ISSN : 0974 - 7451 Volume 8 I'ssue 12

Snviconmental Science

A Tndéian Journal

—==  Qurrent Research Peaper

ESAIJ, 8(12), 2013 [475-480]

Bacterial resistance to chosen heavy metals

S.Muthuraman, K.Natarajan, S.Srinivasan, A.J.Thatheyus*, D.Ramya
Department of Microbiology PG and Resear ch Department of Zoology, TheAmerican College, M adur ai-625002, (INDIA)
E-mail : jthatheyus@yahoo.co.in

ABSTRACT

The present study isaimed at determining the resistance chosen of bacteria
to selected heavy metals. The bacterial isolates were able to tolerate or
resist the presence of selected heavy metals like Cd, Cu, Zn, Fe, Mn and
Hg. Identification tests for all the bacterial isolates revealed that they to
belong to the genera Aeromonas, Escherichia, Klebsiella, Pseudomonas,
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Proteus and Bacillus. The control experiment showed heavy growth of all
the organisms. All the bacterial strains showed resistance against the heavy
metalswith Minimal Inhibitory Concentration (MIC) values ranging from

50t0 1000 ppm. © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

The continuoudly increasing demand for the com-
moditiesproduced by chemica industrieshastriggered
heavy metal saccumulation in the ecosystem. Mining
and metalurgical wastewatersare considered to bethe
magjor sourcesof heavy meta contaminationintheen-
vironment. Heavy metal contamination existsin aque-
ous waste streams from diverse industries, such as,
meta plating, mining, tanneries, painting, car radiator
manufacturing, batteriesaswell asagricultural sources,
wherefertilizersand fungicidal spraysareintensively
used. Cadmium, copper, iron, lead, nickel, zinc cobalt,
mercury and chromium are harmful heavy metalsdis-
charged by industriesthat posearisk of contaminating
groundwater and other water resources. Heavy metals
arenot biodegradable and tend to accumulateinliving
organisms, causing variousdiseasesand disorderg %34,
Safeand effectivedisposa of effluentscontaining heavy
metal sbased on green chemistry isalwaysachal leng-

ingtask for industridistsand environmentaistsas cost-
effectivetreatment dternativesarenot available. Con-
ventional technologiesfor theremoval of toxic heavy
metals, such as, chemical precipitation, ion exchange
or electrochemical processes, are often uneconomical,
especialy, when used for theremoval of heavy metal
ions at low concentrations. Biosorption technology
based ontheability of biomasstoremovemetalicions
from agueous solutionsand its potential for industrial
effluent treatment hasreceived wideattention'®. Differ-
ent types of biomass, such as, algae, bacteria, fungi,
yeast and plant based pol ysaccharides, have been suc-
cessfully employed to dean-up theindustrid effluentg®.

Generdly, the higher concentration of heavy metds
abovethreshold level shas del eteriousimpact on the
functiond activitiesof microbial communitiesinsoils.
Otherwise, microorganismsexposed to the higher con-
centrations of toxic heavy metalsmay developresis-
tance against theelevated level s of thesemetal 9%, In
addition, microorganismsinhabiting metd polluted soils
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have evolved various strategiesto resist themsel ves
against metd stress*¥. Such metal resistant microor-
ganisms can be used as successful bioremediation
agents?, Inthe present work an attempt hasbeen made
to study the resistance of selected bacteriato heavy
metals.

MATERIALSAND METHODS

| solation of bacteria

The soil and water sampleswere collected from
different environmental sourcesinand around Madurai
digrict, SouthIndia. Thesampleswerecollected in stex-
ile plastic containers and transported to | aboratory for
bacteriological andysis. Thesampleswereseridly di-
luted and plated on nutrient agar medium. Plateswere
incubated at 37°C for 24 hours. Theisolated pure colo-
niesof thetest organismswere cultivated in nutrient
brothfor eight hours.

| dentification and char acterization of thebacteria

Selected isolateswere grown on selective media
(HiMedia, India). The shape and colours of the colo-
nieswere examined under the microscope after Gram
staining. Isolateswere biochemically andyzed for the
activitiesof lactosefermentation, oxidase, catd ase, MR-
VPtest, urease, TSI-gas production, H,Sproduction,
gelatin hydrolysis, motility, indole production and cit-
rate utilization. Thetestswereused toidentify theiso-
latesaccording to Bergey’s Manual of Systematic Bac-

teriology!2.
Bacterial isolation toobtain pureculture

Nutrient agar medium was prepared by adding so-
dium chloride (5.0 g), peptone (5.0 g), beef extract
(3.0g) and agar (15.0g) in 1000 ml of distilled water
a pH 7.0and autoclaved at 15 ps. Isolateswereplated
onto nutrient agar and incubated at 37°C for 24 hours.
The pure cultures obtained wereinocul ated into tubes
containing fiveml of sterilenutrient broth eachandin-
cubated overnight at 37°C.

