* Characterization of y-HCH degrading isolate Sphingobium sp.
| | CGR-L2



Chapter 3

3.1 Introduction

Hexachlorocyclohexane (HCH) is a cyclic saturated chlorinated hydrocarbon ihsecticide
that consists primarily of the isomers a- (60-70 %), B- (5-12 %), v- (10~15 %) and -
HCH (6-10 %) (Kutz et al,, 1991). Prior to the 1990s, two fprms of HCH, technical HCH
(a mixture of all isomers) and purified y-HCH (the only isomer with insecticidal
properties) were used extensively. Although the use of technical HCH and y-HCH has
been bmed in many countries, residues of HCH isomers are still detected from almost all
components of the environment (Willem & Wollent, 2005). y-HCH and other isomers
degraded under both aeroi;ic and anaerobic cdhditions, But it is generally mineralized only
under aeroi)ic cohditions (Phillips et él., 2005). A small number y—HCH-degrading aerobic
bactei_#ia have been isolated and characterized (Phillips et al. 2005; Lal et al. 2006; Boltner
et al. 2005). Furthermore, identification of génes (linA, linB,- linC', linD, etc) and enzymes
involved in the degradation of y-HCH, is important o understand the role .of cbatalytic

enzymes toward the degradation of recalcitrant ﬂ/;HCH.

We have characterized y-HCH degrading Sphingobz'um' strain CGR-L2 that was isolated
from the industrial site, for its biodegradatioﬂ potentially. CGR-L2 utilizes v-HCH as a
sole source of carbon and energy under aerobic conditions. Effect ‘of various parameters
like inoculum size, supplementary carbon sm'uce, pH etc. has been observed in the MSM-
L2. Further, microcosm study was performed with technical HCH-spiked soils, which
showed that Sphingobium strains CGR~L2 could effectively degrade Y- and B-HCH. lin

genes for HCH degradation.
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3.2 Material ahd methods

3.2.1 Soil analysis, Dehalogenase and antibiotic sensitivity assays
Soil analysis, p“rotein extraction and assays for dehalogenase and antibiotic sensitivity
were performed as described in materials and methods A2.2.1; 222,223 and 2.2.4

(Chapter 2), respectively.

3.2.2 Growth kinetics of CGR-L2 in MSM-L2 in presence of y-HCH

Growth kinetic study was performed in the minimal saltr medium (MSM-L2) without
glucose. Two days pre-grown cells in 1/3LB in the presenc_é of y-HCH (10 mg I'") were -
harvested by centrifugation (13,200xg for 5 min), washed with sterile water, and
resﬁspended in fresh MSM—LZ to give a ﬁnal. ODsoonm 0of 0.02. >In all the experiments
filtered sterilized y-HCH was used at a concentration of 10 mg I, Both control (without
culture) and test %lasks were incubated at 30°C with shaking at 200 rpm. Optical density
and residual concentration of y-HCH in the medium were analysed up to 9 days in MSM-
L2. A flask containing only y-HCH in MSM—L2 without the inoculum was kept as a

control. All the experiments were performed in triplicate.
3.2.3 Analysié of the y-HCH degradation

Degradation of y-HCH was analysed as described in material and methods 2.2.6 (Chapter

2).
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3.2.4 Dechlorination assay for CI' (chloride) estimation from y-HCH degradation

Chloride released by the degradation of y—HCH was measured by colorimetric assay
(Bergmann and San\ik., 1957 and Sahu et al., 1990). Briefly, flask (250 ml) containing 50
ml of de-ionized water with y-HCH (10 mg I'") Wasr inoculated with CGR-L2 culture
‘(0.05 ODsponm). Control was similar in composition, but without any bacterial inoculum.
Samples were analyzed in triplicate for the CI' content at 24, 72 and 144 hours after
incubation. 2 ml of inoculated and uninoculatéd samples were treated with 0.2 ml of 0.25
M ferric. ammonium sulfate in 9M nitric acid and 0.2 ml of a saturated solution of
mercuric thiocyanate in ethyl alcohol. The color developed after }1'0 min was measured at
460 nm by a spectrophotometer (Beckman Coulter, Inc., Brea, CA)) against a blank that
contained reagents only. The amount of CI' was computéd using a standard curve

prepared using NaCl.

3.2.5 Effect of various parameters on y-HCH biodggradation ny isolate CGR-L2 in
MSM-L2 | | |

3.2.5.a Effect of inoculum size

Different nlicfobial cell densities corfesponding to 0.02, 0.05, and 0.1 OD@QM;, were
inoculated in conical flasks containing >100 ml MSM-L2 (without carbon source),
amended with y-HCH (10 mg I'"). The pH of the medium was adjusted to 7.0 and the
flasks were incubated at 30°C and 200 rpm Samples were collected after 24, 48 and 72
hours of incubation, extracted with n—Hexané and then with ethyl acetate as reported
(Manickam et al., 2006), and analyzed for residual‘ v-HCH concentration using TLC or

GC-ECD.
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3.2.5b Carbon utilization- proﬁle of Sphingobium sp. CGR-L2

A GN2 Micro Plate (Biolog, Hayward, Calif)) was used to characterize strain CGR-L2
baséd on substrate utilization profiling in presence and absence of pesticide. A single
colony of CGR-L2 was streaked on Luria agar and incubated at 30°C for 72 hours. Cells

were suspended in sterile water with final 1.0 ODgponm, in the presence (test) of y-HCH

(final concentration 10 pg ml™) or absence (control) of y-HCH, and inoculated onto the

GN2 Micro Plate. After incubation for 24, 48 and 72 hours, the resulting developed color

was read at 750 nm using the Biolog automated Micro-Station instrument (Biolog / ?
. ’\ L/ ~

* MicroStation™ system Hayward, CA). - ,
. o e
| 3.2.5.¢c Effect of sgppleméntary carbbn source (glucose)
v-HCH was added in different conical flasks COntainingr 106 mL of MSM-L2 to a final
v-HCH concentration of 10 rﬁg I'. Dextrose was added as a supplementary carbon ﬂ g
concentrations of 0, 1, 5, and 10 g 1" and the pH of the medium was maintained at 7.0. ?
An inoculum of be;cterial cells corresponding to final ODsgonm of 0.05 were added tov the
above flasks and kept in an 6fbital shaker at 30°C at 200 rpm. Samples were collected at

~ 18 hour and 24 hour, extracted with n-Hexane and then with ethyl acetate as reported

earlier and analyzed for residual y-HCH concentration by using TLC/GC-ECD.

