Senthamilselvan et al.: Molecular Characterization of Drug Resistant Genes in Gram Negative Bacteria Isolated....

Original Article

Molecular Characterization of Drug Resistant Genes in Gram
Negative Bacteria Isolated from Market Fish Samples
Senthamilselvan1*, Madhumitha2
1Research
2

Scholar, Presidency College, Chennai

Research Assistant, Sree Balaji Medical College and Hospital, Chennai.

*senthamilbalu88@gmail.com

Abstract:
Objectives: This study aimed to observe that the water quality used for fish processing must be of good
quality and drinkable to avoid transmission of pathogens from water to fish.
Methodology: The fish samples were collected from local market in Chennai. A total of 35 bacterial
strains that are gram negative were isolated from 15 fish samples. The antibiotic susceptibility test of the
isolated bacteria was done using Kirby- Bauer disc diffusion method and the drug resistant gene was
detected from the isolated gram negative bacteria by molecular characterization of genes.
Results: Among the 35 isolates, 57.14% was E.coli, 17.14% was P.aeruginosa, 17.14% P.vulgaris,
8.57% K.pneumonia, 5.7% was Acinetobacter spp. The molecular studies revealed that Amp-c gene
was present in 20%, CTX-M in 14.28%, SHV gene was present in 22.08% and TEM in 11.4%.
Conclusion: Hence, the water quality used for fish processing must be of good quality and drinkable to
avoid transmission of pathogens from water to fish.
Keywords: Antimicrobial resistance, ESBL resistance gene,gram negative bacteria.
water samples from the fish market and also
leads to water-to-fish transfer1. Therefore, it is
necessary to clean the fish using a facility
equipped with running water. Widespread use
of antibiotics to treat bacterial infections, and
incorporation of antibiotics at doses below
therapeutic doses of cultured organisms, have
resulted in a worldwide increase in antibiotic
resistance of pathogenic bacteria. Antibiotics
are generally classified based on their
mechanism of action, chemical structure, and
area of action. Most antibiotics target the
function or growth process of the bacterium2.
Bactericidal activity against antibiotics that
target bacterial cell walls (penicillins and
cephalosporins)
or
cell
membranes

Introduction:
The quality of the water used for
processing the fish must be of a good quality
and drinkable to avoid transmission of
pathogens to the fish from the water. Higher
levels of tolerance were observed with
augmentin and colistin. About 4 multidrug
resistant (MDR) E. Coli were observed in the
water sample. Retail water quality inspections
for fish are the most neglected areas where
high levels of pollution and MDR bacteria
have been found. It was concluded that
repeated use of the same water without
replacement is a major cause of high
concentrations of FIB and MRD bacteria in
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important because it does not confer
resistance
to
(clavulanate,
sulbactam,
6
tazobactam) . Class B is a zinc-dependent
enzyme (metallo β-lactamase) that hydrolyses
the β-lactam ring by another mechanism that
is most feared for its ability to hydrolyse
almost any drug in this class, including
carbapenem7. The main aim of this study was
to collect the fish samples from the local
market around to Chennai and to isolate the
bacteria from the fish samples. The objectives
of this study was to perform the antibiotic
susceptibility test of the isolated bacteria
using Kirby-Bauer disc diffusion method and
to detect the drug resistant gene from the
isolated gram negative bacteria.

(polymyxins) or interfere with essential
bacterial enzymes (rifamycin, lipialmycin,
quinolones, and sulfonamides). It targets
protein synthesis (macrolides, lincosamides,
and tetracyclines) is usually bacteriostatic.
Although there are many mechanisms for
antimicrobial resistance, the production of βlactamase enzymes is the most common
mechanism of bacterial resistance to β-lactam
antibiotics
such
as
penicillins
and
cephalosporins. These enzymes catalyze the
hydrolysis of the β-lactam ring to produce
ineffective antibacterial agents3.
Extended spectrum β-lactamase (ESBL)
is an enzyme that imparts broad resistance to
penicillins, cephalosporins, and monobactams,
but not to carbapenem. ESBLs are often
plasmid-mediated and are mostly members of
the TEM1, TEM2, and SHV1 family of
enzymes4. these enzymes are produced by
Enbterobacteriaceae, mainly Escherichia coli,
Klebsiella pneumoniae, Klebsiella oxytoca.
Based on the diversity of amino acid
sequences, the large number (more than 50)
CTXM variants identified so far have been
classified into five major phylogenetic groups:
CTXM1, CTXM2, CTXM8, CTXM9, and
CTXM25. The genes encoding ESBLs are
usually carried on plasmids and promote
transformation between other genera of
Gram-negative bacteria5.

