5/»4}47&@ /

“ Isolation and identification of y-HCH d‘egrading 'bacteria



Chapter 1

1.1 Introduction

Gamma-hexachlorocyclohexane (y-HCH or lindane) is a chlorinated pesticide, which has
been extensively used to protect crops. Its indiscrirﬁinate and Vinjudicious use in
agriculture and long period of persistence in soil is a major concern (Simonich and Hites,
1995; Karanth, 2000; Abhilash et al., 2009a). In this context, bioremediation involving
the use of natural microbes to detoxify and degrade environmental éontaminants, has
‘ feceived considerable attention as an effective éleah ﬁp approach for the pollutants
(Pit;.per and Reineke, 2000). A few repoﬁs are availéblé on the biodegradation of y-HCH
and other isomers of HCI—I (Senco & Wada, 1989';'Sahu‘ et al., 1990; Manickam et al.,
2006 and 2007). Pesticidé degradiﬁg bacferia have been isolafed from the_agricultural
and industrial site soil (Sahu et al., 1990; Manickan‘x’ét al,, 2006 and 2007) by enrichment
methods, in Winograsdsky column (Winogradsky, 1949; Manonmani et., 2000) or in
mineral mediuﬁ (Sahu >et al., 1990; Manickam et al.,. 2006 and 2007). Bacterial
'populations capable of degrading y-HCH or its isomers have be'env isolated using culture-
" dependent enrichment procedures. However, dominant HCH degrading bacteria might be
lost during enrichment (Lloyd-Jones et al., 1999), as the soil environmental conditions
‘might differ from the enx;ichment media. Thereforé, in present investigatioﬁ v-HCH
degrading bacteria were isolated both by enrichmenﬁ and by directly spreading the soil -
sﬁpernatan% onh Luria agar (LA) supplemented with y-HCH. Various assays such as
pesticide clearance aséay (Kiyohara e't al., 1982), dehalogenase assay (Phillips et al.,‘
2001; Manichkam et al, 2008) and analytical fechniques TLC, HPTLC, GC, etc

(Manonmani et al., 2000; Pesce et' al., 2004; Manickam et al., 2006) were employed for
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screening of y-HCH degrading bacteria. y-HCH clearance assay was preferred for initial
screening of larger number of bacteria, as it is rapid and inexpensive. Subsequently ]6S-
rDNA analysis method (Woese et al., 1975) was used routinely for bacterial identification
and phylogenetic analysis. This chapter describes the isolation, preliminary screening and

identification of y-HCH degraders.
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1.2 Material and methods

- 1.2.1 Soil sampling

Soil samples from sugarcane fields having a long history of HCH applications and
industrial sites (engaged in y-HCH manufacturing for more than 20 years) were collected,
from Junagadh (2_1.419°N 70.4293°E) and Vadodara ’(22.2952°N 73.7238°E) districts,
respectively (Figure 4). Collected soil samples were passed fhrough 2 mm sieve and used
for the isolation of y-HCH degrading bacteria, either by enr1chment method or by directly
spreading of the soil supernatant on Luna agar supplemented with y-HCH (10 mg I').
: Remammg portlons of the soil samples were stored at 4°C for ‘further use. Strategy for the.

isolation of y-HCH ‘degrading bacteria has been summarized in Figﬁre 5.

-1.2.2 Chemicals and reagents

Analytiéal grade | y-HC}H‘ (;59%) and technical HCH were .obtained from Shreeram
agrochemicai Ltd., Gujarat, India. Other‘ chemicals used in the exée’riments were
purchésed from either- Sigmé Chemical Co, St. Louis, MO, USA or Hi-media, Mumbai,
* India. Non-radioactive labeling and detection kit wére purchaéed from GE healthcare Ltd,
USA. Reagents for molecular analysis were purchased from Bangalore Genie, Bangalore,
India or Fermentas, USA. Oligonucleotide primers were custom synthesized by MWG-
Biotech AG, Bangalore, India. Other media components and buffers of analytical grade

reagents were from Hi-medid, Mumbai, India.
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| Fxgure 4: Map showihg soil éampling Ioéatiohs, Vadodara and .Tunagadh distriéts n

_Gujarat state, India.






