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ABSTRACT

Forty nine isolates of cellulose-degrading yeast were isolated from different sugar factories enriching
by using the carboxymethyl cellulose agar medium (CMC). To check the cellulase activity of the
organisms diameter of clear zone around the colony and hydrolytic efficiency on cellulose were
measured by Congo red assay. Among the yeast isolates CYLL21 and CYLL32 exhibited the maximum
zone of clearance around the colony with diameter of 28 and 26 mm and the cellulolytic efficiency of
280 and 250 per cent respectively. The extracellular cellulase activity ranged from 22.0 to 17.83 U/

ml in 48 h at 35°C for yeast isolates.
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INTRODUCTION

Cellulase is an important
extracellular microbial enzyme which
hydrolyzes cellulose that is the most
inexpensive source of biomass utilized for
the production of valuable components such
as sugar, protein and other chemicals via
enzymatic bioconversion and hence this
enzyme has high industrial value ((Lynd etal
2002). Cellulose which forms almost half of
the dry weight of the earth’s biomass is an
un-branched polymer consisting of -
glucose units linked by 1, 4-17 glycosidic
bonds (Fengel and Wegener 1984). This
macromolecule has a complex crystalline
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structure, is insoluble in water and is quite
resistant to depolymerizing enzymes and
chemical reagents. Cellulose degrading
enzymes are secreted by microorganisms
into the surrounding environment and as
with most enzymes degrading biopolymers
they constitute a multi-component lytic
complex that acts synergistically on the
cellulose macromolecule (Susan 1995).
Cellulase enzymes have various
applications like breakdown of plant walls
(cellulose), digestion of fiber, fermentation,
drug withdrawal, cell detox, colon cleaning
and pain syndromes, Candida (yeast
infections), gas, bloating, acute food
allergies, facial pain or paralysis, food
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processing, poultry and textile industry (Bhat
2000). Most of the research work is
concentrated on the cellulose decomposing
bacteria and fungi. However very few
studies reported the use of yeast for
decomposition of cellulose. In the present
study isolation and screening of cellulolytic
yeast from Tamil Nadu sugar factories and
their enzymatic hydrolysis are reported

MATERIAL and METHODS

Collection of samples

The samples collected from
different sources were sludge biomass,
spent sludge, spent liquid, spent wash,
molasses, compost, pressmud and soil
samples from M/s Kothari Sugars and
Chemical Limited (Ariyalur and Laigudi,
Trichy, Tamil Nadu), M/s Rajashree Sugars
and Chemicals Limited (Vagai Dam, Theni,
Tamil Nadu), M/s Sakthi sugar mills
(Sivagangai, Tamil Nadu) and EID Parry
(Aranthangi, Pudukottai, Tamil Nadu). The
samples were collected in sterile NASCO
(202 micron) polybags, transported to the
laboratory and stored at 4°C until analysis.

Isolation of cellulolytic yeast

Isolation of yeast isolates was done
by an enrichment technique using the
carboxy methyl cellulose broth (CMC).
One gram of sample was aseptically placed
in 250 ml Erlenmeyer flask containing 50
ml enrichment broth and incubated at 32 +
2°C inanincubator cum shaker at 120 rpm
for 48 h. Aloopful of the enriched culture
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was streaked on CMC agar medium and
incubated at 32 + 2°C until yeast colonies
appeared. Morphologically distinct, single
and well-separated colonies from each
sample were randomly picked up and
purified by repeated streaking onthe CMC
agar plates and incubated at 32 + 2°C for
48 h. Purified yeast strains were maintained
on YPD agar (yeast peptone dextrose
agar), CMC and NA (nutrient agar) slants
and stored at 4°C and subcultured at regular
intervals in order to maintain the viability.
Stock cultures of all the isolates were
preserved in 50 per cent glycerol at -20°C.

Screening of cellulolytic yeast

In order to screen an efficient
cellulose degrading yeast the cellulase
efficiency was tested in plate assay using
the CMC medium. Yeast isolate 10 pL (1 x
107cfu/ml) was spotted at CMC agar plate
and incubated at 30°C for 3 days. At the
end of incubation hydrolysis zone was
visualized using the Congo red assay. To
determine the cellulase activity of the yeast
diameters of clear zone around the colony
and colony diameter were measured. The
experiment was repeated three times and
results are expressed as cellulase
efficiency= clear zone diameter/colony
diameter x 100 (Teather and Wood 1982).

