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Optimization of carbon sources for the preparation of inoculum of
hexachlorocyclohexane-degrading microbial consortium

Mohammed Afsar, Radba 8, Girish K, Manopmani HK?*, Kunhi AAM

Muany stuple and complex carbos sources weve sorsened along with teeheice! grade  hasachloroe
25 ppmd for their synergistic effect on the growih of HL,H degrading wderobdal cemsordum. H
vy owas o modasses followed by glucose, suerose, rice straw extact supplemented with ghx
trydrolysate, murignt broth and wheat brag hydr e (WHHL However, Lhr* mocuium grown on WEHEH and
« best abilily w degrade HCOH, Nearty 80 w 90% of qli the 4 tsomens of HOH disappesred wit
of faeabation, This is followed by molasses-HOH grown inocuiom, wiuu; showed 63 1w 70%
cepsortium grown for 72 hoin WBH containing (L73% reducing sugar and 23 ppm HOH waz o
residues in Hegwid m&tdxuxﬂ
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Hexachlorocyelohexane (HCH) isone tion of bulk imoculum or without losing  meket. Whent bran was obtmned
of the mog
rine pesto

sxensively used orgasochle-  the degrading ability. The ohjective of  the Departrent of Fiour Milling, Baking
ides. The commercial formufa-  this work was to characterize the effective and Confecdonery Techmplogy, C }””1 ‘«i?
tior of HOH comaing & mixtore of o, B« carbon sowree and optipise the prepars-  Mysore. Molasses and corn sie {
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., Y 8- aud other isomers of which only  tion of josculum withour loss in were purchased from Fxeise
yeisoraey has inseciicidal properties. Other  blodegradative ability. Government of Karnaiaka, Al ¢
isomers ace highly recalelmane and persist  Materials and methods chericals including acetate. su
i the soil {Spain and Veld 1983). Chemicals, sowrces of rarban and  sucrose, and glugose were
HCH-degrading consordum, devel-  medium: Techoical grade HCH coaain- Microbial vonsortivn:
oped in owr laboraory was found to de- ing 0-60-70%), B(5-12%, w(10-15%)  consortium capable of do
geasle all the major isomers of HCH under  and §-¢6-10%) was obtalned from  four jsomers of HCH was by loug-tan
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obtained

production of the consortum. Sinee FeSO TH O [ Mn30 H.O. 11 Na, M@O the capacity to degrade 100 ppm o

Hmited guantites of HCH can be (.25 H, BO“ 0 anl (iECLEH 0, 02 HCH, 406 ppm of +HCH, and 23
as substeate, the biomass bufld up  Added H, S() Sml The pH of the me- cach of P and &HCH, respectively
HCH as sole spurce of carhon and d.um was 7. ‘3 {Manonman et al 2{)&{7} shaks flasks L"vlamf)smm et &l 3K

is neces- Simple and coraplex carbon sowrees  These four consortia were p
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¢ s and
wiency of this suribute largely  The minimal medivm used in degradation  sewage in & semd-comtinuous colmm
depends upon z% size and colonization of  studies contained {mgfmly, KHLPO 0675, sotor {ollowed by enrichiv
goosystere by ihe consortiwm  Na HPO,, 5.435; NHNO, Q. Zfi, Mxr,%{ﬁ) flasks wsing different isomers of H
Masonmand &1 al 20003, Application of 78,0, 0.2: Ca (NG, ), 0.1 and { mi mis- separately a3 sole gousce of varbon
thy inoculum 1o farger argas would need eral solution containing, (mgfmly  enerey. The consortia thus
TEES
only
used
with
etwrgy is rather low. Hence
sary to use other easily utilizable carbone used as co-substrates for blomass build  asd Inocalssed w (J pon HCH and s
sources ag co-substraies for the prepara- up are lisied in Table 1. Bag
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carried o to 250 ml
Frienmeyer Hasks. Requived guantity of
HOH dissalved in 30 gl acctome was
placed at the bottom of sterile, dry Er-
lenmeyer flasks wuder aseptic condition
and allowed to evaporate the acetone,

Added 30 md minimal medivm, mocue
fated the required copsortium and incu-
matedd in @ votary shaker at 26-28°C,
Saraples were drawn at regular intervals
and analyzed for growth i terms of total
w:st in {3y, chloride releasad and residual
substrate, Hoth abiotic and bietic controls
were alst maintained during all the ex-
revtinents wnd each festizxperiment was
iplicated.

