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ABSTRACT 
Some heavy metals are essential trace elements, at high concentrations toxic to microbes by forming complex 

compounds within the cell. These are found increasingly in microbial habitats due to natural and industrial 

processes,  microbes having several mechanisms to tolerate the presence of heavy metals such as chromium, copper, 

zinc, Mercury, cadmium etc., The bacteria that are resistant to and grow on metals also play an important role in the 

biogeochemical cycling of those metal ions. Antibiotics are the broader group of antimicrobial compounds, used to 

treat infections caused by various microbes, fungi and protozoa. At present, resistance to these antibiotics by 

microbes has been increased. So, in order to discover new antibiotics, plants can be used as therapeutic agents. 

About 80% of populations from developed countries use traditional medicine, derived from the medicinal plants. 

The plant extracts and phytochemicals both with known antimicrobial properties of great importance in therapeutic 

treatments. The present studies determine the potential of plant antimicrobial activity of the plants against 

antibiotics. 
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INTRODUCTION 
In general microorganisms interact with metals in 

environment. Some bacteria are having a special 

mechanism to detoxify the heavy metals. In the 

environment there are a number of implications about 

the interaction. Microorganisms play a great role in 

the nutrient cycling or biogeochemical cycling for the 

conversion of heavy metals into harmless substances 

rather to clean the environment. So there is quite 

correlation between tolerance to heavy metals and 

antibiotic resistance. Currently it is a global problem 

and life threatening the treatment of infections in 

plants, animals and humans. The use of plant extracts 

and phytochemicals having antimicrobial properties 

can be having a great significance in therapeutic 

applications. The present studies pertaining to the use 

of plants as therapeutic agents should be emphasized 

especially those related to the control of antibiotic 

resistant microbes. The potential plant extracts on 

standard microbial strains as well as multi-drug 

resistant bacteria were isolated from various 

industries. 

 

Liquid effluents from industries contain the heavy 

metals such as Mercury, cadmium, Silver, Lead, 

Chromium, Zinc etc. , which come from paint and 

plastic production, metal plating units. Not only 

liquid effluents but also physical, chemical, 

Biological, Gaseous effluents pollute water, soil and 

even air as a result the whole environment also 

polluted. Most of the industries produce harmful 

chemicals which are disposed of without being 

treated. Improper disposal of nuclear wastes can 

cause radioactive substances to remain the soil for a 

long time. These substances cause mutations. 

 
Azo dyes commonly used as coloring agents in the 

food, pharmaceutical and textile industries act as a 

carcinogenic compound. The pulp and paper industry 

is one of the major industries in India casing water 

pollution. The manufacture of paper yields a 

significant quantity of waste water. The color of the 

waste water is due to lignin and its derivatives, which 

are discharged in the effluents mainly from the 

pulping, bleaching and chemical recovery stages of 

the plant. 
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METAL TOLERANCE MECHANISMS 
In cells the high concentrations of heavy metals react 

with the toxic compounds
1
. When a heavy metal 

enters into the cell the enzymatic function of the 

bacteria grows and uptake the mechanisms exist that 

allow for the entrance of metal ions into the cell. 

There are two general uptake systems – one is quick 

and unspecific driven by a chemiosmotic gradient 

across the cell membrane and thus requiring no ATP 

and the other is slower and more substrate-specific, 

driven by energy from ATP hydrolysis. The first 

mechanism is more energy efficient results the influx 

of heavy metals in higher concentrations more likely 

to have toxic effects once inside the cell
2
. The 

bacteria can survive under the metal stressed 

conditions with specific mechanisms to tolerate the 

uptake of heavy metal ions. These mechanisms 

include efflux of metal ions outside the cell, 

accumulation and complexation of the metal ions 

inside the cell and reduction of the heavy metal ions 

to a less toxic state. 

 

The microbes found in the textile industries are 

Bacillus coagulants, spore forming lactobacillus, 

Corynobacterium, Micrococcus luteus, Staphylococcs 

saprophyticus. Where as in paper industries the 

microorganisms found are Listeria, spp such as 

L.monocytogenes, L.innocua, L.seeligei, 

L.weishimeri, L.ivanovii, L.grayl and L.muayi,  L. 

dentrificans, Lactobacillus casei, Bacillus polymyxa, 

Edwadsiella tada, B.sphaeicus, Serratia liquefaciens, 

Klebsiella pneumonia etc. 

