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ABSTRACT

Polychlorinated biphenyls (PCB) are the most wide spread environmental
pollutants and a prominent contaminant known to have toxic effects on
humans and animals. They are well known as mutagens and carcinogens
and affect amost all systems of the body. Due to their resistance to bio-
degradation and lipophilic properties, PCB bioaccumulate in tissues of
human through regular food consumption. PCB are also known to cross
the placenta and to be secreted into the mother’s milk, thus predisposing
theinfant to adverse health effects. Further, ahigher incidence of bacterial
infections was reported for breast-fed infants. While, data regarding the
PCB-induced immuno toxic effects in humans are scarce, however data
derived from experimental animals, include nonhuman primates, indicated
that theimmune system isa potential target for the immunotoxic effects of
PCB. Additionally, PCB have the potential of partialy antagonizing the
effects of other structurally related compounds including the highly toxic
dioxins, which are also present in small amountsin the environment. Thus,
to fully eval uate the magnitude of the immunotoxic risk of PCB to humans,
consideration should be given to investigate the interactive effects of
PCB. In this context the present article focuses to reveal the biological
effects of PCB and their bioremediation by bacteria.
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INTRODUCTION

Polychlorinated biphenyls (PCB) are ubiquitousen-
vironmental contaminantsthat haveattracted great con-
cern because of their worldwidedistribution, persis-
tenceinthe environment, and possibledd eterious ef -
fects. PCB were manufactured in the United States
between 1929 and 1978 by Monsanto Corporation,
and weremarketed under thetradenameAroclor. Their
electrical insulating propertiesand inflammability, com-
bi ned with uniquetherma and chemica stability, ledto

awidevariety of industria usesasheat transfer fluids,
hydraulicfluids, plasticizers, didectricfluids, flamere-
tardants, solvent extendersand organic diluentg®2157,
The widespread use of PCB coupled with improper
disposd practicesresulted inthedischargeof largequan-
titiesof theseenvironmental pollutantsinto non-target
sites, such assoils, river and | ake sedimentsand land-
fills. Thus, PCB have been routindy disposed of over
years, without any precautions being taken. Serious
environmental contamination with PCB hasbeen docu-
mented for industrial areas such asthe Great Lakes,
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the Baltic Seaand Tokyo Bay. It isestimated that ap-
proximately 1.4 billion poundsof PCB have been manu-
factured and severd million poundshave beenreleased
into the environment24%, PCB aretruly pervasivein
the environment and would remain sofar along period
of time, whichwasindicated by our |aboratory experi-
ments (Department of Microbiol ogy, Davangere Uni-
versity, Davangere, India).

PCB areaclassof chemical compoundsinwhich
chlorineatomsreplace someor al of the hydrogen at-
omson abiphenyl molecule (Figure 1)
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Polychlorinated Biphenyl (PCB)
Figurel: General chemical structureof PCB.

PCB arereported as contaminantsinalmost every
component of theglobal ecosystemincludingair, wa-
ter, soil, fish, wildlife, plants, domestic animas, human
blood, adipose tissue and milk®57¢ They can
biocaccumulatein biological tissues, and their lipophilic
behavior poses a serious threat to mammalian sys-
temg 2, PCB areknown to dicit aspectrum of toxic
responsesin humans, laboratory animasand wildlife
includinglethaity, reproductiveand devel opmenta tox-
icity, body weight loss, dermal toxicity, liver damage,
neurotoxicity, immunosuppressive effects, porphyria,
teratogenic effectsand carcinogenic effectd*l.

PCB can be biodegraded under both aerobic and
anaerobic conditions. Degradation studiesinvolving
PCB havebeenlargdy conductedinestuarineand marine
sediments. Ingenera, much lesseffort hasbeen given
to the degradation of these contaminantsin the soil en-
vironment. Also, toxic effects of PCB have been fo-
cused primarily on higher organismsandinformationon
thetoxicity of PCB ontothemicrobia ecosystem are
scarce.

