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3. MATERIALS AND METHODS 

3.1. Study Area 

West Bengal covers an area of 88752 Km2 and has many rivers flowing 

through it. It extends from the Himalayas in the north to the Bay of Bengal in the 

South. The state is now divided into 23 districts. The river Ganga divides the state 

into two unequal parts, the North Bengal and the South Bengal. North Bengal is 

further divided into Dooars and Terai regions. The northern part of West Bengal, also 

known as North Bengal, is known as “Uttarbanga” in the Bengali language. It 

comprises of 8 districts (Alipurduar, Coochbehar, Jalpaiguri, Darjeeling, Kalimpong, 

Uttar Dinajpur, Dakshin Dinajpur and Malda). Among these, Alipurduar, Coochbehar, 

Jalpaiguri and some parts of Darjeeling district fall under the sub-Himalayan region of 

North Bengal. They are in the foothill region of the Himalayas. Siliguri is the centre 

of trade and it is also known for its tea, timber and tourism. The headquarters of the 

Dooars region is Jalpaiguri. Siliguri is the doorway to North-east India which includes 

the seven states (Assam, Meghalaya, Mizoram, Manipur, Arunachal Pradesh, 

Nagaland and Tripura). It is also the gateway to our neighbouring countries (Nepal, 

Bhutan, Bangladesh, Tibet and China). Siliguri is well connected to all the major 

cities of our country.  

The dense forests, rivers flowing down the Himalayas, the lush green crop 

fields and vibrant tea gardens make the Terai and Dooars regions of North Bengal a 

biodiversity hotspot of the country.  This region being the catchment area of several 

snow-fed rivers flowing down the Himalayas is a house for many cold adapted 

bacterial species. Monsoon starts early in North Bengal and the highest rainfall is 

recorded in the months of July and August, leading to a rise in the water level in the 

rivers. The minimum rainfall is experienced by the area in the months of February and 

March. The rivers in this area are replenished by the snow-melt water during the 

summer months of the year. As the rivers of this region (except Teesta and Rangeet) 

are rainfed, they overflow during the monsoon while are left with dry sandy river beds 

during the dry season. 

One of the most important rivers of this region is the river Teesta which 

originates from the Zemu glacier in North Sikkim. After flowing for 25 kms the river 
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Teesta crosses Sevoke before it runs into the plains of North Bengal. A number of 

tributaries like Chel, Neora, Ghish, Karala join the river Teesta in the sub-Himalayan 

region. Two rivulets join to form the river Ghish. One of these rivulets originates from 

below Labha and the other originates from below the Chumang reserve forest (Cajee, 

2018). The river Ghish joins the river Teesta in the jalpaiguri district. The river Chel 

originates in the Pankhasari reserve forest. Rechila chawk at Neora National Park of 

Darjeeling district is the site of origin of the river Neora. The river Neora flows down 

and meets the river Chel in Jalpaiguri district. These two rivers fall in the river Teesta 

with the name of river Dharala. River Karala is a tributary of river Teesta. This river 

originates from Baikunthapur forest and meets the river Teesta at King Saheb’s Ghat 

at Jalpaiguri. 

The origin of the river Torsa is the Chumbi valley in China. Mora Torsa, 

which flows through the town of Coochbehar is a cut from the river Torsa. Another 

important river of this region is the river Balason which arises from the Ghoom saddle 

which runs into the plains dividing into New Balason and Old Balason. It receives 

tributaries from river Rakti, Rohini, Dudhiya, etc.  

The river Mechi, another sample collection site of the study forms the Indo-

Nepal border. This river arises from the Rangbang spur of the Singalila range. The 

river Mechi joins the Mahananda, another important river of the study area. The river 

Mahananda originates from the Mahalidram Hills of the Darjeeling Himalaya near 

Chimali.   

For the present study, water from the several rivers and hospital and domestic 

effluents from the North Bengal region was collected. The table and maps in the 

following section gives a clear picture of the sample collection sites. Table 3.1 shows 

the GPS records of the sample collection sites. In Fig. 3.1 the rivers are marked in 

blue from which water sample was collected and the green spots point the collection 

sites. Fig. 3.2 shows the hospitals marked in red from where drain effluents were 

collected for the study. Fig. 3.3 shows the towns marked in red from where domestic 

drain water was collected for the study and green spots show the towns whose 

municipality drinking water was screened for the Aeromonas bacteria when there was 

diarrhea in these towns. 
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Table 3.1. Sample collection sites with their geographical coordinates. 

 

Serial 
Number 

Site Latitude Longitude 

1 Bairagi Dighi (Coochbehar) 89.44528 26.31917 

2 Chandan Dighi (Coochbehar) 89.44779 26.32174 

3 Rajbari Dighi (Jalpaiguri) 88.72333 26.53858 

4 River Balason (Dudhia) 88.24702 26.80997 

5 River Balason (Near Palpara) 88.37958 26.7183 

6 River Balason (Near Panighata) 88.24701 26.8011 

7 River Brijeshori (Near NJP) 88.43863 26.68886 

8 River Buri Balason (Near Bagdogra 
college) 

88.33435 
 

26.70198 
 

9 River Champta (Near City centre) 88.39553 26.7221 

10 River Chel (Odlabari) 88.63573 26.86246 

11 River Chenga 88.25668 26.69058 

12 River Dharala (Outskirts of Jalpaiguri) 88.69901 26.54106 

13 River Dumria 88.21793 26.72117 

14 River Ghish (Odlabari) 88.60948 26.87294 

15 River Huliya (Bagdogra) 88.3304 26.70094 

16 River Huliya (Bengdubi) 88.36333 26.70617 

17 River Kadma 88.24158 26.75575 

18 River Kaljani (Alipurduar) 89.51614 26.4802 

19 River Karala (At Babu Ghat, 
Jalpaiguri) 

88.72808 26.52345 

20 River Karala (At king Saheber Ghat, 
Jalpaiguri) 

88.73608 26.51688 
 

21 River Karala (Dinbazar, Jalpaiguri) 88.72688 26.52965 

22 River Karala (Near Lota Devi Mandir, 
Jalpaiguri) 

88.68378 26.53547 

23 River Karala (Near Sadar Girls 
School, Jalpaiguri) 

88.73067 26.52465 

24 River Karala (Near Sasan, Jalpaiguri) 88.70742 26.53663 

25 River Karotowa 88.49687 26.59389 

26 River Lalpha 88.27523 26.69303 

27 River Lotchka (Near NBU Campus) 88.34569 26.71094 

28 River Magurmari (NBU campus) 88.35585 26.71209 
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29 River Mahananda (Air view more) 88.41918 26.71952

30 River Mahananda (Champasari) 88.42509 26.74555

31 River Mahananda (Mahananda 
Wildlife Sanctuary)

88.40978 26.80581
 

32 River Mahananda(Near North Bengal 
Medical College and Hospital) 

88.40857 26.68718
 

33 River Manjha (Belgachi) 88.24728 26.68865

34 River Manjha (Manjha T. E.) 88.21785 26.7725

35 River Mechi (Nepal Border) 88.1682 26.64235

36 River Mora Torsa (Coochbehar) 89.46867 26.34372

37 River Nandikhola 88.47342 26.87747

38 River Neora (Malbazar) 88.75085 26.87458

39 River Panchanoi (Near Leprosy colony 
- Darjeeling more)

88.40807 26.73122

40 River Rakti (Simulbari) 88.29887 26.80288

41 River Rohini 88.33925 26.76472

42 River Teesta (Barrage, Gajoldoba) 88.5866 26.75035

43 River Teesta (Coronation bridge, 
Sevoke) 

88.47652 26.90308

44 River Teesta (Hydel project) 88.45659 26.9241

45 River Teesta (Jalpaiguri) 88.73975 26.51838

46 River Teesta (Kalijhora) 88.45282 26.93133

47 River Tepu 88.29818 26.71997

48 Sagar Dighi (Coochbehar) 89.43996 26.32119

49 Tributary of River Chenga (Merry 
View Tea Estate)

88.2549 26.7137
 



57
 

  

 

 

Figure 3.1. Detailed map of the rivers of the study area with the sampling sites 

marked on it. 
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Figure 3.2. Map of the study area with the hospitals marked on it whose effluents 

was screened for the study. 
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Figure 3.3. Map of the study area with the towns marked on it whose 

municipality drinking water and domestic effluents was screened for the study. 
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3.2 Collection of Water Samples  

3.2.1. Materials required 

1. Sterile capped tubes (Tarsons, India)

2. Thermometer 

3. pH meter (Hanna, USA)  

4. Ice and Ice box 

5. Digital Camera (Nikon DSLR Camera; Model-D3100) 

3.2.2. Methodology 

1. Water samples were collected from rivers in sterile tubes by opening the caps 

of tubes under water, filling them and closing the caps of tubes under water.  

2. Drinking water samples and hospital effluents were also collected in sterile 

tubes. 

3. The water temperature was checked on spot using a thermometer.  

4. The water samples were brought to the laboratory in normal room temperature 

(~ 15°C to 20°C) during winter season and within ice box using ice packs 

during summer season.  