Identification of cellulolytic yeast

The selected yeast isolates were
characterized based on their cell
morphology viz cell shape, size,
arrangement, budding pattern and growth
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in liquid medium and colony characteristics
like shape, elevation, size, texture,
appearance and pigmentation. Biochemical
characterization of yeast isolates was also
carried out which determines the ability of
yeast to ferment different carbon sources.

Enzyme assay

Total cellulose activity was
determined by measuring the amount of
reducing sugar released from filter paper.
Endoglucanase ([]-1-4 endoglucanase-EC
3.2.1.4) activity was assayed by measuring
the amount of reducing sugar released from
CMC. Endoglucanase activity was
determined by incubating 0.5 ml of
supernatant with 0.5ml of 2 per cent CMC
in 0.05 M sodium citrate buffer (pH 4.8) at
50°C for 30 min. After incubation for an
hour at 50°C the reaction was terminated
by addition of 3 ml of 3, 5-dinitrosalicylic acid
(DNS) reagentto 1 ml of reaction mixture. In
these tests reducing sugars were estimated
spectrophotometrically (Shimadzu, UV- 160,
Japan) at 575 nm (Miller 1959) using glucose
as standard. The enzymatic activity of total
endoglucanase is defined in international units
(IV). One unitof enzymatic activity is defined
as the amount of enzyme that releases 1 4
mol reducing sugars (measured as glucose)
per ml per minute (Irfan etal 2012).

Effect of temperature on cellulase
activity

The isolated strains were inoculated
on CMC broth and incubated at different
temperatures (25, 35, 45 and 55°C) for 3
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days separately. After the end of incubation
the cellulase activity was checked as
described previously (Miller 1959). One
unit of enzymatic activity is defined as the
amount of enzyme that releases 1 pmol
reducing sugars (measured as glucose) per
ml per minute.

Effect of pH on cellulase activity

A set of CMC media was prepared
with varyingpH (3.5, 4.5,5.5,6.5and 7.5).
Media were autoclaved and inoculated with
yeast isolates. Flasks were incubated at
30°C inarotary shaker at 120 rpm. Culture
filtrate was collected after 3" day of
incubation and cellulase enzyme activity was
determined.

Effect of different carbon sources on
cellulase activity

The selected yeast isolates were
inoculated on basal CMC broth devoid of
CMC with addition of following carbon
sources (1% w/v) viz arabinose, galactose,
mannose, cellulose and xylose and these
were incubated at 30 £ 2°C for 3 days.
Simultaneously control was kept CMC as
carbon source. After the end of incubation
the crude enzyme was separated and
cellulase activity was measured.

Statistical analysis

All the experiments were
performed intriplicates. Mean and standard
deviation (SD) values were calculated using
MS excel spreadsheet software. The data
were analyzed with ANOVA and LSD for
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tests of significance using AGRESS
software.

RESULTS and DISCUSSION

Isolation and screening of yeast strains

A total of 14 samples were
collected from different locations of sugar
factories for isolation of yeast. From the
collected samples 49 yeasts were isolated
by the enrichment technique. Among the 49
isolates 25 showed positive results on
cellulolytic efficiency with isolate CYLL21
showing maximum (280%) (Table 1)
cellulolytic efficiency followed by CYLL32

Enzyme activity

Cellulase activities of cellulolytic
yeasts isolated from sugar factories are
presented in Table 2. The cellulolytic yeast
SCY42 recorded the maximum cellulase
activity of 22.0 U/ml followed by isolate
CYLL21 (17.83 U/ml) after 48 h at 35°C
and that declined further (Fig 1 & 2).
Among the six different carbon sources
tested the cellulase activity was found to
be maximum with cellobiose (Table 3).
Previously similar results were reported
by various authors (Nieves et al 1997,
Nagar et al 2010). Cellulase from
different filamentous fungi such as

and SCY42 (250%). Trichoderma reesei that currently

Tables 1. Screening the efficient cellulolytic yeast isolates by Congo red test and their
celulolytic efficiency

