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ABSTRACT

Industrialization has considerably increased the levels of soil, water and air pollution leading to heavy metal
accumulation. These heavy metals are creating havocon all living organisms including humans. However,
microorganisms have shown great tolerance to these heavy metals by evolving different mechanisms for adaptation to
heavy metal stress conditions. They use strategies like biosorption, bioaccumulation, biotransformation and
biomineralization for bioremediation of these metals. Species of the genus Bacillus are the most prevalent ones which
exist in metal stress conditions in environment and are therefore used to remove heavy metals like chromium, lead,
cadmium, nickel and zinc from industrial effluents. In terms of in vivo heavy metal detoxification in animal models
various LABs (lactic acid bacteria) have shown great potential. LABs are lactic acid producing probiotic bacteria, which
by the virtue of their extracellular polymers can bind to toxic metal cations with great specificity and eliminate them
from the organism. Similarly, few probiotic sp. of genus Bacillus have exhibited their role in heavy metal
bioremediation of industrial effluents including tanneries. Their potential to detoxify heavy metals in vivo can be
greatly exploited using species of this genus like B.clausii and B. coagulans which are being used as commercial
probiotics for treating some gastrointestinal disorders.
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INTRODUCTION
its accumulation and complexation inside the cell (iii) its

n recent years rapid industrialization has led to
I discharge of heavy metal containing effluents in soil

and water especially in urban areas causing their
accumulation in the environment. Although their
depletion takes place continuously through processes like
leaching, erosion and plant uptake, they cannot be
degraded into nontoxic forms as they last in the
ecosystem for very longtime causing great health
concerns (Table 1). All heavy metals are not toxic as some
are required, in very small amounts, for growth and
optimum performance.™

Many conventional methods can be used to remove
heavy metals including Cr (VI) and Pb (Il) from industrial
effluents. These include chemical precipitation, redox
reactions, ion exchange, reverse osmosis and
electrochemical treatment."”” However, the efficiency of
these processes get reduced as the range of heavy metals
present in the effluents is in the range of 1-100mg/L.18 As
a result of this, the focus has shifted to bioremediation by
using microorganisms surviving in the presence of Cr (VI)
and Pb (l1).

Various microorganisms belonging to different genera are
also known to survive in and tolerate heavy metal stress
conditions. In order to adapt themselves to heavy metal
stress conditions, bacteria have evolved various
mechanisms such as (i) metal ion efflux outside the cell (ii)

reduction to less toxic state (Fig. 1)."**

Many of the species employed for bioremediation of
these heavy metals are LABs.***’LABs are lactic acid
producing bacteria that are divided into four genera viz.
Lactococcus, Lactobacilli, Leuconostoc and Pediococcus.
Bifidobacterium, though phylogenetically unrelated to
LABs, they produce lactic acid and are thus included
under the category of LAB. LABs, many of which are
administered as probiotics, include Gram positive cocci
and rods which are present in nature as normal
inhabitants of human and animal gut, mucous membrane
and skin.***’

Lactobacillus, a common intestinal bacterial species also
used as probiotic, has been reported to bind and detoxify
heavy metals like Pb, Cr, As and cd.®*®

Probiotics are live microorganisms which, when
administered in adequate amounts, confer a health
benefit to the host.** They are used as live microbial
dietary supplements or food ingredients and have a
beneficial effect on the host by influencing the
composition and/ or metabolic activity of the flora of
gastrointestinal tract. There are some genera of
microorganisms in nature e.g. Bacillus which have the
property of bioremediation of heavy metals, while their
species have also shown probiotic efficacy.
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TOXIC EFFECTS AND BIOREMEDIATION OF Cr (V1) AND Pb
(1) BY BACILLUS SP.

Toxic Effects of Cr (VI)

The two stable valences of chromium in nature are Cr (VI)
and Cr (ll1). Of these, Cr (VI) has high permeability in cells
as compared to Cr (lll). As a consequence, Cr (VI) is
approximately 1000 times more toxic than Cr ().*>%
Inside the cells Cr (VI) reacts spontaneously with
ascorbate and glutathione and generates free radicals,
reactive oxygen species (ROS) and Cr (1).** These ROS
combine with DNA-protein complexes and create
mutagenic, carcinogenic and teratogenic effects.”® Thus it
can be concluded that Cr (VI) is highly toxic to humans
while the effect of Cr (lll) is relatively less.”"*

Microbial Bioremediation of Cr (VI)

Many studies have identified various bacterial species
showing capacity of bioremediation of Cr (VI) from either
contaminated soil or water. Amongst the bacteria
identified, Bacillus sp. has shown a very high potential for
reduction of toxic Cr (VI) to nontoxic Cr (lll). It is because
of this potential it has been used as a component of
commercial biosorbent.>®

Various researchers have successfully isolated such
microorganisms from contaminated environments and
have identified them as Bacillus sp. either by biochemical
characterization® or by 16sr DNA sequencing.‘r"r”56 In a
study, a Gram-positive Cr- resistant isolate showed
potential capacity for reduction of Cr (VI) concentration in
aqueous medium. This isolate reduced 87% of Cr (VI) after
72 hrs, as estimated by Diphenyl Carbazide method.”’
However, as the concentration of Cr (VI) was increased,
its capacity for reduction of Cr (VI) was
reduced.”*Researchers concluded from these findings that
in order to grow in Cr (VI) rich environment
microorganisms either reduce or accumulate Cr ion in its
cell.”®**° Other researchers performed similar studies on
various contaminated environment and have identified
various Bacillus sp. that are able to grow in and reduce Cr
(V1). They have also reported similar findings and have
confirmed this results.>> **

Mechanism of Bioremediation of Cr (VI)

In the presence of oxygen, microbial reduction of Cr (VI) is
commonly catalyzed by soluble enzymes. Microbes are
known to catalyze reduction of Cr (VI) to Cr (lll) and its
subsequent precipitationsz’63 which was first reported in a
Pseudomonas sp.64 Since then various species of genus
Bacillus have been reported to detoxify chromium using
this mechanism. This catalytic protein is induced in the
presence of chromium and has a molecular weight of
about 25kDa.*! This protein has been identified as
enzyme chromate reductase.®” ® A study showed that
even the cell free extract exhibited chromate reductase
activity which increased by 2.2 times after (NH,;),SO,
fractionation.” The optimum pH and temperature of the
enzyme were observed as 6 and 30°C, respectively.
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Heavy metals impose a selective pressure leading to the
formation of a metal resistant population. This population
could result from (i) vertical gene transfer (reproduction)
(ii) horizontal gene transfer by transposons and plasmids
and (iii) selection pressure on spontaneous mutants.*® The
bacterial strains capable of expressing both the resistance
and the reduction of chromate are very useful for
bioremediation. Under heavy metal stress the population
adapts faster by spread of R factors than by mutation or
natural selection.”””® A group of researchers observed
that B. cereus, which was isolated from diesel polluted
soil, showed resistance to both, heavy metals i.e. Cr (VI)
and antibiotics especially penicillin and cephalosporins,
indicating that heavy metal resistance is present together
with antibiotic resistance.”*

However, in a work using laboratory procured L.
acidophilus, L. rhamnosus and L. casei, found that these
species did not acquire resistance against various
antibiotics upon chronic Cr (V1) exposure.”

Toxic Effects of Pb (Il)

Natural as well as anthropogenic activities are responsible
for increase in Pb (Il) concentration in the environment.
Natural processes like soil erosion and volcanic emissions
contribute a small percentage to environmental Pb (Il)
. 73-75 . . . .
concentrations while in reality the main sources are
manmade i.e. activities of industries like metal smelting,
battery and paint industries.