5. The samples were processed within few hours.

6. The pH of the water was checked using a digital pH meter. 

3.3. Selection and Enrichment of Bacterial Isolates 

3.3.1. Materials required 

1. Sterile petriplates (Tarsons, India) 

2. Autoclave machine  

3. Distilled water 

4. Sodium chloride (HiMedia Laboratories, India) 

5. Aeromonas starch DNA agar base (HiMedia Laboratories, India) 

6. Bactotryptone (HiMedia Laboratories, India)  

7. Yeast extract (HiMedia Laboratories, India) 

8. Spreader (Tarsons, India) 

9. Refrigerator (Samsung, India) 

10. Incubator (Diagnos, India) 

11. Orbital shaking incubator (Remi Instruments Ltd, India) 
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12. Laminar hood (Allied Scientific Products, India)

13. Conical flasks (Borosil, India)

14. Measuring cylinder (Borosil, India) 

15. Cotton plugs 

16. Ampicillin supplement (HiMedia Laboratories, India) 

17. Micropipette (Tarsons, India)

18. Microtips (Tarsons, India) 

19. Sterile tubes (Tarsons, India) 

20. Bunsen burner 

21. Ethanol (Merck, India) 

22. Water samples 

23. Autoclavable bags (Tarsons, India) 

24. Digital Camera (Nikon DSLR Camera; Model-D3100) 

25. Weighing machine (Afcoset, India) 

 

3.3.2. Chemicals and media composition and their preparation 

1. Aeromonas starch DNA agar base: 

It was a ready prepared media by Himedia Laboratories, India with a 

composition: 

Peptic digest of animal tissue: 1.5% 

Papaic digest of soyabean meal: 0.5% 

Sodium chloride: 0.5% 

Corn starch: 1% 

Deoxyribonucleic acid: 0.2% 

Agar agar: 1.5% 

pH: 7.5 

To prepare 1 Lt of Aeromonas starch DNA agar base 13 gm of the dehydrated 

medium was weighed and 1 Lt of distilled water was added to it. This was 

then boiled to dissolve the medium completely. This was autoclaved and 

dispensed into sterile petriplates where it was allowed to solidify and used. 
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2. 0.83% Saline: 

            Sodium chloride: 0.83% 

To prepare 1 Lt of 0.83% Saline, 8.3 g of Sodium chloride was mixed with 1 

Lt distilled water and the solution was autoclaved. This was stored at 4°C for 

later use. 

3. Luria Bertani Broth: 

            Bactotryptone: 1 % 

            Yeast extract: 0.5 % 

            Sodium chloride: 1%    

To prepare 1 Lt of Luria Bertani broth, 10 g bactotryptone, 5 g yeast extract 

and 10 g Sodium chloride was weighed and taken in a conical flask. 800 ml of 

distilled water was added to it and mixed. Then this was taken in a measuring 

cylinder and more distilled water was added to it to make the volume up to 1 

Lt. This was then sterilized in an autoclave and stored at 4°C for future use.   

 

3.3.3. Methodology 

1. Water samples brought to the laboratory were serially diluted and transferred 

to culture plates containing Aeromonas Selective Media (Aeromonas Starch 

DNA Agar Base; HiMedia Laboratories, India) with ampicillin supplement. 

2. The collected water samples were diluted (1/1, 1/10, 1/100, 1/1000) using 

0.83% saline and spread on Aeromonas-selective media with supplement.  

3. They were incubated at 30°c for 24 to 48 hours.  

4. Some of the samples collected during the winter were also grown at room 

temperature, and at 20°C, 6°C and 11°C.  

5. The creamy coloured convex round opaque healthy colonies formed were re-

plated on culture plates containing Aeromonas-selective media with 

supplement to get isolated colonies.  

6. Single colonies were selected from each plate in which growth was obtained 

and were grown in 10 ml liquid Luria Bertani broth medium with 100 µg/ml 

ampicillin (Havelaar et al., 1987) overnight with shaking at 30°C or room 

temperature or at 20°C or 6°C or 11°C as the case may be.  
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3.3.4. Protocol for serial dilution of water samples 

Three sterile microcentrifuge tubes were marked serially. In all the three tubes 900 µl 

of sterile saline was added. In the first tube 100 µl of water sample was added and 

mixed thoroughly. This was 1/10th dilution. 100 µl from the first tube was added to 

the second tube and mixed thoroughly. This was 1/100th dilution. 100 µl from the 

second tube was added to the third tube and mixed thoroughly. This was 1/1000th

dilution.   

3.4. Gram Staining 

3.4.1. Materials required 

1. Clean grease free glass slides

2. Ethanol (Merck, India) 

3. Bunsen burner 

4. Bacterial cultures 

5. Platinum loop (HiMedia Laboratories, India) 

6. Crystal violet (HiMedia Laboratories, India) 

7. Gram’s Iodine (HiMedia Laboratories, India) 

8. Gram’s Decolorizer (HiMedia Laboratories, India)

9. Saffranin (HiMedia Laboratories, India)

10. Distilled water

11. Cover slip 

12. DPX (HiMedia Laboratories, India)

13. Compound microscope (Nikon Eclipse E200, Nikon, Tokyo, Japan) 

14. Immersion Oil (HiMedia Laboratories, India)

3.4.2. Methodology 

1. Gram staining of the overnight cultures, in which growth was obtained, was 

done. 

2. A thin smear of each bacterial culture was made in a clean grease free glass 

slide, dried and heat fixed.  

3. The smears were then Gram stained using Gram stains Kit (Himedia 

Laboratories, India) following standard protocol of staining the slides for 1 

minute each with crystal violet and saffranin.
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4. The slides were stained for 1 minute with crystal violet and then washed with 

distilled water. Gram’s Iodine was applied to the slide for 1 minute, washed 

and the excess stain was removed using Gram’s decolourizer and washed. The 

slides were then stained with saffranin for 1 minute and washed. 

5. The slides were dried and mounted using DPX and observed under light 

microscope magnifying it 100, 400 and 1000 times. Immersion oil was used 

while using 100X objective lens. 

6. The slides were photographed and the Gram-negative rods were selected for 

further study.  

7. Bacillus cereus and E. coli were included as positive and negative controls 

respectively in all the experiments.

3.5. Biochemical Characterization of Bacterial Isolates 

3.5.1. Materials required 

1. Bactotryptone (HiMedia Laboratories, India)

2. Yeast extract (HiMedia Laboratories, India)

3. Sodium chloride (HiMedia Laboratories, India)

4. Agar agar (HiMedia Laboratories, India)

5. Peptone (HiMedia Laboratories, India)

6. Beef extract (HiMedia Laboratories, India)

7. Starch (HiMedia Laboratories, India) 

8. Glucose (HiMedia Laboratories, India)

9. di-Potassium hydrogen phosphate (HiMedia Laboratories, India) 

10. Gelatin (HiMedia Laboratories, India) 

11. Peptic digest of animal tissue (HiMedia Laboratories, India) 

12. Meat extract (HiMedia Laboratories, India) 

13. Sodium citrate (HiMedia Laboratories, India) 

14. Dipotassium phosphate (HiMedia Laboratories, India) 

15. Ammonium dihydrogen phosphate (HiMedia Laboratories, India) 

16. Magnesium sulphate (HiMedia Laboratories, India) 

17. Bromothymol blue (HiMedia Laboratories, India)

18. Phenol red (HiMedia Laboratories, India) 

19. Sodium hydroxide pellets (HiMedia Laboratories, India)
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20. Hydrochloric acid (Sisco Reseaech Laboratories Pvt. Ltd., India) 

21. Conical flasks (Borosil, India) 

22. Beakers (Borosil, India) 

23. Weighing machine (Afcoset, India) 

24. Autoclave machine 

25. pH meter (Hanna, USA)

26. Durham’s tubes (HiMedia Laboratories, India) 

27. Cotton plugs 

28. -napthol (HiMedia Laboratories, India)  

29. 1% p-aminodimethylaniline oxalate (HiMedia Laboratories, India) 

30. 3% Hydrogen peroxide (Merck, India) 

31. Kovac’s reagent (HiMedia Laboratories, India) 

32. Methyl red (HiMedia Laboratories, India) 

33. Barritt’s reagent A (HiMedia Laboratories, India) 

34. Barritt’s reagent B (HiMedia Laboratories, India) 

35. Acid Mercuric Chloride solution (HiMedia Laboratories, India) 

36. Lugol’s iodine (HiMedia Laboratories, India) 

37. Digital Camera (Nikon DSLR Camera; Model-D3100) 

38. Incubator (Diagnos, India) 

39. Orbital shaking incubator (Remi Instruments Ltd, India) 

3.5.2. Composition of different media and reagents used and their preparation 

1. Luria Bertani Broth: 

Bactotryptone: 1 % 

Yeast extract: 0.5 % 

Sodium chloride: 1%  

To prepare 1 Lt of LB broth 10 g bactotryptone, 5 g yeast extract and 10 g 

Sodium chloride was weighed in a conical flask. This was dissolved in 800 ml 

of distilled water and then more distilled water was added to it to make the 

volume to 1000 ml. This was dispensed into conical flasks and the flasks were 

cotton plugged. The flasks were then sterilized in an autoclave to be used for 

culture. The media was stored at 6°C for future use. 
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2. Luria Bertani Agar: 

Bactotryptone: 1 % 

Yeast extract: 0.5 % 

Sodium chloride: 1% 

Agar agar: 2% 

To prepare 1 L of LB agar 10 g bactotryptone, 5 g yeast extract and 10 g 

Sodium chloride was weighed in a conical flask. This was dissolved in 800 ml 

of distilled water and then more distilled water was added to it to make the 

volume 1000 ml. Then 20 g agar agar was added to it and then sterilized in an 

autoclave. This was dispensed into sterile petriplates and allowed to solidify to 

be used for culture. These plates were stored at 6°C for future use. 