Materials and Methods:
Sample Collection and Processing
Fish samples were collected from local
market in pre sterilized air tightened
containers using sterile bottle. Samples were
brought to the laboratory as early as possible.
The fish sample were homogenised with
normal saline with the help of mortal and
pestle enriched with medium for 12 hrs. Then
enriched samples were cultured in Mac
Conkey Agar plates and incubated at 37º C for
18-24 hrs. Pure cultures of bacterial isolates
were then made by streaking in Nutrient agar
plates and they were stored in refrigerator for
further use.

In
the
beta-lactamase
structural
classification, the AmpC enzyme belongs to
class C, but in the Bush functional
classification scheme, it is assigned to group 3.
These enzymes can be encoded into
chromosomes or plasmids. AmpC β-lactamase
is a β-lactamase inhibitor available that confer
resistance
to
the
oxyimino
group
cephalosporins
(cefotaxime,
ceftazidime,
ceftriaxone) and 7α-methoxycephalosporins
(cefoxitin or cefotetan). It is clinically
Sree Balaji Journal of Biomedical Sciences

Phenotypic
Characterization
Identification of Isolated Bacteria

and

Gram’s staining and Motility test was
done by Hanging Drop Method
Biochemical characteristics
Biochemical tests were performed by
following standard procedures.
Catalase

test-

Few

drops

of

hydrogen

peroxide were taken on the slide. Test
2
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organism was taken and mixed with H2O2

Sugar fermentation test- Each 10ml of

Bubbles of oxygen were released if, the

broth was prepared. After sterilization the

organisms produce catalase enzyme3.

following sugars were added separately to the
of broth (Sucrose, glucose, Lactose, Mannitol)

Oxidase test- A colony of the test organism

A loopful of culture was inoculated and

was placed on the Oxidase disc3.

incubated for 24 h at 37°C[5].

Indole test- Organisms were inoculated in

Antibiotic Sensitivity Test- Drug resistant

the tube with tryptone broth and incubated

patterns

for 24-48h at 37°C Kovac’s reagent was

of

the

bacterial

isolates

were

determined by using Kirby-Bauer method.

added3.

The strain was swabbed on Muller Hinton

Methyl red Test- MR-VP broth was used to

Agar

grow organism and tested with MR reagent

plate.

The

Antibiotic

discs

were

dispensed on the surface of the seeded plate.

after 24 h of growth4.

After incubation at 37°C for 18-24 hrs, plates

Voges -Proskauer Test- MR-VP broth was

were examined for inhibition of growth

used to grow organism and tested with VP

surrounding the disc.

reagent after 24 h of growth 0.2ml of VP

The following Antibiotics were used to

reagent A and 0.2ml of VP reagent B were

determine the resistance of isolates. Amikacin

added. Gently mixed and allowed to stand for

(30mcg), Ampicillin (30mcg), Cefpodoxime

15 min[4].

(30mcg), Erythromycin (30mcg), Ceftriaxazone

Citrate test- Simmons’s citrate agar was

(30mcg),

used for the differentiation of gram-negative

(30mcg), Trimethoprim (30mcg), Tetracycline

enteric

(30mcg), Piperacilli-Tazobactam (100/10mcg),

bacilli

utilization.

on

the

Organisms

basis

of

Citrate

were

grown

Etrapenem

(30mcg),

Piperacillin

Ciprofloxacin (5mcg), Co-trimoxazole (25mcg),

in

Gentamycin (10mcg), Nalidixic acid (30mcg),

Simmons’s citrate agar5.

Cefoperazone (75mcg), Doxycycline (30mcg)

Urease test- Christenson’s urea medium was

and Imipenem (10mcg)[11].

prepared and autoclaved at 15 lbs for 15 min.
40% of urea solution was sterilized and

ESBL Identification

transferred 5 ml in to the medium containing

ESBL identification was done according
to the CLSI guidelines, 2010

tubes. Media was allowed to solidify in the
test tubes in a slanting position. Organism

Result and Discussion:

was streaked and incubated at 37°C5.

The present study was conducted to
determine the bacterial contamination and
prevalence of foodborne pathogens in local fish
market. A total of 35 bacterial strains were
isolated from 6 local market fish samples
collected from Pattinapakkam, Kasimedu,
Chinthadripet, Mylapore, Vanagaram and
Nochikuppam, Chennai, TamilNadu, India.