Figui‘e 5: Flow chart of prdcedure followed for the enfichment and isolation of y-HCH

degraders
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1.2.3 Media used for isolation, screening and analysis of y-HCH degrading bacteria
MSM-L1 g I (Sahu et al., 1990)

(NH4);HPO4 0.50

MgS04.7H,0 ' 0.20
FeS04.7H,0 0.01 -
KoHPO, 0.10
Ca (NOs3), 0.01

. pH was adjusted at pH 7.0 -

'MSM-L2 g I’ (Senoo and Wada., 1989) :

KILPO, R i.oo:
KZHPQ;I. - 100
: .NH‘;NO:, ©1.00
MgSOLTH0 0.20
" Fe (SO@; | 0.005
NaMoO42H,0 © 0.005
MnSO4.4H,0, 0.005
pH wa§ adjusted at pH 7.0

Luria Broth (LB) g I' (HiMedia, Laboratories, Bombay, India)

Casein enzymic hydrolysate 10.000

Yeast extract 5.000
~ NaCl . 5.000
" Final pH (at 25°C) 7.0£0.2
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1.2.4 Isolation of y-HCH degrading bacteria from agricultural soil samples

Soil samples from Sugarcane field (Junagadh district) were used for enrichment of y-HCH
degrading bacteria in two ways. Firstly, collected soil samples were directly used for

enrichment of the y-HCH decomposing bacteria in a MSM-L1, using y-HCH as a sole

carbbn source (Senoo & Wada, 1989; Sahu et al., 1990). For this, 10 g of soil-slurry
mixture was added to 50 ml of éterile MSM-L1 and stirred for 1 h. The flask was then left
static for 10min and 1ml suépension was inoculated in the MSM-L1 containing y-HCH
(10 mg I'"). yv-HCH was dissolved in acetone and filter sterilized using a 0.22 pm
membrane filter (Millipore Corp., Bedford, MA) befofe use. Sub-culturing was done at
éyery 15 days in‘teryals by transfervringr I%Iinoc'ulum ina frésh MSM-LI containing y-
'HCH (10 mg 1’1)..Aﬁer 5 sucéeési{re sub—culturés, serial dilutioné (10'2‘»1:0 10 of the
: suspensioﬁ were spread onto MSM—LI agér incubated at 28°C for 3-10 dﬁys. Isolated

- colonies obtained were further sub-cultured on fresh media as before until a pure bacterial

e g,nmﬂb‘“w ‘l\

culture was obtained. © Hamt

In a second procedure, enrichment culture for y-HCH degradation was isolated in two
steps, primary enrichment in Wonogradsky column, followed by secondary enrichment in

MSM-L1 (containing 10 mg 1" of y-HCH) using y-HCH as a sole carbon source.

Primary enrichment in Winograsdky column
For prhﬁary enrichment, a 1L glass measuring cylinder (30 cm in height and 5 cm in
* diameter) was used for preparing the Winograsdky column. Shredded paper, grass,

leaves, saw dust, etc were used as supplementary carbon source. Minimal salt medium
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containing benzene and phenol were also added in the column (each 50 ul I'"). Soil from ‘
the sugarcane field supplemented with 10 mg 1" concentration of y-HCH and pond water

was used to fill up the column.

Secondary ehrichment in MSM-L1

Soil sample was collected from column after 30 days and used for the secondary
| enrichment in the MSM-L1 (containing 10 mg I"' of y-HCH). The procedure followed for
secondary enrichment and isolation of y-HCH degrading bacteria was the same as

described earlier in first approach above.

1.2.5 Isolatmn of y-HCH degradmg bacteria from Industrial site soil Samples
Isolation of y-HCH degradmg bacteria from Industnal site soil was performed by direct
spreading of the soil supernatant on Luria agar (supplemented with y-HCH) and by

enrichment in mineral medium.

1.2.5.a Isolation of bacteria from soil samples without any enrichment

Five »different soil samples were collected, serially diluted in water on the same day (107

to 107) and plated onto 1/3 Luria agar containing 10 mg I' y-HCH, pH 7.0-7.2. y-HCH |
was dissolved in acetone and filter-sterilized using a 0.22 pm membrane filter, before use

~ (Millipore Corp., Bedford, MA). Plates were incubated at 28°C for 2-6 days and isolated
‘ el di wanpee”

colomes were further sub-cultured on fresh media as described earlier until a pure

pe——ee—ee

bacterial culture was obtained. All the isolates were grown in the 1/3Luria broth
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(containing y-HCH 10 mg L) for 1-3 days depending on their growth and then stored at

-80°C as 15% glycerol stocks for further use.

1.2.5.b Enrichment and isolation of y-HCH degrading bacteria from industrial site
soil _

Procedure for the Enrichment of y-HCH degrading bacteria ‘hés been followed as
ciescribed in 1.2.4 except filter-sterilized MSM-L2 was used ina plaéé of MSM—LI; After
5 successive sub-cultures, different dilutions (102 to 109 of the suspension were spread -

" - onto plates in duplicateh%ontaming MSM-L2 agar y-HCH (10 mg 1), and incubated at

28°C for 6-10 déys. Different dilutions were spread in one set on MSM—_LZ agar plates,
| 'overléid with y-HéH after 6 days of growth, and further .inc.ubated for 3-6 days.
: Appearauce of zoné of clearance around the cok;ﬁies was monitored. In another set,
- different dilutioﬁs were used to isolate total cultivabvle bacteria in th_e enrichment culture.
Isolated colonies were further sub-cultured in fresh Luria agar platé containixig v-HCH till
a pure bacterial cul'ture was obtained. Further all the isolates u}ere maintained'on the
MSM-L2 agar plate containing y-HCH. All the isolates were grown in the 1/3 Luria broth
(in pregence of 10 mg I, g- HCH) for 1-3 days and were preserved as glycerol stock at -

80°C.

