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ABSTRACT

The present review demonstrates, purely, the mechanism of laccase ac-
tion on the different types of substrates as phenolic or non-phenolic sub-
strates. Role of mediators in the oxidation of non-phenolic substrates by
laccases are also described in thisreview. Since alarge number of reviews
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and literatures on laccases are avail able to describeits different properties
and biotechnological applications so its biotechnological applicationsare

described only in brief.

INTRODUCTION

Laccase[benzenediol: oxygen oxidoreductase; E.C.
1.10.3.2] isapolyphenol oxidase, which belongstothe
superfamily of multicopper oxidases* and catdyzes**l
thefour dectron reduction of molecular oxygento weter.
Laccaseisoneof thefew enzymesthat have been stud-
ied since the end of 19" century. It was first demon-
strated in the exudates of Rhus vernicifera, the Japa-
neselacquer tred® and subsequently was demonstrated
asafunga enzymeaswd . At present, thereisonly
one bacterium, Azospirillum lipoferum, in which a
laccase type phenol oxidase hasbeen demonstrated®.

Laccases are the lygnolytic enzymes and
aboundantly occur inthefungd systemd mainly inas-
comycetes, deuteromycetes and basidiomycetes. They
occur infungal causative agents of the soft rot, in most
whiterot causing fungi, soil saprophytes, and edible
fungi. Theselaccase producing fungi aregenerdly caled
wood degrading fungi. Whiterot fungi arethehighest
producersof thelaccases but also litter decomposing
and ectomicorrhizal fungi secretelaccases.

However, it should not begenerdized that only the
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fungal system has ability to produce the laccases.
L accase production has never been demonstrated in
lower fungi, that is,

Zygomycetesand Chytridiomycetes?. Severa re-
ports can bereferred, intheliterature on production of
laccase in ascomycetes such as Gaeumannomyces
graminig*?, Magnaporthe grised, and Ophiostoma
novo-ulmit®?, Mauginella*®, Melanocarpus
albomyces*, Monocillium indicum®, Neurospora
crassd’®, and Podospora anserind*”. In addition to
plant pathogeni c species, laccase production wasa so
reported for some soil ascomycete species from the
generaAspergillus, Curvulariaand Penicillium*-2, and
in somefreshwater ascomycetes?!,

MECHANISM OFLACCASEACTION
AND ROLE OFMEDIATORS

Laccaseonly atacksthe phenolic compoundslead-
ing to Ca oxidation, Ca-Cp cleavage and aryl-alkyl
cleavage. Laccases, typically, contain threetypes of
copper, oneof which givesititscharacterigtic bluecolour.
Similar enzymes|acking the Cu atom responsiblefor
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thebluecolour arecalled ‘yellow’ or ‘white’ laccases,
but severd authorsdo not regard them astruelaccases.
Alsoto performtheir catalytic functions, laccases de-
pend on Cu atomsthat are distributed at thethree dif-
ferent copper centres?? Figure 1 viz. Type-1 or blue
copper centre, Type-2 or normal copper centre and
Type-3 or coupled binuclear copper centres, differing
inther characteristicse ectronic paramagnetic resonance
(EPR) signal§%24, The organic substrateis oxidized
by onedectron at the active site of thelaccase generat-
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ing areaction radical which further reacts non- enzy-
matically. Theelectronisreceived at typel Cuandis
shuttled to thetrinuclear cluster where oxygenisre-
duced to water.

It has been proposed that the mononucl ear copper
typel function asthe primary €l ectron accepter extract-
ing e ectron from thereducing substrate and ddlivering
it tothetrinuclear stewhere oxygen isreduced to wa
ter and the oxidized form of theenzymeisregenerated
Figure?2.
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Figure2: Schematicrepresentation of fully reduced and fully oxidized copper cluster duringthereaction of laccasewith

substrate.

