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Abstract: Transfer of antibiotic resistance genes among gram negative bacteria in sewage and lake water and easy access of these

bacteria to the community are major environmental and public health concern. The aim of this study was to determine transfer of the

antimicrobial resistance genes from resistant to susceptible gram negative bacteria in the sewage and lake water by conjugation process

and to determine the influence of some physico-chemical parameters of sewage and lake water on the transfer of these resistance genes.

For this reason, we isolated 20 liter of each sewage and lake water from coconut area within university campus and Lingambudi lake

respectively in Mysore city, India, during monsoon season and studied different physical parameters of the water samples like pH,

temperature, conductivity, turbidity and color as well as chemical parameters like BOD, COD, field DO and total chloride ion. The gram

negative bacteria were isolated and identified from the above water samples using microbiological and biochemical methods and their

sensitivity to different antibiotics was determined by disc diffusion break point assay. Conjugation between two multiple antibiotic resistant

isolates Pseudomonas aeuginosa and E.coli as donor and E.coli Rif r (sensitive to antibiotics) as recipient were carried out in 5ml sterile

sewage and lake water.  All isolates were resistant to Am, moderately resistant to Te and E, while majority were sensitive to Cip, Gm and

CAZ antibiotics. Horizontal transfer of antibiotic resistance genes by conjugation process revealed transfer of Gm, Te and E resistant

genes from   Ps. aeruginosa to E.coli Rif r recipient with mean frequency of  ± 2.3 x 10 -4 in sewage and ± 2.6 x 10 -6 in lake water

respectively. Frequency of conjugation in sewage was two fold more as compared to lake water (p<0.05). Co- transfer study revealed

simultaneous transfer of above resistant markers together to the recipient cells. As the above results indicate, due to selective pressure

in sewage (presence of antibiotics), the isolates from sewage were more resistant to different antibiotics as compared to those from lake

water. Furthermore, these resistance genes can transfer to sensitive bacteria by conjugation. Physico-chemical parameters of water may

play role in this process.
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Introduction

Horizontal transfer of antibiotic resistance genes in the

environment is one of the main reason contributing to the evolution

and emergence of antibiotic resistant bacteria and has been

demonstrated in many studies (Andersen, 1993; Kruse and Sorum,

1994; Sevaratnum and Kumberger, 2004; Silva et al., 2006;

Chaturvedi et al., 2008). As consequence of uncontrolled discharges

of various waste products containing antibiotics and heavy metals,

lakes and sewages are principle recipients of enteric bacteria

encoding multiple antibiotic and metal resistance genes (Iversen et

al., 2002). The significance of this finding is that, gram negative

bacteria and related organisms harbor different plasmids which

confer them multiple antibiotic resistances to many unrelated

antibiotics and give the ability to survive in these hostile environments

especially in the sewage, where many toxic compounds are routinely

discharged from factories in India and do not have any proper

disposal facilities . Since, the coliforms and Pseudomonas are

dominant bacteria in the sewage and lake, horizontal transfer of

antibiotic resistance genes through conjugative plasmids do often

occur among them and therefore, make these important bacteria

multiple resistant to several antibiotics (some times 10 antibiotics).

The main problem is that, the coliforms and Pseudomonas spp. can

get easy access to community through the fecal-oral contamination

route and cause out break of infections. Similarly, these bacteria can

enter to the hospitals by the hands of visiting people and medical

staff. They can pass the antibiotic resistance genes to genetically

unrelated organism like Staphylococcus and Acinetobacter in

different hospital wards, therefore, create huge burden in treatment

of infections caused by these bacteria or the other hospital pathogens

acquired these resistant genes (Shakibaie et al., 1998, 1999b).

There are very few reports on the effect of different physico-chemical

parameters on gene transfer phenomenon in sewage and lake

water (Ohlsen et al., 2003; Malaviya and Rathore, 2007).