1.2.6 Preliminary screening for putative y-HCH degrading bacteria
Preliminary screening for y-HCH biodegrader was done based on y-HCH clearance assay
on Luria agar plate. Luria agar plates were spread with 1% y-HCH in diethyl ether

(Kiyéhara et al,, 1982). A colony of isolated pure cultures was spotted on above plates.
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All the plates were incubated at 28°C for 8-10 days and the formation of clearance zone
surfounding the colonies was used as an indicator of y-HCH degradation. Isol-ates
'showing positive results in y-HCH clearance assay were further characterized on the basis
- of Gram staining and morphological characferistics like shape, margin, elevation, texture,

diameter and opacity on Luria agar.

1.2.7 Identiﬁéation of y-HCH biodegrader by Biolog system .

A GN2 MicroPlate (Biolog, Hayward, Calif.) waé used to characterise y-HCH
biodegrader based on substrate utilization profile (as- f)er manufacturer’s protocol). -
Isolétes shoWihg'positive results - in y-HCH élearance assay,> a v-HCH degrader were
stfeakéd on Luria agér (LA) containing 10 mg I'' of y-HCH and incubated for 1-3 days
ét 30°C. Cells were suspended in normal saline (0.15%) and inocula;cedl in the GN2

. MicroPlate. After incubation for 72 hr, the resulting pattern was read using the Biolog

e T

‘au‘tomated Micro-Station. | oA wws ?mw/%) My&?\;ﬂ Ei s
1.2.8 Identification of y-HCH degrading bacteria based on 16S rRNA gene (16S
rDNA) |

1.2.8.a Genomic DNA extraction and PCR amplification of 16S 'rDNA

| The total DNA of the bacteria was isolated, according to the proceduré as described
(Sambrook and Russell, 2001). PCR amplification of partial 16S rDNA was carried out
using  the Eubacteria—épeciﬁc iprimers - forward primer 27F (5’-
AGAGTTTGATCCTGGCTCA - é’) corresponding to E. coli positidns 8 to 26 and

~réVerse primer 1089R (5" — GCTCGTTGCGGGACTTATCC — 37) corresponding to E.
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coli  positions 1088 to 1107 or _ reverse primer  1521R  (5’-
AAGGAGGTGATCCAGCCGCA - 3% correspénding to E. coli positions 154I~to 1522.
PCR ampliﬁcétion was carried out. using reac‘;ion mixtures (final volume 30 pl)
containing 25 ng of sample DNA, 3U of Tag DNA polymerase (Bangalore Genie, India)
- 1X buffer, deoxynucleoside triphosphates at a concentration of 0.25mM and each primer
at a concentration of 5pM. Reaction mixtures without any DNA were used as the
negative control. _The thermal cycle used was as folibws: iniﬁal denaturation at 94°C for 3
minutes followed by 30 cycles 0f 94°C, 30 s; 58°C, 30 s and 72°C, 1 min; ina Minicyéler
(MJ Researéh, Wéltham, MA, USA). The last step included final elongation at 72°C for5
' Ivn.inutes.'vArinpliﬁed PCR products were analyzed by eleétrophbfesis in 1% agarose gels

and visualized by ethidium bromide staining,

1.2.8.b Sequencing, identification and phylogenetic analysis

The amplified ~1.1 Kb or ~1.5Kb amplified product of 165 tDNA was gel purified (GE

Healthcare, Buckinghamshire UK) and partially sequenced at MWG-Biotech (MWG-
Biotech AG, Bangalore, India). Sequenciné reaction was perforfned using Eubacteijia-
specific primer used for the PCR amplification. Homology search of the sequence
information was performed using BLAST search progfam (Altéchul et dl, 1990) with the
GenBank datal;ase maintained by the National Center of Biotechnology Information
(http://www.ncbi.nlm.nih.gov/BLAST) for ‘an initial determination of fhe nearest
_phylogenetic neighbour sequences. The 16S rDNA nucleotide sequences determined in

the present study were deposited into the GenBank database.
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1.3 Results and discussion
1.3.1 Isolation and characterization of y-HCH degrading bacteria from the

agriculture soil samples

. Twelve different bacterial isolates obtained after enrichment in MSM-L1 were designated
~as ASI 1-12 (Agriculture Soil Isolate). Whereas, aﬁér primary enrichment in
| Winogradsky column and ﬁlrthér secondary enrichment in MSM-L1,.10 bacterial isolates
[WEI-1 to 10, Wmogradsky Enrichment Isolate] were obtained (Table 7). In prehmmary

screening on y-HCH clearance assays none of the 1solates showed a clearmg zone.
M““Mmﬂw SN g 275 s

