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ABSTRACT

The main objective of the study was to characterize the phenolic com-
pounds released during the degradative action of fresh water
cyanobacterium on coir pith. The mgjor lignolytic enzymes, laccase and
polyphenol oxidase and accessory enzyme esterase, expressed induction
on exposure to the lignocellulosic material. Spectral analysis, thin layer
chromatography and high performance liquid chromatography results co-
incided with the standard chemicals- guaiacol and 4-hydroxy benzalde-
hyde. The results showed that thisfreshwater cyanobacterium, Phormidium
sp. BDU-5 can be used as a driving force to release industrially important
phenolic compounds from lignocellulosic waste like coir pith, avoiding
chemical delignification, pollution and above all oxygenating the environ-
ment during the degradation process. Coir pith, a lignocellulosic waste,
which is dumped in ton every year, can be utilized as a natural and cheap
source for industrially important compounds like guaiacol and 4-
hydroxybenzaldehyde. ~ © 2009 Trade SciencelInc. - INDIA
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As the cyanobacteria have simple growth
requirements, grow to high densitiesand uselight,
CO, and other inorganic nutrients efficiently, they
could beattractive hosts for production of valuable
organic products¥. Cyanobacteria have been shown
to degrade naturally occurring hydrocarbons?, coir
pith®, phenol™, xenobioticg® and organophospho-
rus pesticides®.

Coconut (Cocos nucifera) isoneof the most use-

ful and extensively cultivated pamintropica countries.
Thefibrous mesocarp of thefruit known ascoirisa
useful by-product used to make ropes. The wastes of
coir yarnindustry get accumulated to thetuneof 1 1akh
ton per year making their disposal difficult, thougha
limited quantity isused assoil conditioner™. A symbi-
otic cyanobacterium Anabaena azollaeML2 wasre-
ported to degradelignin during application of coir pith
ascarrier materia®. Apart fromthisreport thereisso
far no report on application of cyanobacteriafor solid
waste management.
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Thedegradation of phenolic pollutantsin aguatic
and terrestrial environmentsisnot limited to any par-
ticular group of microorganisms; it occurswidedy within
bacteria®d, fungi*®, algag*? and actinomycetes®.
Even though cyanobacteriaare ubiquitousintheir dis-
tribution and play amgjor roleinfixation and turnover
of carbon and other nutrient elements, recognition of
their heterotrophic abilitiesby theenvironmentd micro-
biologistsremain poor.

In nature, cellulose, hemicelluloseand ligninare
the major sources of plant biomass; therefore, their
recycling isindispensablefor the carbon cycle. The
remova of pollutantsby physico-chemical trestments
are energy and cost intensive and generate second-
ary pollution*¥, Each polymer is degraded by ava-
riety of microorganismswhich produce abattery of
enzymesthat work synergistically. Inthenear future,
processesthat use lignocel lulolytic enzymes or mi-
croorganisms could lead to new, environmental
friendly technologies®.

Therecycling of carbon cycleisindispensable. Re-
moval of pollutants by physico-chemical treatments
areenergy and cost intensive and generate secondary
pollution’*¥, Asthe cyanobacteriahave simple growth
requirements, grow to high densitiesand uselight, CO,
and other inorganic nutrients efficiently, they could be
attractive hostsfor production of valuable organic
products¥. Cyanobacteria have been shown to de-
grade naturally occurring hydrocarbonsd, organo-
phosphorus pesticides®, phenol, xenobioticd® and
digtillery effluent!®®,

Each polymer isdegraded by avariety of microor-
ganismswhich produce abattery of enzymesthat work
synergistically. Inthe near future, processesthat use
lignocd lulolytic enzymesor microorganismscould lead
to new, environmenta friendly technologies®.