Several references indicate the toxic effects of lead
leading to neurodegenerative diseases, reproductive
disorders as well as renal failures in humans.”® 7
Prolonged exposure of lead leads to anaemia, cancer and
impairment of vitamin D metabolism. If blood level of
lead goes beyond 70 pg/dl, it causes coma and even
death.”®®°

Pb (Il) has also been shown to affect cellular functioning
at molecular level causing conformational changes of
protein and nucleic acids, inhibition of enzyme activity
and disruption of membrane function."®

Microbial Bioremediation of Pb (1)

Inspite of the high toxicity of Pb (Il), microorganisms
especially those belonging to the genera Bacillus, are able
to survive in high concentration of Pb (II).83 Researchers
have isolated Pb (ll) resistant Bacillus sp. from effluents of
various industries, identified them by either 16s rDNA
sequencing method®  or by morphological and
biochemical characterization.**

A pure culture of B. subtilis was tested for its biosorption
capacity using 600, 700 and 800 ppm Pb (Il) every 12hrs
for 72 hrs.” It was observed that as the concentration of
Pb (Il) increased, the rate of % absorption decreased. This
was attributed to the toxicity of Pb (ll) which caused a
decrease in number of cells during exponential phase of
bacterial growth. Various factors also affected the rate of
biosorption of Pb (ll). Maximum biosorption was
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observed at pH 4.5, at optimum temperature of 40°C and
at 60rpm.

Isolates have been isolated from heavy metal rich
sediments of Guilan province in Iran and were identified
by 16s rDNA sequencing.66 The organisms were identified
as those belonging to Bacillus genus i.e. B. licheniformis,
B. cereus, B. amyloliquefacians and B. subtilis and showed
good potential for bioremediation of heavy metals such
as copper, cadmium, zinc, lead and chromium.

A similar result was obtained for B. cereus isolated from
various industrial effluents. The organism showed
maximum biosorption of Pb (ll) at a concentration of
100mg/L at 30°C and at pH 5.0.® These factors are
important as they affect the physiochemistry of the cell
wall, which is the main site of for biosorption of Pb (ll).

Different species of genus Bacillus e.g. B. subtilis, B.
carotarum, B. lentis and B.licheniformis have shown
similar results, indicating that this genus possesses
potential bioremediation capacity for Pb (11).2°°

Mechanism of Bioremediation of Pb (ll)

Different mechanisms are involved in the bioremediation
of Pb (ll). The mechanism which is used by Bacillus sp. is
biosorption. Biosorption is a process by which biological
materials accumulate heavy metals on their surface and is
based on their metal binding capacities of various
biological materials.” It is a passive and non-metabolic
process by which microorganisms passively concentrate
and bind constituents onto its cellular structure.’® This is a
complexing process in which both living and dead cells
are involved.”” Biosorption of heavy metals is a
phenomenon which involves mechanisms like ion
exchange, adsorption, chelation and microprecipitation.37

In a study, biomass of B. subtilis was prepared by
lyophilization and portions of this were used for
determination of biosorption capacity of the organism for
Pb (ll). The results suggest that B. subtilis showed high
biosorption potential. This was attributed to the thick
peptidoglycan cell wall of Bacillus genera which is
characteristic of Gram positive bacteria'® Apart from
peptidoglycan the cell wall contains other components
like teichoic acid and S layer. These components create a
net negative surface charge which leads to electrostatic
attraction between positive metal ions and their
negatively charged binding sites. Thus, Pb (ll) was
removed from waste water by binding to the external
surfaces of the cell.**" %

The role of these sites in biosorption of heavy metals was
further corroborated by extracting the phosphodiester
groups of teichoic acid and reducing the number of
carboxyl groups, which lead to a decrease in metal ion
uptake by isolated B. subtilis cell walls."® Another study
reported that, as compared to other heavy metals under
study, Pb (1) was maximally adsorbed by B. licheniformis
NSPAS, B. cereus NSPAS8 and B.subtilis NSPA13. SEM-EDS
(Scanning  Electron  Microscopy-Energy  Dispersive
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Spectroscopy) analysis also confirmed that the
mechanism of bioremediation of Pb (Il) by Bacillus sp. is
through  biosorption.”® These findings were in
corroboration to the results obtained by earlier
conducted studies.'® **

Studies have been conducted to determine the effects of
different environmental conditions such as pH, incubation
temperature and biomass for growth and metal uptake
ability of microorganisms under heavy metal stress. As
most of the surface moieties of Bacillus sp. are ionic in
nature, the charge on the cell wall is affected by pH. At
lower pH the binding capacity of cell wall for Pb (Il) is
more. Maximum absorption of Pb (Il) by Bacillus sp. was
reported at pH 5.0'” while similar results were obtained
by various researchers.%” 196108

Temperature is another important factor affecting heavy
metal biosorption.109 Increase in percentage biosorption
of heavy metals was reported from 25-40°C.""° Similar
study conducted on the effect of various incubation
temperature showed that for B. cereus optimum
temperature for maximum Pb (Il) uptake is 30°C.

Increase in biomass is an important factor which affects
rate of biosorption of heavy metals. This can be
attributed to the number of functional groups involved in
biosorption, present on active sites on microbial cell wall.
A study was performed in which it was observed that with
increase in bacterial concentration of L. rhamnosus GG
there was increase in Cd and Pb binding by the
microorganism.41 Work done by other researchers have
validated these findings. iz

ROLE OF LACTIC ACID BACTERIA (LABS) IN
BIOREMEDIATION OF Cr (V1) AND Pb (l1) IN VIVO

LABs are natural inhabitants of different parts of humans
and survive in the host by showing symbiotic association
with the mucosal membranes of gastrointestinal tract and
skin®’. LABs are a large group of beneficial bacteria which
are non-toxic and fermentative in nature.'® They are
called so as they produce lactic acid as end product of
fermentation of sugars.m'115 The beneficial properties of
LABs are largely due to their ability to bind and adhere to
mucous membranes.'™® It is due to the above properties
that LABs including Lactobacillus and Bifidobacterium are
used as probiotics.m‘118 LABs are beneficial to humans as
they stimulate the immune system, help in preventing or
reducing diarrhea and lactose tolerance™ Lactobacilli
also exhibit probiotic properties, i.e. they can survive at
pH 2-3 and are bile tolerant. They can inhibit pathogens
by producing inhibitory compounds by competing with
them for energy and adhesion sites response.lzo'122

Mechanism of Bioremediation by LABs

Although LABs is a group of heterogenous bacteria
belonging to different genera e.g. Lactobacillus,
Leuconostoc, Pediococcus, Lacctococcus etc., their cell
wall is typically of Gram positive bacteria. Its main
components are peptidoglycan, teichoic acid and some
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exopolysaccharides.””® Many micro-organisms synthesize
extracellular polymers (EPs) that bind cations of toxic
metals, thus protecting metal-sensitive and essential
cellular components.82 The composition of EPs is very
complex, including proteins, humic acids, polysaccharides
and nucleic acids, which chelate metals with different
specificity and affinity.*****® Pb(Il) binding by EPs has
been reported for Bacillus firmus."”® This EP exhibits a
characteristic feature, namely a high content of uronic
acids (28.29%), which are considered to play an important
role in its Pb(ll) binding specificity. These
exopolysaccharides contain glucose, galactose, rhamnose,
N-acetylglucosamine and N-acetylgalactosamine.*”® Thus
the charge on cell wall is net negative charge due to
functional groups of these components. This has been
supported by electrophoretic studies at neutral pH.39