The purpose of present study is to investigate the possibility

of horizontal transfer of antibiotic resistance genes among gram

negative bacteria in sewage and the lake water through conjugation

and to determine the effect of some physico-chemical parameters of

the water in this process.
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Materials and Methods

Physico-chemical parameters of sewage and lake water: For

study of physico-chemical characteristics of water samples, 20 liters

of sewage from coconut garden (CG) within the University of Mysore

campus and 20 liters of lake water form Lingambudi lake (LL) in

Mysore city, India (Fig. 1) were collected from 15 cm depth of water

during monsoon season in 40 liter capacity plastic can and placed

in temperature controlled box which did not allow the temperature of

water change during transport. The samples were transferred to

laboratory within 30 minutes for further investigations . Each sample

was separately analyzed for physical parameters such as

temperature, pH, turbidity, conductivity, color and chemical

parameters such as biological oxidation demand (BOD), chemical

oxidation demand (COD), field dissolved oxygen (DO) as well as total

chloride ion (Cl-). Field and ambient temperature of the water samples

were measured using portable digital thermometer (Hanna

Instrument, Italy) with external sensing probe. pH of the water

samples was measured using digital portable pH meter (µ-pH

system, model 132-Systronic India Ltd., Bangalore) with both

reference and glass electrodes. The pH meter was allowed to

stabilize before making the final reading and calibrated with pH 4.0,

7.0, and 9.2 buffers at laboratory temperature. The electric

conductivity (EC) of water samples was measured in the laboratory

using a digital portable microprocessor controlled conductivity meter

model 306 (Systronic India Ltd., Bangalore) at 25oC. The instrument

probe was previously calibrated with 0.1M KCl solution (Ranbaxy,

Mumbai, India). Turbidity of the samples was expressed as

nephelometric turbidity unit (NTU) and was determined by digital

nephelo- turbidiometer (Systronic India Ltd., Bangalore).  COD

and BOD
 
tests of sewage and lake water samples were carried out

separately according to standard methods (APHA, 2005).  The

total Chloride content of the samples was measured by argentometric

method (APHA, 2005).

Isolation of gram negative bacteria from sewage and lake

water: In the first step, 10 ml of each water sample were separated

and poured into 20 ml sterile centrifuge tubes (Rsons, India) and

centrifuged at 6,000 rpm for 20 min with R-82-DX Remi centrifuge.

The supernatant were discarded and 0.5ml of remaining sample

was streaked by a sterile microbiological loop onto Tergitol-7 agar

plates supplemented with Triphenyl tetrazolium chloride (TTC) [Hi-

media, Mumbai]. The plates were incubated at 35oC for 24-48 hr

and colonies were checked for lactose fermentation and color. The

individual colonies were then gram stained and observed under

microscope (Olympius, BX-40). The pure cultures were transferred

to sterile coliform selective agar (M-Endo, supplemented with 95%

ethanol) and incubated for 24-48 hr.  The individual colony was

gram stained and streaked on the Eosin methylene blue (EMB)

agar. Similarly, the other microbial selective testes were carried out

for identification of the coliforms and Pseudomonas aeruginosa as

described by Maclado and Mac Carteneny (1990).

Antibiotic sensitivity test: Antibiotic sensitivity test for each isolated

bacteria was carried out by disc diffusion break point assay in

Muller-Hinton agar (MHA) according to NCCLS procedure

(NCCLS, 2000). 3-4 similar colonies in selective medium were

transferred into 5 ml sterile Tryptone Soya Broth  and incubated at

35oC for 2-8 hr till light to moderate turbidity was developed. The

turbidity was then adjusted to yield a uniform suspension containing

105-106 cells ml-1. The following antibiotic discs [obtained from Hi-

media, Mumbai] were used in this investigation –  Amoxycillin [Am,

30mcg], Tetracycline (Te, 30 mcg), Co-trimoxazole [CO, 23.75

mcg], Gentamicin [Gm, 10 mcg], Ciprofloxacin [Cip, 5 mcg],

Ceftazidime [CAZ, (30 mcg] and Erythromycin [E, 15 mcg].