3.2.5.d Effect of pH . ' 09"36? -

The pH of the MSM-L2 was adjusted to 5, 6, 7, 8, and 9 with the addition of nitric acid

N arepemr s s rocrang.
T s Sy

(HNOs)/sodium hydroxide (NaOH) solutions. MSM-L2 was prepared as described above

with a y-HCH (10 mg "y along with 5gL” dextrose as a supplementary carbon.
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Predetermined final concentration of bactefial cells at 0.05 ODgoonm Was inoculated. The
inoculated flasks were kept in an orbital shaker at 30°C and 200 rpm. Blank control flasks -
were kept simultaneously. The samples were collected from the control and test flasks
after 12 hours and 18 hours, extracted with ﬁ—Hexane and then with ethyl acetate as

reported earlier and analyzed for residual y-HCH concentration by using TLC /GC-ECD.

3.2.5.e Effect of temperature

Predetennined‘ﬁnal concentration of bacterial cells at 0.05 ODgponmy Was taken in 50 ml of

T
R

MSM-L2 media amended with y-HCH (lﬂjmg 1'_1) and 0.5% dextrose. The inoculated
flasks were kept on an orbital shaker at 25, 30, 37 and 42 °c aﬁd 200 rpm for 12 hours.
Blank controls were also kept simultaneously at differeht temperatures. The samples were
collected, extracted with n-Hexane and then by ethyl acetate for analyzing the residual y-

HCH concentration.

3.2.6 Optimization of v-HCH biodegradation

Growth kinetics was studied in the MSM-L2 added with 10 mg I y-HCH at optimizéd
above described parametérs i.e. 0.05 ODggonm inoculum size, pH‘ﬁ(}j 5. g 1l -glqggs‘e, at
30°C and 200 rpm. Optical density and residual concentration of ;;'-HCH in the medium
were“e;nalyzed at 0, 6, 9 and 12 hours. Optical density was observed at ODggonm t0
monitor the growth, followed by y-HCH residual concentration analysis, as described

earlier.
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3.2.7 GC-MS aﬁalysis for idenfiﬁcation (?f metabolites produced during growth of
Sphingobium sp. CGR-L2 .

A GC-MS (Shimadzu QP 2010 gas chromatograph, Shimadzu Scientific Instruments,
Columbia, USA) analysis was performed for the metabolites produced by the isolate
Sphingonbium strain CGR-L2 during y-HCH degradation. The samples were collected,
extracted with n-Hexane, ethyl acetate for analyzing the metabolites as described earlier
in material and methods 2.2.8 (Chapter 2). A 1 pl solution of the sample was injected for
the analysis. Metabolites were.seﬁarétéd on column RTX59 30 MV x 0.25 mm ID x .0.25
uM film) packedeith 5% phenyl apd 95% dimethyl poly siloxane material and
helium was ﬁsed as\ the carrier gas (at 2 ml min™). The column temperature was held at

100°C for 7 min, and then increased to 250°C at a rate of 5°C min™"

-3.2.8 Analysis of techmnical HCH degradation by'CGR-LZ |

Two day pre grown cells. in 1/3 diluted LB in preseﬁce of technical HCH (20 mg I'")
"Were harvested by centrifugation (13,200><g for 5 min), washed with sterile water , and
resuspended in fresh MSM-L2 (with glucose 0.5%) to give a final at ODsoonm 0f 0.05 in
200 ml in 1L flask. In all the experiments, filter-sterilized technical HCH was used at a
concentration of 20 mg I"'. Both control (without culture) and test flasks were. incubated
at 36°C with shakiﬁg at 200 rpm. Residual concentrations of HCH isomers in the medium
were anaiyzed by collecting samples at 24, 48 and 96 hours of growth. A flask containing

only technical grade HCH in MSM-L2 without the inoculum was kept as control.
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3.2.9 Identification of y-HCH tolerance level of CGR-L2

v-HCH tolerance level of the isolate CGR-L2 was checked as reported previously (Endo
et al., 2006). fsolate CGR-L2 was grown in 1/3 LB medium to the ODggonm 0.1 at 30°C,
v-HCH added in th¢ flask cohtaining medium with final concentration of 10, 25, 35, 50,
100, 250, 500 and 1000 mg Il OD6oonm was observed with time interval up to 48 hours.

Flask with no y-HCH was taken as control.

3.2.10 PCR amplification of lin genes

The oligonucleotide primérs wére designed based oﬁ sequences ‘reported for lin genes
(linA, linB, linC,‘linD, linE, linF and linR) from S. paucimobilis UT26 (Nagata et al.,
2007) and were used to arn’pclify the homolqgous ‘DNA fragments ﬁoﬁ the: CGR-L2
(Table 11). PCR conditions for each lin gene ﬁere optimized and the PCR reaction
mixture was set as déscribed in materials and methods 2.2.9 (Chapter 2). The size of the
" amplified product based on the génes were analysed by electrophoresis on 0.8% agarose
- gel. The ampliﬁeci DNA was purified by gel extraction column (GE héalthcare Ltd, UK)
and was sequenced. Genomic DNA was extracted as mentioned in material methods
1.2.7.a. Presence of linA, IinB and [inC genes in the isolates from enriched culture other

than ILI-14 (CGR-L2) was performed as described below.

3.2.11 Southern-blot analysis
Nonradioactive nucleic acid labeling of lin genes was performed as described by
manufacturer (GE healthcare Ltd, UK). Briefly, the /in genes present in plasmids

(obtained as gift from Prof. Yuji Nagata, Sendai, Japan) were digested with appropriate
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restriction enzymes and thevinsert DNA was separated on 0.8% agarose gei followed by
elution using Gen Elute™ Gel Extraction Kit (GE healthcare Ltd, UK). Around 100 ng of
each lin gene (linA, linB, or linC) insert DNA was labeled separately, using non-
radioactively method (Gene Images Alk Phos Direct Labeling and Detection System, GE
~ healthcare Ltd, UK). The resultant DNA probes were used to hybridize and identify ?he
homologous genes from strain CGR-L2. 5 pg of genomic DNA fiom CGR-L2 was
digested individually with restriction enzymes EcoRIl and Hindlll, Pst 1, Xhol, Sall,
Hindlll, EcoRI or BamH]. Purified fragment of IlinA, linB of linC were used as a
positive control. All the saniples were electrophoresed on 0.8%‘ agarose gel and blofted ' '
bnté ﬁyloﬁ membrane (Hybond m (Amersham, Buckinghamshire, England). DNA was |
fixed on the membranes by UV cross-linking (12x10* pY/em?) using UV cross-linker |

(Spectrolinker, Spectronics Corporation, USA).

‘3.2.12 Analysis of biodegrad;ltion of Hydroquinone .