A study suggested the role of metallothionein like protein
in Pb () binding in Bacillus megaterium.***
Metallothioneins were first discovered in Synechococcus
PCC 7942. They are primarily proteins with a role in Zn
homeostasis and protecting the cell against Zn toxio:ity.129

Microbial Bioremediation of Cr (VI) by LABs

It was observed that pure cultures of L. acidophilus, L.
rhamnosus and L. casei were able to reduce the
concentration of Cr (VI) under in vitro conditions. Enzyme
chromate reductase was purified from these strains
indicating that the mechanism of chromium
bioremediation is likely through the reduction of Cr (VI) to
Cr (I1).”” This was further supported by the findings that
total chromium concentration remained constant in the
media and indicates possible existence of efflux pump‘55
Gut LABs were also found to reduce Cr (VI) concentration
in vivo too, acting as the first line of defense by rapidly
converting Cr (V1) to Cr (I11).*® When a group of mice was
stressed with chromium, Pseudomonas sp. isolated from
caecum of mice showed better tolerance to chromium as
compared to Lactobacillus and E. coli, which too were
isolated from rats.*! However, if the rats were
continually stressed with Cr (VI), the tolerance of these
microorganisms increased overtime, providing better
resistance to chromium toxicity.43 Researchers have
reported that human fecal and gut Lactobacilli perform
similar functions; thus highlighting the importance of
dead LABs in sequestering chromium from gut, just like
Bacillus sp. in environment.*>***

Microbial Bioremediation of Pb (Il) by LABs

Reports suggest that probiotic LABs have the capacity to
bind heavy metals from water."® This feature of LAB was
further studied by using three species of genus Lacto
Bacillus l.e. L. rhamnosus GC, L. casei Shirota and L.
fermentum ME3 and three species of genus
Bifidobacterium i.e. B. longum 2C, B. longum 46 and B.
lactis Bb12.*' These LABs were found most efficient in
binding Pb (lI) at pH 5.0 where up to 97% of initial Pb (II)
was removed within 1 hr. This fast uptake suggests that
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the primary method for removal of Pb (Il) by LABs is
biosorption rather than bioaccumulation.

lon exchange is one of the mechanisms employed by LABs
in metal biosorption. This mechanism is affected by pH;
lower the pH more will be biosorption due to increase in
negatively charged binding sites on cell surface.”® As
biosorption is a surface phenomenon, it is also affected
by biomass since increase in biomass means more binding
sites available for removal for heavy metals.

Another interesting observation was made regarding
sequestration of Pb (ll) by the LABs in the study. Even
after 48 hrs the metal ions did not dissociate, indicating
strong binding of the metal ions with the cells. A study
was performed on another LAB, Lactobacillus kefir strains
CIDCA 8348 and JCM 5818 and it was found that the
strains bind Pb (Il) in the S-layer, which undergoes
changes in conformation and secondary structure after
metal precipitation. This was confirmed by Fourier
Transform Infrared Spectroscopy (FTIR)."” Rapid binding
of Pb (ll) was also observed in L. rhamnosus LC-705 and
Propionibacterium  freundenreichii  which was pH
dependent.138 Similar observation was made in B.
subtilis.”*® LABs like L. rhamnosus GG and B. longum
produce exopolysaccharide and have higher percentage
of negatively charged groups, thus leading to increased
capacity of Pb (Il) binding.*****' These complexes do not
remain for long in the gut and get eliminated upon
defaecation,” further reducing the toxicity of lead ions.

POTENTIAL OF PROBIOTIC SPECIES OF GENUS BACILLUS
IN BIOREMEDIATION OF Cr (V1) AND Pb (I1)

Among bacteria, those belonging to genus Bacillus are
most widespread in nature. They are omnipresent they
. . .1142 143
are present predominantly in soil ™ followed by water
and air'™, through which they find their way to food
products. Bacillus sp. are spore formers; hence they can
survive in extreme procedures such as baking145 and
canning. Therefore, they are also found in gastrointestinal
tract and respiratory tract of healthy adults**® and
children.®” These strains have also shown some
properties like resistance to acid and bile allowing them
. . . 148, 149
to remain viable in gut. Thus researchers focused
their studies on establishing strains of Bacillus sp. as
probiotic organisms. For an organism to be considered as
probiotic it must exhibit certain characteristics such as
acid and bile tolerance, adherence, production of
enzymes which support digestive function of gut and
production of antibiotics. Many Bacillus sp. have been
reported to possess these properties. As many as 795
antibiotics have been identified by some researchers from
Bacillus sp,150 while others have found them to produce
. 151 . . 152 . " . 153,154
amylolytic™", pectinolytic,” lipolytic, cellulytic and
proteolytic enzymes.™ At the same time there has been
no report of infectivity of Bacillus sp. from environment
. 145
except B. anthracis and B. cereus. However, every
Bacillus strain must be fully tested before declaring it as
probiotic.
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Recently many Bacillus sp. have been declared as
probiotic and approved for human use. B.clausii, B. cereus
and B. coagulans have been medically accepted in various
countries. After clinical trials, B. coagulans was found to
be effective in the treatment of diarrhea and dysbiosis, **°
while B. clausii has shown to have anti diarrhoeal
at:tivity.157

Another characteristic feature of a probiotic organism is
the residence time in the gut after ingestion. Most
probiotic organisms survive for small time period in gut of
the organism after which they are eliminated, if not
regularly ingested. A group of researchers observed that
the spores of B. clausii were reduced to negligible
numbers in ileum, colon and faeces after 1 week of
ingestion while vegetative cells were not isolated after 72
hrs."® These results were also reported in other
studies.”™ This allows control over amount of bacteria
present in gut and reduces incidence of ill effects due to
horizontal and vertical gene transfer. These findings,
along with earlier reports that Bacillus sp. are efficient in
removing heavy metals including lead and chromium
from the environment, suggesting that the probiotic
strains of this genus have the potential to reduce the
toxicity of Pb (1) and Cr (V1) from humans.

Role of a probiotic species, B. coagulans, in biosorption of
Cr (VI) has been well documented. This species was

originally isolated and described as LactoBacillus
160 . ops .

sporogenes, which was later reclassified as Bacillus

sporogenes, that is evidenced to share some

characteristics of B. coagulans and therefore, the species
has been moved into B. coagulans group. In a study, three
strains of Bacillus genus were isolated; one of which was
B. coagulans. Its live and dead cells biosorbed 23.8 and
39.9 mg Cr/ g dry weight respectively from tannery
effluent, indicating that the dead cells showed better
biosorption than the living cells. The reason for this was
that dead cells were conditioned to acidic pH by treating
them with deionized water acidified with H,SO, at pH
2.5.133 In continuation to this work in 2003, immobilized
B. coagulans biomass was used for biosorption in treating
tannery effluents ascertaining that immobilized B.
coagulans retains the ability to biosorb Cr (VI) even on
different matrices. This biosorption was found best on
agarose matrix where it remains stable and retains its
integrity in acidic pH.161 This finding confirmed the results
of earlier reports.162

Additional studies have provided compelling evidence
showing the role of other probiotic sp. of genus Bacillus
i.e. B. clausii in heavy metal adsorption. This study
investigated the role of B. clausii S-4 as a biosorbent for
Zn ions in aqueous solution. The study was aimed at
finding the optimum pH value for biosorption at different
temperatures. The results showed maximum biosorption
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of 57.5 mg/g by B. clausii S-4 at temperature of 400C and
pH 4.5. These results were also confirmed by FTIR and
Energy Dispersive X-ray (EDX) analysis. Thus, the study
concluded that B. clausii S-4 biomass had a great
potential in the removal of Zn ions and hence can be used
for wastewater treatment.’® In 2011, a multiple heavy
metal resistant B. clausii was isolated establishing high
resistance against various heavy metals including Pb
(1.*** These studies empbhasized the role of B. clausii in
heavy metal bioremediation and since it is a proven
probiotic it is believed to remove heavy metal from gut of
an organism.

