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Abstract 

Microorganisms are known to tolerate and accumulate a wide range of heavy metals which are the common pollutants of 

soil. The earthworms, being the significant inhabitants of soil, bio-accumulate the heavy metals, detoxify them and improve 

the quality of soil. The gut micro flora of earthworms has been known to perform important roles like de-nitrification (in 

nitrogen fixation) and production of degradative enzymes (for decomposition of organic matter). Endogeic earthworms are 

often exposed to various kinds of stress which in turn could have a profound effect on the micro flora of its gut. Zinc is one of 

the largest heavy metal pollutants of the soil. In this study, we investigated the effect of zinc stress on the microbial 

communities of the gut of endogeic earthworms –Pontoscolex corethrurus. The earthworms were subjected to zinc stress at 

increasing concentrations for a period of 15 days. Zinc had a deleterious effect on growth and development of the 

earthworms. It was observed that two bacterial species Aeromonas hydrophila and Bacillus cereus were selectively 

accumulated in the gut of earthworms that were exposed to metal stress when compared to the control earthworms. This 

study highlights the importance of association between earthworm and microorganisms with respect to bioremediation of 

soils contaminated with heavy metals. 
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Introduction 

Heavy-metals have an important role as trace elements in many 

biochemical reactions. At higher concentrations heavy-metal ions 

form complex toxic compounds in the cell. The heavy metals 

released into the environment accumulate throughout the food 

chain and pose a serious threat to the environment, animals and 

humans. Thus, heavy metal resistance is a general demand of 

every living cell. 

 

Zinc is one of the largest heavy metal pollutants of the soil. The 

free zinc ion in water is highly toxic to plants and animals like 

fish. When zinc enters the bodies of these fish; it leads to bio 

magnification through the food chain
1
. However, zinc is 

important in forming complexes such as zinc fingers in DNA and 

as a component in cellular enzymes
2
. Zinc is used in different 

industries for plating of iron and alloys such as brass. Zinc 

carbonate and zinc gluconate are used as dietary supplements and 

zinc chloride is used in deodorants. In humans, prolonged 

exposure of heavy metals such as cadmium, copper, lead, nickel, 

and zinc causes deleterious health effects
3
. Very high levels of 

zinc can affect the pancreas and the protein metabolism. 

Extensive exposure to zinc chloride can cause respiratory 

disorders
4
. 

 

Assessing pollutants in different components of the ecosystem 

can prevent risk to natural life and public health. Bio-monitoring 

schemes using indicator species to estimate the levels of 

contaminants in different parts of the ecosystem have been 

developed. The earthworms have been proved to be sensitive 

indicators of contaminated soils. They are eco-system engineers 

and have been involved in bioremediation for many years. 

Endogeic earthworms like Pontoscolex corethrurus are a major 

component of soil faunal communities in ecosystems of the 

tropics
5
. They bio-accumulate the heavy metals, detoxify them 

and improve the quality of soil 
6789

. The heavy metals are taken up 

by the earthworms either by immobilization in the cells of gut 

wall or by storing in waste nodules formed within body cavity or 

by excretion through calciferous glands
10

. 

 

Microorganisms have evolved various mechanisms to resist the 

heavy metal stress because of the selective pressure from the 

metals in the growth environment. Microorganisms are known to 

tolerate and accumulate a wide range of heavy metals which are 

the common pollutants of soil. They are ideally used in 

bioremediation because they have the enzymes that allow them to 

use environmental contaminants as food. The earthworms harbor 

millions of microbes in their gut. The gut micro flora of 

earthworms have been known to perform important roles like de-

nitrification (in nitrogen fixation) and production of degradative 

enzymes (for decomposition of organic matter)
11

. 

 
This study investigates the interaction between the endogeic 

earthworms Pontoscolex corethrurus and their gut microflora in 

uptake of heavy metals from the polluted soil samples. The effect 

of zinc stress on the microbial communities of the gut of endogeic 

earthworms was studied. The endogeic earthworms have been 

selected for the study because they live and feed in the mineral 

soil layers. Hence they are in constant contact with the polluted 

soil and are directly influenced by the presence of metal 
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pollutants in the soil which in turn could have a profound effect 

on the micro flora of their gut. 

 

Material and Methods 

Collection of Earthworms:  Earthworms (Pontoscolex 

corethrurus) were collected from the garden soil during the 

monsoons and maintained in big aerated containers 

(32x29x27cm) under normal conditions for a period of two 

weeks. Humus was prepared using soil and dried leaves for 

maintaining the earthworms in the laboratory under optimal 

conditions needed for their survival. To maintain uniform initial 

conditions in the gut, the gut of the earthworms was cleared by 

feeding them on wet filter paper for a period of 48 hours inside a 

box. 