BIOLOGICAL EFFECTSOF PCB

Theneurological effectsof PCB have been exten-

svelyinvestigatedin humansand animas. Themainfo-
cusof most of these studies on the effectsin neonates
and young children, dthough few studieson adult have
been conducted. One of the most important concern
wasthelow leve of PCB transferred tothefetusacross
theplacentawouldinducelong-lasting neurologica dam-
age. Because PCB arelipophilic substances, thereis
also concern that significant amounts might betrans-
ferredto nursinginfantsviabreast milk. Thesestudies
have provided evidencethat PCB areimportant con-
tributorsto neurobehaviora dterationsobservedinnew-
born children such asmator immaturity and hyporeflexia
Someof these dterationseven persst during childhood.
Thereispreiminary evidencethat highly chlorinated PCB
congeners, which accumulatein certainfish, areasso-
ciated with neuro-behavioral aterationsseenin some
newborn children. Children born to woman who acci-
dentdly consumed riceoil contaminated withrelatively
high amountsof PCB and Chlorinated Dibenzo Furans
(CDFs) during pregnancy a so had neuro-devel opmental
changes®.. Children exposed to PCB duringfetal life
showed | Q deficits, hyperactivity, and attention defi-
cits, known asAuti sm{t34052,

Additionally, PCB arefound to causeliver cancer
in the mice system®>1. The exact mechanism of
hepatocarcinogenes sremained unclear. However, it was
foundthatinfemderats, andtoamuch lesser extentin
malerats, therewas pronounced iron accumulationin
hepatocytes at the 26" week when treated with mid-
and high-doseof Aroclor-1254 and 1260. At 52 weeks,
largeaccumulationsof ironwerea so present in Kupffer
cdlsof femaerats, and dose-rel atedincreasein Prolif-
erating Cell Nuclear Antigen hepatocytelabelingindi-
ceswerefound inboth maeand femaerats. Thisstudy
suggested that PCB-inducediron accumulationin hepa-
tocytes was an early event, that would be related to
tumor formation, especialy infemaerats®. Conse-
quently, iron accumulations producing oxidative dam-
age, and enhanced cdll proliferation resultingin tumor
promotion proposed to be componentsin the mode of
action for PCB-induced hepatocarcinogenesisinro-
dentd®”.

PCB are congdered potentia endocrinedisruptors
duetotheir ability to act as estrogens, antiestrogens
and goitrogens. Studieson the effect of PCB on sperm
function and hormond effectsonratsreveaedthat tes-
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tisweightsweresignificantly increased whereas sperm
count, motility, total motile sperm count, curvilinear ve-
locity, average path vel ocity, straight-linevel ocity, and
beet-crossfrequency for motile spermweresignificantly
decreased. Further, therewasasignificant increasein
thyroid-stimul ating hormonelevd . However, no changes
were seenin serum testosterone, thyroid hormones, or
prolactin concentrations. Theseresults suggested that
the sperm functions may be more susceptibleto endo-
crine disruption caused by dioxin-like PCB conge-
ners®,

Additiondly, endocrinedisruption on environmen-
tal exposureto PCAHs (Polychlorinated Aromatic Hy-
drocarbons) wouldinterferewith sexua maturationand
inthelong-run would adversely affect human repro-
duction®®, Furthermore, exposureto PCB and their
hydroxylated metabolites reducesfecundity and de-
creased circulating concentrationsof thyroid hormones,
resulting in seriousreproductive and devel opmental
defects. Thyroid hormonesmodulate both follicular de-
velopment and steroidogenesis, and affect estrogen
metabolism and the regul ation of estrogen receptort®.

The study on the effects of PCB mixture (Aroclor
1016) onfolliclematurationin theLong-Evanshooded
rat indicated that Aroclor significantly reduced thenum-
ber of preantra follicles. T4 circumvented theAroclor
effect onthe number of preantra follicles; however, a
sgnificant reductionin theantra folliclenumber per-
ssted. Inaddition, asignificantincreasein atresainthe
Aroclor treated ovarieswere reported®. Study onthe
long-term exposureto PCB on deve oping dental enamel
of 8to 14-year-old children who were pre and post-
natally exposed to PCB in the contaminated region of
BdakKrgina, S oveniareved ed that the devel opmentd
defects of enamel in permanent teeth and demarcated
opacitiesand hypoplasia. However, they reported that
therewas no significant correlationswere found be-
tween PCB exposure and developmental defectsin
deciduousteeth,

Exposureto certain PCB canlead to development
of cardiovascular diseasessuch asatherosclerosis. Al-
though, very littleisknown about the mechanismsun-
derlyingthistoxicity, endothelia cell dysfunctionisa
critica eventintheinitiation and acceleration of athero-
sclerosis. Inoneof the studies, porcine pulmonary ar-
tery-derived endothelia cellswere exposed to three

PCB congenershaving different binding aviditieswith
theAryl hydrocarbon receptor, and differencesin their
induction of cytochrome P450 for up to 24 hourswere
recorded of thethree PCB and two PCB, significantly
disrupted theendothelid barrier functioninadose-de-
pendent manner, by allowing anincreasein albumin
transfer acrossendothelial monolayer. These PCB dso
contributed markedly to cdllular oxidativestressby 2,7-
Di Chloro-Fuorescein and lipid hydro-peroxides, and
caused asignificant increaseinintracellular calciumlev-
els. Thus, certain PCB perhapsplay aroleinthedevel -
opment of atherosclerosisby causing endothelial cell
dysfunction>.