 Further, y-HCH biodegradation potential of the 1solates were: analysed in ‘\/ISM—LI medla

, o
(observmg their growth). Residual concentraﬁon of y-HCH was determined by thin layer

)

, chromatography. None of the isolates showed the ability to degrade y-HCH in the above

assays. Simultaneously, to study microbial biodiversity in the soil samples (from

“agriculture soil and agriculture soil after enrichment in Winogradsky column), 16S rDNA

- library with more than 200 clones in pBlueScript KS+ were obtéined, and grouped by

ARDRA (Ampliﬁed rDNA Restriction Analysis). As none of these isolates (obtained

from agriculture soil directly or after enrichment) were able to degrade y-HCH, further -

sequencing of the 16S rDNA clones was not done.

1.3.2 Isolation, identification and confirmation of y-HCH degrading bacteria from

industrial site soil samples - D)

Forty nine different colonies with distinct morphologies isolated after serial dilution of V-

I

HCH pesticide contaminated soil samplegs werg,«%lamed as ILI-D1 to 49 (where ILI stands

for Isolates from Lindane (y-HCH) Industry, D-stands Direct (without enrichment)
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. | _ Table 7: 'Bacteriél isolates obtained from different soil sarﬁples in present s_tudy. Isolates E
. CGR-L1 and CGR-L2 (indicated in bold letter) were observed to be degrading v-HCH in

further analysis. |



Secondary

India

" |Place Crops grown |Enrichment | Primary Isolate name
' in ~ |ordirect [enrichment [enrichment
agricultural |dilution
fields method
Agricultural Soil, Sugarcane, |enrichment |{MSM-L1 - ALI-1to 12
Junagadh Vegetables, :
- | District,Gujrat,India {cottons etc.,
Agricultural Soil, Sugarcane, |enrichment |Winogradsky [MSM-L1 |WLI-1to 10
- |Junagadh District, | Vegetables, column ‘ '
Gujrat, cottons etc.,
India : '
- |Industrial site soil |- Direct (serial
- |samples, : dilution of -
 |Vadodara District, - - soil '
Gujarat, ' supernatant )
India : : ,
~ |Soil sample 1 S1-ILI-D1 t0 10
" |Soil sample 2 S2-ILI- D11to18
Soil sample 3 S3-ILI-D19 to30
| a (S3-ILI-D19
renamed as
. CGR-L1)
. {Soil sample 4 {S4-1L1-D31 to 39
- 1Soil sample 5 S5-ILI-D40 to49
Industrial site soil |- enrichment |MSM-L2 - S4-ILI-I1 to 11
samples, ' (IL1-S4-14
Vadodara District, renamed as CGR-
' |Gujarat, L2)
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(Table-7). In the primary screening, one of the isolates ILI- bl9 from soil sample no. 3,
showed clearing zone around the colony after 8 days of inocﬁlati,on (Figufe 6). This
isolate was renamed as CGR-L1 (CGR stands for the Centre for the Genome Research
and L stands for the _Lindane (y-HCH). Isolate CGR-L.1 was found to be gram—neéative
rod-shaped bacterium. Its colonies were mucoid, translucent and off white, circular in
- shape with entire margin and convex. Diémeters of colonies were found to be < 2mm
after 24 hours of growth on Luria agar plate. Us‘ingr BIOLOG system bacterium was
identified as Shew;znella algae with a 100% probability, based on different substrate
utilization (Table' 8). Further moleculér technique was Vused to identify the isolate CGR-
| L1, for fhat ~1.1 kb of partial 165 tDNA was PCR ampliﬁed from the genomic DNA of
' _, .the isolate CGR-L1 (Figure 7)'- Using purified PCR amplicons, a partial sequence of 16S
rDNA (697bp) was obtained and the sequence has been deposited-in GenBank with
accession no. AM063958. A standard nucleotide-nucleotide BLAST search (Altschul et
al., 1990) against the GenBank database using this sequehce confirmed that strain CGRf
L1 belongs to genus Shewanella, showing ~98% identity with’ fespect to the 163 rDNA

sequence of well studied Shewanella sp. TS 29 (GénBank accession no. EU073095) and

Shewanella sp. ANA-3 (GenBank accession no. CP000469) (Figﬁre 8). Both isolates

have been repbrted for their ability to detoxify arsenic contamination (Saltikov et al,
- 2005; Cai et al., 2006) and are well characterized for ’metai resistance (Valls & Lorenzo,
12002). However, their involvement in biodegradatiovn of y-HCH has not been reported.