Our study proved that cyanobacteriaare acheap
sourceto degradetheindustrial waste coir pithinan
environmentd friendly manner. Tothebest of our knowl-
edgethisisthefirg attempt toidentify the phenolic com-
pounds released during the degradative action of
cyanobacteriaon coir pith. Global attentionisnow fo-
cused on production of industrialy important phenolic
compounds from natural source cheaply. The
cyanobacterial degradation of coir pith may betheray
of hopeinthe near future.
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MATERIALSAND METHODS

Coir pithand other chemicals

Coir pithwas collected from acoir factory |ocated
inTiruchirgpali, Tamilnadu, India. Thechemical stan-
dards used for identifying the compoundswere pur-
chased from SigmaAldrich chemicals, Germany and
wereof HPLC grade.

Physical pretreatment of coir pith

After thorough washing under running tap water,
detergent and then with doubledistilled water the coir
pith was oven dried at 60°C overnight. Then it was
autoclaved at 121°C 15psi for 20 min in SANYO
MLS-3788 autoclave. The purpose of autoclaving the
coir pith wasto ensuretheremoval of other coir pith
degrading organisms. Chemicd pretrestment of coir pith
wastotally avoided to expl ore the degradative action
of cyanobacteriato themaximum.

Organism and maintenance

Phormidium sp. BDU-5 was obtained from the
germplasm collection of National Facility for Marine
Cyanobacteria, Bharathidasan University, Tiruchirgpali,
Tamilnadu, India. Thisstrainwas sdected sinceit was
fast growing and they wereableto grow luxuriantly in
presence of lignocellulosic materid. Maintenanceof the
culture and the experiment was performed in BG-11
medium™. Theculturewastested for itsaxenic nature
by inoculating aloop full of culturein 1% peptone-glu-
cosebroth and observed for bacterial growthfor upto
5 days by incubating at room temperature. Bacterial
presence was a so monitored microscopically before
and during the experimentg*d.

Biodegradation experiment with Phormidium sp.
BDU-5

The degradation experimentswerecarried out in
250ml sterile Erlenmeyer flasks. Each flask received
70ml of autoclaved BG-11 medium, 10ml of culture
suspension (of approximately 50mg dry weight) and
500mg of coir pith (dry weight). Control cyanobacteria
and coir pithdoneweread so maintained separatdy. All
flasksweremaintained at 25+2°C and alight regime of
14hlightand 10hdark. Thelightintensity was28.5umol
(photons) m?s? set using aKyoritzu, illuminator, Ja-
pan. The experiment was carried out for 30 daysand
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analytica experimentswereperformed periodicaly in
triplicates.

Analytical methods

Periodicaly cultureswere centrifuged and pellets
were subjected to chlorophyl| estimationl*®. Spectral
anaysis in the wavelength range from 200-350 nm
(Jasco V- 550 spectrophotometer, Japan) and reduc-
ing sugar estimation® were performed inthe superna-
tant.

Lignin determination

Themethod of Crawford and Crawford?! wasem-
ployed for Klason lignin determination. Content of
Klasonligninwas estimated in both control coir pith
and coir pithtreated with cyanobacteria

Enzymeassays

The pdletswerewashed repeatedly in medium and
sonicated inaL absonic 2000 UB, Braun sonicator, Ger-
many. Supernatant was subj ected to protein quantifi-
cation by Lowry et al.,'?? after centrifuging the con-
tentsat 10,000 rpm for 10min. Equal amount of pro-
tein was used to detect the activity of laccase?,
polyphenol oxidasd? and esterasd®! in nondenaturing
gd dectrophoresis.

Compound study

The supernatant was dried and extracted twice us-
ing 70% ethanol . Extracted supernatantswere pooled
and air driedin order to concentrate the phenolic com-
pounds.

Spectral analysis

The concentrated samplewasredissolved in metha:
nol and itsspectrawere compared with that of theeight
phenolic standardsin therange 200-350 nm using (Jasco
V- 550 spectrophotometer, Japan). The standard
chemicalswhich were used for the compound study
wereguaiacol, vanillicacid, ferulicacid, veratraldehyde,
4-hydroxybenza dehyde, vanillin, 3,4-diethoxybenzoic
acid and coumaric acid. The spectra of the standard
chemica sweretaken by dissolving themin methanol
keeping methanol asblank.

