to
thymine mutation at a rate of 5.8x10 — 13 per second [13], these
spontaneous mutations can lead to accumulation of mutations
leading to increased antimicrobial resistance when compared
with unmethylated cytosine within the bacteria. Thus, DNA
methylation can also facilitate the bacterial cells to accumulate
mutations. Apart from accumulating mutations and regulating the
gene expression profile of the bacteria, DNA methylation is also
involved in the regulation of protein-DNA interaction and DNA
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replication [10]. This alternate regulation of DNA replication may be
responsible for the higher survival rates of bacteria in the presence
of fluoroquinolones. Thus, there can be a possible association
between DNA methylation and fluoroquinolone resistance.
However, this association needs to be identified experimentally.

Therefore, elucidating the DNA methylation level of the resistant
isolates and comparing them with the methylation level of the
sensitive strains would provide us an idea of the possible alteration
in the bacterial resistance to ciprofloxacin.

AIM

Hence, the present study was carried to find out the potential
involvement of methylation levels of plasmid and genomic DNA in
ciprofloxacin resistance, by elucidating the association between
the levels of DNA methylation and the increase in Minimum
Inhibitory Concentration (MIC) values.

MATERIAL AND METHODS

Bacterial Strains

The cross-sectional study described herein, was conducted
in Diagnostic Bacteriology Laboratory at JIPMER from June to
November 2015. Due to the unavailability of previous literatures
and CpG density index for other Enterobacteriaceae species we
restricted our study to E. coli with a sample size of convenience. The
bacterial isolates were prospectively isolated from general culture
on sheep blood and MacConkey agar from clinical specimens like
blood, sterile body fluids, pus, wound swabs, etc. The isolated
bacterial cells were identified by standard biochemical test [14].
Only one confirmed E. coli culture per patient was included. The
test isolates consisted of 30 ciprofloxacin-resistant isolates and 10
isolates sensitive to ciprofloxacin. The sensitive strains served as
controls in the study.

Antibiotic Susceptibility Test

Ciprofloxacin resistance among the test isolates was identified by
Kirby-Bauer disk diffusion method and further confirmed by E-test
(Himedia Laboratories, Mumbai, India) following CLSI M100-
S25 guidelines. E. coli ATCC 25922 was included as the quality
control.

Template DNA Preparation

gDNA and plasmid DNA were extracted from bacterial cultures
grown overnight using QlAamp® DNA Mini kit (Qiagen, Hilden,
Germany) and Pure Yield TM Plasmid Miniprep system (Promega,
Fitchburg, USA) respectively as per manufacturer’s protocol.
The extracted DNA was quantified using Nanodrop 2000
spectrophotometer (Thermo Scientific, USA) based on the
260/280 ratio.

Methylation ELISA

The difference in methylation profile of the resistant and sensitive
bacteria was identified using 5-mC DNA ELISA kit (Zymoresearch,
California, USA) based on the methodology of Chaturvedietal., as a
reference [15]. The methylation level of gDNA and plasmid samples
were elucidated as per the protocol and guidelines mentioned in
the kit. The negative and positive controls consisting of 100 ng/
ul double-stranded DNA, was included in each run. The standard
curve was prepared using multiple combinations of negative and
positive controls provided with the kit in different proportions as
prescribed by the manufacturer. The absorbance was measured at
450 nm using 680XR microplate reader (Biorad, California, USA).
The results were validated using duplicate samples.

Ethics
The study was approved by Institute scientific advisory and human
ethics committees (ECR/324/Inst/PY/2013).
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STATISTICAL ANALYSIS

All statistical analyses were carried out using SPSS version 20.0
at 95 % confidence interval. All categorical data were expressed
as numbers and percentages. Percentage of gDNA and plasmid
methylation was expressed as mean+SD. Spearman correlation
2-tailed test was used to elucidate the association between DNA
methylation level and the MIC values.