Dechlorination of tetrachloromethane by Shewanella putrefaciens 200 (Picardal et al.,

1995) presumably are co-metabolic processes that are mediated by electron carriers (c-

type cytochromes) of the respiratory electron-transport chains. However, Petrovskis et
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Figure 6: Morphological »character'istics' and y-HCH-clearance assay for isolate

CGR-LI. .

- A vColony niorphology on 1/3 Luria agar pléte after 24 hours '
B. Isolate sp. CGR-L1 showmg clearance of v-HCH on 1/3 Luria végar plate.
Luria agar plate was overlaid with 1% y-HCH dissolved in diethyl ether;

culture colonies were spotted on the medium and were incubated for 8-10

- daysat 30°C.



Undegraded y-11CH

Zone of clearance

Isolate CGR-L1



B Flgure 7: PCR amphﬁcatxon of pamal 168 rDNA sequence of the bacterial isolates E
from the soﬂ samples | | ’
A Amphﬁcatmn of 168 rDNA (l 1Kb) from Shewanella sp CGR-Ll isolated from
soil sample no. 3 \
| Lane 1; 1. 1Kb PCR amphﬁed product
Lane 7; 1 Kb ladder |
‘B. Amphﬁca‘aon of 168 rDNA (1.5Kb) sequence from the bacterial 1solates from
the enrlchment culture of soil sampie no. 4
Lane 1 ‘to 6; Isolate ILI-S4-I1to 6
Lane 7, 1 Kb ladder

Lane 8 to 11; Isolate ILI-S4-I7 to 11



10

1 12




- .Fxgure 8. Phylogenetlc relatedness of Shewanella sp CGR-LI based on 16S rRNA gene
.r sequences The posmon of strain CGR-Ll (bold 1etter w1th accession number) is shownA
w1th respect to other spec1es of the genus Shewanella Multlple sequence alignment of 16S
rRNA gene sequences was performed by usmg CLUSTAL X. The phylogenetxc tree was
,generated by the MEGA version 4. 0 GenBank accessmn nurnbers are shown in |

parentheses. The scale bar indicates 0.002 estimated substitutions per nucleotide.



g Shewanella sp. CGR-L1 (HM063958.1)

Shewanella amazonensis
" SB2B (CP000507.1)

Shewanella sp. Asc-3 (EF157293.2)

Shewanella baltica BA175 (CP002767.1)

_-*_ Shewanella sp. LMG 23025 (AJ967028.1)

L’ Shewanella sp. MPU12 (AB334772.1)

S— Shewanellasp. 176 (FA44785.1)
DR L Shewanella sp. VA-C1-3(GQ869648 H
poeed : MM*«%«W N —

.
QSﬁewanella sp. TS29 (EU073095.1) J

IS Shewanella sp. MFC-14 (HM589855.1)

Shewanella decolorationis strain $12 (NR_025610.1)

b Shewanella sp. TIE1C0S5 (DQ819373.1)

e Shewanella sp. MR-4 (CP000446.1)

 Shewanella sp. S7-3 (GU944672.1)
m——

@iwaneﬂa sp. ANA-3 (CP000469 y

Shewanella taiwanensis (AB263191.1)

L Shewanella sp. MR-7(CP000444.1)

Shewanella putrefaciens strain MAS2723(GQ372872.1)

Shewanella sp. MIB015 (AB306516.1)

Shewanella sp. CL.256/73 (AF387346.1)

H
0.002



S _'Table 8: Analysis of the carbohydrate utilization profiles by Shewanella sp. CGR-L1 and '
~  Sphingobium sp. CGR-L2 based on the GN2 Micro Plate (BIOLOG)



D-Glucose-6-Phosphate

CGR- | CGR- CGR- | CGR-
L1 L2 : ' : L1 L2

Water - - p-Hydroxy Phenylacetic acid | - 1-
a-Cyclodextrin + - Itaconic acid - -

| Dextrin + + a-Keto Butyric acid + +
Glycogen - - a-Keto Glutaric acid + +
Tween 40 s - o-Keto Valeric acid + -
Tween 80 + - D,L-Lactic acid + -
N-Acetyl-DGalactosamine + - Malonic acid - -