Thin layer chromatography (TL C) analysis.
TLCwascarried out on glassplates (20x20cm?)
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coated with 0.4mm layer of silicagel durry (0.5g/ml)
prepared using aspreader. The plateswere activated
at 100°C overnight. The ethanol extracted sample was
dissolved in methanol and spotted in the plate along
with the chemica standards. The mobile phase used
wasbenzene: ethyl acetate: aceticacid (85: 14: 1). Plates
wereexposed to iodine vapor to check the presence of
organic compounds?,

High performanceliquid chromatography (HPL C)

HPLC analysiswas performed with a Spherisorb
C18 (surface areaof 220m?/g) column (1SCO prod-
uct) inan 1ISCO model 3250, instrument. Separation
was achieved by isocratic el ution in methanol: water
(90:10), withaflow rateof 0.4ml/min. UV absorbance
detector was set at 285nmf27,

RESULTS

Phormidium sp. BDUS showed luxuriant growth
in presence of the coir pith and also degraded it sub-
stantially. Thefilamentous cyanobacterium showed
higher chlorophyll a content (Figurel) in presence of
thelignocel lulosic material when compared to control
cyanobacteria. Introduction of cyanobacteriawith coir
pithresulted in greater extent of reducing sugar release
into the medium (Figure 2) than the controls
(cyanobacteriaand coir pith doneinmedia).

Verification of compodtion of control and test wood
samplerevea ed 22% lignin degradation whereasin
control samplethe degradation wasnegligible. How-
ever, thehol ocelluloseestimation reved ed thet only 6.2%
was degraded (Figure 3).
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Figure 1: Periodical analysis of chlorophyll a content in
control (cyanobacteria) and test (cyanobacteriawith coir pith).
Resultsareaverageof threereplicates.
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Figure2: Periodical estimation of reducing sugar content in
supernatant of control cyanobacteria, coir pith and test sample.
Resultsareaverageof threereplicates.

% of degradation

Helocelulose

| O Control B8 Test |

Figure3: Degradation of lignin and holocellulosein thepres-
enceand absence of cyanobacteria. Per centageof degrada-
tion calculated asthedifferencein lignin and holocellulose
content between initial and thefinal. Resultsar e aver age of
threereplicates.

Themgor lignolyticenzymes, laccaseand polyphe-
nol oxidase showed induction on exposureto coir pith.

Figure4 showed that |accaseisinduciblewhereas
polyphenol oxidaseisconstitutivein thisfresh water
cyanobacterium. Even theaccessory enzyme, esterase
responded with pronounced induction.

Spectral analysis of the ethanol extracted sample
(Figure5) from test supernatant and standard chemi-
cas(guaacol and 4-hydroxybenza dehyde) showed ab-
sorbanceintherange270-290nm. TLC plate (Figure
6) reved ed that the Rf values of the spotsintest sample
coincided with that of guaiacol and 4-
hydroxybenzal dehyde. Comparison of HPLC chro-
matogram with standard chemi cal sreconfirmed there-
lease of guaiacol and 4-hydroxybenzal dehydein test
sample.
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Figured: Nonuaiawu iy yassiiowing uiemiduction in 3a-
EST- esterase, 3b- PPO-polyphenol oxidaseand 3 c- Lac-
Laccase. C- cyanobacteria, T —test (cyanobacteria exposed to
coir pith)

Wavelzngth

Figure5: Spectral analysisshowing comparison of extr acted
sample and chemical standards guaiacol and 4-
hydroxybenzaldehyde

|

Sanple 1 2 3 1 5 & 7 &

-

Figure6: TLC plateshowingthespotsthat appeared for the
sampleand thecorresponding sandar ds. 1) guaiacol, 2) van-
illic acid, 3) ferulic acid, 4) veratraldehyde, 5) 4-
hydroxybenzaldehyde, 6) vanillin, 7) 3,4- diethoxybenzoicacid
and 8) coumaric acid
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DISCUSSION

The pronounced increasein chlorophyll aindicated
that (1) the presenceof lignocellulosic materiad did not
inhibit the growth of the cyanobacterium (2) the
cyanobacterium utilized the coir pith asnutrient source
hence, thedepletion of nutrientsin media, after 15 days,
did not affect the growth of cyanobacteria in test
samples. Subramanian et al.,'® demonstrated that ad-
dition of organophosphorus pesticide has enhanced
cyanobacterid growth by many foldseventhough the
lag phaseisextended up to 10 days, which isevident
by increasein chlorophyll content intest samples.

