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Tiie cellulolytic activity of 49 strains of niicromycetes from genera Penidllium. 
Aspergillus, Phoma. Cladosporium, Altemaria, Ulodadium isolated from biodeteriorated 
polymeric samples of ОС ֊‘Mir” has been studied. The biosynthesis of cellulases among the 
representatives of species of Ulodadium botrytis, Altemaria alternata, Aspergillus fumigatus, 
A versicolor, Penidllium aurantiogrlseum, P.dirysogenum, Cladosporium macrocarpum, 
C sphaerospermum. Phoma eupyrena has been revealed during growth on Czapek-Dox 
medium with carboxymethylccllulose (CMC), amorphous cellulose and filter paper as lite 
single carbon source The enzymatic preparations of cellulase system of Strains U. botrytis 
JNMIA 12111 and ,4. alternata INMIA 12115 as active producers of cellulase have been 
isolated and characterized.

Ուսումնասիրվեւ է միկրոմիցետների Penidllium, Aspergillus. Phoma. Cladospo­
rium Altemaria. Ulocladlum ցեղերի 49 շտամների ցելյուլոլիտիկ ակտիվությունը, 
անջատված «Սիրս տիեզերական կայանի կենսավնասված պոլիմերային նմուշներից: 
Բացահայտվել է. որ ցԵսոզազների կենսասինթեզը բնորոշ է Ulodadium botrytis, Altemaria 
alternata. Aspergillus fumigatus, A. versicolor, Penidllium aurantiognsoum. P.chrysogenum, 
Cladosporium tnacfocarpum, C.sphaerospermum. Phoma eupyrena տեսակների 
ներկայացուցիչներին Չապեկ Onpu սննդամիջավայրի վրա աճեցնելս, երբ որպես 
ածխածնի միակ աղբյուր օգտագործվել Են կարբօքսիմԵթիլցեսո4ոԳԸ (4ԱՑ). ամորֆ 
ցելյուլոզը և ֆիլտրի թուղթը՜ Անջատվել և բնութագրվել են Ս. botrylls ԻԱԱԻՍ 12111 և A 
alternata հՆՄԻԱ 12115 շտամների ցեԱալազների ակտիվ արտաղրիչսերի. ցելյողազային 
ֆերմենտների պրեպարատները:

Изучена целлюлолитическая активность 49 штаммов микромицетов из родов 
Penidllium, Aspergillus, Phoma, Cladosporium, Altemaria, Ulodadium, выделенных из 
бнопрвреждениых образной полимеров ОК “ Мир Выявлено, что биосинтез целлюлаз 
характерен для представителей видов Ulodadium botrytis, Altemaria alternata, Aspergillus 
fumigatus, A versicolor, Penidllium aurantiogriscum, P.dirysogenum. Cladosporium 
macrocarpum. C sphaerospermum. Phoma eupyrena при росте на среде Чапека-Докса с 
использованием п качестве источников углерода карбоксимстилисллюлозы (КМЦ), 
аморфной целлюлозы и фильтровальной бумаги. Выделены и охарактеризованы 
ферментные препараты целлюлазного комплекса из культур Ա botrytis ИНМИА I2III 
и A. alternata ИНМИА 12115 - продуцентов целлюлаз.

Cellulases - fungi - cellulolytic activity

Cellulases represent system of enzymes ֊ endpglucanase (I.4-(i.3; I.4) 
թ-Dglucan 4-glucano-hydrolase (EC 3.2. l.4)|, exo-cellobiohydrolase(EC 3.2.I.9I 
exo-1.4-p-glucosidase (EC.՜ 3.2.1.74) and cellobiase (EC 3.2.1.21), hydrolyzin 
cellulose and cellulosic substrates to glucose 12,6].
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Ccllulose-hemicclluiosc system of enzymes is responsible for destruction 
and treatment of vegetable raw materials, for utilization of wood and agricultural 
wastes.

Study and search of new producers of cellulases is conditioned by wide 
applicat ion of these enzymes for production of glucose and different glucosides, 
ethanol, for removing stains from surfaces of cellulosic materials as well as for 
application of cellulases in complex of cleansing agents, etc 11 -3].

