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Abstract  

Escherichia coli was isolated from sewage 

sample of Nag-Nallah Nagpur and confirmed 

by conventional source tracking technique 

including morphological, cultural, biochemical 

and enzymic characterization. The cells were 

exposed to 0.2 µgm/ml, 2 µgm/ml, 20 µgm/ml, 

200 µgm/ml, 2000 µgm/ml, and 20000 µgm/ml  

of each metal compounds of first transition 

series from Vanadium to Zinc. The exposure 

showed to such compounds showed 

morphological variations in gram staining and 

Scanning Electron Micrography. The cells 

showed distinct increase in length and breadth. 

The exposure to these compounds also resulted 

in the inhibition of growth of Escherichia coli. 
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Introduction 

Since in the ever changing environments the 

exposure of the metallic abiotic factors to the 

microbes may vary to both the extremes, albeit, 

depending upon the situation. The degree or 

the extent to which microbes can sustain or 

develop systems to tide over such situations 

with respect to the exposure to the transition 

metal ions is not completely yet clear. Since 

the increase in pollution of both water bodies 

and landfills are resulting in increased levels of 

the transition metal ions therefore their effect 

on the micro flora of any ecological niche is of 

prime importance. 

Escherichia coli are known to be the most 

common micro flora of human intestine. In 

fact, it is alternatively also known as colon 

bacteria and is an opportunistic pathogen. 

The effects of Cr (III) and Cr (VI) species 

(Cr2O7
2
, CrO4

2
 and Cr

3+
) on the growth of 

Escherichia coli have been investigated and 

the inhibitory ratio of Cr (III) to Escherichia 
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coli was smaller than that of Cr (VI). The k 

values of Escherichia coli in the presence of Cr 

(VI) and at high concentrations of Cr (III) were 

decreased with increasing the concentrations of 

these chromium species (YAO et al., 2008). 

The influence of nickel (II) ions concentration 

on the growth and nickel (II) bioaccumulation 

properties of Escherichia coli and it was found 

that the growth of Escherichia coli was 

delayed obviously with the increasing nickel 

(II) ion concentration, while the accumulation 

capacity increased until the maximum was 

obtained (Wu et al., 2009). 

 

Material and methods 

Isolation of Escherichia coli strain 

10 ml of sewage was collected from Nag- 

Nallah Nagpur, and filtered through Whatman 

No.1 filter paper to remove the residual solid 

matter. 0.1 ml of filtrate sewage was sprayed 

over the sterile plate of McConkey’s agar and 

Eosin methylene blue agar aseptically in 

triplicate. The plates were incubated at 37
0
C ± 

2
0
C for 24 hours. Colonies showing typical 

characteristics of green metallic sheen on EMB 

agar and typical pink colour colonies on 

McConkey’s agar were aseptically picked and 

purified by four-way streaking method on 

sterile Nutrient agar. 

Confirmation of Escherichia coli 

All the isolated colonies were obtained which 

were subjected to confirmation studies using 

standard conventional source tracking method. 

Gram Staining, Motility, Cultural 

characterization,  Sugar fermentation, IMViC 

Test and Enzyme studies including H2S 

production, Urea hydrolysis, Phenyl Alanin 

deaminase,  Lysine decarboxylase, Lipase and 

OF test. 

Scanning Electron Microscopy (SEM) 

Scanning Electron Microscopy of isolates was 

performed at NBSS & LUP Nagpur and 

Shraddha Analytical Services Mumbai, for 

confirming the morphological changes due to 

stress responses by the method of Klainer A. S, 

et al., 1970. 

 

Result and Discussion 

Sewage samples were processed and 

inoculated on EMB, McConkey’s and Nutrient 

agar plates. Twelve isolates showed typical 

colonies with green metallic sheen on Eosin 

Methylene Blue agar, pink colour on 

McConkey’s and pin headed colonies on 

Nutrient agar. These isolates subjected to 

complete characterization by conventional 

source tracking technique (Table 1) and the 

results were compared with the standard 

response table in Bergey’s manual of 

Determinative Bacteriology vol. 9. These 

isolates were confirmed as Escherichia coli 

and referred to as EC-Test for further study. 

The results are compared with Escherichia coli 

ATCC 8739 procured from NCL Pune and 

used as the reference Strain.  

