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Dreval K. G., Boyko M. I. New strains of basidiomycetes for industrial convesion of lignocellulosic
materials. —Here we characterize newly isolated basidiomycstezins and describe biotechnological procedure of
purification of lignocellulolytic enzyme complexaim their liquid culture. Among 61 basidiomycetesists spanning
over 18 species of 17 generawe selected and expibmew cellulase-producing strains of Basidiomgsetor the
latter, determined optimal conditions for synthesfizellulases (temperature and initial pH of mediuthe dynamics
of cellulolytic enzyme activity in the culture fiites, optimal composition of the culture mediunsonrces of nitrogen
and carbon.

As a result, we developed a method of purifyingyematic preparations of cellulases from the cultumaldium
of basidiomycetes. A fundamentally new to this roeths the elution of cellulases from the liquid rued of
basidiomycetes. Applying our method allows purifica of the enzymatic preparations with a high éegof
purification within 3 stages (salting out the pinge dialysis, and gel chromatography). With thisthed of obtaining
cellulase preparations, we obtained original préslo¢ basidiomycetes strains Irpex lacté:&, A-/{ou-02, J1-1 and
Daedaleopsis confragosa f. confragosa AnSc-1. Eyrtie compared some basic physical and chemicglepties
(pH- and thermolability, pH- and thermostability)daassociated enzymatic activities of cellulase$ved from the
cultural liquids of basidiomycetes with the lowangi’s one both commercial and laboratory origirswanducted.

Thus we proved that cellulolytic enzymes from bmsid/cetes are more active than those from lowegifurhe
cellulases from both basidiomycetes and lower fuvgyie found to exhibit a number of associated emiynactivities,
but cellulolytic enzymes from basidiomycetes haigmificantly higher activity of enzymes that act etarch, pectin
and lignin.

Key words. lignocellulose bioutilisation, cellulases, ligages, endoglucanases, cellobiases, basidiomycetes,
plant biomass conversion.

Introduction

A persistently growing need for fossil resources,veell as a number of environmental
problems caused a significant increase in interette world of science to the production of fuels
and various chemical products from renewable ssuuseng biotechnological processes [20, 24,
26]. Development of technologies exploiting enzynilest hydrolyze cellulose, can lead to the
development of environmentally friendly means addarction, thus reducing technogenic load on
the environment [19]. One of the most promisinghtexdogies exploiting cellulases [8, 11] is
processing of vegetable raw materials (includingt@gto obtain clean biofuel [1, 7, 23] that is
particularly relevant in current conditions in Ukra A further development of the technology of
fuel ethanol production from plant biomass andvidespread adoption in industry has a significant
economic value [31] and can be considered as otigedfactors to ensure energy independence of
Ukraine [9]. Transformation of raw materials contag cellulose is promising not only from the
point of view creation of independent technolodies also from the point of view of the reduction
of environmental risk of some enterprises whichcpss vegetable raw materials [16]. The main
prerequisite for the development of biotechnologgdd industry of lignocellulose materials is
finding bacteria or fungi that are capable of hygsimg materials such as wood pulp, bagasse and
other waste products, as well as understandinghefprocesses underlying the degradation of
lignocelluloses by these organisms [20, 32]. Itost of doubt that the wood-destroying
basidiomycetes play a significant role in decomipasiof lignocelluloses [10, 29]. In the last
decade a growing number of studies on the basidietoas fungi addressed their properties as
producers of biologically active substances, initigdvood-destroying enzymes [2]. The potential
of different strains to use cellulose or ligniniear [4, 15]. Moreover, the lack of highly activeda
economically effective producers is one of the nrastrictions on the industrial exploitation of
enzymes that capable to hydrolyze lignocellulos€& 30].
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The aim of this study was to find new strains a$id@mmycetes for industrial conversion of
lignocellulosic materials, to study their physidleey and biochemical features, their ability to
utilize lignocellulosic wastes, to purify their gmaatic preparations and to compare them with
commercial one.