The above antibiotics were selected because there is more

probability that the genes encoding them reside on the conjugative

plasmids.

Induction of rifampicin resistance: Rifampicin resistance (Rif-

100 mg l-1 ) E.coli mutant that has been isolated from lake water

(sensitive to Te, Gm, E) was induced by gradient plate technique

(Silva et al., 2006). Briefly, one loopful of the organism was streaked

on Muller-Hinton agar plates (MHA) containing increasingly gradient

concentrations of rifampicin [10, 25, 75 and 100 mg l-1]. The rifampicin

antibiotic was selected, because its resistance gene is located on

the chromosome. The colonies which have been grown on the

higher concentration of the antibiotic were restreaked on MHA plate

containing 100 mg l-1 rifampicin. Genuinety of the isolate was tested

by presence of metallic sheen on EMB agar as well as sensitivity to

Gm, Te, E antibiotics by disc diffusion method. The E.coli recipient

exhibited following antibiotic sensitivity pattern Gms, Es, Tes, Rifr (100

mg l-1).

Conjugation in sterile sewage and lake water: 2ml of donor

bacteria (resistant to Gm, Te, E, ) and 3ml of sensitive recipient

E.coli Rif r were mixed in 5ml sterile sewage and lake in 20ml test

tube separately and incubated at 35oC for 24 hours as described

previously (Shakibaie et al., 1999a). The sewage and lake water

were sterilized in order to eliminate any intervening parameters like

presence of zooplanktons in water sample. The transconjugants

were selected based on number of colonies grown on selective

Muller-Hinton agar (MHA) containing 50 mg l-1 Gm + 100 mg l-1 Rif,

100 mg l-1 T + 100 mg l-1 Rif, 100 mg l-1 E + 100 mg l-1 Rif and Rif

(100 mg l-1) for counting the recipient cells. The frequency of

conjugation (CF) was then calculated based on number of

transconjugants divided by number of recipient bacteria multiply by

dilution factor.

CF   =

Simultaneously, controls for donor and recipient cells were carried

out to check the presence of spontaneous mutants.

Co-transfer study: In order to confirm the resistances genes are

reside on a plasmid, we performed co-transfer study. Briefly, the

transconjugants were poured in the sterile sewage and checked

these strains have potential to grow in the aforementioned condition,

Number of the transconjugants X dilution factor

Number of the recipient
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so they could influence the resistance pool in some significant way.

Organisms were re-streaked on the antibiotic containing plates (like

Te, Gm and E) and incubated for 24 hr at 37oC. The number of the

colonies grown on selective mediums were counted and compared

with each other.

Statistical analysis: All the statistical analyses were carried out

using SPSS   version 7.5 (Norusis, 1993). Chi-square and fisher

tests were used for determination of significance of association. The

p<0.05 was considered significant.

Table - 3: Conjugation between multiple antibiotic resistance coliforms (donor) and E.coli Rif r recipients

(A) In sewage water

Donor Recipient Selection base on Conjugation frequency Marker co-transferred

Ps. aeruginosa E.coli  Rif r MHA* + Rif (100 mg l-1) + 2.6 x10 -4 E, Te

Gm **(50 mg l-1)

MHA + Rif (100 mg ml-1) + 2.0 x 10 -4 Gm, E

Te ***(100 mg l-1)

MHA + Rif (100 mg l-1) + 2.2 x 10 -4 Te, Gm

E**** (100 mg l-1)

(B) In lake water

Ps. aeruginosa E.coli  Rif r MHA + Rif (100 mg l-1) + 3.0 x 10 -6 Te, E

Gm (50 mg l-1)

MHA + Rif (100 mg l-1) + 2.5 x 10 -6 Gm,Te

E (100 µg ml-1)