Isolate Cellulolytic Isolate Cellulolytic
efficiency (%) efficiency (%)

EPY11 120.0 £ 2.56 EMY41 150.0 +1.63
EPY12 100.0 £ 2.55 EMY42 120.0 £ 2.62
EPY13 98.0 £ 0.56 EMY43 135.0+1.61
EEIY21 180.0+0.31 EMY4 142.0 £ 3.25
EPY21 200.00 £4.0 EPY51 1235+ 1.53
CYLL21 250.0 £ 3.25 EPY52 96.8+0.75
EPY31 100.0 £ 0.05 EPY53 94.0+0.39
EPY32 115.8 +0.06 EMY51 120.0 +1.43
EPY33 122.0+1.52 EMY52 125.0+1.75
EPY34 130.0 £ 2.57 EBY 61 115.8+2.10
EPY35 132.0+£0.96 EBY62 120.0 £ 2.06
CYLL32 280.8 £2.63 EPY61 135.0+£251
CYLL31 126.0 £ 3.10 EPY62 128.0 +1.66
SEd=3.11,CD, .= 6.24

0.05
Values are means of three replications of + SD (standard deviation)
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Table 2. Cellulase activity of selected yeast isolates

Cellulase
activity (U/ml)

Isolate

Cellulase
activity (U/ml)

Isolate

EElY 14.67 £ 0.106
EBY21 14.67 £ 0.328
EPY32 13.67 + 0.064
EPY43 14.17 +0.228
EPY62 15.17 £ 0.363

CYLL21 17.83+0.176
CYLL32 12.57 £ 0.104
EROPY12 12.43+0.077
EMY63 12.67 +0.250
SCY42 22.00£0.114

SEd=0.29, CD, .= 0.61

Values are means of three replications of + SD

dominates the industrial application of
cellulase is short of the [I-glucosidase
activity (Brethauer and Studer 2014).
Similar observations were made by
Ramalingam and Ramasamy (2013).

Identification of cellulolytic yeast

The yeast colonies were whitish to
creamish colour with flat to raised surface.
The cell shape varied from oval, ellipsoidal
to spherical with small to medium size. Al
the yeast isolates were found to ferment
glucose, sucrose, lactose, maltose,
galactose, xylose, cellulose and mannose
at 10 per cent concentration (Table 4).
However the isolates CYLL21, CYLL32,
SCY42 and EBY showed positive result
towards xylose (5 carbon sugar) and
carboxy methyl cellulose (6 carbon sugar)
only. The positive results for fermentative
ability of the yeast isolates were identified
by the formation of gas bubble and turbidity
of the medium.
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In the present study cellulose
degrading yeasts which exhibit maximum
cellulase were documented. Many of the
research works are focused on isolation of
cellulose degrading bacteria and fungi.
Fermentation of cellulose with bacteria or
fungi has been examined previously.
However these conventional methods have
economic disadvantages such as the
production of low amount of cellulase and
have not been commercialized yet. To
overcome these problems many researchers
have been concentrating on yeast which
produces cellulases and [1-glucosidase for
direct fermentation.

ACKNOWLEDGEMENTS

Authors are thankful to the Union
Grants Commission for providing the
financial support for the research
work under Rajiv Gandhi National
Fellowship.



Enzymatic activity of cellulase producing yeasts

(uoneiAsp prepuels) AS F 10 suonestjdal 3a1y) JO SUBSW 8. SaN|eA

165°0 98T°0 TEF°0 679°0 S.L°0 1070 9200 “*ao

T.2°0 S80°0 L6T°0 86¢°0 §5€°0 ¥8T°0 §€0'0 pas
6TT0+99°¢CT T60°0 +€E'8 G000 + EEVT ¢v2’0+€8°0T ¢CC0+.1¢T 9T0'0 +05°0T T¢00+00¢ ¢S4dAD
98¢0 +00°¢¢ GG0'0 +€8'8 8000 + LT'GT GEOO+LT'TT TIE0+00°€ET 68T 0+ €E'6 TOO0+86'T CETIAD
€T0°0+.L9¢T €G0'0 + €89 C6TO+LTVT 9¢'0 +00'TT TEC0+€ELCT TET'0+0S°0T CE00FETC TCTIAD
8L00 F E¥'CT Zr0'0 ¥ 0S¢ GEC0FL9€ET 9%¢'0 ¥ 05°0T 80T 0+ .T¢CT 7500 ¥ €€°0T G000 ¥80°¢ ZrADS
¢S0°0+.S°¢CT L9900+ €E'S 7800 + L9VT vZT0+€E0T GL20+00TT GGT0+00°TT G700 +¢0°¢ Ag3d
TvE0 +EB'LT 0v0'0+ .98 6CT0+.9VT 99¢'0 +EC'TT 90€'0 + LT°CT 8¥1°'0 +05°0T ET00+GC'¢ Al33

