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ABSTRACT

Chorpyrifos-degrading bacteriawere isolated from K han-Younes soil and
identified as Burkholderia cepacia. The ability of the strain to degrade
chorpyrifoswere examine using both free and sol-gel immobilized bacteria
using 200mg/L chorpyrifos. The concentration of the pesticideswas |ow-
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ered tolessthan 4mg/L and 58mg/L for free and immobilized respectively.
Higher degradation rate of chorpyrifos was observed for free bacteria
compared with immobilized bacteria. Optimum pH was found to be 7 for
the degradation processfor both immobilized and free bacteria. Tempera-
ture has an effect on the degradation of chorpyrifos by the two forms of

bacteria, maximum degradation was observed at 30°C.
© 2008 Trade Sciencelnc. - INDIA

INTRODUCTION

Entraoment in crosdinked organic polymersisawell
known method for theimmobilization of enzymesand
wholecells. Entrgpped biomoleculesarephysicaly con-
fined within the polymer matrix and can bereused sev-
era times. Organic polymers such as polyacrylamide
gelsarecurrently usedin biotechnology but sillicaglasses
could offer some advantages such asimproved me-
chanica strength and chemica stability. Moreover they
don’t swell in aqueous or organic solvents preventing
leaching of entrapped biomolecules. However glasses
aremadeat high temperature and, up to now, enzyme
immobilization can only be Performed via adsorption

or covaent binding onto the surface of porousglasses®.
Theso-called sol-gel process opensnew possibilities
in the field of biotechnology™. Sol-gel glasses are
formed at room temperature via the polymeri zation of
molecular precursorssuch asmetd akoxides. Proteins
can be added to the sol ution of precursors. Hydrolysis
and condensation then lead to theformation of an ox-
idenetwork inwhichbiomoleculesremaintrgpped. Smdll
analytes can diffuse through the pores allowing
bioreactionsto be performed inside the sol-gel glass.
Trapped enzymes till retain their biocata ytic activity
and may even be stabilized within the sol-gel cage. A
widerangeof biologica speciessuch asantibodiesand
whole cellshave been trapped within sol-gel matrices.
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They usudly retainther activity but weak interactions
withtheslicacageactually occur that can changetheir
behavior.

SOL -gel confinement in silicamatrices

Sol-gd slicacan be synthesized at room tempera:
tureviathe hydrolysisand condensation of (2.

TetraMethyl OrthoSilicate (TMOS), Si(OCH,),.
Hydrolysisgivesreactivesilanol groupswhereascon-
densation leadsto theformation of bridging oxygen as
follows
-S-OCH, +H20 — -Si-OH + CH_OH (hydrolysis)
-S-OH +HO-S- --S-0-S-+H,0 (condensation)

Theoverdl reactionisthen
-Si(OCH,),+2H,0—»S/0,+4CH,OH

Chlorpyrifosisone of the most common insecti-
cideusedin Gaza Strip for agricultural purposes. Un-
wiseuseof chlorpyrifosand absenceof official moni-
toring dueto complex situation in occupied territories
makesit pose seriousenvironmenta impact to theloca
fragileenvironment. Chlorpyrifosisabroad-spectrum
organophosphateinsecticide. Itisawhitecrysta-like
solidwithastrong odor. Whileoriginaly used primarily
tokill mosquitoes, itisnolonger registered for thisuse.
Chlorpyrifosiseffectivein controlling cutworms, corn
rootworms, cockroaches, grubs, fleabeetles, flies, ter-
mites, fireants, and lice. Itisused asaninsecticideon
grain, cotton, field, fruit, nut and vegetable crops, and
wdl asonlawnsand ornamental plants. Itisdsoregis-
teredfor direct use on sheep and turkeys, for horsesite
trestment, dog kennels, domestic dwellings, farm build-
ings, storage bins, and commercia establishments.
Chlorpyrifosactson pests primarily asacontact poi-
son, with some action asastomach poison. It isavail-
able as granul es, wettabl e powder, dustable powder
and emul sifiable concentrate Organophosphate pesti-
cidesare neurotoxins. These neurotoxins poison the
nervoussystemsof unwanted insectsby interferingwith
an enzymeinthebrain, acetylchlolinesterase, which
regulates signal sbetween brain cells. Very smilar en-
zymesarefound inthe human nervoussystem, and thus
chlorpyrifosand other organophosphates can causein-
jury tothehuman brain.