Theincreaseof reducing sugar inmediawasattrib-
uted to the degradative action of cyanobacteria on
holocellulosic part of coir pith. Our resultswerein ac-
cordancewith El-Gamme et al.,” who reported varia-
tion in percentage of sugar released by thelignolytic
activity of aSreptomyces sp. and threewhiterot fungi
onvariouslignocdlulosic substances. Theester linkage
between lignin and the hol ocel lul ose preventsthe nor-
mal attack of microorganismson celluloseand hemi-
cdlulose, whichismoreproneto attack among thethree
componentsinthelignocdlulose.

Thehigher degradation rate of lignin when com-
pared to the holocellul ose by cyanobacteriamay be
dueto the photoautotrophic nature of the organism.
Scrutiny of literatureindicated the ability of amarine
filamentous, non heterocystous form Oscillatoria
boryana BDU 92181 to usetherecal citrant biopoly-
mer melanoidinas nitrogen and carbon sourceleading
to decolouri zation*®l, Mineralization of organic com-
pound was possible by marine cyanobacterium
Phormidium valderianum BDU 30501 in nitrogen
supplied medium and al so against the usual nitrogen
starved condition™.

Induction of two isoformson exposureto lignoce -
lulosic materia indicated that the polyphenol oxidasein
Phormidiumsp. BDUS isan inducibleenzyme. The
brown band that appeared confirmed pol yphenol oxi-
dase activity®!, Shasirekhaet al.,“ reported, during
the phenol degradation study, the role of laccase and
polyphenol oxidase, in a marine cyanobacterium
Phormidium valderianum BDU 30501 which were
intracellular and inducible. Theintracd lular activity of
laccase was explored by Froehner and Erikssonl?3,
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Arcand and Archibald®®, Rigling and Alfen?,
Scholosser et al.,*¥ and Burke and Cairney®.

Hemi cell ul ose bi odegradati on needs accessory en-
zymes such as esterases acting synergistically to effi-
ciently hydrolyzewood xylansand mannans®l. Degrass
et al.,* and Rumbold et al.,* reported that the pres-
ence of corncob powder and birch wood xylan was
able to induce esterase. The results obtained in the
present work arein agreement with literature datamen-
tioned for theinduction of esteraseinthetest sample.
The phenolic compoundsrel eased during theincuba-
tion of the cyanobacterium with coir pith would have
induced theisoformsof esterase.

Thin layer chromatography plate resolved into
brown spotson ayellow background on exposureto
iodinevapor which confirmed the presence of organic
compounds?638, The phenolic compoundsrecorded
under conditions of TLC analysis were 4-
hydroxybenzal dehyde and guai acol confirmed by co-
chromatography. Rf valuesof thespotsinthetest sample,
on exposureto iodinevapor, matched exactly with that
of standard chemicas(Figure6). Dey et al.,*identi-
fied 4-hydroxybenzoic acid and ferulic acid, from co-
conut husk using preparative TLC. They reported the
occurrence of 4-hydroxybenzoic acid in coconut husk
raised the possibility of its bioconversion to 4-
hydroxybenzaldehyde. This report was an obvious
proof for our finding. HPL C reconfirmed the presence
of thecompounds. Two peaksdetected in test sample
matched with the retention time of the standard chemi-
casgua acol and 4-hydroxybenza dehyde(RT 6.55and
7.15min).

CONCLUSIONS

Phenolic compounds areimportant for plant me-
tabolism and have a so becomeimportant for humans
dueto their health characteristics, particularly rel ated
totheir antioxidant properties®. According to Sun and
Cheng® and Galbe and Zacchi“ chemical pretreat-
ment of lignocellulosic materiasisconsidered asthe
eas est mode of rel easing phenolic compoundswhich
enhances enzymatic degradation a so*Y. However, the
present study successfully demonstrated the rel ease of
va ue added phenolic compoundsfrom thelignocellu-
loscmaterid without any chemica pretrestment todimi-
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nate environmental pollution caused by therel ease of
chemicalsused for the pretreatment.