Two day pre grown cells ih 1/3 LB in presence of y-HCH (10 mg I'") were harvested by
centriﬁ;gation (13,200xg for 5 min), washed with sterile water, and resuspended in fresh
MSM-L2 (with glucose 0.5%) to give a final ODgoonm of 0.1. Instead of y-HCH,
Hydroquinone (50 mg 1“3) was used as éubstrate. A flask containing Hydroquinone in
MSM without culture was used as control. Both control and test flasks were incubated at
30°C and 200 fpm. Culture was collected at different time intervals (0, 6 and 12 hours)
and centrifuged at 15,200><g for 5 mm Supernatant obtained was extracted with ethyl
acetate a§d organic pha§e was collected. It was further used to analyse residual

hydroquinone level in the medium by‘ thin layer chromatography (Miyauchi et al., 1998).

111



Chapter 3

3.2.13 Bioremediation -Technical HCH degradation in soil

3.2.13.a Microcosm studies

Micro;:osm studies were performed to assess the HCH degradation potential of the
Sphingobium sp. CGR-L2 for bioremediation. Sterilized organic farm soil amended with
technical HCH (0.2 mg g™ of soil) was used for the study. Technical HCH amended soil
: samples were inoculated with bacterial cellsv 2x107 cfu gm™. Blank control (with HCH

and without bacterial cells) was set with similar operating parameters. Microcosms were
' pfeparéd in tripliéate, and their performance was monitored regularly under aerobic

-conditions.

3;2.13413 Ai;_alysis of residuai concentrationv of féchnical ﬁCH in microcosm study
| After 7, 14, 28 days incubation, soil (10gm) was air dried and extracted with 25ml of n-
Hexane: %Eetone (9:1), thenA with 25 ml ‘of ethyl acetate. The extfacts were filtered
~ through 0.22 micron nylon m‘embrane and reduced in rotary evaporator (Janke and
Kunkel, model RVO5-ST, IKA Laboratories, Staufen, Germaﬁy) and finally dissolved in
the 10 ml of ethyl acetate. Further 2 ml chilled water was added in the extract and
vortexed 'for 30 sec, centrifuged at 13,200xg for 5 min and organic phase collected.
‘Further organic extracts were dehydrated passing through anhydrous MgSO4 column.
Samples were filtered throﬁgh 0.2 micron filter and concentrated on speedvac (Savant

Instruments, Inc. New York, USA) and finally dissolved in the 0.1 ml of the ethyl acetate

and residual concentration was analysed by TLC/GC-ECD.

112



Chapter 3

3.2.13.c Growth of CGR-L2 bacteria in microcosm study
The number of cultivable CGR-L2 cells in soil was determined by plating. After .
incubation of 7, 14, 28 days, soil (1gm) was mixed With 9 ml of sterile saline solution,
vortexed for 2 min, serially diluted and plated on LB agar (containing 10 mg 1" y-HCH,
10 ng ml’1 streptomycin). After 3-4 days of incubation on LB agar plates at 30°C, CGR-
L2 colonies were identified mostly on the basis of their yellow pigment. These plates
were overlayéd with 1% y-HCH m diethyl ether and zone of clearance was observed next |
dajf. On the basis of éolonies showing zone of cléarance, cfu gm™ was analysed. “Coloinies
- showihg clearance were further identified via PCR amplification and sequencing of 168

tDNA and linA as earlier mentioned.
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3.3 Results and discussion
After enrichment in MSM-L2 efficiently y-HCH degrading isolate CGR-L2 was identified
with full 16S rRNA gene sequence as Sphingobium sp. Isolate CGR-L2 was characterized

further to observe its biodegradation potential. .

“Soil sample no. 4 from the industrial site, used for the isolation of CGR-L2, was analysed

3.3.1 Soil analysis, dehalogenase and antibiotics assay S

- for physico-chemical characteristics, like pH, organic carbon content and micronutrient

S N

(Table 12).)JpH of the soil was found to be as 7.32. Since, we had used MSM-L2 with

: 7' néutral pH during enrichment and also maintained pH 7.0 for all further experiments. -

" The results of antibiotic sensitivity assays of CGR-L2 are summarised in Table 12. Isolate
Sphingobium sp. strain CGR-L2 was found to be resistant to streptomycin (10 mg I').
Consequently; streptorhycin was used in further experiments, to prevent other bacterial

contamination.

In the dehalogeﬁase assay, after an incubation of 24 hours the colour of the solution
| changed from orange to yellow with drop in pH from 8.0 to ~6.19 in the test assay,
because of the chloride release (HCI formation) as per the assay protocol, whereas the
control showed no change (Figufe 22B). Previously similar res;ilts were observed in -
HCH- degrading isolates Sphingomonas sp. NMO05 (Phillips et al, 2001) and

Rhodanobacter lindaniclasticus (Manickam et al., 2008).
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Figure 22:

A. SDS-PAGE analysis of cell free extract from isolate Sphingobium sp. strain CGR-
L2

Lane 1 ; Cell free extract from isolate CGR-L2 grown in presence of y-HCH in 1/3 LB
Lane 2 ; Cell free extract from isolate CGR-L2 grown in absence of y-HCH in 1/3 LB
Lahe 3 ; Protein marker (PMWM, medium range, Bangalore Genei, Bangalore, India)

The band corresponding to the possible linA gene product (~16.5 kDa) is indicated by an
arrowhead. . ‘ - '

B. (1) Colorimetric assay for y-HCH dechldrinatioﬁ using cell-free extracts of strain
-CGR-L2. Microtitre plate was incubated for 24 hr at 30°C (Experiment was performed in
triplicate). . . :

Lane 1. Sonication buffer used to prepare cell-free extract
Lane 2. Heat'—denatured cell-free extract withb HCH.

| Lane 3. Only HCH without cell extract »

Lane 4. Cell-free extract with HCH

Lane 5. Cell—free extract but without HCH

(2)  Change in pH recorded in each well corresponding to Figure A.

C. Estimation of free chloride release by Sphingobium sp. CGR-L2



freechloride(nM)

without culture (control)

hours

8.0

7.64

7.95

6.21

7.75

29.00 kDa

20.10 kDa

14.30 kDa

pH

80

7.61

136

63.5

7.72

B (2)

8.0

7.55

791

6.11

7.72

-*-with culture(test)



Chapter 3

In SDS-PAGE analysis, a ~16.5 kDa desired size of the /inA protein was found to be
present in both the samples test and control (Figure 22A). This suggests that linA is
consti;tutively expressed in the isolate Sphingobium sp. CGR-L2. Constitutive expression

of linA in the HCH degrading Sphingomonas sp. has been also shown previously (Thomas

et al., 1996).