 

3. Starch Agar:  

Peptone: 0.5% 

Beef extract: 0.3% 

Agar agar: 2% 

Starch: 2% 

pH: 7

To prepare 1 Lt of Starch agar, 5 g peptone and 3 g beef extract was weighed 

into a conical flask. These were dissolved in 800 ml of distilled water and then 

more distilled water was added to it to make the volume up to 1000 ml. The 

pH was checked with a digital pH meter and it was adjusted to 7.0 with 

concentrated HCl or NaOH pellets, whichever was required. Then 20 g starch 

and 20 g agar agar was added to it. This was then sterilized in an autoclave and 

dispensed into sterile petriplates and allowed to solidify. The plates were 

stored at 6 °C for future use. 

 

4. Tryptone Broth: 

Tryptone: 1% 

To prepare 1 Lt Tryptone broth, 10 g tryptone was dissolved in 800 ml 

distilled water and then the volume was made up to 1000 ml by adding more 

distilled water to it. This was dispensed into tubes and the tubes were cotton 

plugged. These were then sterilized in an autoclave to be used for culture. The 

tubes were stored at 6°C for future use. 
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5. Voges Proskauer Broth: 

Peptone: 0.7% 

Glucose: 0.5% 

di-Potassium hydrogen phosphate: 0.5% 

To prepare 1 Lt of Voges Proskeur broth, 7 g peptone, 5 g glucose and 5 g di-

Potassium hydrogen phosphate were weighed in a conical flask. This was 

dissolved in 800 ml of distilled water and then more distilled water was added 

to it to make the volume up to 1000 ml. This was dispensed into tubes and the 

tubes were cotton plugged. These were then sterilized in an autoclave for its 

use in culture. The tubes were stored at 6°C for future use. 

 

6. Gelatin Agar: 

Peptone: 0.5% 

Beef extract: 0.3% 

Agar agar: 1.5% 

Gelatin: 0.4% 

pH: 6.8 to 7 

To prepare 1 Lt of Gelatin agar 5 g peptone and 3 g beef extract was weighed 

in a conical flask. This was dissolved in 800 ml of distilled water and then 

more distilled water was added to it to make the volume 1000 ml. The pH was 

adjusted in between 6.8 to 7 using conc. HCl or NaOH pellets whichever is 

required. Then 15 gm agar agar was added to this mixture and heated to 

dissolve and mix the agar with it. To this 4 gm gelatin softened with 48 ml 

distilled water was added to it. This was then sterilized in an autoclave and 

then dispensed to sterile petriplates and allowed to solidify. The plates were 

kept at 6 °C for future use. 

 

7. Nutrient Broth: 

Peptone: 0.5% 

Sodium chloride: 0.5% 

Beef extract: 0.15% 

Yeast extract: 0.15% 

To prepare 1 Lt of Nutrient broth 5 g peptone, 5 g Sodium chloride, 1.5 g beef 

extract and 1.5 g yeast extract was weighed in a conical flask. This was 
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dissolved in 800 ml of distilled water and then more distilled water was added 

to it to make the volume 1000 ml. This was dispensed into conical flasks and 

the flasks were cotton plugged. These were then sterilized in an autoclave and 

stored at 6 °C for future use. 

 

8. Nutrient Agar:

Peptone: 0.5% 

NaCl: 0.5% 

Beef extract: 0.15% 

Yeast extract: 0.15% 

Agar agar: 2% 

To prepare 1 Lt of Nutrient broth, 5 g peptone, 5 g Sodium chloride, 1.5 g beef 

extract and 1.5 g yeast extract was weighed and poured in a conical flask. This 

was dissolved in 800 ml of distilled water and then more distilled water was 

added to it to make the volume up to 1000 ml. To this 20 g agar agar was 

added. This was then sterilized in an autoclave and dispensed into sterile 

petriplates to be used for culture. The plates were stored at 6°C for future use.

 

9. Tributyrin Agar: 

Peptone: 0.5% 

Yeast extract: 0.3% 

Agar agar: 1.5% 

Tributyrin: 1% 

To prepare 1 Lt of Tributyrin agar 5 g peptone and 3 g yeast extract was 

weighed and poured in a conical flask. This was dissolved in 990 ml of 

distilled water. To this 15 g agar agar and 10 ml tributyrin was added. This 

was sterilized in an autoclave and dispensed into sterile petriplates and 

allowed to solidify. The plates were stored at 6°C for future use.  

 

10. Nutrient Agar for Oxidase (I):

It was a ready prepared media by Himedia with a composition of: 

Peptic digest of animal tissue: 0.1% 

Meat extract: 0.1% 

Sodium chloride: 0.5% 
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Agar agar: 1.5% 

To prepare 1 Lt of Nutrient Agar for oxidase 22 g of the powder was added to 

1000 ml of distilled water. This was boiled to dissolve the medium. This was 

sterilized in an autoclave and dispensed into sterile petriplates and allowed to 

solidify.  Plates were kept at 6°C for future use.  

11. Simmons Citrate Agar (Citrate Agar): 

It was a ready prepared media by Himedia with a composition of: 

Sodium chloride: 0.5% 

Sodium citrate: 0.2% 

Dipotassium phosphate: 0.1% 

Ammonium dihydrogen phosphate: 0.1% 

Magnesium sulphate: 0.02% 

Bromothymol blue: 0.008% 

Agar agar: 1.5% 

pH: 6.9 

To prepare 1 Lt of Simmons citrate agar, 24.28 g of the powder was added to 

1000 ml of distilled water. This was boiled to dissolve the medium. This was 

sterilized in an autoclave and dispensed into sterile tubes and allowed to 

solidify to be used for culture. The tubes were stored at 6°C for future use. 

 

12. Glucose Fermentation Broth: 

Peptone: 1% 

Glucose: 0.5% 

Sodium chloride: 1.5% 

Phenol red: 0.0018% 

pH: 7.3 

To prepare 1 Lt of Glucose fermentation broth, 1 g peptone, 15 g Sodium 

chloride, 5 g glucose and 0.018 g phenol red was weighed in a conical flask. 

This was dissolved in 800 ml of distilled water and then more distilled water 

was added to it to make the volume up to 1000 ml. The pH was adjusted to 7.3 

using concentrated HCl or NaOH pellets, whichever was required. The 

medium was dispensed into tubes and a Durham’s tube was placed in each of 
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the tubes. The tubes were then cotton plugged and sterilized in an autoclave. 

The tubes were stored at 6°C for future use.  

 

13.  

sterile distilled water) and stored at 6°C for future use.

14. 1% p-aminodimethylaniline oxalate:

10 g p-aminodimethylaniline oxalate was dissolved in 1 Lt of sterile distilled 

water and stored at 6°C for future use.  

 

15. Kovac’s Reagent: 

250 ml conc. HCl was added to 750 ml Amyl alcohol. 50 g para dimethyl 

amino benzaldehyde was added to this solution. This was aliquot to single use 

vials and stored at 6°C for future use. 

 

16. Acid Mercuric Chloride solution: 

120 g Mercuric chloride was mixed with 800 ml sterile distilled water. Then 

160 ml concentrated HCl was added slowly and shaken well until the solution 

was complete. This was stored at room temperature for future use. 

 

17. Lugol’s Iodine: 

5 g Iodine and 6.6 g Potassium iodide was mixed with 1 Lt of sterile distilled 

water and stored in a dark brown bottle. This was stored at room temperature 

for future use. 

 

3.5.3. Biochemical tests 

1. Oxidase Test: Nutrient agar plates were prepared and streaked with overnight 

liquid cultures. After 48 hours of incubation, the colonies were flooded with 1% 

-napthol and 1% p-aminodimethylaniline oxalate aqueous solution mixed in ratio 

of 2:3 and observed for colour change of the colonies. If the colour of the colonies 

turned blue the test was considered to be positive for the production of 

cytochrome c oxidase enzyme, i.e., the bacteria produce cytochrome c oxidase and 
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if there was no colour change the test was considered to be negative. The blue 

colour is due to formation of indophenols (Barrow and Feltham, 1993). 

2. Catalase Test: Nutrient agar slants were prepared and streaked with overnight 

liquid cultures. After 48 hours of incubation the colonies were flooded with 3% 

Hydrogen peroxide and observed for the evolution of gas (oxygen). If gas bubbles 

were observed then the test was considered positive for the production of catalase 

enzyme, i.e., the bacteria produces catalase enzyme which breaks down Hydrogen 

peroxide into water and oxygen and bubbles of oxygen gas is liberated during the 

reaction. If there were no gas bubbles then the test was considered as negative 

(Barrow and Feltham, 1993). 

3. Indole Test: Tryptone broths were inoculated with overnight liquid cultures. After 

48 hours of incubation, few drops of Kovac’s reagent was added to the culture and 

observed for the formation of a rosy red ring on the top surface of it. The 

formation of a rosy red coloured ring indicated positive reaction while its absence 

indicated negative reaction. If the reaction is positive it means that the bacteria 

produce tryptophanase which splits the amino acid tryptophan to produce the 

compound indole. The rosy red ring is produced by the reaction between indole 

and 4(p)Dimethylaminobenzaldehyde which is an indicator of this test and present 

in Kovac’s reagent (Barrow and Feltham, 1993). 

