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Abstract 

Over the past three decades heavy metal pollution has increased substantially in Cochin estuary, 

south west coast of India. Here we studied the distribution, diversity and enzyme expression profile 

of culturable microbial population along a pollution gradient. The distribution of metal resistance 

against 5mM concentration of Zn, Co, Ni and Cu was observed among 90 – 100 % of bacterial 

isolates retrieved from highly polluted Eloor, whereas it was less than 40 % in Vypin and 

Munambam. Similarly, there was a difference in the distribution and diversity of bacterial phyla with 

predominance of Proteobacteria in Eloor and Firmicutes in Munambam and Vypin. We observed that 

75 – 100 % of the organisms retrieved from Eloor had low levels and frequency of expression for 

amylase, protease, gelatinase and lipase. The difference in enzyme expression profile was more 

prominent among the bacteria isolated from sediment. In conclusion, the heavy metal pollution in 

Cochin estuary  brought in reduction/adaptation in the distribution, diversity and enzyme expression 

profile of bacteria, which may impart adverse impacts on ecosystem functioning.  
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1. Introduction 

Microorganisms have been exposed to varying concentrations of heavy metals presumably since 

the beginning of life (Silver and Phung, 1996; Martinezet al., 2009), and have  sustained by 

maintaining a homeostasis between the available metal concentration and microbial physiology 

(Hantke, 2001; Kosolapovet al., 2004; Bonget al., 2010). However,  in a contaminated environment, 

the elevated concentrations of heavy metal impinge the conformational structures of nucleic acids 

and proteins, and consequently form complexes with molecules, which render them inactive (Bong, 

et al., 2010). For example, at millimolar concentrations, Zn ions bind with the cell membrane of 

bacteria and interfere with cell division (Nies, 1999; Silver and Phung, 2005) in spite of being a 

micronutrient (Wilson and Reisenauer, 1970). 

Effect of heavy metal pollution on the diversity and dynamics of microorganisms in marine 

environment is a topic of growing environmental concern as it has direct and long lasting impact on 

ecosystem functioning and are not easily degradable (Valsecchiet al., 1995; Bong, et al., 2010).  

Recently, the anthropogenic contribution of heavy metals to estuarine environment has increased 

significantly through the discharge of industrial and domestic wastes (Balachandranet al., 2006; 

Nairet al., 2006; Noah and Oomori, 2006). In general, heavy metal pollution causes unintended 

alterations in the functioning of marine ecosystems directly or indirectly. The direct impact of heavy 

metal pollution on microbial ecosystem includes the alterations in the physiology, diversity and 

abundance of microorganisms, which indirectly affect the biogeochemical cycles and ocean 

productivity (Haferburg and Kothe, 2007; Chakravarty and Banerjee, 2008; Hoostalet al., 2008; 

Bong, et al., 2010). Hydrolytic enzymes secreted by bacteria are of much importance in marine 

environment for the processing of polymeric and particulate organic matter to dissolved organic 

matter and facilitating further passive transportation across the cell membrane of bacteria (Chrost 

and Rai, 1994; Bong, et al., 2010). Heavy metal pollution exerts a selective pressure on microbial 

community leading to the emergence of resistant strains with apparent reduction in the extracellular 

enzyme activity of that particular ecosystem (Silver, 1984 ; McGrathet al., 2001; Lasat, 2002; Liet 

al., 2006; Souzaet al., 2006; Wanget al., 2007). Such inhibitory effects of Cd, Zn,Ni and Co on 

expression of bacterial nitrous oxide reductase enzyme were reported, which may lead to the 

accumulation of potent green house gas N2O and thus contribute indirectly to global warming 

(Dickinson and Cecerone, 1986; Minagawa and Zumft, 1988; Sobolev and Begonia, 2008; Haferburg 
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and Kothe, 2010). In addition, the biomagnification of heavy metals may cause chronic and acute 

ailments in human beings (Förstner and Wittmann, 1979).Therefore, the heavy metal pollution and 

subsequent effect on estuarine microbial diversity and function are of important topics of research.  