1 N-Acetyl-DGlucosamine + - Propionic acid | + -
Adonitol - - Quinic acid - -
L-Arabinose + + D-Saccharic acid - -
D-Arabitol - Sebacic acid - -
D-Cellobiose - + Succinic acid + +
i-Erythritol - - Bromosuccinic acid + +
D-Fructose - + Succinamic acid - +
L-Fucose - + | Glucuronamide - -
D-Galactose - + L-Alaninamide - +
Gentiobiose - + D-Alanine - -
o a-D-Glucose + + L-Alanine + +
. | m-Inositol - - L-Alanylglycine -+ +
| a-D-Lactose - - ‘| L-Asparagine - -
Lactulose - - L-Aspartic Acid - -
Maltose + + L-Glutamic Acid - +
D-Mannitol - - Glycyl-Laspartic Acid + -
D-Mannose - + Glyceyl-LGlutamicAcid -+ -
D-Melibiose - - L-Histidine - -

| B-Methyl-D-Glucoside - - Hydroxy-LProline - -
" D-Psicose - - L-Leucine + -
D-Raffinose - - L-Ornithine - -
L-Rhamnose - - 1 LPhenylalanine - -
D-Sorbitol - - L-Proline o + +
Sucrose - - L-Pyroglutamic Acid - -
D-Trehalose - + D-Serine - -
Turanose - + L-Serine’ + -

| Xylitol ‘ - - L-Threonine + +
Pyruvic Acid Methyl Ester + + D,L-Carnitine - -
Succinic Acid Mono-Methyl-Ester | + + y-Amino Butyric Acid - -

1 Acetic acid ) + - Urocanic Acid - -
Cis-Aconitic acid - - Inosine + -
Citric acid - - Uridine + <
Formic acid + - | Thymidine + -
D-Galactonic acid lactone - - Phenyethylamine - -
D-Galacturonic acid - - Putrescine - -
D-Gluconic acid - + 2-Aminoethanol - ~
D-Glucosaminic acid - - 2,3-Butanediol - -
D-Glucuronic acid - - Glycerol + -
a-Hydroxybutyric acid + - D,L-a-Glycerol Phosphate - -
B-Hydroxybutyric acid + |+ o-D-Glucose-1-Phosphate - +
y-Hydroxybutyric acid | + - + +
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al., (1995) suggested that menaquinone or a menaquinone oxidase ‘was involved in
tetraéhlordmethane transformation by .S. putrefaciens strain MR-1. Thus, Shewarnella
genus is metabolically versatile and is able to use a diverse range of organic substratnes
‘and metals as terminal electron acceptors for growth and survival. The molecular
characterization and the biodegradation potential of Shewanella sp. CGR-L1 isolate is

described in chapter no. 2.

1.3.3 Isolation and confirmation of v-HCH degrading bacteria from enrichment

culture of industriél soil .

.Diff‘erent enrichment _cultufes were obtained from industrial sit;: sdil samples after
successive sub culturing. Clearing zone was observed around the colonies on the plates
from soil sample no. 4, after being overlaid with 1% y—HCi—I (Figure 9A). From this
sample, a total of eleven morphologically different bacteria ILI-S4-I1 to 111 (where ILI
stands for Isolates from Lindane industry, S-stands Soil sample number and I stand for
Isolate) were isolated (Figure 10). Abundance of the isola‘tesr was calculated based on
their cfu nﬁ'l in the enriéhment culture (Figure 11). Abundance of ILI-S4-I1 was the

highest among the enrichment culture that is 8 4x10° cfu mI™!, whereas the isolates no.

e b
" et TS N

CILI- s4-n and 11 were lowest in number with 0.1x10° cfu ml” 165 tDNA (1.5Kb) was
PCR amplified from the genomic DNA of each isolate as described in the materials and
metho&s. After partial sequencing of 16S rDNA, all the isolates were Aidentiﬁed based on
sequence homology on the NCBI (ht‘gp://Www.ncbi.nlm.nih.gov/BLAST)). 4 out of 11
isolates belonged to Pseudomonas genus. Other isolates were identiﬁed as Sphingobium
sﬁ., Rho‘docoécus sp., Staphylococcus sp., Azospirillum sp., Sphingopyxis sp. and Bosea
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o Figure 9: y-HCH clearance assay for Sphingobium sp. strain CGR-L2

A Dilution plate of enrichment culture from soil sample no. 4 showing zone of
) clg:arance around the few colonies 6n the MSM-L2 agar plates after overlaid with
 1%y-HCH.
" B. Isolate sp.CGR-L2 showing clearance of y—HC‘H, on 1/3 Luria agar plate. Luria
~ agar plate was overlaid with 1 % y-HCH in diethyl éfher; culture colonies were »

- spotted on the medium and were incubated for 4-6 rday's at 30°C .



zone of clearance around the colonies

undegraded y-HCH

Growing cultureSphingobium sp. CGR-L2 zone of clearance around the culture



Figure 10: Bacterial isolates obtained from y-HCH degrading enrichment culture in

