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Abstract

Domiasiat in West Khasi Hills district of Meghalaya was identified as an area with huge deposits of Uranium by India's
Atomic Minerals Division in 1984. Domiasiat (25° 30’ N; 91° 30" E) has been characterized as the largest, richest, near-surface
md low-cost sandstone-type uranium deposit discovered in India. The ores are spread over a 10-square-kilometer area in
deposits varying from 8 to 47 meters from the surface. Three metal tolerant Bacillus and Pseudomonas were isolated from the
proposed mining sites of Domiasiat. The bacteria were tested for their tolerance against five different heavy metals viz. Lead as
cad Nitrate [PO(NQ;)-], Chromium as Potassium Chromate [K-CrQOy], Copper as Copper Sulphate [CuSO.5H-0], Zinc as
Inc Sulphate [ZnSo.7H-0] and Cadmium as Cadmium Nitrate [CA(NO;)..5H-0]. The bacteria were studied for their metal
wlerance and antibiotic resistance using various metals and antibiotics. The bacteria exhibited high MIC values for metals and
aiso considerably larger spectrum of antibiotic resistance. The order of toxiciry of the metals to the bacteria varied with the
isolates, Cadmium being the most toxic metal. These metal tolerant isolates adapted 1o uranium rich environment can be further
plored for their activities such as biosorption, bioprecipitation, extracellular sequestration, transport mechanisms, and/or
thelation of heavy merals including Uranium which may open vistas for their utilisation as bioremediation agents.
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Introduction

Metal-resistant bacteria are nothing bizarre, instead it is reported that almost every group of bacteria possess the
otential of resisting metals.” And this ability in bacteria has not aroused very recently but even at 3 to 4 billion years ago
mcteria had to have resistance mechanisms in order to survive the high concentration of metals in volcanic environment.*® A
mmber of metal resistant bacteria has been isolated from various naturally occurring and anthropogenically created extreme
habitats such as a metal decantation tank of a zinc factory,™ a heavy metal site, *® material of waste heaps from a former
ranium mining area,’ serpentinite derived soils,'?? at acid mine drainage (AMD) site from former uranium mining site."*

In present work, metal-resistant Bacillus and Pseudomonas strains are isolated from the soils around the proposed
rnium mining sites in Domiasiat area of West Khasi Hill district in Meghalaya. Exploration of the Upper Cretaceous Mahadek
ediments by the Atomic Minerals Directorate for Exploration and Research (Atomic Mineral Division, Govt of India) over the
ast four decades has established Domiasiat as one of the country’s largest sandstone-type uranium deposits, the second one
king Wahkyn from the same arca.’” The Domiasiat deposit was estimated to be around 9,500 tonnes. Domiasiat (25° 30' N 91°
i E), has been characterized as the largest, richest, near-surface and low- cost sandstone-type uranium deposit discovered in
ndia. The ores are spread over a 10-square-kilometer arca in deposits varying from 8 to 47 meters from the surface in the
rmium deposit arcas.”

Microbial composition of such heavy metal and radionuclide contaminated extreme environments has been extensively
mdied during the last decade and it was demonstrated that they are inhabited by a large variety of bacteria, %!#2%%5-:6:81031.32.33.3%
vestigations from heavy metal and radionuclide contaminated environment have reported that constituent microbes play a very
jificant role in bioaccumulation of uranium,'* in biotransformation of it,”'®'* and for bioremediation of uranium-
mtaminated sites by in situ biostimulation.'®' 7!

Bacillus and Pseudomonas strains are also reported from the uranium mine water of Jaduguda, India.'*

The adaptation to heavy metal rich environments is resulting in microorganisms which show activities for biosorption,
joprecipitation, extracellular sequestration, transport mechanisms, and/or chelation. Such resistance mechanisms are the basis
r the use of microorganisms in bioremediation approaches.'® The metal-resistant bacteria well-adapted to such a heavy metal
h environment, as of Domiasiat, hence could probably support remediation and could be*of great interest for strategies on
mvironmental conservation.