Triple sugar iron agar test- TSI agar was
used for the differentiation of members of
Enterobacteriaceae according to their ability
of ferment lactose, sucrose and dextrose and
H2S production. organism was inoculated into
media by stabbing over the bud and streaking
on to the slant and incubated at 37°C for
24 h5.
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Table: 1 showing morphology characteristic of
bacterial isolates.
S.No

Methods

Bacterial Isolates N=35

Tests

Positive

Negative

1.

Gram staining

0

35

2.

Motility

24 Motile

6 Non motile

3.

Catalase

35

0

4.

Oxidase

6

29

Phenotype
and
genotype
characterization of microbial organisms
Table: 2. Cultural Characteristics of the bacterial

Fig 1. Showing local market fish sample bacterial

isolates

strains Gram’s Staining

S.
No. of
No Bacterial
Isolates
1. 20 isolates

2

3.
4

5

6 isolates

Nutrient
Agar

Mac
Blood agar EMB agar
Conkey
agar
White
Dry,
NonGreen
colonies, dry Flat LF hemolytic metallic
colonies
colonies
sheen

White
colonies,
Mucoid
colonies
Greenish blue
3 isolates White, Mucoid
colonies
4 isolates White colour
colonies,
swarming
growth
2 isolates White, Mucoid
colonies

NLF
colonies

Non hemolytic

LF
Noncolonies hemolytic
NLF
Hemolytic
colonies (swarming)

NLF
colonies

Nonhemolytic

Table- 3: Showing Bio-Chemical Characteristics of
Bacterial Isolates
No. of
S.
Bacteria Indole MR
No
isolates

-

-

-

TSI

Urease

1.

20

+

+

_

_

A/A Gas+,
H2S-

_

2.

6

+

+

-

+

K/K Gas –
H2S-

+

3.

3

_

_

+

+

A/A Gas+,
H2S-

+

4.

4

+

+

_

+

K/A Gas+,
H2S+

+

5

2

_

_

_

+

K/K Gas –
H2S -

-

Table4: Showing Bacterial isolates and their
Percentage

The purpose is to obtain a pure culture
for further testing. Individual microbial
species in mixed cultures must be isolated and
grown as pure cultures before proper
identification and further testing. The most
common and cheapest method for isolating
microorganisms in mixed cultures is the plate
smear method. The streak plate separation
procedure
means
spreading
the
microorganisms on an agar plate medium so
that individual cells or colony forming units
(CFUs) can be separated and grown into
single pure colony. The most commonly used
method in clinical laboratories is the quadrant
method.
Sree Balaji Journal of Biomedical Sciences

VP Citrate

S.No

4

Bacterial isolates

Total

1

E.coli

20/35

2

Pseudomonas aeruginosa

6/35

3

Proteus vulgaris

4/35

4

Klebsiella pneumonia

3/35

5

Acinetobacter spp.,

2/35
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acid configuratioon around th
he enzyme active
a
site.

M P N 1 2

3 4 5 6 7

Fig 2: Showing the Antim
microbial Susce
eptibility Test off
the bacterial isolates fro
om local markett fish samples
of Chennai.
C
Fig 3: Detection an
nd molecular ch
haracterization
n drug

Table-5: Showing
S
the An
ntimicrobial Sussceptibility test

resistant of TE
EM gene from issolated bacteriia

and theiir percentile.
Antibioticss

Sensitivee

Intermediatee

Resistance

Amoxicillin

_

8.3%

91.6%

Amikacin

87.5%

4.16%

8.3%

Ampicillin

-

-

100%

Ciprofloxaccin

70.83%

29.16

_

Colistin

83.3%

_

16.6%

_

_

100%

100%

_

_

The molecu
ular studiess revealed SHV
22.08% of the isoolates showed
d positive forr SHV
genee

Clavulanic
acid

Ceftazidimee
Co

-

Fig 4:
4 Detection an
nd molecular ch
haracterization
n drug

Trimaxazole

resistant of SH
HV gene from issolated bacteria

Ertapenem

_

_

100%

Gentamicinn

54.16%

24%

20.83%

Imipenem

_

_

100%

Meropenem
m

_

_

100%

Piperacillin

_

_

100%

Piperacillin

_

_

100%

79.16%

16.6%

1.416%

The molecu
ular studies revealed CT
TX-M
14.28% of the isolates shoowed positiv
ve for
X-M gene.
CTX

m
Tazpbactam
Ticracillin

Molecula
ar Charac
cterization
resistanc
ce genes:

of

ESBL
L
Fig 5: Detection an
nd molecular ch
haracterization
n drug
esistant of CTX
X-M gene from isolated bacteria
re

