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ABSTRACT

The chemical routes of oxidation of methyl group to its aldehydeisincon-
venient because once amethyl group is attacked, it islikely to be oxidized
to the carboxylic acid and it is very difficult to stop the reaction at the
aldehyde stage. Fungal laccases can be used for such oxidation reaction
and the reaction can be completed sharply within 1-2 hrs. We have used
the crude laccase obtained from the fungal strain Xylaria polymorpha
MTCC-1100 for the sel ective biotransformations of toluene, 3-nitrotol uene
and 4-chlorotoluene to benzaldehyde, 3-nitrobenzaldehyde and 4-
chlorobenzaldehyde, respectively. In all casesABTS is used as mediator
molecule. Main purpose to do such transformations from crude laccase is
to save the time consumed in purification process and avoid the drastic
conditions. Suchtransformations are also environmentally safe. HPL C tech-
nique is used for comparative studies of these transformed products with
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INTODUCTION

Laccase[ benzenediol: oxygen oxidoreductase; E.C.
1.10.3.2] isapolyphenol oxidase, which belongsto
the superfamily of multicopper oxidases*? and cata-
lyzes*% thefour e ectron reduction of molecular oxy-
gentowater. Laccasesaredimeric or tetrameric gly-
coproteins. To performtheir cataytic functions, laccases
depend on Cu atomsthat are distributed at the three
different 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 characterigticsd ectronic paramagnetic resonance
(EPR) signals®™. Theorganic substrateis oxidized by

onedectron at theactive site of thelaccase generating
areaction radica which further reacts non-enzymati-
cdly. Thedectronisrecaved a typel Cuandisshuttled
to thetrinuclear cluster where oxygen is reduced to
water.

Ortho and paradiphenals, aminophenal s, polyphe-
nols, polyamines, lignins, and arylamines and some of
theinorganicionsarethe substratesfor laccases. The
ability of laccasesto catayze the oxidation of various
phenolic aswell as non-phenolic compounds, coupled
to thereduction of molecular oxygen towater makesit
va uablefrom the point of view of their commercid ap-
plicationg*&19, The biotechnological importance of
laccaseshaveincreased after thediscovery that oxidiz-
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ablereaction substrate range could befurther extended
inthepresence of small readily oxidizable molecules
called mediatorg**2, During the last two decades,
|accases have turned out to bethemost promising en-
zymesfor industrid uses®'? having gpplicationsinfood,
pul ps, paper, textile, and cosmeticsindustriesandin
synthetic organic chemistry(*316l,
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Figurel: Threedifferent typesof copper centrein laccase
to performtheir catalyticfunctions
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The objective of thiscommunicationisto obtain
the crudelaccase from theliquid culture growth me-
dium containing natural lignin substrate saw dust of
Xylaria polymorpha MTCC-1100 and to demonstrate
the selective biotransformations of toluene, 3-
nitrotol uene and 4-chlorotoluene to corresponding
benzalaldehyde, 3-nitrobenzalaldehyde and 4-
chlorobenzaaldehydein presenceof ABTSasmedia
tor molecule. Themain advantage of thiswork isthat
thereisno need of drastic conditions. Such biotrans-
formationisenvironmentally safeand timesaving due
to useof crudelaccasewhichisasovery effectivefor
suchtransformations.

EXPERIMENTAL

Materials

3,5-Dimethoxy-4-hydroxybenzal dehyde azine
(syringddazine), 4-fluororotol uene, 4-chlorotolueneand
diethyl aminoethyl (DEAE) cdlulosewerefrom Sigma
Chemicad Company, S. Louis(USA). 2,2’-Azino-bis
(3-ethyl benzthi azoline-6-sul phonic acid) diammonium
sat (ABTS) and 2,6-dimethoxy phenol (DMP) were
from Fluka, Chemi new Ulm (Switzerland). All other
chemicadsusedintheseinvestigationswereether from
Himedialaboratory Ltd. Mumbai (India) or from E.
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Merck Ltd. Mumbai (India) and were used without fur-
ther purifications. Thechemicalsusedinthegd elec-
trophoresis of the protein sampleswerefrom Banga-
lore Geni Pvt. Ltd., Bangaore (India).