The present work repons the results of investigation of the cellulolytic 
activity of fungi isolated from biodctcrioratcd polymers of space technics.

Matrriah and Methods. 49 strains of nricromycete՛- of genera Petficilllum, Aiper^ltlus, 
Phtuna, Clada^anum, Alternant, Utocladium w«re obtained from Culture Collection of State 
Micrototal Depository Centre. NAS of Armenia The strains Isolated from btodetcnoratrd poly­
meric utnples of Orbital Complex (OU) "Stir" were represented by species Hlodadium hotrytis (2 
•train։), Alttrnnria atfcmala (I flr I. Aspergillus fumi^aius (6 str.). A venicofor (4 str). Penldllium 
ituranthtfltcHtn (21 str), Pmelinn 19 str). P.chrytojtenum (3 str). Ctadospartum maervearpum (I 
str.), ( iphdtrwpcrmum (| str.), Phama eupyrena (Istr)

Ilie cellulolytic activity was studied on Hutciiinson medium, containing (grams/hter) KII.P<>4 
-1.0. CaCL - 0.1, NaCl - 0 1. Fc$O4 0 04. NaNO։ - 2 5, pH 7.2 - 7.3 Filter paper w.is used 

M ingle cartoon tource. 250 ml Irienmeyrr flasks were filled with 30 ml of nutritious medium and 
Utte sterilized. The flasks with sterile medium were inoculated with fungal cultures. Flic filler paper 
folded conic form separately sterilized was put into flasks and incubated at 28* for 10 14 days.

Presence or luck of fungal growth on surface of filter paper « testified live ccllulolyiic activity.
Specific enzymatic assays were used to determine the cellulolytic activities cndoglucjna.se 

and exo 1.4 p-glucosidasc (5,7,9).
Endoglucamise activity reaction mixture containing Iml of cultural liquid or a solution of 

enzyme, 2ml buffer pH 5.0. 50 mg filter paper was incubated at 50*C for I h One unit of 
endogllicariasc activity |J.4-(1.3;1 41-fi-D-glucan 4-glucanohydrolasc (FC-3 2 l.4i| was defined as 
the amount of the enzyme that produced 1 me of glucose per h under standard conditions (pH5.0 
and 50*).

Exo- 1.4-fi-glucosidase activity- reaction mixture containing iml of cultural liquid oi a 
solution of enzyme. 2 ml of 1% solution Na-CMC tn buffer pH 5 0 was incubated at 50' for 15 
min One unit of exo-l.4-p-glucosida.vc activity )1.4-p-D-ghican-glucohydrolase (EC-3.2.1.74)| 
was defined as the amount of the enzyme that produced I umol of glucose per min under standard 
conditions (pH 5.0 and 50*)

Reducing sugars were determined by method of Somogyi-Nelson |S]
Production of enzymatic preparations of cellulases the fungal biomass of strains U. botrytis 

12111 and A. altemnta 12115 was separated by filtration and ceil free cultural liquid was used for 
eolation of cellulases. Partial purification of cellulases was performed by precipitation of ammo­
nium tulfate (40% saturation). The resulting complex was separated by centrifugation .it 6(X)0g for 
ID min, washed with distilled water and eluted with 0.6 M NaCI solution for I h at 30*. The 
resulting eluate was dialyzed against distilled water at 5' for 24 h

Concentration of protein was determined by method of Lowry ct al (4|

Resultsand Discussion. Cellulolytic activity of 10 species of inicromycetes 
isolated from biodctcrioratcd polymeric samples of space technics is represented 
in Tabic I.

T11C results showed that the active producers were revealed among strains of 
Uhcladium botrytis, Alternaria ahemata. Aspergillus fumigatus, PeniciHiutn 
auraniiogriscum. P.chrysogenum, Phoma eupyrena. The ccllulolyiic activity is not 
revealed among strains of P.melinii.