4. MR Test: MR-VP test media were prepared and inoculated from overnight liquid 

cultures. After 48 hours of incubation few drops of Methyl red were added to 1ml 

of the cultures and observed for the formation of pink colour. If the culture turned 

pink the reaction was considered to be positive while absence of pink colour 

indicated negative result. In the positive reaction mixed acids are formed due to 

fermentation and when the pH goes below 4.4 the medium turns red (Barrow and 

Feltham, 1993). 

 

5. Voges Proskauer (VP) Test: MR-VP test media was prepared and inoculated 

with overnight liquid cultures. After 48 hours of incubation, few drops of Barritt’s 

reagent A and Barritt’s reagent B were added to it, shaken and kept undisturbed 

for 20 minutes. After 20 minutes the tubes were observed for colour change. If the 
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culture turned red then the test was considered positive, while absence of red 

colour indicated negative result. The organisms which give positive result produce 

acetoin as an end product of glucose metabolism which reacts with 40% KOH in 

the presence of atmospheric oxygen to get converted to diacetyl and the reaction is 

catalyzed by alpha napthol to give a red complex (Barrow and Feltham, 1993). 

6. Lipase Test: Tributyrin agar plates were prepared and streaked with overnight 

liquid cultures. After 48 hours of incubation, the areas around the colonies were 

observed for clear zone formation. Clear zone formation indicated positive 

reaction i.e. the bacteria produces lipase enzyme which hydrolyses the lipids 

present in the medium into fatty acids and glycerol while its absence indicated 

negative reaction (Barrow and Feltham, 1993). 

 

7. Gelatinase Test: Gelatin agar plates were prepared and streaked with overnight 

liquid cultures. After 72 hours of incubation, the colonies were flooded with acidic 

Mercuric chloride solution and the areas around them were observed for clear 

zone formation. Acidic Mercuric chloride precipitated gelatin and it gave a clear 

zone in places where gelatin was hydrolyzed. Clear zone formation indicated 

positive reaction while its absence indicated negative reaction. The organisms 

which give positive reaction for this test produces the proteolytic enzyme 

gelatinase which hydrolyses gelatin present in the medium into polypeptides and 

then amino acids (Barrow and Feltham, 1993). 

8. Glucose Fermentation Test: Glucose broth were prepared and inoculated with 

overnight liquid cultures. After 48 hours of incubation, the tubes were observed 

for colour change and gas formation. The bacteria which could ferment glucose 

present in the medium and produced acid turned the medium yellow as an 

indication of lowering of pH indicated by phenol red present in the medium. The 

gas bubble produced in the Durham’s tube indicates the production of gases 

(Carbon dioxide and hydrogen) during the fermentation reaction and its absence 

indicates that the organism is anaerobic (Barrow and Feltham, 1993). 

 

9. Starch Hydrolysis Test: Starch agar plates were prepared and streaked with 

overnight liquid cultures. After 4 days of incubation, the colonies were flooded 
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with Lugol’s iodine and the areas around the colonies were observed for the 

formation of clear zones. Clear zone formation indicates that the organism 

produces the enzyme amylase which hydrolyses starch by breaking down the 

glycosidic linkages between its subunits (Barrow and Feltham, 1993). 

10. Citrate Utilization Test: Citrate agar slants were prepared and streaked with 

overnight liquid cultures. After 7 days of incubation, the slants were observed for 

colour change. If the medium turned blue it indicated positive reaction. In this test 

citrate is used as the energy source by the organism and it produces alkaline 

carbonates and bicarbonates which increase the pH of the medium to above 7.6 

and the bromothymol blue indicator used in the medium changes the colour of the 

medium from green to blue as an indication of rise in pH (Barrow and Feltham, 

1993).  

Note: B. cereus, E. aerogenes, Streptococcus and E. coli were taken as positive 

and negative controls in the experiments. Most of the members of the genus 

Aeromonas give positive result for oxidase test (Bullock, 1961). They also give 

positive results for indole, gelatinase, starch hydrolysis and glucose fermentation 

tests (Awan et al., 2005). In case of citrate utilization test 50% of the isolates may 

show positive result whereas 50% may show negative result (Awan et al., 2005). 

Most of the isolates show positive result for catalase and Voges Proskauer tests 

while few may show positive result for methyl red test (Minana- Galbis et al, 

2002). Some species of the genus Aeromonas show positive result for the lipase 

test, whereas some show negative result (Kozinska et al., 2002).  

3.6. Genomic DNA Isolation 

3.6.1. Materials required

1. Lysozyme (HiMedia Laboratories, India) 

2. Sodium chloride (HiMedia Laboratories, India) 

3. EDTA- pH 8 (HiMedia Laboratories, India) 

4. Distilled water 

5. Sodium dodecyl sulphate (HiMedia Laboratories, India) 

6. Tris- HCl pH 8 (HiMedia Laboratories, India) 

7. Ethanol (HiMedia Laboratories, India) 
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8. Autoclave machine 

9. Cooling centrifuge machine (Eppendorf, India) 

10. Orbital shaking incubator (Remi Instruments Ltd., India)  

11. Ice 

12. Micropipette (Tarsons, India)

13. Microtips (Tarsons, India)

14. Proteinase K (HiMedia Laboratories, India)

15. CTAB (HiMedia Laboratories, India) 

16. Water saturated Phenol (HiMedia Laboratories, India) 

17. Chloroform (Merck, India)

18. Isoamyl alcohol (Merck, India) 

19. Isopropyl alcohol (Merck, India) 

20. Microcentrifuge tubes (Tarsons, India) 

21. Buffer ATL (Qiagen, India) 

22. Bufer AL (Qiagen, India) 

23. DNeasy mini spin column (Qiagen, India) 

24. Molecular biology grade ethanol (HiMedia Laboratories, India) 

25. Collection tubes (Qiagen, India) 

26. Buffer AW1 (Qiagen, India) 

27. Buffer AE (Qiagen, India) 

28. RNaseA (HiMedia Laboratories, India) 

29. Weighing machine (Afcoset, India) 

 

3.6.2. First protocol: Adopted from “Non-radioactive method to study genetic 

profiles of natural bacterial communities by PCR- single stranded conformation 

polymorphism”, Lee and Kim (1996). 

 

3.6.2.1. Composition of reagents and their preparation 

1. Lysozyme solution: 

Sterile Sodium chloride: 0.15 M 

      Sterile EDTA: 0.1 M (pH 8) 

      Lysozyme: 15µg 

      All were mixed together with sterile distilled water in a sterile container. 

(Stock concentration: 0.05µg/µl) 
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2. SDS buffer: 

Sterile Sodium chloride: 0.1M 

Sterile Tris – HCL (pH 8): 0.5M 

Sodium dodecyl sulphate (SDS): 4%

 All were mixed together with sterile distilled water in a sterile container. 

3. Ethanol 70%: 

Ethanol: 70% 

Sterile distilled water: 30% 

70 ml ethanol and 30 ml sterile distilled water was mixed together in a sterile 

container and stored at 4°C. 

TE Buffer:  

10 mM Tris-Cl pH 8.0 

1 mM EDTA pH 8.0 

The buffer was sterilized in an autoclave and stored at room temperature. 

3.6.2.2. Methodology 

1. 3 ml bacterial culture was centrifuged at 8000 rpm for 2 minutes. 

2. The bacterial cell pellet was resuspended in 300 µl of lysozyme solution 

[0.15 M NaCl, 0.1 M EDTA (pH 8), 15 µg of lysozyme] and incubated at 

37°C for 1 hr with mixing by inversion every 15 minutes. 

3. The sample was cooled on ice. 

4. 300 µl of SDS buffer [0.1 M NaCl, 0.5 M Tris- HCl (pH 8), 4% SDS] was 

added to the sample and incubated in an ice bath for 10 minutes. 

5. The sample was incubated at 55°C for 10 minutes. 

6. The freezing thawing process was repeated 3 times. 

7. Equal volume phenol was added to the sample, mixed gently and 

centrifuged at 8000 rpm for 2 minutes at room temperature. 

8. The aqueous phase was collected in a fresh microcentrifuge tube and equal 

volume (1:1 v/v phenol:chloroform) was added to it, mixed gently and 

centrifuged at 8000 rpm for 2 minutes at room temperature. 
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9. The aqueous phase was collected in a fresh microcentrifuge tube and equal 

volume chloroform was added to it, mixed gently and centrifuged at 8000 

rpm for 2 minutes at room temperature. 

10. The aqueous phase was collected in a fresh sterile microcentrifuge tube 

and the volume was measured. 

11. Then equal volume Isopropyl alcohol was added to it and kept at room 

temperature for 1 hour. 

12. The sample was centrifuged at 12000 rpm for 10 minutes at 4°C. 

13. The pellet was washed with chilled 70% Ethanol. 

14. The pellet was dried.

15. The pellet was resuspended in sterile T10E1 buffer (pH 8) and stored at -

20°C. 

 

3.6.3. Second protocol: Adopted from Current Protocols in Molecular Biology, 

(Ausubel, Kingston, Moore, Seidman, Smith and Struhl) (2003). 

