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Recycling plants convert waste paper into pulp and subsequently into paper (cartoon), mainly
tissue paper products. Materials taken from the gradual recycling process were analysed as a
source of screening of high cellulase producers. The plate-clearing assay method and enzyme
assay methods recommended by International Union of Pure and Applied Chemistry (IUPAC)
were used in the investigation. The number of fungal isolates (cfu - g! or ml™ of substrate), the
percentage of cellulolytic strains in the total number of isolated fungal strains and the activi-
ties of two enzymes - filter paper cellulase (FPCase) and carboxymethyl cellulase (CMCase),
were detected and analysed. Quantitative cellulase activity measurements using phosphoric acid
swollen-cellulose and CMC as a carbon source, selected 26 species of the filamentous fungi as
potential cellulase producers. Twelve fungal strains (from the 139 isolated) were chosen for the
CMCase and FPase activity assay. Three strains of the fungi investigated — Aspergillus niger
DPK-cl-12, Gliomastix murorum var. murorum (= Acremonium murorum) DPK-cl-44 and
Stachybotrys chartarum DPK-cl-111 - were selected as potentially able to secrete fight exocel-
lular cellulases (overall FPClase and endoglucanase — CMCase). Cellulase enzymatic activity of
these fungal strains determined under study conditions were higher than those of the fungal

strains of the genus Trichoderma, known as high cellulase producing fungi.
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INTRODUCTION

Cellulolytic enzymes play an important role in natural biodeg-
radation processes in which plant lignocellulosic materials are
efficiently degraded by cellulolytic fungi, bacteria, actinomy-
cetes and protozoa. In industry, these enzymes have found novel
applications in the production of fermentable sugars and etha-
nol (Olson, Hahn-Hagerdahl, 1996; Levy et al., 2002; Van Wyk,
Mohulatsi, 2003), organic acids (Luo et al., 1997), detergents and
other chemicals (Oksanen et al., 1998). They have been used in
the pulp and paper industry, e. g., in deinking of fiber surfaces
and in improving pulp drainage (Oksaren et al.,2000; Suurnékki
et al,, 2004), in the textile industry (Cavaco-Paulo, Giibitz, 2003;
Nierstrasz, Warmoeskerken, 2003; Miettinen-Oinonen etal.,
2002, 2004), animal feed (Ishikuro, 2000), and even in the food
industry (Penttild et al.,2004; Urlaub, 2002), for the processing of
paper and cellophane, as well as for biotransformation of waste
cellulose to fermentable sugars (Van Wyk, Mohulatsi, 2003). As
lytic enzymes, they are of prime importance is the protoplast
production (Davis, 1985; Mandels, 1974; Bhat, 2000).

The demand for more thermostable, highly active and spe-
cific cellulases is on the increase. Fungi are well-known agents
of decomposition of organic matter in general and cellulose
substrates in particular (Lynd et al., 2002). Fungal cellulases are
inducible enzymes that are usually excreted into the environ-
ment (Bhat, Bhat, 1997) and depend on cellulose type (amor-

phous or crystalline) acting on the organism (Ortega etal,
2001). The role of the fungi Acremonium spp., Chaetomium spp.,
Trichoderma reesei, Trichoderma viride, Penicillium pinophilum,
Phanerochaete chrysosporium (Sporotrichum pulverulentum),
Fusarium solani, Talaromyces emersonii, Trichoderma koningii,
Fusarium oxysporium, Aspergillus niger and Rhizopus oryzae in
the cellulose degradation process in various environments has
been well documented (Kuzmanova et al., 1991; Teerei, Koivala,
1995; Bhat, Bhat, 1997; Schiilein, 1997; Murashima et al., 2002;
Mach, Zeilinger, 2003).

This study concentrates mainly on fungi isolated from waste
paper raw material and substrates collected at the different
stages of waste paper recycling to cardboard, on fungal ability
to utilize cellulose as a carbon source and on the screening of
hyper-producers of cellulase.