MSM-L2 (presence y-HCH) of soil Sample no. 4

Label

11
12
13
14
I5
16
17
I8

19

110

I11

Identified by 16S rDNA sequence

Pseudomonas sp. S4-1LI-11

Pseudomonas sp. S4-1LI-12

Pseudomonas sp. S4-1LI1-13

Sphingobium sp. S4-ILI-I4(CGR-L2)

" Rhodococcus sp. S4-ILI-I5

Staphylococcus sp. S4-1L1-16
Azospirillum sp. S4-1LI-17
Pseudomonas sp. S4-ILI-I8
Sphingopyxis-sp. S4-1LI-19
Sphingopyxis sp. S4-1LI-110

Bosea sp. S4-1L1-111






Figure 11: Abundance of each bacterium in enrichment culture of soil sample no. 4
observed as cfu mlI’. Isolate I4 ( indicated with undeline) in the graph was confirmed as

v-HCH degrader in further analysis.
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Chapter 1

sp. Phylogenetic tree of all these isolates was generated based on sequence obtained
(Figure 12). The p;a-r.cent identities of the isolates with their closest relatives are shown in
- Table 9. Closest relatives of most of these genera have been reported previously from
pesticide contaminated sites and are involved in biodegradation ‘of v-HCH or other
halogenated compounds (Senoo & Wada, 1989; Kumar et al., 2005; S'mgh-et al., 2007).
Among these isolates, ILI-S4-14 identified as Sphingobium sp. .showed clearing zone
around the 'colovny *y;HCH clearance assay (Figure 9B). In the enrichment culture isolate
| I_LI—S4-I4 was the sécond most abundant bacteria with 1.7x10° cfu ml”. Further, this
: isolate 14 was renamed as CGR-L2. Isolafe CGR-L2 was found to be gram-negative rod- .
- shaped bacteria. Tts colonies were mucoid, trénslucent and }."ello\;v pigmented, circular,
| i)in-boint with entire margin and convex. Diameters of colonies were found to be < 1mm
_after 72 hours on Luria agar-plate. ‘Interestingly, ‘homology search with this isolaté
showed 100% identity with reported y-HCH degrading isolate Sbhihgobium ummariense
RL-3T ( EF207155.1), 99% with Sphingomonas sp. SOla (AB453305.1) and 96 % with
Sphz‘ngqbium Japonicum strain UT26 (AF039168.1) (Figure .13): Most of the HCH-
degrading bacteria that have been isolated belong té Sphingomonads (Béltner et al. 2005,
Lal et al, ‘2010)' due to their abiiity to degrade chlorinated compounds in the
environment. Importantly, the whole genome sequence of isolate S. japanicum UT26 is
available (Nagata et al., 2010), which makes it easy to analyse yv-HCH degrading ability
at molecular levél. In BIOLOG assay also isolate CGR-L2 identified as Sphingomonas
sp; (Tablé 8). The isolate Sphingobiuﬁ sp. CGR-L2 was further charac.zteriZed (chapter
no. 3). The 16S rDNA nucleotide sequences determined in these studies have been

deposited into the GenBank database with accession number as mentioned in Table 10.
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Figure 12: APhylogenetic tree constructed by using bacterial partial 16S rRNA gene ’
sequences of the cultivable isolates obtained from the y-HCH degrading enrichment culture
of the soil Sample no. 4. Name of the bacteria and their accession number in parenthesis
—represerits the.identiﬁed isolates. Referehée sequences of the bacterial isolates (indicated
with ‘underlined and their accessiqnv' numbers), reported to be involved in y-HCH
biodegrada'tion. were ﬁsed to éomparev fheﬁ relatedness. The visolate CGR~L2 that was
| .fu.rther confirmed as y-HCH degradef,‘ is indicated in square “Wiﬂ‘.l bold letters. Multiple
seciuenée alignment of 16S fRNA géhe séquenées was performed by using CLUSTAL _ X.
- The phylogenetic tree was generatedv by ‘th'e Mega4 version ”4.0. GenBank accession
numbers are shown in parentheées. The scale bar répreseﬁts-the expected number bf

substitutions per nucleotide position.



