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Abstract: A few physico-chemical and bacteriological parameters on certain locations of the river Torsa was studied. 
The major characteristics ofTorsa river water were high alkalinity, high concentration of free ammonia with respect to 
albuminoid ammonia and the presence of bacteria of fecal origin. Marked seasonal variations of the parameters were 
also observed. · 
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Introduction 

Torsa, an international river, intersects 
three countries, China (Tibet), Bhutan and India 
before entering Bangladesh. Torsa; which is also 
called as 'Amo-chu ', is one of the principal rivers 
in Western Bhutan. The river flows rapidly and 
follows a confined valley between precipitous 
mountains. Even in the winter, 'Amo-chu' is a 
fierce, swift stream. Torsa cuts across in a 
southeasterly direction and passes by a market 
town of Phuntsholing on the Indo-Bhutan Border. 
In the west of Torsa river Baxa-dolomites form 
striking ridges, this can be seen, from 
Phuntsholing (Karan and Jenkins, 1967). As it 
leaves the foothills of Bhutan and enters the 
undulating Duars plain in the northern part of 
West Bengal, it widen~ into a bt:aided channel that 
also drains the forest cover of Jaldapara wild life 
sanctuary. Water quality of this turbulent river, 
therefore, long remained unaltered being 
determined by its environment, climate, geologic, 
hydrologic, physiographic, biological and cultural 
backdrop. The principal water source of wild life, 
forest tribes and rural communities is often the 
river Torsa or some combination of well, pond 
and river water, depending on season and 
purposes for which water is used. 

), With the development of roadways 
connecting Bhutan and India and advent of 

modernization of Bhutan in 1950, there have been 
seen changes in urban and industrial development 
in and around Phuntsholing lying on the bank of 
Torsa an._d adjoining Duars plain in India (Karan 
and Jenkins, 1967). Indiscriminate dolomite 
mining in Bhutan hillocks for cement factories 
leading to large-scale seepage of dolomite in 
ground and surface water is a well-noted 
phenomenon (Dutta, 1998; Statesman News 
Service, 1998). On the other hand, the swelling 
rural population of this region does not have 
services of any kind whatsoever, either for 
potable water or for excreta disposal. The 
consequent consumption of the river water, which 
has now degraded, is ·making the inhabitants of 
this valley more prone to diseases and health 
problems. Such observations also put wild life 
health into question. . Furthermore, with 
industrialization projected to increase many times 
over the present level, river water pollution will 
become an even greater concern. 

Water quality monitoring of rivers of 
North Bengal has generally been overlooked for 
various reasons among which are resources and 
manpower· constraint, institutional inertia, and 
public apathy due to lack of awareness. In the 
present investigation, Torsa River was underta\<.en 
to examine its water quality for evaluating the 
impact of various anthropogenic activities. 
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Materials and Methods 

Reagents and other materials : All chemicals 
were of analytical grade. Deionized water, 
doubled distilled in glass stills, was used for 
analytical work. Sterilized sample water bottles 
were used for collecting water for bacteriological 
analysis. 

Sampling and analysis : Water samples were 
collected separately for determination of physico
chemical and bacteriological characteristics from 
three sampling stations (SS-I, Hasimara; SS-II, 
Falakata; SS-III, Coochbihar) of river Torsa, 
which are shown in Fig.-1, in January, February, 
March, May, June, September, October, 
November and December spanning a period from 
September 1999 to May 2001. Temperature and 
pH were measured at the collection sites. The 
samples were preserved for other parameters in 
accordance with the Standard methods (APHA, 
1989: Mar.ivasakam, I 980). For bacteriological 
analysis, water samples collected in sterile sample 
bottles were transported to the laboratory in ice 
box and mmnnum elapsed time between 
collection and analysis in no case did exceed 30 
h. Bacteriological analysis consisted of standard 
plate count, presumptive and confirmatory tests 
for coliforms and MPN of total coliform, fecal 
coliform, and fecal streptococci (APHA, 1989). 

Results and Discussion 

Thirty-two samples, consisted of 1 I, 12 
and 9 samples from Hasimara (SSI), Falakata 
(SSII) and Coochbihar (SSIII) respectively, were 
collected and studied on monthly basis (except 
April, July and August) between September 1999 
and May 2001. Leaving the peak monsoon 
months of July and August, the months were 
grouped as pre-monsoon (March, May and June), 
post monsoon (September and October) and 
winter (November to February). The values of 
various characteristics were shown in Table I .1 to 
1.3. 

Air temperature at all spots was recorded 
regularly throughout the study. The air 
temperature ranged from 20°C to 3 7°C. The 
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minimum was recorded in February 2001 at SSil 
and maximum in October at SSI. The pattern of 
temperature fluctuation was more or less similar 
in all the three sampling stations. The temperature 
of water depends on the season and on the 
temperature of the ground with which it is in 
contact. The temperature of Torsa varied from 
17.5° to 3 0°C. A maximul)l difference of 1 0-11 oc 
between air and water temperature was observed 
in the month of October at all sampling stations. 
A minimum difference of l°C between air and 
water temperature was observed at SSII in the 
month of February. Lower water temperatures 
were -recorded in January and February at all 
stations. In general, the pH values of Torsa 
remained >8.0 in all months except· the pre
monsoon months. We shall be discussing the 
implication of higher pH value of Torsa in 

. conjunction with the total alkalinity value. 

The conductivity of water depends upon 
the concentration of ions and its nutrient status 
and the variation in dissolved solid content is 
indicated by conductivity measurements. Torsa 
show~d a range of 100 to 280).lmhos/cm. The 
conductivity values of the post monsoon months 
nearly doubled the values obtained in pre
monsoon months at SSII and III. On the contrary, 
maximum conductivity value from SSI was 
obtained in January. A constant value of 
120).lmhos/cm was observed· in pre-monsoon 
months at SSII. Minimum conductivity yalue was 
obtained in the month of June at all stations. 

The suspended particles, soil, silt, 
decomposed or ~ndecomposed organic. matter, 
total dissolved solids as well as microscopic 
organisms etc. are the main source of turbidity in 
water, which always interferes with the 
penetration of light. The turbidity values ranged 
from 1.0 to 5.5 NTU in winter months. Turbidity 
in pre and post monsoon months was not studied 
as this parameter was lately introduced. A 
maximum value of 69 NTU was observed in May 
at SSII. 

Total dissolved solids in Torsa were 
found to be low (32.0 to 46.9 mg/1) in March at 
all stations. The maximum value of 556mg/l was 
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observed· in the month of May at SSI, while the The hardness of water .reflects the nature 

highest values obtained from SSII and ill were in of geologic formation with which the water is in 

the month of June. contact. Total hardness value of Torsa ranged 

Table- 1 : Average values of physico-chemical & microbiological features of water of Torsa River (199.9-2001) at 
Hasimara (Sample Site-!) 

Pre-monsoon Post-monsoon Winter 

Sl. 
·Physico-chemical characters May Jan. 

No. Mar. 2000 &· 
June Sept. Oct. Nov. · Dec. 

2000 & 
Feb. 

2000 
200~ 

2001 1999 2000 2000 2000 
2001 2001 

01. Air temperature (0C) 27.0 27.6 29.0 32.6 37.0 26.0 26.0 23.0 27.5 

02. Water temperature (0C) 18.5 22.3 25.0 25.5 26.0 21.0 20.5 19.0 20.0 

03. pH 7.1 7.4 8.0 8.5 8.6 8.6 8.3 8.1 8.7 

04. Conductivity (~t mhos/em) 170 130 100 I 10 190 200 130 230 190 

05. Turbidity (NTU) 3.9 1.2 1.3 1.0 

06. TDS (mg/1) 46.9 556 101.3 225.6 206.7 88.0 

07. TSS (mg/1) 229 130.9 196.7 26.3 

08. Total hardness (mg/1) 65.2 36.7 74.0 86.0 102.0 38.4 42.4 

09. Ca-hardness (mg/1) 20.8 43.7 9.7 16.6 46.1 19.0 ll.5 11.3 

10. Mg-hardness (mg/1) 21.5 27.0 57.4 40.0 83.0 26.9 31.1 

II. Alkalinity (mg/1) 117.1 13 4.4 I 15.0 

12. Chloride (mg/1) 6.5 5.8 9.9 

13. DO (mg/1) 8.1 7.5 6.7 7.5 7.5 8.2 8.1 8.5 8.2 

14. 
BOD (For 5 days at 20° C 

0.75 I. 13 0.7 0.2 1.26 0.8 1.3 1.3 0.8 
(mg/1) 

15. COD (mg/1) i.o 1.5 6.4 6.6 4.8 0.8 2.4 3.2 

16. Free ammonia 'N' (mg/1) 17.0 17.3 15.2 21.7 8.8 36.2 15.5 18.2 61.2 

I 7. 
Albuminoid ammonia 'N' 

0.31 0.32 0.02 0.51 0.24 1.2 0.49 2.1 3.3 
(mg/1) 

18. Nitrate 'N' (mg/l) 0.13 0.98 0.12 0.17 0.25 1.2 0.1 0.3 0.1 

19. Nitrite 'N' (mg/1) 0.006 0.008 0.003 0.002 0.007 0.004 0.001 0.004 ·t' 0.007 

20 .. Dissolved phosphate (mg/1) 0.77 0.87 0.55 0.68 0.26 0.24 0.54 0.18 

21. Total phosphate (mg/1) 1.1 6.77 39.75 

22. Total phosphorus (mg/1) 0.35 2.18 12.8 

Microbiological parameters 

01. 
Heterotrophic count 

9xl04 9x103 5x104 Ixl06 Ixl04 4.5xl04 

(CFU/ml) 

02. Total coliform (MPN/1 00 ml) >1600 >1600 >1600 1100 >1600 >1600 100 

03. Fecal coliform (MPN/1 OOml) 1600 900 1600 900 1600 80 

04. 
Fecal streptococci 11 240 70 50 70. 
(MPN/1 OOml) 

Not done 

from 32 tQ 126 mg/1. This value range of the swift where the values ranged from 27 to 71 mg/1, being 

Torsa may be compared with mountainous minimum in high flow seasons and maximum in 
):, Bhagirathi at Uttarkashi, Tehri and Deoprayag lea:n seasons (Gautam, 1990). Interestingly, in the 
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month of October, November and December the average value obtained in other months from all 

total hardness, values of Torsa were the sampling stations. Magnesium-hardness of 

characteristically high and on average double, the · Torsa ranged from _19.8 to 101.4 mg/1, which is 

Table- 2 : Average values of physico-chemical & microbiological features of water of Torsa River (1999-2001) at 
Falakata (Sample Site-II) 

Pre-monsoon Post-monsoon Winter 

Sl. Physico-chemical May June 
Jan. 

No. characters Mar. 
2000& 

2000 Sept. Oct. Nov. Dec. 
2000& Feb. 

2000 
2001 

& 1999 2000 2000 2000 
2001 

2001 
2001 

01. Air temperature (0C) 29.0 28.5 29.8 31.6 35.0 27.0 27.0 26.5 20.0 

02. Water temperature (0C) 20.5 26.3 24.2 30.0 25.0 22.5 22.0 20.5 19.0 

03. PH 7.4 8.1 8.3 7.8 8.4 8.5 8.1 8.15 8.0 

04. Conductivity (Jl mhos/em) 120.0 120.0 I20.0 264 220 270 I90 I65 I90.0 

05. Turbidity (NTU) 69.0 1.5 1.1 1.1 

06. TDS (mg/I) 34.3 124.5 452.0 203.I 224.3 I29.2 

07. TSS (mg/1) 249.0 I24.5 I29.4 23.I 

08. Total hardness (mg/1) 36.0 59.7 90.2 1 I4.0 I 10.0 50.4 56.4 

09. Ca-hardness (mg/1) 14.4 15.5 29.8 19.5 55.7 23.5 13.4 I4.9 

IO. Mg-hardness (mg/1) 20.0 19.8 70.3 67.7 86.5 37.0 41.5 

11. Alkalinity (mg/1) 113.4 92 113.1 IIO 

12. Chloride (mg/1) 6.9 7.9 I0.1 

13. DO (mg/1) 8.6 6.5 7.I 6.9 7.5 7.8 7.9 8.5 8.1 

14. 
BOD (For 5 days at 20° C 0.89 0.70 0.95 1.2 1.3 1.1 0.4 1.6 J.l 
(mg/1) 

15. COD (mg/1) 2.7 2.6 5.4 1.6 4.8 1.2 2.7 9.7 

16. Free ammonia 'N' (mg/1) I6.5 I9.0 16.3 9.0 22.2 35.5 8.0 I5.4 52.I5 

17. 
Albuminoid ammonia 'N' 0.33 0.43 0.38 0.24 0.47 1.3 0.92 0.23 3.2 
(mg/1) 

I8. Nitrate 'N' (mg/1) 0.20 O.I3 1.67 0.29 0.22 1.9 0. I7 0.44 0.09 

I9. Nitrite 'N' (mg/1) 0.005 0.005 0.006 0.007 0.007 0.003 0.008 o.oo~· 0.008 

20. Dissolved phosphate (mg/1) 0.77 0.30 0.2I 0.87 0.42 0.30 0.72 0.208 

21. Total phosphate (mg/1) . 3.78 4.47 3.52 

22. Total phosphorus (mg/1) 1.2I 1.44 1.14 

Microbiological parameters 

01. 
'Heterotrophic count 5x104 5x105 2x106 4x104 3x104 1.9x102 

(CFU/m!) 