MATERIALS AND METHODS

Samples of the different substrates — raw materials (waste pa-
per), waste paper after primary re-sort, waste paper after deep re-
sort (paper pulp), pulp after clarification; primary effluent mud,
waste water from biological treatment reservoir; waste water
from the sedimentation reservoir after six months of sedimenta-
tion and waste water after five years of exposure in the sedimen-
tation reservoir — were collected in 2006 at the “Klaipédos kar-
tonas” cardboard factory located in the Lithuanian seaport. In
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laboratory, 50 g of each substrate (some of which needed to be
milled) was added to the conical flask containing 450 ml of NaCl
solution (0.75%, w/v) and mixed for 10 min on a rotary shaker
(120 rpm). Samples of sludge and waste water were added as
50 ml to 450 ml of NaCl solution. The supernatants were sepa-
rated by centrifugation, and ten-fold dilutions up to 10° colony
forming units (CFU) ml™ were prepared. Two dilutions (10* and
10* CFU ml™) were used for the analysis of total complexes of
fungi present in the samples, and 10° (CFU ml™) dilutions were
used for isolation of cellulolytic fungi.

Plate screening

A medium containing Mandels’ mineral salts solution (Mandels
etal., 1974) with addition of 17.5g- 1" agar and 5.0 g-I"' phos-
phoric acid-swollen cellulose and 0.5% L-sorbose as a colony re-
strictor and inducer of cellulose production (Wang et al., 1995)
was used for the isolation of cellulolytic fungi. The cellulose sub-
strate used in the clearing test was prepared according to the pro-
cedure as recommended by Stewart et al. (1982). The plates were
seeded with 100 pl of stock suspension (10 plates for each sample)
and incubated at 25 °C for 4-7 days, followed by 24 h at 50 °C, after
which clear zones could be observed only around colonies of the
active fungal strains. Cellulose activities of the more active fungal
isolates were determined using a carboxymethyl cellulase activity
assay (CMCase). Basal medium containing (g-1"): CMC - 10,
NaNO, - 6.5, KHPO,-6.5, yeast extract-0.3, KCI-6.5,
MgSO0, - 7H,0 - 3.0, glucose - 0.65 and agar - 17.5, was used for
plate screening. Agar blocks (5 mm in diameter) from one-week-
old colonies grown on PDA plates were cut and inoculated in the
centre of the plates. The plates were incubated at 25 °C for three to
five days, followed by 18 h at 50 °C in the dark. Cellulolytic strains
were selected on the basis of the diameter of the hydrolysis zone
surrounding the colonies. For observations, plates were stained
with 1% Congo red dye (15 min), followed by destaining with
1 M NaCl solution for 20 min. Cellulose activity on carboxyme-
thyl cellulase (CMC, sodium salt medium viscosity, IGMA) agar
was recorded as the Index of Relative Enzyme Activity (I, ) was
recorded as clear zone ratios = clear zone diameter / colony diam-
eter (Teather, Wood, 1982; Bradner et al., 1999).

Identification of fungal isolates

Fungi were isolated as mono-cultures on three media: malt ex-
tract agar (MEA, Liofilchem S.rl, Italy), potato dextrose agar
(PDA, Liofilchem S.r.l,, Italy) and CzapeK’s agar (CA, Liofilchem
S.r.l, Italy). Fungi were identified to the species according to the
current universal keys of identification (Raper, Fennell, 1977;
Domsch et al., 1980; Samson et al., 2000; Pitt, 1979; Carmichael
et al., 1980; Kiffer, Morelet, 2000).

Production of extracellular enzymes in shake flasks

Isolates for the production of extracellular enzymes were chosen
according to the plate-clearing assay. The production of extracel-
lular enzymes was induced in submerged fungal cultures. Agar
blocks from one-week-old colonies of fungi grown at 25 °C on
PDA plates were inoculated in conical flasks (250 ml) contain-
ing 100 ml of the medium used to determine cellulose digestion
by specific fungi. The medium consisted of 1.1 g KH,PO,, 0.1 g
MgSO, - 7H,0, 0.1 g NH NO, per liter and 5g-1" of the ap-

propriate carbon source. Cultures were incubated in an orbital
shaker incubator for 14 days at 25 °C. After 14 days of cultiva-
tion, culture aliquots were centrifuged at 5000 x g to remove sol-
ids. The supernatants were assayed for their enzymatic activity.

Carbon sources

For the production of endo-1,4-B-glucanases, liquid cultures
were carried out using 5 g - I"! carboxymethyl cellulose (sodium
salt medium, low viscosity, SIGMA) 5g- 1" cellulose powder
(ball-milled filter paper) as a sole carbon source and inducer of
cellulases. Either 2% CMC (B-1,4-endoglucanase activity assay)
or Whatman N 1 filter paper strip - 1.0 x 6.0 (= 50 mg) (filter
paper activity as overall cellulolytic activity assay) was used in
reaction mixtures for enzyme assay.

