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2420-576697EA/042
I'M®OMHUHETOBBIE BUOITIOACTHJIKH, CIIOCOBbI UX ITOJYYEHUA U
CIIOCOBbI UX NPUMEHEHUWUA

OBJIACTb TEXHUKH

JlaHHOE M300peTeHre OTHOCUTCS K HW3OJUPOBAHHBIM IITaAMMaM T'H()OMHIIETOB B
npenenax TUIOB Ascomycota, Zygomycota, Basidiomycota, Glomermycota u
Chytridiomycota, takum kak Bun poma Fusarium, Bun poma Aspergillus, Bun pona
Tricoderma, sun pona Penicillium, sunbl Mucorales, Bxkmouas Bumel pona Rhizopus,
Ao WIbHBIA IITaMM rU(POMUIIETOB, 0003HaUeHHbIH Kak MK 7, 1 UX MOTOMCTBY, a TaKk:ke
K criocobaM MpoBeNeHHs TOBEPXHOCTHON (pepMEHTAalNH [T TIOJYYEeHUs TH(OMULIETOBBIX
OMOTMIOACTHIIOK M3 TAKHX IITAMMOB TPUOOB, MPOAYLHUPYIOIMIHUX IIHPOKOE pasHOooOpasne

MOJIE3HBIX TPOIYKTOB.

ITPEJIIIECTBVIOIINI YPOBEHh TEXHUKH
Knerkn OompmmmHCTBA TpuOOB pacTyT B BHUAE TPYOUaThIX, MPOAOJITOBATHIX U
BEPETEHOOOPA3HbIX CTPYKTYp, Ha3bIBa€MbIX TIn(paMu, KOTOpble MOIYT COAEPIKaTh
MHOKECTBO s71ep, U KOTOPbIE pa3pacTaroTCsl MyTEM pOCTa Ha KOHLIAX. DTUM OHU OTJIMYAOTCS
OT MHKPOOPI'aHU3MOB IIOX0KET0 BHELTHErO BU/IA, TAKUX KAK 3€JIeHble HUTYATbhIe BOJOPOCIIH,

KOTOPBIC PACTYT NYTEM MHOI'OKPATHOI'O ACJICHUS KIIETOK, o6pa3y;1 LEIOYKH KJICTOK.

Bce Teno rudwl, npeacrasisitomeii COOOH BEreTaTHBHYIO CTAIHIO TPHOa, HA3BIBAIOT
MHLearneM (MHOXXECTBEHHOE YHCIIO «MULENUN»). MULenuii MOXHO paccMaTpUBaTh Kak
OCHOBHOE TeJo Win ¢GopMy rpuda, U €ro 4acro ONHUCHIBAIOT KaK HUTEBHIHBIA. Poct
MPOUCXOANT MyTeM OECIOJIOro pa3MHOKEHHs TU], KOTOpPbIe PACTyT, 00pa3ysl BETBSIIIUECS
1ernovky. Munenuii BaskeH AJisi rpuda, MOCKOJIBbKY OH MOJKET HAIPaBJICHHO MEPEMEIaThCs
B [TOYBE WJIU APEBECHHE, UCIOJB3YsI 3TOT CyOCTpaT B KaueCTBe NMHIMH, KOTopas Tpedyercs
rpuly 171t 00pa3oBaHMs TUIOIOBBIX TEJ (HApUMep, 0a3uANOKAPIIOB), TAKUX KaK HACTOSIINE

rpuOBI, TPYTOBHUKH, TPIOQETH, ACKOMHLIETHI U CMOPYKH.
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Munenun BbIIETSIIOT 3K30()€PMEHTBI, KOTOpble MOTYT yOHMBaTh JXHMBYIO TKaHb
(HekpoTpodHbIe), a 3aTeM IMOTrJoUaTh OTMEPIIUN Marepuan (campoTpodHBIE), MPOCTO
NOTJIONIATh YK€ OTMEPIINii MaTepuan (Takxke CanpoTpopHbIE) WIM THTATHCS KHUBOMH

TKaHbIO (OHOTpOdHBIE).

XOTsl CYUTAIOT, YTO TH(POMHULETHI BXOISIT B COCTAB BCEX THUIIOB I[APCTBAa TPHOOB,
OoNbLIOe KOIMYECTBO MM(OMHIIETOB, B YACTHOCTH, BCTPEYAETCS] CPEAH THIIOB Ascomycota
u Zygomycota. IlpencraBUTenu S5TUX THUIIOB MPOU3BOAST LIMPOKOE pasHOOOpasue
NPOOYKTOB, TAaKWX KakK O€NKH, aMHUHOKHCIIOTBI, Macia, JIeKapCTBEHHBIE BEIIECTBA
(HampuMep, MEHUIWJUIMH), THILIEBbIE MPOAYKTHI (HAIPUMEpP, TEMIIe), MHINEBble JOOaBKH,
NHIIEBbIE KOHCEPBAHTHI (HANPUMEp, TUMOHHYIO KUCJIOTY) U MPOMBIIIICHHbIE (PePMEHTHI, a

TAKXKE HAXOOAT IPUMCHCHNUE B XJ1e00IeYeHUH U NMPOU3BOACTBE ChIPOB, IMMBA U BUHA.

Teepnodasnass ¢epmentauuss (TPD) wumeer psn OTUETIIMBBIX HEIOCTATKOB.
Hanpumep, KOHEUHBIH MPOAYKT, T.€. MPOAYLHpPyeMas Onomacca, paBHOMEPHO CMeIlaHa ¢
TBEPIBIM CYOCTPATOM, M UX OTAEJIEHHE APYT OT APYra B BbICLIEH CTENEHH 3aTPYyAHUTEIBHO.
Kax mnpasuno, T®D seipabaTbiBaeT rpuOHYH0 OHOMAcCy B HM3KHUX KOHLIEHTPALMSAX,
XapaKkTepU3yeTCsl O4eHb HU3KUMU CKOPOCTSIMHU KOHBEPCUH U, B KOHEYHOM CYeTe, IPUBOUT
K HU3KUM Bbixoaam. it spdexrusnoit pepmentaunu npu TPD TpedyroTcs onpeneneHHas
BOAHAs akTUBHOCTB. (ObecneueHne U MOANep)KaHHE HAIJIeKaIlero KOJINYeCTBa BOAHOM
AKTHBHOCTH 3aTPYIHUTENBHO Ui NMPUMEHEHUS HA MPAKTHKE U TPUBOAUT K OOJBIIUM
3aTpataM. Takke TPYIHO OCYLIECTBJSATH a’pauuto cucremM TAOD, 4TO NOMOJHUTENBHO
000CTpsIeT TPYAHOCTH, CBS3aHHBIE C 3()()EKTUBHOCTHIO KOHBEPCHH, U OTPAHHUYUBAET BBIXOJ
cuctembl. Kak HemocTaTodHash BOJIHAs aKTHUBHOCTh, TaK M cliabas a’paiysi HaJlararoT
OrpaHUYEHUs Ha IEPEHOC MACChI M TETUIOTHL, YTO MPUBOAUT K NMEPErPEBY U HEJOCTATOYHOMY
obecrieueHnio kuciopogoM. IlonmydeHHass B pesysibraTe OuOMacca XapakTepU3yeTcs
HAJIMYHEM CIIYYaifHO OPHEHTHPOBAHHBIX TH(), YTO 3HAYUTEIHHO OTPAHUYNBAET IOJIb3Y MPHU
HEKOTOPBIX BUAAX MPUMEHEHHMs, T.€. B IPOU3BOICTBE MUIIEBIX NMPOAYKTOB W/HJIH KOPMOB

JJIs1 SJKUBOTHBIX.
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IIponyxt Quorn™, cocTosmuit B OCHOBHOM U3 OGHOMACChI THPOMHULIETOB L usarium
venenatum, COHEPXUT MHUKOMPOTEHH, OOJaNalomUil OTHOCUTEIbHOW IMUTATEIbHOU

neHHocTeio. Quorn™

MPOU3BOIAT C TMOMOIIBIO CYIIECTBYIOINEH HA YpPOBHE TEXHUKH
CHCTEMbI MOTPYKEHHOH (epMeHTaLnu, CIOCOOHON BbIpadaThiBaTh OOJNBIINE OOBEMbI B
HETPEPHIBHOM TMPOLECCe HAa CEPUNMHOW OCHOBE. DJTa METOHOJOTHS, XOTS M SBJISIETCS
KOHKYPEHTOCIIOCOOHOM, CTpajaeT HECKOJbKMMH OTYETJIHBBIMU HENOCTaTKaMHu. YTOOBI
Quorn™ cooTBercTBOBANT KOMMEPYECKHM TPEOOBAHUAM, B €TI0 MPOM3BOACTBE HCMOIb3YHOT
OMOpeakTopbl CTOMMOCTbIO  $35-40 wmmH.  kaxnabii. Cucrema Quorn™  paGoraer
HETPEepbIBHO B OJJHOM pEaKTOpe A0 TeX MOp, MOKa rpuOHasi CUCTeMa He Tepe3peBaeT 10
NPEBbIIIEHNs KIFOUYEBBIX MOKa3aTeNeil WM He MPOHCXOAUT €€ KOHTAMHHALMS APYTHMH
OMONOrMYeCKUMH BUaMH. B 3TOT MOMEHT MPOU3BOACTBO MPHOCTAHABIMBAIOT, PEAKTOP U
BCE COOTBETCTBYIOLIHME CUCTEMBI TOIBOIKH OMIOPOKHSIIOT M CTEPUIIM3YIOT; 1JIsl 3aBEPLICHUS]
3TOr0 MpoLEecca MOXKET MOTpe0OBaThCs HECKONbKO HeZedb, YTO CO3JAeT MOCTABLIUKY
KOMMEpYECKOW MpPOAYKLUMU psii cepbe3Hbix mpodsiem. Takue mpobaeMbl COCTOSAT,
Haipumep, B (1) TPyOHOCTH NPOTHO3UPOBAHHUS IUKIOB NPOH3BOACTBA, (2) BBICOKHX
3arparax, TpeOyoIUXCcs Ha MPOMBIBKY M MPHUOCTAHOBKY IMPOM3BOACTBA, (3) TPYIHOCTSIX
IpU KOHTPOJIE MaTepPHATIbHBIX 3amacoB U T.1. Kpome Toro, norpy:keHHast pepMeHTalus B
OuopeakTopax OosbIIoro oovema TpeOyeT OrpOMHBIX KOJMYECTB SHEPTUU [UI adpaliii U
nepememnBanus. s ortameneHus OMOMAcchl OT JKUAKOCTH, B KOTOPOH NPOUCXOIMT
depmenTanusi, Tpedyercs HEeHTPUPYTHPOBAHHUE, KOTOPOE TAKIKE, KaK U3BECTHO, SIBJISIETCS
KalMTaJIOEMKHM M 3HEProeMKHM mporeccoM. Kpome TOro, 3TOT MpoLECC SBISIETCS
BOJIOEMKHM, 4YTO OOyCJIaBJMBaeT HEOOXOAMMOCTH B 00OpabOTKE OONBIIMX KOJUYECTB
crouHoit Bombl. IIpousBoaumasi Guomacca xapakTepU3yeTCs KOPOTKHMHU UTHHAMH Trud,
OrPAaHUYMBAOIIUMH HMX CIOCOOHOCTb K TMPSIMOMl KOHBEPCHM B MHILNEBbIE/KOPMOBBIE
NPOAYKTHI 0€3 BBECHHUS CBSI3YIOLIUX areHTOB U MOCIEAYIOINX TEXHOJOTHYECKHX CTaIHT,
s dekTuBHOE ympaBieHHe KOTOPbIMH TpeOyeT IOMOJHHUTENbHBIX 3aTpaT M YCHIHH MO

MPEOIOJICHUIO TPYAHOCTEM.

CymecTByroImue METOAOJIOTUH BbIPAIUBAHUS MHLEIHS TH(QOMHULIETOB CTPAAAIOT
psIOM HenocTaTkoB. Hampumep, yCTaHOBKM, HMEHOIIME HAJIEKALIYI0 a’palyio U

o0opynoBaHHe, HEOOXOAUMbBIE Ui BbIPAIIMBAHUS I'PUOOB U TMOCIEAYIOLIErO OTHENECHUS
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rpUOHBIX MHUILIETTEB OT POCTOBOM Cperbl (HanpuMmep, HeHTPUQYTH), TPeOYIOT 3HAUUTETbHBIX
KaIUTAJOBJIOXKEHUH, OCOOEHHO il  OCYLIECTBIEHHWs BbIpallMBaHUs TIpuOOB B
IPOMBILUIEHHOM MaciuTade. JleficTByIoImue nporeccs TpeOyIOT He TOJIBKO CYIECTBEHHOIO
NOCTYIIJICHUS] SHEPTUM U BOJBI, HO TAKXK€ MPUBOAAT K 0OPa30BaHUIO OONBLIMX MOTOKOB

OTXOI0B.

CHGHOB&TGHBHO, B MPOMBIIIJICHHOCTH CyHI€CTBYET HOTpe6HOCTb B
ONTUMU3UPOBAHHOM IMOAXOOE K (I)OpMI/IpOBaHI/II-O 6I/IOHOI[CTI/I.]'IKI/I N3 HUTCBUAHOI'O MHULICINA

riu()OMHLIETOB.

CYHIHOCTD U30BPETEHMA

Hacrosimee wn3o0peTeHne MO3BONAET NPEOAONETh OrPAaHUYEHUS, CBS3aHHBIE C
UCTIONIB3YEMBIMH B HacTosilee Bpemsi criocobamu. B nmaHHOM ciydae rudomMuneTroBbie
OMOTMOACTUIIKH CO3JAIOT C IOMOIIBIO MMOBEPXHOCTHON (hepPMEHTAIMHU IOCNe WHOKYIISILUN
’KeJTaeMOro rpubHOro ITaMMa B HOBYIO POCTOBYIO Cpely, Iie adpauus He Tpedyercs. ToT
croco0 MOBEPXHOCTHOH (epMEeHTalMM NPUMEHMM K IIHPOKO pa3HOOOpa3HBIM BHIAM
rpuOOB, CIIOCOOHBIX BbIpaOATHIBATH IIMPOKUH ACCOPTUMEHT NMPOAYKTOB BO BCEM CHEKTpE
pPa3IMYHBIX OTpaciell MPOMBIIUIEHHOCTU. JTa pas3paboTaHHas MNUTAaTeNbHAas cpena
obecneunBaeT OBICTPBI POCT KIETOK, CO374aeT I'M(OMULETOBBIE MOACTHIKUA BBICOKOH
IUVIOTHOCTH C JUIMHHBIMH TH(amH, MPOU3BOJUT MEHbIIE MOTOKOB OTXOJOB U IO3BOJIIET
KOHCTPYHPOBATh TPOU3BOAMMBIC TU(POMULIETOBbIC TMOACTHIKH B 3aBUCUMOCTH OT
WCTOYHMKA YIJIepOsa, OTHOLIEHUsS COAepskaHMs yriepopa k comepxkanuro azora (C:N) u
TEXHOJIOTHUECKUX mapamerpoB. OOmuil 3¢(PeKT COCTONT B TOM, YTO BBICOKHE CKOPOCTH
NPOM3BOJCTBA TOCTUTAKOTCS MPU MUHUMAIIBHOM BIIMSTHUU HA OKPY’KAIOIIYIO CPeNy, KOTOpoe
M3MEPSIIOT Ha OCHOBAHUH PAcXoja BOJIBL, PACX0ja 3HEPrHH, NoTpedHOCTell 000pyI0BaHuUs

U o0beMa yriiepoIHOro Cliesa.

Taxum 0Opa3om, B HACTOSIIIIEM OMUCAHUU MPENJIOKEHA UCKYCCTBEHHAS TUTATENIbHAS
cpema, TOAXOAsINAs JUISl KyJbTHUBHPOBAHUS T'H(QOMUIETOB U  OOECIeUHBAIOINAS
MPOAYLUPOBAHNE UMHU T'U(POMHULIETOBON OUOMOACTIIIKH. JTa UCKYCCTBEHHAS MUTATEIbHAS

cpena COAEeP KUT IO MEHBIIeH Mepe clieayromue MakpouyTpueHTol: a3oT (N), docdop (P),
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kanpiuil (Ca), marauii (Mg), yraepon (C), xammit (K), cepy (S), kucnopon (O), Bogopon
(H) — u cnenyromue mukposnementsl: xkene3o (Fe), 6op (B), mens (Cu), mapranen (Mn),
moubnen (Mo) u umHK (Zn). B HEKOTOpBIX Ciydasx MHKpPO3JEMEHThl O0OTaIlaroT
CNIEAYIOIIMMHU JIOTIOJTHUTENbHBIMUA MHKpodsieMeHTaMu. xpomom (Cr), cenenom (Se) u
BaHagueM (V). HMCKycCTBeHHass MUTATENbHAsl Cpela XapaKTepU3yeTcs BapbHUPYIOIIMMHU
cootHomweHussMu  C:N, KOTOpble OJarOmpHATCTBYIOT TOJYYEHUIO TU(POMULIETOBBIX
OMOMOICTUIIOK, XapAKTEPU3YIOLIMXCsI IHOO BBICOKUM OTHOLIEHHEM COZEPIKaHHUsSI OEJIKOB K
COZIEPIKAHUIO JIUMUAOB, JTUOO BHICOKUM OTHOLIEHHEM COIEPIKAHUS JIMITUIOB K COINEPKAHUIO

OEJIKOB.

