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called lytic polysaccharide monooxygenases (LPMO), have been discovered. In our laboratory, we isolated and
characterized LPMOs from fungi Thielavia terrestris, Trichoderma reesei and Myceliophthora thermophila. A chimeric
protein, N-domain of which represents the LPMO of T. terrestris and C-domain represents a cellulose-binding module
(CBM) of the CBH | from Penicillium verruculosum, was constructed and expressed in the recombinant strain of P.
verruculosum using a genetic engineering technique. All the LPMOs under study demonstrated a synergism with
individual cellulases and the whole cellulase complex during their action on cellulosic substrates. After adding
not more than 10% of LMPO to a cellulase preparation, the yield of sugars in the enzymatic hydrolysis of cellulose
increased by 30-40% or more. As a result of the CBM attachment, the chimeric enzyme has acquired a number
of interesting and useful for practical applications properties. In particular, the chimeric LMPO displayed broader
substrate specificity and the enhanced activity against cellulose.

Another important factor, that has a significant influence on the catalysis by cellulases and which function was
not well understood, is the enzyme N-glycosylation. Using site-directed mutagenesis of the recombinant CBH |, CBH
Il and EG Il from P. verruculosum, we showed that depending on the location of the N-linked glycans on the surface
of a protein globule they can affect the enzyme activity either positively or negatively. This knowledge about a new
function of N-linked glycans in the catalysis by cellulases is important for the development of new more active
biocatalysts by protein engineering techniques.

This work was supported by the Russian Science Foundation (grant No. 16-14-00163).

References:
1. Gusakov A.V, Sinitsyn A.P Depolymerization of natural biopolymers. Enzymatic hydrolysis of cellulose // Chemistry
of Biomass: Biofuels and Bioplastics. — Moscow: Scientific World Publisher, 2077. — P 65-99.

Y/IK 602.3:579.8
OMPEAENEHUE LI,EJ'IJ'IIOJ'IOJ'IVITVI‘-IECKOVI AKTUBHOCTU TRICHODERMA
VIRIDE

Enuwkuna 10. M., Typ A. B., baypuH [1.B., LLlakup WU. B., Mandpunos B. U.

POCCUNCKMI XUMUKO-TEXHOIOTMYECKUI YHUBEPCUTET uMmenn [.U. Meraeneesa, MockBa, Poccust
125480, Mocksa, yn. ['epoes lNaHpunoByes, 4. 20, kopr. 1
E-mail:epishkina.yulia2906@gmail.com

Mowuck anbTepHaTUBHbIX KOMMepYeCKUM npenapataM UCTOYHUKOB Uensitonas ABndAeTcA aKTyaanoﬁ 3ajaven
6uotexHonornn. B nccneposaHue 6binn nop,o6paHb| onTuManbHble yCNnoBUA KynbTUBUPOBAHUA Trichoderma
viride 1 nokasaH noTeHUMan wWTaMmma A1 UCMNoJIb30BaHUA B npouecce 6MOKOHBepCVII/| pPacTUTENbHOIO CbipbA.

KnioueBble cnoBa: Lienstonasbl, Fy6uHHOe KynbTuBUMpoBaHue, Trichoderma viride, pactutensHoe cbipbe, 61o-
KOHBepcusi.

Bornee 1,3 MnpA TOHH OTXOA0B BO BCEM MUpe 06pa3yeTcs Npy NPou3BOACTBE NPOAYKTOB NUTaHUSA, 60MbLUNH-
CTBO M3 HUX UCMOMb3yeTca HeahheKTUBHO [4], noaToMy UccneaoBaHusa B 061acTi NepepaboTKu pacTUTENbHOIO
CbIpbsi NO-MPEXHeMYy OCTaloTCA NMMANPYIOLLMM HanpaB/ieHNeM 6MOTEXHOTOTUMN.