02. 
Total coliform (MPN/1 00 I600 I600 I IOO I600 500 240 I30 
ml) 

03. Fecal coliform (MPN/1 OOml) I600 900 I600 300 50 80 

04. 
Fecal streptococci 900 22 140 23 11 
{MPN!IOOmQ 

-Not Done 

,._ higher than the value reported for mountainuus month of October, November and December, 

Bhaginithi (2-27 mg/1) (Gautam, 1990). In the there was a characteristic increment of Mg-
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hardness 111 Torsa (Table 1.1 to 1.3). This 
: ~: :.•• I 

Total alkalinity value of Torsa ranged 

observation may be correlated with the dolomite from 82.0 to 134.4 mg/1, which is significantly 

mining in the dry season and subsequent washout ligh compared to the range of 16-60 mg/1 in 

in the river water. mountainous Bhagirathi stre~m as observed by 

Table- 3 : Average values of physico-chemical & microbiological features of water of Torsa River (1999-2001) at 
Cooch Behar (Sample Site-III). 

Pre-monsoon Post-monsoon Winter 
Sl. Physico-chemical characters Mar. June Sept. Oct. Nov. Dec. Feb. No. 

2000 
May 2001 

2001 1999 2000 2000 2000 Jan.2001 
2001 

01. Air temperature (0C) 28.0 31.0 28.5 31.0 35.0 28.0 25.5 23.5 25.0 

02. Water temperature tc) 19.5 27.5 24.0 29.0 25.0 23.0 20.0 17.5 20.0 

03. pH 7.8 7.8 8.16 8.1 8.4 8.3 8.0 8.16 8.1 

04.· Conductivity (J.l mhos/em) 125 150 110 225 280 270 190 140 170 

05. Turbidity (NTU) 16 1.5 1.0 5.5 

06. TDS (mg/1) 32.0 102.5 380 197.3 129.6 

07. TSS (mg/1) 202 650 128.8 21.6 

08. Total hardness (mg/1) 39.17 56.1 124.1 130 126 63.6 51.1 

09. Ca-hardness (mg/1) 20.84 15.2 32.3 23.5 16.5 24.8 16.8 13.2 

10. ~g-hardness (mg/1) 23.9 23.8 100.5 63.5 101.4 46.8 37.8 

II. Alkalinity (mg/1) 82.0 100.4 100.2 

12. Chloride (mg/1) 7.6 7.9 11.1 

13. DO (mg/1) 8.6 7.1 7.5 7.1 7.5 7.8 8.3 8.7 8.1 

14. 
BOD (For 5 days at 20° C 1.09 1.9 0.67 1.6 1.4 1.4 1.9 1.6 1.3 
(mg/1) 

15. COD (mg/1) 4.7 2.9 5.4 8.0 2.8 2.5 9.8 

16. Free ammonia 'N' (mg/1) 88.3 19.03 15.7 8.7 22.3 23.7 10.6 17.07 50.28 

17. 
Albuminoid ammonia 'N' 0.41 0.03 0.37 0.29 0.7 1.0 0.92 4.8 3.1 
(mg/1) 

18. Nitrate 'N' (mg/1) 0.20 0.12 1.05 0.29 0.22 2.2 0.14 0.09 0.09 

19. Nitrite 'N' (mg/1) 0.004 0.005 0.001 0.006 0.007 0.002 0.008 0.006 .0.008 

20. Dissolved phosphate (mg/1) 0.61 0.41 0.24 1.1 0.46 0.38 0.20 0.21 

21. Total phosphate (mg/1) 3.6 4.47 4.43 

22. Total phosphorus (mg/1) 1.17 1.44 1.43 

Microbiological parameters 

01. Heterotrophic count (CFU/ml) 6.5x105 3x105 3x105 1.9x104 2.7x105 5.1X102 

02. Total coliform (MPN/100 ml) 1600 900 1600 1600 117. 

03. Fecal coliform (MPNIIOOml) 1600 300 1600 1600 117 

04. 
Fecal streptococci 80 22 22 80 
(MPN/1 OOml} 

-Not Done 

Gautam (1990). Total alkalinity is a measure of in determining the amenability of the water to 
bicarbonates, carbonates and hydrates. The biological treatment (Manh•asakam1 1980). I~ is 

~ alkalinity of Torsa was found higher than the explained that if the alkalinity is greater than 
hardness value. Alkalinity and pH are the factors hardness, it indicates the presence of basic salts-
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Fig. 1 : Major River system around Torsa Basin in North Bengal 



Physico-chemical and bacteriological investigations on River Torsa. 131 

sodium and potassium in addition to those of 
calcium and magnesium. 

Another parameter, that was introduced 
lately in our studies was chloride, which is the 
common anion found in water and sewage. Torsa 
contained chloride in the range of 5.8 to I 1.1. 
mg/1. Chloride concentration was found relatively 
high in the month of February from all the 
stations. The concentration of chloride in 
Bhagirathi waters varied from 2.8 to 4.3 mg/1 
(Gautam, 1990). 

During the period of investigation the 
minimum values of DO was recorded 6.5 and 6. 7 
mg/1 at SSII (May) and SSI (June) respectively, 
while the maximum value of 8.7 mg/1 was 
obtained in January at Sample site III. All the 
spots showed more or less similar pattern of 
variation in DO values having higher- values 
during winter. Low temperature and aeration rate 
during winter was possibly responsible for 
increased amount of dissolved oxygen. Torrential 
nature of the river and its gradient may be held 
responsible for its average high value of DO 
throughout the course of this river. Bhagirathi at 
Uttarkashi, Tehri and Deoprayag yielded 
minimum DO value of 7.0 mg/1 and maximum 
value of 10.9 mg/1 (Gautam, 1990). 

The BOD value of SSIII was in the range 
of 1.09 to 1.9 mg/1 except for the month of June, 
which showed 0.67 mg/1. The BOD value 
fluctuated between 0.7 to 1.6 mg/1 at SSII except 
December, which showed a value of 0.4 mg/1. For 
SSI the BOD values were in the range of 0.7 to 
1.3 mg/1 except September that showed 0.2 mg/1. 
BOD value of Torsa did not exceed 2.0 mg/1. The 
BOD values of mountainous Bhagirathi fluctuated 
from 1.5 to 6.9 mg/1 (Gautam, 1990). Even within 
the narrow range, BOD values of Torsa were 
comparatively higher during winter months at all 
stations which may be due to low dilution 
capacity of river during winter. To explain the 
overall low BOD values in other months, it may 
be argued otherwise that increased temperature, 
high flow and increased sediment load reduced 
the BOD concentration during summer and post 

monsoon months in river water (Pyatkin and 
Krivoshein, 1980; Goltermann eta!., 1983). 

Maximum COD_value of 9.7 to ·9.8 mg/1 
was recorded in the month of February from SSII 
and III. Maximum COD value from SSI was 
recorded in the post monsoon months (September 
and October). In case of mountainous Bhagirathi, 
the COD fluctuated b~tween 5.25 to 11.53 mg/1 
(Gautam, 1990). 

The free ammonia content was many 
times the content of albuminoid ammonia in the 
River Torsa. When interpreting the results, the 
free ammonia and albuminoid ammonia should be 
considered together, since the relative proportion 
is more important than the actual quantities. 
Hence, Torsa water, which contains more free 
ammonia than albuminoid ammonia, the water, 
may be suspected of polluted with sewage. The 
presence of more than traces of ammoniacal 
nitrogen in river water (which is used as drinking 
water source) is undesirable. Maximum, value of 
88.3 mg/1 free ammonia was obtained in the 
month of March from SSIII. All· the sampling 
stations showed higher level-of free ammonia in 
the month of February (5.0 to 61 mg/1). The ratio 
of free ammonia to albuminoid ammonia was 
found much higher in the pre-monsoon months 
(range, 42 to 761) than the winter (range, 4 to 67). 
The lowest ratio of four was observed in January 
from SSIII. A rough guide with regard to the 
ammonia is that if the albuminoi,d ammonia 
content is 0.08 mg/1 the free ammonia content 
should not exceed 0.05 mg/1. If it exceeds the 
limit, manurial pollution may be suspected 
(Manivasakam, 1980). 

Nitrites are generally formed in water due 
to bacterial action on ammonia and organic 
nitrogen. Since nitrites are readily oxidized to 
nitrates, they are seldom present in significant 
concentration in surface waters. Nitrite was 
present in the range of 0.001 to 0.008 mg/1. On 
the other hand, nitrate content of-'!Orsa River was 
in the range of 0.09 to 2.2 mg/1. The level of 
nitrates in mountainous Bhagirathi was opserved 
between 0.001 and 0.99 mg/1 (Gautam,- 1990). 
The low level of nitrate as well as nitrite in 



132 

comparison to high level of ammonia nitrogen 
indicates that the nitrogenous organic matter is 
undergoing oxidation or nitrification and that the 
process is far from being complete. 

Interestingly, the dissolved phosphate 
content of Torsa River did not exceed 1.0 mg/1 
while total phosphate and total phosphorus 
content reached its maximum value of 39.75 mg/1 
and 12.8 mg/1 respectively in the month of 
February from SSI. 

Fecal pollution is a major concern for 
many rivers of North Bengal where it can 
originate from human sources and non-human 
sources (our unpublished observation). Its impact 
can degrade water quality and restrict its use for 
drinking and recreational activities. River Torsa 
receive fecal pollution from a variety of sources, 
including humans, cattle and wild life. The fecal 
coliform Escherichia coli has been used as an 
indicator of human enteric pathogens for many 
yeats (Goldreich, 1966). However, it is now well 
established that Escherichia coli is not limited to 
humans but also exists in the intestines of many 
other warm-blooded animals (Orskov and Orskov, 
1981 ). Consequently, its presence in water' is not 
specific to human sources of pollution. It is, 
therefore, important to know whether fecal 
pollution originates from human or non-human 
source in order to properly assess the risk. There 
have been attempts to develop methods that 
differentiate the sources of fecal pollution. 
Initially, the ratio of fecal coliforms to fecal 
streptococci was proposed where a ratio ·of >4.0 '~f." 
would indicate human source pollution, whereas a 
ration of <0.7 would indicate non-human source 
pollution (Goldreich and Kenner, 1969). Ratios 
between 0.7 and 4.4 usually indicate wastes of 
mixed human and animal sources (APHA, 1989). 
In the present discussion, we would not like to 
consider those ratios where fecal streptococcus 
contents were found below 100/100 ml in order to 
minimize misinterpretation of ratios. The ratio of 
fecal coliform to fecal streptococci in Torsa 
ranged from 1.77 to 3.75. The maximum and 
minimum fecal coliform : fecal streptocci value 
was obtained in the month of June and March at 

Ashis K. Nanda eta/. 

SSI and SSII respectively. SSI (Hasimara), which 
is just the downstream of Phuntsholing and 
Jaigaon settlement, receives fecal matter of 
human origin more than SSII. Falakata (SSII) 
being located after Jaldapara Wild Life 
Sanctuary, indicates fecal pollution from wastes 
of mixed human and animal sources in the month 
of March and November. Total coliform and fecal 
coliform count was found highest and the least in 
the month of March and January respectively 
from all sampling stations. 