Materials and methods

Basidiomycetes were cultivated on the bas€apek 's nutrient medium. We analyzed the
cellulolytic activity of the cultural liquid of 6lstrains of Basidiomycetes from 17 genera:
Schizophyllum, Trichaptum, Irpex, Fomes, Trametes (=Coriolus), Pleurotus, Daedaleopsis, Lepista,
Inonotus, Sereum, Heterobasidion, Auricularia, Chondrostereum, Phellinus, Hirschioporus, and
Flammulina. We optimized the initial acidity of the mediumdatie cultivation temperature for the
maximal production rate of cellulases. During tleeesning, the strains were cultivated at the
temperatures optimal for the growth and on the omadiwith initial pH 5.0. During the
optimization,the strains were cultivated at thegematures from 24°C to 36°C on the medium with
initial pH ranging from 3.0 to 9.0. Precipitatioh groteins from the cultural liquid was performed
by salting. The protein precipitate was dialyzediasgt cold (+6£1°C) distilled water. The protein
solutions were subjected to gel chromatographyeph&dex G-75 (Sigma, Germany) columns.

For the measurement of the cellulolytic activitiéghe cultural liquids of the strains, we used
a panel of substrates, namely, the filter papenrte(fi paper activity, FPA), Na-
carboxymethylcellulose, hydroxyethylcellulose (egldaanase activity), and cellobiose (cellobiase
activity) solutions. One unit of enzyme activity svdefined as the amount of enzyme, releasing 1
umol of reducing sugars (for polymer substrates) pmol of glucose (for cellobiose) per minute.
As substrates for the measurement of the lignolgtitvities, we used Remazol brilliant blue R
(general lignolytic activity, GLA), syringaldazinguaiacol, and pyrocatechol (laccase activity, LcS,
LcG, LcP). Pectinolytic activities were determingsl ability to act on apple pectin by viscometric
(endopolygalacturonase activity, EPG) and iodoroetriethods (pectinesterase activity). The
composition of the reaction mixtures and conditiomgre set up according to IUPAC
recommendations [22] and generally accepted metfiod2, 18, 25, 27].

In all assays, the release of reducing sugars weasuned with the Shomogui-Nelson
technique (glucose standard curve were used) TH.glucose concentration was measured using
glocoseoxidase-peroxidase method according to theufacturer's protocol (Dnipropetrovsk,
Ukraine). Protein concentration was assayed spaudtometrically on the SF46 supplier (Russia)
[1]. The specific activity (U/mg protein) was calated as general activity to protein concentration
ratio.

The enzymatic preparations were purified accordimgstandard techniques for enzyme
purification, modified for cullulases of basidiongtes. As a reference for the Basidiomycetous
preparations we used following preparations: «XgheXi» and «Xybeten-Cel» (JSC «Biovet»,
Bulgaria), kindly given us by Prof. Dr. A. SinitsyfLomonosov Moscow State University,
Moscow, Russia), «Celluclast 1,5L» {gBa», Germany) and laboratory preparatianicillium
sp., kindly given us by Dr. Maria Jesus Martineer{tto de Investigaciones Biologicas, Madrid,
Spain) and «Cellulase» (Ladyzhin enzymes factokyaloe).

All assays were performed at least three timeg. ddta obtained were subject to ANOVA;
comparison of arithmetic averages was conducteyuBuncan method [13].

Results and discussion

Basidiomycetes are active producers of cellulases aan be perspective objects for the
biotechnology of cellulolytic enzymes. It was foutidat cellulases of straigpex lacteus (Fr.) Fr.
K-1, A-lon-02 and/I-1 and Daedaleopsis confragosa f. confragosa (Bolton) J. Schrét. AnSc-1
have the highest FPA between researched cultur&asitliomycetes (fig. 1). The difference in
activity of cellulases and in composition of cedlse complex between different strains of one
species of basidiomycetous fungi was established.
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Selected strains show high endoglucanase and @slactivities. Additionally, the strains
mentioned showed activity of lignin- and pectin-geting enzymes (Table 1). It should be
mentioned that activities of ligninases in theittaxal liquids were significantly higher on th&'7
day of cultivation compared to the "l4lay. This fact means that selected strains aree mor
promising as far as low time of enzyme synthesisne of the most important parameter for
biotechnological promissing organisms.