PCB have been found to alter theimmune system
inrodents, guineapigs, rabbitsand chicken aswell as
non-human primates®®Y and indicated that higher chlo-
rinated formsof PCB mixturesaremoreimmunotoxic
thanthelower chlorinated Arochlors. Following expo-
sureto PCB thereisareduction in theantibody pro-
duction wasalso observed. However, therewerevari-
able changeswith respect to thymusand spleen. There
was s gnificant reduction of thymussizeinratsand rab-
bitg% however, therewasno changein mice system™!,

Alterationsintheimmune system have been ob-
served in the Japanese and Taiwanese popul ations ac-
cidentally exposed to PCB through contaminated rice
oil. Therewass gnificant effect on both cdlular and hu-
mora immunity“-¢. As PCB can crossplacentaand
secreted through mothers milk severe adverse effect
are found on the newborng®73, Laboratory experi-
mentsexhibited reduction of antibody forming response
to T-dependent antigen of sheep red blood célls, re-
duction of primary activation of T-cellsby mixed lym-
phocyte response, and reduction of lymphocyte prolif-
erationinduced by various mitogens.

PCB DEGRADATIONBY BACTERIA

Biodegradation by bacteriaor other microorgan-
isms, isadow yet possiblemethod for degrade PCB in
both aerobic and anaerobic environments. Itistheonly
process known to degrade PCB in soil systems or
aquatic environments. The specific processesinvol ved
are aerobic oxidative dechlorination or hydrolytic
deha ogenation and anaerobi ¢ reductive dechl orination.
Theoreticdly, thebiologica degradation of PCB should
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result to give CO,, chlorine and water. This process
involvestheremova of chlorinefromthe biphenyl ring
followed by deavageand oxidation of theresulting com-
pound™*®. Persistence of PCB intheenvironmentin-
creaseswith thedegree of chlorination of the congener.
Those compoundswith ahigh degree of chlorination
areresistant to biodegradation and degradeslowly in
theenvironmen.

Aerobic Oxidative Dehd ogendioninvolvestheoxi-
dation of PCB by aerobic microorganisms, especialy
by bacteriaof the genus Pseudomonas. Thisinvolves
the addition of oxygen to thebiphenyl ring™. Itisalso
been reported that the degradation of biphenylswas
observed in Micrococcus spt°. The metabolic path-
way used by thisfamily of bacteriaresemblesthat de-
scribed for the Pseudomonas Sp. By 1,2-
dioxygenativering cleavage, benzoateresultsasacom-
mon by-product of biphenyl degradation. Although dif-
ferent bacterial species seem to produce benzoate
through PCB metabolism, further breakdown of ben-
zoate seemsto differ among thedifferent microorgan-
isms. Neverthe ess, the by-products produced areless
toxic compoundsto living beingsand the environment.

Since PCB aremorepersstent withincreasing chlo-
rination of thecongener, agrobic biodegradationinvolving
biphenyl ring cleavage, isrestricted tothelightly chlori-
nated congeners. Anaerobic Reductive Dechlorination
involvesthereplacement of chlorinewith hydrogenaom
on thebiphenyl ring. Thistype of degradation trans-
formsthemore highly chlorinated congenersto less
chlorinated ones. Specifically, the monochloro biphe-
nylsand ortho substituted dichloro biphenylsare de-
graded in thismanner. By productsarelesstoxic and
can usually be degraded by the aerobic microorgan-
ismd™ and the degradation processisfound to be po-
tential pathway for anaerobic degradation of ahighly
chlorinated congener to aless chlorinated ong?.