Researchers conducted a study emphasizing the
importance of probiotic species of genus Bacillus in
excreting toxic heavy metals. They reported self-
eliminating antagonistic behavior of these species as well
as their antibiotic influence that actively excreted heavy
metals from the organism. Their study was done using
three commercial probiotic preparations namely
Sporobacterin containing B. subtilis 534, Biosporin which
hasB. subtilis and B. licheniformis and Bactisubtil
containing B. cereus IP 5832. The experiments were
conducted under Zn and Pb stress on rat models. B.
subtilis i.e. Sporobacterin showed highest accumulation
for both the heavy metals i.e. 58.9% reduction of Pb (ll)
and 60.5% reduction of Zn (ll) as compared to other
commercial probiotic supplemented groups. Their results
indicate that probiotic B. subtilis 534 has a better
potential to reduce heavy metal concentration in vivo as
compared to other probiotic strains studied.’®

CONCLUSION

As a side effect of industrialization heavy metals have
become an integral part of our ecosystem. They are
continuously entering the food chain via air, food and
water, resulting in their accumulation leading to various
disorders. Bacillus species play a prominent role in
bioremediation of heavy metals in the environment.
Many LABs have been proven to reduce the
concentration of heavy metals in vivo. In view of this the
current review focuses on potential use of probiotic
bacteria of genus Bacillus for detoxification of heavy
metals, emphasizing on bioremediation of chromium and
lead, in vivo.
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Table 1: Source and effect of heavy metals on humans

Heavy metal Source Effect
Lead (Pb) Auto exhaust, hair dyes, paints, Loss of coordination and concentration, infertility and
vermilion memory loss'

Chromium (Cr)  Electroplating, resistant alloys e.g. High toxicity, mutagenicity, carcinogenicity, nasal irritation
Stainless steel, tanneries and dye and ulcers, neural, respiratory and dermal toxicity,
production malformation and fetal death®”®

Mercury (Hg) Dental amalgams, laxatives, tattooing Headache, irritability, fatigue, confusion, insomnia,
behavioral disorders, tremor, polyneuropathy, reduction or
loss of hearing and vision™

Nickel (Ni) Stainless steel cookware, tea, tobacco Disruption of hormone and lipid metabolism, lipid
dysfunction and intestinal cancer™

Cadmium (Cd)  Ni-Cd batteries, plating, pigments and Carcinogenic, mutagenic, endocrine disruptor, lung damage

plastics production, phosphate and fragile bones, affects calcium regulation in biological
fertilizers systemslz'13
Zinc (Zn) Marine antifouling coatings, Dizziness, fatigue14
anticorrosion paints, glow in the dark
products
Arsenic (As) Mining, coal burning, arsenic pesticides  Affects essential cellular processes such as oxidative

phosphorylation and ATP synthesis15

Accumulation Reduction

Figure 1: Mechanisms Adapted by Microorganisms to Survive in and Tolerate Heavy Metal Stress

Adsorption

Figure 2: Mechanism of Biosorption by Bacillus sp.

.i International Journal of Pharmaceutical Sciences Review and Research 1 4 9

Available online at www.globalresearchonline.net
© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

Micro

precipitation




Int. J. Pharm. Sci. Rev. Res., 43(1), March - April 2017; Article No. 29, Pages: 144-154

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

ATSDR,Toxicological profile for lead, U.S. Department of Health
and Human Services, Public Health Service, Atlanta, U.S., 1999.

Venitt S, Levy LS, Mutagenicity of chromates in bacteria and its
relevance to chromate carcinogenesis, Nature, 250 (5466), 1974,
493-495.

Nishioka H, Mutagenic activities of metal compounds in bacteria,
Mutat Res 31(3), 1975, 185-189.

Petrilli FL, Flora SD, Toxicity and mutagenicity of hexavalent
chromium on Salmonella typhimurium, Appl Environ Microbiol 33,
1977, 805-809.

Bailar JC, Chromium, Parker SP. (Ed.). McGraw-Hill Encyclopedia of
Science and Technology, vol. 3, McGraw-Hill, New York,1997

Sharma DC, Chatterjee C, Sharma CP, Chromium accumulation and
its effects on wheat (Triticum aestivum L. cv. HD 2204)

metabolism, Plant Sci, 111, 1995, 145-151.

USEPA, Toxicological review of hexavalent chromium (CAS No.
18540-29-9). United States Environmental Protection Agency,
Washington DC, USA, 1998.

Ryan MP, Williams DE, Chater RJ, Hutton BM, McPhail DS, Why
stainless steel corrodes, Nature, 415(6873), 2002, 770-774.

Holmes AL, Wise SS, Wise Sr. JP,Carcinogenicity of hexavalent
chromium, Indian J Med Res 128, 2008, 353-372.

Risher JF, Amler SN, evaluation and

intervention: the inappropriate use of chelating agents in the

Mercury exposure:

diagnosis and treatment of putative mercury poisoning,
Neurotoxicology, 26(4), 2005, 691-699.

ATSDR, Toxicological profile for Nickel. Department of Health and
Human Services, Public Health Service, Atlanta, U.S., 2005.

Degraeve N, Carcinogenic, teratogenic and mutagenic effects of
cadmium, Mutat Res, 86, 1981, 115-135.

Salem HM, Eweida EA, Farag A, Heavy metals in drinking water and
their environmental impact on human health, ICEHM,2000, 542—
556.

Hess R, Schmid B, Zinc supplement overdose can have toxic effects
J Pediat Hematol Onc 24, 2002,582-584.

Tripathi RD, Srivastava S, Mishra S, Singh N, Tuli R, Gupta DK,
Maathuis FJM, Arsenic hazards: Strategies for tolerance and
remediation by plants. Trends Biotechnol 25(4), 2007, 158-165.

Dixit R, Malaviya D, Pandiyan K, Singh UB, Sahu A, Shukla R, Singh
BP, Rai JP, Sharma PK, Lade H, Paul D, Bioremediation of heavy
metals from soil and aquatic environment: an overview of
principles and criteria of
Sustainability,7(2), 2015, 2189-2212.

fundamental processes,

Ahluwalia SS, Goyal D, Microbial and plant derived biomass for
removal of heavy metals from wastewater, Biores Technol, 98,
2007, 2243-2257.

Nourbakhsh M, Sag Y, Ozer D, Aksu Z, Kutsal T, Calgar A, A
comparative study of various biosorbents for removal of chromium
(VI) ions from industrial wastewater, Process Biochem, 29, 1994,
1-5.

Beveridge TJ, Murray RG, Sites of metal deposition in the cell wall
of Bacillus subtilis, ) Bacteriol 141(2), 1980, 876-887.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

ISSN 0976 — 044X

Beveridge TJ, Koval SF, Binding of metals to cell envelopes of
Escherichia coli K-12, Appl Environ Microbiol, 42, 1981, 325-335.

Mowll JL, Gadd GM, Cadmium uptake by Aureobasidium pullulans,)
Gen Microbiol 130, 1984, 279-284.

Beveridge TJ, Fyfe WS, Metal fixation by bacterial cell walls, Can J
Earth Sci, 22, 1985, 1893-1898.

Hamlett NV, Landale EC, Davis BH, Summers AQ, Roles of the Tn21
merT, merP, and merC gene products in mercury resistance and
mercury binding, J Bacteriol, 174, 1992, 6377- 6385.