3.3;2 Growth cﬁrve and y-HCH degradation analysis »
Growtﬁ'studies were performed in the MSM-LZ in the presence of the y-HCH (10 mg I'")
as described in materials and methods. The growth of CGR-LZ iglcreased slowly but
- “steadily with time (Figuré 23A), however no significant déc’réase ‘was observed in pH of
the medium; On the .other hand, a sigﬁiﬁcant decrease in residual céncentration of y-HCH
wés observed (~76.45% and ~8.95% residual concentration of y—HCH after 1 and 3 days,
respectively).v Within 3 days of incubation in the MSM-L2, isolate CGR-L2 was able to
degrade up to ~91% of the y-HCH compared to the control (without culture) (Figure 23B).
y—PCCH, one of the metabolite of y-HCH degradatibn was obser\‘-fed. in the TLC analysis
'(Figure 23C). Further, we also observed that’aﬁer 3 days color of medium turned brown in

the test culture flasks, which may be due to the production of phenolics metabolites.

It was observed that the isolate CGR;L2 grew very slowly, when f—HCH was used as the
sole source of carbon. In earlier reports also poor growth \;vas éeen in the mineral salts
medium, when y-HCH was used as the séle' carbon source (Manickam et al., 2008, Endo
‘et al.,, 2006). As can be seen from the Figure 23, the optical density of the isolate CGR-L2

increases till 7 days, which is accompanied with the disappearance of the parent
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compound, suggesting that isolate CGR-L2 utilized y-HCH as the sole source of carbon.
Also it suggests that by increasing the concentration of y-HCH beyond 10 mg I"I might
_have further led to an increase in growth. However, the solubility of y-HCH decreases at
the concentrations above 10 mg I'". Theref;)re, further experiments were performed with

10 mg I'* y-HCH concentration.

3.3.3 Free chloride analysis

To prevent MSM interference in the assay, free éhloride release during the y-—HCH
' degradation was analysed in the distilled water (Sahu ét al., 1.990). It Was ébsewed that
isolate CGR-L2 released chloride ~391 ;66,'~474.66 and ~719.33 uM' after 24, 72 and 144
hdurs respectively (Eigure 22C). It is also evident that Sphingobium sp. isolate CGR-L2
rcleésed significant ‘amouhts of chloride ‘in the dechlorination assay. Release of free
chléride is supported by previous observation in Pseudomonas sp (Sahu et al.v , 1990), that

Sphingobium sp. CGR-L2 degrades y-HCH.
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Figure 23: Growth kinetics ahci ?-’HCH biédegradation analysis for Sphiﬁgobz’um sp. strain
- CGR—L2 (Test in prese;ice of %HCH and céntrol in absence of y;HCH). " '
" A. Growth kinetics m MSM~L2 wifﬁout glﬁcéée
B. Residual concentration of y-HCH
C. Thin layer chromatography showing reducﬁon in residﬁal bbncentraﬁon
of y-HCH with ﬁme |
1. | Control 0 day

2. Control 3 day

3. Céntrol 7 day
4. Test 1 day’

5. Test 3 day

6. Test5day

7. Test 7 day
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3.3.4 Effect 6f various parameters on v-HCH biodegradation by isolate CGR—L2
3.3.4.a Effect of Inoculum size | ‘ |
| During growth assay it was observed that growth did not increase in the medium up to 3
days as such, but y-HCH residual concentration decreased with time (Figure 24).'
Therefore, in further experﬁnents to analyze biodegradation potential of the CGR-L2, we
monitored the residual concentrations of v-HCH. The effect of inoculum size on the
biodegradation potential of »ivsolate CGR;LZ was studied. The isolate CGR-L2 was
inoculated at different initial cell densities (ODgoonm 0f 0.01, 0.05 and 0.2) in the M_SM‘-L2
' . medium and the residual concentration of y-HCH was monitored at different time intex_‘vals
'.as indicated (Figure 24). It is evidént from that with the increésed in iﬁoculurri size,’
jiﬁcrease in biodegradation rate of y-HCH by isolafe CGR-L2 was observed. Previously
r‘similar results have been a_tlso reported in case of S. indici;}n B90 (Johri et al. 2000) and
| Pseudomonas aeruginosa ITRC-5 _(Kﬁmar et al., 2006). When the inoculum size of 0.05 -
and 0.1 at ODeggonm vwere used, almost complete degradation of y-HCH by isolate CGR-L2
was obser?ed within 4é hours of groxﬁh. "Therefore, in the further experiments the ‘

inoculum size with initial cell density of 0.05 ODsoonm Was used in the MSM-L2.

3.3.4.b Carbon utilization profile of Sphingobium sp. CGR-L2

v-HCH degradation efficiency is affected by supplementary carbon source (Phillips et al.,
2005). BIOLOG system was used to analyse the carbon source utilisation by the isolate
CGR-L2. Results are shéwn in Table 8. This system the isolgte CGR-L?2 was identified #s

Sphingobium sp.
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Figﬁre 24: Effect of initial inoculum on biodegradation of 'y-HCH ‘by isolate

- Sphingobium sp. CGR-L2. Figure showing residual amount of y-HCH at different

time intervals in control (with culture) and test (without culture)
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The carbon source utilization studies were performed in the presence and absence of y-
HCH. Increase in color development means as increase in tl.le metabolic activity of the
bacterium. In these assays it was observed that D-glucose, L-arabinose, D-cellbiose and
trehalose were good sources of carbon compared to other carbén sources like Dexérin, D-
fructose, L-Fucose, Maltose and D-Mannose for the isolate CGR-L2. Whereas, other
carbon sources ﬁke D-Mannitol, D-Rafﬁnose, Sucrose and Xylitol were obs;rved to be
either the poor sburces of carbon for the isolate CGR-L2. It was evident that the metabolic
activity of isolate CGR-L2 (as monitored by changé in colbr development at OD740pm) Was
.. makimum in the presence of glucose, indicating that glucose was preferred -carb.on source
f‘_.for isolate CGR-L2 (Figure 25). Furthei‘, no change Wés Qbserved in metabolic activity of
V‘, “isolate CGR-L2 in presence (Test) and‘ absence of y-HCH (Control) when ghicoSe was
| used as the sole carbon source. Thesev resuh:s also indicated tha"t y-HCH showed no
interference in metabolic activity of the. CGR-L2 .in presence of glucosé. Therefore, in
further experiments glucose was used in MSM-L2, to observe effect of glucose as a

supplementary carbon source on biodegradation of y-HCH.

- 3.3.4.c Effect of supplementary carbon source (glucose)

bifferent concentrations of glucose ranging from O, 0.1, 0.5 and ‘1.0 % m the MSM-L2
were used to monitor the effect of supplementary cérbon source on degradation of y-HCH
(Figure 26). At glucose concentrations 0, 0.1, 0.5 and 1.0 % in the MSM-L2; residual
concentration qf v-HCH was ~61.23%, ~35.77%, ~1.29 % apd ~1.24 % respectiveiy, in
- comparision to control, after 18 hours. Whereas after 36 hours, y-HCH residues were not

observed in any of glucose added samples.