Enzyme assay

Total cellulase activity was determined by measuring the amount
of reducing sugar formed from filter paper. Endoglucanase
(B-1,4-endoglucanase — EC3.2.1.4) activity was assayed by mea-
suring the amount of reducing sugar from carboxymethyl cel-
lulose (CM-cellulose). Enzymes’ activity was assayed according
to the methods recommended by the International Union of
Pure and Applied Chemistry (IUPAC) Commission on biotech-
nology (Ghose, 1987). Endoglucanase (CMCase) activity was
determined by incubating 0.5 ml of the supernatant with 0.5 ml
of 2% carboxymethyl cellulose (low viscosity CMC, SIGMA) in
0.05 M sodium citrate buffer (pH 4.8) at 50 °C for 30 min. Filter
paper degrading activity (FPCase) was determined by incuba-
ting 1.0 ml of the supernatant with 1.0 ml 0.05 M of the sodium
citrate buffer (pH 4.8) containing Whatman N° 1 filter paper
strip — 1.0 x 6.0 (= 50 mg). After incubation for 24 h at 50 °C,
the reaction was terminated by adding 3 ml of 3,5-dinitrosali-
cylic acid (DNS) reagent to 1 ml of the reaction mixture. In these
tests, reducing sugars were estimated colorimetrically with 3,5-
dinitrosalicylic acid after Miller (1959) and Onsori et al. (2005),
using glucose as standards. The enzymatic activity of total (FP-
cellulase) and endoglucanase (CM-cellulase) was defined in the
International Units (IU). One unit of enzymatic activity is defi-
ned as the amount of enzyme that releases 1 pmol reducing su-
gars (measured as glucose) per ml per min.

Statistical analysis

Statistical data were presented using Microsoft Excel
(Cekanavicius, Murauskas, 2000). The concentration of fungal
isolates was determined as a mean of 5-8 independent tests and
expressed as colony-forming units in 1 g of dry weight (d.w.) or
1 ml of the substrate. Significance differences among the rep-
licates were presented as Dunkans multiple range tests in the
form of probability (p) values.

RESULTS AND DISCUSSION

In most investigations, members of the fungal genus Trichoderma
Pers. have been extensively studied due to their ability to secrete
cellulose-degrading enzymes. Most of the works have been carried
out on T.aureoviride Rifai, T. viride Pers., T. reesei E. G. Simmons,
T harzianum Rifai strains and their mutants evaluating their ability
to produce extracellular cellulolytic enzymes (endoglucanases, exo-
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glucanases and cellobiase) which act synergistically in the conver-
sion of cellulose to glucose. The cellulases secreted by Trichoderma
have received widespread industrial interest leading to commercial
applications (Olson, Hahn-Hagerdahl, 1997; Oksanan et al., 2000;
Mach, Zeilinger, 2003; Cavaco-Paulo, Giibitz, 2003, Nierstrasz,
Warmoeskerken, 2003; Van Wyk, Mohulatsi, 2003; Penttila et al.,
2004). However, despite the efforts of many laboratories, no com-
mercially efficient enzyme complex has been produced. In addition,
the Trichoderma cellulase system is deficient in cellobiase, causing
the accumulation of disaccharide cellobiose which produces repres-
sion and end product inhibition of the enzymes (Gruno et al.,2004).
The demand for more thermostable, highly active and specific cellu-
lases is on the increase, therefore, cellulase systems of the other fun-
gi have been also investigated (Updegraff, 2004; Hanif et al., 2004;
Kamal, Mathur, 2005; Gopinath et al., 2005; Tkram-ul-Hag, Khan,
2006). The studies were concentrated mainly on soil fungi (Lynd
etal.,,2002). Most fungi can be adapted to anthropogenic substrates
such as natural or waste cellulose or to substrates containing high
amounts of cellulose. Waste paper recycling factories convert waste