Thefungal strain and itsgrowth

Thefunga strainwas procured fromthe Microbial
Type Culture Collection Center and Gene Bank, Insti-
tuteof Microbia Technology, Chandigarh, (India) and
was maintained on agar slant as reported in MTCC
Catalogueof strains-20001*". Thegrowth medium for
the fungal strain Xylaria polymorpha MTCC-1100
consisted of malt extract 20.0 g, peptone 5.0 g, and
agar 15.0gin 1.0 L Milli-Q water.

Inorder to detect the extracellular secretion of the
laccase by Xylaria polymorpha MTCC-1100, thelig-
uid culturegrowth medium reported by Coll et al .*¥
was used. Thismedium consisted of glucose 10.0 g,
asparagine 1.0 g, yeast extract 0.5 g, MgSO,.7H,O
and FeSO,.7H,0, 0.01 gin 1.0 L of Milli-Q water.
Theaboveliquid culturegrowth medium containing natu-
rd ligninsubstrateslikecoir dust, corn cob, wheet straw,
saw dust and bagasse particles were separately pre-
pared by adding 0.5 g of one of the natural lignin sub-
stratesto 25 mL of growth mediumin 100 mL culture
flaskswhichwere sterilized. The sterilized growth me-
diawereinoculated with small piecesof mycedlia(0.5
cm x 0.5 cm) under aseptic condition and the fungal
culturesweregrown under stationary cultureconditions
at 25°C in a biological oxygen demand (BOD) incu-
bator. In order to monitor the production of thelaccase
intheliquid culture medium, 0.5 mL aliquots of the
growth mediumwerewithdravn a theregular intervas
of 24 hrsand filtered through sterilized Milliporefilter
0.22 um. Thefiltered extract wasanalyzed for the ac-
tivity of thelaccase using DM P asthe substrate by the
method™ given below in assay section. Extracellular
secretion of thelaccasein theliquid culture medium by
Xylaria polymorpha MTCC-1100 wasdetermined by
plotting the enzyme unit/mL of the growth medium
againsgt thenumber of daysafter inoculation of thefun-
gd mycdlia Inorder to optimizethe conditionsfor maxi-
mum production of thelaccase by Xylaria polymorpha
MTCC-1100intheliquid culture medium, theamount
of the best inducer saw dust werevaried from 100 mg
t01000mgin 25mL of thegrowth medium. Theamount
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of theinducer in the growth medium which gavethe
maximum height of theenzymeactivity pesk wastaken
astheoptimal amount of theinducer.

Enzymeassay

The assay solution 1.0 mL for DMP as the sub-
stratel®® contained 1.0 mM DMPin 50 mM sodium
malonate buffer pH 4.0 at 37 °C. The reaction was
monitored by measuring the absorbance change at
A=468 nm and using the molar extinction coefficient(®
valueof 49.6 mM*cm?. The UV /Visspectrophotom-
eter Hitachi (Japan) model U-2900 fitted with elec-
tronictemperature control unit wasused for absorbance
measurement. Theleast count of absorbance measure-
ment was 0.001 absorbance unit. Oneenzymeunit pro-
duced 1 uMole of the product per minute under the
specified assay conditions.

Biotransfor mationsin thepresenceof ABTS

The biotransformation of toluene to benzalde-
hyde?21 was donein 7 mL of 100 mM sodium ac-
etatebuffer pH 4.0 containing 20 mM toluenein 15 mL
of dioxane, 0.1 mM ABTSand 350 uL of crude laccase
keptinal00 mL conical flask which wasstirred vigor-
oudy for 45 minutes (completion of thereactioniscon-
firmed by the UV/Vis spectrophotometer Hitachi (Ja-
pan) model U-2900). The reaction solution was ex-
tracted thricewith 20 mL of ethyl acetate. 20 uL of the
ethyl acetate extract was injected in Waters HPLC
Model 600E using spherisorb C .5 UV, 4.5x250 mm
column. Theduant phasewasmethanal at theflow rate
of 0.5 mL/min. Thedetection was made using Waters
UV detector model 2487 at A=254 nm.

The oxidation of 3-nitrotoluene to 3-
nitrobenzaldehyde and 4-chlorotoluene to 4-
chlorobenza dehyde were d so studied using the same
method described above except time of stirringthere-
action solutionsare 60 and 90 minutesrespectively in
these cases.