121



Chapter 3

From the figure it is evidenl that there was a drastic difference in -the residual
concentration of y-HCH in the presence of 0.5% glucosla in the medium after 18 hours.
After 18 hours, the residual concentration of y-HCH was ~61.23% in glucosé free medium
whereas in presence of 0.5% Qf glucose the residual concentration was only ~1.29 %. Not
only that, by addition of 0.1% glucose in the medium residual concentration of y-HCH

reduced to about ~43% compared to glucose free medium.

" The effect of glucose on blodegradation of y-HCH or other lsomers haé been shoWn to be
concentration dependent.- (Phillips et al, 2005). Glucose at higher concentrations
(1.6mg/ml) retarded the degradation of u-HCH, whereas the low concentrations of glucose )
. (<0.2pgml™h enhanced the rate of degradation (Manonmani et al., 2000). In another study,
glucoselwus shown to be required for growth by the organism or consorlium, which in
absence of glucose did not degrade y-HCH (Ohisa et al., 1980). However, it has ‘been

reported that in presence of glucose 10 mg ml”, degradation of y-HCH was reduced by the'v

mixed culture (Maule et al,, 1887). | /k-
\)&N’J.

Wwﬁwfﬁ

Overall glucose affects HCH biodegradation efﬁmency of the culture (Here no sxgmﬁcant

cnmere i
gt e S

ifference was observed in_the growth of CGR-L2 when glucose was prov1ded in the
’wm.-.—awf“/ﬂ “ \“"—m
mechum This m1ght be due to productlon of metabolites which inhibited the growth of

culture as reported (Endo et al, 2006). However, in presence of glucose, y-HCH
biodegradation efficiency of the isolate CGR-L2 was enhanced in the MSM-L2, and

therefore, we used 0.5% glucose in the subsequent experiments.
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- B A_ :,AFigure 25: Effect of carbon source on .gro’wthr of Sphingdbz’uih sp.‘ strain CGR-L2.
S Well containing glucose showed highest COior developmént in both presence of y-

. ~ HCH (test) and absence of y-HCH (control). -



Color development OD7s0onm

600

m CGR-L2 Test (24hr)
mCGR-L2 Test(72hr)
m CGR-L2 Control (48hr)

carbon source

m CGR-L2 Test(48hr)
m CGR-L2 Control (24hr)
m CGR-L2 Control (72hr)
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Figure 26: Effect of glucose on biodegradation of y-HCH by isolate Sphingobiﬁm sp.
: i . -

CGR-L2
E A. Residual concexitratioﬁ Vof &-’HCH ét aifferenf cénééntratio_né of glucose
B. TLC showing residual y—HCH gt different conceptrationé of glucose
Lane 1. MSM-L2 witﬂout glﬁcdse
Lane 2. MSM—12‘with 0 1% glucose
Lane 3. Control withéut culture
Lane 4. MSM-L? with 0.5%

Lane 5. MSM-L2 with 1%
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Chapter 3

3.3.4.d Effect of pH

Effect of pH on biodegradation of y—HCﬁ was analysed aﬁéf 12 hours and 18 hours. We
Qbserved comparable difference after 12 hours only (Figure 27A). After 12 hours at pH 5,
6, 7, 8 and 9, residual concentration of y-HCH observed as ~69.57%,~ 10.36%, ~0.86%,
~0.002% and ~3.74 % in comparison to control respectively. We d1d not observe- any
change in the degradation of y-HCH in control flasks. As pH of the soil Sample, from
where isolate CGR-L2 was isolated, was found to be 7.2, isolate CGR-L2 showed good
activity at pH 7, 8 and 9. But the biodegradation activity was observed at all the pH.' We
observed biodegradation of y-HCH at pH S also, but it was slower than at pH 6 to 9. In
. previous sfqdies, fhé 6ptimum pH for the degradation A‘of HCH isomers in differént
microorgarﬂsrﬂs have been observed between pH range from 6.0 fo 8.0 (Kumar et al,,

2006; Manonmani et al., 2000; Siddique et al., 2002).

3.3.4.e Effect of temperat_ure |
In order to study the effect of temperature on y-HCH blodegradatmn isolated CGR-L2 was
grown in MSM-L2 t temperatures 25°C, 30°C, 37°C and 42°C At temperature of 25°C,

30°C, 37°C and 42°C, residual concentration of y-HCH was found as ~19.23, ~2.48,
~32.36 and ~59.51 respectively after 12 hours. As can be observed from the Figure 27B,

30°C was found to be the optimum temperature for v-HCH degradation by isolate CGR-

L2 in MSM-L2. : 5‘ cﬁ—f w

03»’59*"‘”

} B

(/
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Figure 27: Effect of pH and temperature on biodegradation of y-HCH by isolate

Sphingobium sp. CGR-L2
A. Residual concentration of y-HCH at different pH after 12 hours of growth

B. Residual concentration of v-HCH at different temperature after 12 hours |
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A previous study has also reported that 30°C temperature was the most favorable for the
biodegradation of o-HCH in ‘soil slurry by the mixed native microbial population
(Bachmann et al. 1988). Maximum growth and degradation aciivity of y-HCH by the
fungus Pleurotus sajor-caju was also observed at 30°C (Arisoy and Kolankaya, 1997).
The degradation of the a-HCH isomer by a microbial consortium under a wide range of
temperatures (4-40°C) in liquid culture medium was analysed and 30°C was found to be
the optimum for a-HCH degradation (Manonmani et al., 2000). For Pandoraea sp. an
incubation téxﬁperature of 30°C was the optimur‘n'for degradation of y-HCH (57.7%) in’
liQuid cﬁlture and soil‘ shurry (51.9%) (Siddique et al., 2002). All thése reports suggest that
30°C éould be the optimum témperature for the activity of the enzymes that‘arc involved

" in the HCH biodegradation.