Our study proved that 4-hydroxy benza dehydeand
guaiacol could be produced, from acheap sourcelike
coir pith, whichisof higheconomicvaue. It wouldbea
boon for industries because of thefact that 4-hyroxy
benzal dehyde, the second abundant compound of Va-
nilla bean extracts, contributesto the natural flavor of
vanilla Itisasoavery popular flavoring agent usedin
large range of foods and asfragrance ingredients*2.
Guaiacol isasyntheticintermediate compoundthat is
important intheproduction of flavorings, fragrancesand
pharmaceutical g%,

ACKNOWLEDGEMENTS

Wethank Department of Biotechnol ogy, Govt. of
Indiafor thefinancia ass stanceto perform thiswork.

REFERENCES

[1] D.M.Deng, R.J.Coleman; Appl.Env.Microbiol.,

65(2), 523-528 (1999).

C.E.Cerniglia, D.T.Gibson, C.van Baalen;

J.Gen.Microbial., 116, 495-500 (1980).

PMaliga, L.Uma, G.Subramanian; Microbios., 86,

175-183 (1996).

S.Shashirekha, L.Uma, G.Subramaian;

J.Ind.Microbiol.Biotechnal., 19, 130-133 (1997).

M.Megharaj, K.Venkateswarlu, A.S.Rao;

Bull.Env.Contam.Toxicol., 39, 251-256 (1987).

G.Subramanian, S.Sekar, S.Sampoornam;

Int.Biodeterior.Biodegrada., 33, 129-143 (1994).

GSubramanian, L.Uma; J.Sci.Ind.Res,, 55, 685-692

(1996).

[8] V.Andreoni, GBestetti; Appl.Env.Microbiol., 52(4),
930-934 (1986).

[9] B.Gonzalez, C.Acevedo, R.Brezny, T.Joyce;
Appl.Env.Microbiol., 59(10), 3424-3429 (1993).

[10] A.Gutierrez, PBocchini, C.GGaletti, T A.Martinez
Appl.Env.Microbial., 62(6), 1928-1934 (1996).

[11] M.Hofrichter, T.Lundell, A.Hatakka;
Appl.Env.Microbiol., 67(10), 4588-4593 (2001).

[12] T.K.Semple, B.R.Cain; Appl.Env.Microbiol., 62(4),
1265-1273 (1996).

[13] M.Hernandez, J.Rodriguez, M.l.Perez, A.S.Ball,
M.E.Arias, Appl.Microbiol .Biotechnal., 47, 272-278

[2]
[3]
[4]
[5]
[6]
[7]

—=> [y|| Paper

(1997).

[14] G.Subramanian, L.Uma; Bulletin de I’ Institut
oceanographique, Monaco, 19, 599-606 (1999).

[15] J.Perez, T.Munoz-Dorado, delaRubia, J.Martinez;
Int.Microbial., 5, 53-63 (2002).

[16] R.Rippka, J.Deruelles, J.B.Waterbury, M.Herdman,
R.Y.Stainer; J.Gen.Microbiol., 111, 1-61 (1979).

[17] C.Raghukumar, V.Vipparty, J.J.David,
D.Chandramohan; Appl.Microbiol .Biotechnal ., 57,
433-436 (2001).

[18] GMackinney; J.Biol.Chem., 140, 314-322 (1941).

[19] GL.Miller; Anal.Chem., 31, 426-428 (1959).

[20] R.L.Crawford, D.L.Crawford; *C Lignin- Labelled
lignocellulosesand “C labelled Milled wood lignins:
preparation, characterization and uses, Pg.23-24, in:
W.A.Wood and S.T.Kéellog Eds, ‘Methods in Enzy-
mology. Biomass Part B lignin, pectin and chitin’,
Academic Press, Inc. (1988).