 

Exposure of earthworms to heavy metal-zinc: Boxes 

(21x18x9cm) were filled with one kg of soil. Six earthworms of 

uniform size were weighed and introduced to increasing 

concentrations of zinc (0, 400, 800, 1600, 3200 and 6400 and 

13200 mg/kg dry wt. of soil) used as chloride salt (ZnCl2) for a 

period of 15 days. All the concentrations were maintained in 

triplicates. The soil without any addition of metal was used as 

control. The soil was covered with a thin layer of humus. The 

boxes were punched for adequate aeration. The earthworms were 

maintained with adequate moisture content (40%) and were 

regularly monitored for % weight gain/loss and mortality on 

days0, 3, 6, 10, and 15.  

 

Preparation of gut homogenate: The earthworms surviving the 

zinc treatment were used for preparation of gut homogenate to 

isolate the gut micro flora. They were surface sterilized by 

swabbing gently with 70% alcohol. The region below the gizzard 

(Intestine) was divided into three parts as anterior, middle and 

posterior parts of the intestine. Each gut portion was separately 

homogenized in two ml of sterile distilled water and centrifuged 

to obtain the supernatant. The supernatant was stored at 4°C and 

was used for further microbiological analyses. The gut 

homogenate of control earthworms was prepared similarly.   

 

Characterization of bacteria from the gut homogenate: The 

homogenate obtained was diluted 10-folds and 0.1 ml of diluted 

sample was spread plated on the nutrient agar plates. The plates 

were incubated in an inverted position at 37°C for 24h. Based on 

the physical characteristics the colonies which were 

morphologically distinct were further streaked to obtain pure 

cultures. The pure cultures were characterized based on their 

physical characteristics and using different biochemical assays 

like Gram Staining, IMViC Test, Catalase test, Oxidase test, 

Urease test, Nitrate reductase test and Sugar fermentation assays 

for the identification of the species
12

.The microbes isolated from 

the gut of earthworms subjected to metal treatment were 

compared with the gut micro flora of control earthworms to 

identify the bacteria specifically harbored in the gut of 

earthworms subjected to zinc treatment. 

 

Ribotyping of the selected microorganisms using 16S rRNA 

typing technique: The various microorganisms that were 

selectively accumulated in the gut of metal (Zn) treated 

earthworms were identified using 16Sr RNA sequencing 

technique. This was done by outsourcing to a reputed company.  

 

Results and Discussion 

Effect of exposure of earthworms to zinc: Zinc had a 

deleterious effect on growth and development of the earthworms. 

All the earthworms that were introduced in the soil spiked with 

zinc salt, irrespective of its concentration, showed variation in 

their weights by day3. The earthworms exposed to concentration 

of Zn more than 1600mg/kg were found dead within 6 days table-

1. 

 

Table-1 

Effect of zinc on the earthworms Pontoscolex corethrurus 

 
Average  weight & percentage weight gain/ loss on the days 

0
th

 3
rd

 6
th

 10
th

 14
th

 

Concentration of salt ZnCl2 

(mg/kg of dry wt. of soil) 
g

a 
%

b 
g

a
 %

 b
 g

a
 %

 b
 g

a
 %

 b
 g

a
 %

 b
 

0 0.375(6) 100 0.490(6) +30.6 0.574(6) +53.0 0.436(6) +16.2 0.498(6) +32.8 

100 0.326(6) 100 0.481(6) +47.5 0.431(6) +32.2 0.437(6) +34.0 0.400(6) +22.6 

400 0.289(6) 100 0.324(5) +12.1 0.345(5) +19.3 0.318(5) +10.0 0.313(5) +0.08 

800 0.205(6) 100 0.257(6) +25.3 0.206(6) 0 0.205(6) 0 0.201(6) 0 

1600 0.197(6) 100 0.191(6) -0.03 0.212(5) +0.07 0.212(5) +0.07 0.197(5) 0 

3200 0.362(6) 100 0.343(1) -0.05 0 0 0 0 0 0 

6400 0.248(6) 100 0 0 0 0 0 0 0 0 

13200 0.217(6) 100 0 0 0 0 0 0 0 0 

a: Average weight of the earthworms alive on the day of observation. The number in parentheses indicates the number of the 

earthworms alive on the day of observation. 

b: Percentage change in the average weight of the earthworms compared to the 0
th

 day. 
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Table-2 

Labeling of boxes and their corresponding amount of the 

ZnCl2 

Concentration of salt Zn Cl2 

(mg/kg dry wt. of soil) 

Label 

0 C Zn 

100 Zn1 

400 Zn2 

1600 Zn3 

3200 Zn4 

6400 Zn5 

13200 Zn6 

 

Isolation and characterization of the gut bacteria: A dilution 

of the homogenate obtained from the earthworms was used for 

the isolation of the gut microbes. Upon spread plating, various 

colonies were observed as shown in figure-1 

 

 
Figure-1 

Colonies obtained after spread plating of the gut 

homogenate obtained from earthworms that survived the 

metal stress 

 

These colonies were physically characterized on the basis of 

various morphological features and were streaked to obtain pure 

culture and subjected to Gram’s staining. Depending upon the 

Gram’s nature and morphology of the micro organisms, they 

were subjected to a series of different biochemical tests. 