The test organism was exposed to 0.2µgm/ml, 

2.0µgm/ml, 20µgm/ml, 200µgm/ml, 

2000µgm/ml, and 20000µgm/ml of Vanadium 
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pentoxide, Chromium nitrate, Mangnous 

acetate, Ferric oxide, Cobalt chloride, Nickel 

nitrate, Cupric sulphate and Zinc sulphate 

respectively by supplementing membrane 

filtered solutions of these compounds in 10 ml 

of sterile nutrient broth. These dilutions are 

equivalent to the micromoles of the 

compounds as shown in Table 2. The tubes 

were incubated at 37
0
c±2

0
c for 24 hours. A 

loop full of culture was aseptically removed 

and Gram staining was performed. The rest of 

the culture was harvested as 1000 g for 30 min. 

the pellets were then processed for Scanning 

Electron Micrograph as per Klainer et al 1970.  

The results are shown in photomicrograph 1 

and 2. 

Sterile nutrient agar plates were prepared and 

they were flood with 1 ml inoculum of the EC-

Test organism where in the inoculum sizes 

standardized using MacFarland Standard. A 

well of 0.5 cm diameter were cut in each plate 

aseptically.  0.5 ml each of dilutions of all the 

compounds was placed in the wells of nutrient 

agar plates. The plates were then incubated at 

37
0
C ± 2

0
C for 24 hrs, in straight position. 

After 24 hrs, the zone of inhibition was 

measured using Hi-Media zone measuring 

scale. The zone of inhibition verses the 

exposure to compounds is shown in Graph 1.   

Statistical analysis was performed using prism 

pad version 5. The one way Annova analysis 

using Newman Keuls multiple comparison test 

was performed. 

Discussion  

Robert et al. (1994) have shown that the faecal 

coliforms abundantly present in sewage. Bell et 

al., (1981) has shown that the faecal coliforms 

present in sewage are abundant and around 

10.80% of the faecal coliforms show the 

presence of R factor and hence are resistant 

varieties of Escherichia coli. 

H. M. Dalton et al., (1994) have shown that the 

morphology of bacteria changes particularly in 

marine bacteria when they are exposed to 

different surfaces. The colonization pattern and 

the resultant morphological changes can only 

be visualized using high resolution techniques 

such as Confocal Microscopy, Scanning 

Electron Micrograph and Real Time Lapse 

Video Microscopy etc. 

Roberta et al. (2006) and Dutta et al. (2010) 

have shown that TM doped and surface 

modified nano particles of ZnO exposure to E 

coli results sever morphological defects in the 

membrane and increase permeability of the 

nano particles resulting in higher 

internalization.  Similarly Gugang et al. (2009) 

have shown that nanoparticles of copper also 

results in subtle morphological changes along 

with antimicrobial properties against 

Escherichia coli.  

Shailendra Mishra (2009) have shown that 

While bacillus species shows distinct 

morphological change in the form of formation 

of cage like structures, Arthrobacter instead 

produces excessive Exo-Polysaccharide (EPS) 
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for the same.  

Ackerlev et al. (2006) have shown that 

Escherichia coli K12 experiences a stress 

condition when exposed to chromate. Within 3 

hrs of chromate exposure the cells tend to 

show filamentous morphology.  

In our study we find definite changes in the 

length and breadth of the cells when exposed 

to first transition series compounds. While 

Vanadium, Copper and Zinc shows very 

slightly change in width but moderate change 

in length, Chromium, Manganese, Cobalt, Iron 

and Nickel showed both changes in width and 

length. At very high concentrations of iron 

there was a tendency to become filamentous. 

Comparably large cells can be observed in both 

Gram staining slides as well as Scanning 

Electron Micrographs. 

Ezaka and Anyanwu (2011) have reported 

Chromium VI bacterial cell isolated from 

sewage. They have shown chromium tolerant 

Escherichia coli, Staphylococci, Bacillus, 

Pseudomonas and Micrococcus which could 

tolerate up to 200µgm/ml and above 

concentration of chromium. Chromium tolerant 

bacteria have also been reported from 

industrial applicants and contaminated soils by 

other workers (Shakoori A. R. et al., 1999 and 

Linna Ma et. al., 2011). 

Olukoya et al. (1997) have listed large number 

of bacterial species including Bacillus, 

Pseudomonas, Escherichia coli, Klebsiella and 

Salmonella that could tolerate many heavy 

metals including mercury, lead, zinc, cobalt. 

Enteric bacteria particularly Escherichia coli is 

known to show copper resistance. Williams, 

(1993) have reported copper tolerant 

Escherichia coli, Salmonella and Citrobacter. 

Escherichia coli K 12 strain showed resistant 

level up to 18 millimolar of CuSO4. 