Biodegradation
Studiesof microbia degradationareuseful inthe
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development of strategiesfor the detoxificationof the
insecticidesby microorganisms”. Whiletherehavebeen
many reportsof isolation and characterization of bac-
teria speciescometabolicaly hydrolyzing organophos-
phorusinsecticides!, reports of bacterial speciesthat
utilize an insecticideasasole source of carbon and en-
ergy for growth havebeen limitedto date®. Ontheother
hand, itiswell known that plasmidscan endow bacte-
rid pecieswiththeability to degradevariousman-made
organic compounds?. Catabolic plasmidshave been
thought to play animportant rolein the evol ution of
pesticide-degradingability in microorganisms. For some
organophosphates such as parathion, it hasbeenrela
tively easy toisolate degrading bacteria: two different
strains, Flavobacterium sp. Strain ATCC 27551 and
Pseudomonas diminutastrain Gm, have been isolated
from soilsinthe Philippinesand United States, respec-
tively™ In other study™ it wasfound that astrain of
Pseudomonas putidacoul d hydrolyze methyl parathion
and use p-nitrophenol asasole source of carbon. Al-
though chlorpyrifoq O,0-diethyl O-(3,5,6-trichlor-2-
pyridyl) phosphorothioate] has been widely used for
agricultural and household pest control since 1965, it
has been problematicisolating adegrading strain for
this organophosphate. Several attemptsto isolate a
chlorpyrifos-degrading microbial system by repeated
treatments or enrichment of soilsand other mediawith
chlorpyrifoshave not been successful™,

Theresistanceof chlorpyrifosto enhanced degra-
dationinsoil wasattributed for thisfalure. Chlorpyrifos
has been reported to be degraded cometabolicaly in
liquid media by Flavobacterium sp. and also by an
escherichiacoli clonewith an opd gend'®%¢. However
these microbesdid not utilize chlorpyrifosasasource
of energy frommethyl parathion-enriched soil™.

Instrumentation

A high performance liquid chromatography
(Shimadzu/Japan) was used to determinechloropyrifos.
pH meter (Hanna) HI 1280 was used to adjust the pH
of thesolutions. An Autoclave (Tutanuer) wasused to
Serilizethesamplesand media An Oven (Heraus) was
used for incubation of thesamplesat different tempera:
ture, An autoclave (Tutanuer) was used to treat the
samplesand API 20E matricesthroughldBactv. 1.1
softwareisapplied for identification of theunknown
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organism.
Chemicalsand reagents

Sodium chloride, Magnesium sulfate Ammonium
dihydrogen phosphate, Dipotassium hydrogen phos-
phatewere obtained from Merck, Germany

Tetraethoxysilane (TEOS) and were purchased
from(sigma) distilled water was used for preparation of
al samples, standardsand media

Media and reagents

Minimal Salt Media(MSM) was prepared from
basic components, Nutrient Agar, MacConkey Agar,
Triple Sugar Iron Agar (HiMedia, India). APl 20 E
(Biomerauix, France), Gram staining kit, oxidasereagent,
0.85% NaCl solutions.

Methods
Sour cesof chlor pyrifos-degrading microor ganism

Soil samplesfrom the surface upper 15cm of soil
weretakenfrom thedifferent agricultura stes(TABLE
1) theseSteswere chosen onthe basisthat Khan younes
s0il hasbeen subjected to thispesticide other siteswere
not. The sampleswerekept in plastic bags at ambient
temperature until processing. Thebagswerekept open
to prevent theincrease of their temperature and subse-
quently degth of bacteria Twenty gramsof thoroughly
mixed soil samplefrom each Site, washomogenizedin
200m sterilesaline solution (0.85%) by shaking the
preparation on asonicator water bath shaker (mode!)
atfor5min.