Carlin A, Shi W, Dey S, Rosen BP, The ars operon of Escherichia coli
confers arsenical and antimonial resistance, J Bacteriol, 177, 1995,
981-986.

Silver S, Bacterial resistances to toxic metal ions—a review, Gene,
179, 1996, 9 -19.

White C, Gadd GM, Accumulation and effects of cadmium on
sulphate-reducing bacterial biofilms, Microbiol, 144, 1998, 1407—
1415.

Valls Atrian S, De
Bioaccumulation of heavy metals with protein fusions of
metallothionein to bacterial OMPs, Biochimie, 80(10), 1998, 855—
861.

M, Gonzalez-Duarte R, Lorenzo V,

Sayler GS, Ripp S, Field applications of genetically engineered
microorganisms for bioremediation
Biotechnol, 11, 2000, 286 —289.

processes, Curr Opin

Fein JB, Martin AM, Wightman PG, Metal adsorption onto bacterial
surfaces: development of a predictive approach, Geochim
Cosmochim Acta, 65, 2001, 4267—-4273.

Das N, Vimala R, Karthika P, Biosorption of heavy metals: An
overview, Indian J Biotechnol, 7, 2008, 159-169.

Osborn AM, Bruce KD, Strike P, Ritchie DA, Distribution, diversity
and evolution of the bacterial mercury resistance (mer) operon,
FEMS Microbiol Rev, 19, 1997, 239 -262.

Philip L, lyengar L, Venkobachar C,Cr (VI) reduction by Bacillus
coagulans isolated from contaminated soils, J Environ Eng, 124,
1998, 1165-1170.

Van Kranenburg R, Golic N, Bongers R, Leer RJ, De Vos WM, Siezen
RJ, Kleerebezem M, Functional analysis of three plasmids from
LactoBacillus plantarum, Appl Environ Microbiol, 71(3), 2005,
1223-1230.

Halttunen T, Salminen S, Jussi M, Raija T, Kalle L, Reversible surface
binding of cadmium and lead by lactic acid and Bifidobacteria, Int )
Food Microbiol, 125(2), 2008, 170-175.

Vrieze A, Holleman F, Zoetendal EG, De Vos WM, Hoekstra JBL,
Nieuwdorp M, the environment within: how gut microbiota may
influence metabolism and body composition, Diabetologia, 53(4),
2010, 606-613.

Giraffa G, Functionality of enterococci in dairy products, Int J Food
Microbiol, 88(2&3), 2003, 215-222.

Halttunen T, Removal of cadmium, lead and arsenic from water by

lactic acid bacteria. (Doctoral Dissertation) Functional Foods

Forum, Department of biochemistry and food chemistry,
University of Turku, Finland, 2007
(http://www.doria.fi/ itstream/ andle /

/33686/diss2007halttunen.pdf? sequence=1)

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

150



Int. J. Pharm. Sci. Rev. Res., 43(1), March - April 2017; Article No. 29, Pages: 144-154

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Robinson JB, Tuovinen OH, Mechanisms of microbial resistance
and detoxification of mercury and organomercury compounds:
physiological, biochemical, and genetic analyses, Microbiol Rev, 48
1984, 95-124.

Schar-Zammaretti P, Ubbink J, The cell wall of lactic acid bacteria:
surface constituents and macromolecular conformations, BiophysJ,
85(6), 2003, 4076- 4092.

Halttunen, T, Finell M, Salminen S, Arsenic removal by native and
chemically modified lactic acid bacteria, Int J Food Microbiol, 120,
20074, 173-178.

Halttunen T, Salminen S, Tahvonen R, Rapid removal of lead and
cadmium from water by specific lactic acid bacteria, Int J Food
Microbiol, 114(1), 2007b, 30-35.

Sinha V, Mishra R, Kumar A, Kannan A, Upreti RK, Amplification of
arsH gene in LactoBacillus acidophilus resistant to arsenite,
Biotechnol, 10, 2011, 101-107.

Upreti RK, Sinha V, Mishra R, Kannan A, In vitro development of
resistance to arsenite and chromium-VI in Lactobacilli strains as
perspective attenuation of gastrointestinal disorder, J Environ Biol,
32,2011, 325-332.

FAO/WHO, Evaluation of health and nutritional properties of
probiotics in food including powder milk with live lactic acid
bacteria, Food and Agriculture Organization of the United Nations
and World Health Organization Expert Consultation Report, 2001,
2.

Czako-Vér K, Batié M, Raspor P, Sipiczki M, Pesti M, Hexavalent
chromium uptake by sensitive and tolerant mutants of
Schizosaccharomyces pombe, FEMS Microbiol Lett 78, 1999, 109—
115.

Polti MA, Amoroso MJ, Abate CM, Chromate reductase activity in
Streptomyces sp. MC1, J Gen Appl Microbiol, 56(1), 2010, 11-18.

Costa, M, Potential hazards of hexavalent chromium in our
drinking water, Toxicol Appl Pharm,188, 2003, 1-5.

Xu XR, Li HB, Gu JD, Reduction of hexavalent chromium by ascorbic
acid in aqueous solutions, Chemosphere, 57, 2004, 609-613.

Xu XR, Li HB, Gu JD, Li XY, Kinetics of the reduction of chromium
(VI) by vitamin C, Environ Toxicol Chem, 24, 2005, 1310-1314.

Reynolds MF, Peterson-Roth EC, Bespalov IA, Johnston T, Gurel
VM, Menard HL, Zhitkovich A, Rapid DNA double-strand breaks
resulting from processing of CrDNA cross-links by both MutS
dimers, Cancer Res, 69, 2009, 1071-1079.

Wong PT, Trevors JT, Chromium toxicity to algae and bacteria,
Nriagu, J.0., Nieboer, E. (Eds.), Chromium in the Natural and
Human Environments, Wiley, New York, 1988, 305-315.

Katz SA, Salem H, The toxicology of chromium with respect to its
chemical speciation: a review, JAppl Toxicol, 13, 1993, 217-224.

Brierley JA, Brierley CL, Goyak GM, AMT-BIOCLAIM: A new
wastewater treatment and metal recovery technology, Lawrence,
R.W., Branion, R.M.R., Ebner, H.G. (Eds.), Fundamental and Applied
Biohydrometallurgy, Elsevier, Amsterdam, 1986, 291-304.

Shakoori AR, Makhdoom M, Hag RU, Hexavalent chromium
reduction by a dichromate-resistant gram-positive bacterium
isolated from efluents of tanneries, Appl Microbiol Biotechnol, 53,
2000, 348-35.

55.

56.

57.

58.

59.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

ISSN 0976 — 044X

Elangovan R, Abhipsa S, Rohit B, Ligy P, Chandraraj K, Reduction of
Cr(VI) by a Bacillus sp., Biotechnol Lett, 28, 2006, 247-252.

Dadrasnia A, Chuan Wei KS, Shahsavari N, Azirun MS, Ismail S,
Biosorption potential of Bacillus salmalaya strain 1*s| for removal
of Cr (VI) from aqueous solution, Int J Environ Res Public Health,
12(12), 2015, 15321-15538.

APHA, American health association standards for examination of
waste waters, eighteenth ed., American Public Health Association,
New York, 1985.

Fujie K, Tsuchida T, Urano K, Ohtake H, Development of a
bioreactor system for the treatment of chromate waste water
using Enterobacter cloacae HO1, Water Sci Technol, 30, 1994, 235-
243.