All the first transition series compounds under 

study showed oligodynamic action as they 

inhibited the growth Escherichia coli at very 

low concentration of 0.2 µgm / ml of the 

compounds. The Newman keuls multiple 

comparison tests performed under one way 

Annova shows no significant difference in the 

oligodynamic action at p value less than 0.05.  

when the test culture was compared with the 

EC- Ref strain ATCC 8739 using student t test 

all the 8 compounds there was no significant 

difference found between them suggesting 

there by that the oligodynamic action on test 

and reference strain are identical.  

Philip et al. (1950) have shown that when 

intercellular magnesium is low the uptake of 

these metal ions increases resulting in the 

inhibition of the Escherichia coli growth. 

Increased concentration of magnesium 

however reduces the uptake of these metals 

resulting in lowering of the inhibition effect. 

Since, in our case the cells were grown in the 

medium containing uniform amount of 

magnesium, which is not very high, therefore 

the uptake of these metals must be fairly high 

resulting in decreased growth or complete 
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inhibition at very high level as can be seen from Fig 1. 

 

Sr. No. Property Observations Sr. No. Property Observations 

Morphology Sugar Test 

1 Gram Reaction Gram Negative Small Rods 

Coccobacillary 

10 L-Arabinose 
A 

2 Motility Sluggishly Motile 11 Lactose 
A/G 

Cultural 12 Maltose 
A 

3 EMB Colonies with profuse green 

metallic sheen 

13 
D-Mannose 

A 

4 McConkey’s Agar Pink colour colonies 14 D-Manitol 
A/G 

5 Nutrient Agar Pin Headed colonies 15 D-Sorbitol 
A 

 16 D-Xylose A 

IMViC  Test Enzyme Production 

6 I + 17 H2S Production - 

7 MR + 18 Urea hydrolysis - 

8 VP - 19 Phenyl Alanin 

deaminase 

- 

9 Citrate - 20 Lysine 

decarboxylase 

+ 

   21 Lipase - 

   22 ONPG + 

   23 OF Test F 

 

 

 

 

 

 

 

 

 

 

 

 

         

Compounds 0.2µgm/ml 2.0µgm/ml 20µgm/ml 200µgm/ml 2000µgm/ml 20000µgm/ml 

Vanadium pentoxide 0.054µmol 0.54µmol 5.4µmol 54.0µmol 540.0µmol 5400.0µmol 

Chromium nitrate 0.024 µmol 0.24 µmol 2.4µmol 24.0 µmol 240.0 µmol 2400.0 µmol 

Mangnous acetate 0.040 µmol 0.40 µmol 4.0 µmol 40.0 µmol 400.0 µmol 4000.0 µmol 

Ferric oxide 0.062 µmol 0.62 µmol 6.2 µmol 62.0 µmol 620.0 µmol 6200.0 µmol 

Cobalt chloride 0.042 µmol 0.42 µmol 4.2 µmol 42.0µmol 420.0 µmol 4200 µmol 

Nickel nitrate 0.034 µmol 0.34 µmol 3.4 µmol 34.0 µmol 340.0 µmol 3400.0 µmol 

Cupric sulphate 0.040 µmol 0.40 µmol 4.0 µmol 40.0 µmol 400.0 µmol 4000.0 µmol 

Zinc sulphate 0.034 µmol 0.34 µmol 3.4 µmol 34.0 µmol 340.0 µmol 3400.0 µmol 

Table 1: Characterization of Escherichia  

               coli EC-Test organism 

Table 2  
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EC- Test Before exposure (Control)

Scanning Electron Photomicrograph:

     EC-Test Exposed to Vanadium at X

           Bhandari et al. 
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Gram staining 

         

Test Before exposure (Control)   EC-Test Exposed to Ferrous at 200µgm/ml

Fig:  1  

Scanning Electron Photomicrograph: 

 

Control EC7 Test   

 

           

Test Exposed to Vanadium at X-5000      EC- Test Exposed to Chromium at X

Fig: 2 continued next page 
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Test Exposed to Ferrous at 200µgm/ml 

 

Test Exposed to Chromium at X- 7500 
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               EC-Test Exposed to Manganese at X-7500      EC- Test Exposed to Ferrous at X-7500 

                 

                EC-Test Exposed to cobalt at X-5000      EC-Test Exposed to Nickel at X-7500 

            

               EC- Test Exposed to Copper at X-5000            EC- Test Exposed to Zinc at X-5000 

Fig. 2  

 

       Zone of inhibition

0

2

4

6

8
0.2µgm/ml

2µgm/ml

20µgm/ml

Graph 1: Effect of First transition series metal    

         compounds on growth of EC-Test 
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