paper into pulp and subsequently into paper (or cartoon), mainly
tissue paper products. Almost any household paper can be recycled,
including used newspapers, cardboard, packaging, stationery, direct
mail, magazines, catalogues, greeting cards and wrapping paper.
All raw materials are contaminated by microorganisms (bacteria,
fungi and actinomycetes) whose viability and activity depend on
the conditions to which substrates are exposed. During our inves-
tigation, microbiological analysis of the samples collected at the
cardboard factory from the gradual wastepaper recycling process
showed different levels of contamination by fungi and the percent-
age of fungal isolates able to grow in the medium with the sole car-
bon source - cellulose. The number of viable fungi isolated on the
Mandels’ salt medium with glucose (control) varied from 2 to 84.7
thousands CFU - g' d.w. or mI™' sample. When Mandels’ salt me-
dium with the sole carbon source, cellulose, was used, only the fungi
than can utilize cellulose were isolated (Fig. 1, A). The numbers of
the fungi growing on the CMC and phosphoric acid-swollen cellu-
lose media varied from 0.34 to 14.7 thousands CFU - g d.w. or ml™!
and from 0.18 to 13.7 thousands CFU - g d.w. or ml™', respectively,

CFU/ g (or ml) of sample A
100000
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90000~ O BM + CMC
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Fig. 1. The number of viable fungi (4, as
CFU) isolated on Mandels’ salt medium
(basa| med]uml BM) with g|ucose’ basal Cellulolytic fungi (% in total number of isolates) B
medium with carboxymethyl cellulose 180 -
(BM + CMC) or basal medium with phos- 160 O BM + CMC
phoric acid-swollen filter paper cellulose B BM + FP
(BM + FP) and the percentage of cellu- 140 -
lolytic fungi (B). Substrates investigated:
raw materials (waste paper) (No.1), 120~
waste paper after primary re-sort (No. 2), 100
waste paper after deep re-sort (paper
pulp) (No.3), pulp after clarification 80 +
(No.4), primary effluent mud (No.5), 60
waste water from the biological treat-
ment reservoir (No.6), waste water 40
from the sedimentation reservoir after 20
6 months (No.7) and waste water from 0.6-0.8 1.0-0.2 1.1-0.5
the sedimentation reservoir after 5 years 0 T T T T —— T T -
(No. 8). Each bar represents the mean of No. 1 No.2 No.3 No.4 No5 No.6 No.7 No.s8
five—eight replicates
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and differed significantly (p < 0.02) from their numbers in the con-
trol medium.

Significant differences (p <0.01) were observed in the
abundance of fungi in samples of raw materials, primary eftlu-
ent mud, waste water from the biological treatment reservoir,
waste water after five years of exposure to the environment and
other materials. However, despite the high contamination of
these samples by fungi, very low numbers of fungi were able to
grow on the cellulose media (Fig. 1,A). The percentage of cel-
lulolytic fungi in the total number of the isolated strains under
investigation conditions was very low and made only 0.6-5.67%
(Fig. 1,B).

The highest numbers of cellulolytic fungal strains were iso-
lated from waste paper after primary re-sort, waste paper after
deep re-sort and primary effluent mud (8 to 14.6 thousand CFU,
13.7 to 14.7 thousand CFU and 6.8 to 9.6 thousand CFU, respec-
tively) (Fig. 1, A). Upon revealing the percentage of cellulolytic
fungi (Fig. 1, B), it became clear that the highest percentage of
the waste paper after primary re-sort, waste paper after deep re-
sort and primary effluent mud were more valuables sources of
cellulolytic fungi. The percentage of cellulolytic isolates was sig-
nificantly higher (p < 0.01) in these than in the other substrates.
The high concentrations (CFU - g™ d.w. or ml™! sample) of fungi
determined in raw materials (waste paper) and waste water after
exposure to the environment may be due to the total contamina-
tion by fungi. As demonstrated by this experiment, the number
of cellulolytic fungi determined by the plate screening method
is low because of the inaccuracy of the method of waste paper
treatment and the abundance of incidental contaminants and
their antagonism in the media used in the investigation.