As it is not possible to recover all viable 
bacteria in a water sample with a single 
procedure, we· have attempted standard plate 
count to determine the density of aerobic and 
facultative anaerobic heterotrophic bacteria in 
Torsa water. Heterotrophic bacterial load was 
found maximum (2xl 06 CFU/ml) in the post 
monsoon month of September at SSII. SSI and III 
record its maximum load of 1xl06 and 3xl 05 

CFU/ml in the month of October and September 
respectively. Low heterotrophic count (1.9 to 
5.lxl02

. CFU/ml) was observed in January at SSII 
and III. It is also important to note that the water 
temperatures at the respective sampling station(s) 
was also at their highest in the respective month 
exhibiting highest heterotrophic bacterial load. It 
was also suggested by previous authors that 
higher water temperature induced the growth of 
bacteria, which resulted in increased metabolic 
activity, while low temperature reduced it 
(Pyatkin and Krivoshein, · 1980)/ Another 
interesting observation was that when maximum 
heterotrophic bacterial load of water sample is at 
respective sampling stations (so far recorded), the 
free ammonia content detected was the least (See 
Table 1.1 to 1.3). -~" 

The m~or characteristics iri chemical 
data are high pH, high alkalinity, high magnesium 
hardness and high free ammonia concentration 
and corresponding values of albuminoid an:urtonia 
concentration suggests high sewage pollution 
from catchment localities, hence sewage 
treatment planning in the catchment localities is 
suggested. High pH, alkalinity and magnesium 
hardness values indicate the soil erosion due to 
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excessive mmmg of dolomites in its catchment 
area. This study will, therefore, be useful in 
determining its suitability for different purposes 
in this region. It may also serve as the database 
for further studies on this river. 
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A b.::"""' of d•~ I integroru< in multiple<mtibi<rtiN<•i"""t (MAR) Grnm-a:iotrophio ""'terio from th< Riv« Thm in Indio w" 
detected using a polymerase chain reaction (PCR)-based screening method. Among id6''holates that were resistant to at least five of the twelve 
antibiotics tested, 40 carried class 1 integrons, with inserted DNA regions o£::9'<"7:~ .... 2 kb. Carriage of integrons in strains of higher MAR index 
was found to be statistically significant. DNA sequencing was used to ident\~· the g~~etic content of the integron-variable regions. In addition to 
the identification of gene cassettes dfrAJ, dfrA5, dfrA7, dfrA17 and a variat,J.t"df:4t{4./2 for trimethoprim, aac(61)-Ih for amikacin and tobramycin 
and aadAJ and aadA6 for streptomycin and spectinomycin resistance, a ~$ve}::ORf''predicted from a sequence of Morganella sp. TR 90 bearing 
homology with the Vibrio cholerae dfrAJ gene cassette was characterize<J{:T.o,:h~r \¥owledge, this is the first report of the incidence and abundance 
of class 1 integrons in copiotrophic river water bacteria from India. )'' · ··:·::::;:;:\::::::)::'" · 

© 2005 Elsevier SAS. All rights reserved. j\,,,,,,,.,... ·. 

Keyword~: Antibiotics; MAR bacteria; Class 1 integrons; Gene cassettes; C,,~~~;:~';''ifmmethoprim resistance 
.::{ ·::::. 
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!. ::::~~: coosid<red ro be w<ll-orgoni'"d vl~:l 
the transfer of resistance markers in unrelated bacte#~Lpbpui"a
tions [17,31]. Integron structures are naturally 0\;.f:Wrlrl~:::gene 
expression systems that can potentially take in!,H cij,~tody one 
or more gene cassettes and convert them into fu:rw#.onally ex
pressed genes [ 16]. It is these gene cassettes !P.at':eQ,gd<!e the re
sistance determinants to several antirnicrobi~i age~t~ [11]. The 
ess.ential components of an integron include ''tll;~,,.m,t,."iii~ase gene 
(inti), the attachment site (attl) and t~!il.'''j'l'i:m~~ter [9,11,31]. 
Based on the nature of the integrase, lJ.!.ree cJitsses of inte
grons, with clinical and epidemiologi~f'tetevihce for antibi
otic resistance have been described [1o;}}$:J::lass 1, the best
characterized integrons, have been fiiWl~~htfy reported in clin
ical [8,18,24,25,36-38] and envir6hfn~nhU· isolates [7,12,27]. 
Like the other classes of integron.~, their'~J:f:: CS contains the inti 1 
and attl loci while their 3' CS is''§p~9-i!Jf' and usually contains 

• Corresponding author. 
E-mail address: rcnbu2003@yahoo.com (R. Chakraborty). 

0923-2508/$- see front matter © 2005 Elsevier SAS. All rights reserved. 
doi: 10.10 16/j.resmic.2005.08.003 

a truncated antiseptic resistance gene (qacEI:l.l), a sulfonamide 
resistance gene (sui!) and an open reading frame (ORF5) of 
unknown function [10,23,31]. Several studies have addressed 
the prevalence of class 1 integrons in bacteria from different 
aquatic environments, including fish farms, estuarine environ
ments, rivers, and irrigation water sources [5,28,30,32,33,35]. 

The Torsa is an international river which crosses through 
three countries, China (Tibet), Bhutan and India, before enter
ing Bangladesh. Previous studies in our laboratory have shown 
that the river is contaminated with fecal coliform bacteria [4]. 
Antibiotic-resistant bacteria have been detected in waters of the 
Torsa throughout the year (data not shown). In this study, we ex
amined 100 Gram-negative multiple-antibiotic-resistant (MAR) 
isolates from the river Torsa which resisted 5 or more antibi
otics for the presence of class 1 integrons, employing a highly 
reproducible PCR strategy as described earlier by Levesque et 
al. [23]. Nucleotide sequence determination of 12 amplicons 
enabled us to characterize the nature of gene cassettes of 20 
isolates out of a total of 40 integron-positive MAR strains. We 
also presented the description of a new ORF encoding DHFR 
for trimethoprim resistance. 
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2. Materials and methods 

2.1. Collection ofsamples 

Water samples were collected from the river Torsa, span
ning a period from January 2000 to December 2001. Sampling 
was done according to standard methodology [ 1]. Samples were 
brought to the laboratory on ice and were analyzed within 24 h 
of collection. 

2.2. Antibiotic resistance determination 

Antibiotic resistance was determined by the method de- . 
scribed earlier [2]. The antibiotics and the concentrations used 
were as follows: amikacin (25 1-1g/ml), ampicillin (100 )lg/ml), 
cefotaxim (25 )lg/ml), cephalexin (25 )lg/ml), chloramphenicol 
(100 1-1g/ml), gentamicin (25 llg/ml), kanamycin (50 !lg/ml), 
netilmicin (25 1-1g/ml), nitrofurantoin (25 1-1g/ml), strepto
mycin (100 flg/ml), tetracycline (20 )lg/ml), and tobramycin 
(25 1-1g/ml). The isolates were considered MAR if growth 
on at least two different antibiotic-containing plates was at 
least equal to that on the growth control without antibi
otics. 

The MAR index of each individual isolate was scored by di
viding the number of antibiotics (a) to which the isolate was 
resistant by the total number of antibiotics (b) to which the iso
late was exposed, i.e., alb [20]. 

(0.66-1.0)] and the occurrence of integrons [presence ( +) or 
absence (-)].The frequencies in the different categories were 
arranged in a two-way table (known as the 2 x 2 contingency 
table). The chi-square (X 2) distribution was then used as a test 
for independence of attributes, i.e., to test whether the two at
tributes were associated or not [15]. 

2.5. Identification of class 1 integron-positive MAR isolates 

The cultures were ig~hti,!,fed according to Bergey's Manual 
of Systematic Bacteriol6!&-lH. Isolates were placed into genera 
or groups on the baw~:::t;f-::~:!C:~nd colonial morphology, Gram 
stain, motility, catafil.,se and}oxidase reactions, indole, Voges
Proskauer, methyl_.S~~:;:::::eitfite reactions, gelatin liquef~ction, 
nitrate reduction,{'tiiea~. test, glucose oxidation and carbohy
drate fermentati&ns, j/ 

··=::::::::::;:::;:;:;::::::· 

2.6. Charaqf~;~i.bm>ff ofintegrons by sequencing and 
restriction J?..lfM:i£r,zt length polymorphism (RFLP) typing 

The i';:;~~on::::generated by using 5' and 31 CS primers, 
were cloned···into a pGEM-T easy vector following the man
ufacturer:?,s instruction and then transformed into Escherichia 
coltXLl ... Bl~e. Transformants were selected on LB agar plates 
C<?,pffiitQ~&/SO !lg/ml ampicillin, 0.5 mM isopropylthiogalac
~Qllid~se i,lid X-gal (80 !lg/rnl). Transfotmants were confirmed 

2.3. Selection of 100 MAR isolates for detecting 
the presence of class 1 integrons 

. -:~:Jhe pfesence of the required insert by PCR reaction using 
.:/'''5' Clf:ahd 3' CS primers. 

./i'::::;::::::;:::::N\lcleotide sequencing was performed with the ABI 
::::::;;;,, PRISWM Dye Terminator Cycle Sequencing Ready Reaction 

Among a population of 3950 MAR isolates, ampicillin r~~ 141 and the reactions. were analyzed on an A~ I PRISM 377 
sistance was found in 3786 of them. One-hundred out of 378/f:::::::::.:-:J?'NA sequencer. The mserts were sequenced usmg SP6 and T7 
isolates exhibiting a MAR index of 0.41 and above :W:er¢:· ··:.:_·promoter primers. 
selected for detecting the presence of class 1 integrorl~:::::T~ .::"~::'" To determine ~hether ~iU:eren: isolates carried identical in
identify the presence of an integron, a CS-PCR ( con,$iill;:Ved~::::{· te~ons, t~e ampltcons of smular stzes were compared by RFLP 
segment polymerase chain reaction) was performed ~~~otdHi!f typt~g u~mg the EcoRI enzyme. If the amp!i~ons from two 
to the method described earlier [23]. Since prime..~:::'[S(,:::fS stral~s ytelded th~ san:e RFLP pattern, two mtegron~ were 
(51 -GGCATCCAAGCAGCAAG-3') and 3' CS .:::W'1\t.\Qt- c~nstdered to be tdentlcal. If the PCR product contamed a 
AGACTTGACCTGA-3')] used in this PCR a~~-~rr§p~cifi- different RFLP pattern, the new product was sequenced as 
cally in the 51 and 3' CS of class 1 integrOI.J.::;!,~::J~k::~mpli- well. 
cons contained inserted gene cassettes flanke:4:··~n:··b~th sides 
by small parts of the CSs [21 ,24]. Primer ::lp~2F .(S' -CTC
GGGTAACATCAAGG-31), specific for th~::::~ 1 ··:&gfrin of the 
integrase gene (approximately 600 bp upjli:rearri:\from the 51 

CS primer site) was used in combinatidh::::::W.i~~::= the 31 CS 
primer to show the proximity of inserted':gen~:::~·assettes to inti 
[24,3 6]. ::(:(:;:::::::::;::::::;:;:;;:;:::: 

The amplified products were visualif:¢d'Mt~r electrophoresis 
through a 1% agarose gel containing ethii:Huin bromide using 
TAE running buffer, and a 500-bp l~d4,~"'" (ijfuigalore Genei, In
dia) was used as the molecular size m~tME 

2.4. Statistical analysis 

The observations were classified simultaneously according 
to two attributes, the MAR index [low (0.41-0.58) and high 

2. 7. Sequence analysis 

Nucleotide sequence analysis was performed using BLAST 
search programs [National Center for Biotechnology Infor
mation (NCBI)]. The ProtParam (ExPASy) tool was used to 
determine the basic physicochemical parameters. PHD topol
ogy (Predict Protein secondary structure prediction . method) 
was used for detecting transmembrane helices [34]. The globe 
prediction algorithm (Predict Protein) was used to examine 
whether the protein appeared as a compact globular domain or 
not. 

The nucleotide sequences of dfrA1, the dfrA1 variant, dfrA5, 
dfrA7, the dfrA12variant, dfrA17, aac(61)-Ib, aadAI andaadA6 
were assigned EMBL and GenBank accession numbers (Ta
ble 2). 
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3. Results 3.2. Detection of class I integrons and RFLP 
typing of the CS-PCR product 

3.1. The antimicrobial resistance pattern of MAR isolates 
Class 1 integrons were sought in I 00 MAR isolates. 40 ( 40%) 

The antimicrobial resistance pattern of 100 MAR isolates of the isolates were shown to carry detectable class I integron 
was analyzed. All I 00 isolates were resistant to both ampicillin structures. The remaining 60 isolates did not yield a product. 
and nitrofurantoin; 29 were resistant to amikacin, 73 were re- The amplicon lengths, corresponding to the approximate sizes 
sistant to cefotaxim, 96 were resistant to cephalexin, 76 were of the inserted DNA cassette, varied from 0. 7 to 3.2 kb (Ta-
resistant to chloramphenicol, 57 were resistant to gentamicin, ble I). Among the 40 i~9lates, 32 yielded a single amplicon and 
70 were resistant to kanamycin, 43 were resistant to netilmicin, 8 yielded two amplicgHs 9.:f different sizes (Table I). PCR with 
53 were resis~nt to streptomycin, 89 were resistant to tetra- a primer combinatior-kpf1ht2F and 3' CS resulted in amplicons 
cycline and 49 were resistant to tobramycin. Among the IOO larger by an apprqJV:mi.t6'''size of 600 bp than the amplicons 
MAR bacteria distributed into 8 groups according to the MAR derived from 5' c$'"and"-3'\CS primers (data not shown). 
index, 9 isolates were resistant to alli2 antibiotics tested (data A 2.0-kb ampii~~m ~-~¢hrded in eight strains (TR 6, TRIO, 
notshown). TR II, TR I~::/FI{;;)'3';··TR I4, TR I5 and TR I7), yielded 

Table I 'i]j.:·:::=:;:;:,:,.,.,:,:;::::~i:~ 
MAR indices and sizes of inserted gene cassettes for forty Gram-negative integron-positive isolat~f~Vl tii~.:.River Torsa 

MAR Isolates carrying class Identificai.f.e:r,,::!'_:!.'' .. ' .. ',.·,:::::·.'::·,'.:·,·······. 
index integron .. ::::::::;:,:, .. 