Takke TpenyoKeHbl yCJIOBHUS KYJIbTUBUPOBAHHUS PAa3IMYHBIX T'M(POMHULIETOB IS
NOJy4eHus] Tu(GOMHUIIETOBONH OHOMONCTHIIKH, TPH 3TOM HEKOTOPbIE M3 HUX SIBIISIOTCS
armmaoQUIbHBIMY, HANpUMep BHIOB W/MIM WWTaMMOB Fusarium, Fusisporium,
Pseudofusarium, Gibberella, Sporotrichella, Aspergillus. Penicillium, Triocoderma, Bunos
B mpexnenax pona Mucorales sp. (Hanpumep, Rhizopus sp.) u mramMMa TU(POMHULETOB,
obo3naueHHbIX kak MK7. B 3aBucumocTy ot Buza u/wnu mramma pH nuratensHON cpeabl
IUIs1 KyJIbTUBUPOBAHUs HAXOAUTC B AUana3zoHe oT 0koJio 0,68 1o okoio 8,5, a B HEKOTOPBIX
ciydasx no 10,5. OgHo Bomiomenue cnocoda BKIFOYAET HHOKYJSILHIO OJHOTO Mk Oosee
BUJIOB V/MJIM LITAMMOB I'pUOOB B MCKYCCTBEHHYIO ITUTATENBHYIO CPEAY U BbIPALIMBAHUS
BU1a(-0B) W/WIK TaMMa(-0B) C MOJyuyeHHEeM OUoMacchl rud, comepikariei oauH Wik 6oee

TMOJIE3HBIX MTPONYKTOB.

[Tony4yeHHble THHOMHULIETOBBIE OHOMOACTHIKM OOpa3ylOTCsi B aHadPOOHBIX,
MHUKPOa3POOHBIX, a3POOHBIX YCIOBUSX WM UX KOMOWHAIIUK B PE3yJIbTATE TOBEPXHOCTHOM
depmenranuu. [ npoMuiieToBbie GMOMOACTUIIKY COAEPIKAT BUI M/ WITH IITAMM IPUOOB W/ WTH
€ro TOTOMCTBO B (opMe KOHHIWN, MHUKPOKOHUIWH, MaKpOKOHUIWN, TUKHUIUMH,

XJIaMuzoctop, rud, pparMeHToB rud) WM KOMOMHALMIO JEOOBIX FITH BCEX STUX (HOPM.

Taxxe nmpenyoxeHsl criocodbl cOopa THHOMULIETOBBIX OUOMOACTHIIOK, BBIACICHUS
WWIM OYMUCTKU TIOJIE3HBIX OEJIKOB, AMHUHOKHUCJIOT W/WJINA JIUIUIOB, MPOAYLHPYEMbIX

FI/I(bOMI/II_IeTaMI/I. Ot 6eJ'IKI/I, AMHHOKHCJIOTHI U/ WIIH JIMNUABI MOXKHO IPUMECHSTDH B IMHIIEBLIX



10

15

20

25

30

NPOAYKTaX, KOpME IJIsI pbIO, KOpMe IUIsl JKUBOTHBIX, MAacjax, S>KUPHBIX KHCJIOTaXx,
JIEKapCTBEHHBIX IIpenaparax, IUTATEIbHbIX BEIIEeCTBAX, (YHTUIMIHBIX CPEACTBAX,
repOMLIMAHBIX CPENCTBAX, MHIMOMTOpAaxX poCTa APOACKEH, MHCEKTHULMIHBIX CPEACTBaXx,
OMONOrMYeCcKUX CMa3Kax U B BHJE MHIIEBOrO ChIPbs U1 KOHBEPCUH B PYTHe MPOAYKTHI,

06.]13.}'_[3.}0]_].[1/16 JIOTIOJIHUTEJIbHOM IIEHHOCTHIO.

KPATKOE OITMCAHUE I'PAGUYECKHX MATEPHUAJIOB
Qur. 1. A, B: mramm MK7 B mpupoze B OKpysKaroLiei cpefie rops4ero HCTOYHUKA
B UemnoycTonckoM HamuonansaoM napke; C, D: 6uomacca mramma MK 7, nonydeHHas B
ONpENEIeHHBIX HCKYCCTBEHHBIX YCIIOBHUSX, XapPaKTEPU3YIOINAsACS BBICOKOW IUIOTHOCTBIO,
BBICOKOW TPOYHOCTBIO CBSI3HOHM OMomaccel Ha pactspkeHue;, E: 6uomacca mramma MK7,

nokaszanHoro Ha C, D, B monepeyHoMm paspese.

Qur. 2. IIpumepsl peakTopoB €MKOCTbIO 10 JI, MCHONB3yEeMBbIX Il MOJIy4EeHUs

MOCEBHOU KYJIBbTYPBI.

@ur. 3. A: Ilokasana MmukpoOuoONOrnueckas NeTis ¢ OeNoll MHULeTHalbHON
HOZICTHIIKOW, COOpaHHOH W3 apxXxuBHOH KynbTypbl 2 mokojenus, B: Yamxka Ilerpu c

MULIEJIAAIBHON MoacTUiIKoM mramMmma MK7.

@ur. 4. Poct u pH kynbrypsl mramma MK7 B Ouopeakrope emkocteio 10 i,
UCIIOJIB3YEMOM [JIl MHOKYJISILMHU JIOTKOBBIX peakTopoB. JKuakas cpena mist MK7-1 ¢
conep-xanueM 7,5% rauuepuna u orHouenneMm C:N 7,5:1. OntumanbHasi KyJabTypa AJis
UCTIOJIb30BAHMSI B Ka4eCTBE TMOCEBHON KYJbTYpbl oOpasyercss mexay 72 u 90 yacamu B

NO3IHEH SKCMOHEHINATBHOH (pase pocTa OMoMacchl (MEXKIY CTPEIKAMH).

@ur. 5. A: JloTku, HCHOJb3yeMble I JIOTKOBBIX PEAKTOPOB IUIsl MOJNY4YEHHUs
ouononctunku. JlnuHa nuHeliku B JoTke coctaBimsger 31,75 cm (12,5 mroiima); B:
buopeakrop, cocToAlMNA W3 CHCTEMBl JIOTKOB Ha INTATHBAaX, MCHOJIb3YEMbIX MAJIs
ynep>xuBaHus 39 MONMMEPHBIX JIOTKOB. Bech peakTop 00epHYT Nmpo3payvHOi MOJUMEPHON

IUIeHKOH Tuna Saran®.
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@ur. 6. Cobpannast KyapTypa Omomoxctunku mramma MK 7, BeIpameHHas B
YCIIOBUSAX MOJIYYE€HHUS BBICOKOTO COAEPKAHUS JIMITUAOB [P OTPAaHUYEHUN KOJIUYECTBA a30Ta
(ornomenue C:N 40:1), nocie MOBEpXHOCTHOW (pepMeHTaLK B TeueHHe 8 CYyTOK B JIOTKE

nnomansio 0,25 M? ¢ 1,5 nurpamu nuraTenbHol cpeabl st MK7-1 u 125 r/n raunepusa.

@ur. 7. XapakrepHas kpuBas pocrta st mramma MK7 B HernmyOOKHX JIOTKax,
NOKa3bIBarOIast ar-gasy, riue CKOpOCTH HAKOIUIEHHsI OMOMACcChl OTHOCUTEIBHO HU3KHU (0—
1,5 cyrok), u Bpemst popmMupoBaHUst OMOTIOACTHIIKH (CTpelika, 1,5 cyTok), Korna HaYMHaeTCs
5KCIOHEHLUAIBHBIA POCT. BUONOACTUIIKY BhIpAIMBAINA B MUTATENbHOU cpeae 1t MK7-1

¢ 7,5% rnuuepuna u otHowmenuem C:N 30:1.

@ur. 8. Macca Omonoactuwiok MK7 B CyXOM COCTOSIHWUHM, BBIPAINEHHBIX Ha

MIMOCPUHE B JIOTKAX Pa3MEPOB, OXBATBIBAIOINUX AHAIA30H TPEX MOPAAKOB BECIUYHUHDBI.

Qur. 9. IIpoaykuus JTUHOJEHOBOW KUCAOTBHI TamMMoM MK7 B 3aBUCHMOCTH OT
NPOJOJKUTENBHOCTH U TEMIIEPATyphl KyJbTUBUpPOBaHUs. [loBepXxHOCTHas (epMeHTanus

4% rnunepuna; pH 2,8 u nurarenvHas cpena msa MK7-1.

@ur. 10. M3o0pakeHus: momnepevHbIx cpe3oB Ouononactwiok MK7 5-mHeBHOTrO
BO3pacTa, MOJYYEHHBIX C UCIIONb30BAHUEM nUTaTeNnbHOM cpenbl MK7-1 ¢ rmunepuHoMm, nog
MHKPOCKOIIOM B npoxozsiiem ceere. A, B: 50-kpaTHoe yBenudeHue, Mpu KOTOPOM BHIIHO
TPH CJIOS; CJIOM BO3MYIIHBIX U, CIIOW NepeXOaHOM 30HbI U MIOTHBIN HukHUE ciioi; C: 50-

KPaTHOC YBEIIUYCHUE, TIPHU KOTOPOM OTHETIIMBO BUAHBI ABa CJIOA.

@ur. 11. MukpodoTorpaduu mNONEPEeYHbIX CPE30B S-THEBHOW OHOMOACTHIIKU
mramma MK7, nony4eHHOH ¢ UCHOAb30BaHUEM NUTaTeNbHOU cpeasl MK7 ¢ MOYeBHHON.
A: Bepx#sist noBepxHocTh Ononoactuiku mramma MK7, Ha KOTOpOH BHIHBI BO3IYIIHBIE
rudbl 1 MULIEJTHH, IPOXONSALINHA HAPY>KY U3 IUNIOTHOTO MULIENHaIbHOTO ciost. M3o0paxenune
MOJIyYE€HO MOJ MHUKPOCKOINOM B mnpoxonsawmeM csere npu 100-kpatHoM ysBenudenuu; B:

BepxHsis noBepxHOCTh Onononctunky mramma MK 7, Ha KOTOpoit BUITHBI BO3AYLITHbIE TH(BI
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U MHLEINHA, NPOXOIAINMN HAapyXKy H3 IJIOTHOrO MulenuanbHoro ciosi. M3o0paxenue
NOJIyYeHO MOJA MHMKPOCKONOM B mpoxopsieM ceere npu 400-xkpatHoM ysenundenuu, C:
Hwxnsist noBepxHOCTh Ononoactuiky mramma MK7, Ha KoTOpol BUIHBI TH(BI 1 MULIETHH.
H3o0paxkeHne MOJNy4eHO TOJI MHUKPOCKONOM B mpoxonsieMm csere mpu 400-kpaTHOM
yBenudenuu, D: [InoTHas BHyTpeHHsIs 4acTh OnonoAacTuiky mramMmma MK 7, rae BUIHO, 4TO
OHAa COCTOWT M3 MEPEIIeTEeHHbIX BOJOKOH. M300paskeHne Moay4eHo Mo MHUKPOCKOIIOM B

npoxoznswmeM caere npu 400-KpaTHOM yBEJINYEHUU.

@ur. 12. A, B: buononctunka Rhizopus oligosporus, BBIPaLIEeHHOTO HA JIOTKE
nnomaso 0,25 M? B TedeHue 6 CyTOK C MCHOJb30BAHMEM MUTATENbHON cpefibl A MK-7
npu pH 4,1 ¢ 5% rmunepunom. C: M3obpakenune rud Rhizopus oligosporus B ONCTHIIKE

MOJT CBETOBBIM MUKPOCKONOM NpH 400-KpaTHOM yBEJIUYECHUH.

@ur. 13. H3oOpaxenus Fusarium venenatum, BBIPALIEHHOTO B PEaKTOpe C
nomabio 1otkos 0,25 M%, uepes A: 4 cyTok u B: 6 cyTok. BuonoacTunku 6bIId BbIpAIIEHbI
¢ ucnonb3oBanueM nutatenbHoi cpeabl MK7-1 mpu pH 5,0 u 12,5% xoHueHTpauuu
rnuneprHa. Ha m3obpaxenun C, cuaroMm npu 400-KpaTHOM YBEJNUYEHUH O] CBETOBBIM
MHKpPOCKOIIOM, BUAHA rudanbHas Gopma F. venenatum. B >tTux ycnosusx F. venenatum
NPOAYLIMPOBA B cpetHeM 71 r OnoMacchl B CyXOM COCTOSTHUH Ha JIOTOK B PEaKTOpe U3 IBYX

JIOTKOB.

Qur. 14. A: CbOop Ouomaccel mramma MK7, KyJbTUBHPYEMOrO MOCPENCTBOM
tBepaodazuoii ¢pepmentaunu (TP®P), roe nokaszaHo, yto mramm MK7 MOIHOCTBIO
BKJIFOYEH B JIMTHOLEJUTIOJNIO3Y MPU KOHLEHTpauuu MeHee S5 r 6womaccel mramma MK7 B
CYXOM COCTOSIHMM/N (IUTaTeNbHasl cpena. cbipbeBas cmech). B: Mukpodororpadus
coOpanHoii Omomaccel mTamma MK7 (A); BHAHO, YTO HUTH CJIy4alHBIM 00pa3oM
UHTETPUPOBaHbl B MIIEHHUYHYI conmoMy. C: Omonoactuika mramma MK7, monydeHHas
nyTeM MOBepXxHOCTHOU TBepaodaszuoit ¢pepmentaunun (IITPD), rone BugHa motHas (180

1/11), CBsi3Hasi bromacca Mo cymecTry 4ucToro mramma MK7.
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Qur. 15. Kynprusuposanue mramma MK7 npu pa3nuyHbIX BUAAX BO3AEUCTBUS B
notkax 12,7x12,7 c¢cm B TeueHue 7 nHell. YCbl auarpaMmbl MPEACTABISIIOT COOOM

CTaHAAPTHBIC OTKIIOHCHUS AJIsSI TPEX JIOTKOB.

@ur. 16. CneBa: wu300pakeHHe IOA CBETOBBIM MHKpockonoMm mramma MK7,
KynbTuBupyemoro ¢ 12,5% rmuuepunom npu pH 2,7, uyepes 8 nueii. Cmpasa:
(biyopecueHTHOe N300pakKeHre Mocyie OKpPaIlUBaHUsI HUJTBCKUM KPaCHBIM, TTOKAa3bIBAKOIIIEE
BBICOKOE IIPOLIEHTHOE COJepKaHue JMMHUIAOB, oleHuBaemoe kak 40-60% mnnowanu

MOBEPXHOCTHU KIIETKH.

@ur. 17. Tlpodunu nmununos, npoayuupyemsix mrammoM MK7. (JleBas maHenb)
Cpennee olmee conepskaHue METHIIOBBIX 3¢GupoB KUpHBIX kuciaoT (MDXKK) Bo dpakumn
npsiMoil  mepestepudukaru  (OOIMMH TOIUIMBHBIA TMOTEHIHMAN) M 3KCTParupyemoi
JUMAIHOW (pakuuu B 3aBUCHMOCTH OT oTHomeHus C:N B murarensHON cpeme (n=3).
ITonockamMu BHYTpH cCTOJOLIA HKCTPArnpyeMod JMIUAHONH (pakuuu TNpeacTaBiIeHBI
KOMITOHEHTHI TpU-, a¥- 1 MoHoauuarauuepunaos (TAL, JIAT, MAT') 1 cBOOOAHBIX SKUPHBIX
kucnor (CXKK). Ha Bkiagke mnokasaHa ra3oBas XpomarorpamMma ¢ IUIAMEHHO-
noHu3aoHHbIM feTekropoMm (I'X-ITHU /1), Ha koTopoii B tunuaHoN Gpakiun npeodaagaroT
monekyisl TAT. (Ilpasast manens) [Tpodune MIXKK nununos, noiayueHHbIX B pe3ybTare
npsSIMOIA TiepesTepuduKaK BCeX KUPHBIX KUCIOT (npsimMast), ¢ obpazoBanrem MOXKK, u
MD3XK, obOpa3oBaHHbIE TOJBKO U3 3KCTPATUPYEMBbIX JHUIMUAHBIX MPEIIIECTBEHHHKOB
(3kcTparupyemasi). Ha Bkjamke MoKa3aHbl XpOMATOIPaMMbl T'a30BOH XpomaTorpaduu ¢

macc-criekrpometpueii (I'X-MC) st npsMoit u 3KcTparupyemMoi Gppakuuii.