Mediapreparation

Minima sat medium (M SM) was used throughout
theisolation phase. The contentsaregramsper liter of
distilled water: K,HPO,(0.5), (NH,),SO,(0.5),
MgSO,.7H,0 (0.5), FeCl..6H,0 (0.01), CaCl..2H,0
(0.01), MnCl..4H,0 (0.01) and ZnSO,.7H,0O
(0.0001). 500 ml of themediumwasdistributedinto 5
flasks (200 ml), each contained 100 ml and the other
500 ml wasplacedin 1liter flask. To each of thefirst 5

TABLE 1: Soil and wastewater samplesused assour cesfor
chlorpyrifos-degrading bacteria

Sample no. Sample type Sour ce
1 Sail Khan younes
2 Sail Islamic University-Gaza, Garden

3 Wastewater Islamic University-Gaza
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flasks, chlorpyrifoswas added after boilingthemedium
for 10 minutes, autoclaving for 15 minutesat 121°C
and cooling it to room temperature. Agar wasadded to
theflask containing 500ml of MSM media, boiled until
dissolved completely. TheM SM agar was autoclaved
and cooled to 50°C and the required concentration of
chlorpyrifoswasadded, mixed and distributed into Petri
dished, cooled to solidify and stored at refrigerator tem-
peratureuntil use.

Nutrient agar medium, triplesugar IronAgar and
MacConkey agar were prepared according to the manu-
facturer ingtructions.

I solation of chlorpyrifos-degraders

For each sample, a200ml Erlenmeyer flask con-
taining 200ml of MSM, 200ppm chlorpyrifoswaspre-
pared. A volume of soil or sewage suspension (7.5ml)
wastransferred to each flask and incubated aerobicaly
at room temperature with continuous agitation on
Heidol ph shaker.

After 6 daysof incubation, subculturesweretrans-
ferred onto M SM-chlorpyrifosAgar plates containing
100ppm chlorpyrifos. Plateswereincubated at thesame
conditionsfor 7 days. Plateswere checked for growth
on daily basis. Visible growth was re-streaked on a
fresh MSM-chlorpyrifos Agar plates containing
100ppm chlorpyrifos, Nutrient agar platesand Triple
sugar IronAgar. Pure colonieswere preserved by freez-
ing at -80°C in sterile 25% glycerol.

I mmobilization of chlor opyrifos-degradingbacteria

A bacteria colony wastransferred to 50ml of ster-
ileMSM (pesticide-free) and vortexed. A volume of
13.4ml of Tetraethyl-orthosilicat, a3.4ml distilled wa
ter and 1.4ml (0.1 N) HCl weretransferredinto aconi-
cal flask. Theflask wasfirmly corked and stirred by
means of magnetic stirrer at room temperaturefor 3
hours. 17.8ml of the suspens on solution which contain
isolation bacteriaand leaveit until it became Gdl. The
monoliths obtained was| eft to dry at room temperature
for twoweeks, were powdered and washed with 0.85%
sdinesolution?.

Degradation studiesusing freeisolateand immo-
bilized bacteria

Effect of period of incubation
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A sterile cotton swab wasused to collect 3-4 colonies
of chlorpyrifos-degradingisolaefromtheisolationplate.
Theswabwastransferred to 10ml of steriledistilled
water. Thetubewasvortexed for 2 minutes. Oneml of
the bacteria suspension or 0.20g of the sol-gel immo-
bilized bacteriaweretransferred to two separate 250ml
flask containing 100ml sterileM SM sol ution containing
aweighted amount of chlorpyrifosto give 200mg/L of
the pesticide. Theflaskswereincubated for 8 days at
room temperature. The concentration of chlorpyrifos
was monitored daily by HPLC.

1. Theeffect of pH variation

ThepH of of two sets of solution each set contains
6 flaskseach flask containing 50ml of MSM (200 ppm
chlorpyrifos) wasadjusted using either NaOH or HCI
toobtainpH of 1, 3,5, 7and 9. Oneml of the bacteria
suspension (prepared asin the previous section) was
added to each flask of one set, (it isassumed that each
flask containstheamost samenumber of bacteriacdlls),
A 0.10g of immobilized bacteriato each flask of the
second set.

Thetest flasks were agitated for 4 days at room
temperature. Sampleswerefiltered at theend of incu-
bation period and chloropyrifoswas determined by the
andytical method mentioned before.

2. Theeffect of temperaturevariation

Similar to the above preparation but keeping the
pH=7.0(Thisvauewasfound to bethe optimum pH
for degradationinthisstudy).