Wang P, Mori T, Komori K, Sasatsu M, Toda K, Ohtake H, Isolation
and characterization of an Enterobacter cloacae strain that reduces
hexavalent chromium under anaerobic conditions, Appl Environ
Microbiol, 55, 1989, 1665-1669

Smrithi A, Usha K, lIsolation and characterization of chromium
removing bacteria from tannery effluent disposal site, Int J Adv
Biotechnol Res, 3(3), 2012, 644-652.

Zahoor A, Rehman AJ, Isolation of Cr(VI) reducing bacteria from
industrial effluents and their potential use in bioremediation of
chromium containing wastewater, Environ Sci ,21(6), 2009, 814-
820.

Jain P, Amatullah A, Alam Rajib S, Mahmud Reza H, Antibiotic
resistance and chromium reduction pattern among Actinomycetes,
Am J Biochem Biotechnol, 8, 2012, 111-117.

Romanenko VI, Koren’Ken VN, A pure culture of bacteria utilizing
chromates and bichromates as hydrogen acceptors in growth
under anaerobic conditions, Mikrobiologiia, 46(3), 1977, 414-417.

Park CH, Keyhan M, Wielinga B, Fendorf S, Martin A, Purification to
homogeneity and characterization of a novel Pseudomonas putida
chromate reductase, Appl Environ Microbiol, 66, 2000, 1788-1795.

Ganguli A, Tripathi AK, Inducible periplasmic chromate reducing
activity in Pseudomonas aeruginosa isolated from a leather
tannery effluent, J Microbiol Biotechnol 11, 2001, 355-361.

Issazadeh K, Pahlaviani MRMK, Massiha A, Bioremediation of toxic
heavy metals pollutants by Bacillus spp. isolated from Guilan bay
sediments, north of Iran, Int Conference Biotechnol Environ
Manage (IPCBEE), 1, 2011, 67-71.

Calomiris JJ, Armstrong JL, Seidler RJ, Association of metal
tolerance with multiple antibiotic resistances of bacteria isolated
from drinking water, Appl Environ Microbiol 47, 1984, 1238- 1242

Verma TT, Srinath RU, Garge SK, Chromate tolerant bacteria
isolated from tannery effluent, Bioresour Technol, 78, 2001, 31-
35.

Lee KJ, Metal tolerance and antibiotic resistance of Bacillus species
isolated from Sunchon Bay Sediments, South Korea, Biotechnol, 7,
2008, 149-152.

Matyar F, Kaya A, Dincer S, Antibacterial agents and heavy metal
resistance in Gram negative bacteria isolated from seawater,
shrimp and sediment in Iskenderun Bay, Turkey, Sci. Total Environ,
407, 2008, 279-85.

Ghaima KK, Al Draghi WA, Lateef NS, Study the heavy metals
tolerance, biosorption and antibiotic resistance of Bacillus cereus

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

151



Int. J. Pharm. Sci. Rev. Res., 43(1), March - April 2017; Article No. 29, Pages: 144-154

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

isolated from diesel fuel polluted soil, Int J Biol Pharm Res, 4(7),
2013, 502 - 506.

Mishra R, Sinha V, Kannan A, Upreti RK, Reduction of chromium-VI
by chromium resistant Lactobacilli: A prospective bacterium for
bioremediation, Toxicol Int, 19(1), 2012, 25-30.

Siegel FR, Environmental Geochemistry of Potentially Toxic Metals,
Springer, Verlag, Berlin, 2002.

Spiro TG, Stigliani WM, Chemistry of the Environment, second ed,
Prentice-Hall, New Jersey, 2003.

Gadd GM, Metals, minerals and microbes: geomicrobiology and
bioremediation, Microbiol, 15, 2010, 609-643.

Fowler BA, Roles of lead binding proteins in mediating lead
bioavailability, Environ Health Perspect, 106, 1998, 1585-1587.

Kamel F, Umbach DM, Lehman TA, Park LP, Munsat TL, Shefner JM,
Sandler DP, Hu H, Taylor JA, Amyotrophic lateral sclerosis, lead,
and genetic susceptibility: Polymorphisms in the & -aminolevulinic
acid dehydratase and vitamin D receptor genes, Environ Health
Perspect, 111, 2003, 1335-1339.

Steenland K, Boffetta P, Lead and cancer in humans: where we are
now? Am J Ind Med, 38,2000, 295-299.

Fonte R, AgostiA, Scafa F, Chandura SM, Anaemia and abdominal
pain due to occupational lead poisoning, Haematologica, 92, 2007,
13-14.

Lam TV, Agovino P, Niu X, Roche L, Linkage study of cancer risk
among lead exposed workers in New Jersey, Sci Total Environ, 372,
2007, 455-462.

Vallee BL, Ulmer DD, Biochemical effects of mercury, cadmium,
and lead, Annu Rev Biochem, 41, 1972, 91-128.

Bruins MR, Kapil S, Oehme FW, Microbial resistance to metals in
the environment. Ecotoxicol Environ Safety, 45, 2000, 198-207.

Jarostawiecka A, Piotrowska-Seget Z, Lead resistance in micro-
organisms, Microbiol 160, 2014, 12-25

Hookoom M, Puchooa D, Isolation and identification of heavy
metals tolerant bacteria from industrial and agricultural areas in
Mauritius, Curr Res Microbiol Biotechnol, 1(3), 2013, 119-123.

Kafilzadeh F, Afrough R, Johari H, Tahery Y, Range determination
for resistance/tolerance and growth kinetic of indigenous bacteria
isolated from lead contaminated soils near gas stations (Iran), Eur J
Exp Biol, 2(1), 2012, 62-69.

Lucious S, Reddy ES, Anuradha, V, Vijaya PP, Syed Ali M, Yogananth
N, Rajan R, Kalithaparveen P, Heavy metal tolerance and antibiotic
sensitivity of bacterial strains isolated from tannery effluent, Asian
J Exp Biol Sci 4(4), 2013, 597-606.

Hossain SM, Ananthraman N, Studies on bacterial growth and Pb
(IV) biosorption using Bacillus subtilis, Indian J ChemTechnol, 13,
2006, 591-596.

Murthy S, Bali G, Sarangi SK, Biosorption of lead by Bacillus cereus
isolated from industrial effluents, Brit Biotechnol J, 2(2), 2012, 73-
84.

Naik MM, Shamim K, Dubey SK, Biological characterization of lead-
resistant bacteria to explore role of bacterial metallothionein in
lead resistance, Curr Sci, 103(4), 2012, 426-429.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

ISSN 0976 — 044X

Chatterjee S, Mukherjee A, Sarkar A, Roy P, Bioremediation of lead
by lead-resistant microorganisms, isolated from industrial sample,
Adv Biosci Biotechnol 3(3), 2012, 290-295.

Oves M, Khan MS, Zaidi A, Biosorption of heavy metals by Bacillus
thuringiensis OSM29 originating from industrial effluent
contaminated north Indian soil, Saudi J Biol Sci, 20, 2013, 121-129.

Gayathramma K, Pavani KV, Singh AR, Deepti S, Role of Bacillus
subtilis in bioremediation of heavy metals, Int J Biomed Res, 6(1),
2013, 6-11.

Basha SA, Rajaganesh K, Microbial bioremediation of heavy metals
from textile industry dye effluents using isolated bacterial strains,
IntJ Curr Microbiol App Sci, 3(5), 2014, 785-794.

Gupta MK, Kiran K, Shrivastava A, Shikha G, Bioremediation of
heavy metal polluted environment using resistant bacteria, J
Environ Res Develop, 8(4), 2014, 883-889.

Singh S, Kashyap N, Singla S, Bhadrecha P, Kaur P, Bioremediation
of heavy metals by employing resistant microbial isolates from
agricultural soil irrigated with industrial waste water, Oriental J
Chem, 31(1), 2015, 357-361.