aterial and Methods

le Collection and Isolation of Metal-Resistant Bacteria: Soil samples from three proposed uranium mining sites in the
omiasiat area from West Khasi Hills district of Meghalaya were collected in sterile plastic bags and transported on ice to the
boratory. Samples were diluted in sterile distilled water and plated on tryptone soya agar (M1615, HiMedia Laboratories Pvt
imited) plates supplemented with analytical grade of 1mM Pb(NOs), K,CrO; CuSQ4.5H-O and ZnSo,.7H-O one metal at a
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time or as heavy metal mixture. Plates were incubated at 37°C for 48 hours to screen metal-resistant colonies. In this prelimina
screening, colonies showing resistance to Pb. Cr. Cu and Zn were selected for further study. Assumed Bacillus a

Pscudomonas cultures specified by the colony characteristic were selected for further characterization studies and |
determination of Minimum Inhibitory Concentration of heavy metals and Antibiotic susceptibility. ;

Characterization Studies
The selected metal-resistant bacterial cultures were streaked onto fresh nutrient agar plates to verify their purity. T
separated pure colonies of the metal-resistant bacteria are then used for their microscopic and biochemical studies.

Colony Characters: The colony characteristics were studied based on their shape, size, elevation, margin and colour.

Microscopic Studies: Gram staining of the isolated strains was done and cell shape was noted based on microscopic stud
using Inverted Light Microscope (Leica DM 1000, Leica Microsystems, USA)

Biochemical Studies: Various Biochemical tests like Motility, Oxidasc , Catalase , Starch hydrolysis, Lipid hydrolysis, Nitr
reduction, Gelatin liquefaction, HL Oxidative, HI. Fermentative, TSI Agar, Urease, Indole, MR-VP and Simmon’s Citrae
were performed to characterize the isolated bacterial strains .

By performing above characterization steps the bacterial strains were able to be identified to only genus level. Fur
characterization using Sugar utilization tests and 16 S rDNA analyses is on the process to establish it to species level.

Determination of Minimal Inhibitory Concentrations (MICs): Analytical Grade salts of Lead Nitrate [Pb(NOs)2], Po ass
Chromate [K.CrQO.], Copper Sulphate [CuS0,.5H01, Zinc Sulphate [ZnSo4.7H,0] and Cadmium Nitrate [Cd(NO;)z.f){
were used to prepare 0.1 M stock solution and sterilized by autoclaving at 121°C, 15 psi for 20 minutes. Mueller-Hinton (3
Agar No. 2 (M1084, HiMedia Laboratories Pvt Limited) plates were supplemented with different concentration of heavy me
adjusted to pH 7.0 and then inoculated. Mid-log phase cultures grown in Sml of Mueller Hinton Broth (M391-500G, HiMe
Laboratories Pvt Limited) were used to analyse metal-resistance. Cells were streaked on MH agar plates conlail
concentrations of metal salts at the interval of 0.5 milimolar (mM) as 0 (Conrol), 0.5, 1.0, 1.5, 2.0, 2.5 and so on. Growth'
recorded after three days of incubation at 37°C. The Minimum Inhibitory Concentration (MIC) was determined to be the low
concentration of metal in which growth was completely inhibited. Escherichia coli 118 (MTCC, Chandigarh, India) was used
the control. Strains were considered resistant if MIC values exceeded that of the control organism for minimum one of the il

Antibiotic Susceptibility Test: The bacterial strains were tested for its sensitivity to 13 different antibiotics. The reaction
antibiotics was examined by the disk diffusion method.® The bacteria were grown in MH broth at 37 °C for 24 h. 10
inoculums is taken from the culture and plated on MH agar plates. The antibiotic disks were placed on freshly prepared lawn
the isolate on MH agar plates and incubated at 37°C for 24 h. The diameter of the inhibition zones was measured, and
bacterium was classified as resistant (R), intermediate (1) and susceptible (S), following the standard antibiotic disc sensil
testing method [7] to the following antibiotics: Ampicillin 10pg, Azireonam 30ug, Amikacin 30ug, Chloramphenicol I
Gentamicin 10ug, Erythromycin 10ug, Kanamycin 30pg. Streptomycin 25ug, Tetracycline 10pg.