To study the effect of co-substrates
oo biomass bulld-up and degradation of
HUH, co-substrates were added at 1.3%
- level (as glueose) o mindmal me-
 along with 23 ppm of rech-HCH.
CH degrading consostiin was  inocu-
Eateé to these flasks and incubated for 72
hoon o shaker at 20- 23 ', The cells were
Sarvested by centrifugation at 15000 g
f&ié‘ 10 min, washed with sterile minimal
salts mecium and isocoulated to flasks for
“degradation of HCH. The optimum sugar
s pcentration required for mmaximum blg-
Cpass production without loss in HCH-
degeading ability was obtaioed by
ing the HCOH-degrading consortium in
L varving concemrm-mnﬁ of sugar along with
- HCH for 72 b The cells were hare
vested, washed ;m{i i&i:‘%mti fot degradation
ol . HCH,
Extract of rice straw was prepared
by sooking Hoely powdsred tice straw in
saonized water af 130 ratio for 15 min
with constant ~Umm The exiract ob-
faiped was aeutralized with NaDH amd
watdfuged. For hydrolvsates of wheat
bran, carn-cob, bagasse and sice straw 6N

H.S0, was nsed insiead of water.

" Protein estimarion: Growth was es-
dmaed ws protein of the alkali digested
culture broth, To 1 omi culture broth, 2.4
ml distilled waier and 0.6 ml of 20%
HaOH weve added to make a fing] vol-
wne of 4w and digested in 2 botling
watey bath for 10 min. From mis digest,
0.5 mil was vsed for protein estimation by
Lowry's method (19511

Chloride e
estimated by the modified
method (Bidan and

erimant was
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Chioride was
{HNO -AgNG,
MWanonwmand ‘70{:7:

Hinaiion:

One mi of cullure broth was cenirifuged
and the supematant was taken in a o5t
tube, The cells were washed with 1IN
NaOH (30 ul) and 930 ul of minimal
medinm. All the supernatants/washings
were pooled, 1 mib of 013N HNO, and |
mt of OLIN AgNQ, were adde el with
mixing at each step. Allowed to stand for
20 min al room temperature and ney-
sured the 0.0 at 800 mwm. The amoum of
chloride was computed from o standard
curve prapared for NaCl Reducing sugal
was estimated by dinftrosalicvlic ﬂud
method {(Mifler 1939,

Residuad  spisstrare extimation: Re-
sidual substraie frove the scidified coluge
roth (pH 240 was extracted theice with
egua! volumes of ethyl scetate. The whyl

acetar fractions were pwlch comwentrated
and passed through florisil columng. The
fraction containing the residual substiate
was concentrated and nsed for thin
(:hrurailimrapm" (TLC) and gas
tography (GO

TLE was d@*wﬁ* by loading samples
on silica gel plates, which were devel
oped in cyclohexang, The residnal HCH
spots were Idenitfied and messured after
spraying the air-dried developed plates
with 2% odohidineg in acetons. The re
sidual substrate spots were delinsated by

si\f”l
chroyria-

wgrking with & needle and the area wag
measured. The concentration was com-

outed from a standand plot of oy concen-
trations versus square root of the area,
prepared for the standard HOH.

The ethyl ecetnte layer, contaiming

residual HCH was gvaporated to dwms~

and alter approprrate ditution with ae-
glone. it was injecied into gas-chromato-
graph (Fisons 8000) equipped with g
electron capture detoctor and staindess
steel-colwmn (200 mm 2 2 m) packed
with 1.5% OV-17 pluy 1TH30 P10 oo
Chromosorb W 80100 mesh, The col-
uom, injector and delector were maine
tained at 230. 234 and

flow rate of carrter gas

tively with a
{nitrogeny a1 30 mlfmin. Usder these
conditions, the relention thime was found
to be 3.34 min for o-HUTH, 443 min for
B-HCH, 398 min for wHCH, and 3.1 min
for §-HCH. The recovery of the four
HOCH somers ranged from 92 o 95%
from the mineral salts roedium,
Enumerarion for viable counts:

{1\’"

IR, respec-

The
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survival or proliferation of individual
members of the cossortium for viable cofl
population was determined