The number of fungi isolated from paper pulp and from pa-
per pulp after clarification in the medium with both celluloses
(CMC and phosphoric acid-swollen cellulose) were higher than
of fungi isolated in control medium with glucose (Fig. 1, A). The
number of fungi isolated from paper pulp was 14.7 and 13.7
thousands of CFU - g™ on the medium with CMC and phosphor-
ic acid-swollen cellulose, respectively, and the cellulolytic fungi
comprised 118.07% and 110.44% of the total number of isolates
in the control medium. The number of fungi isolated from paper
pulp after clarification was 9.6 and 6.6 thousands of CFU - g!
in the medium with CMC and phosphoric acid-swollen cellu-
lose, respectively, and cellulolytic fungi comprised 155.64% and
106.45% of the total number of isolates in the control medium.
The higher numbers of colony-forming units on cellulose media
than in the control medium can be explained by the fact that
most fungal propagules were lost during waste paper gradual
recycling, and real cellulolytic fungi which are resistant to the
various factors were left in the complexes of the recovered fungi.
A negligible increase in fungal concentration and their recovery
in the cellulose medium were observed in wastewater after six
months of sedimentation. Large numbers of fungi were isolated
from primary effluent mud (up to 84.75 thousands CFU - ml™
sample), however, the number of cellulolytic fungi was very low
(1.0-0.2%) (Fig. 1,A and B).

Carboxymethyl cellulose was a more favourable carbon
source for screening the cellulolytic fungi. Significantly higher
numbers of cellulolytic fungi (p < 0.05) were isolated from sam-
ples of waste paper after primary re-sort and after deep re-sort

when a medium with CMC was used, as compared with the me-
dium containing phosphoric acid-swollen cellulose.

A total of 412 isolates were obtained from the analyses of the
samples of eight substrates collected in the waste paper recycling
factory. The identification of these isolates resulted in 37 species
and varieties plus 11 sterile fungi. Among the identified species,
six belonged to Aspergillus P. Micheli ex Link, nine to Penicillium
Link, three to Mortierella Coem.,two to each genus of Gliocladium
Corda, Trichoderma Pers. and Mucor Fresen., and one to each
genus of Acremonium Link, Arthrobotrys Corda, Botryotrichum
Sacc. & Marchal, Cladosporium Link, Chaetomium Kunze,
Epicoccum Link, Geomyces Traaen, Fusarium Link, Gliomastix
Guég., Lecanicillium W. Gams & Zare, Paecilomyces Bainier,
Stachybotrys Corda, and Sporotrichum Link. A total of 269 iso-
lates were able to grow in the medium with cellulose as a sole
carbon source. They belonged to 26 species (Table). The species
with the greatest number of cellulolytic strains were Penicillium
Sfuniculosum (the ratio to the total number of cellulolytic fun-
gi=21.1%), P simplicissimum (15.7%), P brevicompactum
(16.2%), Stachybotrys chartarum (7.5%) and Aspergillus repens
(4.7%). The indices of relative enzyme activity (I, ) determined
on CMC medium (Table) presented preliminary endoglucanase
activity characteristics of the fungal isolates belonging to differ-
ent species. The index equal to 1 or > 1 was determined for fungi
of 15 species (57.69% of all cellulolytic species detected). Fungal
strains belonging to two species —Aspergillus niger var. nige and
Gliomastix murorum var. murorum — showed the highest CM-
cellulase activity (I,,.=2.21+0. 97 and 2.07 + 0.85, respec-
tively). The lowest CM-cellulase cellulase activity was shown by
fungal strains belonging to Mucor racemosus and Penicillium
fellutanum (I, =028 £0.02 and 0.54 +0.22, respectively).
Isolates of the fungi capable of decomposing cellulose vary
physiologically even within the given species. Relative enzyma-
tic activity of Aspergillus niger, Epicoccum nigrum, Gliomastix
murorum var. murorum, Paecilomyces lilacinus and Penicillium
fellutanum strains was highly different (standard deviation cal-
culated from the data of the strains made 43.89%, 50.56, 41.06,
46.29 and 40.74%, respectively). Some strains of Aspergillus ni-
ger and Gliomastix murorum var. murorum were characterized
by a very high relative enzymatic activity index (I .- 2.5 to
3.5) and were chosen for the further investigation. Fast-growing
fungi could not been detected as hypercellulose-producing fungi
following the analysis of the relative activity index. The amount
of the enzyme depends on the biomass, therefore, when the fun-
gus colony consists of a sparse clearing of the cellulose medium,
it is detectable only in a close contact or in an area close to the
mycelium.