RESULTSAND DISCUSSION

The experiment, to know the maximum secretion
of the laccase in the liquid culture growth medium
amendedwithvariouslignin containing naturd subgrates
like corn cab, coir dust, saw dust, whest straw and
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bagasse particles, was done and inoculated with
Xylaria polymorpha MTCC-1100. The control ex-
periment has smilar medium composition except that
thenatural lignin containing substrate was absent. The
extracd lular secretion of thelaccaseismaximuminthe
case of thegrowth medium containing saw dust. Inor-
der to optimizethe secretion of thelaccasein the pres-
enceof saw dust, secretion of thelaccasein presence
of different amounts of saw dust were studied. The
maximum level of thelaccasewassecretedintheliquid
culture medium containing 500 mg of the saw dust per
25 mL of the culture medium. The crude laccase ob-
tained fromtheliquid culturegrowth mediumwith natu-
ra lignin subgtrate, saw dust, asdescribed aboveisused
for the sel ectivetransformations of aromatic methyl
group to the corresponding al dehyde group.

One of the best application of thelaccasesin or-
ganic synthesisisin the sel ective oxidation of thearo-
matic methyl group to the corresponding ddehyde. The
chemicd routesof thisconversion areinconvenient be-
cause methyl groupsare preferably convertedinto car-
boxylic acidsand it becomesvery difficult to stop the
reaction at a dehyde stage. M oreover, they requiredras-
tic reaction conditionswhich pollutethe environment.
The conversion donewith crude laccase occurs under
milder conditions, yield is> 80% and the processis
ecofriendly. Theuseof crudelaccasesfor thispurpose
has been studied?2¥ in the presence of mediator mol-
eculeslike2,2’-Azino-bis (3-ethylbenzthiazoline-6-sul-
fonicacid) diammonium salt (ABTS)?. The potential
of the crudelaccaseasabiocata yst for the conversion
of aromatic methyl group to the corresponding alde-
hyde group in the presence of the mediator molecule
was tested using toluene, 3-nitrotoluene and 4-
chlorotoluene asthe substrates. Theresultsare shown
inFigures2-5.

Figures2(a),(b) and (c) arethe UV-visible spec-
tra for showing the conversions of toluene, 3-
nitrotol uene and 4- chlorotoluene to benzal dehyde,
3- nitrobenza dehyde and 4- chlorobenzal dehyde, re-
spectively in the presence of mediator molecule,
ABTS22U |nFigures2(a), (b) and (c), spectrum (i)
showsthespectrum of thereaction solutionwithABTS
asmediator mol ecul e before the addition of enzyme
and spectrum (ii) showsthe spectrum of reaction so-
lutionwith ABT S after the addition of crude laccase
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representing the compl etion of thereactionsat t= 45,
60 and 90 minutes for Figures 2(a), (b) and (c), re-
spectively.
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Figure2: UV-Visblespectraof thedifferent biotransfor ma-
tion reactions; (a) Spectra of thebiotransfor mation of tolu-
enetobenzaldehyde; (b) Spectra of thebiotransfor mation of
3-nitrotolueneto 3-nitrobenzaldehyde; (c) Spectra of the
biotransformation of 4-chlorotoluene to 4-
chlorobenzaldehyde, (i) Spectrum of reaction solutionswith
ABT Sheforetheaddition of crudelaccasein each case, (ii)
Spectrum of reaction solutionswith ABT Sat 45, 60, and 90
minutesafter theaddition of crudelaccase

Figure 3(a) is the HPLC chromatogram of the
ethyl acetate extract of the product formed by thereac-
tion of theenzymewithtolueneinthepresenceof ABTS
asmediator molecule. Figures 3(b), (c) arethe chro-
matograms of the standard samples of benzaldehyde
andtoluene, respectively. Theretentiontimeof thestan-
dard sampleof toluenewas 3.37 min. and theretention
time of the standard sampl e of benzal dehydewas 3.12
min. Thustheretention time of the product of the en-
zyme-catalysed reaction 3.10 coincideswith the reten-
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tiontime of benzal dehyde 3.12 min., confirming that
theproduct of enzyme-catal ysed reaction isbenzade-
hyde.
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Figure3: Transformation of tolueneto benzaldehydeby the
laccase of Xylaria polymorphaM TCC-1100 in presence of
mediator; (a) Thechromatogram of theproduct of enzymatic
reaction with toluene. Thereaction solution contained 20
mmol of methylbenzene, 15 ml dioxane, and 7 mL sodium
acetatebuffer (pH 4.0) at room temper aturewasstirred for
45 minutesand extracted thricewith ethyl acetateand 20 uL
wasinjected in HPL C; (b) The chromatogram of thepure
benzaldehyde; (c) Thechromatogram of thepuretoluene