Like most estuaries, the anthropogenic contribution of heavy metals has increased significantly in 

Cochin estuary over the past three decades through the discharge of industrial and domestic wastes 

(Balachandranet al., 2005; Balachandran, et al., 2006; Nair, et al., 2006). In the present study we 

assessed the effect of heavy metals, Zn, Cd, Hg, Ni, Cu and Co, on the distribution and diversity of 

culturable bacteria along a pollution gradient in Cochin estuary. We also investigated the effect of 

heavy metals on the extra-cellular enzyme profile of bacterial isolates.  

2. Materials and Methods 

2.1 Description of the study area and sampling 

Cochin estuary extends from Thanneermukkam bund in the south to Azhikode at the north (90 30’ 

– 100 12’N and 76010’- 760 29’E). It covers an estimated length of ~60 km and an area of ~21050 ha. 

It is connected to the Arabian Sea at two locations, Fort Cochin (9O 58’N) and Azhikode (10O 10’N) 

(Balachandranet al., 2008). And functions as a repository for effluents from more than 240 industries 

on the banks of river Periyar, the characteristics of which include fertilizer, pesticide, radioactive 

mineral processing, chemical and allied industries, petroleum refining and heavy metal processing 

and fish processing (Thyagarajan, 2004). In order to assess the effect of heavy metal on bacterial 

parameters, three stations lying between the effluent discharge point and bar mouth of Cochin 

estuary were selected. The positions of the sampling stations, Eloor, Vypin and Munambam are 

shown in Figure 1. Eloor, designated as a grossly polluted station in this study, is at an intersection 

where river Periyar carrying industrial effluents join the Cochin estuary. Vypin is situated near the 

Cochin bar mouth and is designated as least polluted station. Munambam is an intermediately 

polluted station. 

Sediment and water samples were collected from each station employing Van Veen grab and 10 

L capacity Niskin water sampler respectively. For microbiological analysis, multiple samples of 

water and sediments were removed aseptically in to sterile polypropylene bottles and maintained at 

4O C until further analysis. Samples for chemical analysis were collected avoiding contamination 



   

5 

 

from all possible sources. Sediment samples were sealed in plastic bags and frozen till analysis. All 

samples were transported in an ice chest to the laboratory for further analysis. 

2.2 Metal analysis of sediment and water samples 

One gram of dried and finely powdered sediment samples were digested repeatedly with HF-

HClO4- HNO3, suspended in 0.5 M HCl (25 mL) and analyzed for Zn, Cd, Hg, Ni, Cu and Co  using 

inductively coupled plasma atomic emission spectrometer (ICP-AES) following the standard 

protocol (Loring and Rantala, 1977). Known volumes of water samples were filtered through pre–

weighed Millipore filter paper (0.45 μm) and the filtrate was acidified using concentrated 

hydrochloric acid. The dissolved metals were extracted using Ammonium Pyrrollidine 

Dithiocarbamate (APDC) and Methyl Isobutyl Ketone (MIBK) at pH 4.5 and brought back to 

aqueous layer by back-extraction with concentrated nitric acid and made up to 20 mL with sterile de-

ionized water (Smith and Windom, 1972). The extracts were analyzed in the flame for dissolved 

trace metals. 

2.3 Isolation and Identification of bacteria 

 Culturable bacteria present in sediment and water were retrieved on Nutrient agar (Hi-Media 

laboratories Pvt. Ltd, Mumbai, India) and Peptone Yeast extract and Trypton medium (PYT80) 

(Konopka and Zakharova, 1999) following standard microbiology protocols. Nutrient agar is a rich 

medium which supports the growth of fast growing microorganisms whereas PYT80 medium 

facilitates the growth of slow growing metal resistant bacteria. A total of 232 morphologically 

different isolates were purified and preserved in 20 % glycerol for further studies. The bacterial 

isolates were subjected to morphological and biochemical tests viz Pigmentation, oxidase, catalase, 

MRVP, Carbohydrate utilization, MOF, antibiotic sensitivity, indole and O/129 sensitivity etc.  