Resuits and Discussion
Isolation of Heavy Metal-Resistant Bacilius and Pseudomonas Species: Fifty colonies were screened from initial (1
jevel of heavy metal supplemented MTH agar plates. After secondary screening, based on the distinct colony characteristics
Bacillus and three Pseudomonas metal-resistant bacterial strains were screened from the proposed uranium mining sites
samples.

Characterization of the Isolated Bacterial Strains: Colony characteristics, gram staining, microscopic study of cell shap
various biochemical tests is shown in Table I (a) and (b). Based on the Characterization studies performed here, using Berg
manual of systemic bacteriology, the isolates could be closely established to the genus level. The characterization steps Wer

lLimited to relate the strains to species level. Characterization based on sugar utilization and 16 S rDNA analyses is 0

progress.

Resistance to Metals
Minimum Inhibitory Concentrations (MICs) of various metals for the sclected metal-resistant Bacillus

Pseudomonas are presented in Table 2. The order of toxicity of the metals to bacterial strains varied with the strain concern
gencral, among the studied metals, Cd was found to be the most toxic metal. :

However, determination of MIC varies with the type of media used. Duc (o different conditions of diffu
complexation and availability of metals, higher MIC is reported in solid media then in liquid.”” 3% Game factors affect they
MIC observations in rich and minimal media. ]

In present study, the resistant bacteria selected have shown MIC higher than the control organism E. coli 118 (M
Chandigarh, India) for at least one of the selected metals.
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Antibiotic Resistance

Antibiotic resistance of the bacterial strain is depicted in Table 3. Strain KMSII-1 is the most resistant strain showing
resistance to Ampicillin 10pg, Aztreonam 30 ng, Gentamicin 10ug and Streptomycin 25ug while strain PMS-1 is least resistant
showing resistance only to Aztreonam 30 Hg. It was observed that strains showing resistance to heavy metals are also usually
fesistant to antibiotics.”® Resistance to metallic salts as well as antibiotics is either chromosomally controlled®® or plasmid

mediated. >

Conclusion

Metal-resistant Bacillus and Pseudomonas strains were isolated from uranium rich deposits, morphological and
biochemically characterizations were performed to establish the bacteria to genus level. The confirmation of the bacteria to
species level using sugar utilization and molecular characterization is in progress. Minimum Inhibitory Concentrations (MICs)
for five of the heavy metals were checked, metals like Pb, Zn & Cu were considered which are associated with acidic rock as
that of uranium and metal like Cd & Cr were also checked which shows less affinity with uranium. The toxicity of metals varied
with the strain concerned and in general Cd remained the most toxic of all. Among the antibiotics Amikacin 30ug,
Chloramphenicol 10pg and Erythromycin 10ug showed highest sensitivity. The metal-resistant Bacillus and Pseudomonas will
be further screened for their metal accumulating potential so as to ascertain that they are not only resistant to heavy metals, but
can also bind considerable amounts of heavy metals from the growth medium which will suggest that the bacterial strains may
also be able to remove metals from different sources of pollution and hence can play an active role in bioremediation
approaches.
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Table 1 (a): Morphological and Biochemical Characterization of Isolates Suspected to be Bacillus.

- Characteristics I Bacterial Isolates ]
E [ KMSII-1 ] KMSII-3 ] PMS-3 ]
Colony Shape | Irregular | Irregular | Irregular :{
Colony Elevation | Raised | Raised [ Raised
Colony Size (mm) | 6.0-10.0 | 6.0-10.0 | 5.5-10.0 ]
Colony Margin | Entire | Erose | Erose ]
Colony Colour | White | White | White il
Cell Shape | Rod | Rod ] Rod ;;
Edosporc formation | + ] + | +
Gram Staining | + | + | + ]
Motility | + ] + | + ]
Cytochrome Oxidase test | + | - | + ]
Catalase test | - | + | +
| Starch hydrolysis | + | + | +
Lipid hydrolysis | + | + | +
Nitrate reduction | + | + | + ]
Gelatin liquefaction | + | + | + ]
HL Oxidative | A (W) | A (W) I A (W) ]
HL Fermentative | A (W) [ A (W) ] A W) |
TSI Agar Test A/K A/K \ A/K
(Bud/Slany
s ot - B - .
e i - . B | . —
Urease test [ - [ - | 5
Indole test | < | " | B i
Mithyl Red test | e ] e F &
Voges Proskauer | = | - i ~
Simmon’s Citrate | &+ ] - | = ;l
Closely Related Genus [ Bacillus l Bacillus i Bacillus j