0.41 

0.50 

0.58 

0.66 

0.75 

TR53 

TR97 

TR 76 

TR48 

TR 77 

TR39 

TR 6, TR 10 and TR 14 

TR81 

TR40 

TR II, TR 12, TR 13, and TR IS 

TR85 

TR90 

TR56 

TR 18 

TR95 

TR 27 and TR 92 

TR99 

Esch.~ftchi~\p. 
K/u;::;~,,~~):::: 

Providencia sp. 
···:·::;::::Serratia sp. 

Citrobacter spp. 

Enterobacter sp. 

Marganella sp. 

Proteus sp. 

Providencia sp. 

Salmonella sp. 

Pseudomonas spp. 

Pseudomonas sp. 

Approximate length of amplicons 
generated with 51 cs and 3' cs (bp) 

2700 

2000 

2000 

1600 

1200, 1800 

1900,3000 

2000 

1300 

3200 

2000 

800 

1177 

1200, 1800 

1200 

718 

1200, 1800 

1200 

40 0.83 TR91 

TR02 

TR 73 

TR 79 

TR63 

TR20 

Citrobacter sp. 

Escherichia sp. 

Providencia sp. 

Salmonella sp. 

Yersinia sp. 

Acinetabacter sp. 

800 

750 

900 

900 

900 

1300 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

0.91 

1.0 

TR04 

TR68 

TR 78 

TR82 

TR49 

TR59 

TR17 

TR37 

TR58 

TR52 

TR62 

Enterobacter sp. 

Providencia sp. 

Serratia sp. 

Serratia sp. 

Acinetobacter sp. 

Pseudomonas sp. 

Citrobacter sp. 

Kluyvera sp. 

Providencia sp. 

Pseudomonas sp. 

Pseudomonas sp. 

800 

1200,800 

900 

1200 

1100,900 

811 

2000 

3000 

1200,800 

1400 

1400 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

64 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

11}1 

10 

11}1 

10• 

11}1 

11}1 

11}1 

101 

101 

10o 

111 

11• 

11 

11 

1"1-1 
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the same RFLP pattern upon digestion with the EcoRI enzyme 
(data not shown). Similarly, a I.4-kb amplicon ofTR 52 and TR 
62 digested with EcoRI also yielded identical RFLP patterns. 

3.3. Identification ofintegron-positive isolates 

Biochemical characterization of integron-positive isolates 
revealed that 32 out of 40 isolates belonged to the family Enter
obacteriaceae. The other 8 Gram-negative copiotrophic isolates 
did not belong to this family (Table 1 ). The isolates were identi
fied up to the genus level following the principles of numerical 
taxonomy (data not shown). 

3.4. Test of significance 

The number of integron-positive isolates in low and high 
MAR index categories was 6 and 34; similarly, the number of 
integron-negative isolates was 28 and 32, respectively. On the 
hypothesis of independence, test statistics followed x 2 distrib
ution with I degree of freedom. Since the observed statistical 
value, 12.18, was found to be greater than the tabulated value 
(value for x2 for I d.f. at 5% level is 3.84), it was significant. 
We therefore rejected the null hypothesis at the 5% level of 
significance and concluded that the attributes were not inde
pendent, i.e., data supported the hypothesis that the MAR index 
and integron carriage were associated. 

3.5. Identification ofintegron-borne gene cassettes 

gene (Ac. No. AY2451 0 I). The resulting sequence from Serra
tia sp. TR48 showed98% identity with theSalmonellasp. SI26 
class I integron dfrA17 gene (Ac. No. AY263739). BLASTP 
analysis of the sequence derived from Pseudomonas sp. TR 52 
showed I 00% identity with amino glycoside adenyl transferase 
AAD A6 of Pseudomonas aeruginosa (Ac. No. AFI40629). 
The translated partial aadAJ sequence of Kluyvera sp. TR 97 
showed 97% (I89/I93) identity with AAD AI of E. coli iso
late Ec I484R (Ac. No. AY224I85) and S. typhimurium (Ac. 
No. AJ496285). The p~hi~~= CDS of the aadAJ gene as de
rived from Serratia sp. TRAb expressed I 00% identity with the 
same gene from the_.J;?;='=i=ii(?J/"'i~olate Ecl484R class I integron 
(Ac. No. AY22418$)·. The·=~omplete CDS of aac(6')-Ib from 
Pseudomonas sp. TR\:iQ. .. ~~ired identity of 98 and 97% at the 
nucleotide and p~l')teih=~~vels with amino glycoside 6' -N -acetyl 
transferase of tij~ Vibr/.9 cholerae class I integron (Ac. No. 
AYI03455), wp,tfe:::~Q~=:P~tial CDS of the same gene from Ser
ratia sp. TR ,~:f'~h\lf~~ 99% identity with the same V. cholerae 
(Ac. No. AVJQj4J5) class I integron. The sequence derived 
from the t;l:J,:l'famplicon of TR 58 showed 99% identity with 
aac(6')-J,tgr¥,e of the Burkholderia cepacia class I integron 
(Ac. No·:·')\:F:~,'ZJ964). 

BLASTN ~rl'~lysis of the II77-bp sequence of Morganella 
sp. TR:"'~iJ::~P,owed the highest identity, 98% (I13I/1150), with 
theJ{,.pho!J.f:ae class I integron sequence (Ac. No. AF455254) 
rttpoi-t~{f::Qi6m India. Two ORFs, ORFI and ORF2, were pre
glct<@ Q:9m the TR 90 sequence to code for polypeptide se-

.. ::::'qi;re~e,~~:hf218 and 148 amino acids, respectively. The first 152 
.J{,,.!,lmino·=·acid sequences of ORFI which yielded the best scores 

Purified CS-PCR products of TR 02, TR 17, TR 40, TR .}' ··wer~,.all DHFR type I sequences. It is interesting to note that 
48, TR 52, TR 58, TR 59, TR 63, TR 85, TR 90, TR 9~:::::::::: !!ll dfrAJ protein sequences were I 57 amino acids long and the 
and TR 97 cloned in a pGEM-T Easy Vector were subject~ tlf~t 152 residues of this novel ORF shared 95% identity with 
to DNA sequencing and gene cassettes were identified by,,,s~h,,,,,,,,,,,,,,,th~ existing dfrAJ type. A stretch of 33 amino acid residues, 
quence analysis (Table I). Characterization of gene cas~itte.~=· ,,,,.from residue I53 to 185, did not show any resemblance to the 
revealed a significant association between the nature of thl'g{l.4~ .JF. existing sequences of the protein databases. Furthermore, an
cassettes and the corresponding antibiotic resistance p~riQ,cypi?'==?· other stretch of 25 amino acid residues, from residue I86 to 
of the isolates. All integron-carrying isolates expres~¢d (.~tHs::l''' 2IO, bore 60% identity to the EI protein of E. coli. Again, the 
tance to cotrimoxazole (trimethoprim + sulfonalarr¥'Mj(,1Jle remaining C-terminal amino acids did not match with any of 
most common carriage by integron-positive isolat~'f'}.~,:ty<;>.Jy~d the existing protein sequences. Using the ProtParam (ExPASy) 
dihydrofolate reductase cassettes, including a nove(;Q.I.,(if'sh;;w- tool, the estimated half-life and the instability index (II) of the 
ing partial homology with dfrAJ, which repre~~mii?''''7.{)% of predicted protein were computed to be IO h (E. coli in vivo) 
the cassettes detected (Table 2). Aminoglycosi~e aciil'hyl trans- and 32.08, respectively, which classified the protein as stable. 
ferase (aadAJ and aadA6) gene cassettes were''4~~ect~a in four The dihydrofolate reductase signature sequence of this protein, 
isolates, while the aminoglycoside acetyltiJ!nsfe#s'l'.(aac(6')- revealed via the PROSITE motif search [I], was 'VIGngpdiP-
Ib) gene cassette was detected in only tw~'-isolat~~ (Table 2). Wsakg.EqiiFkaiT'. The predicted secondary structure (PHD) 
Resistance to other antibiotics like ampi9_iiHn\:::9.!?.Phalosporins, composition of the ORFI protein was: H (denoting a-helix)= 
chloramphenicol, nitrofurantoin and tetracycl=in~ did not corre- 19.25%; E (denoting extended ~-strand/sheet)= 29.58%; and 
spond to identified gene cassettes. Th~::~qriefi6'~ derived from L (denoting others, loop) = 5l.I7%, which was comparable to 
the 1.8-kb amplicon of Providencia·=llP;:m,,:,~8 showed 100% the dfrAJ protein composed of H = 19.75%, E = 31.21%, and 
identity with the Vibrio cholerae class.l'''il:J:tegron dfrAJ gene L = 49.04%. Both the ORFI protein and the dfrAJ protein ap-
(Ac. No. AF22190I ). The sequence==d~xiY~4.:''from E. coli TR 02 peared as compact globular domains in the Globe prediction al-
showed IOO% identity with the E. coft'diiss I integron dfrA5 gorithm and no bonded cysteine was found in them, as revealed 
gene (Ac. No. AJ419I69), while the Enterobacter sp. TR 85 se- by the CYSPRED algorithm (Predict Protein). The predicted 
quence revealed 98% identity with the E. coli class I integron secondary structure and the presence of a dihydrofolate reduc-
dfrA5 gene (Ac. No. AJ419169); the sequence from Salmonella tase signature indicated that the TR 90 protein might function 
sp. TR 95 shared 98% identity with the Salmonella enterica like other DHFRs, similarly to the dfi·AJ protein, and might also 
subsp. enterica serovar Typhi dihydrofolate reductase type VII · confer resistance to trimethoprim. 
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Table 2 

2 Characterization of gene cassettes in MAR isolates from the River Torsa 

[+model] P. 5 (1-7) 
by:PS p. 5 

5 

58 

59 

3 Isolate Antimicrobial resistance profile" Nature of the 
gene cassette 

Cassette-encoded 
antibiotic resistance 

Accession 60 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

No. 61 

TR97 

TR48 

TR6 

TRIO 

TR14 

TR40 

TRll, TRI2, 
TR 13 

TR15 

TR85 

TR90 

TR95 

TR02 

TR63 

TR59 

TR17 

TR58 

TR52 

TR62 

AMP, CEF, CEP, CHL, COT, NIT, TET 

AMP, CEF, CEP, COT, NIT, TET, TOB 

AMP, CEF, CEP, CHL, COT, KAN, NIT, STR, TET 

AMP, CEF, CEP, COT, GEN, NIT, STR, TET, TOB 

AMP, CEF, CEP, CHL, COT, GEN, NIT, STR, TET 

AMP, CEP, COT, GEN, KAN, NIT, STR, TET, TOB 

AMP, CEF, CEP, COT, GEN, NET, NIT, STR, 
TET,TOB 

AMl, AMP, CEF, CEP, COT, GEN, NET, NIT, 
TET, TOB 

AMI, AMP, CEP, COT, GEN, KAN, NET, NIT, 
TET, TOB 

AMP, CEF, CEP, CHL, COT, GEN, KAN, NET, 
NIT, TET 

AMP, CEF, CEP, Car, KAN, NET, NIT, STR, 
TET, TOB 

AMP, CEF, CEP, CHL, COT, GEN, KAN, STR, 
TET, NIT, TOB 

AMI, AMP, CEP, CHL, COT, GEN, KAN, NET, 
NIT, TET, TOB 

AMI, AMP, CEF, CEP, CHL, COT, GEN, KAN, 

aadAJ 

dfrA17 
q{rAll 
cffrAll 

cffrAll 

aadAJ 

q{rA12 

c!frA12 

dfrA5 

dfr A 1 vaj:iant 
·=·=· 

A~~~;:~~~:~8mr,G~,KAN. /~:~ 
A~i~~i{;;{:~T~~~B COT, GEN, KAN, ,:=::=;,,,,,,,(j;,,,,,,,,)';:''' 

AMl, AMP, CEF, CEP, CHL, COT, GEN, KAN, .;~jjjj~::::::::::::::=:::::::;:,:,. .::~~?Jb 
NET, NIT, STR, TET, TOB .,:::::::=::: •. 