Qur. 18. buonoactunku mramma MK7 nocne 7 CyTOK BbIpalMBaHMs Ha
NUTATENbHBIX CPElaX Ha OCHOBE CypporaTa KHCJIOH MOJIOYHON ChIBOPOTKH (AW'S, OT aHrL
Acid Whey Surrogate) mpu ucxonuom pH 4,8 (A, B, C). U3ob6paxenue (400-kpaTHOE) 1OA
MHUKPOCKOIIOM B mipoxozsimem cete onononctuiku (C), roe BugHa rudosasi CTPYKTypa

MaTepHana.

ITOJPOBHOE OITMCAHHUE
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Ornpenenenus

HpI/I HCIIOJIB30OBAHWHU B HACTOAINEM HOOKYMEHTEC TJIarojl «COACPXKUT» U €ro
CJIOBOCOYETAHHUS] UCIOJB3YIOT B JAaHHOM OINMHCAaHUU U B (opmysie u300peTeHus: B He
UMEIOLIEM OTPaHUYMTEBHOTO XapakTepa CMbICe, 4TOObI O0O3HAYHMTb, YTO MPEAMETHI,
CJIEAYIOIINE 32 3TUM CJIOBOM, BKJIFOUEHBI, HO KOHKPETHO HE YIIOMHHAEMbIe MPEAMEThI HE
UCKJIFOYeHbl. KpoMme TOro, ccblika Ha 3JIEMEHT B €IWHCTBEHHOM YHCJIE HE HCKJIHYaeT
Ha4uusl 0oJiee 4eM OTHOTO 3JIEMEHTA, €CJIM KOHTEKCT YeTKO He TpedyeT, 4TO 3TO OJUH U

TOJIBKO OJUH 3JIEMECHT. B stom cliydae 0OBIYHO NnoApa3yMeEBAKOT «I10 MEHBIIEH MEPE OUHY.

Hcnonp3yeMelii B HACTOSIIEM TOKYMEHTE TEPMUH «UMEET MPOUCXOXKACHUE U3 (OT)»
OTHOCHUTCSI K MCTOYHHKY MPOUCXOXKIEHHUSI U MOXET BKJIIOUaTh B Ce0sl BCTPEYAIOLINECS B
npupoze, PeKOMOMHAHTHBIE, OUUIIIEHHBIE NJTH HEOUNIIEHHbIE MOJIEKYJIbL. | pHOBI, nMerorne
MPOHUCXOXKIEHNE OT KOHKPETHOTO M30JMPOBAHHOTO MITAMMA IPHOOB H/MIIH €r0 MOTOMCTBA,
MOTYT COAep:KaTh OAHY, ABE UM OOjee MyTaluil, HO TEM HE MEHEee COXPAHSIOT OfIHY, JBE,
Oomee 1OBYX WIM BCE OTIMYUTENbHBbIE MOPQOJIOrHUecKne U  (PU3NOIOTHIECKHE
XapaKTEPUCTUKH H30JHPOBAHHBIX I'PHOOB MJIM MX IMOTOMCTBA, OT KOTOPBIX OHU HMEIOT

MPOUCXOKICHUE.

Hcnonp3yeMelii B HACTOSIIIEM JHOKYMEHTE TEPMUH «alUAO(PHIBHBII» OTHOCUTCS K

MUKPOOPraHnu3mMy, OIITUMAJIbHBIMHU yCJIOBUAMU POCTA KOTOPOT'O ABJIAKOTCS KUCJIBIC YCIIOBUA.

Hcnonp3yeMelii B HACTOSIIIEM JAOKYMEHTE TEPMHUH «ChIPbE» OTHOCUTCS K JIFOOOMY
BO30OHOBISIEMOMY ~ OHOJIOTHUECKOMY Marepually, KOTOPbIH MOXHO HCIOJIb30BATh
HETOCPEACTBEHHO B KA4E€CTBE TOILIMBA MJIK MPeodpa3oBaTh B APYIyIO (GOpMYy TOIIIMBHOTO
WIIN SHEPreTUYecKoro npoaykra. CelppeM it OMOMACCHI SIBJISIETCSI MaTepuall paCTeHUH U
BOJIOPOCJIEH, NCIIONIBb3yEeMbIX B KAYECTBE NCTOYHHKOB TOIUIMBA, TAKUX KaK 3TaHOJ, OyTaHOI,

6I/IOI[I/13€J'II:;HOG TOIUIMBO U APYTUEC BUABI YTTICBOAOPOAHOTO TOIJIMBA.

HCHOJIB?»yeMOG B HACTOALIEM JOKYMEHTE BBIPAXKECHUE KJTIMTHOLCJUTFOJIO3HOE ChIPHE»
OTHOCUTCAA K BHAaAM  CbIPbs, CoAcpxKamero  JIMrHOLUEIIFOJIO3Y. He wumeromue

OrpaHUYUTEIIBHOTO XapaKTepa NPUMEPDI JIUTHOLCIUIFOJIO3HOI'O ChIPpbs BKIIFOYAKOT OTXOAbI
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CeNIbCKOXO3SIICTBEHHBIX KYJIBTYp, TakHe KakK MIIEHHYHas COJIOMa, SYMEHHAas COJIOMa,
pHCOBasi COJIOMa, COJIOMa MEJIKHX 3€PHOBBIX, KYKYypy3Has COJIOMA, KYKypy3HbIe BOJIOKHA
(Hanpumep, kamenb KyKypy3Hbix BosokoH (CFG, ot anrn. corn fiber gum), cymmenas 6apna
(DDG, ot anra. distillers dried grains), kykypy3Has rioteroBast myka (CGM, ot aHri. corn
gluten meal)), TpaBSHUCTBIE pPACTEHHs] LEJIEBOTO HA3HAYEHMs, pACTEHUS IS
SHEPTreTUYECKOTO HCIOIb30BAHUS, MPOCO, JIFOIEPHOBOE CEHO, TPOCTHUKOBO-CaxapHast
Oaracca), KyKypy3HbIil SKCTPAKT, CBEKOJIbHBIN KOM; HECETbCKOXO3SIHICTBEHHYIO OHOMaccy
(HampuMep, BOXOPOCJEBbIe MOJICTUJIKH, OTXOAbI TOPOJACKHX IPEBECHBIX HACAKAEHHIN),
KYKYPY3HBIIf ~ CHpPOIN,  CBEKOJBHYIO  CTPYXKKY,  JIECOTMPOAYKIHIO  (Hampumep,
NEepPBUYHBIC/BTOPUYUHBIE  MPOMBIILIJIEHHbBIE ~ OTXOIbl  JPEBECHHBbI ~ MSITKUX  TOpOL,
NepPBUYHBIC/BTOPUYUHBIE  MPOMBILIEHHbIE  OTXOABI  JPEBECHHBbI  TBEPABIX  MOPOL,
TIOJTY>KUIKHE OTXOAbI OYMa)KHOW MacChl MPOU3BOACTBA BTOPUYHON OyMaru), comepkalime
JIMTCHOLIEJUTFOJIO3Y OTXOAbI (HAampUMep, ra3eTHyr Oymary, MakyjiaTypy, MHBOBapeHHOE
3€pHO, FOPOJCKUE OPraHMYECKHE OTXOJbI, CaJ0BbIE OTXOIbI, KIMHUYECKUE OPraHUueCKHe
OTXOJIbI, OTXOIbI, OOpa3yrOLIMecs] B MPOLeEecce MPOU3BOACTBA OMOTOIUIMBA (HANPHMED,
nepepabOTaHHYI0  BOJOPOCJIEBYIO OuOMaccy, TNIMIEPUH, OTXOObl IMPOH3BOACTBA
LIEJUTFOJIO3HOTO  9TAHOJIA, TBEPAble OTXOAbl OHOAM3EIBHOTO MPOM3BOACTBA) U HX

KOMOUWHAIVHA.

Ecnu He yka3aHO MHOE, HCTIOIb3yEeMbIi B HACTOSLIEM TOKYMEHTE TEPMUH KYTJIEBOIY
OTHOCHUTCSI K COSIMHEHHUIO YIJIEPOia, BOJOPOAA U KUCIOPOA, COAEPKAIIEMY aJIbACTHIHYIO
WIK KETOHOBYIO TPYITy B KOMOWHAIMM C MO MEHbIIEH Mepe ABYMsI TMAPOKCHIBHBIMU
rpynnaMy. YTJIEBOAbI MO HACTOSIIEMY H300pPETEHHIO MOTYT OBbITh TaKkKe HeoOs3aTeNbHO
3aMeleHbl WU JIe30KCUT€HUPOBAHBI B OJJHOM WJIH O0Jjiee MOJIOKEHUH. YTJIEBObI, TAKHM
0o0pa3oM, BKIIFOYAIOT 3aMEIIEeHHble W He3aMeIIEHHbIe MOHOCAXapUbl, IHUCAXAPUIIBI,
ourocaxapuabl u nojucaxapunbl. Caxapuj MOXKeT NPeACTaBNiATh COOOW albao3y WU
KETO3y U MOXET coaep:kathb 3, 4, 5, 6 unu 7 aToMOB yriiepoja. B ogHOM BOMJIOLIEHUH
M300peTeHNsT OHU TPEACTaBIIIOT COo00M MOHOcaxapunabl. B mpyrom  BoOIIIOmEeHHUH
u300peTeHrsi OHU MOTYT MPEACTaBJIATh cOOON mupaHo3HbIe U PypaHOo3HBIE caxapa. OHU
MOTyT OBITh HEOOs3aTeNbHO HE30KCUT€HHPOBAaHbI B JIFOOOM cooTBeTCTBYHOmEeM C-

TIOJIO’KEHUH W/UJIH 3aMeIeHbl OJJHOU Wn OoJiee TPYMITUPOBOK, TAKUX KaK aTOM BOIOPOAA,
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aTOM TajioreHa, TaJOTCHAJKWI, KapOOKCWJ, auWwi, AauWiIOKCH, aMHHO, aMHIO,
KapOOKCUIIbHBIE TPOM3BOJHBIC, AJKWIAMHHO, AMAJKUIAMUHO, ApUIAMHHO, AaJIKOKCH,
ApWIOKCH, HUTPO, LIMAHO, CYJIb()OHOBAsI KUCJIOTA, THOJ, aMHH, CYJb(QOHII, CyiabdhaHu,
cynbuHMI, CynbhaMOus, CIOXKHBIA 3¢up, kapOoHOBas KucioTa, amun, (ochonm,
dochunmn, dochopun, chaoxubi THOIGUP, NPOCTOH THOIPHUP, OKCUM, THUAPA3HH,
kapOamar. DTH caxapHIHbIE 3BEHbsI MOTYT OBITb PACIHOJIOKEHBI B JIOOOM MOpSAKE, U
XHUMHYECKasi CBSI3b MEXKIY BYMS CaXapHIHBIMH 3BEHbSIMU MOKET 00pa30BaThCs JTFOOBIM U3
NPUOJIM3UTENIbHO JIECITH Pa3UYHbIX TyTeld. B pesynbrate CylmecTByeT OrpOMHOE
KOJIMYECTBO PA3JIMYHBIX BO3MOKHBIX CTEPEOM3OMEPHBIX OJIMIOCaxXxapUIHbIX Lerned. B
OZTHOM BOILIOLIEHUH U300peTeHUs] YKa3aHHbIE YTJIeBO/bI BEIOPAHBI U3 IPYIIIIbI, COCTOSIIEH

N3 MOHOCAxXapuaoB, JUCAXapUAOB, OJIUTroCaxapruaoB, MOJINCaxapuaoB U UxX KOM6I/IHaI_II/II71.

Hcnonp3yeMelii B HACTOSAILIEM JOKYMEHTE€ TEPMHH «MOHOCAXapHI» OTHOCUTCS K
MOHOMEpaM caxapa, BbIOPAHHBIX M3 TPYIMIbL, COCTOSALIEH M3 TPEXYIJEPOIHBIX CaxapoB
(TpMO3), YETHIPEXyIIepOIHBIX CaxapoB (TETPO3), MATUYIIIEPOAHBIX CaxapoB (TEHTO3),
HIECTUYTJIEPOIHBIX caxapoB (TeKCco3) U T.A. U UX KOMOWHaumii. B ogHOM BOIUIOIIEHHH
n300peTeHNs MSATHYTIePOIHbIE caxapa BBIOPAHbI U3 IPYIIIBI, COCTOSIINEN U3 KETONEHTO3bI
(Hampumep, puOYIO3bL, KCUIYJIO3bI), aJbIOMEHTO3bl (puUOO3bI, apaOMHO3bI, KCHIIO3BI,
JIMKCO3bI), e30Kcucaxapa (Ie30KCcupuO0o3bl) U UX KOMOMHAIMKU. B OJHOM BOIUIOLIEHUH
U300peTeHus ECTUYTIIePOAHbIE caxapa BbIOPAHbI M3 TPYIIIbI, COCTOSLICH U3 alIbIOTeKCO3
(HampuMep, aJUIO3bl, AJBTPO3bI, TJIIOKO3bI, MAaHHO3bL, HAO3bI, TAJAKTO3bI, TaJ03bl),
LMKJIMYECKUX TOJyareranel, KeTOrekco3d (Hampumep, IMCHUKO3bL, (PYKTO3bI, COPOO3BIL,
Tarato3bl). B OIHOM BOIUIOIIEHUN M300pETeHHs YKa3aHHbIE MOHOCAXapUAbl BBIOPAHBI U3

IPYIIBL, COCTOSIIIEH U3 TPHO3, TETPO3, IEHTO3, FEKCO3, TeNTO3 U T.Jl. U UX KOMOWHAIIHH.

B onHOM BOIIIOIIEHNN H300pETEHUS] MOHOCAXaPHU/Ibl HAXOISATCS B JIMHEHHOH (popMme;

B IPYI'OM BOIUIOIIEHUH M300PETeHNsI MOHOCAXapU/Ibl HAXOASTCS B LIMKJINYECKOH hopme.

Hcnonp3yeMelli B HACTOSIIEM JOKYMEHTE TEPMHUH «()EepMEHTHpyeMble caxapay
OTHOCHUTCS K CaXxapHBbIM COEIUHEHHSIM, KOTOPbIE MOT'YT ObITh IIPEe00Pa30BaHbl B MOJIE3HBIE

NPOAYKTHl (pepMEHTAlMl C BBICOKOH [OOABJIEHHOW CTOMMOCTBIO, HE HMEIOIINe
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OrPAaHUYUTENIPHOTO XapakTepa MPHMEPbl KOTOPHIX BKIFOYAOT AMHHOKHCIOTBHI, OENKH,
caxapa, yIJ€BOAbl, JIUMKIbBI, HYKJIEHHOBBIC KHUCJIOTBI, IOJUKETHAbI, BHUTAMHHBI,
(dapMmarieBTUYECKHE CPEICTBA, KOPMOBBIE TOOABKU ISl )KUBOTHBIX, XMMUYECKHUE TIPOIYKThI
TOHKOIO OpPraHUYEeCKOrO CHHTE3a, XUMUYECKHE CBIPbEBBIE MAaTEpUalibl, IOJUMEPHI,
pPacTBOPUTENH, pA3JUYHbIE BUABl TOIUIMBA WIM JPYrH€ OPraHU4YeCKUe IOJUMEDHI,
MOJIOYHYEO KHCJIOTY W 5TaHON. KOHKpeTHble MpPOAYKTHI C BBICOKOHW A00aBICHHOMN
CTOUMOCTBIO, KOTOPBIE MOTYT OBITh MOJY4EHbI PACKPBITBIMU CIIOCOOaMHM, BKJIFOUAIOT, HO HE
OTpaHUYEHBbl HMMH, [-TJIFOKaH, MOJIOUYHYK) KHCJIOTY, XHUMHYECKHE NPOAYKTHI TOHKOTO
OpPraHU4eCKOro CUHTE3a, OPraHUYECKHUE KUCIIOThI, BKIKOYasl JUMOHHYIO KUCJIOTY, SHTAPHYIO
KUCJIOTY M MAJIEMHOBYIO KHCJIOTY; PACTBOPUTENHN; KOPM JJIsl PhIO U KOPMOBBIE TOOABKH JIJIst
JKHBOTHBIX; (papMaLleBTUUECKNE CPEACTBA; BUTAMHUHBI, AMUHOKHUCIIOTBI, TAKUE KaK JIM3HH,
METHOHHH, TPUNTO(AH, TPEOHUH, KAPOTUHOUABI, MMUIIEBbIE MPOAYKTHI AJIs YIOTPeOIeHUs
YeJIOBEKOM, [MUTATENbHbIE BEIIECTBA W  ACMAParduHOBYIO  KHCIOTY;  (DEPMEHTHI
NPOMBILIIEHHOIO Ha3HAYEHHMs, TAKHE KaK MPOTeasbl, LEJUIH0Ja3bl, aMUIa3bl, [NIFOKAHA3DL,
JAKTa3bl, JINNA3bL, JINA3bL, OKCHUIOPEAYKTA3bl, TPaHC(epas3bl U KCHIAHA3bl, U XUMUYECKNE

ChIPBCBBIC MATCPUAJIbL.