 

Table 1: Minimal inhibitory concentrations 

(MICs) of several heavy metals Bacillus sps and 

Listeria 

S.N

o 

Heavy 

Metal 

MIC 

(mM)

- 

Bacill

us spp 

MIC 

(mM) 

Lister

ia spp 

1 Zinc 1.2 1.0 

2 Copper 1.0 1.0 

3 Mercury 0.02 0.01 

4 Chromi

um 

0.3 0.3 

5 Cadmiu

m 

0.5 0.4 

6 Lead 5.0 5.0 

7  Arsenic 0.5 0.5 

 

ZINC 

Zinc is one of the essential trace elements. It is not 

biologically redox reactive and not used in 

respiration. It is, important in forming complexes 

such as zinc fingers in DNA and as a component in 

cellular enzymes
1
. The cells store zinc unspecific 

uptake mechanism and normally found in high 

concentrations. The zinc ions is coupled with 

magnesium and involved in the transportation. The 

efflux mechanisms are responsible for bacterial 

resistance to zinc. One is P-type ATPase efflux 1 

system and the other is an RND-driven 2 transporter 

system. 

 

CADMIUM 

Cadmium is an extremely toxic metal found in 

industrial work places. Due to its low permissible 

exposure limit, over exposures may occur even in 

situations where trace quantities of cadmium are 

found. Cadmium is used extensively in 

electroplating, although the nature of the operation 

does not generally lead to overexposures. Cadmium 

is also found in some industrial paints and may 

represent a hazard when sprayed. Operations 

involving removal of cadmium paints by scraping or 

blasting may pose a significant hazard. Cadmium is 

also present in the manufacturing of some types of 

batteries.  Cadmium acts as a catalyst in forming 

reactive oxygen species. It increases lipid 

peroxidation; in addition it depletes glutathione and 

protein-bound sulfhydryl groups. It also promotes the 

production of inflammatory cytokines
3
. Increased 

concentrations of urinary beta- microglobulin can be 

an early indicator of renal dysfunction in persons 

chronically exposed to low but excessive levels of 

environmental cadmium. Cadmium concentrations 

may be useful in fatalities resulting from either acute 

or chronic poisoning. Cadmium concentrations in 

healthy persons without excessive cadmium exposure 

are generally less than 1 μg/L in either blood or urine. 

The ACGIH biological exposure indices for blood 

and urine cadmium levels are 5 μg/L and 5 μg/g 

creatinine, respectively, in random specimens. 

Persons who have sustained renal damage due to 

chronic cadmium exposure often have blood or urine 

cadmium levels in a range of 25-50 μg/L or 25-75 

μg/g creatinine, respectively. These ranges are 

usually 1000-3000 μg/L and 100-400 μg/L, 

respectively, in survivors of acute poisoning and may 

be substantially higher in fatal cases
4, 5

. 

 

MERCURY 

Mercury poisoning (also known as hydrargyria 

or mercurialism) is a disease caused by exposure 

to mercury or its compounds. Mercury (chemical 

symbol Hg) is a heavy metal occurring in several 

forms, all of which can produce toxic effects in high 

enough doses. Its zero oxidation state Hg
0 

exists as 

vapor or as liquid metal, its mercurous state 

Hg2
2+

 exists as inorganic salts, and its mercuric state 

http://en.wikipedia.org/wiki/ACGIH
http://en.wikipedia.org/wiki/Mercury_(element)
http://en.wikipedia.org/wiki/Chemical_compound
http://en.wikipedia.org/wiki/Heavy_metal_(chemistry)
http://en.wikipedia.org/wiki/Oxidation_state
http://en.wikipedia.org/wiki/Mercury_(element)
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Hg
2+

 may form either inorganic salts or organo 

mercury compounds; the three groups vary in effects. 

Toxic effects include damage to the brain, kidney, 

and lungs
6
. Mercury poisoning can result in several 

diseases, including acrodynia (pink disease
7
, Hunter-

Russell syndrome, and Minamata disease
8
.
 
Symptoms 

typically include sensory impairment (vision, 

hearing, and speech), disturbed sensation and a lack 

of coordination. The type and degree of symptoms 

exhibited depend upon the individual toxin, the dose, 

and the method and duration of exposure. 