Reductive dechlorination of PCB hasasobeenob-
served under methanogeni c conditions. It hasbeen sug-
gested® that thedechl orination of chloroaromatic com-
pounds observed under methanogenic conditions, but
inhibited under sulfate-reducing conditions, may bedue
to sulfate competing more effectively than the
chloromatics for the electrons. On the other hand,
anaerobic dehal ogenation hasbeen showntotakeplace
in the presence of sulphated® and degradation of

chlorophenols would be coupled to sulphate reduc-
tion®Y. In marine environmentsawidevariety of halo-
genated aliphatic and aromatic compounds are pro-
duced biologically by marineorganismg®# Therefore,
anaerobic marine sedimentsmay potentialy alow for
the sd ection and enrichment of anaerobic dehd ogenating
organisms,

It has been reported that an anaerobic bacteria,
Desulfomonile tiedjei could dechlorinate 3-chloro
benzoate, was a energy (ATP) generating mecha-
nism?#. Under conditionsinthe environment where
electron acceptorsarelimiting, organismswith an abil-
ity to use PCB in thiscapacity may be selected for or
enriched®,

Thedifferent pathwaysof dechlorination observed
may be explained by the different microbial popula-
tionsthat exist inthe environment!¥. However, asimi-
larity between degradati on patternsexists, inwhich the
para: and meta-substituted congenersare more com-
monly degraded than ortho-substituted congeners. Only
afew ortho-substituted congeners have been reported
to degrade PCBI?®, M oreover, anaerobic degradation
hasmost commonly been observed under methanogenic
conditions

Thiswould lead to concludethat anaerobic reduc-
tive dechlorination occur under methanogenic condi-
tions, if not inhibited by sulfate-reducing conditions.
Sulfates have ahigher affinity for el ectronsthan the
chloroaromaticg®. In addition, many environmentd fac-
torscan affect the degradation of biphenyls, both aero-
bically and anaerobically. Ratesare quitevariable de-
pending on the conditions present in the environment.
Thesefactorsmay include; degreeof chlorination, con-
centration on the congener, type of microbia popula
tion, available nutrients, P and temperatureand oth-
ers.

Asprevioudy stated, more highly chlorinated con-
genersarelessreadily degraded than thelesschlori-
nated congeners. The position of chlorineatomson the
ringsa so affectstherate of biodegradation. Not only
are PCB with para- and meta-substituted rings more
easily degraded than the ortho- substituted compounds,
but PCB containingall chlorineson onering arebiode-
graded fagter than thosewhich contain chlorinesthrough-
out both rings. It has been suggested that both aerobic
and anaerobic conditionsare affected with the addition
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of certainnutrients. Itisalsointeresting that biodegra-
dation rates decrease with high levelsof organic car-
bon being present!®2.

BIOMETABOLIC PATHWAY SOF PCB
DEGRADATION

Aryl hydroxylating dioxygenasescatayze the addi-
tion of two hydroxyl groupsto vicinal carbonsof their
substrates, thereby destroying the aromatic system and
yieding dihydrodiol compoundsof cis, cisstereochem-
istryi*418, Thebiphenyl dioxygenases(BphA) aremem-
bersof thisfamily of enzymes. TheBphA haveattracted
attention asbiocatalystsfor theremova of polychlori-
nated biphenyls. Their useinthisfield wasobservedto
belimited may bedueto thetypicd pollutionsconsists
of PCB mixturesof compounds, congeners.

Certain aerobic bacteriaare ableto oxidize some
of themorehighly substituted PCB congenersthrough
pathway that arebasicdly identified in different organ-
ismg382743_ However, commercial PCB mixtures pose
ahuge problem to catabolic pathway asthey typically
consist of dozensof different congeners. Sofar, only a
fraction of them can be attacked by known BphA.
Therefore, enzymes with broadened and /or altered
substrate rangesarein urgent need. These may beob-
tained either by more extensive and sophisticated
screensof thenatural resources™! or by the generation
of novel substrate specifitiesthrough evolutioninlabo-
ratory. Evenif broad in the substraterange, nosingle
pathway isableto metabolizeal PCB in such mixture.
Moreover, the characterized pathways convert afrac-
tion of the PCB into dead-end metabolities®. Thus,
enzymeswith novel specificitiesthat areuseful tore-
place or supplement known onesare of particular in-
terest.

Theinitid pathway enzyme, biphenyl dioxygenase
(BphA), isof crucial importance for the successful
breakdown of PCB. Firg, itssubstraterangefrequently
isnarrower than that of subsequent pathway enzymes.
Secondly, itsregiospecificity of dioxygenationisacriti-
ca parameter, asit determinesthe potential sitesof at-
tack by the subsequent enzymesof themetabolic route.
Thus; it controlsfurther enzymatic degradation of agiven
congener.

During dechlorination pathway of PCB by anagro-

bic microorganismsreplacethechlorinemoleculeswith
hydrogen atoms (reduction reaction), however, thefi-
nal product would bestill abiphenyl compound. Re-
moval of chlorineatomslead toincreased water solu-
bility and the rate of absorption thereby probably in-
creasing thetoxic effects. Theend product actsas sub-
stratefor further metabolism by aerobic organismg™.