Hcnonp3yeMblii B HACTOSIIEM JOKYMEHTE TEPMUH «TPHO» MU «TPUOBI» OTHOCUTCS
K OTAEJIbHOM IpyMIe 3yKapuOTHYECKUX OPraHU3MOB € MOMIOIAOLUM TUIIOM ITUTaHUs U He

COZePIKALIMX XJIOPOPHUILI.

Hcnone3yeMblil B HACTOSIIIEM JOKYMEHTE TEPMHUH IOAKUCISIOIMN MaTepuay
OTHOCUTCSl K JIOOBIM MarepuajaM, XHUMHUYECKUM COCOHMHEHUSM, areHTaMm /Wi
KOMITO3ULIMSIM, KOTOPbIE TIPU TOOABICHNHU B PACTBOPUTEND (HATIPUMED, BOAY) MPHUBOIAT K
00pa30BaHMUIO PacTBOpa, OONAMAOLIErO MOBBLIIIEHHONW aKTHBHOCTBIO HMOHA BOAOPOAA IIO
CPAaBHEHHMIO C YHCTBIM pPAaCTBOpPHUTENEM (HAIpUMeEp, BOMOH). DTOT MaTepHal MOXKET
HAXOIUTBCS B ra3000pa3HON, JKUIKOH WM TBepHOH Gopme. DTOT MaTepuans MOKET ObITh
OpPTaHUYECKUM W/WJIM HEOpraHudecKMM. He uMermue OrpaHHYUTENbHOrO XapakTepa
NpUMepbl TMOAKUCISIOIEr0 Marepuaja BKIIOYAOT JH000H MaTepual, COAep Kalluil
rajJJoreHuibl  BOAOPOAa W HX pacTtBopbl (Hampumep, consHyto kucinory (HCI),

opomucroBonoponnyro kucinory (HBr) wu #onucrosomoponuyro kuciory (HI)),
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OKCOKHCJIOTBI TaJIOTEHOB (HampuMep, TUIOXJOPHYKO KHCIOTY, XJIOPHYIO KHCJIOTY,
HEePXJIOPHYIO KHCJIOTY, NEPUOAHYI0 KUCIOTY M COOTBETCTBYIOLIHME COCOMHEHHs Opoma u
tiona), cepuyro kuciaory (H2SOs), ¢ropcepnyro kucnory, azotHyro kuciory (HNO3),
dochopuyro kucnory (H3POs), ¢TOpaHTUMOHOBYIO KHUCIOTY, (HTOPOOPHYIO KHCIIOTY,
rekcagpropdochopuyro kucnory, xpomoByro kucyiory (H2CrO4), cynboHOBBIE KUCIIOTHI,
METAaHCYJIb(POHOBYIO KUCJIOTY (Wiu Me3ujoByr kucioty, MeSOsH), sTaHCyIb(pOHOBYIO
kucjaoty (wimu a3uiioByro  kuciory, EtSOsH), OeH301Cyab(pOHOBYHO KHCIOTY (WU
oesmnoByr kuciory, CsHsSOsH), nmapa-tosnyoncynbGoHOBYIO KHCIOTY (MU TO3HIIOBYIO
kucinory CH3CsHs4SOsH), tpudropmerancynbhoHOBYO KHCIOTY (WiH  TpUDIATHYIO
kuciory, CF3;SOsH), kapOoHOBBIE KUCIOTHI (HampuMep, YKCYCHYEO KHUCIOTY, JIMMOHHYIO
KHCJIOTY, MyPaBbUHYIO KHUCJIOTY, MIFOKOHOBYIO KHCJIOTY, MOJIOYHYIO KHUCJIOTY, LIaBEJIEBYIO
KUCJIOTY, BUHHYIO KHCJIOTY, KapOOHOBBIE KHCJOTHI BUHHJIOIMYECKOTO psina (Hampumep,
aCKOPOMHOBYIO KHCJIOTY, KHCJIOThI Menbapyma), KUcible coiu (Hampumep, OukapOoHAT
Hatpusi (NaHCOs), ruppocynedpun nHatpusi (NaHS), Oucynedpar watpus (NaHSOs),
monoHatputidochat (NaH,PO4) u nunarpuiipocdar (NazHPO4)).

Hcnonp3yeMbli B HACTOALIEM  AOKYMEHTE  TEPMUH  KHEUTpAIU3yeT»,
CHEUTPAIU3YIOLUINY U «HEHTPAIN3aLUsa» OTHOCUTCS K XMMHYECKUM PEaKLHsIM B BOAHBIX
pacTBopax, B KOTOPOH KUCIIOTAa U OCHOBAHHE B3aMMOJEHCTBYIOT ¢ 0Opa3oBaHHEM BOABI U

cony, U B kKoTopol pH pacTeBopa Bo3Bpawaercs: k ucxogaomy pH.

Hcnosnp3yeMslii B HACTOSLIEM TOKYMEHTE TEPMHH «IOHOP MapraHiay OTHOCHTCS K
KOMITO3ULIMH T COEAMHEHUIO, KOTOPbIe MOTYT 00pa30BBhIBATh MOH MapraHia (Hanmpumep,
maprania (1), mapranna (II) m mapranna (III)) B BomHOM pactBope. He umeromue
OTPaHUYUTENIPHOTO XapakTepa MNPHUMEPhl JOHOPOB Mapranua BKIIOUAOT Mny(CO)y,
KsMn(CN)sNO, MnCl, MnF;, MnBrz, MnO, MnQO,, MnCh, MnF3, MnBr3, MnCOs3,
Mn(CH3COO),, CsHoMnOe, MnTiOs, [CH3COCH=C(O)CHs]2Mn,
[CsH11(CH2)3:CO2]2Mn, (HCO2)2Mn, Mn(CsHFs02)2, Mn(PH202)2, Mnl, (C3Hs03)2Mn,
MnMoO4, Mn(NO3)2, Mn(Cl04)2, C32H1sMnNg, MnSQO4, (CH3COO)3sMn, C32Hi16CIMnNg,
CasH2sCIMnN40g, CsH4CH3:Mn(CO3), Mn(CsH4C2Hs)2 n Ci16H22Mn.
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Ucnonb3yemplii B HacTosimeM JOKyMeHTe TepMmuH «pH-3a0ydepuBaromme
MaTepHaibl) OTHOCHTCS K KOMIIO3ULIMSIM, KOTOpbIe MpU J0OABJIEHUU B KUIKYIO CMECh
MOTYT noaaep>kuBath pH ykazaHHOMN KUAKON cmecH, rpu 3ToM coxpansiercss pH okorno 0,5,
okoJio 0,6, okoso 0,7, okoso 0,8, okono 0,9, okono 1,0, okoso 1,1, okomno 1,2, okojo 1,3,
okoso 1,4, okomo 1,5, okoso 1,6, okomno 1,7, okoso 1,8, okono 1,9, okono 2,0, okojo 2,1,
ok0J10 2,2, okojio 2,3, okoJio 2,4, okoi0 2,5, okojio 2,6, okoJyio 2,7, okoio 2,8, okojio 2,9,
okouo 3,0, okojo 3,1, okoiso 3,2, okoao 3,3, okojo 3,4, okoiyo 3,5, okono 3,6, okojio 3,7,
okou0 3,8, okoyo 3,9, okoio 4,0, okono 4,1, okoio 4,2, okoiso 4,3, okono 4,4, okojio 4,5,
okoJ10 4,6, okojo 4,7, okoio 4,8, okoio 4,9, okojo 5,0, okoyo 5,1, okono 5,2, okojio 5,3,
ok0J10 5.4, okoJio 5,5, okoJo 5,6, 0k010 5,7, okoJo 5,8, okoJo 5,9, okono 6,0, okojio 6,1,
ok0J10 6,2, oKoJI0 6,3, oKoJIO 6,4, 0K0JI0 6,5, OKOJIO 6,6, OKOJIO 6,7, 0K0JI0 6,8, OKOJIO 6,9,
okono 7,0. Hanpumep, pH >kunkoi cMecn HaXOOUTCS B AuanasoHe ot okojo 0,5 no okono
3,0. Ilpenmourureneusiii pH misa annpopunsaoro mramMmma MK7 rugoMuLIETOB COCTaBIISET
OT OKO0JI0 2,2 10 0k0J0 3,0. Takass KOMIO3ULIUS MOXKET COAEPKaTh COCIMHEHUs, TAKUE KaK
KHCJIOTa, KHUCIIbIe COJIM, OCHOBaHME W OCHOBHbIe comnu, Hampumep, HCI, HoNOs, H2SOq,
NaHCOs, NaHS, NaHSO4, NaH2PO4, Na;HPO4, NaHSOs;, KHCOs3, KHS, KHSOjs,
KH>PO4, K:HPO4, KHSO3. NaOH, KOH, Mg(OH), NaxCOs3, K2CO3, KHCO3, CaCOs,
MgCOs3, NazS, KoS nt.4.

Hcnosp3yeMblii B HACTOSIIIEM TOKYMEHTE TEPMHH «a3pOOHbIE YCJIOBHS» OTHOCUTCSI
K YCJIOBHSIM, 1€ 00€CIeueHO TOCTATOYHOE KOJIMYECTBO KUCIOPOIa, U aHA3POOHOE AbIXaHUE
MHUKPOOPTaHU3Ma, PACTYLIEr0 B TaKWUX YCJIOBHSX, 3alpelleHo, a aHa’poOHbIe

MeTaboIMYecKre MyTH UHrHOUPOBAHbI, IIPENIOTBpAIlas aHAYPOOHOE JbIXaHHE.

Hcnonp3yeMplii B HACTOSIIEM JOKYMEHTE TEPMHH «MHKPOA’POOHBIN» |
«MHKPOA3POPMIBbHBIIY», KOTOPBIE HCIIONB3YIOTCS B3aMMO3aMEHSEMO, OTHOCHTCS K
YCJIOBUSAM, TZi€ OCTYIUIEHHE KHCIOPOAA OTPAHUYEHO, HO KJIETOYHOE JbIXaHHE OpraHu3Ma

NMPpEUMYIIECTBCHHO SABJISACTCHA a3pO6HI:>IM ABIXaHUEM.
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HCHOJ’[b?»y@MbIﬁ B HACTOAIIEM JOKYMCHTE TEPMUH «CKUPHDBIC KUCJIOTBD? OTHOCUTCH K
AJTMHHOLICTIOYCYHBIM MOJICKYJIaM, Ha OAHOM KOHLEC KOTOPBIX HAXOAUTCA METUJIbHAA I'PYIIIIA,

a Ha APYrOM KOHIIe KapOOKCUIIbHAS TPYIIIIA.

Ucnosnp3yeMplii B HACTOSIIEM JOKYMEHTE TEPMHH «U30JMPOBAHHBIA TPUO»
OTHOCHUTCSI K JIFOOOW KOMIIO3ULIMK, COAEpPIKAIIeH MOMyJSIUI0 TPrOOB, TONYYEHHYK U3

NPUPOAHOTO UCTOYHUKA.

Hcnone3yeMsblil B HACTOSIEM JTOKYMEHTE TEPMHUH «MCTOYHHUK YIJIEPONa» B LEJIOM
OTHOCUTCA K BECHICCTBY, MNOAXOAALIEMY MJisI HCMOJB30BAaHHWA B Ka4Y€CTBE HWCTOYHUKA
yrjiepofa il poCTa MPOKAPUOTUYECKOW WM SYKapUOTHYECKOW KJeTku. HcTouHuku
yriepoaa BKIHOYAOT, HO HE OIpaHUYCHBI HMHU, TUAPOIN3AThI 6I/IOMaCCI:>I, KHCJIYIO
MOJIOYHYIO CBIBOPOTKY, CJIAAKYHO MOJIOYHYIO CBIBOPOTKY, YIJIE€BOIBI (HaIpUMeEp, Kpaxmal,
caxapo3y, MoJMCaxapuabl ¥ MOHOCAXapWUAbl), LEJUTI0JIO3Y, MeMHLEIUII0NI03Y, KCUI03y U
JIMTHUH, a TAaKK€ MOHOMCPHBIC KOMIIOHCHTBI 3THX Cy6CTpaTOB I/I/I/I.]'II/I Hux KOM6I/IHaI_II/II/I.
Hcrounuku yriiepoga MOryT COACPXKAThb pPAa3JIMYHBIC OPraHU4CeCKHUE COCAUHCHUA B
Ppa3In4YHbIX (bopMax, BKJItO4asi, HO HC OrpaHUYUBasACh UMU, NOJIUMEDPDI, YITICBOABL, KUCJIOTHI,
CIIUPTHI, aJIbAETUbI, KETOHBI, aMUHOKUCJIOTBL, MEeNTUABI U T.71. OHU BKJIIOYAIOT, HATIPUMED,
pasIMyHBIE MOHOCaXapHabl, TaKHMe KaK TIJIOK03a, Aekctpo3a (D-rimokos3a), Maibrosa,
OJINTOCAXAPUADBL, MOJUCAXAPUbL, HACBHILEHHBIE MM HEHACBIIICHHBIC JKUPHBIE KUCJOTHI,
CYKLIMHAT, JIAKTaT, alueTaT, 3TaHOJ U T.4. UJIX UX CMECH. HUcTounnkom yriepoaga TakKe
MOJKET OBITh ChIPb€ WJIM JIMTHOLIEUTIOJIO3HOE ChIpbE, TAKOe KaK JKOM CaXapHOW CBEKJIBI.
CDOTOCI/IHTGSI/Ipy}OH_[I/Ie OpraHu3Mbl MOTYT JOMNOJHUTCJIBbHO MNPOAYLHUPOBATH HCTOYHUK

yriiepoaa B KauecTBe MpoAyKTa POTOCHHTE3A.

Hcnonp3yeMelii B HACTOSIIEM JOKYMEHTE TEPMUH «OMOKATAIU3aTOP» OTHOCHTCS K
mo0ol cucteMe WM KIIETKe JIFOOOTo THUMA, YCKOPSIOIeH XUMHYECKHe PeakLnu 3a CHET
CHU)KEHUS] DHEPrHMHM AKTUBALMU, IIPU 3TOM OHM HE PACXOAYKOTCSI U HE HU3MEHSIOTCS B
TEXHOJIOTMYECKOM Ipouecce. buokataan3atopel MOTyT BKJIFOYATh, HO HE OTPaHUYEHbI MU,
MHUKPOOPTaHU3MBI, Taku€ Kak JApOXoKHM, TpuObl, Oakrepun u apxeu. Hampumep,

W30JIMPOBAHHBIN BU W/WIH MTaMM (-bI) TPHOOB MO U300PETEHUIO MOXKHO HCTIONIBb30BaTh B
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KayecTBe OMOKaTaj M3aTopa B IMOJYYeHUU OEJKOB W JIMIHIOB WJIH B Pa3JIOKEHUU

YIJIEPOAHBIX CyOCTPATOB WJIM OPTaHUYECKIX MOJIEKYJI JUIS TTOJTy9eHUsI O€JIKOB U JIUITHIOB.

Hcrnonp3yeMplii B HACTOSIIEM JOKYMEHTE TEPMHUH «()EPMEHTALHS» WM KIIPOLEeCC
(depMeHTaLIMN» OTHOCUTCS K IPOLECCY, B KOTOPOM OpTaHM3M WM OHOKaTaIH3aTOp
KyJIbTUBUPYIOT B MUTATENBbHON Cpefie Ui KYJbTYyphl, coaepkaleil HCXOqHbIe MaTepHaJIbL,
Takhie KaKk HCTOYHHK YyIJIepoJa U THUTaTeNbHble BEILIeCTBa, I7l€ OpPraHu3M WU

Ourokaraau3aTop npeodpa3yer 3TH UCXOIHbIE MATEPHUAJIBI B TPOAYKTHI.