sbreviations used:
- Hugh Leifson: TSI: Triple Sugar Iron; +: Positive Result; -: Negative Result; A: Acidie; K: Alkaline; (W): Weak.
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Table 1 (b): Morphological and Biochemical Characterization of Isolates Suspected to be Pseudomonas.
Characteristics Bacterial Isolates
KMSI-2 KMSI-R1 PMS-1
Colony Shape Circular Circular Circular
Colony Elevation Convex Convex Convex
Colony Size (mm) 0.75-1.25 0.75-1.25 0.5-1.0
Colony Margin Entire Entire Entire
Colony Colour Creamish White Creamish White Dirty white
Cell Shape Rod Rod Rod
Gram Staining - - -
Motility e + +
Cytochrome Oxidase test + - +
Catalase test + + +
Starch hydrolysis + - =
Lipid hydrolysis + + +
Nitrate reduction + + -
Gelatin liquefaction + - &
HL Oxidative A K A (W)

HI. Fermentative - -
TSI Agar Test (Bud/Slant) K/K K/K K/K
Gas production -
H,S production - =

Urease test = % =
Indole test - - -
Mthyl Red test - = +
Voges Proskauer 5 - 7
Simmon’s Citrate + + +
Growth in King’s A + + +
Growth in King’s B + 4 e
Closely Related Genus Pseudomonas Pseudomonas Pseudomonas

Abbreviations used:
HL: Hugh Leifson; TSI: Triple Sugar Iron; +: Positive Result; -: Negative Result; A: Acidic; K: Alkaline; (W): Weak.

Table 2. Minimum Inhibitory Concentrations (MICs) of the Selected Metals Against the Bacterial Isolates.

Bacterial Metals
Strains Lead Potassium Copper Sulphate Zinc Sulphate Cadmium
Nitrate Chromate [CuSO,. 5H,0] [ZnSo0,.7H,0] Nitrate
[Pb(NO3).] | [K;CrO4) [CA(NO3),.
SH,0]
KMSII-1 6.0 mM 6.5 mM 4.5 mM 7.0 mM 0.5 mM
KMSII-3 6.5 mM 7.0 mM 4.0 mM 7.0 mM 1.5 mM
PMS-3 5.5 mM 3.5 mM 4.0 mM 6.5 mM 1.5 mM
KMSI-2 5.0 mM 7.0 mM 4.0 mM 6.0 mM 0.5 mM
KMSI-R1 4.5 mM 3.5 mM 3.5mM 3.5 mM 1.5 mM
PMS-1 6.5 mM 6.0 mM 6.0 mM 7.0 gM 2.0 mM
E. coli 118 5.0 mM 4.0 mM 3.5 mM 3.0 mM 0.5 mM
(Control )

Abbreviations used:
mM: Milli molar




koceedings of ISBT — 2008 - Oral Papers (28"-30™ December 2008) ' 349

Table 3. Antibiotic Sensitivity Profiles of the Selected Metal-Tolerant Bacterial Species.

Antibiotics Bacterial Isolates
KMSII-1 KMSII-3 PMS-3° KMSI-2 KMSI-R1 PMS-1

Ampicillin 10pg
Aztreonam 30pg
Amikacin 30pg
Chloramphenicol 10pg

Gentamicin 10pg
Erythromycin 10ug
Kanamycin 30pg
Streptomycin 25ug
Tetracycline 10pg

|| =] = | v | = |
—| | =| w|n| —~| n| x|
w|ln|~|w|u| v v| x| "
—| | | v vl vln| B "
w|w| w|wn|=|wv|=n|lx
wlwlv|u|n| vln|w| v

bbreviations used:
:Resistant; I: Intermidiate; S: Sensitive
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