AMI, AMP, CEF, CEP, CHL, COT, GEN, KAl)/~ .,:,.. aadA6 

NET, NIT, STR, TET, TOB '''\:;:,.. . . .,:~:::: 

STR 

TMP 

TMP 

TMP 

TMP 

:'~~::;·:':: .... ::::? ~: 
,,:::::·::::··.::::::;;··::.''''¥MP 

=::::~::::::;::::::::::::::::''}: TMP 

TMP 

TMP 

TMP 

AMI 

AMI 

TMP 

TMP 

AMI 

STR 

STR 

AJ698461 

AJ868226 
_b 

_b 

_b 

AJ938I60 
_b 

_b 

AJ867252 

AJ698460 

AY604170 

AJ620333 

AJ937775 

AJ697861 

AY604169 

AJ937774 

AJ938159 

AJ620334 

_c 

• AMl: amikacin; AMP: ampicillin; CEF: cefotaxim; CEP: cephal~#h; G:HL·:~hloramphenicol; COT: cotrimoxazole; GEN: gentamicin; KAN:kanamycin; NET: 
netilmicin; NIT: nitrofurantoin; STR: streptomycin; TET: tetracycling:,:r¥1>: trf.methoprim; TOB: tobramycin. 

b RFLP pattern similar to TR 17 amplicon. ····::::;:::\;:,:,.,.)':'" 
c RFLP pattern similar to TR 52 amp Iicon. ····:·::· 

4

, ::::~t 'tudy, w~ examinod 100 Gnnn~ MAR 
bacteria from the Torsa River and found that"'4'0'%''eontained a 
detectable class 1 integron structure. The pt~r,ortio,,#' of strains 
in this collection of antibiotic-resistant q~tetiif''tarrying in
tegrons is comparable to that of otht~f studf~. For exam
ple, 43-75% of antibiotic-resistant clinidll:lJ>~Wthia contained 
class 1 integrons [8,18,19,23,24], white:::,i)P.~~selected Gram
negative bacteria from an estuarine,,,~nv.it~i'iihent revealed the 
presence of the intll gene ainong;J':::6%::Q.f the isolates [33]. 
A study conducted on the Rio Grandi~(:~iver (which separates 
the United States from Mexico) ilbQw.edjbat 10% of the E. coli 
isolates were MAR and 13% ofMAifdhhtained class 1 integron 
sequences [32]. These results, together with those obtained in 
the present study, indicate that class 1 integrons are widespread 
in clinical as well as in environmental samples. The MAR in
dex of the 100 isolates under study ranged from 0.41-1.0. The 
rationale behind the criterion of selecting MAR isolates with 

such MAR indices for detecting class 1 integrons lay in the 
fact that the calculated MAR index exhibited by 82-100% of 
class 1 integron-bearing isolates was in the range of 0.4-0.9 
[14,26,37]. In the present study, we did not find any significant 
difference in the incidence of integrons among members of the 
Enterobacteriaceae (32 integron-positive out of 81 MAR iso
lates) and non-enterobacterial members (8 integron-positive out 
of 19 MAR isolates), which is similar to the observation made 
by earlier authors ·[33]. The presence of class 1 integrons in 
six Pseudomonas spp. and two Acinetobacter spp. is significant 
in the context of gene transfer and dissemination of resistance 
gene cassettes in the environment. An earlier study on two Eu
ropean rivers expressed clinical concern over the development 
of drug resistance in mesophilic Aeromonas spp. [13]. Among 
enteric members, the genus Citrobacter represented the highest 
proportion of integron-positive isolates (8 of 40). Although, in 
this study, copiotrophs were cultured from river water samples 
and were deemed to be environmental samples, it is possible 
that some of the strains, particularly those identified as col-
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· .·INTRODUCfiON 
Bacteria collect and exchange genetic information with extraordinary facility and lack of 

: : spepies specificity, permitting antibiotic resistance already pr~sent in the enyiro~ent 
' , ·~:!>e. "pjc~ed'up" and passed on from one microbe to the other (Davies, 1994). During 
'' tunes'ofstress, commensal and pathogenic bacteria demonstrate the ability to'become 
' ·hyPer.iliutable (Shapiro, 1999) and they duplicate and share survival mform~tion 

(Roberts, 1999), such as resistance genes that can be encoded on plasmids, transposons · 
and integrons. Given the inevitability that resistant strains of bacteria are emerging in 
respons~ to widespread use of antibiotics, progress has been made for the development 
~f new structural class of synthetic molecules with broad spectrum and acceptable 
potency. Trimethoprim is such a broad-spectrum synthetic antimicrobial agent, which 

I . 

came into human therapeutic use in 1968 in combination with sulfonamides (Btishby, 
1968). In the 1970s TMP alone came into use first for the prophylaxis .ofurinacy tract '/ 
infectio~~ ~d fater for the treatment of acute urinary tract infections as well (Kasantm, 
1982). Trimethoprim interferes with folate synthesis in susceptible bacteria. It competes 
with the nonrtal.substrate of dihydrofolate reductase as it bears structural an~logy to, 
dihydrofolate. Dihydrofolate reductase has been isolated. from almost 'every type of 
living cell, with the exception of archaebacteria and a few parasitic protozoa. The main . · 

. function of this enzyme is to convert dihydrofolate to tetrahydrofolate; which is a 
methyl group shuttle, requjred for the denovo synthesis of purines, thymidylic acid and 
certain amino acids. The enzyme from animals and some microorganisms also slpwly 
reduces folate to 5, 6, 7, 8-tetrahydrofolate. As trimethoprim acts by blocking the 
production oftetrahydrofo)ate from dihydrofolate by binding to and reversibly inhibiting 
the enzyme .dihy~ofolate reductase, this antibiotic select!vely interferes w~th bacte~al 
synthesis of nucleic acids (thymidylate) and proteins (Hot!vinen eta/, 1995). 
Bacterial resistance to trimethoprim· is due to a variety of mechanisms. Mobile genetic 
elements· including plasmids, transposons and integrons t~at encode trimethoprim 
resistance lead to the generation of an additional mutant DHFR that is less sens~tive to 
·inhibition by trimethoprim. Chromosomal resistance to trimethoprim maybe due to the 

f : 



Trimethoprim resistance in E. coli 129 

chromosomal location oftransposon Tn 7, or due to some kind of mutational loss which 
hinders the bacterial ability to methylate deoxyuridylic acid to thymidylic acid causing 
a low level resistance to TMP or it maybe due to mutation~! changes in the gene for 
DHFR. All these changes could be combined with regulatory mutations, leading to the 
cellular overproduction of the enzyme and very high levels ofTMP resistance. Plasmid 
mediated resistance is caused by non-allelic and drug insusceptible variants of 
chromosomal DHFR. 
Now-a-days there is growing concern regarding the emergence of TMP resistant 
microorganisms. The mechanisms of resistance and of its spread among pathogenic· 
bacteria show a remarkable evolutionary adaptation. Different dfr genes-seem to have 
arisen in different parts of the world and then spread to geographic~lly distant regions. 
Horizontal genetic exchange plays a vital role in this dissemination. Epidemiological _ 
studies reveal the location of various TMP resistance genes on a· type oftransferable 
unit called a cassette, which maybe exchanged between different integrons. Two of the 
first observed integron cassettes were those carrying the TMP resistance gene dhfr lib 
and dhfr V (Sundstrom eta/, 1988). To date more than 16 DHF~ have b~en characterized 
in gram-negative facultative bacilli. 

· In this paper we report the detection of the presence of class I integron" in a multiple 
antibiotic resistant (MAR) environmental isolate from River Torsa of North Bengal, 

. India. The MAR isolate was identified as Escherichia coli strain TR2 possessing self
transmissible plasmid bearing antibiotic resistance genes. The gene cassette, loaded_ in 
the integron structure identified in this isolate, was_ sequenced and· analyzed. Tbe 
indigenous dihydrofolate reductase gene cassette conferred resistance to withstand 
trimethoprim stress on TR2 isolate. 

MATERIAlSANDMETHODS 
_ Isolation of MAR bacteria: Culturable bacteria were recover_ed by spread plating 0.1 ml 
volumes of diluted river water samples onto LB agar plates. Thousands of bacteri~ 
colonies were picked at random & their MAR profile was determined against 12 different 
antibiotics by a replica plate method (Armstrong eta/, 1981 ). This method uses colonies· 
on a master plate upon which nearly 100 isolates had been inoculated, followed by 
incubation at 37 c for 24 hours. These master plates were then replicated onto LBagar 
plates supplemented with antibiotics. Each master plate was also replicated onto LB 

. . 

agar plates without antibiotics as a growth control. The antibiotics & the concentrations 
used were as follows: Aminoglycosides: amikacin (25Jlg/ml), gentamicin (25Jlg/ml), 
kanamycin ( 50Jlg/ml), netilmicin (25 Jlg/ml), streptomycin ( 1 OOJlg/ml), & tobramycin (25Jlgl 
ml); Cephalosporins: cephalexin (25Jlg/ml),_ cefotaxim (25Jlg/ml); Penicillin: 
ampicillin(! OOJlg/ml); Others: chloramphenicol (1 OOJlg/ml), tetracycline (20Jlg/ml), & 
nitrofurantoin (25 Jlg/ml). 
Screening of MAR isolates on MacConkey agar plates: About 40 to 50 colonies were 
picked at random from MAR population & streaked onto MacConkey agar (HiMedia, 
India) plates. After 24 hours of incubation at 37°C, ten typical E .coli colonie~ were 
randomly selected by lifting them from the plate with sterile wooden toothpicks & 
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transferred them onto aLB agar plate to construct a master plate. This master plate was 
. replicated on Simmons Citrate agar (HiMedia, India) plates & evaluated after 96 hours.· 
of incubation at 37°C. Citrate negative isolates were randomly selected for· further 
diagnostic evaluation to confirm the consistent selection of E.coli isolates. 
Physiological and biochemical characterization: Detailed biochemical & physiological 
chara,cterization was done according to Bergey's manual of systematic bacteriology to 
confirm the status of E . coli isolates. · · 
Conjugation study : This study was performed using E. coli DH5a Rif as a recipient, 
following the method described _by Son et a/, 1997. 
Detection of the presence of Class I integrons : PCR reactions were carried in 25il · 
volume following the method previously described by Roy et a/, 1995 with minor 

. modifications. The primers used were as follows -

5'CS- 5' -GGC ATC CAA GCA GCAAG- 3' 

3'CS-5'-AAGCAGACTTGACCTGA-3' 

Int
2
F -5'-TCTCGGGTAACATCAAGG-3' 

, -cloning: pGEM-T easy vector was used for cloning of PCR products; Cloning was 
. done according to manufacturer's instruction and was then transformed into E. coli 
, .·XLI blue [rec A rec AI lac end AI gyr A46 thi hsdRI7 sup E44 rei AI (F' proABlac 

Iqzd Ml5 Tn 10 {Tef} )]. Transformants were selected on LB agar containing.IOOJ.1g/ml 
Amp, 2% X-gal and 20% I PTG. 
Sequencing: Nucleotide sequencing was performed with the ABI PRISM™ Dye 
Terminator Cycle Sequencing Ready Reaction Kit and the reactions were analyzed on 
anABI PRISM 377 DNA sequencer. 
Sequence analysis: Initial nucleotide sequence analysis was performed by using Blast.,
Nand Blast X tool (National Center for Biotechnology Information). Multiple sequence· 
alignments were performed using CLUSTAL W program (EMBL Coll}putational service). 
Nucleotide sequence accession number: Nucleotide sequence of dfr V gene cassette 
(TR 2) has been deposited in the GenBank under the accession number AJ620333. 

RESULTS AND DISCUSSION 
The isolate TR 2 included in this study was one amongst the 1 00 clonally purifle~ gram
negative bacilli, which had been randomly selected from the pool of thousands of 
multiple antibiotic resistant bacteria. The taxonomic characterization which was done 
by using the key of Bergey's manual, led to the identification of the isolate TR 2 as a:rr 
E. coli as it bear 99% similarity with a type E. coli strain (E. coli Kl2). When tested 
against a panel of 12 different antibiotics (aminoglycosides: amikacin, gentamicin, 
kanamycin, netilmicin, streptomycin and tobramycin; cepha_losporins: ·cephalexin and · 
cefotaxim; penicillin: ampicillin; others: chloramphenical, tetracycline and nitrofurantoin) 
exhibited resistance against 1 0 antibiotics of this panel (Table. I). Conjugation study 
was performed using a plasmidless laboratory E. coli strain: E. coli DH5a Rif.r as a 
recipient. 
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Table 1: Characteristic features of E. coliTR 2 

MAR profile 
Resistance transferred 
Conjugal transfer frequency 
Type of integron carriage 
Nature of gene cassette 
Accession No. 