Preparation of metal stock solutions

Stock solutionsof copper, cadmium, mercury, iron,
zinc, and manganese were prepared by dissolving spe-
cific quantitiesof their salts separately indoubledis-
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tilled water. Broad range of heavy metal concentrations
i.e. 5, 10, 50, 100, 500 and 1000ppm were prepared
and sterile paper discswere dipped in respective con-
centrations.

Minimum inhibitory concentration (MIC) of heavy
metals

Theisolated bacterial cultureswere checked for
their respective MICstowards heavy metal ionssuch
as cadmium, copper, zinc, iron, manganese and mer-
cury. A sterile cotton swab was used to collect a
swabfull of thepureisolateand directly stresked onthe
surfaceof theMuller-Hinton agar plates. Arranged discs
containing heavy metal concentrationswereimpreg-
nated onto the surface of theinoculated plates, inwhich
each discismadeto adhere perfectly to the surface of
the agar by gently pressing. Theprocesswasrepeated
for each bacterium on the mediaincorporated with the
selected heavy metals. The plateswereincubated at
37°C for 24 hours. After the incubation period, the plates
were observedfor growth. Identified MIC plateswere
taken and diametersof inhibition zoneswere measured
from oneedgeto the other edge with the help of graph
sheet. Measured zoneswere recorded for each heavy
metal concentration.

AtomicAbsor ption Spectrophotometricanalysis

Measured MIC platesweretaken and discswere
removed from the plates. Medium present within the
zone (0.5g) was scrapped and digested with concen-
trated nitric acid. Volume of the digested samplewas
adjusted by adding deionized water upto 10ml for each
sampleand themetd ion concentrationswereandyzed
using AtomicAbsorption Spectrophotometer.

RESULTSAND DISCUSSION

Thebiochemical testsconducted for theidentifica:
tion of six test organisms are shown in TABLE 1.
Aeromonas hydrophila showed negativereactionsfor
Gram’s staining, lactose fermentation, urease activity
and H_S production tests. Escherichia coli exhibited
negativeresultsfor VP, Gram’s staining, citrate agar,
oxidasg, ureaseactivity and H,Sproduction tests. Kleb-
sidlasp gavepositiveresultsfor motility, VP, citrate
agar, catdaseand TSl- gasproductiontests. Pseudomo-
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nasfluorescens showed negativeresultsfor H,S pro-
duction, gelatinase, VP, MR, lactosefermentation tests
and gram’s staining. Proteus sp exhibited negativere-
actionfor gelatinase, oxidase, lactosefermentation tests
and gram’s staining. Bacillus megaterium showed
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negativereactionforindole, MR, VP, oxidaseand H,S
production.

TABLE 2 showsthe minimum concentrationsre-
quiredto inhibit the growth of thebacterid strains. All
thesix isolates showed MIC for heavy metalsranging

TABLE 1: Resultsof biochemical testsfor theidentification of test organisms

Test Organisms

Name of the test

Aeromonas hydrophila  E.coli  Klebsiella sp. Pseudomonasfluorescens  Proteus sp. Bacillus megaterium

Gram’s staining

Lactose fermentation - +

Motility + + +
Indole + +

Methyl Red - +

Voges- proskauer - - +
Simmons Citrate + - +
Oxidase +

Catalase + + +
Urease - - +
Gelatinase +

TSI — gas production + + +

H,S production

+

+

+ + +
+
+

+ + +
+
+ + +
+ + +

+
+ + +

+ Positive; - Negative

TABLE 2: Inhibitory zone detailsfor bacteriaexposed to copper, mercury, zinc, iron, manganeseand cadmium

Bacterial Strains

Metals MIC details
E.coli P.(fluorescens A.hydrophila Proteussp. Klebsiellasp. B.megaterium

MIC concentration (ppm) 100 90 200 100 85 60

Copper Zone diameter (mm) 19 15 17 18 20 14
Copper concentration in the zone (ppm) 85 32 140 30 48 18