- Sphingobium japonicum strain UT26 (AF039168.1

L SDAIngobium indicum strain B90A (AYS519129.1)
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~
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’ Pseudomonas sp.IL1-S418 (JN637961)

'+ Pseudomonas sp.ILI-S4-I2 (IN637956)

" Pseudomonas sp.ILI-S4-13 (IN637957)

Staphylococcus sp.IL1-S4-16 (IN637959)

Rhodococcus sp ILI-S4-15 (JN637958)

~ Bosea sp.IL1-S4-111 (IN637964)

Azospirillum sp 1LI-84-17 (IN637960)

Sphingobium sp.JL1-S4-14 (CGR-L2) (JN637964)

. Sphingobium francense strain Spt+ (AY519130.1)
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’I’lgure 13. Phylogenetlc analysis of the isolate strain CGR-L2 The position of strain CGR- |

L2 is shown with respect to other spec1es of the genus Sphzngobmm (mdlcated in square) |

L

Reference sequences of the bacterial 1solates (mdxcated with underhned and their accession

B numbers) reported to be mvolved i 'y~HCH blodegradatlon were used to compare their .

E relatedness Sphmgabmm ummariense sp 'RL-3T found to be as closely related to strain
- CGR—LZ (mdlcated in bold letters), on the bams of sequence smnlarlty Multlple sequence
: ahgmnent of 16S rRNA gene sequences was performed by usmg CLUSTAL X The
B phylogenetle tree was genera_tedrby the Mega versxon 4.0. GenBank accession numbers are

~shown in parentheses. The scale bar indieates 0.01 estimated substitutions per nucleotide -
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Sphingobium famae strain JZ-2 (FJ373058.1)

Sphingomonas sp.JQ1-11 (DQ132883.1) -
'i Sphingomonas sp.JQ2-7(DQ118955.1)
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Table 9: Identiﬁcaﬁon of bacteria on the basis of their 16S rDNA sequence identity on |
NCBI (BLAST), obtained from enrichment culture of soil no. 4, showing close relative -

with percentage identity.



Identified by

Isolate Name Total Close reported isolate and their Maximum
sequence | 16S rDNA accession number identity
(bp) sequence (%)
ILI-I1 500 Pseudomonas | Pseudomonas HQ189755.1 |99
- sp. stutzeri strain ISA12
ILI-I2 632 Pseudomonas = | Pseudomonas sp. JF772535.1 [ 100
Sp. bD39(2011) :
ILI-13 628 - Pseudomonas | Pseudomonas FJ227303.1 |99
sp. | azelaica strain
| n HBP1

ILI-14 1386 Sphingobium - | Sphingobium EF207155.1 {100
A sp. ummariense RL-3"

ILI-IS 1725 | Rhodococcus sp. | Rhodococcus HQ439600.1 |100
’ : qingshengii strain

ZJB-09153 1
HLI-16 . 746 Staphylococcus | Staphylococcus .1 HQ220117.1 -} 100
i sp. - pasteuri strain 1
| SNA59

- [ILI-I7 616 Azospirillum sp. | Azospirillum sp. | AB545621.1 |99

’ ' TSO9 ‘

ILI-18 629 Pseudomonas | Pseudomonas sp. | EU589405.1 |100

| sp. ' M060706-6
1LI-19 742 Sphingopyxis sp. | Sphingopyxis sp. | EF424407.1 | 100
' SM105
ILI-110 649 Sphingopyxis sp. | Sphingopyxis sp. | EF424391.2 |100
Ul2 ' :
ILI-I11 522 Bosea sp. Bosea sp. dv3 FJ774000.1 |100




Table 10: Accession numbers of the sequences deposited in the GenBank database (NCBI)

A Accession numbers for the I6S rRNA gene (168 rDNA) for the bacterial 1solates -

that were used in present study |

‘ B Accessmn number of the lzn genes analysed in. the y-HCH degradmg bactenal

o 1solates Shewanella p. CGR-LI and Sphmgobmm sp. CGR-LI



Isolate Name Identified by 16S rDNA Accession number
sequence on NCBI data bank

CGR-L1 | Shewanella sp.CGR-L1 HM063958.1
ILI-I1 Pseudomonas sp. JN637955
LI-I2 Pseudomonas sp. IN637956
ILI-I3 . Pseudomonas sp. . IN637957
ILI-I4 (CGR-L2)| Sphingobium sp. JN637965

|ILI-IS Rhodococcus sp. IN637958
ILI-I6 Staphylococcus sp. JN637959
ILI-I7 Azospirillum sp. IN637960

N |ILI-I8 | Pseudomonas sp. JN637961 V

ILI-I9 Sphingopyxis sp. IN637962
ILI-110 Sphingopyxis sp. IN637963

[ILI-I1 Bosea sp. IN637964
Name of fhe géne Bacterium source Accession

‘ ' { number

linA Shewanella sp. CGR-L1 HMO063959.1
linA Sphingobium sp. CGR-L2 N638439
linB Sphingobium sp. CGR-L2 N638440
linC Sphingobium sp. CGR-L2 N638441
linD Sphingobium sp. CGR-L2 N638442
linE Sphingobium sp. CGR-L2 N638443
linR Sphingobium sp. CGR-L2 N638444