Mpv NPOM3BOACTBE MULLEBbLIX MPOAYKTOB 06pa3ytoTcs LieHHble BTOPUYHbIE NPOAYKTbI. [na Poccuiickon de-
[epaunn TakoBbIMK ABMAKOTCA LWPOT MOACONHEYHMKA [3], CBEKNOBUYHbIN KOM, XXOM TonuHaméypa [1], koden-
Hbli Wwnam [2]. NMpumeHeHne nepeymncrieHHbIX Cy6CTPaToOB B KayecTBe KOPMOBOMO MpoAyKTa 3aTpyAHeHO U3-3a
BbICOKOI0 COfilep)KaHusi knetyaTku. PaHHee Ha kadenpe 6uotexHonorun PXTY um. O. U. MeHgeneesa 6bisin
nccrnefoBaHbl pasfinyHble Crocobbl NPefo6paboTKM pacTUTENbHOrO Chbipba [3], BKAoYasa hepMeHTaTUBHbIE U
XMMuyeckne. GepMeHTaTUBHbIE METOAbI NPEACTABASOT NEPCNEKTUBHYIO aNlbTEPHATUBY XMMUYECKUM U3-3a CBO-
€l 9KONMOrMYHOCTH, IHEPTrETUYECKOW BbIrOfbl, BOSMOXXHOCTU 3(D(PEKTUBHOIO CHUXEHUSI COLEPXKaHUS KNETYaTKN,
a TaKXXe M3-3a HUBENUPOBaHUS GOPMUPOBaHUS UHTMEMPYLOLWKX BelecTB (hypdypon, okecumeTundypbdypon) B
pe3ynbTaTte Npefo6paboTkn cybcTpata. MUKPOOGHbIE epMEHTHbIE KOMMJIEKCHI MOTYT MPUMEHATLCS AN UCChe-
[OBaHUsl TMGPUAHBIX MaTeEPUAsioB Ha OCHOBE CJIOXHbIX HEOPraHMYeCKUX U OpraHUyecknx coemHeHuni. Mpume-
HeHne MyNbTU(PEPMEHTHbBIX KOMMJIEKCOB siBNsieTcsl Hanbonee apheKTUBHbIM, Tak Kak obecrnedynBaeT Hambosee
MOJIHbIV FTMAPONN3 MoNncaxapuaoB 10 MOHOCaXapuaoB, o6ecrnednBas Nydllyo gerpagauuio cbipbs. Llenntono-
nuTnyeckne GepmeHTHble npenapaTbl ABASIOTCA NPEUMYLLECTBEHHO NPOAYKTaMU MUKPOCKOMUYECKUX rPUGOB.
B HacToslee BpeMs rpubbl pofa Trichoderma 3aHWMatoT OCHOBHYO MNO3ULIMIO CPEAM NMPOMbILLAEHHbIX TPUBHbBIX
NpoayLeHTOB LieNI/toas U reMuuentonas. 3To 06bsACHSAETCA CNOCO6GHOCTbIO NPOAYLIMPOBATD UMPOKMUIA CreKTp
LeNIoNONUTUYECKUX hepMeHToB (Lenstonasbl, B-roKo3naasbl, 3HA0- U 9K30r/HoKaHa3sbl), LUMPOKOI cy6eTpaT-
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HOW cneundUUHOCTbIO U BbICOKON CEKPETOPHOW CMOCOBHOCTHIO.

Llenbto jaHHOro uccnepnoBaHus 6b110 U3yYeHre BO3MOXHOCTM UCMOMNb30BaHNUSA KyNbTypasibHOM XXUAKOCTU
Trichoderma viride gns. npeso6paboTkun AENPOTEMHU3UPOBAHHOIO WPOTa NOLCONHEYHMKA, C LieSIbl0 CHUXEHUS
COLEepXKaHWsA CbIPOW KNeT4yaTKK, Kak anbTepHaThBa UCMNOJIb30BaHMIO KOMMEPYECKHMX LIeN1as u n3yyeHue npo-
LleccoB 6uoaerpagaunv rmubpuaHbIX MaTepmanos, UMEOLLUX OpraHUYecKyo cocTaBsOLYO. B HacTosLwel pa-
60Te onpenesneHa LeoiMTMYeckas akTMBHOCTb LLITaMMa, ONTUMKU3NPOBaH cocTaB cpefbl. OnpeaeneHo Bnu-
AAHWE MOHOB MeTannoB (Mg2+, Fe2+) n nakTosbl B cpefie Ha M3MeHeHNe hepMEHTATUBHOM aKTUBHOCTYM LUTaMMa.
[MokasaHo, UTO NpY KOHLEHTPaUMK NakTosbl B cpefe B npeaenax 0,1-0,25 r/n, Hanbosbluas akTUBHOCTb LUITaMMa
onpegensnacb npu koHueHTpaumm 0,15 r/n, a panbHenwwee yBennyeHne KOHLEHTPaALMK He OTpaxanochb Ha dep-
MEHTaTUBHOWM aKTUBHOCTMW.