MIC concentration (ppm) 250 220 60 110 70 70

Mercury Zone diameter (mm) 22 28 21 24 18 15
concentrati o’\:: ?:]C;.:]IZ zone (ppm) 200 160 48 88 31 15

MIC concentration (ppm) 50 225 125 75 125 50

Zinc Zone diameter (mm) 14 16 16 18 18 16
Zinc concentration in the zone (ppm) 8 125 75 33 86 27
MIC concentration (ppm) 75 160 250 80 150 125

Iron Zone diameter (mm) 20 22 15 15 17 20
Iron concentration in the zone (ppm) 35 48 110 36 41 55
MIC concentration (ppm) 150 60 150 125 250 175

Manganese Zone diameter (mm) 18 15 17 17 22 18
M anganese concentration in the zone (ppm) 75 15 80 78 125 98

MIC concentration (ppm) 250 150 225 400 125 70

Cadmium Zone diameter (mm) 20 15 19 21 28 16
Cadmium concentration in the zone (ppm) 110 81 121 186 62 28
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from 50 — 400ppm. The highest MIC of copper to
A.hydrophila was observed to be 200ppm.
B.megaterium showed thelowest M1C at 60ppm. For
mercury, E.coli showed the highest MIC at 250ppm
and the least was noted for A.hydrophila at 60ppm.
Themaximum MIC for zincto P.fluorescenswas ob-
served as 225ppm for B.megaterium and E.coli
showed theminimum MIC at 50ppm. Thehighest MIC
for ironto A.hydrophila was noticed as 250ppm and
E.coli exhibited thelowest MIC at 75ppm. For man-
ganese, Klebsiella sp.showed the highest MIC at
250ppm whiletheleast was observed in Pfluorescens
at 60ppm. The maximum MIC for cadmium to Pro-
teus sp. was observed as400ppm and B.megaterium
showed theminimum MIC at 70ppm of cadmium.

E.coli exhibited the highest MIC for mercury and
cadmium and the lowest at 50ppm of zinc. In
P.fluorescensthe maximum MIC for zinc wasfound
and the minimum was observed for manganese. The
highest MIC for A.hydrophilawas observed for iron
whilethelowest was noted for mercury. B.megaterium
exhibited themaximum MIC for ironand the minimum
for zinc. Proteus sp. showed the highest MIC for cad-
mium and lowest for zinc whereas, Klebsiella sp. ex-
hibited the highest MIC for manganeseand theleast for
mercury.

Themicrobid leve of resstanceor toleranceof each
concentration of heavy metal wasdepicted by theleve
of growth on the agar. The microbial load decreased
with anincreasein the concentration (0.25 mg/mL.) of
heavy metd indi cating thetoxic effect of the heavy met-
asonthegrowth of microorganismsasstated by Badar
et al.?, However, no observable growth of microor-
ganismsat high concentrationsexplainsthetheory ear-
lier stated by Konopkaet al ./ that resi stance mecha
nismsdo not offer protection at extremely high levelsof
freemeta ionsand aletha toxic effect is observed.
Badar et al.*% stated that bacterial resistanceor toler-
ancecan beused to minimizetheeffect of heavy metd's
ontota biologicd activity of the ecosystem.

Inthe present study, Bacillusmegateriumexhibits
thehighest res stanceto copper, mercury and cadmium.
P.fluorescens exhibitsthe second highest resistanceto
cadmium, when compared to the other organisms.
Cooksey!® reported that resi stance against copper in
the plant pathogen Pseudomonas syringaewasmainly
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dueto copper accumul ation and compartmentdization
inthecdl’s periplasm and the outer membrane and con-
cluded that the protective mechanism against copper in
P. syringaewas dueto four types of proteins (CopA,
CopB, CopC and CopD). E.coli exhibitsthe highest
resistanceto zinc and iron, when compared to the other
organisms. For manganese moreres stancewasidenti-
fied in P. fluorescensthan the other organisms. Inthe
present study, based on theresults, it can be concluded
that B. megaterium, P.fluorescensand E.coli exhibit
thehighest resistancefor dl themetds.