Data on study of ccllulolyiic activity of the active producers of cellulases 
botrytis 12111 and A. ahemata 12115 showed ihal in comparison with reference 
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strain the high cellulolytic activity is produced during growth on Czapck-Dox 
medium with carboxymethylcellulose (CMC), amorphous cellulose and filter pa­
per as the sole carbon source at 28° for 10 days (Table 2).

1 able I. Characterization of cellulolytic activity of different species of micromycetes 
isolated from biodeteriorated polymeric samples of space technics

Species of fungi All tested strains 
cellulolytic activity

Strains possessed 
of cellulase:.

Active producers

Alternarui alternata 1 1 1

Aspergillus firn igatus 6 6 6

.4. versicolor 4 4 0

Pen ieilhum chrysogenum 3 3 3

Peniclilium aurantiogriseum 21 8 3

P. melinfi 9 0 0

Cladosporium maervearpum 1 1 0

C. sphaerospermurn 1 1 0

Phoma eupyrena 1 1 1

Ulocladium botrytis 2 2 2

Table 2. Cellulolytic activity of active producers of micromycetes 
with different cellulosic substrates

Fungal strains
Endoglucanase activity 

(units/ml cultural liquid)
Exo-1,4-|l-glucosidasc 

activity 
(units/ml cultural liquid)

CMC Amor­
phous 
cellu­

lose

Filter 
paper

CMC Amor­
phous 
cellu­
lose

Filter 
paper

Alternaria aiternata 12145 0.01 0.007 0.005 0.15 0.02 0.03

Ukicladium botrytis 12111 0.04 0.02 0.003 0.2 0.05 0.053

Trichoderma tongibrach tat uni 
10060 (Reference strain) 0.003 0.003 0.003 004 0.021 0.02

Czopek - Dm medium, incubation IO days, 2.?, substrates: CMC, amorphous cellulose and 
filter paper.

'Ilie enzyme preparation of cellulase system of U. botrytis 12111 with 
specific activity 0.75 units/mg protein for endoglucanase activity and 2.5 units/ntg 
protein for exo-1,4-0-glucosidase activity and the enzyme preparation of cellulase 
system of A. alternate։ 12115 with specific activity 0.3 units/mg protein for 
endoglucanase activity and 2.0 units/mg protein forexo-l,4-[j-glucosidase activity 
was obtained (Tables 3 and 4).

Study of the temperature dependence of the enzymatic preparation of U. 
botrytis INMIA 12111 showed that maximal hydrolysis of the substrate proceeds 
in the temperature range of 40-60’. the optimum being at 50° (Fig.I).

Study of the pH dependence of the enzymatic preparation of 
U. botrytis 12111 showed that the optimum pH is in two ranges at pH 5.0 and 7.0, 
maximum at 5.0. although the enzyme is active in wide range of pH at 4.0-8.0 (Fig.2).
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Table 3. Characteristics of production of enzymatic preparation of cellulases from 
U. botrytis 12111

iTXTiorB Total 
volume, ml

Total 
protein,mg

Total activity, units Specific activity, 
units / mg protein

Degree of purification

Endo- 
glucanase

Exo-1.4-0- 
glucosiitire

Endo- 
yiiKanis:

Exo-1,4-0- 
glucosidase

Endo- 
gluranase

Exo-1.4-0- 
glucaadase

Cefl free filtrate 100 10 0.5 2 0.05 0.2 1 1
(NHJ.SO,

(40% saturation} 2 5.04 3.7# 13.6 0.75 2.5 15 13

Table 4. Characteristics of enzymatic preparation of cellulases from 
A. alternata 12115

Radians Total 
volume, ml

Total 
protein.mg

Total activity, units Specific activity, 
units/ mg protein

Degree of purification

Endo* 
gl'JCJXlSC

Exo-l.4-0- Er»do- 
glucar.՛-sc

Exo-1,4-0- 
glucosidase

Endo- 
£-li rangy

Exo-I.4-0- 
gjucowdase

Ceil (rec filtrate 100 7 028 0.91 0.04 0.13 1 1

(40% miration) 2 4.2 1.26 8.4 0.3 2.0 7.5 15.1

Study of the temperature dependence of the enzymatic preparation of/1. 
alternata 12115 showed that maximal hydrolysis of the substrate proceeds in the 
temperature range of 45-60°, the optimum being at 50* (Fig.3).