Ampr Cef Cepr Chlr Genr KanrNitror Strr Tetr Tobr 
Ampr Cef Cepr Genr Tetr Tobr 
1.44 X 10"3 

Class I 
dfrV 
AJ 620333 

Amp: Ampicilin; Cef: Cefotaxim; Cep: Cephalexin; Chi: Chloramphenicol; 
Gen:Gentamicin; Kan: Kanamycin; Nit: Nitrofurantoin; Str: Streptomycin; 
Tet: Tetracycline; Tob: Tobramycin. 

l3I 

PCR amplification with 5'CS and 3'CS primers produced on amplicon of750 bp (Fig. I A). 
Several workers have used these two primers in combination for the identification of the 
presence of integrons, as well as for size determination of the inserted gene cassettes 
(Chang eta/., 2000; Fluit eta/., 1998). Integrons are potential mobile DNA elemen!J 
capable of integrating or mobilizing individual gene cassettes encoding antibiotic 
resistance through site specific recombination (Hall & ·Collis; I99~). Four classe~ of 
integrons with different int genes have been idt?ntified so far, of which class-I integrons 
are more prevalent in nature. There have been a number of reports describing the 
presence of class-I integrons within gram negative clinical isolates (Chang et al. 2000; · 
Fluit et al. 1998; Rawlinson eta/. 200 I; Fluit et al. 200 I), while reporting on the occurrence 
of integrons in bacteria other than those of clinical are very rare. In one of the studies,·· 
the occurrence of integrons in bacteria from an estuarine environment was confirmed 
(Rosser et al. 1999). The amplicon generated with lntl and 3'CS pruners was 600 bp 
larger than the amp Iicon generated with 5'CS and 3'CS primers (Fig. I B). · 
This result confirms M 1 M I 
the general structure 
ofthe class I integron 
(Fluit et al. 1999). We 
have performed the 
same PCR reaction 
with the. transcon
jugants expressing 
Ampr Tef phenotype, 
but failed to get any 
amplification of the 
variable region of 
class-1 integrons. This 
has led us to derive 

1000 bp 

500 bp 

1500 bp 
1000 bp 

500 bp 

A B 
Fig. 1: PCR amplification ofTR2 using two sets ofprimers. 
A: Amplicon generated using 5'CS & 3' CS primers: Lanes: M, 500 
bp ladder; I, TR 2 and B : Amp Iicon generated using Int2 F & 3' 
CS primers. Lanes: M, 500 bp ladder; 1, TR 2 

the conclusion that the class-I integron found iri E. coli TR 2 is not present on the self-
•1' transmissible plasmid but probably located in the genome. The general structure ofthe 

class-I integron consists of a varia~le region bordered by a 5' and 3' conserved regions. 
The 5' region is made up of the inti gene (integrase), attl site and a promoter region 
expressing the inserted gene(s) (Peter, 1999). Intl primer is specific for the inti region 
of class-I. integron and the location of this region is about 600bp upstream ofthe S'CS . 
boundary. The 3' region contains the defective quaternary ammonium resistance gene 

'I 
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qacEAI, a sulfonamide resistance gene (sui I) and an open reading frame containing a 
gen~ of unknowing function. The variable region which amplifies in PCR reaction using 
S'CS and 3''CS primers constitutes the promoterless gene cassettes acquired through 
integration. These cassettes are mobile, promoterless, nonreplicating elements, comprise 
of an open reading frame together with a 3' associated integrase specific recombination 
site, att C [59-base element] (Hall and Collis, 1995; Hall, 1997). As the expression of the 
gene cassettes are dependent on a common promoter located upstream of the 5'Cs 
region, the cassette closest to the promoter will be maximally expressed. In naturally 
occurring integrons there appears to be no restrictions on the number or order of 
inserted gene cassettes (Hall and Collis, 1995). This genetic fle~ibility allows nwnerous 
cassette rearrangements under antibiotic selective presence .. It has been observed that. 

· chances of getting empty integrons (i.e., without gene cassettes) are much more in the 
absence of sustained antibiotic stress (Rosser et a/. 1999). It is, therefore, preswnable 
that antibiotic stress plays a significant role in promoting. the incorporation and 
maintenance of gene cassettes in the variable region of integron. The most common 
types of cass'ette carried by class'-1 integrons are those for amoniglycosides or . 
trimethorpim resistance. 
Purified PCR product was subjected to DNA sequencing to identify the nature of. the 
inserted gene cassette and the cassette present within the variable region of E. coli TR 
2 was dfr V (coding trimethoprim resistance). The cassette borne TMP resistance genes 
seem to be more widespread than those borne on plasmids and chromosome (Huovinen, 
1995). The emergence of TMP resistance genes among pathogenic bacteria is very 
like1ydue to the recruitment of metabolic genes from unidentified organisms by horizontal 
genetic exchange (Houvinen eta!, 1995)). Phylogenetic analysis has revealed two families 
for transferable DHFRs. The dfr V gene is included in family I which also includes type 

· I, VI, VIII and lb. All the members of family I share about 64 to 88% identity, mediate 
resistance to very high levels of TMP and the polypeptide length is· about 150 to 200 
amino acids (Huovinen eta!., 1995). The software tool 'transeq' was used to determine 
all possible reading frames. Out of 6 reading frames , reading frame +2 represents the 
longest uninterrupted polypeptide sequence of 147 amino acids (Fig.2).The start ofthe./ 
ORF begin with an GTG start codon coding valine at positions 101 to 103 (valine also·· 
acts as start codon in some cases). 

1 cgctgttacgccgtgggtcgatgtttgatgttatggagcagcaacgatgttacgcagcag 

61 q.q,cagtcgccct a a a a can agt taacccggac:i'ccaaaa t tgtgaaagta tcattaa·tgtj•-: 
· "' V K L S .L M A 

121 tgc~aaagcgaaaaacggagtgattggttgcggtccacacataccctggtcc~cgaaagg 
A K A K N G V I G C G P H I P W S A K G 

181 agagcagctactctttaaagccttgacgtacaaccagtggcttttggtgggccgcaagac 
E Q L L !·· r: /1 L T Y N Q W L L V G R K T 

2 41 gt tcgaa tc t d L gg <J" ycc.~c: l.cr:c taa tagga a a tacgcggtcg t tac tcgctcagcctg 
F E S M G A L P N R K Y A V V T R S A W 

301 gacggccgataatgdcaucytaatagtattcccgtcgatcgaagaggccatgtacgggct 
T A D N D N V I V F P S I E E A M Y G L 

361 ggctgaactcaccgatcacgttatagtgtctggtggcggggagatttacagagaaacatt 
A E L T D H V I V S G G G E I Y R E T L 

421 gcccatggcctctacgctccatatatcgacgattgatattgagccggaaggagatgtttt 
P M A S T L H I S T I D I E P E G D V F 

481 ctttccgaatattcccaataccttcgaagttgtttttgagcaacactttagctcaaacat 
F P N I P N T F E V V F E Q H F S S N 

Fig 2 : Nucleotide sequ~..:nc~..: and translated peptide of TR 2 amplicon. 
5-81: 5' conserved segment; 31-~ I: all! site (integrasc binding site); 101-538 Predicted translation 
product offrame +2;140-208: Signature sequence ofDHFR (VIGcgphiPWsakgEqiiFka~T) 
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A typical dfr V gene cassette consists of 157 amino acids, as is found in plasmid pLM020. I . 

Sequence of the gene cassette of TR 2 is read up to 14 71h amino acid & the ORF is 
expected to extend further by 1 0 amino acids in the region yet to be sequenced. Even if 
the chain length is reduced by I 0 amino acids, it will not hamper the activity or the 
stability of the functional protein, since these amino acids are not in contact with many 
other residues that participate in numerous interactions and thereby do not affect the 
reaction rate by several orders of magnitude (Maranas et al, 2003). The amino acid at the 
27u. position of this polypeptide is glutamate like other members offamily1 DHFRs and 
the typical signature sequence of DHFR is also present at theN terminal end. 
The isolates like the strain TR2 bearing class I integrons isolated from Torsa River of 
Northern West Bengal, India, speaks of the possibility of dissemination an~·propagation 
of antibiotic genes in nature and further contribute to the growing c;:oncem regarding 
the emergence oftrimethoprim resistant microorganisms. 
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Abstract : The unregulated use of antibiotics, including therapeutic and prophylactic prescribing, in the fastest growing city of West 
Bengal, Siliguri, was studied indirectly from a random survey conducted on retail medicine sellers at their counters. Ciprof!oxacin, 
ampicillin, norfloxacin and amoxyci/lin were the highest retailed antibiotics and 58% of the city pharmacies sold antibiotics even 
without prescriptions. To understand the influence of the ex,tent of antibiotic use by the community on the collective bacterial flora in 
the aquatic environment, we have determined the fraction(s) of Standard Plate Count (SPC) bacteria resistant to different antibiotics 
and multiple antibiotic resistance (MAR) profile of resistant SPC isolates from two municipal open drains and Mahananda river water 
samples of Si/iguri. Within the MAR groups of Drain I and Drain II samples, 37.44% and 77.43% respectively were resistant to all 
seven antibiotics (ampicillin, chloramphenicol, ciprof!oxacin, kanamycin, netilmicin, streptomycin and tetracycline) used in the study. 
Twenty Gram-negative SP.C MAR isolates were examined for the presence of plasmids. Antibiotic resistance was shown to be 
associated with a carriage of a 47 kb (D1QN - 9), 48 kb (D2QN- 14) and 49.4 and 3.6 kb (MR - 1) plasmids, which were 
transmissible to the Escherichia coli DH5a recipient. The rapid spread of antibiotic resistance genes in bacterial population as a 
conseauence of indiscriminate use of antibiotics, which can be partly attributed to plasmid-mediated horizontal transfer was 
discussed. 

Key words· : Antibiotics, Multiple antibiotic resistance, Self transmissible R plasm ids, Gene-transfer. 

Introduction 
Siliguri, the fastest growing city of West Bengal, 

with a population of 5,00,000 in 1999, is situated in the 
foothills of Himalayas on the banks of the river 
Mahananda. The advantageous location of Siliguri, 
bounded by Darjeeling Hills on the north, Bangladesh on 
the south, Jalpaiguri on the east and Nepal on the west, 
has made it an ideal centre for trade, commerce and 
transit tourist office and therefore attracted people from its 
vast hinterland stretching as far as Bihar, eastern fringes 
of Uttar Pradesh and Assam (Chakraborty, 1999). With a 
decadal growth rate of 119.5% during~ 1981-91, the 
Siliguri municipality has been promoted to a Corporation 
in the year 1994 (Chanda, 1999). The flow of effluents 
into the river Mahananda, illegal settlements on its banks 
and the unscientific waste management system including 
disposal of medical waste, expose the inhabitants of 
Siliguri to the risk of several diseases (Biswas, 1999; 
Lama, 1999). There is a tendency among common people 
to self-medicate themselves with various antibiotics even 

· for the diseases where antibiotic use is often redundant. 
This is true in many parts of the world where antibiotics 

are available over the counter and even in countries in 
which use is more controlled; their use is often 
unnecessary (Cohen, 2000; Institute of Medicine, 1998; 
Levy, 1998; Hart and Kariuki, 1998; Walsh, 2000). 

Although many factors can influence whether 
bacteria in a person or in a community will become 
insensitive to an antibiotic, the two principal forces are the 
occurrence of resistance genes and the extent to which 
antibiotics are used. If the collective bacterial flora in a 
community possesses resistance genes and the 
community uses the drug persistently, bacteria acquiring 
the ability to combat eradication by the compound will 
emerge and multiply (levy, 1998).-Antimicrobial drug use 
and transmission of resistant pathogens in humans are 
well-recognized contributors to the increase in 
antimicrobial resistance (McGeer, 1998). The majority of 
antimicrobial resistance phenotypes are obtained by the 
acquisition of external genes that may provide resistance 
to an entire class of antimicrobials. In recent years, a 
number of these resistance genes have been found to be 
associated with large, transferable plasmids, bearing 
transposons and integrons (White and McDermott, 2001). 
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The percentage of antibiotic - resistant bacteria in the 
intestinal flora of children exposed to large amounts of 
antibiotics has been shown to be much higher than that in 
children exposed to smaller amount of these drugs 
(Lester eta/., 1990). Moreover, the greater the number of 
resistant bacteria in the intestinal flora, the greater the 
likelihood that genes encoding resistance will be 
transferred to potentially pathogenic bacteria and 
disseminated into the environment (Van den Bogaard, 
1997). 

In this study, we have presented an assessment 
of unaccounted medication availed by the inhabitants of 
Siliguri reflecting the primary . health picture and 
widespread consumption of antibiotics (with and without 
prescription) from a random survey conducted on retail 
medicine sellers at the counter, based on personal 
enquiry method with a short questionnaire. We have also 
reported the occurrence and abundance of multiple 
antibiotic resistant (MAR) bacteria within the standard 
plate count (SPC) populations from two municipal drains 
and Mahananda river waters of Siliguri. A few selected 
Gram-negative MAR SPC isolates were investigated to 
determine the association of antibiotic resistance gene(s) 
with self-transmissible plasmids. 