Inrecent years, heavy metal pollution hasbecome
oneof themost seriousenvironmentd problemsin both
deve oped and deve oping countriesof theworld. Heavy
meta contamination of soil iswidespread dueto meta
process ng i ndustries, tannery, combustion of wood,
coal and mineral oil, traffic, and plant protection. The
toxic effectsof heavy metalsresult mainly fromthein-
teraction of meta swith proteins (enzymes) and inhibi-
tion of metabolic processes. In contrast to organic pol-
|utants, metalsarenot mineralized by microorganisms
but can be oxidized or reduced, transformed to differ-
ent redox stages, or complexed by organic metabo-
lited®. Some metal sare subjected to bioaccumulation
and may posearisk to human health when transferred
tothefood chain*®. The presence of heavy metdseven
in traces is toxic and detrimental to both flora and
faund”.

Arsenic and cadmium, for instance, can cause can-
cer. Mercury can cause mutationsand genetic damage,
while copper, lead, and mercury can cause brain and
bonedamage. Iron existsintwo forms, solubleferrous
iron (Fe*) and insolubleferric particulateiron (Fe*).
Thepresenceof ironinnatura water may beattributed
tothedissolution of rocksand minerds, acid minedrain-
age, landfill leachate, sewage or engineeringindustries.
[roninwater isgenerally presentintheferric state. The
concentration of ironinwell aerated water isseldom
high but under reducing conditions, it may existinground-
water, lakes or reservoirs and in the absence of sul-
phate and carbonate, high concentrationsof solublefer-
rousiron may befound. The presence of iron at con-
centrationsabove0.1mg/l will damagethegillsof the
fish. Thefreeradica sareextremely reactive and short
lived. Thefreeradicalsformed by iron on thesurface of
thegillswill cause oxidation of the surrounding tissue
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andleedtomassvedestruction of gill tissueand aneemia
Ironisanessentiad dement in human nutritionanditis
contained inanumber of biologicaly significant pro-
teins, but ingestion in large quantities results in
haemochromatosi swhereintissuedamageresultsfrom
ironaccumulation,

Mercury isgenerally considered to be one of the
most toxic metals found in the environment?, Once
mercury entersthefood chain, progressively larger ac-
cumul ation of mercury compoundstakes placein hu-
mans and animals. The mgjor sourcesof mercury pol-
[utionin environment areindustrieslikechlor-alkali,
paints, pulp and paper, oil refining, rubber processing
andfertilizer, batteries, thermometers, fluorescent light
tubesand highintensity street lamps, pesticides, cos-
metics and pharmaceutical 9. Methyl mercury causes
deformitiesin the offspring, mainly affecting the ner-
voussystem (teratogeni c effects). Children suffer from
mental retardation, cerebral palsy and convulsions.
Mercury aso bringsabout genetic defectscausing chro-
mosome breaking and interferencein cdl division, re-
sulting in abnormal distribution of chromosome. Mer-
cury causesimpairment of pulmonary functionand kid-
ney, chest pain and dyspnoea. The harmful effect of
methyl mercury on aguéticlifeand humanswasamply
brought out by the Minamata episodein Japan'®2.

Theheavy meta copper isutilized by bacterid cells
insmdl quantitiesin biosynthes sof metabolic enzymes
like, cytochrome C oxidase. However, bacteriain dif-
ferent ecosystemsincluding soil and water, areexposed
to very high concentration of thismeta ashighlevelsof
copper exist in soil ecosystem dueto itswide applica
tioninmining, industria processes, and agriculturd prac-
ticed®Y, Consequently, bacteriahave evolved several
typesof mechanismsto defend against the high copper
concentration and copper induced biotoxicity™.

Bacillus, Micrococcus, Arthrobacter,
Sphingomonas, and Microbacterium are common
metal-tol erant Gram negative and Gram-positive bac-
teriad®®. A genecluster, czr, involvedin cadmium and
zinc resistance was identified in P. aeruginosa
CMG103?7, Bioaccumulation isan active process de-
pendent upon metabolic energy of microorganisms. In
other words, bioaccumulationis an energy-dependent
heavy metal transport system. Heavy metal transport
through bioaccumulation has been reported in many
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genera like, Citrobacter sp. (lead and cadmium),
Thiobacillus ferrooxidans (silver), Bacillus cereus
(cadmium), Bacillussubtilis (chromium), Pseudomo-
nasaer uginosa (uranium) Micrococcus luteus (stron-
tium), Rhizopusarrhizus(mercury), Aspergillusniger
(thorium) and Saccharomyces cerevisiae (uranium)324,

CONCLUSION

Amongthesix bacterid strainstested for resstance
against the selected heavy metds, Bacillusmegaterium,
Pseudomonas fuorescens and Escherichia coli ex-
hibited the highest resistancefor dl thesix metals.
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