Samples were incubated at varying tempera-
tures(10, 20, 30 and 50°C)for four days. At theend of
the incubation period, samples were filtered and
chloropyrifoswas determined.

3. Theeffect of temperaturevariation

A 0.1gs0l-gd immobilized wastransferredinto 200
round flasks containing 200ppm chlorpyrifosdissolved
in MSM solution and incubated at different tempera-
ture 10, 20, 30, 50°C. Flasks were incubated for 4
dayswith continuous agitation. Chlorpyrifosconcen-
tration was measured at the end of theincubation pe-
riod by HPLC.

4. Analytical method
All samplesof chloropyrifoswere determined us-

—= Fyll Paper

Fetetition time, min

Figurel: Chromatogram of chloropyrifos. HPL C with
UV-225nm. Detector and a25cm column withi.d =4.6mm,
flow rate = 1.4mL/min., mobile phase acetonitrile 75%
and water 25%, at roomtemperature

ing HPLC with UV-225nm. Detector and a25cm col-
umnwithi.d=4.6mm, flow rate= 1.4mL/min., mobile
phase acetonitrile 75% and water 25%, at room tem-
perature.

In which 10, 30, 50,100, 150 and 200mg/L of
chloropyrifos standard sol ution were prepared and A
20uL thestandard solutionswereinjected with adjust-
ablemicrosyringe. Chloropyrifospeak wasidentified
asshowninfigure 1 with aretentiontime8.3min.

A cdibration plot was constructing by plotting pesk
areaagai nst concentration of chloropyrifos. Thecon-
centration of the sample solutionswasfound fromthe
cdibration.

RESULTSAND DISCUSSION

I solation of chlor pyrifos-degrading bacteria
Soil samples

After oneweek of M SM-Chlorpyrifosenrichments
(in broth mediaon shaker), subcultureswere made on
MSM-Chlorpyrifosagar plates. Coloniesgrowing on
platesweresimilar in each of threetrials. Onecolony
from eachtrial was picked and subcultured. Thethree
isolatesweredesignated as C1, C2 and C3.

Duringtheinitia screening of theisolates, C1 (iso-
lated from K han younes soil sampl€) exhibited thefast-
est growth as evident by the appearance of colonies
after only 48 hours while C2 and C3 (isolated from
Idamicuniversty-Gazasoil) showed dower growthand
thusdiminated.

Sewage sample
Noisolatewasrecovered from any of thethree
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Figure2: Oxidasetest performed for theisolate (Positive
result: purplecolor)

Figure3: API 20E resultsfor C1lstain
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Figure4: Concentration of of chlor pyrifosaby freebacte-
riaat pH =7.0, at room temper atur e, and constant number
of microorganisms

250

200 1

Conc mg/lL

(=]
=1

time, day
Figure5: Degradation of chlor opyrifosby sol-gel immobi-
lized bacteriaat pH =7, at room temper atur eand constant
number of microorganisms

sewage samplescollected fromtheldamic Universty-

Gazasawer.

Characterization of chlorpyrifos-degrading bacteria
C1 strain was subjected to morphol ogical and bio-

chemical investigation and thefollowingsaretheresults
of theseinvestigation

Gram stain: Gram stained smear from C1isolate ex-
hibited Gram negativebacilli.

Oxidasetest: C1 gtrain exhibited positive oxidasetest
resultsasshowninfigure2.

API 20E

After 24 hoursof incubatingtheAPI20 E tray, TDA,
Indoleand VP reagents were added as recommended
by the manufacturer and the results of each biochemi-
cal test wasrecorded inthefollowing TABLE.

I dentification of theisolated strain

Based on gram stain results, APl 20 E matrix was
selected for theidentification using ldBact v. 1.1 soft-
ware. Theresultindicated that C1 strainisBurkholderia
cepacia.

Degradation of chloropyrifos (200mg/L) by free
bacteriawas investigated at pH 7 and at room tem-
peratureover aperiod of time. Asshowninfigure4 the
concentration of chloropyrifosis dropped to a bout
150mg/L after 24 hoursand degradationis continued
till chloropyrifos concentrationislowered below limit
of quantaion after seven days. Asshownfromthefig-
urethehdf-lifeof degradation of chloropyrifosisabout
3days.