3.3.5 Optimization of 'y—HCH biodegfadation énd GC-MS analysis for identification

| ‘of metabolites |

From the above experiments, iﬁoculum‘siée and carbon source were found to be the major
parameters in the experiments. Aftér optimization of different parameters, the
biodegradaﬁon potential of the Sphingobium sp. CGR-L2 was analysed under optimized
conditions (Figme 28 and 29). Under these conditions, it was obéewed that ~87 % of y-
HCH was degraded within 9 hours by isolate CGR-L2. When the degradation metabolites
were analysed only y-PCCH was detected as y-HCH degradation product, whereas other
metabolites such as 2, 5-DCP and 2, 5-DCHQ were not detected. v-PCCH that .was
observed during the *y—HCH biodegradation showed a retention time at 16.64 min, whereas

the parent compound had a retention time of 20.22 min (Figure 30).
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Figure 28: GC-analysis of y-HCH biodegradation by Sphingobium sp. CGR-L2 in
optimized parameters (i.e. 0.05 ODggonm inoculum size, pH 8.0, 5 g I* glucose, at 30°C, pH
8.0 and 200 rpm). |
C 'A. At zero hour
B B. After 6 hours

- C. After 9 hours
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Figure 29: Analysis of growth and y-HCH residual concentration for Sphingobium sp.
CGR-L2 under optimized parameters (i.e. 0.05 ODgoopm inoculum size, pH 8.0, 5 g I

glucose,vat 30°C, pH 8.0 and 200 rpm).
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Figure 30: GC-MS analysis of the metabolites producing durihg biodegradation of y-HCH

by Sphmgobzum sp. CGR~L2 aﬁer 6 hours in the MSM-L2.

A CI' otal i ion chromatogram of 'y—HCH degradatlon by Sphmgobzum sp. CGR—L2 after 6 N
hdurs in {’.he MSM12 -

B Mass spectra of 'y-PCCH of metabohte produced durmg y-HCH degradatlon
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3.3.6 Analysis of technical HCH degradation by CGR-L2 '
Different rﬁicroorganisms having varied biodegradation potential with different HCH
isomers have been reported previously (Kumari et al, 2002). Here the degradation of
different HCH isomers was analysed by monitoring the residual concentrations of all the
isomers aﬁér growing CGR-L2 in MSM-L2. We observed residual concentration of a-
HCﬁ, ~81.08%, ~74.56% and ~72.12% éﬁer 24, 48 and 96 ‘hou'rs réspect_ively. Residual
concentration of B-HCH was found to be ~46.95, ~34.53 and ~37.6 after 24, 48 and 96
houré, respectively. Residﬁal concentration 6f 'y-HCH was found ‘to.be ~23.46%, ;15.69%
) and~18.33% after 24, 48 and 96 hours, respectively. Residualvconcéntrations of 3-HCH
. lobserved after 24, 48 and 96 hours were ~93.47%, ~94.40% and ~87.65%, respe;:tively

" (Figure 31 and 32).

Tsolate CGR-L2 was isolated in an enrichmént medium cbntaining v-HCH only, but it was
' foun_d to also degrade B-HCH as weil as o-HCH, whereas, in ;:ase of 6-HCH, no
Vsigniﬁcant difference was observed from the control (Figure 31 and 32). Isolaté CGR-12
“showed almost 100% similarity for 168 tDNA with Sphingobium ummariense RL-3".
Sphingobium ummariense RL-3" was shown to degrade all the isomers that is a-HCH, p-
HCH, y-HCH and 8-HCH (Singh and Lal.,'2009), whereas isolate CGR-L-Z degraded only
- y-HCH, 8-HCH and péorly a-HCH isomer, indicating that this isolate was different from

the Sphingobium ummariense RL-3".
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Figure 31: GC analysis of biodegradation of technical HCH by isolate Sphingobium sp.

‘CGR-L2 in MSM-L2 medium.Showing peaks of a-HCH (Rt 11.9 mm), y-HCH (Rt 12.8

- "..mm), B-HCH (Rt 12.9 min) and 3-HCH (13 5 mm) durmg analys1s in GC Reductxon in |
area of peack of y—HCH (Rt 12.8 mln) and B HCH (Rt 12.9- mm) was observed during

analy51s in GC in time-dependent manner.

1.  Zero time point
II. - After 24 hours

I After 96 hours
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* Figure 32: Reduction in residual concentration of HCH isomers ina time-dependent

manner in MSM-L2, in presencé and absence of Sphingobium sp. CGR-L2.
. A Residual concen&étioﬁ Of. a'-Ir‘ICH'- | o
- B Residual concentration of B-ﬁCH .
C Regiduél >cthentrati6n of Y—HCH '

_ V.‘D. Residual concentration of §-HCH



ID Control

Test

(%) HOH-E) 10 UOIIRIIUIUOYD [eNpISaY
0o

(%) HOH-2 40 UOIIRIIUSIUOD [BNPIS3Y

) 20 Y0 i

(%) HOH-9 40 __o_;:%éoo [enpisay

(%) HOH-A}0 UOITRIIUAIUOD [BNPISBY

0

24

hours



~ Figure 33: Growth kinetics 6f Sphiﬁgobium sp. CGR-L2 in different concentration of v-

~HCH, from 0 to 1000mg I'
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3.3.7 Identification of ')'r-HCH tolerance level of CGR-L.2

We obsérved drastic change in biodegradation of y-HCH by CGR-L2 in the presence of |
glucose, but there was no effect on growth. Therefore we further analysed the y-HCH'
tolerance level of the isolate y-HCH; tolérance study was carried out in the 1/3 LB as

réporte‘d earlier (Ryo et al., 2006)(Figure 33). Culture OD¢oonm after 48 hours reached at ‘
- ~1.06, ~1.07, 0.98 m flask containing concentratioﬁ of 0, 10 and 25 mg 1" y-HCH. Growth

was hot_observed in the ﬂaék containing 50, 100, 250 mg ' of y-HCH. At 50 mg I

pfoduced phenolics me‘;abolites in excess could inhibit the growth of CGR-L2 (Endo et

 al, 2006).

. Further we monitored the blodegraaatlon of yv-HCH at increasing mltlal concentration of
:V—HCH (10 25, 50, 100 and 250 mg . After 48h, it was observed that in the flask
contammg 50, 100 and 250 mg I residual concentratlon of y—HCH was ~10.96%,
~18.11% and ~39.73%, respectively, whereas in the flasks with 10 and 25 mg 17! initial y-
HCH concentrations the residual concentration of y-HCH was undetectable (Figure 34).
Although gréwth was not observed at the concentration of y-HCH with 50 mg I"! to 250
mg I, biodegradation of y-HCH was seen even at these concentrations of v-HCH. Further
during growth an increase in the brown colour of medium was seen in a concentration
dependent manner due to production of phenolics metabolites that might have inhibited
the growth of the culfure. At y-HCH concentration of 500 and IOOOY mg I no degradation

and growth was observed.
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Figure 34: Biodegradation of y-HCH by isolate Sphingobium sp. CGR-L2 at different

initial concentrations of y-HCH.