Hcnonp3yeMplii B HACTOSALIEM JOKYMEHTE TepPMHH «OHOMacca» OTHOCHUTCS K
OMONIOTHYECKOMY MaTepHajy, UMEIOINEeMy IMPOUCXOKICHHE OT JKUBYLIMX HJIM HEOABHO
JKUBIIUX OPTaHM3MOB, HANpHUMeEp, CTeONel, JHMCTbeB U KPaxXMaJICOIEP KAIUX YacTed
3€JIeHBIX PACTCHUH, WIH U3 IPEBECHHBI, OTXOMOB, JIECHBIX OTXOMOB (TIOrHOIINX AEPEBBEB,
BETOK U JIPEBECHBIX IHEH), CKOIIEHHOW Ta30HHOH TpaBbl, IPEBECHBIX OIMWIOK, HIIU K
MarepuajgaM, MMEIOLIUM IPOUCXOKICHUE M3 BOAOPOCHIEH MM IMOOOYHBIX TNPOAYKTOB
KUBOTHOBOJICTBA ~ W/MJIM  TNPOMBIIUIEHHOCTH M TMOTOKOB  OTXOJOB,  IHINEBBIX
OTXOZOB/OCTATKOB U PYTUX MPOCTHIX CaXxapoB. B HEKOTOPBIX ciydasx Guomacca COnepsKuT
3HAUUTENBHYIO OO Oenka w/miam ounupa. B apyrux ciydasx oHa IJIaBHBIM 00pa3om

COCTOUT U3 Kpaxmajia, JIMT'HUHA, IIEKTUHA, HEJITHJIO3bI, MT€MULICIITIOJIO3bI 1/UJIH TIEKTHUHA.

Hcnonp3yeMplli B HACTOSIIEM JOKYMEHTE TEPMHH «LEJUII0JIO3Hasi Ouomaccay
OTHOCUTCSI K Ouomacce, COCTOALICH NPEUMYIIECTBEHHO M3 PACTUTENIbHBIX BOJIOKOH,
HECMIPUTOAHBIX WM IMOYTH HEMPUIOAHBIX B IIHINY JA UYECJIOBE€KA, U €€ BbIPA)KCHHbBIM
KOMIIOHEHTOM SIBJISIETCS LEJUTIONIO3a. JTU BOJOKHA MOXHO IOABEPraTb TUAPOIU3Y C
MOJIy4EHUEM Ppas3sIM4YHbBIX caxapos, KOTOpPBIE MOTYT bepMeHTHPOBATHCS
MHUKpOOpTraHu3MaMiu. [IpumMepbl HesuTroI03H0H GHOMACChl BKIIFOYAIOT TPABY, IPEBECUHY U
OoraTble LEJUIFOJIO30H OTXOXBI, IOJMy4aeMble U3 CEIbCKOrO XO3AHCTBA WJIHM JIECHOM

MPOMBIIIJICHHOCTH.
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Hcnonp3yeMelli B HACTOSIIEM NOKYMEHTE€ TepMHUH «Tu(oBass OHONMOACTHIIKAY H
«ruomMurieToBass OHOMOJACTHIIKA» HCIOJb3YETCSl B3aUMO3aMEHAEMO U OTHOCHUTCS K

6I/IOHOI[CTI/IJ'IKaM, npoaAyLuupyEMbIM FI/I(I)OMI/IL[eTaMI/I Hu COCTOAIIUM M3 HUX.

Hcnonb3yeMplii B HACTOSINEM JOKYMEHTE TEPMHMH «KpaxMajl» OTHOCUTCS K
NOJMMEPY TJIFOKO3bI, JIETKO THAPOJIM3YEMOMY IHIIEBAPUTEIbHBIMU  (EepMEHTaMHU,
HarpuMmep ammiaszamu. Kpaxman OOBIMHO KOHIEHTPHPYETCS B CHEIHAJH3HPOBAHHBIX
YaCcTsIX PACTEHUH, TAKHX KaK KapTodeib, KYKypy3HbIe 3€pHA, PUCOBBIE 3€PHA, NMIIEHUYHBIE

3epHa U CTeOJIN CaxapHOro TPOCTHHKA.

Hcnone3yeMblil B HACTOSINEM JAOKYMEHTE TEPMHUH <JIMTHHUH» OTHOCHUTCS K
NOJMMEPHOMY MaTepHually, TJIaBHBIM OOpa3oM COCTOAILIEMY W3 XHUMHYECKH CBS3aHHBIX
(eHONBHBIX MOHOMEPHBIX COCOMHEHWH, TaKUX KaKk Iapa-KyMapuJIOBBIA  CITHPT,
KOHM(EPHUIJIOBBII CIIUPT W CHHAMWIOBBIA CHHPT, (OPMHUPYIOIIEMY OCHOBY CTPYKTYPHOH
PUTMIHOCTH M YacTO HAa3blBAEMOMY JPEBECHONW 4YacTbIO pacTeHui. JIurHuH Takke

paccMaTpUBAIOT KAK HE COAEPIKALIYIO YIJI€BObI YACTh KJIETOUYHON CTEHKH PaCTEHUH.

Hcnosnbp3yeMplii B HACTOALIEM JOKYMEHTE TEPMHH «UEJUIF0JI03a» OTHOCHTCS K
JUTMHHOLICTIOYEYHOMY  MOJIMMEPHOMY  IMOJIUCAXAPUIHOMY  yIJIeBOAY  OeTa-TiIFOKO3bI
dopmynbl (CsH1005)n, 0ObIMHO OOHApyKMBaeMOMY B KJIETOYHBIX CTEHKAaX pPACTCHUH B

KOMOWHALIUM C JUTHUHOM U JIFOOOU MeMULIEJUTFOI030M].

Hcrnonb3yeMslil B HACTOSIIEM JOKYMEHTE TEPMHUH «T€MHULIEJUII0JI03a» OTHOCUTCS K
KJIACCy IOJINCAXapUAOB KIETOYHOW CTEHKHU PACTEHHM, KOTOPBIA MOXKET MNPEACTAaBIAThb
coboli mo0oi M3 HECKONIbKHUX rerepononuMepoB. OHM BKIIIOYAOT KCWJIAH, KCHJIOTJIMKAH,
apaOMHOKCHUIIaH, apaOMHOTANIAKTaH, TJFOKYPOHOKCHIIAH, TIIFOKOMAHHAH U TaJJaKTOMaHHAaH.
MoHOMepHbIE KOMIIOHEHTbhI I'e€MHLIEJION03bl BKIKOYAOT, HO HE OrpaHuueHnl umu: D-
rajakrosy, L-ranakrosy, D-manno3y, L-pamuo3sy, L-¢pyko3y, D-kcunosy, L-apabunosy u D-
TJIFOKYPOHOBYIO KHCJIOTY. DTOT KJIacC MOJUCAXapUAOB OOHAPYKUBAETCS IMOYTH BO BCEX
KJIETOYHBIX CT€HAX PAaCTeHHH HapsAy € LEJUIH0J030M. ['eMuLiesuono3a XxapakTepusyercs

Oonee HU3KON MacCOM, UeM LIeJUTI0NI03a, U HE MOXKET SKCTParupoBaThes ropsdel BOAOH M
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XCJIIAaTUPYIOLIHUMU ar€eHTaMu, HO MOXKET SKCTPArupoOBaTbCs BOAHBIMU paCTBOPaMU IeJIOYEH.
HOJ’II/IMeprIe e reMuneJuIroJI03bl CBA3BIBAIOT IMEKTHH U LEJUIIOJIO3Y B CETh IMONCPEIHO
CHINTBIX BOJIOKOH, @OpMHpYKHHHX KJIETOYHbIE CTEHKH OOJIBIIMHCTBA PaCTUTCIIbHBIX

KJICTOK.

Hcnosnp3yeMblii B HACTOSLIEM JTOKYMEHTE TEPMHH IIEKTHH» OTHOCUTCS K KJIaccCy
TeTEePOTreHHbIX IOJUCAXAPUIOB KJIETOYHOH CTEHKH PACTeHUH, KOTOpPbIE MOXKHO
HKCTPArupOBaTh MTyTeM 00pa0OTKU KHCIOTAMH H XENaTHPYIOIUMU areHTamMu. Kak npasuiio,
70-80% mnexkTrHa OOHAPYKMBAETCSI B BUIE JIMHEHHOH Lenu o-(1—4)-CBA3aHHBIX MOHOMEPOB
D-ranaktypoHoBoil  KHCIOTBL. Menbiiass (pakuuss mnekrmHa RG-1  cocrout u3
yepenyromuxcs (1—4)-cBs3aHHOHN rajtakTypOHOBOH KHUCIOTHI 1 (1-2)-cBsi3aHHOM L-paMHO3bI
C CYINECTBEHHBIM KOJHMYECTBOM apa0MHOTaJAKTAHOBBIX OTBETBIEHHH, OTXOIIIIUX OT
ocTaTka pamHO3bL /Jlpyrme MoHocaxapuabl, Takue kak D-¢ykosa, D-kcunosa, ammosa,
ykcycHast kuciora, Kdo, Dha, 2-O-merun-D-¢pykoza wu 2-O-metun-D-kcmnosa,
oOHapy:xuBaroTcs 1160 BO (pakuuu nektruHa RG-1I (Mmenee 2%), mubo B BHIE MHHOPHBIX
KOMITIOHEHTOB BO ¢pakumuu RG-1 Jlonn kaxaoro n3 MOHOCaxapuUIOB OTHOCHTENBHO D-
rajJakTypOHOBOM KHCIJIOTHI Pa3JINYalOTCsA B 3aBUCUMOCTH OT OTAEIBHOIO PACTEHHS U €ro
MHKPOOKPY>KeHHUs, OMOJIOrMYeCKOro BHAa 1 MOMEHTA BpeMeHH B IMKJIe pocTa. I1o Tem ke
NpUYMHAM roMoranaktypoHaHoBas u RG-1 ¢pakumm MOryT MmMpOKO pa3iuvaThCs IO
COZep KaHUI0 METHIIOBBIX 3(pupoB Ha octatkax GalA u comep:kaHUIO aLETHIIOBBIX 3(UPOB

Ha nojioxkeHusix C-2 u C-3 GalA u HeHTpabHBIX CaxapoB.

Hcnonp3yeMelil B HACTOSIIIEM TOKYMEHTE TEPMHH «(aKyIbTaTHBHBIN aHA3POOHBIN
opraHusM», JmO0  «(aKyJbTaTUBHBIA  aHASPOOHBIH  MHKPOOPraHH3M»,  JIHOO
«(akynbTaTUBHBIA aHA3POOHBIH OMOKATANIN3ATOP» OMPEHENSIOT KaK OPraHU3M, KOTOPBIH
MOXET PacTH KaK B MPUCYTCTBHH, TaK U B OTCYTCTBHE KHCJIOPOJA, HAMPUMEP IUITAMMBbI

rpuOOB, U30JIMPOBAHHBIE B HACTOSIIEM U300PETEHIH.

IIpy uCHONB30BaHUM B HACTOSIIEM JOKYMEHTE TEPMHUH «CyIIeHas Oapaay,
COKpaIeHHO o0o3HayaeMblii kak DDG, OTHOCHUTCSI K TBEPABIM BEINECTBAM, OCTAFOIIUMCS

nocyie (epMeHTarMu, OOBIMHO COCTOSALIMM M3 HEM3PACXOIOBAHHBIX CHIPHEBBIX TBEPIBIX
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BELECTB, OCTATOYHBIX IUTATENIbHBIX BELIECTB, Oejika, BOJOKHA M Macjia, a TaKKe
KJIETOUHBIX OOJIOMKOB OMOKAaTanu3aTopa. JTOT TEPMHH MOXET TaKXKe BKJIOYATh B ceOs
PacTBOPUMBIN OCTATOYHBIA MaTepHai u3 (EepMEHTALUH, U B 3TOM ClIy4ae ero Has3bIBalOT
«cyueHast Oapaa ¢ pactsopuMeiMu BetecTBamuy (DDGS, ot anrm. distillers dried grains

and solubles).

HpI/I HCIIOJIb30OBAHUU B HACTOAILICM JOKYMCHTE TEPMHH (IIUTATECJIbHOE BEIICCTBO»
ONpeEACIIAIOT KaKk XHUMHYCCKOEC COCIHMHEHUC, HCIIOJIb3yEMOE OpraHnu3mMomM U
6I/IOKaTa.HI/13aTOpOM AJid pOCTa U BbIKUBAHUA. B kauecTe NpuMeEpa NUTATEIIbHBIC BEIIECTBA
MOTyT OBITD OpPTraHU4YCCKUMU COCAUHCHUAMM, TAKUMHU KaK YTJIEBOAbI U aMUHOKUCJIOTBI, UJIA

HEOPraHN4YE€CKUMU COCAUHEHUAMU, TAKUMU KaK COJIM METAJLJIOB.

HpI/I HCIIOJIB30BAHWH B HACTOALLEM JOKYMEHTC TEPMUH KKOMILJICKCHOEC MUTATCJIbHOC
BEIIECTBO» OMPEACIIAAIOT KaK NCTOYHHUK IMUTATCJIBHBIX BCLICCTB, conepmamuﬁ B OCHOBHOM
MOHOMCECPHBIC OpTraHUYCCKUC COCAUHCHUAA, HUCIIOJIb3yEMBIC OpraHu3MOM NI
ounokaranmmzaTtopoMm miusi nponykuuu Oenkos, JHK, munumoB u yrinesomos. TepmuH
«00oraleHHOe MUTATEJIBHOE BEIIECTBOY HUCTIONB3YIOT BO BCEM TEKCTE B3aMMO3aMEHSIEMO C
TEPMHUHOM «KOMIUIEKCHOE TMUTAaTeJbHOE BellecTBO». Kak TmpaBuiIO, KOMIUIEKCHbIE
NHUTATEbHbIE  BeIleCTBA WM  OOOralleHHbIE IHUTATEJbHbIE BELIECTBA  HUMEIOT
NPOMCXOXKIEHUE M3 OMOJIOTHUECKUX MaTepHasioB, TAKMX Kak oTxon (-bl) yOOitHOro wLexa,
otxox (-bI) MOJIOYHOH MPOMBIIIEHHOCTH WM  CEIbCKOXO3SHCTBEHHBIE OTXOIBL
KoMiuiekcHble mHUTATEJIbHBIE BCIIECTBA WJIN O60l"a]l[eHHbIe IIUTATCJIbHBIC BELICCTBA
BKJIFOYAaOT, HO HE€ OrpaHUYCHBI UMU: I[pO)K}KeBOI\/'I OKCTPAKT, TPUIITOH, MEITOH, COEBBIN

9KCTPAKT, KYKYPY3HBIN CUPOII, COEBBIH OEJIOK U Ka3eHH.

Hcnonp3yeMplli B HACTOSIIEM JOKYMEHTE€ TEPMUH «adpOOHBIH MeTabonn3m»
OTHOCHUTCS] K OMOXUMHUYECKOMY MPOIIECCY, B KOTOPOM JUISL TIOJYUEHHUS] SHEPTHH, OOBIYHO B
dopme ATD, ucnonb3yercss KUCIOPOA U3 YIJIEBOIOB. B XapakTepHOM ciiydae adpoOHbBIH
MeTabOIN3M OCYLIECTBISIETCS MOCPENCTBOM INIMKOJIN3a U LIUKJIA TPUKAPOOHOBBIX KHCIIOT
(TKK), rme omHa MosieKysia TJIOKO3bl TMOJHOCTBIO METa0ONU3UPYETCS N0 AUOKCHUIA

yriepoja B MIPUCYTCTBUU KUCJIOPOJA.
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Hcnonp3yeMoe B HACTOSIEM TOKYMEHTE BbIpaXKeHHE «aHadpOOHBIN MeTabonmmu3M»
OTHOCUTCSI K XMMHYECKOMY IIpOLECCy, B KOTOPOM KHCJIOPOJ Ha SIBJIAETCS KOHEUHBIM
aKLEeNTOpOM 3JIEKTPOHOB, CoiepKALUXCS B BOCCTaHOBJICHHOM
HukotuHamunanenuuaunykiaeorune (HAJ-H).  AnadpoOHbIi  MeTaboNM3M  MOXKHO
NOAPA3ENIUTh Ha aHA’POOHOE IbIXaHWE, B KOTOPOM B Ka4yeCTBE KOHEYHOrO aKIIeNTopa
SJIEKTPOHOB CJIY>KAT COEIAHMHEHHs], OTJIMYAIOLINECs OT KUCJIOopona, U (epMEHTALUIO, B
koTopoii anekTpoHsl oT HAJI-H wucnonb3yroTcs ayisi mosnydyeHuss BOCCTaHOBJIEHHOTO

NPOIYKTA MOCPENCTBOM «(HEPMEHTATHBHOIO MyTH» MeTabonu3ma.