3s0]AX asouueN 3s0]ae[e9 JIND 5010|183 aso|n||8d asoulqely

(utwy/jwypasesajas asoan|b M) Alianae asejnjjed 31e|0s]

$32IN0S UG 1UIaJIP 18 S818|0sI 1Seak Jo AlIAIDR 8se|n|9D "€ a]qel

254



Premalatha et al

ds
saoAworeydoes

+

++

ds
sadAwoleydoes

+

ds
saoAworeydoes

+

++

++

ds
saoAwoleydoes

+

++

ds
saoAworeydoes

+

ds
saoAwoleydoes

+

ds
saoAworeydoes

+

uoIEdLNUP!
aANeIuaL

uoneniods

Ananoe
aseulie[so

Annoe asealn

3s509n]6 wouy
uononpoud pioy

asouue '}
3SOJAX o
asO}BN P
9501087 "2
85049NS 'q
as0aNn|9 e

sarelpAyoqed
10 uoneBWLIaS

CETIAD

TZTIAD

¢9Ad3

EVAd3

CEAdT

Teadad

Al33

1591 [ROIWAYO0Ig

S$912]0S1 1SaA Pa198]as J0J 1S8] [ealwaydolg “t 9|qeL

255



Enzymatic activity of cellulase producing yeasts

REFERENCES

Bhat MK 2000. Cellulases and related enzymes in
biotechnology. Biotechnology Advances 18: 355-
383.

Brethauer S and Studer MH 2014. Consolidated
bioprocessing of lignocellulose by a microbial
consortium. Energy and Environmental Science
7:1446-1453.

Fengel D and Wegener G 1984. Wood: chemistry,
ultrastructure, reactions. Walter de Gruyter,
Berlin and New York, 613p.

Irfan M, Safdar A, Syed Q and Nadeem M 2012.
Isolation and screening of cellulolytic bacteria
from soil and optimization of cellulase
production and activity. Turkian Journal of
Biochemistry 37: 287-293.

Lynd LR, Weime PJ, van Zyl WH and Pretorius IS
2002. Microbial cellulose utilization:
fundamentals and biotechnology. Microbiology
and Molecular Biology Reviews 66(3): 506 577.

Miller GL 1959. Use of dinitrosalicylic acid (DNS)
for determination of reducing sugars. Analytical
Chemistry 31: 426-428.

Received: 16.4.2015

256

Nagar S, Gupta VK, Kumar D, Kumar L and Kuhad
RC 2010. Production and optimization of
cellulase free, alkaline stable xylanase by Bacillus
pumilus SV-85S in submerged condition. Journal
of Industrial Microbiology Biotechnology 37:
71-83.

Nieves R, Ehrman CL, Adney W, Elander T and
Himmel ME 1997. Survey and analysis of
commercial cellulase preparations suitable for
biomass conversion to ethanol. World Journal
of Microbiology and Biotechnology 14: 301-
304.

Ramalingam K and Ramasamy G 2013. Isolation,
screening and characterization of cellulase
producing Bacillus subtilis KG10 from virgin
forest of Kovai Kutralam, Coimbatore, India.
Research Journal of Biotechnology 8(6): 17-
24,

Susan B 1995. Leschine cellulose degradation in
anaerobic environments. Annual Review of
Microbiolog 49: 399-426.

Teather RM and Wood PJ 1982. Use of Congo red
polysaccharide interactions in enumeration and
characterization of cellulolytic bacteria in the
bovine rumen. Applied and Environmental
Microbiology 43: 777-780.

Accepted: 9.7.2015