{Sahw ¢t al 19961

Resolts and discussion

The MCH-degrading consortium wes

able o degrade 100 ppro of a-isomer,
400 ppm of yisemer aad 25 ppm each of
8- and &HCH lsomers (Manonmani et al
20000, When all these four consoriia were
pooted and inoculsted to jech-HOH, which
was o mixwre of all the four isomers, the
eonsortivm got established and was found

cupable of degrading HOHL 1’33* s;?m‘;y“
terization of the consortivm revealed tha

it compeised of 1 bacterial species con-
taining 7 Preudomonay spp. and ong gach
af  Flavobacrerium,  Vikrio  and
Burkholderia,

Biomass build- up with difforerz cor
bor sowrees: Sinee a limited quantidy of
ech-HUM can boe used as subsirm
blomass build up s low and not sufficient
for use. Hence. it Is huperalive o use
other szasily wtilizable carbun sou
co-substrates for the preparation of inoos-
fum without loostng the HOH-degrading
ability. Many shviple and comples carbo-
hydrates w1 levels equal w0 1%
{equivalent of aa:eﬁ:mfe’* along with 25 ppm
of HUH, were inoonial %’:Ci ‘M‘ HOH de.
arading consortiu, after 72 B incubation
on shaker ai amblent temperature. T wag
found that mazlaw* supportad maximung
Momass vield followed by glucose and
SHETASE gfu. 1l Ia Among the hydroly.

iR {.\i“

carhon

Table 1. Biomass
conserlinm 18
carboty sourves

b ogrowth on d"w:"“‘i%;

Bioowss yield
Bg prot

Carhon sopreg

Inoctihem

Acetate
Suectoate 9]
Glucose 344
Sucrose R0
Molasses Afafe
Corn » Hguor 78
Rice straw exirser 3
Rice straw ealrecteglucose 36K
Rice straw hydrodysate 314
Cossn cob hyddysae 6
Wheat bran hvdredysae 235
Bagasse hydeaiyssie i
Notriemt booth 25
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safes #nd exHucts, exwan from rice §
supplemented with glecose supporisd
maximum  bionwss pmducmm followsed
by rice steaw and wheat bran hydioly.
sates. Com-cob hydrolysaie gave fowest
biomass production.

The carbon sources, which supported
good biomass production, did oot show
magimun degradation, The consortiam
grown on wheat bran hydrolysate and
HCH coused maxinurn degradation a5
anly 11% of w-isomer, 3% of yisomer,
(7% of § and &-Bsomers were found 1o
b present after 72 b incabanon (Table 25,
Next was molisses which showed nearly
0% degradution. This was followed by
succinate. Stnple substrates ke acetate,
glocose and sucrose did not show gond

Haw

dogradation. Lowest degradation was
observed In rice straw extract :«mpp}z:w
mened with glcose where nearly 80%
of the added substrare could be recovered
after 72 b The low rate of degradation in
molasses as compared o wheat bean
fipdeolysate may be due o low fevel or
absence of lnduction of essential enzymes
of the degradutive pathway. The same is
true with other substrates wheee the ¢
radotion of ech-HCH way fow. It
ehserved that in molasses, although the

biomass buidd up was highest, all the

isolates could nat be recovered afler 72 h
(Table 33 probably these isolates could
ol wilize molasses as source of carbo
and engrgy. However, in whest brun
hydeolysate, the degradation was maxi

Table 2

Coyesy I‘rti.il':l s Biowass

Inoculum

prodisced,
ngfgl
Avetae 29.4
Suceiasie 3 202
Clucose { EESC
7.1

Pab bk Ak

g

Wolasses

%61
Corn steep liguor i 116
Rice sivaw exiract 24 3t

Rice smoaw expacy +glocose 20 4
Rice suraw Bvdrolysate ek 36.3

Corn cob hydrolysate 26 iz
What brzw tiydrolysate i 26.8
Bagasse hydrolysate 28 29
Nu ’.fir:m bty Y 236

Degradacion of YCH by the consorthng a

1 in presence of differant coesubstrates
Residual isvmwrs, %

v & ¥ &
54.7 43,3 337 2854 174
A 4.4 327 2.7 SR
f28 6.4 43,7 G0
13 314 31.3 {3 337
a1z 29K 37 354 425
44 403 46.1 & 393
Ai4 Fa.6 SR £7.3 765
5.4 144 663 6.5
336 554 41.1 &b
igé 4.3 4.1 4 39.4q
363 149 174 52 17.2
45.4 H7.6 599 36,0 #3.1
20 3.9 303 33.% 352

mum and all the 10 isoluaes of the ech
HCH degrading consorthum were recwe
erad after 72 bof n wbmiw, I succingte

and geeiate although allthe solaes of G
but their

consortium could be recovered
aumber was less,
Fypudomonis fi
dominan member after
Araees, Wiur“{i condd
savon for fow vate of ¢
sortium grown o plucose and  sucrose
medivm, although supporied growih of
all members of the consortiuin but deg-
radason rute was low. The eneymes of
the HOH-blodegrading pathway pro
are ol induced in presence of gluc
and sucrose, Valt @1 al ¢
poted mduction of HOH
grading enzyimes n \:th‘

been
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and DT de.
vol fungug i