 

The results of the biochemical characterization of the bacterial 

colonies are displayed. Based on the biochemical 

characterization of the isolated bacterial cultures they were 

identified as shown in table 3. 

 

Table-3 

Bacteria identified in the gut of the earthworms under zinc 

stress 

Colony code
a 

Organism 

ZnCFG B.cereus* 

Zn1FG1 B.cereus* 

Zn1FG2 N.mucosa 

Zn1FG3 Aeromonas* 

Zn2FG1 B.cereus* 

Zn2FG2 Aeromonas* 

Zn2FG3 Aeromonas* 

Zn3FG1 Aeromonas* 

Zn3FG2 Aeromonas* 

Zn3FG3 Staphylococcus 

Zn4FG1 B.cereus* 

Zn4FG2 Staphylococcus 

Zn4FG3 Aeromonas* 

ZnCMG1 Aeromonas* 

ZnCMG2 Proteus 

ZnCMG3 Aeromonas* 

Zn1MG1 Aeromonas* 

Zn1MG2 Aeromonas* 

Zn1MG3 N.mucosa 

Zn2MG1 N.mucosa 

Zn2MG2 Staphylococcus 

Zn2MG3 Aeromonas* 

Zn3MG1 Aeromonas* 

Zn3MG2 B.cereus* 

Zn3MG3 N.mucosa 

Zn4MG1 N.mucosa 

Zn4MG2 B.cereus* 

Zn4MG3 Proteus 

ZnCHG1 Aeromonas* 

ZnCHG2 Aeromonas* 

ZnCHG3 Proteus 

Zn1HG1 Aeromonas* 

Zn1HG2 N.mucosa 

Zn1HG3 Proteus 

Zn2HG1 Aeromonas* 

Zn2HG2 Aeromonas* 

Zn2HG3 B.cereus* 

Zn3HG1 B.cereus* 

Zn3HG2 Aeromonas* 

Zn3HG3 Proteus 

Zn4HG1 B.cereus* 

Zn4HG2 B.cereus* 

Zn4HG3 Aeromonas* 

a: Colony ID : F-Foregut; M-Midgut; H-Hindgut; *: the 

organisms that were selectively accumulated under metal stress 
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As evident from the table-3, it is seen that a few of the 

microorganisms were retained only in specific regions of the 

gut. The bacteria specifically harbored in the gut of earthworms 

subjected to zinc stress were identified by comparing the 

microbes isolated from the gut of earthworms subjected to metal 

treatment with the gut micro flora of control earthworms. 

Aeromonas hydrophila and Bacillus cereus were found to be 

selectively accumulated in the gut of earthworms exposed to 

zinc stress. 

 

Ribotyping of the selected microorganisms using 16S rRNA 

typing technique: The results of 16S ribotyping confirmed the 

identity of microorganisms harbored in the gut of zinc treated 

earthworms as Aeromonas hydrophila and Bacillus cereus. 

 

Upon exposure to the heavy metals, the earthworms have shown 

enrichment of a few bacteria by harboring them in their gut in 

higher amounts than in control. The presence of these selective 

bacteria or enrichment of bacteria under stress conditions could 

imply their positive role in aiding the earthworm’s tolerance to 

the metal. This also indicates an association between the 

earthworms and the microorganisms to bio-remediate the toxic 

conditions created by heavy metals like zinc. 

 

Some strains of Aeromonas are enteropathogens possessing a 

range of virulence factors and some are also resistant to heavy 

metals
13

.A. hydrophila has broad metabolic capabilities 

including sulfate reduction and resistance mechanisms  against 

toxic compounds encountered in polluted waters
14

.Bacillus 

cereus has been reported to have tolerance to many heavy 

metals including nickel 
15

 and iron
16

. 

 

These differentially accumulated organisms may be present in 

the soil but there might not have been any interaction between 

the earthworm and these bacteria. Upon exposure to the metal, 

the organisms might have been taken up and retained by the 

earthworms that ultimately conferred them the resistance to the 

metal. Several bacteria are known for their tolerance to metals 

which is a result of various metabolism-dependant and –

independent processes enabling the metal accumulation. 

 

Presence of binding proteins like Metallothioneins (MTs) and 

Phytochelatins(PCs) may contribute for metal uptake which are 

under the control of genes that may get triggered on exposure to 

heavy metals
17

. Apart from these chromosomal gene products, 

there are several microorganisms that perform detoxification 

with the aid of genes present on the plasmids. 

 

Conclusion 

The observed changes in the bacterial communities of the 

earthworms could be used as an indication for the possible 

contamination of the soil areas, and the differentially 

accumulated bacteria could be used as bio-remediators to clean 

up the contaminated sites. However, further research on the 

extent of tolerance and mechanism of the tolerance of heavy 

metals by these bacteria has to be done before their probable use 

in bioremediation. This will help in the understanding of the 

organism’s capability of bioremediation and also throws light on 

the various methods that can be adapted to enhance the 

efficiency.  
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