RESULTS

The MIC values of sensitive and resistant strains against
ciprofloxacin ranged from 0.125 pg/mL — 0.75 pg/mL and 8 ug/
mL - >256 pug/mL respectively [Table/Fig-1]. Out of 30 resistant
isolates, five isolates were highly resistant to ciprofloxacin with MIC
values >256 pg/mL.

The cut-off values of the positive and negative control used in
5-mC DNA methylation ELISA were within the permissible range.
The percentage of gDNA and plasmid DNA methylated were
elucidated based on the concentration of 5-mC, which, is directly
proportional to the DNA methylation level.

No significant difference was found in plasmid DNA methylation
level but, the gDNA methylation level of the resistant strains
significantly differed from that of the sensitive strains [Table/Fig-2].
The methylation level of the sensitive strains ranged between
2.41% 10 2.5%. On an average 2.2% of the gDNA, was methylated
in the case of the resistant strains ranging from 2.02% to 2.37%.
With an increase in the MIC value of the bacterial strains, there
was a simultaneous decrease in their methylation level. gDNA of
the isolates with MIC >256 were the least methylated with two of
these isolates having methylation level as low as 2.02%. Based on
Spearman correlation test, gDNA methylation level of a bacteria
was found to be inversely proportional to its MIC with p = -0.956
(p-value <0.0001). Higher the MIC value of a bacterial strain,
lower the methylation level of its gDNA [Table/Fig-3]. The fall in
the methylation level of the gDNA among ciprofloxacin resistant
isolates was ~0.25%.

MIC Distribution

Number of Test Isolates
w

0125 025 038 05 0.75 8 16 32 64 128 256  >256
Minimum Inhibitory Concentration (pg/mL)

[Table/Fig-1]: Comparison of the genomic DNA methylation level and ciprofloxacin

resistance among the test isolates.

Ciprofloxacin susceptibility of
Bacterial Isolates

Percentage of DNA Methylated
(Mean=SD)

Genomic DNA

Plasmid DNA

Resistant Isolates (n=30) 2.215+0.12283 1.1564+0.06027

Sensitive Isolates (n=10) 2.457+0.03129 1.117+0.07747
[Table/Fig-2]: Distribution of Minimum Inhibitory Concentration (MIC) of the test

isolates against ciprofloxacin.

DISCUSSION

DNA methylation induced drug resistance in cancer therapeutics is
a well-established fact [16,17]. DNA methylation is also associated
with platinum resistance in cancer therapy [18]. Moreover, a high-
level plasmid mediated aminoglycoside resistance due to 16s rBNA

Journal of Clinical and Diagnostic Research. 2016 May, Vol-10(5): DC27-DC30



www.jcdr.net

2.7000-]

260007

"
£

1
000000

Percentage of gDNA Methylated
-~
g
1

8 E

21000+ o o

T T T T T T
0000 50.0000 100.0000 150.0000 200.0000 250.0000 3000000

Minimum Inhibitory Concentration (pg/mL)

[Table/Fig-3]: Correlation between the MIC of an isolate and the methylation level

of their genomic DNA.

methylation among Enterobacteriaceae isolates has also been
reported [19]. Thus, the association of DNA methylation with drug
resistance is a well-known phenomenon. But, there are no clear
evidence-based studies available to elucidate the importance of
DNA methylation in fluoroquinolone resistance. Hence, the present
study was attempted to put forward the idea of epigenetics in
fluoroquinolone resistance by elucidating the difference in the level
of genomic DNA and plasmid DNA methylation among clinical
isolates resistant and sensitive to ciprofloxacin. Ciprofloxacin an
orally administered antibiotic being cost effective is of great use
in developing country like India. At present, ciprofloxacin is being
used extensively for the treatment of variety of bacterial infections
and it has led to the increase in ciprofloxacin resistance [20].
But, the increase in MIC values and 10% rise in fluoroquinolone
resistance within a span of three years which we have experienced
in JIPMER tertiary-care setup (Unpublished Observations), were
suggestive of the possible involvement of some mechanism other
than QRDR capable of imparting fluoroquinolone resistance.