Pa6oTa BbinosiHeHa B pamkax 6a30Boi YacTu MocaagaHmsa N2 10.4702.2017/B4
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DETERMINATION OF CELLULOLYTIC ACTIVITY OF TRICHODERMA VIRIDE
Epishkina. Y. M., Tur A. V., Baurin D.V., Shakir. | V., Panfilov. V.I.

Mendeleyev University of Chemical Technology of Russia, Moscow, Russia
125480, Moscow, Geroev Panfilovtsev st., 20
E-mail:epishkina.yulia2906@gmail.com

The search for sources of cellulases, which would become an alternative to commercial preparations, is a topical
problem of biotechnology. In this research the optimal conditions for the cultivation of Trichoderma viride were
chosen and the potential of the fungus for use in the bioconversion of plant raw materials was shown.

Key words: Cellulases, deep heterophase cultivation, Trichoderma viride, plant raw materials, bioconversion.

More than 1.3 billion tonnes of waste are generated in food production all over the world, most of them are used
inefficiently [4], so the research in the field of plant raw materials remains the leading direction of biotechnology.

Valuable secondary products are formed in food production. For the Russian Federation such products are
sunflower meal [3], beet pulp, beet artichoke [1], coffee sludge [2]. The usage of these substrates as a fodder product
is hampered by the high content of fibre. Various ways of pretreatment of plant raw materials including enzymatic
and chemical methods were studied [3] earlier at the Department of Biotechnology D. I. Mendeleyev. Enzymatic
methods represent a promising alternative way of pretreatment to chemical ones because of its environmental
friendliness, energy benefits, the possibility of effective reduction of fiber content, and also because of levelling of
the formation of inhibitory substances (furfural, hydroxymethylfurfural) as a result of pretreatment of the substrate.
Microbial enzymatic complexes can be used to researching hybrid materials that based on compound inorganic
and organic matters. The usage of multienzyme complex is the most effective because it provides the most
complete hydrolysis of carbohydrates from polysaccharides to monosaccharides, providing better degradation of
raw materials. Cellulolytic enzyme preparations are mainly products of microscopic fungus. Currently, fungi of the
genus Trichoderma occupy the main position among industrial fungal producers of cellulases and hemicellulases.
This is due to the ability to produce a wide range of cellulolytic enzymes (cellulase, B-glucosidase, endo- and
exoglucanase), broad substrate specificity and high secretory ability.

The purpose of this research was to study the possibility of using culture liquid of Trichoderma viride for
pretreatment of deproteinized sunflower meal in order to reduce the content of crude fibre as an alternative to
the use of commercial cellulase and studying the processes of biodegradation of hybrid materials which have an
organic component. In the present paper the cellulolytic activity of a strain was defined, medium composition was
optimized. The influence of metal ions (Mg2 +, Fe2 +) and lactose in the medium to change the enzymatic activity
of the strain was determined. It was shown that at concentration of lactose in the medium within 0.1-0.25 g/L, the

Mex ayHapoaHbIiA Gopym: BUOTEXHONOTVS: COCTOSIHUE W NePCNEKTIBbI Pa3BUTHS. Haykn 0 XU3HN. 23-25 mas 2018 | MockBa, locTuHbli [1Bop
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greatest activity of a strain was determined at a concentration of 0.15 g/L, and further increase of concentration
did not reflect on enzymatic activity.

The research was supported by the Ministry of Education and Science of the Russian Federation, the State
Assignment Basic part, project N°10.4702.2017/B4.
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ONTUMMU3ALUA COCTABA MYIbTUSH3UMHON KOMMO3ULLMK ANA
NONYYEHUA NUTATEJNIbHbBIX CPE[ U3 LLEITI0OJ1I030COAEPXKALLETO
CbiPbf

MupoHoea L., Kaweesa E.U., Ckuba E.A., KyxneHko A.A.