Materials and Methods 
Method of enquiry to study the unregulated use of 
antibiotics : Personal enquiry method rather than mailed 
questionnaire method was chosen on the basis of the 
objective of the study and the nature of the respondents. 
A question sheet/schedule was prepared. We personally 
asked the questions to the respondents and noted down 
the replies on the schedule or the respondents filled in the 
questionnaire with their own handwriting. Basically, 
sample survey method was followed. Seventy-four retail 
medicine counters out of a total of 600 registered 
pharmacies, were selected. at random representing nearly 
all the principal roads and streets of urban Siliguri. 
Tabulation and analysis of data : The information 
collected through the enquiry were analyzed and 
presented in the form of statements and statistical 
diagrams so that some comparisons can be made and 
some conclusions can be arrived at. In course of analysis, 
care was taken so that no information relevant to the 
decision process was lost in the primary data reduction. 

Waste water from two concrete Municipal open drains 
and river water used for sampling : Because the urban 
settlement is spread on both banks of river Mahananda 

Mukheljee et a/. 

(Fig.1), two big 'Pucca' municipal drains of the drainage 
network, one (Drain I) cross-secting Ward No. 17 and the 
other (Drain II) cross-secting Ward No.3 (Fig.1) were 
selected. River waters were collected from the 
Mahananda stretch at two sampling spots in between the 
Mahananda bridge on the Hill Cart Road and the railway 
bridge ahead of it over the river (Fig.1 ). 
Collection of samples : Water samples were collected in 
peak summer, rainy and winter months according to 
standard methodology (APHA, 1989). Mahananda river 
water samples were collected in May 2000, Aug 2000 and 
Jan 2001. Wastewater samples from municipal drains 
were collected in Jan 2001, May 2001 and Aug 2001 
respectively. 
Enumeration of total SPC bacteria and the fraction(s) 
resistant to different antibiotics : Serial dilutions of 
each water sample were made in sterile distilled water, 
which served as the diluent of known volume. Standard 
plate count bacteria and their fraction(s) resistant to 
different antibiotics were enumerated on Luria· Bertani 
(LB) agar and LB agar plates containing a separate 
antibiotic, after incubation at 37°C forA8 h. The antibiotics 
used were ampicillin (1 OO~Lg/ml), chloramphenicol (50 
~tg/ml), ciprofloxacin (25 ~Lg/ml), kanamycin (50 ~tg/ml), 

netilmicin (25 )lg/ml), streptomycin (1 00 )lg/ml) and 
tetracycline (20 )lg/ml), as per concentration generally 
used to characterize resistant strains. 
Enumeration of multiply antibiotic-resistant (MAR) 
bacteria out of resistant population : MAR was 
enumerated by the method described earlier (Armstrong 
eta/., 1981). Bacterial colonies were randomly picked up 
from antibiotic plates with sterile toothpicks and were 
transferred to a master plate of LB agar. Ma~ter plate · 
colonies incubated for 24 h at 37°C were replicated on LB 
agar plates, each containing a separate antibiotic at the 
concentration mentioned above. The final plate replicated 
was one of plain LB agar. The results from this plate 
confirmed the successful replication of colonies on the 
preceding replicated plates. Isolates were considered 
multipe antibiotic resistant (MAR) only if their growth on 
more than one different antibiotic plate were as well 
developed as their growth on the control plate. Any sign 
of inhibition or sensitivity was considered to be indicative 
of non-resistance. 

Plasmid isolation : Several gram-negative MAR isolates 
were screened for the plasmid DNA by the procedure of 
Birnboim and Doly, 1979. Extracted plasmids were 
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Fig. 1 : Map of Siliguri Municipal Corporation showing distribution of municipal wards on both sides of the river Mahananda. 
•Sampling spot of Drain-1; ~.Sampling spot of Drain-11; 4., Sampling spot on the river Mahananda 

231 



232 Mukherjee et at. 

50 

'C 45 <1> 
>-
<ll 
(: 40 
::J 
Ul 

I!? 35 
<ll -c:: 30 ::J 
0 
(.) 

<ll 25 
c:: :§ 20 'C 
<ll .., E 15 
ra -<ll 10 ... .... 
0 
~ 0 5 

ED CF HD NR DO 00 SE 

Diseases 

~ Fig. 2 : Frequencies of surveyed retail medicine counters stated to experience average maximum sale of medicine for a particular 
group of disease(s) irrespective of seasonal variation. 

ED, Enteric diseases and intestinal disorders; CF, Common illnesses (fever); HD, Heart/coronary diseases; NR, Neurological 
diseases; DD, Diabetic disorders; OD, Orthopedic disorders; SE, Skin and ENT diseases. 
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Fig. 3 : Frequencies of surveyed retail medicine shops expressing categories of first, second and third highest selling antibiotics over 
the counters. 

1, Ciprotloxacin; 2, Tetracycline; 3, Amoxycillin; 4, Althrocin; 5, Septran (Trimethoprim + Sulphamethoxazole); 6, Cephai<Jxin; 
7, Alcipro (Ciprotloxacin + Tinidazole); 8, Cloxacillin; 9, Co-trimoxazole; 10, Doxycycline; 11, Erythromycin; 12, Nortloxaciq; 
13, Roxithromycin; 14, Cefadroxil; 15, Ampicillin. 
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electrophoresed at 20 rnA on a 0.7% agarose gel in TAE 
as described by Sam brook et a/., 1989. The approximate 
molecular size of each plasmids were determined by 
comparison with the size standards and sizes of the self 
transmissible R plasmid(s) isolated from the 
transconjugants were confirmed by summing up the 
respective restricted fragment lengths. 
Conjugation studies : Mating experiments were 
performed according to the method described by Son et 
a/., 1997. Selected MAR but rifampicin sensitive, plasmid 
containing Gram negative SPC isolates and a rifampicin 
resistant, plasmidless strain of E. coli. DH5a. were used. 
Potential donor strains and recipient cells were grown to 
mid log phase (107 cfu ml-1) in LB broth at 37°C in 100 ml 
flasks. A 1 ml sample containing the donor strain was 
added to 1 ml of the recipient sample, and the mixture 
was incubated for 5h at 37°C without shaking. Plate 
counts were performed for estimates of donor and 
recipient population. Transconjugants were selected on 
LB agar containing 501-lg ml-1 ohifampicin and inhibiting 
concentration of the antibiotic to which donor strain had 
been resistant. Antibiotic resistant, plasmid bearing E. 
coli. DH5a. isolates were scored as transconjugants. The 
frequency ~as computed as the number of presumptive 
transconjugants in relation to the initial number of donor 
cells. 

Results and Discussion 

Siliguri, the most populous city in the northern 
part of West Bengal, has one pharmaceutical retail 
counter per 824 persons at present compared to one per 
2000 persons in 1951 (this study). Because of the 
inadequate civic medical facilities, most middle class and 
poor people render themselves to be treated empirically 
and usually with antibiotics. As we found a general 
tendency among the pharmacy-owners to suppress the 
exact turn over value in quantity and rupee figures, we 
have ~xcluded questioning them in quantitative terms 
rather .insisted them to respond to our questions in 
relative terms. Medicine retail counters of Siliguri could be 
broadly categorized into seven groups on the basis of 
average maximum sale of medicines for particular group 
of disease irrespective of seasonal variations (Fig. 2). It 
has been found that the pharmacies selling mostly the 
medicines related to enteric diseases constituted the half 
of the total retail counters surveyed (Fig. 2). Over 60% of 
the retailers stated high trend of selling medicines for 
alleviating enteric diseases in summer and rainy seasons 

of Siliguri (data not shown). The predominance of water 
borne diseases in Siliguri reported in print media (Lama, 
1999) can also be substantiated from our data. It is an 
important fact that diarrhoeal disease still remains as a 
major cause of morbidity and mortality in developing 
countries (Hart and Cunliffe, 1997; Hossain eta/., 1998). 
We have noticed a wide range of antibiotics including the 
third generation antibiotics being sold over the counters 
(Fig. 3). Categories of highest, second highest and third 
highest selling antibiotics from· the city pharmacies were 
shown in Fig.3. Ciprofloxacin, Ampicillin, Norfloxacin and 
Amoxycillin were the highest retailed antibiotics in the city. 
The survey has also revealed an important fact that 58% . 
of the retailers sold antibiotics to the consumers even 
without medical prescription. The·· highest sold self
medicated antibiotics were Ampicillin and Cloxacillin. A 
similar survey in Bangladesh conducted on 'bare foot 
doctors' has shown that such medical practitioners 
prescribed antibiotics to 60% of their patients (on an 
average of 380 patients/doctor/month) on the basis of 
symptoms alone (Murray and Lopez, 1997). It was also 
shown in the study that out of a total of 291500 doses of 
antibiotics (prescribed to 14950 patients in a month), only 
109500 doses had been dispensed by pharmacies, and a 
further 100,000 doses had been dispensed without a 
prescription (Murray and Lopez, 1997). 

Siliguri city has to do without any underground 
system and a huge quantity of community wastewater 
and other kinds of waste pass through the estimated 250 
km long open drains and ultimately discharges into main 
river Mahananda (Lama, 1999). River water samples 
were taken from two spots of Mahananda River between 
the Mahananda bridge and railway track ahe;::1d of the 
bridge over the river. The selection of two ctfains was 
based on their location in two congested wards 
representing community usages on both banks of the 
river. Sampling spot, Drain I, was located in the heart of 
the administrative core of the city cross-secting Ward No. 
17 and Drain II was located in the increasingly populous 
Ward No. 3 which is nearer to the other- bank of 
Mahananda (Fig. 1). 

Standard plate counts (SPCs) of Mahananda 
River and Siliguri municipal drain waters recorded in three 
seasonal months (Summer, May; Rainy, August; and 
Winter, January) of 2000-2001 displayed very wide 

. variations and therefore larger were the dispersion 
(measured in terms of standard deviatioo) values (Table 
1). We have considered geometric mean (GM) because it 



234 Mukherjee et a/. 

Table -1 :Antibiotic resistance of SPC bacteria isolated from Municipal drains and Mahanda river waters of Siliguri city. 

Average % resistant population 
Average SPC 

.... density (cfu ml·1) 
(taking SPC value in plates without antibiotics as 100 %) 

Ap Cm Cf Km Nt Sm ·Tc 
Mahananda 5.46x1 06 2.32 

0.1 0(0.16) n.d. 0.11 (0.09) n.d. 1.76(5.27) 0.31 (1.07) 
river watera (12.5 X 106) (15.02) 

Drain lb 
3.82x1os 4.96 5.29(14.61) 3.32( 12.46) 6.09(8.99) 3.05(3.88) 6.51(5:88) 4.6(4.6) (1.17x106) (7.38) 

Drain 11c 
5.38x106 16.92 

14.11(12.40) 8.29(12.54) 14.24(7 .21) 10.04(15.91) 9.66(5.57) 5.87(12.28) 
(12.5x1 06) (12.97) 

a, Geometric mean of 6 samples (2 samples from two.points of river in. each sampling month); 

b and c, Geometric mean of 3 samples (1 sample from one point in each sampling month) 
The standard deviation (s) are given in the first bracket. 
Ap, Ampicillin; Cm, Chloramphenicol; Cf, Ciprofloxacin; Km, Kanamycin; Nt, Netilmicin; Sm, Streptomycin; and Tc, Tetrecycline. n.d. Not done. 

is less affected by the presence of extremely large or 
small values. The SPC geometric mean values from the 
river and drain water samples ranged from 3.82x105 tc 
5.46x106 cfu ml-1. The SPC GM values for Drain II and 

J;l1ahananda River are similar (Table 1). Since the 
coefficient of variation for SPC density of river water 
(CV==200) was higher than drain water samples (CV==115 
for Drain I and CV==111 for Drain II), SPC density of 
Mahananda river water was more variable than drain 
waters. Though seasonal variation in SPC density was 
observed in another river, Torsa of North Bengal {Bhadra 
et a/., 2003), cutting across two growing townships, 
Jaigaon and Hashimara at Indo Bhutan border, the SPC 
GM value (5.3x104) was found at least two orders lower 
than that of Mahananda at Siliguri. 