Twelve strains of the fungi screened as potential cellulase
producers were investigated in the shake flask culture using
CMC or cellulose powder as a carbon source in the culture me-
dium. After 14 days of cultivation, enzymatic activity was mea-
sured by the production of sugar reducing end group, which
is taken to be an indication of cleavage of cellulose molecules.
Two standard substrates were used for the determination of cel-
lulase activity in terms of overall (FPCase) and endoglucanase
(CMCase) contents (Ghose, 1987). Filter paper was used as a
standard substrate to measure the total cellulose activity (Wu
et al., 2006). The filter paper activity, termed as FPase, expressed
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Table. Cellulolytic fungi detected by the plate screening method and the Index of Relative Enzyme Activity (1

o) determined on C(MC medium

Ratio to total Number of
Fungal species number of strains tested on (L)
cellulolytic* (%) CMC medium

Acremonium strictum W. Gams 0.8 6 1,32+ 0.08
Arthrobotrys oligospora Fresen. 0.2 2 0,42 +0,03
Aspergillus fumigatus Fresen 0.6 4 0.73 £ 0,04
Aspergillus niger var. niger Tiegh. 2.1 8 2.21+0,97
Aspergillus repens (Corda) Sacc. 47 9 1,54 + 0,54
Botyrotrichum piluliferum Sacc. & Marchal 0.9 2 0,97 +0,11
Cladosporium cladosporioides (Fresen.) G.A. de Vries 1.5 5 0,97 + 0,07
Chaetomium globosum Kunze 0.5 2 0.88 + 0.04

Geomyces pannorum (Link) Singler & J.W. Carmich.
(= Chrysosporium pannorum (Link) S. Hughes) 13 6 1292031
Epicoccum nigrum Link (= E. purpurescens Ehrenb.) 0.2 3 0.89 £ 0.45
Fusarium oxysporum Schltdt. 2.1 2 1.31+£0.27
Geotrichum candidum Link 0.5 1 0.83+0.14

Gliocladium roseum Bainier (= Clonostachys rosea f. rosea (Link)
Schroers, Samuels, Seifert & W. Gams 14 3 137£0.25
Gliomastix murorum var. murorum (Corda) S. Hughes)

(= Acremonium murorum (Corda) W. Gams) 36 8 207£085
Lecanicillium lecanii (Zimm.) Zare & W. Gams (= V. lecanii (Zimm.) Viégas) 0.7 4 0.66 +0.03
Mucor racemosus Fresen. 0.1 1 0.28 £0.02
Myrothecium verrucaria (Alb. & Schwen.) Ditmar 1.1 2 1.04 £0.26
Paecilomyces lilacinus (Thom) Samson 1.9 3 1.62 +0.75
Penicillium brevicompactum Dierckx 16.2 1 1.31+0.14
Penicillium fellutanum Biourge 35 4 0.54 +0.22
Penicillium funiculosum Thom 21.1 12 1.87£0.13
Penicillium purpurogenum Stoll 5.9 5 1.45+0.21
Penicillium simplicissimum (Oudem.) Thom 15.7 13 1.11 £0.04
Trichoderma harzianum Rifai 43 7 1.00£0.12
Trichoderma longibrachiatum Rifai 1.6 4 0.98 + 0.04
Stachybotrys chartarum (Ehrenb.) S. Hughes 7.5 6 1.85+£0.23

* Cellulolytic on the medium with the phosphoric acid-swollen cellulose.

summations of a simultaneaus synergistic action of endoglu-
canases, cellobiohydrolases and p-glucosidase in a cellulase
preparation. Soluble cellulose (carboxymethyl cellulose, CMC)
was used as a substrate for determining endoglucanase activ-
ity. Significant differences in activity (p < 0.01) were detected
for two enzymes — CMCase and FPase (Fig.2). The overall cel-
lulase activity levels were lower than the CMCase activity level
for all fungi (except Stachybotrys chartarum strain DPK-cl-111).
The determination of cellulase activity is a complicated process,
because the hydrolysis of insoluble cellulose (filer paper in our
case) may not be linear with enzyme amount and/or reaction
time. Very large differences of those two enzymes were observed
for Stachybotrys chartarum DPK-cl-100, Penicillium funiculo-
sum DPK-cl-19 and Gliocladium roseum DPK-cl-102. Perhaps,
like in the fungi from the genus Trichoderma (as reviewed by
Gruno et al,, 2004), the cellulase system could be deficient in
cellobiase, causing the accumulation of disaccharide cellobiose
which produces repression and end product inhibition of the
enzymes. CMCase activity of the fungus A. niger DPK-cl-12 was
statistically significantly (p < 0.01) highest among all the twelve
fungi investigated. Comparative CMCase under investigation
showed fungi S. chartarum DPK-cl-100, P. funiculosum DPK-cl-
19, M. verucaria DPK-cl-06, G. murorum var. murorum DPK-cl-

