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Abstract  

Continuous exposure of Escherichia coli to 

increasing concentrations the compounds of 

first transition series results in the development 

tolerance. The level of tolerance, however, is 

not identical for all the compounds under 

study. Manganese, Nickel and Zinc compounds 

showed lesser tolerance in comparison to other 

metals of the series. The percent inhibition of 

growth was usually more than 90% at the 

exposure of 2x104 µgm/ml of the compounds 

of all the metals. Distinct changes in size and 

shape occurs in the tolerant varieties of E. coli 

which can be visualized using SEM. 
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Introduction 

The role of many elements of first transition 

series elements in growth and metabolism is 

well documented. Cu, Zn, Mn are known to 

form metalloenzymes that are almost essential 

for their survival. Fe2+ ions are also required in 

trace amounts by most bacteria for their 

growth. The stress responses of the members 

of first transition series has not been done in 

totality. 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 also not 

completely clear. 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). 

Luli, et al., 1983 have reported hexavalent 
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resistant bacteria, which could tolerate 250 

µgm of Chromium VI per ml. K. Sundar et. al., 

2010 have reported high chromium tolerant 

bacterial cell from Palar river basin. Ezaka E 

and Anyanwu C.U. 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). 

Materials and Methods 

 Isolation and characterization: 

Escherichia coli was isolated from sewage 

of Nag- Nallah Nagpur on nutrient, EMB 

and McConkey’s agar. The isolates were 

confirmed by conventional source tracking 

technique including morphological, cultural, 

biochemical and enzymic characterization.  

 First Transition Series compounds 

Vanadium pentoxide, Chromium nitrate, 

Mangnous acetate, Ferric oxide, Cobalt 

chloride, Nickel nitrate, Cupric sulphate and 

Zinc sulphate were prepared in the 

concentration range of 0.2µgm/ml, 

2.0µgm/ml, 20µgm/ml, 200µgm/ml, 

2000µgm/ml, and 20000µgm/ml in sterile 

distilled water and sterilized by membrane 

filtration.  

 Development of tolerance:  

Escherichia coli were grown in 10 ml of 

sterile nutrient broth supplemented with 1 

ml of above solutions separately for each 

compound and dilution. The tubes were 

incubated at 370C +-20C, for 24 hours and 

an aliquot of the culture after 24 hour 

exposure was spread on nutrient agar plates 

for isolation of salt tolerant Escherichia coli 

by incubating the plates at 370C+-20c for 

24 hrs. The colonies were then subjected to 

tolerance studies.  

 Tolerance studies:  

After developing proper inoculum size the 

cells were exposed to prolonged exposure 

for 6 days at high concentrations. The 

viability was tested by Nephelometric and 

sterility test. 

 Scanning Electron Microscope:  

The tolerant cells were grown exponentially 

and harvested by centrifugation at 1000g for 

30 min. the pellets were then processed for 

SEM as per the method of Klainer 1970. 

Results and Discussion 

Escherichia coli isolated from sewage sample 

were subjected to confirmation. These cells 

were grown in 10 ml of nutrient broth 

supplemented with 1 ml of the different 

concentrations of compounds and grown for 24 
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hours at 370C+-20C. The aliquots were spread 

on nutrient agar plates and isolated colonies 

were obtained. These colonies were picked 

aseptically and grown in nutrient agar medium 

supplemented with the concentration of 

respective compound to which they showed 

tolerance. These organisms were continuously 

maintained in that concentration for further 

study. The organisms were first grown in 100 

ml of sterile nutrient broth supplemented with 

the respective compound at highest tolerant 

concentration and incubated at 370C ± 20C for 

6 days, at every 24 hrs interval 3 ml aliquot of 

the culture was removed aseptically and OD 

was measured at 600 nm. Some salts showed 

steady decline in the optical density within two 

days of incubation and by the end of 6th day 

there were hardly any viable cultures. However 

other salts continue to show growth with 

steady rise in optical density up to 6 days. Out 

of the eight elements Vanadium, Chromium, 

Iron, Cobalt and Copper tolerant organisms, 

showed continuous tolerance, whereas the 

organisms showing tolerance against 

Manganese, Nickel and Zinc showed a very 

high degree of variance and on repeated 

exposure, to the salts they lost the tolerance 

and become susceptible. The viability of the 

culture was ascertained by taking a loop full of 

culture from the 6th day flask and sticking 

them on sterile nutrient agar plates. These 

plates are incubated at 370C ± 20C for 24 hours 

and observed for colony formation after 24 hrs. 

The results are shown in Table 1 and 2. 