Hcnonp3yeMplli B HACTOALIEM JOKYMEHTE TEPMHUH «MHUKPOOHOIOrHYecKast
(dbepMeHTaLus» OTHOCHTCS K TPOILECCY, I7l€ OPraHMYECKHE BELIeCTBA PACLICTUISFOTCS, U
NPOUCXOOUT MX COOpKa 3aHOBO C OOpa3oOBaHMEM IMPOAYKTOB MHKPOOPTaHM3MaAMH. IJTH
BEIECTBA MOTYT BKJIOYAaTh, HO HE OrPAaHUYEHbl HUMH, TIIFOKO3Yy, Caxaposy, TIIHLEPHUH,
Kpaxmall, MaJbTOAEKCTPUH, JIAKTO3Y, JKUPBI, YIIIEBOAOPOAbI, OEJNOK, aMMHAaK, HUTPAT U
uctouHuku Qocgopa. IIpogykTel MOryT BKJIFOUATh, HO HE OTPAHUYEHBI UMM, MPOIYKTHI
TOHKOT'O OPTraHUYECKOT0 CHHTE3a (BKJIIOUAsi, HO HE OrPaHUYHMBAsICh IMU, MUKOTIPOTEHHOBBIE
NPOJYKTBI, COEBbIE MPOAYKTHI, TEMIIE U T.[.), TPAAULMOHHBIE MPOAYKTHI (BKJIIOYAs, HO HE
OTPaHWYMBASACH UMM, XJieO, NHBO, BHHO, CIHUPTBL, CBIP, MOJIOYHBIE MPOAYKTHI,
(epMeHTHpPOBaHHbIE MSCHBIE NPOAYKTHI M OBOLIM, TI'PUOBL, COEBBIH COYC M YKCYC),
CeJIbCKOXO3sIICTBEHHBIE IPOAYKTHI (BKIIFOYAsl, HO HE OTPAHUYMBASCH UMH, THOOEPEIUINHBI,
(yHrMUUABI, HHCEKTULMIBI, CHJIOC, aMHHOKHUCIIOTHI, Takue Kak L-rmyramuH, L-nmu3uH, L-
tpunitopan, L-tpeonun, L-acmaparuHoBast kucnorta (+), L-apunrnunmber), (GepmMeHTHI
(BKIIFOUAsi, HO HE OTPaHUYUBASICh UMH, KapOOTrHUapasbl, LEJUTFOJIA3bl, JIUNA3bl, MEKTHHA3HL,
npoTeasbl), pas3qUYHbIE BHUAbI TOILUIMBA WU XHMHYECKOTO ChIpbsl (BKJIIOYAs, HO HE
OrpaHUYMBASACh MU, aleTOH, OyTaHon, OyTaHAMON, H3OMPOIAHOJ, 3THJIOBBIA CIHPT,
TJIMLEPHH, METaH, TIULEPHUH, MACISTHYIO KUCJIOTY, METaH, IUMOHHYIO KUCJIOTY, (yMapOBYIO
KUCJIOTY, MOJIOYHYIO KHCJIOTY, TPOIMHOHOBYK KHCJIOTY, SIHTApHYIO KHcioty u L-
ITTyTapOBYIO KHCJIOTY WJIM COJH JIFOOOH M3 3TUX KHCJIOT), HYKJIEOTHABI, OpPraHUYeCKue
KUCJIOTBI, (hapMalleBTHYECKHE CPEACTBA U POJACTBEHHBIE COCAUHEHHUS (BKIIOYAs, HO HE

OrpaHuvuvBasCb HWMH, aJIKAJIOUIBI, aHTI/I6I/IOTI/IKI/I, rOPpMOHBI, HMMYHOCYIIPECCAHTHI,
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UHTEPPEpPOH, CTEPOUAB], BAKLUHBI, BUTAMUHBI) W TOJUMEpHl (BKJIOYas, HO HE

OrpaHu4unBasiCb UMH AJIbI'MHATHhI, ACKCTPUH, reJiiaH, HOJ'II/IFI/II[pOKCI/I6YTI/IpaT,

2
CKJIEPOTJIIOKaH U KcaHTaH). Mcronpzyemble i (pepMEHTalMd MHKPOOPTaHU3MbI MOTYT
BKJIIOYATh ~ KaK  INPOKAPUOTHYECKHE  MHKPOOPraHmM3Mbl  (BKIOYas — OakTepwuy,
IMaHOOAKTEPUH), TAK U 3YKAPUOTHUECKHE MUKPOOPTaHU3MbI (BKIIFOUAs APO}CKHU, TPUOBI U

BOJOPOCIIH).

Ucnonb3yemMoe B  HACTOSIEM JOKYMEHTE€  BbIpPAKEHHE  «PAacTeHUsl I
SHEPreTUYeCKOro HCMOJb30BAaHUS» OTHOCUTCS K PAaCTEHUsM, BBbIPAIllMBAEMbIM IS
NIOJIYYEHUS YPOXKasi HU3KOH CTOMMOCTH M He TpeOyro1mero ocodoro yxona, UCIOIb3yeMOro
IUIS TIOJy4eHUs OMOTOIUTMBA WJIM HEMOCPEACTBEHHO, Onaronmaps CONEPXKAHUID B HHX
sHepruu. Kommepueckue pacTeHus il HHEPreTUUECKOrO HCIOJNb30BAHUSA OOBIYHO
BBICAXKMBAIOT C BBICOKOH MJIOTHOCTBIO AJIs MIOJY4Y€HHsI BICOKOTO BBIXOJIa PACTEHUN TaM, I7ie
pacTeHHs Uil 3HEPTEeTHUECKOTO HCIOJIb30BaHUS OyAyT CXKHUraTh Uil T'€HEPHPOBAHUS
snexTposHepruu. II1npoko UCHoap3yr0T ApeBECHbIE PACTEHUS, TAKUE KaK MUBa WM TOIOJIb,
a TaKXXe TPONMUYECKHE pACTeHMs, Takue Kak Miscanthus w Pennisetum purpureum

(M3BECTHBIN KaK CIIOHOBbSI TPABa).

Hcnonp3yeMelii B HACTOSLIEM TOKYMEHTE TEPMUH «IIOBEPXHOCTHAS (pepMEeHTALUsD
OTHOCHTCS K TAKHM BUIAM (pepMEHTALMH, B KOTOPBIX UCTIONB3YIOT POCT MUKPOOPTaHU3MOB
Ha MOBEPXHOCTHU MHUTATENIbHOU Cpeabl 1uisl pepMeHTamu Oe3 KaKoi-Tu00 JOMOJIHUTETbHON
NOVIOKKH. B XapakTepHOM cilydae MuTaTeNbHasi Cpela MpencTaBisieT co0od CBOOOIHO
TEKY4YI0 BOIHYIO MUTATEIbHYIO cpeny. He orpaHn4mnBasch Kakoi-1u00 TeopueH, CUUTArOT,
yr0 TU(OBBIE OHOMOACTUIKH OOpa3ylTCs B pe3yJibTaTe HEKOTOPOH KOMOWHAIMU
a3poOHOT0, MUKPOa3pOOHOTO U/UiTH aHa3poOHOTo MeTabonnsma. Hampumep, CUUTAIOT, YTO
IBIXaHUE Ha MTOBEPXHOCTH OUOTIOACTHIIKH OCYIIECTBIISIETCS Ha a3pOOHON OCHOBE, TOTa KaK
B HIDKHEH YacTH OWOMOACTWIIKH CTENeHb a’pOOHOCTH [IBbIXaHHUS MOXET OBbITb OT

MHKPOa3pOOHOH 10 aHA3POOHOM.

Hcnonp3yeMelii B HACTOALIEM JOKYMEHTE TEPMHH «TBepIO(]a3Hasi MOBEPXHOCTHAS

(depMeHTausA» OTHOCUTCS K Te€M BHIaM (pepMeHTaluy, B KOTOPBIX HCIIOJIB3YIOT POCT
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MHUKpPOOPTaHHU3MOB Ha MUTATEbHOU cpeae st pepMEeHTALUU ¢ UCTIOIB30BAHUEM yTIIepoIa
U IIUTATCIBHBIX BCIICCTB, l'IOTpe6J'I$II'OH_II/IX yrnepon n IMUTATCIIBHBIC BCIICCTBA,
obecrieyrBaeMble TBEPABIMH BELIECTBAMH, MMOTPYKEHHBIMU B cpeny uisi ¢pepmeHTarmu. B
HEKOTOPBIX BOIUIOLIEHHUSAX H300pETeHHs] HEKOTOpask 4acTb OMOMOICTUIIKH MOXKET OBITh

YaCTUYHO MOTPY>KEHHOM.

Hcnonp3yeMplii B HACTOSIIIEM JOKYMEHTE TEPMHH «IOTPY’KE€HHAsi (hepMEHTALHsD»
OTHOCHUTCSI K TeM BHIAaM (pepMEeHTALNH, B KOTOPBIX HCIIOJIB3YIOT POCT MUKPOOPTAHU3MOB B
NOTPY>KEHHOM COCTOSIHUM BHYTPH MHUTATENbHON cpeabl anst (depmeHtamun. B sty
KaTerOpUI0 TOMAJAl0T MHOTHE BUABI (PEpMEHTALMH, TaKHEe KaK METOJA MOTrpPy>KeHHOH

(bepMeHTauu Jisl TPOU3BOACTBA MEHUIMJLTHHA.

Hcnonp3yeMelil B HACTOSIIIEM AOKYMEHTE TEPMHUH «TBepaodasHas GpepMeHTalus»
OTHOCHUTCSI K KyJIbTYP€ MUKPOOPTAaHU3MOB, BbIPAIUBAEMOI Ha BHIOPAHHOM /ISl STOH Lesn
TBepAOH mozokke. Hampumep, TBepablil cyOCTpaT Ui KyJbTHBHUPOBAHMS, TAKOH Kak
pUCOBbIE WJIM TIIIEHWYHbIE OTPyOH, OCaxgaroT Ha IUIAaTGOpMBl TOCHE 3aceBa
MHUKPOOPTaHMU3MaMHU; 3aTeM CyOCTpaT OCTaBISIOT B IOMEIIEHHH C KOHTPOJIMPYEeMOMH
TEMIIEPaTypoil Ha HECKOJbKO CyTOK. B TBepmodasHOW ¢epMeHTauuu UCHOIb3YIOT
cyOcTpaThl ANl KyJbTHBHPOBAHMS C HU3KMM COAEp KaHHEeM BOAbI (TIOHMKEHHOH BOJHON
aKTUBHOCTBIO). IluTarenpHyro cpepy (HampuMep, PUCOBbIE WM ILIEHHYHBIE OTPYOH)
HACBIIAIOT BOJOM, HO JIMIIb HE3HAYMTEJIbHAS €€ YaCThb HAXOIHUTCS B CBOOOTHO TEKydeM
cocrosiHUU. TBephas muTarenbHas cpena COAEPKUT Kak CyOCTpaT, Tak U TBEPAYIO

TIOJIOJKKY, HA KOTOPOH OCYIIECTBIIACTCS (pepMeHTaLHs.

Hcnonp3yeMelii B HACTOSAIIEM TOKYMEHTE TEPMUH «HYTPULIEBTHUECKUI» OTHOCHUTCSI
K BELIECTBAM, IOJIE3HBIM JUJIsl 370POBbS WJIM B KAadeCTBE JIEKAPCTBEHHBIX CPENCTB. B
HEKOTOPBIX CJIyUasiX HyTPULIEBTHKH NPEACTABIISIIOT COOOH HE TOJBKO MULIEeBbIE JOOABKH, HO
TaK)K€ MOMOTAIOT B MPEAYNPEKICHUN W/WIN JIeYeHUH 3a00NeBaHUs W/WIN PacCTPOMCTB.
TepMuH «HYTpULIEBTHUYECKHUIT», 00pa30BaHHBIN OT TEPMUHOB «IIMUTaHUE (OT aHIIL. nutrition)»

u «(papmaueBTHYECKUNY, OblT BBe#eH B oOpamenue B 1989 rony Bpadom CtuseHom /[le
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®enuue (Stepen DeFelice), ocHoBarenem u npencenarenem @oHna MHHOBALNN B MEAHIIIHE

(Foundation for Innovation in Medicine, FIM).

Hcnonp3yeMplii B HACTOSIIEM JAOKYMEHTE TEPMUH «IIOTOMCTBO» OTHOCUTCS K
MOOOMY MIJIM KO BCEM ITOTOMKAaM IO POIOCIOBHOI, MMEOLIeH NPOUCX OJKACHUE OT IITaMMa
HE3aBUCHMO OT TOT'0, KakKiM 00pa3oM U r7ie OH ObUT MojyueH. B HCIosib3yeMoe B HACTOSIIIEM
AOKYMEHTE OIPEACIICHUEC «KITIOTOMCTBO» BKIIFOYCHDBI .]'II-O6I:>I€ " BC€ MyTaHTbI U30JIMPOBAHHOT'O
ACMMOHUPOBAHHOIO IITaMMa U €ro rnnoToMCTBa, i€ TAKUE MyTaHTbI O6J'IaI[aIOT 10 MEHBIIEN
Mepe OnHOW w3 (DU3HONOTMYECKHX W/WiIM  MOP(OIOTMYECKHX  XapaKTEPUCTHK
HU30JIMPOBAHHOI'O ACTIOHUPOBAHHOI'O IITaMMa U €TI0 IIOTOMCTBA.

HckyccTBeHHast THUTaTeNbHAs cpena JUid  BBIPAIUBAHHUS — T'M(OMHLIETOBON
OMOTMONCTUIIKI

Jinsg monydeHus: ruOMHLIETOBOH OWMOMOACTHIIKH HCIOJB3YIOT HCKYCCTBEHHYIO
NMUTATCJIbHYIO CpPEaAy. HCKYCCTBGHHaﬂ nuraTtejibHass cpeaa o6ecnqu/IBaeT NUTAaTCIJIIbHbIC
BC€HIICCTBA, Tpe6y}0H_II/IeC$I AJI1 YBEJIMUCHHBIX IEPUOAO0B KJIICTOUHOI'O LIUKJIA MO CPABHCHUIO C
NPOUCXOJSIIUM B €CTECTBEHHBIX YCIOBUSAX (T.€. TOBBIMIEHHOH CKOPOCTH POCTA), YTO
MNpUBOAUT B PE3YJIBTATE K MOBBIIIIEHHON MJIOTHOCTH KJIETOK. HCKYCCTBGHHaH nUTaTCJIbHAaA
cpena COIep KT IO MEHbINei Mepe cieayroiue MakpoHyTpueHTsl: a3otT (N), pocdop (P),
kanbiyii (Ca), marauii (Mg), yronepon (C), kamuii (K), cepy (S). B nutarenshyro cpeny amst
JOTOJIHEHHS] HCTOYHUKOB YTIIIEPOa MOJKHO TaKKe 1OOABIATh MUKPOHYTPUEHTBI, TAKHE KaK
xeneso (Fe), 6op (B), xpom (Cr), mens (Cu), cenen (Se), mapranen (Mn), monubdnen (Mo),
BaHamuil (V) u mmHK (Zn). McTouHUKYM yriepoaa, Takue Kak JIMTHOLEJUTIOJO3HOE ChIPbE,
Clla/Ikasi MOJIOYHAS CBIBOPOTKA M/MJTA KHCJIasi MOJIOYHAsI CHIBOPOTKA, B XapaKTEPHOM ClIy4ae
O6eCHeLII/IBaIOT AOCTATOYHOC KOJMYECTBO TIHUTATCJIbHBIX MHKPOSJIEMEHTOB, I[MO3TOMY

AOMOJIHUTECIIbHBIC MUTATCIIbHBIC MUKPO3JIEMEHTBI HE Tpe6y1'0TC$I.

B HWCKYCCTBEHHYIO NHTATENBHYIO CpPEOy MOXHO MA00ABISTH IOMOJHHUTEIbHbIE
no0aBKM THTATENbHBIX BellecTB. lIpuMepaMu TakMX BEIIECTB SBISIFOTCS YIJIEBOABI
(HampuMep, MOHOCAxXapwIbl, IOJHUCAXAPHIbI), JOHOPBl AMHUHOKHCIOT (Hampumep,
AMMHOKHCJIOTA, TOJHUMENTUAB]) M HX KoMOmHauuu. Kpome TOro, B HCKYCCTBEHHYIO

NUTATEJbHYI0  CPedy MOXKHO Takxke J00aBIsATb  COEIUHEHHs, OOJjerdaroiue
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NpefBapuUTENbHYI0 00pabOTKy JMTHOLEJUTIOJIO3HOTO HMCTOYHHKA —yriepopa. Takue
COEIMHEHMS BKJIFOUAIOT, HO HE OTPAaHUYEHbl UMM, MOAKHUCIAIOIINE BEIIECTBA, JOHOPHI

MapraHiia, MUTaTeIbHbIE BellecTBa 1 3a0ydepuBatomuii pH marepua.