 

LEAD 

Lead has been recognized as a poison for millennia 

and has been the focus of public health regulation in 

much of the developed world for the better part of the 

past century. The nature of regulation has evolved in 

response to increasing information provided by 

vigorous scientific investigation of lead’s effects. In 

recognition of the particular sensitivity of the 

developing brain to lead’s pernicious effects, much of 

this legislation has been addressed to the prevention 

of childhood lead poisoning. The present review 

discusses the current state of knowledge concerning 

the effects of lead on the cognitive development of 

children. Addressed are the reasons for the child’s 

exquisite sensitivity, the behavioral effects of lead, 

how these effects are best measured, and the 

long‐term outlook for the poisoned child. Of 

particular importance are the accumulating data 

suggesting that there are toxicological effects with 

behavioural concomitants at exceedingly low levels 

of exposure. In addition, there is also evidence that 

certain genetic and environmental factors can 

increase the detrimental effects of lead on neural 

development, thereby rendering certain children more 

vulnerable to lead neurotoxicity. The public health 

implications of these findings are discussed. 

 

COPPER 

The copper is used y the cells which are present in 

small quantities in cellular enzymes for e. g 

cytochrome oxidase.  Copper is widely used in 

mining, industry and agriculture and also in the 

environment. Bacteria are having several types of 

mechanisms to resist toxicity due to high copper 

concentrations. Nearly 50% of bacteria show cop or 

cop-like gene systems including both 

compartmentalization and efflux systems
9
. Most 

bacterial species in the environment have acquired at 

least one of the aforementioned copper management 

systems, and that the evolution of copper resistance 

may have come about through the modification of 

copper uptake genes found on chromosomes. 

 

ARSENIC 

Arsenic, a semi-metal with metallic and non-metallic 

properties, is toxic to bacteria, as well as other forms 

of life. Arsenic uptake by bacteria is mediated by 

phosphate transporters and is generally pumped back 

out of the cell by an efflux pump
10

.  Several 

mechanisms for resistance to arsenic have been 

identified. Chen et al. (1986) proposed a model for 

the plasmid-mediated mechanism of the efflux of 

arsenate and arsenite in gram-negative bacteria. This 

arsenate reductase (ArsR) was found to be active in 

the presence of thioredoxin and NADPH. 

 

CHROMIUM 

Chromium metal and the toxicity and the 

carcinogenic properties of chromium have been 

known for a long time
11

. The specific transport 

mechanism, only limited amounts of chromium in the 

cell can lead to DNA damage
12

. The toxicity of 

chromium ranges from 1900 and 3300 µg/kg
13

. The 

moderate uptake of chromium though dietary 

supplements poses no risk
14

. The acute toxicity of 

chromium is due to its strong oxidational properties. 

After it reaches the blood stream, it damages the 

kidneys, the liver and blood cells through oxidation 

reactions. Hemolysis, renal and liver failure are the 

results of these damages. Aggressive dialysis can 

improve the situation
15

. Chromium salts are also 

cause allergic reactions in some people. Chromium 

salts are also the cause of allergic reactions in some 

people. Chromates are used to manufacture the things 

like leather products, paints, cement, mortar and anti-

corrosives. Chromium contact causes the dermatitis, 

ulceration of the skin referred as “chromium ulcers”. 

This condition is often found in workers that have 

been exposed to strong chromate solutions in 

electroplating, tanning and chrome-producing 

manufacturers
16, 17

, In some cases it also causes 

premature dementia
18

. 

 

CORRELATION OF METAL TOLERANCE 

AND ANTIBIOTIC RESISTANCE 

Bacterial resistance to antibiotics and other 

antimicrobial agents in an increasing problem in 

today’s society.  The misuse and increases use of 

antibiotics in health care is in turn contributing to the 

growing problem of anti resistant bacteria. Products 

like sterilants, heavy metals, disinfectants used in 

industry along with antibiotics creating a selective 

pressure in the environment leads to the mutations in 

microorganisms to allow better survive and 

multiply
19

. In the environment with multiple stresses, 

for example antibiotics and heavy metals, it would be 

more ecologically favorable, in terms of survival, for 

a bacterium to acquire resistance to both stresses
20

. 