 

3.6.3.1. Composition of reagents and their preparation

1. T100E1 buffer: Prepared as in the previous protocol 

2. SDS (10% w/v): 

100 gm of electrophoresis grade Sodium dodecyl sulphate (SDS) was 

dissolved in 900 ml sterile distilled H2O. The solution was heated to 68°C to 

assist dissolution. The volume was adjusted to 1 lt with sterile distilled H2O 

and stored at room temperature. [Note: Sterilization by autoclaving is not 

required]  

3. Proteinase K: 

20 mg Proteinase K was weighed in a sterile microcentrifuge tube and 1 ml 

sterile Milli Q water was added to it. The solution was divided into small 

aliquots and stored at 4°C. 

 

4. 5M NaCl: 

292.2 g of NaCl was weighed and dissolved in 800 ml distilled water. The 

volume was made up to 1000 ml by adding more distilled water to it. The 

solution prepared was sterilized by autoclaving and stored at 4°C. 
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5. CTAB/ NaCl: 

41 g NaCl was dissolved in 800 ml autoclaved distilled water and slowly 100 

g CTAB was added while heating and stirring. It was heated to 65°C to 

dissolve the CTAB completely if required. The final volume was adjusted to 

1000 ml by adding sterile distilled water. [Note: Sterilization by autoclaving is 

not required]  

   

6. Chloroform (Merck, India) 

 

7. Isoamyl alcohol (Merck, India) 

 

8. Water saturated Phenol (HiMedia Laboratories, India) 

 

9. Isopropanol (Merck, India)

10. 70% Ethanol 

70 ml ethanol and 30 ml sterile distilled water was mixed together in a sterile 

container and stored at 4°C. 

3.6.3.2. Methodology 

1. A 10 ml liquid medium with 100 µg/ml ampicillin was inoculated with the 

bacteria. It was incubated overnight in 30°C with shaking. 

2. 1.5 ml of the culture was centrifuged in a microcentrifuge tube for 2 min and 

the supernatant was discarded. 

3. The pellet was suspended in 567µl T10E1 buffer by repeated pipetting. 30 µl 

SDS (10%) and 3 µl Proteinase k (20 mg/ml) were also added to give a final 

concentration of 100 µg/ml proteinase k in 0.5% SDS. It was mixed 

thoroughly and incubated at 37°C for 1 hr. 

4. 100 µl of 5 M NaCl was added and mixed thoroughly. 

5. 80 µl of CTAB/ NaCl was added, mixed thoroughly and incubated at 65°C for 

10 min. 
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6. An approximately equal volume (0.7 to 0.8 ml) of Chloroform: Isoamyl 

alcohol (24:1, v/v) was added, mixed thoroughly and centrifuged for 5 minutes 

at room temperature. 

7. The aqueous, viscous supernatant was collected in a fresh microcentrifuge 

tube, leaving the interphase behind. An equal volume of Phenol: Chloroform: 

Isoamyl alcohol (25:24:1, v/v/v) was added, mixed thoroughly and centrifuged 

for 5 minutes. 

8. The supernatant was collected in a fresh tube and 0.6 vol Isopropanol was 

added to precipitate the nucleic acids. 0.6 vol Isopropanol was used instead of 

equal volume because DNA is less soluble in Isopropanol (Green and 

Sambrook, 2017). The tube was shaken back and forth until a white DNA 

precipitate became clearly visible. At this point the DNA was precipitated by 

centrifugation at room temperature.  

9. The DNA was washed with 70% ethanol to remove residual CTAB and 

centrifuged again for 5 min at room temperature to re-precipitate it. The 

supernatant was removed and the pellet was dried. 

10. The pellet was dissolved in 100 µl T10E1 buffer. 

 

3.6.4. Third protocol: Bacterial genomic DNA isolation using DNeasy Blood and 

Tissue Kit (Qiagen, India). 

1. A maximum of 2 X 109 cells (2 ml from each culture) was harvested by 

centrifuging at 5000 g (7500 rpm) for 10 minutes.   

2. The pellet was resuspended in 180 µl buffer ATL. 

3. 20 µl Proteinase K was added and mixed thoroughly by vortexing and 

incubated at 56°C until the cells were completely lysed. The tubes were 

vortexed occasionally during incubation. Incubation time varies from 1 to 3 

hours or may be kept overnight. Our sample was kept overnight. 

4. 2 µl RNase A from its 10 mg/ml stock was added to each tube and incubated 

at 37°C for 2 hrs.  

5. The tubes were vortexed for 15 seconds and then 200 µl buffer AL was added 

to the samples and mixed thoroughly by vortexing. Then 200 µl Ethanol (96-

100%) was added and mixed thoroughly by vortexing. 
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6. The mixture was pipetted into the DNeasy mini spin column placed in a 2 ml 

collection tube (provided). This was centrifuged in 8000 rpm for 1 min. The 

flow- through and collection tube was discarded. 

7. The DNeasy mini spin column was placed in a new 2 ml collection tube 

provided and 500 µl buffer AW1 was added and centrifuged for 1 min at 8000 

rpm. The flow- through and collection tube was discarded.  

8. The DNeasy mini spin column was placed in a new 2 ml microcentrifuge tube 

and centrifuged for 1 min at 14000 rpm to remove any residual ethanol. 

9. The DNeasy mini spin column was placed in a clean 1.5 ml or 2 ml 

microcentrifuge tube (not provided) and 100 µl buffer AE was pipette directly 

onto the DNeasy membrane. This was incubated at room temperature for 1 

min, and then centrifuged for 1 min at 8000 rpm to elute the DNA. 

10. For maximum DNA yield, elution was repeated. 

 

3.7. Spectrophotometric Analysis of Genomic DNA 

1. The UV-VIS Spectrophotometer (Rayleigh UV- 2100, Beijing, China) was 

initialized. 

2. Quartz cuvettes were cleaned with distilled water and dried. 

3. Milli Q water was used to set the instrument to autozero position. 

4. Genomic DNA was diluted 600 times and its optical density was measured 

at 260/280 nm wavelength. 

5. The average optical density was noted down. 

6. Concentration of the stock DNA was determined by software available 

online or by using the following formula: 

Concentration of DNA= Optical density at 260 nm x dilution x 50 /1000 

µg/µl 

7. Purity of the stock DNA was checked by calculating the ratio of optical 

density at 260 nm / optical density at 280 nm and analyzed according to 

the Table 3.2. 
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Table 3.2. Parameter for checking purity of DNA. 

Ratio of optical density at 260 / 280 

nm 

Purity of DNA 

< 1.7 Protein contamination 

1.7 – 1.8 Pure DNA 

> 1.8 Phenol / RNA contamination 

3.8. PCR amplification 

3.8.1. Materials required 

1. Oligonucleotide primers (Imperial Life Science, India)

2. dNTPs (Sigma-Aldrich, India)

3. MgCl2 (Sigma-Aldrich, India)

4. Sterile Milli Q water

5. Taq DNA polymerase (Sigma-Aldrich, India)

6. Standard Taq polymerase buffer (Sigma-Aldrich, India)

7. Genomic DNA

8. Thermal cycler (Mini TM gradient thermal cycler, PTC- 1148, Bio- Rad,

Singapore and Applied Biosystems 2720, Life Technologies, USA)

9. Micropipettes (Tarsons, India)

10. Sterile microtips (Tarsons, India)

11. PCR tubes (Tarsons, India)

3.8.2. Selection of primers: Two primers (forward and reverse) were selected from 

Lee et al. (2002). The primers were purchased from Imperial Life Science Pvt. Ltd., 

India. They were used to amplify a 953 bp fragment out of 16S rDNA of the 

Aeromonas isolates. On the basis of the result of PCR the bacterial isolates were 

identified to be Aeromonas or not. The GC content of the primers was 65% (ARDF) 

and 60% (ARDR). The selected primer names and sequences for the identification of 

Aeromonas are given in the Table 3.3. 
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Table 3.3. Details of primers used in PCR. 

Sl. 

No.

Primer Sequence (5’        3’) G + C Content 

(%)

1 ARDF CTACTTTTGCCGGCGAGCGG 65 

2 ARDR TGATTCCCGAAGGCACTCCC 60 

3.8.3. PCR reaction mixture: PCR amplifications were performed in a 96 well 

Eppendorf® thermal cycler (USA Scientific, USA), or a 96 well thermal cycler (Mini 

TM gradient thermal cycler, PTC- 1148, Bio- Rad, Singapore) or a 96 well Peltier 

Thermal Cycler (Applied Biosystems 2720, Life Technologies, USA) in a final 

reaction volume of 50 µl, each containing a final concentrations of 50 ng of isolated 

gDNA, 0.2 µM of oligonucleotide primers, standard Taq polymerase buffer (10mM 

Tris-HCl, pH 8.3, 50 mM KCl, 1.5 mM MgCl2), 200 µM of each dNTPs (dATP, 

dTTP, dCTP, dGTP) (NEB, USA), and two units of Taq DNA Polymerase. After the 

standardization of the reaction regime, all PCR amplifications were replicated to 

verify reproducibility and authenticity of the DNA bands. 