HckyccTBeHHast NMUTATENbHAS Cpela MOXKET UMeTb (OpMYy TBEPAOIO BELIECTBA,
MPONMUTAHHOTO >KUAKOCTBIO, >KUAKOCTH WU rens. MckyccTBeHHas MuTaTeNbHas cpena
MOXET TakKe MMeTb (OPMYy KUAKOCTH, MOKPHIBAIOIIEH TBEPAbIH yIIIepOAHbIH CyOCTparT,
TAKOW KaK JIMTHOLEJUTIOJIO3HOE ChIpbe WJIM APYrod TBEPIbIM yriepomHbiii cyOcTpar. B
IaHHOM Cllydae TBEpAbIH CyOCTpaT MOTrpy>KeH MOJA MOBEPXHOCTb KUIKOCTH TaK, YTO
OMOTIOACTHIIKA PACTET HA MOBEPXHOCTU YKUIKOCTH, MOTPEOIsisl yriepos, MOJyYeHHbIH 13
MOTPY>KEHHOIO TBEPAOrO BEINECTBAa, B IMPOLIECCE, HW3BECTHOM KAaK IOBEPXHOCTHAs
tBepaodaszuas pepmentauus (IITPD). Buexnerounsle pepMeHTHI, BIIETsIEMbIE U3 rpuda,
pasnarar0T TBEPHABbIM YIrIIepoAHbIN CyOcTpaT, BBICBOOOXKIAs PACTBOPUMBIA YIIEPON,
KOTOPBII MOKET IMOTJIOMATHCS] OUOMIOACTHIIKON Ha TpaHULe ¢ BOXHOW (a30i nim BOMU3N
Hee. [TonyueHHas B pe3yJsibrare OHOMOACTHIIKA 0Opa3yeT MOACTHIIKY Ha CJI0€ JKHIIKOCTH HaJl
NOTPY>KEHHbIM TBepAbIM cyOcTtparom. Kak mpaBuino, riayOuHa cnos KMAKOCTH Haj
MOrPY>KEHHbIM MCTOYHUKOM YIJIEPOAA NOJIKHA cOCTaBiATh okoso 0,01-1,0 cm. Ciaummkom
MaJioe KOJIMUYECTBO XUIKOCTH IPUBOIUT K OTCYTCTBUIO O0Pa30BaHUsI MOACTUIIKH, YTO BEET
K TBepaoda3Hoil GpepMeHTannMu WuiaK norpyxkeHHoi gpepmentauuu. CiumkoM OoJbLIOe
KOJIMYECTBO JKMAKOCTH NPUBOAUT B pe3yjibraTe K HEI(P(PEKTUBHOW KOHBEPCHUH U

MOAABJICHUIO LIUKJIA pOCTa 6I/IOHO)1CTI/IJ'IKI/I.

B kauecTBe HCTOYHMKA yriaepoaa [Jsl HCKYCCTBEHHON MUTATENbHONU CPENbl MOXKHO
HCIIOJIB30BaTh ILIMPOKOE pPa3HOoOoOpasue BeIeCTB. OTH BEINeCTBAa BKJIIOUAIOT caxapa
(HanmpuMep, TIIFOKO3Yy, TaJakKTO3y, MAHHO3Y, TPErajo3y, caxaposy, apaOuHO3y, MAaHHO3Y,
KCWIIO3y, (PPyKTO3y M T.O.), TJIHMLUEPHH, KpaxMmaj, YIJIEBOABL TJIHUIEPUH, MOJOYHYIO
CBIBOPOTKY, JINTHOLEJUIIOJIO3HOE ChIpbE, IOTOK(-M) OTXOXOB (HAIpUMep, KHCIYIO
MOJIOYHYIO CBIBOPOTKY) U X KOMOMHaUWH. [logxonsimne BUabl IMTHOLEIUTFOIO3HOTO ChIPbS
BKJIFOYAIOT, HAaNpUMep, INPOCO MNPYTbEBUAHOE, pACTE€HUs [Js1 OHEPreTH4YECKOTO
UCIOJIb30BAHUSA, JIEC U3 TBEPAOJUCTBEHHBIX MOPOJ U APYrHE€ MPOAYKTHI, TUBOBAPEHHYIO

I[pO6I/IHy, MNNIEHUYIHYKO COJIOMY, TpaBbl, JIUCTbA, PACTUTCIIbHBIC OTXOAbl TEXHOJIOTHUU
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paspymenust 1erono3bl  aMmuakoM (AFEX), opranmyeckuil OCTaTOK aHa3pOOHOTO
OpOsKeHMsI, OTXOMbI CENbCKOXO3SUCTBEHHBIX KYJbTYp (HAampuMep, SIUMEHHYIO COJIOMY,
PHCOBYIO COJIOMY, COJIOMY MEJKHX 3€PHOBBIX, KYKYPY3HYIO COJIOMY, KyKypYy3HbI€ BOJIOKHA
(nampumep, kamenb Kykypy3Hbix BosiokoH (CFG), cymenyro Gapay (DDG), kykypy3Hyro
rmoTeHoByr0 Myky (CGM)), nmouepHOBOE CEHO, TPOCTHUKOBO-CaXapHyr Oaraccy,
HECEeJIbCKOXO3MCTBEHHYI0 OHoMaccy (Hampumep, BOIOPOCIEBBIE MOICTHIIKH, OTXOIbI
TOPONCKMX  JPEBECHBIX  HACWKIEHWI),  TMPOMBIIUIEHHBIE  OTXOObl  (HATMpPUMED,
NePBUYHbIE/BTOPUYHBIE  MPOMBIIUIEHHBIE  OTXOIbl  JAPEBECHHBI ~ MSTKHX  IOPOL,
NePBUYHbIE/BTOPUYHBIE  MPOMBIIIEHHBIE  OTXOABI  JPEBECHHBI  TBEPABIX  IMOPOL,
TIOJTY>KUIKHE OTXOAbI OYMaXKHOW MacChl MPOU3BOACTBA BTOPUUHON OyMaru), comepkalime
JIMTHOLEJUTEFOJIO3Y OTXOAbI (HampuMep, ra3eTHyI Oymary, MakyJjaTypy, NMHBOBapEHHOE
3epHO, TOPOACKHE OPTraHMYECKHUE OTXOJbI, CAIOBbIE OTXO/bI), KIIMHHYECKUE OPTaHUYEeCKHUE
OTXOABI, OTXOAbI, 00pa3yroIuecs B IMPOLECCe MPOM3BOACTBA OHOTOILIMBA (HAIpPUMED,
nepepabOTaHHYI0  BONOPOCHEBYIO OHMOMAacCy, IJIMLEPHH, OTXOABl IPOU3BOJCTBA
LIEJUTFOJIO3HOTO  3TAHOJIA, TBEPHAbIE OTXOAbI OWOMU3ENBHOTO TPOU3BOACTBA) U HX
komOuHaumu. Ilogxomsimuii MOTOK (-M) OTXOAOB BKIIIOYAIOT CEIBCKOXO3SHCTBEHHBIC
OTXOZbI, TOPOACKHE OpPraHUYeCKHe OTXOIbl, OTXOAbl TMPOU3BOACTBA OHMOTOIUIMBA
(HampuMep, OTXOABI MPOHM3BOACTBA LIEJUTIOJIO3HOTO 3TAHOJA), BOAOPOCIEBYIO OnoMaccy,
NMMBOBAPEHHYIO APOOUHY W/HITH MMOTOKU OTXOAOB (HApUMep, MENACChI, KYKyPYy3HbIH CUPOIT
U T.J1.), IPOMBIIIJICHHbIE OTXOABI (HATIPUMEp, OPraHUYeCKHUEe MOJIEKYJIbIL, TAKHE KaK (PeHOJ U
APYTHe apOMaTHUECKHEe COCAMHEHHs) M BOJIOKHA, TaKUe Kak OeTa-TJIFOKaH, IeJUTI0JI03a,
XUTHH, TEMULIEJUTIONI03a W MOJUASKCTPUH, MOHOCAXAPHIbI, TUCAXAPUIBI, OJIUTOCAXAPUIbI,
NOJIUCaxapuabl U JEOOYI0 UX KOMOWHAIMIO. MOHOCaXapuabl BKIKOYAIOT B Ce0sl TPUO3BI,
TETPO3bI, MMEHTO3bI, T€KCO3bI, TENTO3bI U T.JA. U JIFOObIE U BCE WX KOMOHHAIIMH, MEHTO3bI
BKJIFOYAIOT B ce0si pulynosy, kcunynody, pubo3y, apaOWHO3y, KCUIIO3Y, JIHKCO3Y,
ne30KkcuprO03y U JIt00ObIe U BCEe X KOMOMHAIIMH, TOTIa KaK TeKCO3bl BHIOPAHBI U3 IPYIIIIHL,
COCTOSIIIEH W3 aJUIO3bl, AJbTPO3bI, TIIFOKO3bI, MAHHO3BI, TJFOKO3bI, HAO3bI, TaJIAKTO3bI,
TaJI03bl, TICHKO3BI, ()PYKTO3bI, COPOO3bI, TArato3bl W JIFOOBIX W BCEX HUX KOMOWHALIUH.
Jlucaxapuabl BKIIIOYAIOT B ce0sl caxapos3y, JAKTO3y, MajbTO3y U JIOOble U BCE HX
KOMOMHAIWH, TOT/Ia KaK MMOJINCAXaPUIbl BKJIIOYAIOT B C€0s KpaxMaJl, ININKOTeH, LEJUTI003Y,

XUTHUH U JIFOObIE U BCE UX KOMOUHALIUUA.
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Hcrounuk yrjiepoaa, I/ICHOJ'II:;?)yeMbII\/'I AJIs1 BbIpalllUBaAHUA N30JIMPOBAHHOI'O LITaMMa
rpubOB, MOXKET COAEpKaTh LEJUTIJIO3y B KOJUYECTBE OT OKoo 5% mo okono 100%, ot
o0k0510 10% 1m0 ok0110 95%, ot okoso 20% 1o okoyio 90%, ot okojio 30% mo okojo 85%, oT
okoJio 40% no okoso 80%, ot oko0 50% no okoio 75% unu ot okoiio 60% 10 okoiio 70%
B pacyere Ha MacCy HCTOYHHMKA YIJiepoda B CYXOM COCTOSIHHM. AJIbTE€PHATHBHO
LEJUTFOJIO3HBIN HCTOYHHK YTJIEPOAa CONEPIKUT LEJUTIONO03Y B KOJMYECTBE 1O MEHbIIEH Mepe
okoJ0 5%, o MeHbIIel Mepe okoio 10%, mo MeHbIIel Mepe okoJio 20%, o MeHblIeH Mepe
okosio 30%, mo menbIeit Mmepe okoso 40%, mo menblel mepe okojo 50%, Mo MeHbLIeH
Mepe okosio 60% wunu no meHblunel Mepe okojio 70% B pacueTe Ha Maccy HCTOYHHUKA
yrjaepoaa B CyXOM COCTOSHUU. B Npyrux ciydasx LEJUTIOJIO3HBIM MCTOYHUK YIJIepona,
UCTIONIB3YEMBIH I POCTa M30JIMPOBAHHOIO MITaMMa TPUOOB, comepskut ot okoyio 1% 1o
okosio 50%, ot okojio 5% no okoso 40% wmnu ot okoso 10% go okono 30% B pacuere Ha
MacCy KOMIIOHEHTA, BbI6paHHOFO U3 JIMTHUHA, F'eMHLCIJIJIFOJIO3bI UJIW HUX KOM6I/IHaI_II/II/I. B
HEKOTOPBIX BOIUIOIIEHUSX HACTOSIIEr0 M300peTeHUsT LEUTFOJIO3HBIA UCTOYHUK YIIIEpO/a,
UCTIOJIB3YEeMBIH JIJISl POCTa MUKPOOPTAHU3Ma, COIAEPKUT 1O MeHbIIel Mepe okoJsio 1%, mo
MeHblLIelH Mepe okoso 5%, mo MeHblel Mepe okojo 10%, no menbiueit Mepe okoso 20%
WM 10 MeHbliei mepe okoio 30% Macchl KOMIIOHEHTA, BBIOPAHHOTO W3 JIMTHHHA,

FreMHULCJIIFOJIO3bI UK UX KOM6I/IH8,LII/II/I.

[Monxonsimue NCTOYHUKH a30Ta BKJIIOYAIOT MOUeBUHY, HUTpaT amMmouust (NH4NO3),
cynbdpar ammonusi (NHsSO4), comu nutpatel (Hampumep, KNO3), conu ammoHus (T.e.
NH4SO4) u opranudeckuii N (Hampumep, OeNKH, MENTHAbI), MOTOKH MPOMBIILIEHHBIX
OTXOZOB C BBICOKUM COIEPKAHMEM a30Ta, KYKYPY3HBIH CHPON W HMX KOMOWHAIMH.
HckyccTBeHHAst TUTATENIbHAS CPea, MPUTOTOBJIEHHAS! C YUCTHIM MOYEBUHHBIM HCTOUHHUKOM
a3ora, obecrieunBaeT NPUOIU3UTENBEHO Ha 25% Oosnee OBICTPBIA POCT THPOMHULIETOB, YEM
HCKYCCTBEHHAs MUTAaTEJIbHAS CPe/ia, MPUTOTOBJICHHAs C KOMOMHAIIMEH MOYEBHHBI M HUTPATa
ammonus (T.e. 70 r/M*CyTku 1Mo CpaBHEHHIO C 52 T/M*/CyTKH COOTBETCTBEHHO). MOKHO
TaKXK€ HCIOJb30BaTh KOMOWHAIIMKM MOYEBHHBI M HUTpaTa aMMOHus. PocT, XOoTs o
3HAYUTENIbHO OOJiee MENJICHHBIM, 4YeM MpH HCIIOJNb30BAHUM OJHOM MOUYEBHHBI WJIH

KOM6I/IHaI_II/II/I MOYCBHHBI, TAKXE MPOUCXOAUT MPU HUCIIOJIB30BaAHUN cynb(baTa AMMOHUS B
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Ka4eCTBC CAUMHCTBCHHOI'O HCTOYHHKA a30Ta. XOTsI MOKHO TakK:kKe HCIIOJIb30BaTh OJJUH
HUTpAT aMMOHUS, 3TOT HCTOYHHK a30Ta TAKXE HE obecrieunuBaeT 3HepFI/ILIHbII71 pocCT,

Ha6H}OHaeMbIﬁ IMpU UCIOJIb30BaHHUU KOM6I/IHaI_IPII>'I MOYCBHHBLI.

Usmenenust otHouenus yriepona u azora (C:N) B UCKYCCTBEHHOW MUTATEIbHOMN
Cpene OKa3bIBAIOT 3HAYMMOE BIHMSHUE HA KOMITO3HIIMIO OMOMOACTUIIKH, MPOLYLIUPYEMOMH
BUJIOM W/ mramMmMoM rpuboB. B xapakrepHom cnyudae Hu3koe oTHommeHnue C:N,
Hanpumep otHommenue C:N 7,5:1 uau meHee, OnaronpusTCTBYeT MPOAYKIUU OEJNKOB U
AMHUHOKHCJIOT MO cpaBHeHUIO ¢ unuaamu. C apyroi ctoponsl, otHotnenne C:N 6omnee 7,5:1
ONaronpHUsITHO AJIst MPOIYKIMH JIUIHIOB IO CpaBHEHUIO ¢ OemkaMu. OOpa30BaHUIO JIUITHIOB
4acTo OJIArONpUSTCTBYET UCKYCCTBEHHAs MUTATENbHAS cpena, nMeromnas oTHomeHne C:N

no Menblueit mepe 10:1, 15:1, 20:1, 26:1, 30:1, 40:1 v 50:1.

pH HCKyCCTBEHHONM NUTATENBHOM CPENbl ONPENESIOT HAa OCHOBAHUU >KEJIAEMBIX
NPOAYKTOB U MCIIONB3yeMOro Bujaa u/uim mramma (-oB) rpubos. Ilpu ucnonmpzoBanun
Fusisporium, Pseudofusarium, Gibberella, Sporotrichella, Aspergillus, Penicillium,
Triocoderma, Bunos B mpenenax poma Mucorales sp. (Hanpumep, Rhizopus sp.),
U30JIUPOBAHHOTO ITamMMa rudomuieros, obo3HaueHHOro kak MK7, u ux xomOuHarmii
BBICOKasl MPOAYKLMS TUMUI0B MPOUCXoauT B fuanaszone pH 2,0-7,0 u ontumansao npu pH
menee 3,5. Jlnst BBICOKOHM mpoaykuuu Oenka, XOTs Ha Hee NMPEUMYIIECTBEHHO BIIMSET
3aBrCcUMOCTh OT oTHoweHus1 C:N, Tpebyercs pH o MeHbIueii Mepe 2,7 1 IPeANnOYTUTEILHO

pHor 4,5 n05,5.