 

MATERIALS AND METHODS 

http://en.wikipedia.org/wiki/Organomercury
http://en.wikipedia.org/wiki/Organomercury
http://en.wikipedia.org/wiki/Minamata_disease
http://en.wikipedia.org/wiki/Oxidation
http://en.wikipedia.org/wiki/Hemolysis
http://en.wikipedia.org/wiki/Renal
http://en.wikipedia.org/wiki/Dialysis
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The bacteria are isolated  and identified from various 

industries by spread plate method, the biochemical 

tests, Gram staining tests and to determine the 

tolerance of metals, secondary metabolites and 

antibiotics from the plants such as Eucalyptus, 

Banana, Aloe vera, Grapes, Garlic and Ginger etc. 

 

RESULTS AND DISCUSSION 

On the basis of observation of all microbial tests the 

organisms found in the samples collected from 

various industries are Corynobacterium xerosis, 

Bacillus circulans, Micrococcus luteus, 

Staphylococcus saprophyticus etc., from textile 

industry and from paper industry are Listeria murray, 

Bacillus polymyxa, Lactobacillus casel, Listeria 

denitrificans, Edwardsiella toda, Serratia 

liquefaciens, Klebesiella pneumonia and Erwinia 

chrysanthemi. The bacteria from the industries were 

found sensitive to antibiotic such as pencillin, 

ampicillin, streptomycin etc., Bacillus sps shows 

higher resistance to Streptomycin, Listeria 

denitrificans for ampicillin and Listeria murray for 

pencillin. The concentration of antibiotic is 1mg/ml. 

When it is compared with commercial biotic the 

more zone formation is seen. The industrial microbes 

showed metal to heavy tolerance to heavy metals like 

mercury, copper, cadmium, corynobacterium xerosis 

shoed high metal tolerance. 

 

The antimicrobial compounds have a number of 

therapeutic potential they can serve the purpose 

without any side effects that are associated with 

synthetic antimicrobials. When ethanol and methanol 

extracts exhibited pronounced activity against the 

bacteria. The active ingredients of the plant parts are 

better extracted with methanol than the other organic 

solvents. All the plants had bactericidal activity. 

Plants produce a diverse array of secondary 

metabolites many of which have the antimicrobial 

activity. Some of these compounds are constitutive, 

existing in healthy plants in their biologically active 

forms. Other such as cynogenic glycoside and 

glucosonolates occur as inactive precursor and are 

activated in response to tissue damage or pathogen 

attack. This activation often involves plant enzyme, 

which are released as a results of breakdown in cell 

integrity. 

 

Plants are rich in a wide variety of secondary 

metabolites, such as tannins, terpenoids, alkonoids 

and flavanoids fond in vitro to have antimicrobial 

properties. The use of prescribed antibiotics which 

can lead to the development of antibiotic-resistance 

strains of bacteria many medicinal experts are taking 

a new look at natural safe antibiotic alternatives like 

medicinal plant extracts. 

 

The maximum plants show the antimicrobial 

activities against the organisms isolated from various 

industries. The methanol extract of leaves shows 

more inhibitory effect than the plant extracts. 

Corynobacterium xerosis is having more tolerance 

power to heavy metals. So the secondary metabolites 

present in various medicinal plants should be used 

production of new therapeutic drugs including 

antibiotics. 

 

CONCLUSION 

Although some heavy metals are important and 

essential trace elements, at high concentrations, such 

as those found in many environments today, most can 

be toxic to microbes. The maximum plants showed 

antimicrobial activities against the organisms isolated 

from industrial areas. The methanol extract of leaves 

showed more inhibitory effect than the other plant 

extracts. The active ingredients of the plant parts are 

better extracted with methanol than the other organic 

solvents and when all these plants were subjected for 

heavy metal tolerance than corynobacterium xerosis 

was found most tolerant as compare to other 

microbes. This indicates that the plant sources do 

possess antimicrobial property against microbes that 

have antibiotic as well as metal tolerance. The 

secondary metabolites that are produced from various 

medicinal plants should be used for the production of 

new therapeutic drugs including antibiotics.  

Microbes have adapted to tolerate the presence of 

metals or can even use them to grow. Between heavy 

metals and microbes three is an important 

environmental and health implication. Some are 

useful like use of bacteria to clean up metal 

contaminated soils. Some are not beneficial as the 

presence of metal tolerance mechanisms may 

contribute to the increase in antibiotic resistance. It is 

the most important to remember that not only humans 

but also on the environment and on the microbial 

community on which all other life depends. 
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