MHA + Rif (100 mg l-1) + 1.4 x 10 -6 Gm, E

Te (100 mg l-1)

*Muller hinton agar

**Gm= Gentamicin, ***Te= Tetracycline, ****E= Erythromycin

Table - 2: Antibiotic sensitivity of individual coliforms isolated from sewage and  lake water to different antibiotics

Organism Source
Antibiotic discs used

Am Te E Cip CAZ Gm Co

Klebsiella spp. Sewage R I R S S S S

E.coli Sewage R S I R S S S

Proteus spp. Sewage R I I S S I R

Salmonella spp. Sewage R R I S I R R

Pseudomonas areuginosa Sewage R R R R I R R

E.coli Sewage R R R R S R S

Roteus spp. Lake water R R I S S I S

Pseudomonas aeruginosa Lake water R R R S S I R

E.coli Lake water R S I S S S S

S = Sensitive,  R = Resistance,  I = Intermediate,  The above results are repeated twice, Am = Amoxycillin, Te = Tetracycline, Co = Co-trimoxazole,

Gm = Gentamicin, Cip = Ciprofloxacin, CAZ = Ceftazidime and E = Erythromycin

47

Table - 1: Physico-chemical characteristics of sewage and lake water

Parameters

Source Air Water Field pH Lab. pH Turbidity Conductivity DO COD BOD Cl-

temp.oC temp.oC (NTU) (µScm-1) (mg l-1) (mg l-1) (mg l-1)  (mg l-1)

CG 24.0 ±
 
0.0 23 ± 0.0  8.59± 0.06 7.54±0.0 43±0.0* 2320 ± 0.04 0.0 ± 0.0* 7.39 ± 0.05* 5.67 ± 0.0* 141 ± 0.1

(Sewage)

LL (Water) 23.8 ± 0.2 21.9 ± 0.1 7.62 ± 0.08 8.68±0.01 9.5 ± 0.0 1330 ± 0.03 1.22 ± 0.0 6.75 ± 0.01 0.41 ± 0.05 120.4 ± 0.3

±Standard deviation,  temp. = Temperature,  The above results are mean of two replicates,  *p<0.05 was taken as significant, CG=Coconut area within

university,  L.L. = Lingambudi lake
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Results and Discussion

A summary of results of different physico-chemical parameters

(water quality) of sewage and lake water which were investigated in

this study is given in table-1. Temperature of sewage water was 23oC

while, the air temperature was 24oC. Similarly, temperature of lake

water was 21oC, while air temperature was 23oC.The color of the

sewage water was dark blue, while the color of the lake water was

pale green. The darkness of color was increased with decrease in

distance. Since, the water samples were collected during monsoon

season, both air and water temperature was almost similar, with slightly

alkaline pH. Sewage water was turbid (43 NTU) with high conductivity

(2320 µScm-1), COD (7.20 mg l-1), BOD (5.67 mg l-1) and Chloride

(141mg l-1), while negligible or nil DO (0.0 mg l-1), when compared

with the lake water (Table 1). Hence the lake water was moderately

polluted while the sewage  was highly polluted.

Fig. 2: (a) Colony characteristics of coliform bacteria in Tergitol-7 agar

plates supplemented with Triphenyl tetrazolium chloride (TTC). (b) Antibiotic

sensitivity testing by disc diffusion method

Six gram negative bacteria were isolated from sewage

mainly one Klebsiella spp., one Proteus spp. two E.coli, one

Salmonella spp. and one Ps.aeruginosa and three from lake water
mainly one Proteus spp., one E.coli, and one Ps. aruginosa. They
were identified by different microbiological tests. The antibiotic
resistance pattern of these bacteria is shown in Table 2 (Fig. 2).
The micro-organisms which were isolated from lake water were
more susceptible to antibiotics as compared to those isolated from
sewage.  As the results of Table 2 indicates, all the isolates were
resistant to Amoxycillin, majority were resistant to Tetracycline and
Erythromycin. There was one Ps. aeruginosa that showed
resistance to all above antibiotics and intermediate resistant to
ceftazidime and one E.coli that was resistant to all antibiotics except
Ceftazidime and Co-trimoxazole. Similarly there was one E.coli
strain in lentic water that was sensitive to majority of the antibiotics
except Amoxycillin (Table 2). Boon and Cattanach, (1999) isolated