The same study was performed using sol-gel im-
mobilized bacteriaasshowninfigureb. Lower degra
dation rateof chloropyrifoswas observed using trapped
bacteria in which the half-life of degradation of
chloropyrifosisabout 4.2 days.

Thistrend could be microenvironment provided for
immobilized bacteriamay effect itsActivity. It wascon-
cluded by Jacques Livage et al that bacteriain pure
silicagelsisnot very active™.

TABLE 2: API test resultsof Clisolate

Test Result Test Results
ONPG - GEL +
ADH + CLU -
IDC - MAN

oDC - INO

CIT + SOR

H,O - RHA

URE SAC

TDA MEL

IND AMY

VP ARA
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Figure6: Effect of pH on thedegradation of chlorpyrifos
by free bacteria after 4days, at room temperature and
constant number of microor ganisms
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Figure 7: Effect of temperature on the degradation of
chloropyrifosby immobilized bacteria, at pH 7, after 7.0
daysand congtant number of microor ganisms
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Figure8: Effect of pH on thedegradation of chloropyrifos

by immobilized bacteria, at room temper ature, after 7.0

daysand constant number of microor ganisms.
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Theeffect of pH onthedegradation of chloropyrifos
wasexamined a room temperatureover 3-12 pH range
by free bacteriaasdemonstrated in figure 6 degrada-
tion processislow at acidic mediumin 1-6 pH range
andthesametrend isobservedinbasicrange pH 8-12
on theother hand maximum degradation was observed
apH?7.

Theeffect of pH onthedegradation of chloropyrifos
by immobilized bacteriawas studied over a3-8 pH
rangeasshowninfigure7 (therangewasnot extended
to higher valuesduetoinstability of sol-gel in highly

—= Fyll Paper

basic medium).

Almost thesametrend of degradationwithimmo-
bilized bacteriawas observed compared with free bac-
teriaasafunction of pH this could be the higher bio-
logica activity of theisolated strainsat neutra medium.
Miles et al. reported that faster degradation of
chloropyrifoswasobservedin neutral soil™.

The effect of temperature on the degradation of
chloropyrifosby freeand sol-gel immobilized bacteria
wasinvestigated at atemperaturerange (10-50°C) As
demonstrated in figure 8 temperature hasasignificant
effect on.

Thedegradation of chloropyrifosby thetwo forms
of bacteria (frre and immobilized) after 4 days of
inoccupationand at pH 7 that is, at 10°C the degrada-
tionislessthan 15% andit isincreasing withincreasing
temperaturetill maximum degradation was observed at
30°C inwhich dmost 85% degradation was achieved,
on the other hand degradation was much slower at 40
and 50°C.

Thistrend isexhibited by thetwo forms of bacte-
ria. It was concluded in awork done by Frank et al.
that the half-lifefor the disappearance of chlorpyrifos
was4.8 daysat 21°C and 27 days at 4°C, indicating
that temperature playsamajor rolein the degradation
of chlorpyrifosinwatert.

CONCLUSION

Thebiologicd gpplicationsof sol-gel chemistry ap-
pear to bevery promising method for immobili zation of
living cdllslike bacteria

Inthiswork chlopyrifos degrading bacteriawere
isolated from Khan-yonissoil samplethatishistoricaly
subjected tothis pesticidetheisolatewasidentified as
Burkholderiacepacia

Degradation study of chlopyrifoswas employed
usingfreeand sol-gd immohilized Burkhol deriacepacia
It wasfound that the concentration of chlorpyrifoswas
dropped from 200mg/L to below limit of quantation
using freebacteriaand it islowered to 58mg/L using
immobilized bacteria

It wasfound that temperature play asignificant fac-
tor inthedegradation of chlorpyrifosby thetwo forms
of bacteriain which, maximum degradation was ob-
served at 30°C. On the other hand pH effectsthe deg
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radation of the mentioned pesticide by both freeand
immobilized Burkholderiacepaciathat isit wasfound
pH 7 isthe optimum for thedegradation of chlorpyrifos.
It issuggested to study degradation product that
appear during the degradation by employing GC-MS
whichwasnot availablein our [aboratories.
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