03 and G. roseum DPK-cl-102 whose activity varied from 1.5 to
2.5 U- mL" (Fig. 2). Endoglucanase activity of those fungi was
significantly higher than that of Trichoderma strains (DPK-cl-
36 and DPK-cl-51). Trichoderma is known as a very good pro-
ducer of cellulases, perhaps due to the different adaptability of
fungi to the anthropogenic substrates and different resistance
to the factors affecting fungal populations during the recycling
procedures.

Although 12 isolates showed a good filter paper distintegra-
tion and CMC utilization within 14 days, not all of them can be
recommended as potential hypercellulase producers. We were
interested in the isolates that showed a high FPCase activity. Not
all results are presented in this work, but some fungal species at-
tracted our attention to their cellulase systems and deserve fur-
ther investigation. Among them are Aspergillus niger, Gliomastix
murorum, Myrothecium verrucaria, Paecilomyces spp., Penicil-
lium funiculosum and Stachybotrys chartarum. These our find-
ings are comparable with some results obtainen by other investi-
gators (Updegraff, 2004; Kluczek, Turpeinen et al., 2006).

Four fungi - Aspergillus niger DPK-cl-12, Gliomastix mu-
rorum var. murorum (= Acremonium murorum) DPK-cl-44,
Penicillium funiculosum DPK-cl-19 and Stachybotrys chartarum
DPK-cl-111, grown for 14 days in the medium with CMC, were
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Trichoderma longibrachiatum DPK-cl-36

Trichoderma harzianum DPK-cl-51

Stachybotrys chartarum DPK-cl-111

—
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W FPCase
O CMCase

Stachybotrys chartarum DPK-cl-100

Penicillium funiculosum DPK-cl-19

Paecilomyces lilacinum DPK-123

Myrothecium verrucaria DPK-cl-06

Gliomastix murorum var. murorum DPK-cl-03

Gliocladium roseum DPK-cl-102

Fusarium oxysporum DPK-cl-08

Aspergillus niger DPK-cl-16

Fig. 2. Exocellular endoglucanase (car-
boxymethyl-cellulase, CMCase) and to-
tal filter paper cellulase (FPCase) activity

Aspergillus niger DPK-cl-12

of fungi after 14 days of cultivation in the
medium with carboxymethyl cellulose

Enzymatic activity, U/ml/min

or filter paper powder cellulase as a sole
carbon source. Each bar represents the
mean of three replicates of enzymatic
activity (U- ml™" - min™")
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@) Fig. 3. Effect of pH on C(MCase (endo-B-1,4-
05 A glucanase) activity of three fungal strains:
’ Aspergillus niger DPK-cl-12 (@), Gliomastix
0 . . . . . . & | murorum var. murorum (= Acremonium
450 500 550 600 650  7.00 750 800 | murorum) DPk-d-44 (A), Penicilium fu-
pH niculosum DPK-cl-19 (@) and Stachybotrys

chartarum DPK-cl-111 () at 30 °C

used to determine the pH effect on endoglucanase activity.
Aspergillus niger DPK-cl-12 shows the highest CM-cellulase ac-
tivity (2.89 £0.12 U - ml™" - min™") which has an optimum pH
4.5 when assayed at 30 °C (Fig. 3).

The CMCase of G. murorum var. murorum DPK-cl-44 showed
its optimum pH to be 5.5, and its activity fell to 50% (from 2.4

to 1.2 U/ml) when the pH ranged from 5.5 to 4.5 and 7.0. The
CMCase activity of A. niger DPK-cl-12 and S. chartarum DPK-
cl-111 showed their optimum pH to be 4.5 and 6.5, respectively.
Despite the CMCase activity of P, funiculosum DPK-cl-19 was
lower than that of other three fungi, its CMCase activity showed
its stability at pH from 5.5 to 7.0. However, at pH 8.0 the activity