Afterselecting the best producers of cellulasesjndeced the synthesis of the cellulases and
tried to intensify their products to the culturedien. As the result of optimization the values of
the total cellulolytic activity increased by 16-259 and the specific one increased by 9-143%
dependent on the strain. The optimal initial agidit the medium for production of the cellulolytic
enzymes was found to be pH 7.0 for all strains. ®pemal cultivation temperature for strains
l. lacteus K-1, A-Jlon-02 and/I-1 is 34T, and 32€ for the strainD. confragosa f. confragosa
AnSc-1. On the ¥ day of cultivation, the FPA of the strain K-1 disys a sharp peak (t=3€°pH
7.0), which is shifted (t=32°, pH 5.0) by 1¥ day of the experiment (fig. 2).
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Fig. 1. Filter paper activity of basidiomycetes orvth (|:| ) and 14th (- ) days of cultivation.

Table 1
Activities of wood-destroying enzymes in culturaliquids of the studied basidiomycetes
strains, U/mg protein

Strain Enzymatic activity
EPG \ GLA | LcS | LcG | LcP
7" day of cultivation
-1 0,3 193,2 2,9 4166,7 60,1
A-Jlou-02 0,5 59,7 1,0 630,3 55,6
AnSc-1 0,9 237,2 3,4 649,4 24,6
K-1 0,3 91,5 1,8 1253,1 19,0
14" day of cultivation
-1 0,4 123,3 0,7 759,9 23,0
A-JTou-02 0,9 59,7 0,1 315,1 23,8
AnSc-1 0,1 50,4 0,1 155,3 11,8
K-1 0,3 59,5 0,1 549,5 27,7

Note. Mean are given in table, standart errordem®then 5%<0,05.
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Fig. 2. Filter paper activity of strain Irpex lacteus K-1 on 7" (a) and 14" (b) days of cultivation depending from
initial acidity of nutrient medium and temperature of cultivation.

Presented in table 2 received results are showstlzymatic preparation$-1 andK-1 have
the highest activity of cellulase complex composrdnit are uncapable to hydrolyze filter paper.
Regarding that this activity has their initial cutl liquids it can be suggested that some linking
component was removed during purifying processsoauitolysis occurs.

Researching gfH influence on endoglucanase and cellobiase aetsvaf basidiomycetes and
lower fungi enzymatic preparations showed thatpth of endoglucanase action is varying
between pH 4 (preparations/lon-02, /I-1 andK-1, synthesized by basidiomycetous fungi) pAd
5 (another enzymatic preparations), which agredh Werature data [14]. High pH values has
negative effect on endoglucanase activity bothdiasiycetes and lower fungi. At the same time,
maximal cellobiase activity is in higher valuesrefction mixture pH. Cellobiase in preparations
«Xybeten-Xyl», «Xybeten-Cel», «Cellulase», Cellgtla,5L, A-Tou-02, /-1 and AnSc-1 have
maximal activity apH 5, and in preparatiorZenicillium crude andK-1 — atpH 6.

It was established, that endoglucanase in prapar@elluclast 1,5L shows maximal activity
at temperature 4%, in preparations «Xybeten-Xyl», «Xybeten-Cel» gidl — at 43C, in
preparations «Cellulase®-/1ou-02, K-1 and AnSc-1 — at 8Q, and in preparatiofenicillium
crude — at 55C. Endoglucanases in all preparations did not imatdi at 50% under reaction

temperatures 3Q or 8CC.