The molecular sttudies revea
aled 11.4% off
the isolattes showed positive
p
for TE
EM gene outt
of 35 sa
amples. They
y are deriveed from thee
narrow-sp
pectrum be
eta-lactamases (TEM-1,
SHV-1) by
b mutationss that alters the aminoo
Sree Balajji Journal of Biomedical
B
Scieences

The molecu
ular studies revealed AmpC
A
20%, of the isola
ates showed positive
p
for AmpC
A
genee
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valu
ue of fish maiinly dependss on the fresh
hness
of th
he fish9. Fish spoilage begins with
h the
deatth of the fish
h due to enzzymatic digestion,
fatty
y acidificatioon, and bacteerial degrada
ation.
How
wever, the action
a
of miccroorganismss has
[10]. In
play
yed a major role
r
in fish spoilage
s
I the
pressent study, characteriza
ation of orga
anism
such
h as gram neegative, motillity. Catalasee and
oxid
dase test werre presented
d in the tab
ble. 1.
Gram
m staining differentiates
d
s bacteria by
y the
chem
mical and ph
hysical propeerties of theiir cell
wallls. Gram staiining is a va
aluable diagn
nostic
tool in both cliniical and reseearch settings and
conffirmed all are
a
gram negative
n
baccteria
(Fig.1). Most motility
m
bactteria move using
flageella. Motile cells can ha
ave one flageellum,
but most have multiple
m
flageella. Each fla
agella
havee a very rig
gid spiral sttructure, and
d the
actu
ual mobility is
i determineed by the rottation
of th
he flagella, liike a boat prropeller. Cattalase
is an
a enzyme produced
p
by
y microorgan
nisms
thatt lives in oxygen-rich
o
environments to
neuttralize toxic forms of oxy
ygen metaboolites,
H2O2. To determ
mine if a pa
articular baccterial
isola
ate can prod
duce catalasee enzyme, mix
m a
small inoculum of the bacteerial isolate with
hydrrogen peroxide solution (3%) and ob
bserve
the rapid forma
ation of oxyg
gen bubbles.. The
lack
k of catalase manifests
m
itsself in the absence
or weakness
w
off foam form
mation. Cata
alaseposittive bacteria
a include strrictly aerobicc and
facu
ultative anaeerobes. Theey all havee the
abiliity to breath
he using oxyg
gen as a term
minal
electtron acceptoor. Based on
o morpholoogical,
physsiological, biochemical and culltural
charracteristics, the
t bacteriall isoates from
m fish
samples were id
dentified as Escherichia
a coli,
Protteus vulgaris, Pseudomoonas aerugiinosa,
Kleb
bsiella pneum
moniae and Acinetobacter
A
r spp.
E.coli was th
he predominantly isoolated
12
orga
anism. Out of 35 bacterial isolates from
fish samples in six varieties of fishes. 57
7.14%
(20) were Esccherichia cooli, 17.14%
% (6)

Fig 6: Dettection and molecular charactterization drug
resista
ant of AmpC ge
ene from isolate
ed bacteria

The molecular studies reveealed NDM.
None of th
he samples were
w
detected
d.

Fig 7: Dettection and molecular charactterization drug
resista
ant of NDM gen
ne from isolate
ed bacteria