Thesubstrate range of laccase can be extended to
non-phenolic subunitsby theinclusion of mediatorsa so
known asenhancers becauseits use enhancesthe cata-
Iytic performance of laccasesto avery large extent.
After thediscovery of high redox potential mediators,
laccases become much more significant inthe areaof
severd biotechnologica applications. Thewd | known
mediators are ABTS (2,2° [Azino-bis-(3-
ethylbonzthiazoline-6-sul phonic acid) diammoniumsdt])

and HOBT (1-hydroxybenzotriazole). Anided media
tor isthat which can perform many cycleswithout deg-
radations and without any sidereactions. Theoxidized
mediator formed during the course of |accase catalyzed
reaction can oxidize non-phenolic substrate, non-enzy-
matically. Thedifference between theredox potentials
of the substrateto be oxidized and T1 copper ionsis
thedrivingforceof thereaction. Mediatorsareagroup
of low molecular weight compoundswith high redox
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potentid (above 900 mV) which haveability to enhance
the catalytic activity of laccasesand that actsasasort
of ‘electron shuttle’: once it is oxidized by the enzyme
generdingastrongly oxidizingintermediatethat isknown
asco-mediator or oxidized mediator, it diffusesaway
from theenzymatic pocket and inturn oxidizesany sub-
strate that, duetoitssize could not directly enter into
theactivesite. Duetoitslargesizeand steric hindrance,
enzyme and polymer do not havetointeractinadirect
manner, then, the use of mediatorsallow the oxidation
of polymersby side-stepping theinherent steric hin-
drance problems?®!, Alternatively, the oxidized media-
tor could rely on an oxidation mechanismnot available
totheenzyme, thereby extending therange of substrates
accessibletoit?, Itistherefore of primary importance
to understand the nature of the reaction mechanism
operatingintheoxidation of asubstrateby the oxidized
mediator species derived from the corresponding me-
diator investigated. Inthelaccase-dependent oxidation
of non-phenolic substrates, previous evidence suggests
an dectron-transfer mechanismwith mediator ABTS,
towards substrates having alow oxidation potential .
Alternatively, aradical hydrogen atom transfer route
may operatewith N-OH type mediators, if weak C-H
bondsare present in the substrate®”.

OXIDATION OFABTSBY LACCASE

Most commonly used mediatorsaretheABTSand
the triazole 1-hydroxybenzotriazole (HOBT)i2-30,
ABTSisthebest organic redox mediator. Itsusefor
oxidation of non-phenaliclignin structuresgaveimpe-
tusto search for new laccase mediators. It was gener-
aly believedthat ABTS oxidized toABTScation radi-
ca by removd of itsone e ectron during the course of
itsenzymatic reaction, responsiblefor the oxidation of
non-phenolic substrates but now it has been cleared
after the spectrochemicd and e ectrochemica studies
that ABT S undergoes two step oxidation reaction dur-
ing the course of it enzymatic oxidation reaction by
laccasei.e. firgtly convertintotheABTScation radical
and then undergoes its slow oxidation into ABTS
dicationasfollowingway: variouslaccasesreadily oxi-
dizeABTS, by freeradicds, tothecaionradicd ABTS"
Figure 3(a) and the concentration of theintensely col-
ored, green-bluecation radical can becorrelaedtothe
enzyme activity (e418= 36000 M*cm?). It is well

known that cation radicalsrepresent an intermediate
oxidation step intheredox cycle of azinesand, upon
extended oxidation and abstraction of the second elec-
tron, the corresponding dications can be obtained Fig-
ure 3(b). Thesecation radical and dicationplay rolein
theoxidation of the subgtrates, non-enzymaticaly. The
redox potentialsof ABTS" and ABTS* wereevalu-
ated as0.680 V and 1.09V respectively:*l,
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Figure 3 : Oxidation of ABTS by laccase to ABTS cation
radical (a) and ABT Sdication (b) to perform the oxidation
reaction of substrates.