Syed S, Chinthala P, Heavy metal detoxification by different
Bacillus species isolated from solar salterns, Scientifica, 2015, 1-8

Fourest E, Roux JC, Heavy metal biosorption by fungal mycelial by-
products: mechanisms and influence of pH, Appl
Biotechnol, 37(3), 1992, 399-403.

Microbiol

Volesky B, Holan ZR, Biosorption of heavy metals, Biotechnol
Progress, 11(3), 1995, 235-250.

Kamaludeen SP, Arunkumar KR, Avudainayagam S, Ramasamy K,
Bioremediation of chromium contaminated environments, Indian J
Exp Biol, 41(9), 2003, 972-985.

Wierzba S, Biosorption of lead(ll), zinc(ll) and nickel(ll) from
industrial wastewater by Stenotrophomonas maltophilia and
Bacillus subtilis, Pol J Chem Tech 17(1), 2015, 79-87.

Fosso-Kankeu E, Mulaba-Bafubiandim AF, Mamba BB, Marjanovic
L, Barnard TG, A comprehensive study of physical and physiological
parameters that affect biosorption of metal pollutants from
aqueous solutions, Phys Chem Earth, 35, 2010, 672—-678.

Shroff KA, Vaidya VK, Kinetic and equilibrium studies on
biosorption of nickel from aqueous solution by dead fungal
biomass of Mucor hiemalis, Chem Eng J, 171, 2011, 1234-1245.

Matheickal JT, Yu Q, Biosorption of lead (Il) and copper (Il) from
aqueous solutions by pre-treated biomass of Australian marine
algae, Bioresource Technol, 69(3), 1999, 223-229.

Nourbakhsh MN, Kiligarslan S, Ilhan S, Ozdag H, Biosorption of Cr
6+, Pb 2+ and Cu 2+ ions in industrial waste water on Bacillus Sp.
Chem. Eng J, 85(2), 2002, 351-355.

Gabuk A, Akar T, Tunali S, Tabak O, Biosorption characteristic of
Bacillus sp. ATS-2 immobilized in silica gel for removal of Pb (ll), J
Hazard Mater, 136, 2006, 317-323.

Ho YS, Effect of pH on lead removal from water using tree fern as
the sorbent. Bioresource Technol, 96, 2005, 1292-1296.

Bahadir T, Bakan G, Altas L, Buyukgungor H,The investigation of
lead removal by biosorption: An application AT storage battery
industry wastewaters, Enzyme Microb Technol, 41, 2007, 98-102.

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

152



Int. J. Pharm. Sci. Rev. Res., 43(1), March - April 2017; Article No. 29, Pages: 144-154

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

Sassi M, Bestani B, Said AH, Benderdouche N, Guibal E, Removal of
heavy metal ions from aqueous solutions by a local dairy sludge as
a biosorbent, Desalination 262, 2010, 243-250.

Ajaykumar AV, Naif AD, Hilal N, Study of various parameters in the
biosorption of heavy metals on activated sludge, World Appl Sci J,
5,2009, 32-40.

Kamsonlian S, Balomajumder C, Chand S, Suresh S, Biosorption of
Cd (Il) and as (lll) ions from aqueous solution by tea waste
biomass, AfrJ Environ Sci Technol, 5(1), 2011, 1-7.

Singh AL, Sarma PN, Removal of arsenic (lll) from waste water
using LactoBacillus acidophilus, Biorem J,14(2), 2010, 92-97.

Rayes AA, Field studies on the removal of lead, cadmium, and
copper by the use of probiotic lactic acid bacteria from the water
for culturing marine tilapia T. spilurus, New York Sci J, 5(11), 2012,
74-82.

Guarner F, Khan AG, Garisch J, Eliakim R, Gangl A, Thomson A,
Krabshuis J, Mair TL, World Gastroenterology Organisation practice
guidelines: Probiotics and prebiotics, Arab J Gastroenterol, 10(1),
2009, 33-42.

Batish VK, Roy U, Lal R, Grover S, Antifungal attributes of lactic acid
bacteria — A review, Crit Rev Biotechnol, 17(4), 1997, 2009-2225.

Axelsson L, Lactic acid bacteria: classification and physiology,
Salminen S, Von Wright A (Eds.), Lactic Acid Bacteria: Microbiology
and Functional Aspects, Marcel Dekker Inc., New York, 1998, 1-72.

Shetty PH, Jespersen L, Saccharomyces cerevisiae and lactic acid
bacteria as potential mycotoxin decontaminating agents, Trends
Food Sci Technol, 17(1),2006, 48-55.

Felis GE, Dellaglio F, Taxonomy of lactobacilli and bifidobacteria,
Curr Issues Intest Microbiol, 8(2), 2007, 44-61.

Kleerebezem M, Vaughan EE, Probiotic and gut lactobacilli and
bifidobacteria: molecular approaches to study diversity and
activity, Annu Rev Microbiol 63, 2009, 269-290.

Wolvers D, Antoine JM, Myllyluoma E, Schrezenmeir J, Szajewska
H, Rijkers GT, Guidance for substantiating the evidence for
beneficial effects of probiotics: prevention and management of
infections by probiotics, J Nutr, 140, 2010, 6985-712S.

Ryan KA, Jayaraman T, Daly P, Canchaya C, Curran S, Fang F,
Quigley EM, O'Toole PW, Isolation of Lactobacilli with probiotic
properties from the human stomach. Lett Appl Microbiol, 47,
2008, 269-274.

Todorov SD, Botes M, Guigas C, Schillinger U, Wiid I, Wachsman
MB, Holzapfel WH, Dicks LM, Boza, a natural source of probiotic
lactic acid bacteria, J Appl. Microbiol, 104, 2008, 465-477.

Pfeiler EA, Klaenhammer TR, Role of transporter proteins in bile
tolerance of LactoBacillusacidophilus, Appl Environ Microbiol, 75,
2009, 6013-6016.

Nagaoka M, Hashimoto S, Shibata H, Kimura |, Kimura K, Sawada H,
Yokokura T, Structure of a galactan from cell walls of
Bifidobacterium catenulatum YIT4016, Carbohydr Res, 281(2),
1996, 285-291.

Roane TM, Lead resistance in two bacterial isolates from heavy
metal contaminated soils, Microb Ecol, 37, 1999, 218-224.

Guibaud G, Tixier N, Bouju A, Baudu M, Relation between
extracellular polymers’ composition and its ability to complex Cd,
Cu and Pb, Chemosphere, 52,2003, 1701-1710.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

ISSN 0976 — 044X

Pal A, Paul AK, Microbial extracellular polymeric substances:
central elements in heavy metal Indian J

Microbiol, 48, 2008, 49—64.

bioremediation,

Salehizadeh H, Shojaosadati SA, Removal of metal ions from
aqueous solution by polysaccharide produced from Bacillus firmus,
Water Res, 37, 2003, 4231-4235.

Sanchez JI, Martinez B, Guillen R, Jimenez-Diaz R, Rodriguez A,
Culture conditions determine the balance between two different
exopolysaccharides produced by Lactobacillus pentosus LPS26,
Appl Environ Microbiol, 72(12), 2006, 7495-7502.

Blindauer CA, Harrison MD, Robinson AK, Parkinson JA, Bowness
PW, Sadler PJ, Robinson NJ, Multiple bacteria encode
metallothioneins and SmtA-like fingers, Mol Microbiol, 45, 2002,
1421-1432.

Monachese M, Burton JP, Reid G, Bioremediation and tolerance of
humans to heavy metals through microbial processes: a potential
role for probiotics? Appl Environ Microbiol, 7(8), 2012, 6397-6404.