Discussiion:
All the 35 organiism isolated in the study,,
were posiitive for bactterial contam
mination and
d
foodbornee
pathogen
ns.
E.coli
was
thee
predomin
nantly isolate
ed organism 57.14% (20),,
pseudomoonas aerugin
nosa 17.14% (6), Proteuss
vulgaris 11.42% (4)), klebsiella pneumonia
a
8.57% (3), and Acieenetobacter spp
s
5.7% (2))
Table.1. Seafood
S
prod
ducts are con
nsidered an
n
importan
nt element off the Mediterranean diett
and play an importan
nt role in the developmentt
of illnesss and food poisoning8. 40
0 samples off
sea food products
p
from
m different soources on thee
east coasst of Algeria were random
mly collected
d
from sev
veral retail markets
m
in Constantinee
region. The
T
results of
o the study provided an
n
indicator of bacteriolo
ogical contam
mination and
d
showed that
t
the fish
h samples from
f
markett
was conta
aminated witth potentially pathogenicc
microorga
anisms9. Fissh and shelllfish are thee
most imp
portant nutriitious foods in
i the world,
accountin
ng for aboutt 15-20% off all animall
proteins worldwide. However,
H
thee nutritionall
Sree Balajji Journal of Biomedical
B
Scieences
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producing isolates revealed multi drug
resistance against ≥ 4 antibiotics. NIT=
Nitrofurantoin,
PI=
Piperacillin,
PIT=
Tozabactum/ Piperacillin, PB= Polymixin
BTE= Tetracycline. Out of 35 samples. Broadspectrum
beta-lactam
antibiotics
are
commonly used to treat severe Gram-negative
bacterial infections. However, the production
of extended spectrum beta-lactamase (ESBL)
has led to the emergence of bacterial
resistance. These enzymes can hydrolyze
broad-spectrum beta-lactam antibiotics such
as penicillin and cephalosporins
with
monobactam (azutreonam), but are inhibited
by suicide inhibitors such as clavulanic acid,
sulbactam, and tazobactam13. They are
derived from the narrow-spectrum betalactamases (TEM-1, SHV-1) by mutations that
alter the amino acid configuration around the
enzyme active site.New Delhi metallo-betalactamase
1 (NDM-1) is
an enzyme that
makes bacteria resistant to a broad range
of beta-lactam antibiotics. These include the
antibiotics of the carbapenem family.

Pseudomonas aeruginosa, 11.42% (4) Proteus
vulgaris, 8.57% (3) Klebsiella pneumoniae,
and 5.7% (2) Acienetobacter spp. All isolates
were screened for multi drug
resistance
profile by disc diffusion method with a battery
of antibiotics. A total of 100% resistance to
Ampicillin,
Ceftazidime,
Ertapenem,
Imipenem,
Meropenem,
Piperacillin,
Piperacillin – Tazpbactam followed by
Amoxicillin Clavulanic acid (91.6%). A total of
6 isolates were highly susceptible to Co
Trimaxazole (100%),followed by Amikacin
(74.28%), Colistin (62.85%), Ciprofloxacin
(54.28%) Ticaracillin (79.16%) and Gentamicin
(54.16%). E.coli showed 100% resistance to
Ampicillin and Piperacillin, followed by
Tozabactum/Piperacillin (93.10%), Colistin
(89.65%), Tetracycline (82.75%), Polymixin B
(72.41%), Meropenam (65.51%), Gentamicin
and Nalidixic acid (58.62%). K.pneumoniae
showed 100% resistance to
Ampicillin,
Colistin, Tozabactum/ Piperacillin, Polymixin
B, Piperacillin and Tetracycline and 100%
susceptibile to Fosomycin. P.vulgaris showed
100% resistance to Ampicillin, Colistin,
Gentamicin,
Tazabactum/
Piperacillin,
Polymixin B, and
Piperacillin and 100%
sensitivity to Amikacin, Nalidixic acid and
Tetracycline. P.mirabilis showed 100%
resistance to Ampicillin, Colistin, Ertapenem,
Fosomycin,
Tazabactum/
Piperacillin,
Polymixin B, and Piperacillin and 100%
sensitivity to Amikacin,colistin, Gentamicin,
Nalidixic
acid
and
Nitrofurantoin.
Pseudomonas spp., showed 100% resistance to
Ceftazidime,
Gentamicin,
Imipenem,
Piperacillin and Piperacillin –Tazobactam and
Amikacin showed 83.3% sensitivity. A total of
33 isolates were identified as ESBL positive
by using combination disc method and it was
found that, 4(100%) were K.pneumoniae, 27
(96%) E.coli, 1 (100%) P.vulgaris and 1
(100%) P.mirabilis. All β – Lactamase
Sree Balaji Journal of Biomedical Sciences

Conclusion:
A total of 35 Gram-negative bacterial
strains were isolated from 15 fish samples.
Among the 35 isolates, Escherichia coli
57.14%, Proteus vulgaris 11.41% and
pseudomonas
aeruginosa
17.14%
and
klebsiella
pneumoniae
8.57%
and
Acinetobacter spp were identified. Drug
resistance genes were screened and confirms
all the isolates were drug resistant and
showed positive for ESBL production. The
molecular studies revealed 11.4% of the
isolates showed positive for TEM and CTX-M
14.28% SHV 22.08%, AmpC 20%. NDM was
detected in none of the samples. Hence, this
study noticed that the water quality used for
fish processing must be of good quality and

7
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drinkable to avoid transmission of pathogens
from water to fish.

8.

Martínez L, Oliver A, Aracil B. Prevalence and
molecular
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