The resistant and sensitive strains were distinguishable by the
percentage of total gDNA methylated, as the methylation level
of the sensitive strains was comparatively higher. A difference
of ~0.25% in the gDNA methylation of resistant strains identified
in this study may appear minimal but in the context of DNA
methylation it is very high. A previous study has reported a 0.2%
increase in gDNA methylation level of E. coli during exponential
phase to stationary phase transition [12] and the same was found
to be statistically significant.

The findings of this study statistically correlate the increase in MIC
value of a bacterial strain to the decrease in the methylation level
of its genomic DNA opening up the possibility for the involvement
of DNA methylation in ciprofloxacin resistance. This can be
further explained by the fact that DNA methylation regulates gene
expression; expression level of a gene is inversely proportional to
its methylation level [9]. Thus, the decreased methylation of the
DNA in presence of ciprofloxacin can alter the expression level of
candidate genes (although not identified in this study) imparting
fluoroquinolone resistance which, in turn can influence the level of
resistance against ciprofloxacin exhibited by the bacteria.

Though adenine methylation does not regulate gene expression, it
may turn out be crucial in fluoroquinolone resistance perspective.
Dam methylase of enteric bacteria involves adenine methylation
which controls DNA-protein interactions and DNA replication [10].
As fluoroquinolones inhibit DNA replication by targeting DNA gyrase
enzyme that binds to DNA, this alternate DNA replication regulatory
system may contribute to the increase in MIC against ciprofloxacin.
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However, we must admit that it is just a hypothesis and needs to be
confirmed based on experimental findings. Therefore, identifying
the adenine methylation profile of ciprofloxacin-resistant strains
can throw more light on the mechanism underlying ciprofloxacin
resistance.

There was no significant difference in the methylation level of the
plasmid DNA, which may be due to the smaller size of the plasmids
and comparatively lower GC content than that of the gDNA.
Methylation ELISA is inconclusive about the potential involvement
of plasmid DNA methylation as the assay is not gene specific.
Thus, the bisulphite DNA sequencing of the plasmid-encoded
genes is necessary for the confirmation of the possible involvement
of plasmid DNA methylation in fluoroquinolone resistance.

Fluoroquinolone resistance among Enterobacteriaceae species
has increased the incidence of respiratory tract infections, intra-
abdominal and urinary tract infections [1]. Cross-resistance
to different fluoroquinolone molecules among gram-negative
bacteria has been identified [21]. Involvement of DNA methylation
in ciprofloxacin resistance has further increased the seriousness
associated with fluoroquinolone resistance. Fluoroquinolone
resistance is a major public health concern in developing countries
like India. Thus, ciprofloxacin needs to be used carefully in Indian
clinical settings as ciprofloxacin resistance can also lead to
resistance against other fluoroquinolones.

LIMITATION

The present study identified the cytosine methylation level of gDNA
and plasmids in ciprofloxacin resistant E. coli isolates, but the
level of adenine methylation in these isolates remains unknown.
Identifying the adenine methylation profile of these clinical E. coli
strains would have provided more information regarding DNA
methylation with respect to ciprofloxacin resistance.

CONCLUSION

DNA methylation induced ciprofloxacin resistance due to extensive
usage of this wonder drug will make it ineffective, and clinicians
will have to resort to antibiotics which are costlier and require to
be administered parenterally. Cross-resistance to fluoroquinolones
being very common these findings reemphasize the fact that a
prudent usage of ciprofloxacin is essential to combat the further
development of fluoroquinolone resistance.

Future studies should focus on identifying the hypomethylated
genes by genome-wide scan as well as adenine methylation to
fill up the gaps of knowledge concerning the involvement of DNA
methylation in ciprofloxacin resistance exhibited by E. coli.
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