(Gerhardtet al., 1981) and identified following the scheme of Oliver and Smith (1982). The 

identification was further confirmed by Microbial Identification System (MIS) operating manual 

(MIDI, USA). Briefly, the whole cell fatty acids of the bacteria were extracted and methylated  

according to MIDI protocol  and  analyzed using gas chromatography system (Agilent GC 6950) and 

the peaks were compared with the library of Sherlock v6 (MIDI , USA). Previous studies have 

shown that more than 90 % identification of bacteria by fatty acid profile is in accordance with 16S 
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rRNA gene sequencing method at genus level and more than 70 % at species level (Osterhoutet al., 

1991; Tanget al., 1998).  

2.3. Screening of Metal resistance 

Bacterial resistance to heavy metals was examined by the plate diffusion method (Hassen et 

al., 1998). The glassware were leached in 2 N HNO3 and rinsed several times with sterile de-ionized 

water before use to avoid metal contamination. A volume of 500 μl of solution containing a final 

concentration of 5 mM metal salt (ZnSO4.7H2O, HgCl2, CoCl2.6H2O, CdCl2, CuSO4.5H2O, NiCl2) 

was poured in to the central well of PYT80 plates and was incubated at 28+2°C for 24 hours to allow 

diffusion of the metal into the agar. Six strains of bacteria were streaked in a radial fashion on each 

plate and incubated for seven days at 28 ± 2 °C. All the experiments were done in triplicate and the 

bacteria which showed visible growth in seven days were counted as metal resistant.  

2.4. Enzyme assays 

The isolates were tested for amylase, gelatinase, lipase, and protease following the protocol 

described by Simbert and Krieg (1981). Isolates were spotted on nutrient agar medium containing 

different substrates, and the enzyme expression profile was measured as the function of the ability of 

individual microorganisms to produce clearing zones. 

2.5. Statistical analysis  

Shannon diversity index (H’) was used to assess the diversity and richness of microorganisms 

(Shannon and Weaver, 1949). Student’s t-test was used to assess the differences at p<0.01 (Bailey, 

1995).  

3. Results and Discussion  

3.1. Heavy metal pollution in Cochin estuary 

The concentration of heavy metals in water and sediment samples is presented in table 1. Here, 

we observed 2758 mg Kg-1 Zn in sediment samples collected from Eloor region, which is 

approximately 2.5 times higher compared to values recorded from previous observations. The heavy 

metal concentration was higher in all sediment samples than respective water samples. Eloor with its 
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close geographical location to the industrial belt of Cochin receives higher concentrations of heavy 

metals. The major pollutant in Eloor was Zn with 2758 mg Kg-1 and 1159 mg L-1 in sediment and 

water respectively. Nickel with 259 mg Kg-1 and 123 mg L-1 respectively, in the sediment and water 

was the second major pollutant observed in Eloor region.  Vypin, which lies outside the reception 

point of industrial discharge, was found to be the least polluted station with no detectable 

concentrations of heavy metals except 16 mg Kg-1 Co in the sediment. The water samples collected 

from Vypin was relatively unpolluted with all the heavy metals below detectable limits. Munambam 

was the intermediate region with 290 mg Kg-1 Zn and 109 mg Kg-1 Ni as the major pollutants in the 

sediment. Considering the concentration of all metals, the gradation of pollution at the stations were 

Vypin < Munambam < Eloor. It is clear  that heavy metal pollution has proliferated substantially 

during the past three decades in Cochin estuary (Balachandran, et al., 2005; Nair, et al., 2006). 

During the period of 1976 - 2000, Zn concentration in sediments of Cochin estuary has increased 

from 70 to 1266 mg Kg-1 (Venugopalet al., 1982; Balachandran, et al., 2006). If left unchecked, the 

harmful effects of these heavy metals in the environment would be permanent and irreversible. 