 

3.8.4. PCR Program: PCR cycling parameters were according to the Table 3.4. 

Table 3.4. PCR program  

Step Temperature Time 

Initial denaturation 94ºC 4 min 

Denaturation 94ºC 1 min 

Primer annealing 69ºC 30 sec

Elongation 72ºC 45 sec

Final extension 72ºC 10 min 

The above cycle of PCR was continued for 35 cycles.   
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3.9. Purification of PCR product from gel by using PureLink 

quick gel extraction kit (Invitrogen, USA) 

3.9.1. Materials required 

1. L3 buffer (Invitrogen, USA)

2. Isopropanol (Merck, India)

3. Wash buffer (W1) (Invitrogen, USA)

4. Elution buffer (E1) (Invitrogen, USA)

5. Sodium acetate (Sigma-Aldrich, India)

6. Spin column (Invitrogen, USA)

7. Wash tube (Invitrogen, USA)

8. Ethanol (Merck, India)

9. Elution tube (Invitrogen, USA)

10. Micropipette (Tarsons, India)

11. Microcentrifuge tube (Tarsons, India)

12. Cooling centrifuge (Eppendorf, India)

13. UV transilluminator (Spectroline BI-O-Vision, NY, USA)

14. Water bath (Riviera Glass Private Limited, India)

15. Sterile microtips (Tarsons, India)

16. Weighing machine (Afcoset, India)

3.9.2. Methodology 

1. 5 X 50 µl PCR products were pooled into one tube after amplification.

1/10th volume Sodium acetate and equal volume Isopropanol was added to

it. This was incubated at 4°C for 1 hour.

2. This was centrifuged at 4°C for 10 min at 12000 rpm.

3. The supernatant was discarded. The pellets were dried and dissolved in 50

µl sterile Milli Q water.

4. The entire 50 µl concentrated PCR product was divided, mixed with gel

loading dye and loaded into two lanes of 1 % agarose gel.

5. Electrophoresis was carried on at 90V voltage for 30 min and then the gel

piece having the DNA band was excised with the help of a sterile gel slicer

under low energy UV Transilluminator.
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6. The gel pieces were weighed in microcentrifuge tubes and the weight of 

the tubes were subtracted from them. 

7. L3 buffer was added to the tubes (1 Vol gel: 3 Vol L3). 

8. The tubes were incubated at 50°C for 10 min and inverted occasionally. 

After the gel was dissolved, the tubes were incubated at 50°C for 

additional 5 min. (Note: 1 gel volume of isopropanol was added in excess 

to dissolve the gel properly, if required.) 

9. The dissolved gel slurry was added to a column inside a wash tube 

(provided).  

10. The columns were centrifuged at 12000 rpm for 1 min at room 

temperature. 

11. The flow-through was removed and the column was placed into the wash 

tube once again.  

12. 500 µl wash buffer (W1) with ethanol was added to the column. 

13. The columns were centrifuged at 12000 rpm for 1 min at room 

temperature. 

14. The flow through was removed and the column was placed into the wash 

tube once again.  

15. The columns were centrifuged at 15000 rpm for 3 min at room 

temperature. 

16. The flow through and wash tubes were discarded. 

17. The columns were placed in recovery tubes. 

18. 50 µl elution buffer (E1) was added to the column and incubated at room 

temperature for 1 min. 

19. The columns were centrifuged at 12000 rpm for 1 min at room 

temperature. 

20. The DNA was stored at -20°C till further use. 

 

3.10. Restriction Fragment Length Polymorphism 

3.10.1. Materials required 

1. DNA (Cleaned up PCR product) 

2. Restriction endonucleases (AluI and MboI) (New England Biolabs, 

USA)
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3. Sterile Milli Q water 

4. 100X Bovine serum albumin (New England Biolabs, USA) 

5. 10X Buffer B (New England Biolabs, USA) 

6. Micropipettes (Tarsons, India) 

7. Sterile microcentrifuge tubes (Tarsons, India) 

8. Orbital shaking incubator 

9. Sterile microtips (Tarsons, India) 

10. Digital Camera (Nikon DSLR Camera; Model-D3100) 

 

3.10.2. Methodology 

1. Three reaction mixtures were prepared consisting of the cleaned-up 

PCR product, 1X BSA, 1X Buffer B and sterile Milli Q water to make 

the volume 20 µl.  

2. In one tube 1 unit AluI enzyme was added, in another tube 1 unit MboI 

enzyme was added and in another tube 1 Unit each of AluI and MboI 

enzymes were added. 

3. The mixtures were mixed properly, briefly centrifuged and incubated 

at 37°C overnight. 

 

3.11. Sequencing of 16S ribosomal DNA of the Aeromonas isolates 

and Sequence Analysis 

The 953 bp 16S rDNA of 16 Aeromonas isolates obtained after polymerase chain 

reaction were sequenced. 15 Aeromonas sp isolates were obtained from rivers and 

1 isolate was obtained from hospital effluent. 50 µl of concentrated and purified 

PCR product (concentration: 200 -500 ng/µl) was sealed with parafilm in sterile 

microcentrifuge tubes and 100 µl of each of the primers (concentration: 100 ng/µl) 

(forward and reverse) were packed in the same way in separate tubes and sent for 

sequencing to Agrigenome (Kerala, India). Sequencing was done by Sanger di-

deoxy sequencing method. The sequences obtained were aligned using BIOEDIT 

(Hall, 1999) and CLUSTAL X (Thompson et al., 1997) was used for multiple 

sequence alignment. The sequences that were obtained were compared and 

aligned with the sequences available in the NCBI GenBank (National Centre for 

Biotechnology Information, Bethesda, USA) database (Pruitt et al., 2007) using 
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BLAST (Basic Local Alignment Search Tool) (Altschul et al., 1990) for 

identification of the species of the Aeromonas isolates. The regions of the 

sequences which were highly variable were excluded. MEGA X (Kumar et al., 

2018) was used to construct the phylogenetic tree. The evolutionary history was 

inferred by using the Maximum Likelihood method based on the Kimura 2-

parameter model (Kimura, 1980). Initial tree(s) for the heuristic search were 

obtained automatically by applying Neighbor-Join and BioNJ algorithms to a 

matrix of pairwise distances estimated using the Maximum Composite Likelihood 

(MCL) approach, and then selecting the topology with superior log likelihood 

value. A discrete Gamma distribution was used to model evolutionary rate 

differences among sites [5 categories (+G, parameter = 0.4647)]. The tree is 

drawn to scale, with branch lengths measured in the number of substitutions per 

site. The analysis involved 46 nucleotide sequences. All positions containing gaps 

and missing data were eliminated. There were a total of 763 positions in the final 

dataset. The sequences were also submitted in NCBI GenBank nucleic acid 

sequence repository.

3.12. Study of the antibiotic resistance/ susceptibility status of the 

Aeromonas isolates 

3.12.1. Materials required 

1. Sterile petriplates (Tarsons, India) 

2. Sterile spreader (Tarsons, India) 

3. Mueller Hinton agar (HiMedia Laboratories, India)

4. Autoclave machine 

5. Incubator (Diagnos, India) 

6. Micropipettes (Tarsons, India)

7. Ampicillin (HiMedia Laboratories, India)  

8. Laminar hood (Allied Scientific Products, India)

9. Orbital shaking incubator (Remi Instruments Ltd, India) 

10. Luria Bertani broth (HiMedia Laboratories, India) 

11. Antibiotic discs (HiMedia Laboratories, India) 

12. Scale for measuring diameter of clear zones (HiMedia Laboratories, 

India) 
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13. Zone size interpretative chart (HiMedia Laboratories, India) 

14. Digital Camera [Nikon DSLR Camera (Model-D3100 with WF-S-18-

55 VR Kit] 

15. Weighing machine (Afcoset, India) 

 

3.12.2. Composition of the media and their preparation

1. Luria Bertani Broth: 

Bactotryptone: 1 % 

Yeast extract: 0.5 % 

Sodium chloride: 1%  

To prepare 1 Lt of LB broth, 10 gm Bactotryptone, 5 gm Yeast extract and 10 

gm Sodium chloride was weighed in a conical flask. This was dissolved in 800 

ml of distilled water and then more distilled water was added to it to make the 

volume up to 1000 ml. This was dispensed into conical flasks and the flasks 

were cotton plugged. These were then sterilized in an autoclave and then 

stored to be used for culture. 

 

2. Mueller Hinton Agar: 

It was a ready prepared media by Himedia (HiMedia Laboratories, India) with 

a composition of: 

Meat, infusion from: 30% 

Casein acid hydrolysate: 1.75% 

Starch: 1.5% 

Agar: 1.7% 

To prepare 1 Lt of Mueller Hinton agar 38 g of the powder was added to 1 Lt 

of distilled water. This was boiled to dissolve the medium. This was 

autoclaved and dispensed into sterile petriplates and allowed to solidify to be 

used for culture. 

 

3.12.3. Methodology 

1. Single colonies from each of the Aeromonas cultures were used to inoculate 

Luria Bertani broth with 100 µg/ml ampicillin and allowed to grow overnight 

at 37°C with shaking. 
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2. The cultures were spread on Mueller Hinton agar plates and allowed to stand

for 30 minutes. Then the extra media was drained off carefully. 

3. Himedia antibiotic combination modules (G-XIX-minus, Hexa UTI-1, Combi

IV, Combi 94, Combi 71, G-XVIII-minus and UTI-VII) were used for the 

experiments. 