DenepasibHOe rocyaapCTBEHHOE GHOAXKETHOE yupexxeHne HayKu VIHCTUTYT Mpo6/ieM XMMUKO-SHEPreTUYECKMX Tex-
Hosrorui CubMpPCKOro oTaesneHns PoCcCuickou akagemmm Hayk, buiick, Poccus

659322, buick, yn. Coymanmctmyeckasi, 1

e-mail: yur_galina@mail.ru

ONTUMM3NPOBaH COCTaB MyNbTUIH3MMHON Komno3uumun (MIK) Ha ocHoBe depMeHTHbIX npenapaToB «Llenno-
ntoke-A», «Ynbtpadno Kope» n «bptosaiim BGX» ana rmgponusa npofykrta a3oTHOKMCIOA 06paboTKM LUenyxu
OBCa C Liefblo MONyYeHUss NUTaTeNnbHON cpelbl, NpefHa3Ha4YeHHON AN 6GUOCUMHTE3a 6aKTepuasnbHON HaHouen-
ntono3bl (BHLL).

KnioueBble cnoea: MYNbTU3H3NMHaA KOMMNMO3NLUUA, CVIMI'IJ'IGKC-LI,GHTpOI/I,D,HbIVI nnaH, d)epMEHTaTVIBHbIIZ rmaoponuns;
6aKTep|/|aana;| HaHoUeN/r103a.

MonyyeHue ueHHon BHLL 13 ManoueHHON pacTUTENbHON LIeN0103bl AIBASETCSH O4HUM U3 MPOPbIBHbIX pe-
LUEHWI B TEXHOIOTMM STOrO NepCcrneKTUBHENLLIEro MaTepmuana. M3BecTHo, YTO NUTaTeNbHbIE CPeAbl, MONyYyaeMble
U3 LEeNN0N030COAEPXKALLENO ChIPbsi, MOTYT cofiep)XaTb UHIMEUTOPbI MUKPOBMOSIOrMYECKOro CUHTE3a, MO3TOMY
KpaliHe BaXXHOI siBnsieTcs GyHAAaMeHTanbHasn MHXeHepHasi NpopaboTKa KaX Ao TEXHONOrMYECKoW cTagumm npo-
uecca [1, 2]. OgHoWM M3 KNOYEBbIX CTaguin nonyyeHna BHL, asnsetca GpepMeHTaTUBHbBIA MMAPOAN3 XUMUYECKN
npefo6paboTaHHOro cbipbsi. CTaans foskHa obecrneymBaTb MaKCUMarbHbI BbIXOL CaxapoB 3a KOPOTKOe Bpe-
M. Llenbto paHHoOM paboTbl siBnsnacb onTuMu3aums coctaBa M3IK LenntonasHo-ritoKaHasHO-KCUIaHasHoro
nencrTeus.

Cy6cTpaToM ans hepMeHTaTUBHOMO rMAPONM3a ABASANCA NPOAYKT a30THOKUCION 06paboTKK LIeNyxu OBCa,
MOJTyYEHHbIN Ha onbITHOM npounssoacTee UMXIT CO PAH. depMeHTaTUBHbIN rMAaponun3 cy6eTpaTa NpOBOAMAN
B 0,1 M aueTtaTHOM 6ydepHoM pacTBope (pH 4,6); KOHUeHTpauusa cy6eTpaTa — 30 /1, TeMrnepaTypHblid peXum
— 4612 °C, ckopocTb nepemelumBanus — 120 06/MVH, NPOLOMKUTENBHOCTb Npolecca — 72 4. B kayecTBe Ba-
pbupyeMbix napameTpoB MIK npvHMManucb KOHLIEHTpaLMn KoMMepyeckux hepMeHTHbIX npenapaTtos: «Llen-
nontokc-A» («Cubéunodapm», Poccusa) 0-0,04 kr/kr cy6eTpaTta, «Ynbrpadno Kope» («<Novozymes A/S», OaHus)
0-0,10 n/kr cy6cTpaTa, «bptozaiim BGX» («Polfa Tarchomin Pharmaceutical Works S.A.», Monblwa) 0-0,20 n/kr
cy6cTpara. OLeHKy rmaponuTMYeckon cnocobHocTM MK Benn nNo AMHaMuKe HaKoMIEeHUs B peakLMOHHON CMecH
peayuupytowmx Belects (PB). Pa6oTa BbinosHeHa nNpu UCnonb3oBaHUM NPUGOPHOI 6a3bl BUCKOro pervoHasb-
HOrO LieHTpa KoNnekTUBHOro nonb3oBaHus CO PAH (UMX3T CO PAH, r. buitck).
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