  3.2 Effect of heavy metal pollution on the distribution and diversity of culturable bacteria 

 Percentage variation in the distribution of culturable bacteria in water and sediment is given 

in table 2. With increase in heavy metal concentration, it was observed that the percentage of 

Proteobacteria increased irrespective of water or sediment. It was observed that Proteobacteria 

dominated in Eloor with 78.3 and 88.9 % in water and sediment respectively. Among the 

Proteobacteria thirteen genera were recovered from the study area (Table 3). The high dominance of 

Protoebacteria may be facilitated by an array of metal transport systems which was reported earlier 

by genome analysis (Nakagawaet al., 2007). These highly specific efflux pumps assist gram negative 

bacteria to regulate their intracellular metal concentration even if they are not specialized to grow in 

the presence of high concentrations of heavy metals (Martinez, et al., 2009). Increased level of 

expression of genes encoding efflux proteins has been observed when a P. aeruginosa without any 

previous exposure to heavy metals was subjected to  heavy metal shock (Teitzelet al., 2006; 

Martinez, et al., 2009). Inova et al observed high resistance of Proteobacteria isolated from different 

marine sources against heavy metals (Ivanovaet al., 2001). In the case of Firmicutes it was observed 

that the percentage distribution of phyla was higher in water compared to sediment (Table 2). 

Percentage distribution of Firmicutes was 3-4 times less in Eloor compared to the other two stations. 
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Similarly, diversity of Firmicutes was less in Eloor with Staphylococcus gallinarum and Bacillus 

pumilus as the only isolates retrieved, whereas 10 species were retrieved from water sample of 

Vypin.   Shannon index showed decrease from 3.09 to 2.66 between sediment samples of Vypin and 

Eloor (p<0.01), which indicates that the heavy metal had influenced the richness and evenness of 

bacterial diversity.  

3.3 Effect of metal pollution on enzyme expression profile 

  Heavy metal pollution is a major environmental concern which may influence the bacterial 

activity and productivity in a system through inhibiting the expression of hydrolytic enzymes (Dell' 

Annoet al., 2003). Figure 2 shows the histogram of hydrolytic enzyme expression in bacterial 

isolates from water and sediment samples. The enzyme expression profile was measured as the 

function of the ability of individual microorganisms to produce clearing zones in substrate enriched 

solid media. Microorganisms are classified based on the diameter of clearing zones into low (0-10 

mm diameter), medium (10-20 mm diameter) and high (>20 mm diameter) expression classes. It was 

observed that 75 – 100 % of the organisms retrieved from water and sediment samples of Eloor 

region had low expression profile of amylase, protease, lipase and gelatinase enzymes. It is 

significant to note that ~40 % of the organisms isolated from sediment of Vypin had high protease 

enzyme expression profile and 25 – 35 % of isolates have high expression profile for amylase, lipase 

and gelatinase enzymes. This variability in enzyme expression profile may be either due to 

suppression of the enzyme expression of certain enzyme of same bacteria in different stations or the 

heavy metal actually selected different bacteria with different enzymatic degradation capability. It 

was interesting to note that same species of bacteria isolated from pollution gradient has different 

enzyme expression profile (Supplementary data Table S1). P. aeruginosa and B. pumilus were 

selected as candidate strains considering their presence in all the study areas. P. aeruginosa and B. 

pumilus isolated from sediment samples of Vypin produced a protease activity of 22 mm diameter 

each, whereas the same organisms isolated from Eloor could produce only 8 and 6 mm diameter 

clearing zone respectively.  It is known that enzymatic hydrolysis of large dissolved and particulate 

organic matter to micromolecules of less than 600 Da is the vital process in sustaining primary 

productivity in marine environment (Weisset al., 1991; Hoppeet al., 2002; Yamada and Suzumura, 

2010). Therefore, we assume that the reduced enzyme expression profile of microorganisms in Eloor 

may adversely influence the hydrolysis of large organic matter and may further results in poor 
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cycling of organic nutrients. However, further studies integrating the molecular and biochemical 

tools are required to explain the correlation between heavy metal induced repression of microbial 

enzyme profile and productivity in Cochin estuary.  