OXIDATIONOFHOBT BY LACCASE

HOBT isanother important organic redox media-
tor. HOBT bel ongsto the N-heterocyclic coumpounds
bearing N-OH groups mediatorst®3. Consuming oxy-
gen HOBT isconverted by theenzymeinto the active
intermediate, whichisoxidized toareectiveradica (R-
NO.) and HOBT redox potentia has been estimated
as1.1-1.2 VB,
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OXIDATIONOFTMPOBY LACCASE

2,2,6,6-tetramethyl-1-piperidinyloxyl (TMPO) is
also animportant organic redox mediator. TMPO is
moreefficientthanABTS, HOBT, or thenaturd laccase
mediator 3-hydroxyanthranilic acid. TMPO mediator
ispresentinthesolutionintheform of ardatively stable
N-oxyl radical, which can perform primary modifica
tion of some high potential substrates even without
laccase®, Laccaseoxidizes TM PO to producethe oxo-
ammoniumion, whichreactswith thesubstrate. Proton
removal yieldsthe oxidized product and the reduced
form of TM PO and thisreduced formisconverted to
the oxidized form by laccase and then to oxo-ammo-
niumion®.

Other organic redox-mediators are N-
hydroxyphthaamide (NHPI), and inorganic redox-me-
diatorsareiron complexeswith o-phenanthrolineand
4,4-dimethylbipyridine etc. Thesehave high redox po-
tential and can perform multiple cata ytic eventswith-
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out chemicd degradationg®*®!, Transition metal com-
plexeshavevery high redox potentia in comparisonto
the organic mediatorsand have a so the strong tendency
to oxidizenon-phenoliclignin substratesdirectly inre-
actionmixture, butitsuseisvery costly and environ-
mentally unsafe, duetowhichit isrestricted to thein-
dustria use.

Thedifferent Sepsinvolveinthegenera oxidation
reaction done by |accasewith the hel p of mediator mol-
eculesand without the hel p of mediator moleculesare
showninFgure4(ab). Figure4(a) clearly demondrates
that the oxidation of non-phenolic substrates can be
achieved in the presence of mediator molecules.
Laccasefirgtly oxidizesthemediator moleculeand then
thisoxidized mediator oxidizesthe non-phenolic sub-
strate. Figure 4(b) representsthe direct oxidation of
substrate (phenolic) without the help of any type of
mediators. All theabove mechani stic discuss ons show
theburning biotechnol ogical and severa syntheticim-
portances of |accases.
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Figure 4 : Schematic representation of the role of laccase in oxidation of different types of substrates- non-phenolic

substrate (a) and phenolic substrate (b).

APPLICATIONS

Theability of |accasesto catayze the oxidation of
various phenolic aswell as non-phenolic compounds,
coupledto thereduction of molecular oxygento water
makesit valuablefrom the point of view of their com-
mercia gpplicationg***1, Thebiotechnol ogica impor-
tance of laccases have increased after the discovery
that oxidizabl e reaction substrate range could befur-
ther extended in the presence of small readily oxidiz-
able molecules called mediators®4%. During thelast
two decades, | accases have turned out to be the most

promising enzymesfor industria uses®* having ap-
plicationsinfood, pul ps, paper, textile, and cosmetics
industries and in synthetic organic chemistry®-44, Be-
sides the above described applications of laccases,
laccasearea sotoo much vauablein medicina synthe-
sissuch asin penicillin synthesig*, anticancer drugs
synthesig*47 etc.

CONCLUSIONS
The main purpose of thisreview isto study the

mechanism of laccase action and study of applications
and the syntheticimportance of |accasesisout of scope
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of thisreview. In order to explain how much alaccase
can beeffectivein thebiotechnol ogica applicatiionsand
other severa gpplications, authorsmainly focused their
attention on to provide better knowledge of laccase
action mechanismand thestudy of mechanism of laccase
action, asdescribed above, clearly demonstratesthe
importance of laccasesin the areaof biotechnol ogical
applications. Oxidizing propertiesof thelaccase make
itavery effectivebiocatayst.
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