The organisms which were viable at 

0.2µgm/ml were taken out and grown in fresh 

nutrient agar media for 6 days. 100 ml of 

sterile nutrient broth was supplemented with 

20 to 2000µgm/ml in different flask and they 

were inoculated with 1 ml aliquot from 0.2 

ugm/ml tube for each metal compounds. The 

flasks were then incubated at 370C ± 20C for 6 

days. After 6th day 5 ml culture was removed 

aseptically and percent inhibition was 

measured.  

Turbidity was measured at 600 nm using a 

nephelometer. The growth was recorded as 

Nephelometric Turbidity Unit or NTU. The 

percent inhibition was calculated as follows:   

 
The results are shown in Table 3 and Fig 1. 

After 6th day 1ml of culture was inoculated in 

to fresh sterile nutrient agar plates by spread 

plate technique, and plates were incubated at 

370C ±20C for 24 hrs. The tolerant organisms 

formed distinct colonies suggesting there by 

the presence of viable cells even after 6 days of 

exposure. 

The tolerant cells were grown exponentially in 

sterile nutrient broth and harvested by 

centrifugation at 1000g for 30 min. The 

scanning electron Micrography was performed 
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by Klainer 1970, and the variations in SEM are 

shown in Fig 2. 

Discussion 

We found comparatively large number of 

tolerant colonies of E. coli against vanadium, 

Chromium, Iron, Cobalt and Copper. Although 

many workers have reported Nickel tolerant E. 

coli but our strain was tolerant at lower 

concentrations but became susceptible at 

higher concentrations. Observation of tolerance 

of chromium, cobalt and copper is well 

documented (Luli et al., 1983, Sundar et al., 

2010, Ezaka, E. and Anyanwu, C.U. 2011, 

Shakoori, A. R. et al., 1999 and Linna et al., 

2011). 

Cobalt tolerant bacteria have been reported by 

many workers including cobalt tolerating E. 

coli Seidametova et al., 2004 and Olukoya, et. 

al., 1997. Enteric bacteria particularly E. coli is 

known to show copper resistance. Williams J R 

1993 have reported copper tolerant Escherichia 

coli, Salmonella and Citrobacter. Escherichia 

coli K 12 strain showed resistant level up to 18 

millimolar of CuSO4. 

Changes in the morphology and aggregation of 

cells due to stress condition of both physical 

and chemical nature has been reported. SEM 

has been used to visualize such changes 

(Dalton, et al., 1994), 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. 

We have found that exposure to any of the 

compounds of first transition series results in 

variations in length and breadth of Escherichia 

coli as can be seen from Fig 2. 

 
Compound No. of Tolerant colonies Qualitative Tolerance 

Vanadium 24 ++++ 

Chromium 32 +++ 

Manganese *4 + 

Ferrous 40 +++ 

Cobalt 24 +++ 

Nickel *5 + 

Copper 30 ++++ 

Zinc *5 + 

+ = Tolerance at low concentration but loss of tolerance at 2x104 µgm/ml. 

+++ = Moderately tolerant at 2x104 µgm/ml. 

++++ = Very high tolerance at 2x104 µgm/ml. 

 

Table 1: Isolation of tolerant varieties 
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Compound  0.2µgm/ml 2 µgm/ml 20µgm/ml 200µgm/ml 2000µgm/ml 20000µgm/ml 
Vanadium  26 22 48 60 80 92 
Chromium  28 32 43 62 84 94 
Manganese   24 36 38 42 81 94 
Iron  38 42 56 67 87 96 
Cobalt   31 37 48 68 87 95 
Nickel  36 42 51 65 85 94 
Copper  37 42 52 67 84 95 
Zinc  32 36 51 68 84 95 

 

 

 

Compound  Vanadium Chromium Manganese Iron Cobalt Nickel Copper Zinc 
0.2 µgm/ml 17 21 20 32 29 35 31 28 
2  µgm/ml 18 20 25 35 32 33 32 30 
20 µgm/ml 19 25 33 39 35 40 35 32 
200 µgm/ml 40 43 35 48 45 48 42 41 
2000µgm/ml 72 74 79 81 83 83 78 78 
20000µgm/ml 89 90 92 94 95 94 93 93 

N.B.: Values of percentage were rounded off to the nearest whole number as per standard practice 
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Table 2: Percent Inhibition of growth due to exposure of 
first transition series compounds to tolerant 
variety of Escherichia coli organism. 

Table 3: Percent inhibition of growth due to first transition   
               series compounds against EC-Test 

Fig. 1: Graph of Percent inhibition of growth due to first  
            transition series compounds against EC-Test 
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Control EC7 Test   

 

            
 

EC-Test Exposed to Vanadium at X-5000      EC- Test Exposed to Chromium at X- 7500 

          
 

          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: Scanning Electron Photomicrograph 
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