Shakibaie et al.
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b

Fig. 1: General view from sampling plots a) Sewage from coconut garden

within university campus in Mysore city, (b) Lingambudi lake Mysore,

India
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antibiotic resistance of native and faecal bacteria from reservoir and
sewage treatment plant in Victoria, south -eastern Australia, which
were highly resistant to Amoxycillin and Tetracycline.

Table 3 shows transfer of antibiotic resistant genes among

gram negative bacteria by conjugation process in sewage and lake

water. The Gentamicin, Tetracycline and Erythromycin resistance

genes were transferred from Ps.areuginosa to E.coli S with mean

frequency 2.3 X 10 -4 in sewage and 2.6 X 10 -6 in lake water

respectively. Co- transfer studies showed that the above resistance

markers were indeed co-transferred to recipient cells together.

Conjugation between E.coli r and E.coli S strains revealed

no transfer of any antibiotic resistance. This indicates that, though

the E.coli r coliform which was isolated from sewage, showed resistant

to many antibiotics, however, the resistance genes were not resided

on a plasmid. This was further confirmed by co-transfer study. Walia

et al. (2005) transferred ampicillin (AP), streptomycin (St), and

tetracycline resistance genes from E.coli to other organisms in

contaminated drinking water. In their case the rate of conjugation

was high.

Comparison between frequency of conjugation in sewage

and lake water showed two fold increases in gene transfer in sewage

than lake water. Mukherjee and Chakraborty (2007) studied

conjugational potential of resident plasmid in river water copiotrophs.

These isolates were primarily grouped as Pseudomonas and

member of enterobacteriacaea on the basis of physiological and

biochemical tests. Eighteen of the isolates successfully transferred

conjugable plasmids to E.coli  recipient. Countable multiple antibiotic

resistant transconjugants arose readily with the frequency in the

range of 3.75 x 10 -6  to 1.0 x 10-1 respectively. Similarly, Shintani et

al. (2008) studied conjugation transfer of Inc-P carbazole

degradative plasmid in river water samples. The frequency of

conjugation was 2.3 x 10-6.

From the above results it can be concluded that the antibiotic

resistant gram negative bacteria are less frequent in sewage and

lake water as it was expected. Furthermore, among the isolates,

only Ps. aruginosa could transfer the resistant genes to E.coli

recipient. The significance of this study is that these bacteria by

transfer of plasmid among them can survive in the hostile

environments and can easily contaminate the local people living in

that area and may cause an out break of diseases. Therefore,

monitoring plasmid containing gram negative bacteria in sewage

and lakes are very important for public health concern.

Acknowledgments

This research was carried out in collaboration with the

Department of Microbiology, Kerman University of Medical Sciences,

Iran and Department of Zoology, Aquatic Microbial Ecology Research

Laboratory, Mysore University, Mysore, India.

Authors are thank full for awarding sabbatical leave to Dr.

M.R. Shakibaie,  by Kerman University of Medical Sciences, Iran

and to The Chairman, Prof S N Hegde, Department of Zoology,

University of Mysore, for providing the necessary required facilities

to carry out this project

References

Andersen, S.: Effect of waste water treatment on the species composition

and antibiotic resistance of coliform bacteria. Current Microbiol., 26,

97-103 (1993).

APHA: Standard method for examination of water and waste water. 21st

Edn., Washington DC, USA (2005).

Boon, P.I . and M. Cattanach: Ant ibiotic resis tance of native and fecal

bacteria isolated from rivers reservoirs and sewage treatment facilities

in Victoria south – Eastern Australia. Letters in Appl. Microbiology.,

28, 164-168 (1999).