Figure 4(a) is the HPLC chromatogram of the
ethyl acetate extract of the product formed by thereac-
tion of theenzymewith 3-nitrotoluenein the presence
of ABTSasmediator molecule. Figures4(b), (c) are
the chromatograms of the standard samples of 3-
nitrobenza dehyde and 3-nitrotol uene, respectively. The
retentiontime of the standard sampleof 3-nitrotoluene
was 6.58 min. and the retention time of the standard
sampleof 3-nitrobenza dehydewas’5.91 min. Thusthe
retention timeof the product of the enzyme-catalyzed
reaction 5.86 coincides with the retention time of 3-
nitrobenzal dehyde’5.91 min., confirming that the prod-
uct of enzyme-catalysed reaction is 3-
nitrobenza dehyde.
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Figure 4 : Transformation of 3-nitrotoluene to 3-
nitrobenzaldehyde by the laccase of Xylaria polymorpha
MTCC-1100in presenceof mediator; (a) Thechromatogram
of the product of enzymaticreaction with 3- nitr otoluene.
Thereaction solution contained 20 mmol of 3-nitrotoluene,
15 ml dioxane, and 7 mL sodium acetate buffer (pH 4.0) at
room temperaturewasstirred for 45 minutesand extracted
thricewith ethyl acetateand 20 uL. wasinjectedin HPL C; (b)
Thechromatogram of thepure3-nitr obenzaldehyde; (c) The
chromatogram of the pure 3-nitr otoluene

Figure5(a) istheHPL C chromatogram of theethyl
acetate extract of the product formed by thereaction
of theenzymewith 4-chlorotoluenein the presence of
ABTSasmediator molecule. Figures5(b), (c) arethe
chromatograms of the standard samples of 4-
chlorobenza dehyde and 4-chlorotol uene, respectively.
The retention time of the standard sample of 4-
chlorotoluenewas 7.33 min. and theretention time of
the standard sampl e of 4-chlorobenza dehydewas 6.25
min. Thustheretention time of the product of the en-
zyme-catal ysed reaction 6.20 coincideswith the reten-
tion time of 4-chlorobenza dehyde 6.25 min., confirm-
ing that the product of enzyme-catalyzed reactionis4-
chlorobenzal dehyde. Figures 3-5 clearly demongtrates
that the crude enzyme catd ysesthe conversonsof tolu-
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ene, 3- nitrotoluene and 4- chlorotolueneto benzal de-
hyde, 3- nitrobenza dehydeand 4- chlorobenza dehyde,
respectively in the presence of mediator molecule
ABTS21,
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Figure 5 : Transformation of 4-chlorotoluene to 4-
chlorobenzaldehyde by thelaccase of Xylaria polymorpha
MTCC-1100in presenceof mediator; (a) Thechromatogram
of theproduct of enzymaticreaction with 4- chlor otoluene.
Ther eaction solution contained 20 mmol of 4-chlor otoluene,
15ml dioxane, and 7 mL sodium acetate buffer (pH 4.0) at
room temper aturewasstirred for 90 minutesand extracted
thricewith ethyl acetateand 20 uL. wasinjected in HPL C; (b)
Thechromatogram of thepur e4-chlor obenzaldehyde; (c) The
chromatogram of the pure4-chlorotoluene

CONCLUSIONS

Thus, thiscommuni cation reportsthe selective oxi-
dation of aromatic methyl group to aldehydegroupin
thepresenceof ABTSasmediator moleculewith crude
laccase obtained from the fungal strain Xylaria
polymorpha MTCC-1100 and clearly demonstrates
that thereisno need of purification, whichisatedious
and very time consuming process, for such transforma:
tion. Thecomparativestudiesof HPLC chromatograms
have been done herefor thetransformed productswith
their standards.

e, BIOCHEMISTRY

Au Tudian Yournal



242 Application of crude laccase of Xylaria polymorpha MTCC-1100 in selective oxidation

BCAIJ, 6(7) 2012

Regular Peper ===
ACKNOWLEDGEMENTS

Theauthors acknowledgethefinancial support of
CSIR-HRDG New Dehi for theaward of SRF (NET),
award no. 09/057(0201)2010-EMR-I to Mr. Pankaj
Kumar Chaurasia. The authors are thankful to Prof.
K.D.S. Yadav, Emeritus Scientist, CSIR, New Delhi
for hishelpful discussions.