Isolation of cellulolytic fungi from waste paper gradual recycling materials 17

of fungi A. niger, G. murorum var. murorum and P, funiculosum
was almost los; the activity of S. chartarum at that pH remained
high enough and showed its alkali stability. Endoglucanase ac-
tivity of G. murorum var. murorum DPK-cl-44 and S. chartarum
DPK-cl-111 at the optimal pH was 2.51 £ 0.12 U - ml! - min~' and
2.324£0.24U - ml™" - min™', respectively. Figure 2 presents CMCase
activities measured at pH 4.8 (as recommended by the method
(Ghose, 1987). As one can see from Fig. 2, CMCase activity of the
tungi Gliomastix murorum var. murorum DPK-cl-44, Penicillium
funiculosum DPK-cl-19 and Stachybotrys chartarum DPK-cl-111
were three times lower than that of fungus A. niger DPK-cl-12.
Analysis of data presented in Fig. 3 showed that when the pH was
changed, CMCase activity raised to the level close to the CMCase
activity of the fungus A. niger DPK-cl-12.

CONCLUSIONS

The research covered some distribution and biochemical char-
acteristics of the fungi adapted to the anthropogenic substrates,
such as cellulose containing materials.

« A total of 412 isolates were obtained from the analyses of
samples of eight substrates collected in the waste paper recy-
cling factory. The identification of these isolates resulted in 37
species and varieties plus 11 sterile fungi.

« A total of 269 isolates were able to grow in the medium
with cellulose as a sole carbon source. Twenty-six species of fun-
gi were described as potential cellulolytic species.

o Active cellulase producers were selected among isolates of
fungi belonging to the genera Aspergillus, Gliomastix, Gliocla-
dium, Myrothecium Paecilomyces, Penicillium, Tricho-derma and
Stachybotrys.

o Three strains — Aspergillus niger DPK-cl-12, Gliomastix
murorum var. murorum (= Acremonium murorum) DPK-cl-44,
Penicillium funiculosum DPK-cl-19 and Stachybotrys chartarum
DPK-cl-111 - were screened as more active in cellulose hydrolysis
and as the potentially high extracellular cellulose producers.
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Dalé Peciulyté

CELIULIAZINIY MIKROMICETU ISSKYRIMAS IS
POPIERIAUS ATLIEKUY PALAIPSNINIO PERDIRBIMO
SUBSTRATU

Santrauka
Antrinio Zaliavy perdirbimo gamykloje surinktos popieriaus atliekos
perdirbamos j kartong arba popieriaus audinius. Tyréme palaipsnio po-
pieriaus atlieky perdirbimo medZiagas, ai$kindamiesi galimybe $iuose
substratuose surasti perteklinés celiuliazés producentus. Tyrimui taiké-
me celiuliozés terpiy skaidrinimo metodg ir Tarptautinio taikomosios
chemijos komiteto (IUPAC) rekomenduojamus celiuliaziy nustatymo
metodus. I$tyréme mikromicety koncentracija (kolonijas sudaranciy
vienety skai¢iy (KSV) 1 grame arba 1 ml tiriamo pavyzdZio) palaipsnio
perdirbimo medziagose, celiuliaziniu aktyvumu pasizymin¢iy kamieny
procentg bendrame iskirty kamieny skai¢iuje ir dviejy fermenty (filtri-
nio popieriaus celiuliazé — FP-celiuliazé, carboksimetilceliuliazé - CM-
celiuliazé) aktyvuma skystose auginimo terpése. Palyginamuyjy tyrimo
rezultaty pagrindu i$aiskinome dvide$imt Se$ias celiuliaziniu aktyvu-
mu pasiZymin¢iy mikromicety rasis. Atrinke dvylika i§ 139, aktyvesniy
hidrolizuojant celiuliozg, mikromicety kamieny nustatéme jy CM-ce-
liuliazinj ir FP-celiuliazinj aktyvumus. I$ai$kinome tris mikromicety
kamienus — Aspergillus niger DPK-cl-12, Gliomastix murorum var.
murorum (= Acremonium murorum) DPK-cl-44 ir Stachybotrys
chartarum DPK-cl-111, intensyviau sekretuojanius egzolasteling ben-
draja (FP-celiuliaze) ir CM-celiuliaze. Trijy kamieny celiuliazinis akty-
vumas, jvertintas $io tyrimo salygomis, yra didesnis nei Trichoderma
genties gryby, zinomy kaip pertekliniy celiuliaziy producenty.
Raktazodziai: celiulioz¢ skaidantys mikromicetai, i§skyrimas,
atranka, endogliukonatas, popieriaus atliekos, perdirbimas