A. Analysis of residual concentration of y-HCH during growth in 1/3 LB by TL.C

" Lane 1 control (10mg/L) -
. Lane2test (10mg/L) :
~ Lane3 control (25mg/ml)
Lane 4 test (25mg/L)
" Lane control (S0mg/L)
~Lane 6 Test (50mg/L)
Lane 7 control (100mg/L) |
Lane 8 test (100mg/L)
Lané 9 control (250mg/L)
Lane 10 test (250mg/L)

B. Graph showing residual concetration of y-HCH after 48 hours analysed through

TLC
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3.3.8PCR aniplifi'cation of lin genes
- PCR Baséd detection techhique was used to check the presence of genes involved in -
HCH degradation. A pair-of primers for all the repoﬁed different genes linA, linB, linC,
linD, IinE, linf, linG and LinR (Table 11) were synthesized and used to amplify the
respective genes frpm thé‘ genomic DNA of the isolate CGR-L2 and an expected
amplification product were obtained from gene /inA, B, C, D, E and R (Figure 35) (Téble
13A), but expected size of amplification product was not observed from gene /in F and G.
Ampliﬁed PCR fragments were further purified and partial sequences were obtained. The
‘sequences obtained from lin | genes were compared ,uSing 1BLAST search against the
| Genbank (http://www.ncbi.nlm.zﬁh. gow}/blast) database. On the baéis of sequence identity,"
closest match in the GenBank database was identified as depictéd in the Table 13B. The
new sequences of liﬁ genes from CGR-L2 bacterial isolate were deposited in NCBI with

accession numbers mentioned in Table 10.

We could not get amplification in genes like l?‘nF and liz%G from isolate CGR-L2 which is
reported by isolate S. japanicum U26, which may be possibly due to variability in the
sequence of these genes from the reported sequence or could be due to the absence of
these genes. When hydroquinone aé a substrate, we found that hydroquinone was also
degraded by the isolate CGR-L2. This data showed that isolate CGR-L2 carries functional
lin igenes at least from linA to linE (Miyauchi et al., 1999). Our isolate is closely related to
the reported isolate Sphz'ngobium. unmareiae RT-37. Gene linE is not reported in the
isolate Sphingobium unmareiae RT-3" (Singh and Lal, 2009), whereas we observed the

“presence of linE. in our isolate CGR-L2, which suggest that isolate CGR-L2 is different
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"~ Figure 35; PCR amplification of /in genes from Sphingobium sp. strain CGR-L2 genomic

_ DNA using gene specific primers

A

~ Lane 1; 1 Kb ladder
~ Lane2; linB (~888bp)
© Lane3;linA («420bp)
B, | )
" Lane 1; ZinD (~1038bp)
' Lane 2; 1 Kb ladder
Lane 3; linC (475 0bp)»
o
' Lane 1 linE (~966bp)
Lane 2; 1 Kb ladder

Lane 1; 1 Kb ladder

Lane 2; linR (~912bp)
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from RT-3". It is previously reported that /inR is involved in positive regulating the
expression of LinD and linE genes (Nagata et al., 2007), which was also present in our

isolate CGR-L2.

3.3.9'C'0nﬁrinatién of presence of lin genes in Sphingobium sp. CGR-L2 by Southern
analysis |
" To examine the presénce of genes involved in y-HCH'degradationvpathway like linA, linB .
and /inC and its copy numbér in the genome, Southern blot analysis was carried out.
When linA sequeﬂce was used as >a pi‘obe against the blot containing genomic DNA
: digested wifh Hindlll, EéoRI, and BamHI, vhybridi‘zétfioh géve oﬁé si'ghél in each, which
suggest ihét probably one copy of linA present m the genome as these restriction sites are
" not present in the sequence 'reﬁdrted for tﬁe ‘linA géne (Figure 36A). Previously two
copies were repOrtéd in S.- iﬁdz'cum B90 ( Kumari ¢t é.l., 2002)» and 4 copies of /inA were

» Qbserved in Shewanella Sp. 'CGR—LI .

When /inB fragment was ﬁsedvas a pfobe against the blot contaizﬁng gehorhic DNA
digested with EcoRl and HindlIl, Pst 1, Xhol, Hindlll, EcoRI or BamH1, after
hybridization gavé one signal, whereas Sall gave two signal, suggesting that only one
‘cdpy of linB pfesént in the CGR-L2, as Sall site is present in the linB gene sequence

(Figure 36B).

139



Table 13: PCR ampliﬁcation of lin geﬁes from fsolate Sphiﬁgobiem sp. CGR-L2 and its

percentage sequence 1dent1ty w1th lin genes of other well studied v-HCH degraders
; A. PCR amphﬁed lm genes ﬁom isolate Sphmgobmm sp. CGR—L2

- B. Percentage 1dent1ty of the lm gene sequences of Sphmgobzum sp. strain CGR—LZ with lin
genes of other well studied y-HCH degraders



Gene Size of amplicon (bp) Size of amplicory Full/Partial | Amplification
expected during PCR - |(bp) obtained |gene +(present ),
- (absent)
linA 420 ~420 partial +
linB 888 ~888 full +
linC 1750 ~750 partial +
linD 1038 ~1038 Full +
linE 966 ~966 Full +
JinR 912 912 Full N
| linF 1058 - Full - -
|1linG 648 - Full -
Percentage identity of lin genes from Sphingobium sp. CGR-L2
with lin genes of closely related reported HCH degrader (%)
linA linB linC linD linE linR
Sphingobium 99 99 100 99 100 100
" japonicum ’
strain UT26 | .
| Sphingobium 96 (linAl)| 99 99 99 99 100
indicum : .
strain B9OA 99 (linA2)
Sphingomonas sp. | 99 99 100 99 99 -
NMO5
Sphingomonas sp. | 99 100 100 99 100 - 99
MM-1 plasmid ISP1 |
Pseudomonas 99 1100 100 99 100 99
aeruginosa
strain ITRC-5




Figure 36:

A. Southern blot hybfidization of <genomic DNA of Sphingobium sp. strain CGR-L2
probed with non-radioactively labeled linA. Genomic DNA of Sphmgobmm sp. strain
CGR-L2 was d1gested with restnctlon enzymes '

Lane 1; Hindlll, Lane 2 EcoRI Lane 3; BamHI, Lane 4 Blank and Lane 5; 1 kb ladder

B. Southern blot. hybridization of genomic DNA of Sphingobium sp. strain CGR-L2
probed with non-radioactively labeled linB. Genormc DNA of Sphzngobzum sp. strain

CGR-L2 was digested with restrlctlon enzymes:

Lane 1; EcoRI and Hind 111, Lane 2; PstI ,Lane 3;Sal 1, Lane 4;Xho 1, Lane 5;HindllIl,
Lane 6; Eco RI, Lane 7; Bam HI and Lane 8; 1 kb ladder

C. Southem blot hybrldlzatlon of genomic DNA of Sphmgobmm sp. strain CGR-L2
probed with nonradloactlvely labeled linC. Genomic DNA of Sphingobium sp. strain
CGR-L2 was digested with restriction enzymes :

Lane 1; EcoRI and Hind 111, Lane 2; Pst 1, Lane 3; Sal 1, Lane 4; Xho 1, Lane 5;Hindlll,
Lane 6; Eco RI and Lane 7;1 kb ladder
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Similarly with /inC probe, one signal observed against all the restriction digested samples,
which suggest that one copy of /inC is present in the genome (Figure 36C). Over all these

results indicate that isolate CGR-L2 carries a single copy of linA, /inB and lin C gene.