[21] O.H.Lowry, N.J.Rosebrough, A.L.Farr,
R.J.Randall; J.Biol.Chem., 193, 265-275 (1951).

[22] S.C.Froehner, K .E.Eriksson; J.Bact., 120, 458-465
(1974).

[23] R.Bligny, R.Douce; Biochem.J., 209, 489-496
(1983).

[24] E.Kakariairi, M.D.Georgalaki, GKalantzopoulus,
E.Tsakalidou; Lait., 80, 491-501 (2000).

[25] T.Umezawa, T.Higuchi; Analysis of lignin degra-
dation intermediates by thin layer chromatography
and gas chromatography-mass spectrometry,
pg.200-211, in W.A.Wood and S.T.Kellog Eds.
‘Methods Enzymol - Biomass Part B lignin, pectin
and chitin’, Academic Press, Inc. (1988).

[26] L.A.Pometto, L.D.Crawford; High performance
liquid chromatography of aromatic fragments, in:
W.A.Wood and S.T.Kellog Eds. ‘Methods in En-
zymology - BiomassPart B lignin, pectinand chitin’,
Academic Press, Inc. (1988).

[27] A.A.ElI-Gammel, Z.Kamel, Z.Adeep, S.M.Helmy;
Polymer Degrada. Stability., 61, 535-542 (1998).

[28] F.D.Kalavathi, L.Uma, G.Subramanian;
Appl.Microbiol.Biotechnal., 29, 249-251 (2001).

[29] R.L.Archand, F.S.Archibald; Enz.Microb.Technal.,
13, 194-203 (1991).

[30] D.Rigling, N.K.VanAlfen; Appl.Env.Microbial., 59,
3634-3639 (1993).

[31] D.Scholosser, R.Grey, W.Fritsche;
Appl.Micrbiol .Biotechnaol., 47, 418 (1997).

[32] R.M.Burke, JW.G.Cairney; Mycorrhiza, 12, 105-
116 (2002).

———————, Natural Products
A Tndian ﬁamml



136 Coir pith degradation by freshwater cyanobacteria

NPAIJ, 5(3) September 2009

Full Paper e

[33] K.Kirk, D.Cullen; Enzymology and molecular ge-
netics of wood degradation by white rot fungi,
Pg.273-307,in R.A.Young and M.Akhtar Eds. ‘En-
vironmental friendly technologiesfor pulp and pa-
per industry’. Wiley, New York (1998).

[34] G.Degrassi, B.C.Okeke, C.V.Bruschi, V.Venturi;
Appl.Env.Microbiol., 789-792 (1998).

[35] K.Rumbold, P.Biely, M.Mastihubova, M.Gudelj,
G.Gubitz, K.H.Robra, B.A.Prior;
Appl.Env.Microbiol., 5622-5626 (2003).

[36] E.Watson, J.PMarias; J.Chromatogr., 604, 290-293
(1992).

[37] G.Dey, A.Sachan, S.Ghosh, A.Mitra; Ind.Crops
Pdts., 18, 171-176 (2003).

[38] R.L.Jackman, J.L.Smith; Anthocyanins and
betalains, Pg.249-250, in G.A.T.Henry and
J.O.Houghton Eds. ‘Natural food colorants’ 2™
edition. Blackie Academic and Professional, Lon-

don (1996).

[39] Y.Sun, J.Cheng; Biores.Technol., 83(1), 1-11
(2002).

[40] M.Galbe, G.Zacchi; Appl.Env.Microbiol., 59, 618-
628 (2002).

[41] E.Varga, Z.Szengyel, K.Reczey;
Appl.Biochem.Biotechnol., 98-100, 73-87 (2002).

[42] A.Mitra, M.J.Mayer, A.J.Michael, A.Nabad,
A.J.Parr, N.JWalton; Planta,, 215, 79-89 (2002).

[43] M.B.Talawar, T.M.Jyothi, P.D.Sawant, T.Raja,
B.S.Rao; Green Chem., 266-268 (2000).

Natural Products
b Dndian ﬂa«/md

e