4. The petriplates were incubated at 37°C overnight.

5. The diameters of the clear zones were measured using scale provided by

Himedia and they were interpreted following zone size interpretative chart 

mentioned in Himedia catalogue (HiMedia Laboratories, India). 

3.13. Plasmid isolation 

3.13.1. Materials required 

1. Alkaline lysis solution 1

2. Lysozyme (HiMedia Laboratories, India)

3. Lysis solution 2

4. 3M Sodium acetate (HiMedia Laboratories, India)

5. Isopropyl alcohol (Merck, India)

6. Distilled water

7. RNaseA (HiMedia Laboratories, India)

8. Water saturated phenol (HiMedia Laboratories, India)

9. Chloroform (Merck, India)

10. 70% Ethanol

11. Milli Q water

12. Oakridge tubes (Tarsons, India)

13. Microcentrifuge tubes (Tarsons, India)

14. Cooling centrifuge machine (Eppendorf, India)

15. STET Solution (8% sucrose, 50 mM Tris.HCl, 50 mM EDTA, pH 8.0,

5% Triton X-100,)

16. Micropipette (Tarsons, India)

17. Microtips (Tarsons, India)

18. Float (Tarsons, India)

19. Water bath (Riviera Glass Private Limited, India)
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20. Ice

21. Resuspension buffer (R3) (Invitrogen, USA) 

22. RNaseA (Invitrogen, USA)  

23. Lysis buffer (L7) (Invitrogen, USA) 

24. Precipitation buffer (N4) (Invitrogen, USA) 

25. Spin column with wash tube (Invitrogen, USA) 

26. Wash buffer (W9) (Invitrogen, USA) 

27. TE buffer (Invitrogen, USA) 

28. Recovery tube (Invitrogen, USA) 

3.13.2. First protocol: Modified Midiprep Alkaline Lysis method adopted from 

Molecular Cloning: A laboratory Manual (Third edition, Vol 3) by Joseph Sambrook 

and David W. Russell (Sambrook and Russel, 2001). 

1. 20 µl overnight bacterial cultures were centrifuged at 7000 rpm for 10 min 

at 4°C. 

2. Pellets were resuspended in 2 ml alkaline lysis solution 1 (pH 8) (25 mM 

Tris HCl pH 8.0, 10 mM EDTA). 

3. 2 µl of lysozyme (Stock concentration: 10 mg/ml) was added to each tube. 

4. The Oakridge tubes were kept on ice for 10 mins.  

5. 2 ml freshly prepared lysis solution 2 (0.2 N NaOH, 0.5% SDS) was added 

to each cell suspension with shaking for cell lysis for 1 minute. 

6. Immediately after that, it was neutralized with 2 ml 3 M Sodium acetate 

(pH 5.2) and centrifuged at 10000 rpm for 10 min at 4°C. 

7. The supernatant was collected in fresh tubes and equal volume of 

Isopropyl alcohol was added to each tube and the tubes were kept at room 

temperature for 30 min. 

8. The tubes were centrifuged at 10000 rpm for 10 min at 4°C. 

9. The supernatant was discarded and the pellets were dried. 

10. The pellets were dissolved in small volume (1 ml) in sterile distilled water. 

11. 10 µl RNAse A was added in each tube (Stock concentration: 10 mg/ml) 

and incubated at 37°C water bath for 2 hr. 

12. Equal amount of water saturated Phenol was added to each tube and mixed 

properly. 
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13. The tubes were centrifuged at 8000 rpm for 2 min. 

14. The upper aqueous phase was collected in a separate tube. Equal volume 

(1:1, v/v Phenol:Chloroform) was added to each tube, mixed properly and 

centrifuged at 8000 rpm for 2 min.  

15. The aqueous phase was collected in fresh tubes and equal volume 

Chloroform was added to each tube and mixed properly. The tubes were 

centrifuged at 8000 rpm for 2 min. 

16. The upper aqueous phase was collected in a separate tube and 1/10th the 

volume of the supernatant 3 M Sodium acetate (pH 5.2) was added to each 

tube. Then equal volume of isopropyl alcohol was added to each tube and 

the tubes were kept at room temperature for 1 hr.

17. The tubes were centrifuged at 12000 rpm for 10 minutes at 4°C. 

18. The supernatant was discarded and 500 µl chilled 70% Ethanol was added 

to each tube. The tubes were centrifuged at 12000 rpm for 10 min at 4°C. 

19. The supernatant was discarded and the pellets were dried. 

20. The pellets were resuspended in 50 µl sterile Milli Q water. Then the tubes 

were stored at – 20 °C. 

3.13.3. Second protocol: Boiling Miniprep method for plasmid isolation adopted 

from Molecular Cloning: A laboratory Manual (Third edition, Vol 3) by Joseph 

Sambrook and David W. Russell (Sambrook and Russel, 2001). 

Single isolated colony of the bacteria was inoculated in 10 ml Luria Bertani broth 

with 100 µg/ml ampicillin. This was incubated overnight at 37°C with shaking. 

1. 1.5 ml overnight bacterial culture was taken into a sterile centrifuge tube 

aseptically and centrifuged at 8000 rpm for 2 min at 4°C. 

2. The media was discarded and pellets were resuspended in 300 µl STET. 

3. 20 µg (2 µl from 10 mg/ml stock) of freshly prepared lysozyme was added to 

each tube and incubated in ice for 2 min. 

4. The tubes were placed in boiling water bath for exactly 2 min and then 

immediately chilled on ice for 10 min. 

5. The lysate was centrifuged at 12000 rpm for 10 min at 4°C. 

6. The pellets were picked up with the help of a sterile toothpick. 
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7. 20 µl of the supernatant with 3 µl 6X DNA loading dye was electrophoresed 

in 1% Agarose gel containing Ethidium bromide (0.5 µg/ ml). 

3.13.4. Third protocol: Plasmid isolation using PureLink Quick Plasmid DNA 

Miniprep Kit (Invitrogen, USA). 

1. 4 ml overnight liquid culture of bacteria was centrifuged and the medium was 

removed. 

2. 250 µl Resuspension buffer (R3) with RNaseA was added to the cell pellet and 

it was resuspended until it was homogeneous. 

3. 250 µl lysis buffer (L7) was added to it and mixed gently by inverting the 

capped tube five times. The tube was incubated at room temperature for 5 

minutes. 

4. 350 µl Precipitation buffer (N4) was added and mixed immediately by 

inverting the tube, or for large pellets, vigorously shaking the tubes until the 

mixture was homogeneous. It was not vortexed. The lysate was centrifuged at 

> 12000g for 10 min. 

5. The supernatant from the previous step was loaded onto a spin column in a 2 

ml wash tube. It was centrifuged at the column at 12000 g for 1 min. The 

flow-through was discarded and the column was placed back into the wash 

tube. 

6. 700 µl Wash buffer (W9) containing ethanol was added to the column. The 

column was centrifuged at 12000 g for 1 min. The flow-through was discarded 

and the column was placed back into the wash tube. The column was 

centrifuged at 12000 g for 1 minute. The wash tube along with the flow 

through was discarded. 

7. The spin column was placed in a 1.5 ml sterile recovery tube. 75 µl of TE 

buffer was added to the centre of the column and it was incubated at room 

temperature for 1 min.   

8. The column was centrifuged at 12000 g for 2 min. The recovery tube 

contained purified plasmid DNA. The column was discarded. The plasmid 

DNA was stored at 4°C for short term or they were stored in aliquots at -20°C 

for future use. 
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3.13.5. Restriction digestion of plasmids 

The natural plasmids isolated from the Aeromonas isolates were subjected to 

restriction digestion by using EcoRI, BamHI and HindIII restriction 

endonucleases to check whether the plasmids show clear bands or smears (Brown 

et al., 1997). If the digestion pattern showed clear bands then the DNA was 

considered to be plasmid whereas, if the digestion pattern showed smears in gel, 

this indicated that the DNA obtained was not plasmid. Supercoiled DNA ladder 

and Lambda Hind III digest were used as DNA markers to check the size of the 

natural plasmids obtained from the Aeromonas isolates. 

3.14. Agarose gel electrophoresis 

3.14.1. Materials required

1. Ethidium bromide (Stock: 10 mg/ml) (Sigma-Aldrich, India).

2. Agarose (0.8% for genomic DNA analyses, 1% for PCR products and plasmid 

analyses and 4% for RFLP analyses) (Lonza, Basel, Switzerland). 

3. TAE Buffer (50X) (242 gm Tris base, 57.1 ml glacial acetic acid and 100 ml 

of 0.5M EDTA mixed with distilled water to make the volume 1 Lt). 

4. Electrophoretic apparatus with power pack (BenchTop Labsystems BT-MS- 

300, Taiwan). 

5. Standard 100 bp DNA size marker (100-1500 bp, New England Biolabs, 

USA) for checking the size of PCR products. 

6. Lambda Hind III digest (New England Biolabs, USA) 

7. Supercoiled DNA ladder (for checking the size of plasmids) (Sigma-Aldrich, 

India) 

8. DNA loading dye (6X) 

Buffer type I: 0.25% (w/v) bromophenol blue, 0.25% (w/v) xylene cyanol FF 

and 40% (w/v) sucrose in H2O. 

9. Buffer type III: 0.25% (w/v) bromophenol blue, 0.25% (w/v) xylene cyanol FF 

and 30% (v/v) glycerol in H2O. 