3.4 Bacterial resistance to metals 

Figure 3 shows the percentage of bacterial isolates resistant to heavy metals Zn, Cd, Hg, Ni, Cu 

and Co. A significant population of the bacterial isolates retrieved from sediment and water samples 

of Eloor region exhibited resistance against all the metals used in the present study. Microbial 

communities have been used to reveal the long-term consequences of heavy metal contamination. A 

direct relationship was observed between environmental metal concentration and microbial 

community tolerance (Diaz-Ravinaet al., 1994; Pennanenet al., 1996; Lock and Janssen, 2005). Thus 

metal resistance among the bacterial isolates is a direct indication of the exposure of microbial 

population to heavy metals.  It is observed that 90 – 100 % of the bacteria retrieved from Eloor 

region are resistant to 5mM concentration of Zn, Co, Ni and Cu, 50 – 60% to Cd and 20-30 % to Hg. 

The resistant population was restricted to below 20 % in the sediment and water of less polluted 

Vypin and less than 30 % in Munambam with an intermediate status of pollution. Mercury resistance 

was not observed in bacterial isolates from both Vypin and Munambam. Number of isolates resistant 

to metals was high in the sediment compared to water. This increase might be due to the continuous 

accumulation of heavy metals in the sediment. It is evident from this study that the heavy metal 

pollution in Eloor region might have propagated the evolution of a microbial population highly 

resistant to heavy metals. It is interesting to note that 20 – 30 % of the microbes retrieved from both 

sediment and water samples of Eloor exhibited resistance to Hg, a heavy metal which was not 

detected in any of the samples analyzed. This may be due to the ability of the same microorganism to 

be resistant to one or a group of heavy metals (Silver and Phung, 1996; Barkayet al., 2003; Deet al., 

2003) or the natural flora is adapted to Hg resistance (Ramaiah and De, 2003). It was demonstrated 

earlier that the efflux pumps of gram negative bacteria are not specified for a particular compound, 

rather the same pump can function for extruding excess concentrations of any heavy metals or 

antibiotics or other compounds which are toxic to bacteria (Silver and Phung, 1996; Ramoset al., 

2002; Pumbweet al., 2007; Martinez, et al., 2009). 
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4. Conclusion 

The present study concludes that in Cochin estuary the heavy metal accumulation has resulted in 

reduction/adaptation of bacterial distribution, diversity and enzyme expression profile and this is 

proportionate to the extent of pollution. Therefore, the heavy metal pollution and emergence of 

resistance strains in Cochin estuary is an environmental problem which demands immediate attention 

as it could have long term influence on estuarine as well as human health. 
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7. Tables 
 
Table 1. Concentration of heavy metal pollutants in the water and sediment samples collected from 

different sampling locations of Cochin Estuary (BDL – Below detectable limit) 
  

Heavy 

Metals 

Concentration in Water samples

(mg L–1) 

Concentration in Sediment samples

(mg Kg –1) 

Vypin  Munambam  Eloor  Vypin  Munambam  Eloor 

Zn  BDL  80  1159  BDL  290  2758 

Cd  BDL  BDL  50  BDL  27  164 

Hg  BDL  BDL  BDL  BDL  BDL  BDL 

Ni  BDL  56  123  BDL  109  259 

Cu  BDL  BDL  97 BDL 42 145

Co  BDL  21  50 16 80 114

 

Table 2. Percentage variation in the distribution of culturable bacteria isolated from water and 

sediment samples of Vypin, Munambam and Eloor (ND-Not detected) 

Phylum Water  Sediment  

 Vypin Munambam Eloor Vypin Munambam Eloor 

Proteobacteria 30.0 30.8 78.3 50.0 47.6 88.9 

Firmicutes 65.0 61.5 17.4 38.5 38.1 11.1 

Actinobacteria 5.0 00 4.3 3.8 9.5 ND 

Bacteriodetes ND 7.7 00 7.7 4.8 ND 
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Table 3. Diversity of culturable bacteria of water and sediment in the Cochin estuary 