Chaturvedi, Sonal, Ram Chandra and Vibhuti Rai: Multiple antibiotic resistance

patterns of rhizospheric bacteria isolated from Phragmites australis

growing in constructed wetland for distillery effluent treatment. J. Environ.

Biol., 29, 117-124 (2008).

Iversen, A.,  I .  Kuhn, A. Franklin and R. Mollby: High prevalence of

vancomycin – Resistant entrococci in Swedish sewage. Applied

Environ. Microbiol., 68, 2838-2842 (2002).

Kruse, H. and H. Sorum: Transfer of multiple drug resistance plasmids

between bacteria of diverse origins in natural environments. Appl.

Environ. Microbiol., 60, 4015-4021 (1994).

Maclado, M. and S. Mac Carteneny: Practical medical microbiology 14 th

Edn., Churchill Livingstone. pp. 413-423 (1990).

Malaviya, P. and V.S. Rathore: Seasonal variations in different physico-

chemical parameters of the effluents of centary pulp and paper mill,

Laluan, Uttarakhand. J. Environ. Biol., 28, 219-224 (2007).

Mukherjee, S. and R. Chakraborty: Conjugation potential of resident plasmids

in river water copitrophs. Acta Microbiol. Immunol. Hung. , 54,

379-97 (2007).

NCCLS (National Committee for Clinical Laboratory Standards): Performance

of Standards for Ant imicrobial Disc Susceptibility Test-Approved

Standard (Document M2-A7) 7Th Edn. NCCLS, Pennsylvania, USA.

ISBN 56-238208 (2000).

Norusis, M.Y.: SPSS for windows: Base system user guide. Version 7.5-

SPSS Inc., Chicago. p. 828 (1993).

Ohlsen, K., T. Ternes, G. Werener, U. Wallner, D. Loffler, W. Ziebuher and

J. Hacker: Impact of antibiotics on conjugational resistance genes in

Staphylococcus aureus in sewage. Environ. Microbiol., 5, 711-716

(2003).

Sevaratnum, S. and J. Kumberger: Increased frequency of drug resistant

bacteria and fecal coliforms in an Indiana creek adjacent to farm land

amended with treated sludge. Can J. Microbiol., 50, 653-656 (2004).

Shakibaie, M.R.,  P. Dhakephalkar, B.P. Kapadnis, G.A. Salajeghe and

B.A. Chopade: Plasmid mediated silver and antibiotic resistance

in Acinetobacter baumannii BL54. I rn.  J.  Med. Sci.,  23,  30-36

(1998).

Shakibaie, M.R, P. Dhakephalkar,  B.P. Kapadnis and B.A. Chopade:

Bioremediation of silver from waste water effluents by Acinetobacter

baumannii BL54. Can. J. Microbiol., 45, 995-1000 (1999a).

Shakibaie, M.R, S. Mansouri and S. Hakak: Plasmid pattern of antibiotic

resistance in β-lactamase producing Staphylococcus aureus strains

isolated from hospitals in Kerman. Iran. Arch. Irn. Med., 2, 93-97

(1999b).

Shintani,  M. ,  N. Fukushima, M. Tezuka, H. Yamane and H. Noj iri:

Conugative transfer of Inc-p carbazole degradative plasmid in river

water samples. Biotechnol. Lett., 30, 117-22 (2008).

Silva, J., G. Castillo, L. Callejas, H. Lopez and J. Olmos: Frequency of

transferable multiple antibiotic resistances among coliform bacteria

isolated from treated sewage effluents in Antofagasta, Chile. Electronic.

J. Biotechnol., 9, 56-60 (2006).

Walia, D., A. Kaiser, M. Mohimnder and G. Rasul Chudhry: J. Environ.

Sci. Hlth., 39, 651-662 (2005).

Gene transfer among coliforms in natural water 49