3.3.10 Analysis of biodegradation of Hydroquinone

fie PCR amplification results showed that linA, linB, linC, linD, linE and linR
~genes were present in the isolate CGR-L2 (Figure 35). However, we could not amplify
linF and further /inG, may be because these génes were not present or our synthesized

primers could not amplify these genes. In y—H,CH‘ degradation pathway (Nagata et al.,
“ 2007), wé ampliﬁed linA to lnE gene. To detect functional activity of linE, we used
hydroquinone as substrate in the assay. We observed thé disappearance of hydroquinone.
‘Residual cbncenirationé of hydroquinone found at 6 and 12 hours were 45.32 % and
3.12% respectively, whereas in the control at 6 and 12 hours were. 89.35% and 75.21%
respectively (Figure 37). These data suggested that hydroquinone was degfaded by the

isolate CGR-L2, which indicates /inE is functional.

3.3.11 Bioremediation study: Technical HCH biodegradation in soil

aj50 studied the biodegradation potentiality of isolate CGR-2 in soil with technical

HCH in laboratory conditions (Figure 38-39). We observed residual concentration of a-
HCH as ~88.32%, ~81.55% and ~80.16 after 7, 14, and 28 days respectively, B-HCH as
~71,14%, ~59.41%, ~41.98% after 7, 14, and 28 days respectively, y-HCH as ~23.36%,

~14.32% and ~11.15% after 7, 14, and 28 days respectively and 8-HCH as ~73.86%,

142



Figure 37: Biodegradation of Hydroquinone by isolate CGR-L2 in MSM-L2. Graph
showing reduction in residual concentration of hydroquinone at 0, 6 and 12 hours, in both

control (without inoculum) and Test (with inoculum).



hours



* Figure 38: Microcosm (bioremediation) study usihg the isolate CGR-L2
A. Growth of CGR-L2 during microcosm study checked as cfu gm™ of soil

B. Ampliﬁcation of linA and 168 rDNA fr_om colony showing cleariﬁg zone during cfu

count
1 Lane 1. 168 rDNA :;mpliﬁcation o
Lane 2. 100 b§ ladder | |
Lane 3. linA arﬁpliﬁcaﬁon from colony showiﬁg clearing zéne

" Lane 4. linA amplification from colony showing clearihg zone
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. 'j.fFi‘g'ure 39: Analysis of technical HCH biddegradation by Sphingobium sp CGR-L2 during

. _' .‘zrjlicr‘oéosm étpdy (controAI‘ = wi;cﬁoilt inoéulﬁm and test = with inoculum). ,
'A. Residual éoncentratio‘n"o.f o-HCH - -

B. Residgal ébncentrétiﬁn of B-HCH

C. Residual concentration of &-HCﬁ

- D. Residual concentration of 3-HCH
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68.16% and 67.28%, after 7, 14, and 28 days, respectively. Whereas, in controls no

significant changes were observed in the residual concentrations of a, B and y-HCH.

In microcosm study, the cell densities of CGR-L2 were estimated by cfu count. For cfu
_count, colonies showing zone of clearance were selected as described in Materials and
Methods. Further confirmation of CGR-L2 isolate was done By amplification of linA and
partial sequencing of 16S rDNA, from the selected colonies (Figure 38). In the soil, cell
densities (cfu gm™) of CGR-L2 were observed to be ~1.81x1 07, ~1.71x10” and ~1.5_ix107 ’

- at OD500nm after 7, 14 and 28 days, respectively.

In Bidremédiétion studies, CGR-L2 isolaté was found to. degrade y-HCH and B-HCH upto
) ;90% and ~58%, respectively as coméared to control, after 28 days. S. indicum B90 has
been réported to degrade all the isomers of HCH, whereas S. japanicum UT26 was shown
| to degrade a; y-v and 6-HCH isomers only, not B-HCH (Kumari et al, 2002).
Biodegradation of a-HCH in microcosm study was expected based on its biodegradétion
in shake flasks, but we could not observe biodegradation of a-HCH in bioremediation
study. During bioremediation study, we observed thét cf‘u count decreased, which might

be due to production of toxic metabolites (Endo et al., 2006).

3.3.12 PCR amplification of the lin genes from other bacterial isolates of enriched
culture
We amplified linA, linB and /inC involved in the y-HCH pathway from all the isolates of

enriched sample. We observed interesting pattern of these genes in all the isolates (Figure
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40). We observed random amplification of either /inA or linB or /inC or their
combinations in the bacterial isolates from enriched culture. Ampliﬁcatior; of lin genés
with proper size of amplification from the isolate of consortia suggest that, they must be.
involved in biodegradation of y-HCH, either in one or more step of pathway. Aé
described in the chapter 1 that homologues of most of them were isolated from pesticide
contaminated site and are involved in biodegradation of y-HCH or other halogenated
compounds (Senoo & Wada, 1989; Kuﬁar et al., 2005; Verma et al., 2006; Singh et al.,
2007;-Sharma et al., 2010). 'However, clearing zone aréund the culture in the plate assay
- was nof found. It is possible that genes in the isolates might not be functional or

Al

degrading v-HCH.
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Figure 40: Amplification of linA (A), linB (B) and /inC (C) genes from bacterial isolate of

enrichment culture. Genomic DNA of CGR-L2 was used as positive control for the

- amplification of each gene.

@ ®

chme Name of the

W ELN (P8 NI

(o)

9

10
11
12
13

isolate

COILLIL

L2
ILII3
ILI-I5
ILI-16
L1107

1 kb ladder

ILI-I8

ILI-I9

ILII0

ILI-I11

'CGR-L1
ILI-14 (CGR-L2)

linA [linB
-+
+ o+
O+

- +
+. +
+ -

- +

+ -

+ +

. ©
Name of the . dinC

Isolate
LI e
e+

ILI-I3 -
ILI-IS S
LI - |
ILI-I7 B
TLII8 I

1 kb ladder

ILI-19 -

ILI-I10 -
ILI-I11 -
ILI-I4 (CGR-L2) - +

Note : + obtained amplification , - not obtained amplification



g8 9 10 11 12 13