’Ihz s, sutable xu‘hsamn 5 BECessary
\&Ixihg’t #t -«piﬁ'l‘l,ﬂi L(!ﬂﬁﬁ‘?‘l)!\"‘i‘t‘ﬂ winnlid
faciluare all the individusl members of
the consortium o grow without leosing
HEOH-degrading abilily, The individud
memibers appesr 10 sl svnergistioally in
.fxgrz;f ing HOH. Al the individual mer-
beys of the consortinm were able o grow
i M;Mat bran hydrolysate without foos
HCH-degrading ability,

Effect of sugar coucenirarion us
degradution of ech-HOH: The whe

af bran

hydrolysate and wolasses grown 'imwca:\
lom, which showed better degradation ¢

HCH ware chosen for further studies, T h:;
HOH-degrading consortia grown an i
ferent concegirations of whwat bran hy-

Table 3. Bacterind counts of the consorivm grown on different carbon souwrces consaining 23

Carbon source Pz fluore Py
RN

{T13 1T

Iniuad 1.4 1
Avetats 1.3 62
Suctingte 0.9 j0.2
Glugase 1.6 124
Sugrose 4.3 LS
doasses 132 4.0
Corn steep Houor 126 124
Bagasss hydrolysute 138 14h
Corn cob hydrolysae 12.0 i5.3
Wheat bran hydrolysas {13 6.4
Rice straw bydrolysale (RSH; 8.3 38

RSHeglucose
eRiriey
Nutrignt broth

4.4 G4
§.0 YR H!
16,3 N

Rice straw

18 dbmitnnka

. e Buvkholderia P, Flavo
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120 13.0 12,3 12.3
135 11.3 140 133
142 14.4 129 13.4
124 12.0 12.3 1240
123 83 1he 124
124 {2.40 G.4 121
1.9 104 {
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R 14,8
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R.5 1.9
i3 0.4




aable 4 Degradation of HCB (22 pom) using inoculurm grown op wheat s hydrolysats aed

molasses contrining 0 53% redusiag supars
Rex Growth Clog il Resithal toch- T
gagar, % Ly protwindn % € B &
Wheat bran bhydrolysate
0.3 it il 26 Z1 247 22
4 1.0 23 S 145 iy 15 il
9 [ 26 Nid 17 7 3 17
T 2% 33 3 6 6 10
.08 3 A% 7 f 1 94
bRt 3 57 4 3 0 2
Mulasges
08 36 33 H 39 36 40
54 H A4 31 3z 42
1.2 iz 41 n 35 42
26 36 4] 3 38 39
e LS 33 i 36 4
40 a4 a7 29 36 14
T ration of individeal dsomers 8l O h was aken as 1008,
moadded was 20 myg proteingin
vl after 72 b
S
: drdysate oy mwolasses conlaining U5 w HRECE.
o S% of reducing sugar, akmg with Thus the tech-BOH degrading cone
of HOH were harvested afer 72 sortium developed by pixing o, B v,

growth, washed well
flasks comisining 25
mineral medivm, Growth {proteind, chio-
deoreleused and residual HOH were
ek after 72 hoof growth. Ty was

d that with ngr it osngar con-
cotraiion, the {ntresse in growth was
oy marginal (Table 4). But degradation
of KM improved with inoculum grows
with inereased concentration of sugar in
fhe caze of WBH. In the case of melssses
proveyr Inceuhinn, there was no significant

and ipoculsted 1o

ppm of HCH in

B HOH degrading consoviia, oould de-
grade tech-HUH very cfficiently. High
bomass vield was obtained with molas-
ses, sucrose and ghicose, But beter de-
grading ability was shown by the ooy~
s zrown on wheat bran hydrolysate,
This copsortium may prove effective in
bioremediating HCH contaminated soils
“and cabey comtaminated bodies.
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