BphK is a glutathione-s-transferase of unclear
physiological function that occursin somebph path-
ways. It wasdemonstrated that BphK of Burkholderia
xenovorans catal yzes the deha ogenation of 3-chloro
2-hydroxy-6-ox0-6-phenyl-2,4-dienoates (HOPDA)
compoundsthat are produced by the cometabolism of
PCB by the bph pathway and that inhibit the pathway’s
hydrolase.

The PCB transforming capabilities of thebph path-
way arestrain dependent. Neverthel ess, Burkholderia
xenovorang*Y poorly transform congeners containing
morethanfour chlorine substituents. Therefore, it was
clear by severd observationsthat other bph enzymes
areinhibited by specific chlorinated metaboliteg?!.
Additiondly, the bphA 1A2A3A4 genecluster, encod-
ing a biphenyl dioxygenase from Rhodococcus
glober ulus degrading awide spectrum of PCB, was
expressed in Pseudomonas putida, thereby allowed
characterization of chlorobiphenyl oxidation by thisen-
zyme*,

Chimeric enzymeshavebeeninvestigated with the
selection of chlorobiphenylsaspotentid substrate. This
hybrid (BphA-B4h) harbours the core segment of a
dioxygenase from Pseudomonas sp, isolated from a
polluted sediment of the Elberiver, near Magdeburg,
Germany!™. Theother sequenceswere provided by the
BphA of Burkholderia xenovorans? ametabolically
very well characterized dioxygenasg™ ™, Thisshowed
that how substrate and product ranges of the hybrid
enzymesdiffered from thoseof itsparental BphA.Ad-
ditionally, with several chlorobiphenyls, thenewly gen-
erated deoxygenase showed complementing or im-
proved degradative properties.

Nitrate reductasewasa so found to play animpor-
tant rolein the PCB degradation, as PCB werefirst
degraded by reductive dechlorination. Thering cleav-
age probably would occur through production of non-
specific peroxidesby thewhiterot fungus. Theimpor-
tance of nitrate reductase enzymeon dechlorinaton has
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been also documented by several research
groups®5t58l |t is also been documented that molyb-
denumwhich actsas cofactor for nitrate reductasein-
creases PCB breakdown whereastungsten which in-
hibitsthisenzyme decreasesitsbreakdown.

DETECTION OF PCB DEGRADATION

Generally used method to detect degradation of
PCB was Column gas chromatogramg“®%, |f the Gas
chromatograms of theenvironment PCB residuesdid
not matchwith an appropriaecocktail containing known
amountsof thecommercia formulationsof PCB, then,
quantitationwould bedifficult. High-resol ution isomer-
specific PCB analysisisnow afeasibleoption for the
identification and quantification of theindividua PCB
present in commercial mixtures and environmental
sampleg62348],

Thin-layer chromatography isauseful techniquein
pesticideresdueanaysisfor thequditativeconfirmation
of results obtained by means of gas chromatography.
While, anoftenused TLC- systemliked uminum oxide/
hexanewasapplied, however, vary littleinformation was
obtai ned about the composition of the PCB residue. Only
adiffuseandrather long-drawn spot wasfound with an
approximate R -value between 0.6 and 0.8,

Sofar no TLC system wasavailablethat isparticu-
larly suitablefor stisfactory separation of individua PCB
compounds. Reversed-phasepartition TLC (utilizinga
non polar stationary phase and apolar mobile phase)
hasbeen used for resolving dlosdy related lipophilicma:
terids, such ashomologous series of fatty acids?.

Though the best method to study PCB degradation
is by using GC/Mass Spectroscopy?+*, The PCB
breakdown products can al so be studied by Nuclear
Magnetic Resonance (NMR) or Infra-Red Spectros-
copy (IR-Spectroscopy)®°& wherethe different func-
tiona groupsformed during the PCB degradation can
beidentified. High Pressure Liquid Chromatography
(HPLC) has been used for along timefor the break-
down of PCBI®l,

CONCLUSION

Polychlorinated bi phenylsare one of themgjor re-
cacitrant having potentia danger to theecosystem. Al-

thoughitsproduction at largeisbanned, their effect in
the soil sedimentsand transformer oil polluted areaare
proneto highrisk. Therefore, thereisaneed toisolate
theindigenous microorganismsand enhancetheir po-
tential to degrade PCB morerapidly.
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