Digital Camera (Nikon DSLR Camera; Model-D3100) 

10. UV-Transilluminator (Spectroline BI-O-Vision, NY, USA) 

11. Weighing machine (Afcoset, India) 
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3.14.2. Preparation of agarose gel

0.8 g (0.8%) or 1 g (1%) or 4 g (4%) agarose was added to 98 ml distilled H2O.  

2ml TAE buffer was added from 50X stock solution. The solution was heated in 

microwave oven or electric heater to dissolve the agarose. 0.5 µl of Ethidium 

Bromide was added from the stock solution (10 mg/ml) to ensure the final 

concentration of 0.5µg/ml in the final gel solution. The molten cooled gel was 

poured into appropriate gel casts to prepare the gel slabs. 

3.14.3. Preparation of 50X TAE buffer (Stock solution) 

186.1 g of Disodium EDTA was dissolved in 800 ml of distilled water. The 

solution was stirred continuously and the pH was adjusted to 8 by adding NaOH 

pellets. 100 ml from this 0.5 M EDTA solution was mixed with 57.1 ml glacial 

acetic acid and 242 g Tris Base (HiMedia Laboratories, India). This was mixed 

properly and the volume was made 1 litre and sterilized by autoclaving. 

 

3.13.4. Preparation of Ethidium Bromide 

10 mg Ethidium bromide was dissolved in 1 ml sterile distilled water taken in a 

microcentrifuge tube. The tube was wrapped in aluminium foil to block light from 

reaching the solution. 

 

3.14.5. Methodology 

The agarose gel electrophoresis was carried out in BenchTop Labsystems BT-MS-

300, Taiwan. The integrity and size of the DNA was checked by loading 10 µl 

extracted DNA or 20 µl of eluted plasmid or 25 µl of plasmids digested with 

restriction endonucleases with 6X DNA loading dye in Ethidium bromide (0.5 

µg/ml) pre-stained agarose gel (Lonza, Basel, Switzerland) in 1X TAE tank 

buffer.  The required marker was also loaded in the gel to check the size of DNA, 

wherever required. The gel was subjected to electrophoresis in constant voltage 

(70 V) when checking genomic DNA and voltage (90 V) when checking PCR 

product or RFLP products. The gels were examined on UV-Transilluminator 

(Spectroline BI-O-Vision, NY, USA) and then photographed using Nikon D3100 

digital Camera. For RFLP, the gel was observed under the UV transilluminator 

after 15 min, 30 min, 1 hr, 2 hr and 3 hr. The gel was then stained by submerging 

it in a solution of Ethidium bromide (1µg/ml) for 30 minutes with occasional 
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shaking. Then the gel was washed for 5 minutes in distilled water and observed 

over the UV Transilluminator and photographed. 

3.15. Transformation 

3.15.1. Materials required

1. LB agar plates (Himedia Laboratories, India) 

2. LB broth (Himedia Laboratories, India) 

3. Oakridge tubes (Tarsons, India) 

4. 0.1 M Calcium chloride (Himedia Laboratories, India) 

5. Cooling centrifuge (Eppendorf, India) 

6. Ice 

7. Microcentrifuge tubes (Tarsons, India) 

8. Eluted natural plasmid 

9. pBR322 

10. pUC19 

11. Water bath (Riviera Glass Private Limited, India) 

12. Float (Tarsons, India)

13. Laminar hood (Allied Scientific Products, India)

14. LB agar plates with ampicillin (Himedia Laboratories, India)

15. Spreader (Tarsons, India)

16. Incubator (Diagnos, India) 

17. Orbital shaking incubator (Remi Instruments Ltd, India) 

18. Digital Camera [Nikon DSLR Camera (Model-D3100 with WF-S-18-55 VR 

Kit] 

19. Weighing machine (Afcoset, India) 

3.15.2. Methodology 

      3.15.2.1. Preparation of competent E. coli (Strain JM109): 

1. JM109 glycerol stock was taken out from -20°C and streaked on LB agar 

plate. 

2. The plate was incubated at 37°C overnight. 
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3. A healthy colony was selected and grown overnight in 10 ml Luria Bertani 

broth at 37°C with shaking. 

4. After about 16 hr, 500 µl of culture was diluted to 50 ml Luria Bertani broth 

and grown at 37°C with shaking for exactly 2 hr and 30 min. 

5. The culture was then centrifuged in ice cold, sterile centrifuge tubes at 4000 

rpm for 10 min at 4°C. 

6. The pellets were resuspended in 10 ml ice cold 0.1 M Calcium chloride and 

pooled together. 

7. This was kept on ice for 1 hr. 

8. Then it was centrifuged at 4000 rpm for 5 min at 4°C. 

9. The pellets were resuspended in 2 ml ice cold 0.1 M Calcium chloride and 

kept at 4°C.  

3.15.2.2. Transformation by plasmids: 

1. 200 µl of competent cells were taken in ice cold microcentrifuge tubes. 

2. 10 µl of eluted plasmid was added and mixed properly. This was kept on ice 

for 30 min. 

3. Then it was put on water bath at 42°C for exactly 90 sec. 

4. The tubes were quickly taken out and plunged in ice and kept for 1 to 2 min. 

5. 800 µl of Luria Bertani broth was added and kept at 37°C for recovery for 45 

min. 

6. This was given a quick spin at 4000 rpm for 5 minutes at room temperature. 

7. The medium was discarded. 

8. The pellet was resuspended in minimal medium. 

9. This was spread on Luria Bertani agar plates containing 100µg/ml ampicillin 

and incubated overnight at 37°C. 

3.16. Antibiotic Resistance/Susceptibility status of the Transformed 

E. coli 

A single isolated healthy colony was chosen and a 25 ml Luria Bertani broth was 

inoculated with it. Ampicillin was added to culture broth in the concentration 100 

µg/ml. The culture was grown overnight at 37°C with shaking. The culture was spread 

in Mueller Hinton Agar plates. Antibiotic sensitivity/resistance status of the JM109 

isolates transformed with the natural plasmids isolates from aeromonads were studied 
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using Himedia antibiotic combination modules (G-XIX-minus, Hexa UTI-1, Combi 

IV, Combi 94, Combi 71, G-XVIII-minus and UTI-VII) following the same method 

used to study the antibiotic resistance/ susceptibility status of the Aeromonas isolates 

(Table 3.5). The diameters of the clear zones were measured using scale provided by 

Himedia and they were interpreted following zone size interpretative chart mentioned 

in Himedia catalogue (Himedia Laboratories, India). The results were then compared 

with the results of the antibiotic susceptibility/ resistance status of the corresponding 

Aeromonas isolates. 

 

Table 3.5. The antibiotics along with their dose present in the combination 

modules of Himedia. 

Antibiotic Combination 
Module 

Antibiotic Dose (µg) 

UTI- VII Nitrofurantoin 50

Ticarcillin 75

Tetracyclin 100

Nalidixic acid 30

Trimethoprim 2.5

Sulphamethoxazole 50

Gentamycin 10

Ampicillin 25

Hexa UTI- 1 Amoxyclav 30

Cefuroxime 30

Oxytetracyclin 30

Norfloxacin 10

Co-Trimoxazole 25

Gentamycin 10

Combi 71 Co-Trimoxazole 25

Ciprofloxacin 5

Norfloxacin 10

Nalidixic acid 30

Cefazolin 30

Ampicillin 10
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Nitrofurantoin 50

Levofloxacin 5

G- III minus Co-Trimazine 25

Ciprofloxacin 10

Carbenicillin 100

Amikacin 10

Tetracyclin 30

Streptomycin 10

Nitrofurantoin 300

Kanamycin 30

Combi 94 Amikacin 30

Amoxyclav 30

Ceftazidime 30

Azithromycin 15

Ampicillin/Sulbactum 10/ 10 

Cefoperazone/Sulbactum 75/ 30 

Cefepime 30

Cefpirome 30

G- XVIII minus Nitrofurantoin 300

Norfloxacin 10

Netillin 30

Ofloxacin 5

Ceftazidime 30

Ciprofloxacin 5

Cefotaxime 30

Nalidixic acid 30

Combi IV Ampicillin 10

Cephalothin 30

Chloramphenicol 30

Clindamycin 2

Erythromycin 15

Gentamycin 10
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Oxacillin 1

Vancomycin 30

3.17. Plasmid isolation from the Transformed E. coli and their 

Restriction Digestion 

A single isolated healthy colony was chosen and a 10 ml Luria Bertani broth was 

inoculated with it. Ampicillin was added to this culture broth in the final 

concentration of 100µg/ml. This was grown overnight at 37°C with shaking. Next 

day, boiling miniprep method was applied to isolate plasmid from this culture and 

the plasmid was digested with EcoRI and PstI.  10 µl of the plasmid was mixed 

with 1X Buffer D, 1 Unit EcoRI/PstI enzyme in the medium and sterile Milli Q 

water. This was mixed well, quickly centrifuged and incubated at 37°C for 

overnight. 1% agarose gel, prestained with Ethidium bromide (0.5 µ/ml), was used 

to study the result of plasmid digestion. Uncut plasmid and its digestion products 

were both checked through agarose gel electrophoresis. Supercoiled DNA ladder 

and Lambda Hind III digest were used as markers for checking the size of the 

plasmid bands. pBR322 and pUC19 were used as positive controls. 