Bacterial species        Water                     Sediment   

  Vypin  Munambam Eloor  Vypin  Munambam  Eloor 

Proteobacteria             

Acinetobacter baumanni  ‐  +  ‐  +  +  ‐ 
Chromobacterium violaccum  +  ‐  +  ‐  _  ‐ 
Citrobacter koseri  ‐  ‐  ‐  +  ‐  ‐ 

Comamonas acidovorans    ‐  ‐  +  +  ‐  + 
Comamonas testosterone  ‐  +  +  +  ‐  + 

Kluyvera ascorbata   +  ‐  ‐  +  +  ‐ 

Listonella anguillarum    +  ‐  +  +  +  + 
Proteus mirabilis  ‐  ‐  ‐  ‐  +  + 
Pseudomonas aeroginosa  +  +  +  +  +  + 
Pseudomonas huttiensis   ‐  +  +  +  +  + 
Serratia marcescens   ‐  ‐  +  +  ‐  + 
Shewanella pute faciens   ‐  ‐  +  +  ‐  + 
Vibrio cholera   ‐  ‐  +  ‐  +  + 
Vibrio furnissi  +  ‐  +  ‐  +  + 
Xanthomonas arboricola‐pruni   ‐  ‐  +  +  ‐  + 
Yersinia pseudo tuberculosis    ‐  ‐  +  +  ‐  + 
Firmicutes 
Bacillus cereus   + ‐ ‐ + ‐  ‐
Bacillus filicolonicus   +  +  +  +  ‐  ‐ 
Bacillus marinus   +  +  ‐  ‐  +  ‐ 
Bacillus mycoides   +  +  ‐  +  +  ‐ 
Bacillus oleronius   + + ‐ ‐ +  ‐
Bacillus pumilus   +  +  +  +  +  + 
Bacillus sphaericus   +  +  ‐  +  ‐  ‐ 
Bacillus sp  +  ‐  ‐  ‐  +  ‐ 
Exigno bacterium acetylicum   ‐ ‐ ‐ + ‐  ‐
Paenibacillus larvae pulvifaciens   +  ‐  ‐  +  ‐  ‐ 
Staphylococuus gallinarum   +  ‐  +  ‐  ‐  + 
Actinobacteria             

Cellulomonas turbata  +  ‐  +  +  +  ‐ 
Bacteriodetes             
Myroides odoratus  ‐  +  ‐  +  +  ‐ 
Shannon H�  2.788  2.458  2.774  3.087  2.692  2.66 

 

 

 



 

Supplementary data 

Table S1. Comparison of the enzyme profile of metal resistant Pseudomonas aeruginosa and 
Bacillus pumilus isolated from different sampling sites 

 
Bacterial sp. Enzymes Enzyme activity measured as diameter of  clearing zone (mm) 

  Vypin Munambam Eloor 

  Water Sediment Water Sediment Water Sediment 

Pseudomonas 

aeroginosa 

Amylase 10 13 15 17 7 06 

Protease 14 22 12 20 10 08 

Lipase 09 11 08 09 00 00 

Gelatinase 13 18 12 18 00 00 

        

Bacillus 

pumilus 

Amylase 16 23 11 20 08 07 

Protease 18 22 19 25 10 06 

Lipase 09 12 07 12 00 00 

Gelatinase 00 00 00 00 09 07 
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8. Figure captions 

Figure 1. Map showing study area and station locations  

Figure 2. Histogram showing the percentage distribution of hydrolytic enzyme expression profile (± 

SD) of culturable bacteria isolated from (A) water and (B) sediment. Low represents 0 -

10mm, medium 10 –20mm and high >20mm of clearing zone in media 

Figure 3. Percentage of metal resistant bacteria isolated from water (A) and sediment (B) samples of 

Vypin (blue), Munambam (red) and Eloor (Green) 
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