Table 2
Activity of cellulase complex of enzymatic preparabns, U/mg protein
Preparation Producer Protein, Substrate
mg/ml " ep T Na-cMC | Cellobiose
Xybeten-Xyl Trichoderma 0,38 19,5 276,1 617,6
Xybeten-Cel longibrachiatum 0,54 18,0 2248 506,5
Cellulase Trichoderma viride 0,20 9,9 455,9 301,6
Penicillium crude Penicillium sp. 0,26 17,2 353,1 303,9
Celluclast 1,5L Trichoderma reesel 0,24 76,0 534,8 406,8
A-JTou-02 0,04 4,19 590,0 912,1
-1 Irpex lacteus 0,03 0 1030,0 1531,9
K-1 0,03 0 13279 1807,2
AnSc-1 Daedal eopsis confragosa 0,16 5,6 174,9 481,53
f. confragosa

Note. FP — filter paper, Na-CMC — Na-carboxymettgllulose; the mean value are given in
table, errors are less then 5840,05.

Cellobiase optimum varied in a broader temperatamgge. Activity of this enzyme in
preparations «Xybeten-Xyl», «Xybeten-Cel», «Ceblaba and/I-1 were maximal at £4C; in
preparationd?enicillium crude, Celluclast 1,5L and AnSc-1 it was at°@5 in preparatiork-1 at
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55°C, and in preparation-/lon-02 at 60C. Thus the optimal temperatures of enzymes produced
by basidiomycetes lied in higher temperatures wmnéght allow intensification of industrial
processes of their exploitation.

The associated activities are known to be the mapd characteristics of cellulase
preparations [1, 6, 17, 21]. It was established thsearched preparations are capable to hydrolyze
related to cellulose compounds such as lignin,ipectd starch (Table 3). It should be noted that
basidiomycetous preparations showed higher ligrogtivity than preparations from lower fungi.
Moreover, activity of cellulolytic preparations frobasidiomycetes showed significantly higher
activity of pectin and starch convertion. One cagua that enzymatic preparations from
basidiomycetous fungi are more prospective for gisin biotechnologies, where complex
conversion of plant substances is required [16].

Thus we have shown that the best cellulolytic prafon is theA-/lou-02, synthesized by
basidiomycetous fundirpex lacteus, as it contain the most stable endoglucanase ahob@se
which have the least lose of activity dependingrfitwolding time at optimal temperature at pH. The
study of the associated activities showed that gragns from both basidiomycetes and lower
fungi exhibit a number of associated enzymatic viats, but cellulolytic enzymes from
basidiomycetes have significantly higher activity emzymes that hydrolyse lignin, starch and
pectin.

In order to study the ability of this preparation lignocellulose conversion and measuring its
prospectives in industrial conversion of lignockeiic materials was measured transformation of
several plant wastes b4-J/lou-02 preparation. As one can see on the fig. 3,otmesrsion of
different lignocellulosic materials is rising afted hours of incubation comparing with 0,5 h with
almost all kinds of lignocellulosic wastes are Igeitegraded by new strain of basidiomycetes.

Table 3
Associated activities of basidiomycete and lower figus cellulases preparations (U/mg protein)

Enzymatic activity
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Celluclast 1,50 | 242 41| 56548 00 818 00 00 61, 00 | 00| 01 00
Pen alfium 1115 27 | 57692 00 71 op 124 15 90 DO 000 0
Cellulase 00| 15| 46429 270 314 G0 00 29 1180] 01| 05
XybetenXyl | 153 | 81| 22556 284 224 07 191 1 78 00] 00| 00
Xybeten-Cel 00 27| 00| 00 281 02 128 07 44,0000] 00
A-Jlon-02 7246| 1715 232143 00 6433 50 2336 147 85805| 04| 24
J1 386,5| 656| 404762 3604 80D 44 10496 10,6 ,1470,4| 01| 16,2
K-1 7729| 1374 476190 54055 4319 89 8535 26,1278 03| 04| 97
AnSc-1 725| 10| 89286 338 428 21 368 49 2881 01| 15
Note:

1) protein concentrations are given in table 1;
2) mean values are given in the table, errorsem®then 5%<0,05.
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Fig. 3. Degradation of lignocellulosic substratesfeer 0,5 (a) and 24 h p) by preparation of a new strain
A-Jlon-02 of Irpex lacteus.
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/lpesany K. I'., boiiko M. H. HoBble mTaMMbl 0a3MAMOMHIIETOB /JJsl NMPOMBINIJIEHHOH KOHBEpPCHH
JIMTHOLEJLTIONIO3HBIX MaTepHajoB. — B  1aHHON craThe NPHUBOAUTCS XapaKTEpUCTHKA HOBBIX IITaMMOB
0a3uIMOMHUIIETOB M ONMCBIBACTCS  INpoOLeaypa OWOTEXHOJIOTMM  MNOJydYeHHs  (EPMEHTHBIX  IpernapaToB
JIMTHOLIEJUTIONIA3HOTO JIGWCTBHUS M3 MX KyJIbTypalbHOH skupkoctd. Cpeau 61 mramma 0a3uanOMHLETOB, KOTOpHIC
otHOocsiTcst K 18 Bumam 17 ponoB, oToOpaHbl M nM3ydeHbl 4 HOBBIX KYJBTYpBI, CIIOCOOHBIE K AKTHBHOMY CHHTE3Y
LEJUTIOJI030JMTHYECKUX ~ (pepMeHTOB. [l  MOJYYEHHBIX LITAMMOB  OMNpEJIEICHBl  ONTHMAalbHBIE  YCIIOBHS
KyJIbTHBHpOBaHMs. Pa3zpaboraH croco0 moiydeHus (GpEepMEHTHBIX IPENapaToB LEJUII0NIA3 M3 KyJIbTYypPalbHOIH cpemsl
0a3UINOMMUIIETOB.

Knrouesvie crosa: GHOyTMIIM3aLMs JIMTHOLCIUTIONO3b], LIEJUTIONA3bl, JIMTHUHA3HI, 3HAOTIIOKaHa3a, Le/uodnasa,
0a3MIMOMHULIETHI, KOHBEPCHUS PACTUTEIILHOTO CHIPbSI.

/lpesansy K. I'., bouuko M. I. HoBi mitamMmu 6a3uiomMineTiB AJ1s1 MPOMUCJI0BOI KOHBePCii JirHOme110JI03HUX
MaTepiamiB. — Y TOAaHIA CTaTTI HABOJUTHCA XAapPAKTCPUCTHKA HOBUX IITaMiB Oa3WAiOMIIIETIB Ta OIHCYETHCS
npoueaypa 0ioTexHOJOril OTpUMaHHs (EPMEHTHUX IIpenapaTiB JIICHOLEMIOIO03HOT Jii 3 IX KyJbTYpalbHOI piAWMHH.
Cepen 61 mTamy 6a3uaiomineTis, siki BizHocsThes 1o 18 BuaiB 17 ponis, BifiOpaHO Ta BUBYEHO HOBI KYJIBTYPH, 3/1aTHI
JI0 aKTHBHOTO CHUHTE3Y LENIOJIO30ITHYHUX (epMeHTiB. [ OTpHMaHMX MITaMiB BU3HAYCHO ONTHMAJbHI YMOBH
KyJnbTHBYBaHHs. Po3pobieHo cnoci® orpumanHs (PepMEHTHHMX NpenapaTiB leroa3 i3 KyJlbTypalbHOIO CepeloBUINA
0a3uIIOMILIETIB.

Kuouosi  cnosa: OloyTwimizarist  JITHOLEIONO3H, IEIOJNO3M, JICHIHA3M, €HAOTIIOKaHa3a, 1eno0io3a,
0a3uIiOMIIIeTH, KOHBEPCis POCTMHHOT CHPOBHHH.
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