Antibiotic resistance is a direct consequence of 
antibiotic use (Finch, 1998). Both continue to escalate 

)-despite many calls for moderation of antibiotic use, in the 
hospital and in the community (Gould eta/., 1994; Gould, 
1999; Kunin, 1997; Shales et a[., 1997; Swartz, 1997). 
With clonal spread, cross infection and environmental 
contamination are also important and surely also due to 
the contribution of water as a means of spreading 
bacteria bearing resistance-genes can defeat attempts to 
contain resistance by antibiotic restriction (Bell et a/., 
1980; McGowan, 1994). On an average ampicillin 
resistant bacteria represented the highest fraction of SPC 
bacteria resistant to any of the antibiotics (Ap, ampicillin; 
Cm, chloramphenicol; Km, kanamycin; Sm, Streptomycin; 
and Tc, tetracycline were used for analyzing Mahananda 

4!ver water and on receiving the feedback from the survey 
·of medicine retail counters, we introduced two more 

antibiotics, Cf, ciprofloxacin and Nt, netilmicin for analysis 
of drain water samples) in Mahananda as well as Drain II 
samples while streptomycin resistant bacteria 
represented the highest occurrence in Drain I samples 
(Table 1). Antibiotics with long-term use in the same 
environment can produce perceptible change in the 
proportion of resistant and susceptible bacteria not only in 
the treated individual but also in the. environment and 
society at large (Levy, 1998). Though ciprofloxacin and 
netilmicin were newer antimicrobial drugs, the frequencies 
of their· resistance among SPC isolates (Table 1) were 
alarming in view of the extensive use of these compounds 
(Fig. 3). The occurrence of high frequencies of antibiotic 
resistant bacteria within the SPC populations from several 
distribution water system (Armstrong et a/., 1981; 
Armstrong et a/., 1982) has led to a closer examination 
and assessment of the significance of these organisms as 
there is concern that several SPC genera may pos¢ a 
hazard to public health (Lamka eta/., 1980; Le Chevallier 
and Seidler, 1980). It was also shown that SPC bacteria 
isolated from the tank holding the finished drinking water 
at the treatment facility were more frequently antibiotic 
resistant than were respective river water populations 
(Armstrong et a/., 1982). The present study is relevant to 
the context that a large drinking water treatment plant 
from the supply of Mahananda river water has recently 
been installed for the city and therefore presumably runs 
a risk of occurrence of antibiotic-resistant SPC in the 
drinking water supply system of Siliguri. 

The screening of 268 resistant Mahananda river 
water SPC solates (picked up randomly fro111 plates 
containing single antibiotic) by a replica plate method that 
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Table- 2: Characterization of transconjugants. 

Donor 

MR-1 

Plasmid 
size(kb) 

49.4,3.6 

Source MAR profile 

Mahananda 
Ap' Cm' Km' Sm' river 

Resistance 
transferred 

AprCm'Km' 

Frequency of 
transfer* 

6.2x10-4 

Plasmid 
size(kb)+ 

49.4,3.6 

DIQN-9 49·5•48 ·4',47·0• Drain I Ap' Cmr Kmr Sm Tcr Apr Cmr 
6.8,5. 7,3.8,3.23 

4.8x10-5 47.0 

D2QN-14 50·0,48·0•47·3• Drain II Apr Cmr Kmr SmrTcr Apr 
22.9,20,7.7,3.6 

7.6x10-4 48.0 

Ap, Ampicillin; Cm, Chloramphenicol; Km, Kanamycin; Sm, Streptomycin; Tc, Tetrecycline. 
• Frequencies are expressed as the number of transconjugants per input donor cells. 
+plasmid detected in the transconjugants obtained. 

. uses colonies on a master plate as inocula, the resistance 
of each isolate to five antibiotics being determined by 
growth on antibiotic plates, yielded 82.1% multiple
antibiotic resistance (MAR, i.e., resistant to two or more of 
the screening antibiotics) phenotype. Among singly 
resistant isolates, the most predominant was ampicillin 
(representing one of the highest retailed antibiotics in 
Siliguri) resistant bacteria (12.31 %). Within the population 
of 220 MAR isolates out of 268 isolates, 33.63% were 
doubly resistant, 32.27% were triply resistant, 26.81% 
were quadruply resistant and 7.27% were quintuply 
resistant to all of the five antibiotics used in the study. Ap' 
Tcr (20% of MAR), Apr Smr Tcr (17.7% of MAR) and Apr 
Cmr Smr Tcr (17.3% of MAR) were the most frequent 
combinations scored within doubly, triply and quadruply 
resistant MAR groups. In one of the study related to MAR 
SPC, it was shown that 18.6% of the SPC bacteria 
isolated from the intake for untreated water and 67.8% of 
the drinking water SPC bacteria isolated from the 
distribution system. expressed multiple antibiotic 
resistance (Calomiris et at., 1984). 

Of a total of 2030 antibiotic resistant SPC 
bacterial isolates from six water samples from two 
municipal open drains of Siliguri city, 100% and 99.8% 
were MAR in Drain I and Drain II respectively. Within the 
group of MAR isolates of Drain I, 38.86% _were hexadly 
resistant, 37.44% were heptadly resistant, 15.73% were 
quintuply resistant, 4.41% were quadruply resistant, 
2.87% were triply resistant, and 0.55% were doubly 
resistant to the antibiotics which were used. In Drain II 
samples, 77.43% of the resistant SPC bacteria were 
resistant to all seven antibiotics (heptadly resistant) tested 
followed by 15.19% hexadly, 5.87% quintuply, 0.94% 
quadruply, 0.25% triply, no doubly resistant and 0.17% 
singly resistant represented uniquely by ampicilin · 
resistant bacteria. The percentage distribution of MAR 

groups in two drains (Drain I and II) bears a positive rank 
correlation coefficient of 0.928. As pointed by early 
authors (Hsu et a/., 1992), differences in percentage of 
bacterial resistance to various antibiotics may reftect the· 
history of antibiotic application and hence there is a 
possibility of using bacterial drug resistance as an 
indicator of antibiotic application. It is interesting to note 
that out of a total 43 different combinations of MAR in 
drain samples, the number ·of occurrences of Apr, Cmr, 
Tcr, Smr, Km', Cf', and Ntr in the combinations were 36, 
35, 27, 24, 24, 20 and 20 respectively which may also 
indicate the chronology of the usage. Among the most 
populous MAR group of Drain I (the hexadly resistant 
group), the frequency of occurrence of Apr Cmr Kmr Ntr 
Smr Tcr bacteria (22.5%) was exceedingly higher than the 
other combinations of the group. Likewise, Apr Cmr Kmr 
Smr Tcr, Apr Cmr Smr Tcr, Apr Cmr Tcr and Apr Cm were · 
the most frequent patterns observed within quintuply, 
quadruply, triply and doubly resistant group respectively 
of Drain I MAR SPC. In Drain II samples, Apr Cmr Cfr Kmr 
Smr Tcr and Apr Cmr Kmr Ntr Tcr were the mosf frequent 
patterns observed within hexadly and quintuply resistant
MAR groups. In an earlier study related to the incidence 
and extent of MAR among gram negative SPC bacteria, 

· screened against the commonly used antibiotics: 
ampicillin, chloramphenicol, kanamycin, neomycin (Nm), 
streptomycin· and tetracycline, isolated from various 
sources including water and sewage samples in Karachi, 

. ' 
revealed that the most common resistance pattern was 
Apr Cmr Smr Tc' followed by Cmr Smr Tcr and Apr Cm' Km' 
Nmr Smr Tcr (Khatoon eta/., 1981). However, isolation of 
bacterial pathogens of human and. animal origin that are 
increasingly resistant to most frontline antibiotics, 
including third generation cephalosporins, aminoglycoside 
(e.g. Netilmicin) and even ftuoroquinolones (e.g. 
Ciprofloxacin) has further contributed to the increased 
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public and scientific interest regarding the administration 
of therapeutic and subtherapeutic antimicrobials to living 
systems (White and McDermott, 2001). 

The loss of antibiotic efficacy through the 
emergence and transfer of bacterial antibiotic resistance 
is an increasing reality (Kruse and Sorum, 1994; Salyers 
and Amiable-Cuevas, 1997). In fact, resistant bacteria 
were detected soon after the introduction of commercial 
antimicrobials, but it was not until the 1960s when 
transferable multiple drug resistance was described 
(Salyers and Amiable-Cuevas, 1997). The rapid 
dissemination of antibiotic resistance genes in bacterial 
populations can be partly attributed to plasmid-mediated 
horizontal transfer. Plasmids capable of being transferred' 
and stably maintained in a wide range of bacteria are of 
special interest with respect to interspecies gene 
exchange (Gotz et a/., 1996). Most of the current 
knowledge comes from plasmids isolated from clinical 
material or from studies on plasmid-mediated 
dissemination of antibiotic resistance genes (Tschape, 
1994), in which plasmids were usually isolated after 
selective cultivation of bacteria with subsequent screening 
for the presence of plasmids. Twenty gram negative MAR 
isolates representing all MAR groups of Drain I, Drain II · 
and Mahan and a river water SPC bacteria were examined 
for the occurrence of plasmid DNA. All twenty MAR 
isolates harboured plasmid DNA of varying sizes from 2.0 
kb to 100 kb,. and seven of them had multiple plasm ids 
(data not shown). However, in this report, three isolates 
MR1 (Mahan and a river isolate), D1 QN-9 (Drain I isolate), 
and D2QN-14 (Drain II isolate) harbouring potentially self 
transmissible R plasmids (molecular size greater than 23 
Kb) were chosen to perform matings with plasmidless E. 
coli DH5a Rifr as potential recipient. Table 2 and Fig. 4 
showed the resistance patterns and plasmid content of 
the three donor isolates as well as the transferred 
plasmids in transconjugants associated with the 
expression of antibiotic resistance(s) in them. However, 
only plasmids of high molecular size of 49.4 kb (MR1), 47 
kb (D1 QN-9) and 48 kb (D2QN-14) were transferred to 
the recipient. E. coli DH5a Rifr . Mobilization of a small 
(3.6 kb) non-conjugative plasmid in donor strain MR-1 
was also detected (Table 2 and Fig. 4). The self 
transmissibility of the transferred plasmid were confirmed 
by further conjugal transfer from E. coli DH5a 
transconjugants to another plasmidless E. coli recipient 
strain, E. coli HB101 Strr (data not shown). Presence of 
multiple plasmids has been documented in Escherichia 
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coli isolates of Malaysia and transferable/transmissible 
antibiotic resistance was demonstrated to be associated 
with carriage of one plasmid out of multiple plasmids 
present in individual isolates (Son eta/., 1997). 

kh 1 2 ~ 4 ~ 6 7 R 

21.2 

23.1 7.4 
5.8 

9.4 4.8 

6.6 3.5 

4.4 

2.3 
2.0 

Fig. 4a : Agarose (0.7%) gel electrophoresis of plasmid DNA 
from MAR-SPC isolates and their respective 
transconjugants, Lanes : 1 & 8, }.. DNA digested with 
Hind Ill and Eco R1 respectively, used as size 
standards; 2, Donor MR-1; 3, Transconjugant of 
donor MR-1; 4, Donor D1 QN-9; 5, Transconjugant of 
donor D1QN-9; 6, Donor D2QN-14; 7, 
Transconjugant of donor D2QN-14. 
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Fig. 4b Agarose (0.7%) gel electrophoresis of Eco R1 
digested transferred plasmid DNAs. Lanes : 1 & 5, 11 
DNA digested with Hind Ill and Eco R1 respectively, 
used as size standards; 2, 3, and 4, Eco R1 digested 
transferred plasmid DNA from transconjugants of the 
donor D1QN-9, MR-1, and D2QN-14 respectively. 
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The fcoR 1 restriction patterns of the transferred 
plasmids were different in three transconjugants (Fig. 4B), 
indicating the presence of diverse conjugative R plasmids 
amongst ·the -MAR isolates. The small 3.6 kb plasmid, 
mobilized along with the 49.4 k6 plasmid from MR1 to the 
E. coli DH5a Rifr, showed no reduetion in size after 
fcoR1 digestion (compare lane 2 and 3 of Fig 4A and 
lahe 3 of Fig 4B) suggesting either absence of any or 
presence of an unique EcoR1 site. Thus it was apparent 
from this study that MAR SPC isolates of municipal drains 
and river harboured transmissible R-plasmid DNA. The 
widespread existence of plasmids in natural isolates and 
their apparent stability, even where antibiotics are not 
pcesent (Gotz et a!., 1996; Top et a!., 1994; Vander et a/., 
1996), argue against the widely held belief that plasmids 
and other gene transfer elements are readily lost in the 
absence of selection. Moreover, the abundance of 
ahtibiotic-resistant strains in environmental settings where 
t~e bacteria presumably do not come into contact with 
ahtibiotics (Andersen and Sandaa, 1994; McKeon eta/., 
1 ~95), suggests that resistance genes _can also be stably 
maintained in the absence of antibiotic selection. 
Conjugal transfer itself can contribute to stable 
maintenance of antibiotic resistance genes in a bacterial 
population by continually reseeding .members of 
population that have lost a resistance gene-transfer 
element (Salyers and Amiable-Cuevas, 1997). Any 
successful attempt to curb the spread of resistance will 
have to take into account the fact those resistance genes 
and transmissible elements that carry them could be 
easily received but difficult to get rid of. 

We would like to render a view that wide spread 
use of antimicrobial drugs is no way a substitute for good 
sanitation and personal hygiene. Antimicrobial agents are 
losing their effectiveness because of the spread and 
persistence of drug resistant organisms. It is, therefore, 
imperative to increase awareness of the dangerous 
consequences of antibiotic misuse at all level of usage: 
consumer, prescribers, dispensers, manufacturers, and 
regulatory agencies. 
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