Upreti RK, Shrivastava R, Chaturvedi UC, Gut microflora and toxic
metals: chromium as a model, Indian J Med Res, 119, 2004, 49-59.

Olukoya DK, Smith SI, llori MO, Isolation and characterization of
heavy metals resistant bacteria from Lagos Folia

Microbiol, 42, 1997, 441-444.

Lagoon,

Srinath T, Verma T, Ramteke PW, Garg SK, Chromium (VI)
biosorption and bioaccumulation by chromate resistant bacteria,
Chemosphere, 48,2002, 427-435.

Shrivastava R, Upreti RK, Chaturvedi UC, Various cells of the
immune system and intestine differ in their capacity to reduce
hexavalent chromium, FEMS Immunol Med Microbiol, 38, 2003,
65-70.

Halttunen T, Kankaanp&aa P, Tahvonen R, Salminen S, Ouwehand
AC, Cadmium removal by lactic acid bacteria, Biosci Microflora, 22,
2003, 93-97.

Huang C, Huang CP, Morehart AL, Proton competition in Cu (ll)
adsorption by fungal mycelia, Water Res, 25,1991, 1365-1375.

Gerbino E, Mobili P, Tymczyszyn E, Fausto R, Gomez-Zavaglia A,
FTIR spectroscopy structural analysis of the interaction between
LactoBacillus kefir S-layers and metal ions, J Mol Struct, 987, 2011,
186-192.

Ibrahim F, Halttunen T, Tahvonen R, Salminen S, Probiotic bacteria
as potential detoxification tools: assessing their heavy metal
binding isotherms, Can J Microbiol, 52,2006, 877-885.

Kulczycki E, Fowle DA, Fortin D, Ferris FG,Sorption of cadmium and
lead by bacteria-ferrihydrite composites, Geomicrobiol J, 22, 2005,
299-310.

Nagaoka M, Shibata H, Kimura I, Hashimoto S, Kimura K, Sawada H,
Yokokura T, Structural studies on a cell wall polysaccharide from
Bifidobacterium longum YI1T4028, Carbohydr Res, 274, 1995, 245-
249.

Landersjo C, Yang Z, Huttunen E, Widmalm G, Structural studies of
the exopolysaccharide produced by LactoBacillus rhamnosus strain
GG (ATCC 53103), Biomacromolecules, 3, 2002, 880—-884.

Nicholson WL, Ubiquity, Longevity, and Ecological Roles of Bacillus
Spores, Ricca E, Henriques AO, Cutting SM (Eds.), Bacterial spore
formers: Probiotics and emerging applications, Horizon Bioscience,
Norflok, UK,2004, 1-5.

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

153



Int. J. Pharm. Sci. Rev. Res., 43(1), March - April 2017; Article No. 29, Pages: 144-154

143.

144,

145.

146.

147.

148.

149.

150.

152.

153.

154.

Ivanova EP, Vysotskii MV, Svetashev VI, Nedashkovskaya Ol,
Gorshkova NM, Mikhailov VV, Yumoto N, Shigeri Y, Taguchi T,
Yoshikawa S,Characterization of Bacillus strains of marine origin,
Int Microbiol, 4, 1999, 267-271.

Andersson AM, Weiss N, Rainey F, Salkinoja-Salonen MS, Dust-
borne bacteria in animal sheds, schools and children’s day care
centres, J Appl Microbiol, 86(4), 1999, 622-634.

Sorokulova I, Modern status and perspectives of Bacillus bacteria
as probiotics, J Prob Health, 1(4), 2013, 1-5.

Hong HA, Khaneja R, Tam NMK, Cazzato A, Tan S, Urdaci M, Brisson
A, Gasbarrini A, Barnes |, Cutting SM, Bacillus subtilis isolated from
the human gastrointestinal tract, Res Microbiol, 160(2), 2009, 134-
143.

Ellis-Pegler RB, Crabtree C, Lambert HP, The faecal flora of children
in the United Kingdom, J Hyg, 75(1),1975, 135-142.

Hoa TT, Duc LH, Isticato R, Baccigalupi L, Ricca E, Van PH, Cutting
SM, Fate and dissemination of Bacillus subtilis spores in a murine
model, Appl Environ Microbiol, 67(9), 2001, 3819-3823.

Duc LH, Hong HA, Cutting SM, Germination of the spore in the
gastrointestinal tract provides a novel route for heterologous
antigen delivery, Vaccine, 21(27), 2003, 4215-4224.

Berdy J, Bioactive microbial metabolites - A personal view, J
Antibiot, 58(1), 2005, 1-26.

. Sharma A, Satyanarayana T, Microbial acid-stable alpha-amylases:

Characteristics, genetic engineering and applications, Process
Biochem, 48(2), 2013, 201-211.

Khan M, Nakkeeran E, Umesh-Kumar S, Potential application of
pectinase in developing functional foods, Annu Rev FoodSci
Technol, 4, 2013, 21-34.

Maki M, Leung KT, Qin WS, The prospects of cellulase-producing
bacteria for the bioconversion of lignocellulosic biomass, Int J Biol
Sci, 5(5), 2009, 500-516.

Guncheva M, Zhiryakova D, Catalytic properties and potential
applications of Bacillus lipases, ) Mol Catal B-Enzym, 68(1), 2011, 1-
21.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

ISSN 0976 — 044X

Gupta R, Beg QK, Lorenz P, Bacterial alkaline proteases: molecular
approaches and industrial applications, Appl Microbiol Biotechnol,
59(1), 2002, 15-32.

Jurenka JS, Bacillus coagulans, Altern Med Rev, 17, 2012, 76-81.

Sudha MR, Bhonagiri S, Kumar MA, Efficacy of Bacillusclausii strain
UBBC-07 in the treatment of patients suffering from acute
diarrhoea, Benef Microbes, 4(2), 2013, 211-216.

Spinosa MR,Braccini T, Ricca E, De Felice M, Morelli L, Pozzi G,
Oggioni MR, The fate of ingested Bacillus spores, Res Microbiol,
151, 2000, 361-368.

Duc LH, Hong HA, Barbosa TM, Henriques AO, Cutting SM,
Characterization of Bacillus probiotics available for human use,
Appl Environ Microbiol, 70(4), 2004, 2161-2171.

Horowitz-Wlassowa LM, Nowotelnow NW, U” ber eine sporogenes
Milchsaurebakterienart, LactoBacillus sporogenes n. sp,Cent F Bak
Il Abt, 87, 1932, 331.

Srinath T, Garg SK, Ramteke PW, Biosorption and elution of
chromium from immobilized Bacilluscoagulans biomass, Indian J
Exp Biol, 41(9), 2003, 986-990.

Uchiyama H, Yagi O, Oguri K, Kokufuta E, Immobilization of
trichloroethylene-degrading bacterium, Methylocystis sp. strain M
in different matrices, J Ferment Bioeng 77(2), 1994, 173-177.

Ruimei F, Jiaheng ZBZHF, Zhihui WQB, Study on adsorption of Zn
(2+) by Bacillus clausii S-4, Chin J Environ Eng, 8, 2007, 008.

Nithya
characterization of heavy metal resistance in Palk Bay sediment
bacteria, Mar Environ Res, 71(4),2011, 283-294.

C, Gnanalakshmi B, Pandian SK, Assessment and

Aleksey S, Olga K, Aleksandr V, Alena B, Elena D, The use of
probiotic preparations on basis of bacteria of a genus Bacillus
during intoxication of lead and zinc,Middle-East J Sci Res,22(10),
2014, 1475-1477.

Source of Support: Nil, Conflict of Interest: None.

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

154