Fig. 2. Influence of pit on cellulase activity of 
enzymatic preparation of U. botrytis 12111

Rujfert uted:ucrlett (pH •/■<>), phosphate (pH d-.O. rfv.-int 
- HuOH (pH S. 10}.

Fig. I. Influence of temperature on cellulase actri- 
ity of enrymatic preparation of U. botrytis 12111

Rg. 3. Influence of temperature on cellulase activity of 
cnxymutic preparation of A alternata 12115

Fig. 4. Influence of pH on cellulase activity of 
enzymatic preparation of J. alternata 12115

Ruffcr* w.ed: ticciuic (pH 4-6). phosphate (pH 6-ty, 
Hfyrme - N./OH (pH l-IV)

201



A K Gasparyan er al.

Study of the pH dependence of the enzymatic preparation of A. altemata 
12115 showed that the optimum pH is in two ranges: at pH 4.5 and 7.0, maxi­
mum at 7.0, although the enzyme is active in wide range of pl 1 at 4.0-8.5 (Fig.4).

Hie kinetics of hydrolysis catalyzed by enzymatic preparations of U. botrytis 
1211I and A. altemata 12115 at various substrate concentrations were studied 
(according to the Michaelis-Menten and Lineweaver-Berk equations (Fig.5 and 
Fig. 6).

The constant of Michaelis (Km) at different concentrations of Na-CMC 
and maximum rate (Vmax) are: for enzymatic preparation of U. botrytis 12111 
Km = 9.1 mg/ml Na-CMC and Vmax = 0.8 mg/h glucose, for enzymatic 
preparation of A. altemata 12115 Km ~ 8.3 mg/ml Na-CMC, Vmax 0.7 mg/ 
h glucose (Fig.5).

The constant of Michaelis (Km) at different concentrations of amorphous 
cellulose and maximum rate (Vmax) arc: for enzymatic preparation of U. botrytis 
IN M1 Al 2111 Km = 40 mg/ml amorphous cellulose, Vmax = 0.15 mg/h glucose, 
for enzymatic preparation of A. altemata INM1A12115 Km = 33.3 mg/ml amor­
phous cellulose, Vmax = 0.06 mg/h glucose (Fig.6).

Fig. 5. Dependence of rate ofhydrotysis of enzy­
matic preparations of U. botryrit 1211J and A alternate 
•2115 at different concentrations of Na -CMC sub- 
sr.ue according to the Linwavcr-Burk equation.

i'n^yz’wricreov.’hin :antl/(ivnj; ■ul-Mrvh' Nu-CSfC, pH .՛ (>, 
SO'. eoncen/twfion kJ protein about 0.2tng/ml.

1 Enymutlc preparation •՛/ V. bvlntii /21)/.
2 Enzymatic preparation vf A. ullernata /2/IS.

Fig. 6. Dependence of rate of hydrolysis of cr.zynut 
preparatiorisof V. hntryfa 12111 and A. ai/emata 12115; 
different concentrations of amorphous cellulose substra 
according lo the Linmve.tvcr- Burk equation.

fz'3'.wr.7i.- ciinrfirion։.- lubstrute tifttKrpfioiri «A'uU 
(StNSW, 0.002 a02 OTffl. &n'«Z pH 5.0. SO'. cmcui/i.m* 
prate։» about 0.2 mp/m/.

/ .EaZytMtb: preparation of (•'. bolryai /2!I).
2. Ettzymutif preparation of A.aSiernota 121 IS

Thus, the strains of U. botrytis 1NMIA 12111 and A. altemata INMIA 
12115 are characterized by unique complex of cellulases and can be used in 
biotechnological processes.

The wrork has carried out within the framework of ISTC Projec 
A- 092.2.
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