REFERENCES

[1] PJ.Hoegger, SKilaru, T.Y.Jomes, J.R.Thacker,
U.Kuees, FEBS J., 273, 2308-2326 (2006).

[2] A.Messerschmidt; Multi-Copper Oxidases; World
Scientific, Singapore, (1997).

[3] S.Riva; Trends in Biotechno., 24(5), 219-226
(2006).

[4] PBadrian; FEMS Microbiol.Rev., 30, 215-242
(2006).

[5] U.N.Dwivedi, P.Singh, V.P.Pandey, A.Kumar;
J.Moal.Cat.B: Enzym., 68(2), 117- 128 (2011).

[6] E.l.Solomon, M.J.Baldwin, M.D.Lowery;
Chem.Rev., 92, 521-542 (1992).

[7] |.Bento, M.Armenia, P.F.Corrondo, Lindloy;
J.Biol.Inorg.Chem., 11, 919-927 (2006).

[8] C.Wandrey, A.Liese, D.Kihumbu; Org.Proc.Res.
Develop., 4(4), 285-290 (2000).

[9] S.R.Couto, J.L.T.Harrera; Biotechnol . Advan., 24,
500-513 (2006).

[10] F.Xu; Ind.Biotechnoal., 1, 38-50 (2005).

[11] D.F.Acunzo, C.Gali; J.Europ.Biochem., 270, 3634-
3640 (2003).

[12] O.V.Morozova, G.P.Shumakovich, S.V.Shleev,
Y.l.Yaropolov; Biochem.and Microbiol., 43, 523-
535 (2003).

[13] A.Coniglio, C.Galli, PGentili; J.Mol.Cat.B: Enz.,
50(1), 40-49 (2008).

[14] A.Mikolasch, T.H.J.Niedermeyer, M.Lalk, S.Witt,
S.Seefeld, E.Hammer, F.Schauer, M.Gesell
S.Hessel, W.D.Julich, U.Lindoquist; Chem.
Pharma.l Bullet., 54(5), 632-638 (2006).

[15] A.Mikolasch, T.H.J.Niedermeyer, M.Lalk, S.Witt,
S.Seefeldt, E.Hammer, F.Schauer, M.G Sal azar,
S.Hessel, W.D.Julich, U.Lindequist; Chem.Pharma.
Bullet., 55(3), 412-416 (2007).

[16] A.Mikolasch, E.Hammer, U.Jonas, K.Popowski,
A.Stielow, F.Schaner; Tetrahedron, 58, 7589-7593
(2002).

[17] Catalogue of strains-2000 (5" Edition), Microbial
type culture collection and gene bank institute of
microbial technology, Chandigarh, 60.

[18] M.P.Call, J.M.Fernandez-Abal os, J.R.Villomueva,
R.Somtamaria, PPerez; Appl.Env.Microbial., 59,
2607-2613 (1993).

[19] R.Sahay, R.S.S.Yadav, S.Yadava; Appl.Biochem.
and Biotechnoal., 166, 563-575 (2012).

[20] A.Potthest, T.Rosenanu, C.-L.Chen, J.S.Gratzl;
J.Org.Chem., 60, 4320-4321 (1995).

[21] Fritz-Langhals, B.Kunath; Tetrahedron Lett., 39,
5955-5956 (1998).

[22] B.Chefetz, Y.Chen, Y.Hador; Appl.Env.Micrabiol.,
64, 3175-3179 (1998).

[23] O.H.Lowery, N.J.Rosebrough, A.L.Farrand,
R.J.Randall; J.Biol.Chem., 193(1), 265-275
(1951).

BIOCHEMISTRY (mm—
A Indéan ﬂo«/md