KynbTypel ¥ KOMIO3ULMH, CONEp KAIlNe HU30JIMPOBAHHBIE BHIBI W/WUJIHM INTAMMBbI
rpudoB

B HacTosmeM n300peTeHNN UCIIOIB3YIOT YUCTYIO KYJBTYPY U30JIMPOBAHHOTO BHIA
W/ mTaMMa rpubOB WM YUCTYIO KYJBTYPY ABYX BUAOB H/HJIH LITAMMOB TPHOOB, JIHOO
OHAa COCTOUT M3 IO CYINECTBY YHCTOHW KYJBTYPbI TPEX HIN OoJiee BHIOB /WM IITAMMOB
rprOoB. MOXXHO HCHOJNB30BATh LIUPOKHH PsAA W30JIUPOBAHHBIX BUAOB W/WIM INTAMMOB
riu()OMHLIETOB, TAKUX KaK BUA W/wiu mwrtamm(-bl) Fusisporium, Psedofusarium, Gibberella,

Sporotrichella, Aspergillus. Penicillium, Triocoderma, Pichia spp, BUIOB B mpeznenax poaa
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Mucorales sp. (nmanpumep, Rhizopus sp.) m nux koMOuHauuil. buonmormuecku uucras
KYJIbTYPa/COBMECTHAs KyJbTYpPa/TIO CYLIECTBY YHCTas KyJIbTyPa MOXET TaKXXKe COAEPIKATh
W30JIMPOBAHHBIM auAOQUIbHBIA IITaMM TrU(QOMULIETOB, OOO3HaueHHbIH kak MK7,
JETIOHUPOBAHHBIA B AMEpHUKAaHCKON KkoJuteKunu TUNoBbIX KynbTyp (ATCC) non Homepom
noctyna PTA-10698, unu ero axkTuBHbIE MyTaHTbl. MOJKHO Tak»Ke HCIOJIb30BATh
OMOJIOTUYECKH YHUCTBIE KYJbTYpbl TE€HETHYECKH MOAM(DHLIHPOBAHHBIX T'M(OMHLIETOB.
UucThiil BUI W/WTH IITaMM(-bI) TPUOOB H/HJIK €r0 MOTOMCTBO B XapaKTEPHOM CJIy4ae UMeEeT
bopMy KOHMIWN, MHUKPOKOHUIWM, MAKPOKOHHMIUN, NHKHUAHWHA, XJIAMUAOCIOp, Tud,

(bparMeHTOB rud U MHULIETUEB WA UX KOMOUHAIIVH.

AmnodunpHeii mtamm MK7 rudomMurieToB npeacrarisieT coOOi HOBBIM IITAMM
r'u(pOMHUIIETOB, CIOCOOHBIH K TPSIMOH KOHBEPCHHM HCTOYHHMKOB YIJIEpOJa, TaKHX Kak
JIMTCHOLICJUTFOJIO3HbIE HMCTOYHUKH YIJIepPOAa, YIJIEBOAbl (HANPHUMEp, KHCIAs MOJOYHAS
CBIBOPOTKA) M BOAOPOCIEBast OmoMacca, B ri)OMHULIETOBbIE OMOMOACTUIIKY, CONEpIKaIIne

OEJIKU U JIUIUIBL.

CriocoObl moJy4eHusl TOJNE3HBIX MPOAYKTOB C HUCMOJB30BAHUEM MCKYCCTBEHHOMN

MMATATEJIbHOI Cpe€abl U U30JIMPOBAHHOTO IITaAMMa I’pI/I6OB W/WUJIA €r0 TIOTOMCTBA BKJIFOYAKOT:

a) WHOKYJISIUIO OJHOTrO Win Oojiee BUAOB WM IITAMMOB I'PUOOB W/WJIM KX
MOTOMCTBAa B HCKYCCTBEHHYIO TMHTATEJbHYIO Cpeldy, HMEIOIIYI0 HCTOYHHK YIJIEepOJa,
BBIOPAHHBIN M3 TPYIIbI, COCTOSIIEH U3 caxapa, MIULEPUHA, JIMTHOLEIUIIOJIO3HOTO ChIPbS,
YIJIEPOACOAEPIKAIINX MPOAYKTOB CEIbCKOXO3SIIICTBEHHBIX, MPOMBIIIEHHBIX H TOPOACKUX
OTXOJIOB, YIJIEBOJOB, MPOKKEBOTO SKCTPAKTA, KA3AMHHOBBIX KUCJIOT, KHCJIOH MOJIOYHOM
CBIBOPOTKH, CJIQJKOH MOJIOYHOW CBHIBOPOTKM W/MJIM MX KOMOHMHALMK B KOHTEWHepe, rie
UCKYCCTBEHHAsl MUTATeNbHAas Cpeaa MOXeT MOAAEPKUBaTb POCT  YKa3aHHOTO
M30JIMPOBAHHOTO ITAMMa rPUOOB MOCPEICTBOM MMOBEPXHOCTHON (hpepMEHTALINHY,

b) BBIPAIMBAHIE YKa3aHHOTO M30JHPOBAHHOTO MITAMMa IPUOOB B YKAa3aHHOM
HCKYCCTBEHHOI MUTATENbHOH Cpefie C Moay4YeHHeM IT'H(pOMHULIETOBBIX OUOMOACTHIIOK;

c) cOop ruOMHUIIETOBBIX OMOMIOCTHIIOK, U
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d) HeOoOsI3aTeNIbHO BBIIEJICHHE, OYUCTKY W/WINM TOJNy4YeHHE TNPOAYKTOB U3

riu(pOMHLIETOBBIX OMONIOACTUIIOK.

Poct ocymecTsisieTcst B a3poOHBIX YCIOBUSIX. B 1pyrom BorutomeHnn n300peTeHns
POCT OCYIIECTBIISIETCSI B MUKPOA3POOHBIX YCIOBUAX. AJIBTEPHATUBHO POCT OCYIECTBIISETCS
B pe3yJibTare JII000ro KOMOMHUPOBAHUS a3POOHBIX YCIOBUH, MUKPOA3POOHBIX YCIOBHHA U

aHa3POOHBIX YCJIOBHIA, HATIPUMEP, MOCPEICTBOM MOBEPXHOCTHON (hepMEHTALIUH.

[Tone3nble TPOAYKTHI MPENCTaBISIFOT coboit  Ooraryro OenkoM Ouomaccy,
OuonoacTUIKN W/Hiu ruhOMHULIETOBYIO OHonoAcTIiKy. Hampumep, mojesHble MPORYKTHL,
NOJIYYEHHBIE C HCIOJB30BAHUEM T'PHOOB, W PACKPBITBIE CIIOCOOBI BKIIIOYAIOT, HO HE
OrpaHUYEHbl UMH, OENKOBbIE OMOMOACTUIIKH JJISI MPUMEHEHHs B MUIIEBBIX MPOAYKTAX,
KOPMOBBIX TMPOAYKTaX U PbIO, KOPMOBBIX MPOAYKTAaX Ui JKMBOTHBIX, OMOMOJMMEpax
WM UX TIPEeNIIeCTBEHHUKAaX. B HaHHOM cilydae poOCT OCYINECTBIISIETCS] TOCPEACTBOM
a3pOOHBIX YCJIOBHH, MUKPOA3POOHBIX YCIOBHH M aHA3POOHBIX YCIOBHHA WM JIFOOOH HX

KOMOUHALIUU.

[Mupokuii psn auuAOPHIBHBIX BUIOB W/WIM INTAMMOB TpUOOB, TaKUX Kak
Fusisporium, Pseudofusarium, Gibberella, Sporotrichella, Aspergillus. Penicillium,
Triocoderma, Bunel B mnpemenax poma Mucorales sp. (wanpumep, Rhizopus sp.),
W30JIMPOBAHHBIN alUAO(WIBHBIN mTaMM THHOMULIETOB, 0003HAaYeHHbIN kak MK7, u ux
KOMOWHAIIMK W/MJIA MX MOTOMCTBO MOKHO KYJIbTHBHPOBATh B OTCYTCTBHE aHTHOMOTHKOB,
NPy 5TOM KOHTAMUHALMS HE3HAYMTENIbHA MJIM OTCYTCTBYET. B XapakTepHOM ciyuae
KOHTAMMHALIUKO B HMCKYCCTBEHHON MUTATENbHOU Cpele BbI3BIBAIOT APYrHE OPraHU3MBbI,
TaKkue Kak OakTepuu, APyrue HekelaresbHble pUObI (HampuMep, APOXIKH, IJIeCHEBbIE

rpuOBbI), BOAOPOCIIH, PACTEHHUS, HACEKOMBIE U UX CMECh.

Takxe packpplTa 1O MeEHbIIEH Mepe OJHA KOMIIO3HMLMS, COAepsKaruas
M30JIUPOBAHHBIN BUA W/wWin mTamm rpudoB Fusisporium, Pseudofusarium, Gibberella,
Sporotrichella, Aspergillus. Penicillium, Triocoderma, BunoB B npenenax pona Mucorales

sp. (Hanpumep, Rhizopus sp.), Aposxckel, criocoOHbIX k oOpaszoBanuto rud (m.e. Yarrowia),
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W30JIMPOBAHHOTO a0 UIBHOTO mTamMma ru)oMHULeTOB, 00o3HaueHHOTo Kak MK 7, 1 ux
KOMOMHALMK. JTa KOMIIO3HMLUS MOXET IOMOJHUTEIBHO COIep)KaTh HCKYCCTBEHHYIO
NUTATEIbHYIO Cpeny, MOANSPKUBAIOINYI0 POCT BHAA W/HWIM ITamMMma(-OB) rpuOOB, U
HeoOs3aTeNbHO OAHO WM Ooyiee TMOAKUCIAIOLIMX — BELIeCTB, JOHOPOB MapraHLa,

MMUTATENBLHBIX JOOABOK W/HJIA UX CMECH.

IToBepxHOCTHAs pepMeHTALUS

B HacTosilmeM OMUCAaHWM TOBEPXHOCTHYIO (DEPMEHTAIMIO HHHULMHPYIOT MyTeM
WHOKYJISIUN HCKYCCTBEHHOH IUTATEIbHOH Cpenbl CYCIeH3Held CBOOOAHO IUIABAIOLINX
KJIETOK JKeJaeMoro Buia W/wiu mramma(-oB) rudomuneroB. IIoceBHYIO KyJIbTypy H3
WHOKYJISIIUOHHOTO PEaKTopa IOOABISIOT B HCKYCCTBEHHYIO IHUTATEIBHYIO Cpenoy B
KOHLIGHTPALMK, B Pe3yJbTaTe KOTOPOW oOpasyercs 3pernas OMOMOACTHIIKA B TEUYCHHE
JKEJIAeMOro Mepuosia BpeMeHU. TeopeTHUecKU Cpelly MOXKHO MHOKYJIHUPOBATh OTAEIBHOM
KJIETKOH, OJHAKO TpPH TAKOW HWHOKYJSILMU JJIs Pa3BUTHUSL 3pesiodl  OMOMOACTHIIKU
notpeboBarch Obl KpaiiHe CTPOTUe YCIOBHS CTEPWIBHOCTH M 3HAYUTEIBHO MPOIJICHHBIN
nepuoj BpeMeHu. B xapakTepHOM ciyvae B pesyJsibrate HHOKyJsiuu 0,5—-1,0 r kieTok Ha
JIUTP POCTOBOM cpenbl OronoacTuika oOpasyercs 3a nepuon ot 3 1o 6 cyrok. Hampumep,
B pe3ysbpTare n00aBIeHUs] MOCEBHON KyJbTYpHI, comepskaineil okono 10 r/m kiIeTok npu
ucnosib3oBaHuu 7,5% (B 0ObEMHOM COOTHOIUEHHMH) MUTATENbHOW Cpeabl OMOMOACTUIIKA
oOpasyercs 3a mepuoz ot 3 10 6 CyTOK. B HCKYCCTBEHHYIO MTUTATENbHYIO CPEAY HE BBOMST
KUCJIOPOZ HW3BHE TiyTeM O0apOOTHPOBAHHUS WM JOPYTUMH CHOCOOAMH, TOCKOJIBbKY
JIOCTaTOYHOE KOJHYECTBO KUCIIOPOIa MOXKET ObITh M3BJICYEHO M3 YCIOBUH OKpYIKArOIeH

Cpe€abl Ui OJIM3KUX K HUM YCHOBHﬁ.

He orpannunBasce kakoh-i1ub0 TEOPUEH, CUMTAIOT, UTO, MOCKOJIBKY POCT KIIETOK B
NPUCYTCTBUH KHUCJIOPOAA MPOUCXOAUT 3HAYUTEIBHO OBICTpee, KOHUANUHN, HAXOASIIHECS Ha
MOBEPXHOCTH MCKYCCTBEHHOH NMHUTATEJNbHOW CPEIbl, I7le KOJMYECTBO KHUCIOpona Ooblue,
OyayT pactu ObICTpee U HAYHYT (POPMHUPOBATH MULIETHABHYIO OrononcTwiky. Cumraror,
YTO KOHLEHTPALMH KHCJIOPOAa 3HAUUTENIbHO MEHbIIE JIUIIb Ha HECKOJIBKO MHKPOMETPOB
HIDKE TOBEPXHOCTH HMCKYCCTBEHHOH NUTATENbHON Cpeabl, M IMO3TOMY KJIETKU TIpubOOB,

PaCIoOJIOKEHHBIE B 3THUX o6nacmx, NMOMEIICHBI B CTPECCOBBLIC YCJIOBUA. HSBeCTHO, qTo
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CTPeCC YCHJIMBAeT BBIBEACHHE BHEKJIETOYHBIX MOJUCAXAPHUIOB, HUMEIOLINX «KJICHKUID»
¢deHoTur, u Mo3TOMy OyAeT cnocoOCTBOBATh ObICTPOMY (POPMUPOBAHUIO TH(POMULIETOBON
OUOMONCTUIIKM 32 CYET MPUKPEIUICHHs KJIETOK, NMPONU(EepUpPYIOIHUX Ha MOBEPXHOCTH.
OnHako KOHIEHTpauus CyOcTpaTa TakKe OKa3bIBaeT 3HaUMMOe BiusiHue. Harmpumep, korna
KOHLIEHTpALMs yIiaepoaHoro cyocrpara Hiwke 4%, rupOMULETOBbIe OMOMOACTUIKU HE
copmupyrorcsi. Crenyer OTMETUTh, YTO MEPBOHAYAIBHBIN SKOJOTHYECKUN CTpPecC MpHU
(bopMUpPOBaHNHU MOACTHIIOK HEOOsI3aTENIbHO MpeanoaraeT GOpMHUPOBAHUE TTOABEPTrHYTOM
CTpecCy MONCTUJIKH, T.€. TMOACTHJIKH, CONEp Kaliell TOKCHHbBI, BbIIE/sieMble OPraHU3MOM,

MOJIBEPTHYTBIM CTPECCY.

Kak mpaBuiio, ayisi mOBEPXHOCTHOH (PepMEHTALMH B KOHTPOJUPYEMBIX YCIOBHUSX
TEMIIEPATYPHI, BIIAXKHOCTHU U TIOTOKA BO3AyXa, TOAXOAAIINUX OJI1 UCTTIOJIB3yEMOT'O B WU
mramMma(-oB) TPUOOB, HCHOJNB3YIOT IUIOCKHE JIOTKH, COAEp)KalINe HMCKYCCTBEHHYIO
MIATATEJIbHYIO Cpeny. Jnsa  onTuManbHOrO pocta TU(pOMHLETOBOH OHOMOACTHIIKA
NOAACP)KUBAOT CTCPUJIBHBIC YCJIOBHA. I[OCTaTOLIHI:Jﬁ MOTOK BO34yXa MNOAACPIKUBAIOT,
4TOOBl yAANATh TEIUIO U AMOKCHI YIJepofa, oOpasyrolluecs B pe3yJbTaTe AbIXaHUSA
MUKpPOOPTraHU3MOB, W MOAaBaTb KHCJIOPOA oe3 NnepeEMEIIMBaH s I/ICKyCCTBeHHOﬁ

MUTATEIbHOU CPEbL.

Kak mpasuio, Ha 2-€ CyTKH NOCJI€ NHOKYJBSILUN HAa NMOBEPXHOCTH HUCKYCCTBEHHOM
NUTATEIbHOM Cpebl HAUMHAET (POPMUPOBATHCS KKOKHUIA». DTa KKOXKHIA» MPENCTaBIISAET
co00#i IepBOHAYANIbHYEO TH(HOMUIIETOBYHO OUOTOICTHIIKY, KOTOPAasi YaCTO BKJIFOYAET B ceOs
KaK BO3AYIIHbIC TH(QBI, TaK U THQBbI, KOHTAKTUPYIOIIHE C MCKYCCTBEHHOH NMUTATEIbHON
Cpenoi, ¥ MPOAOJIKAET PacTU U YBENINYUBATh IUIOTHOCTDb KJIETOK. B xapakTepHOM ciyudae
Yyepe3 TPU—IIECTb CYTOK MOCIEe MHOKYJSILHMU MOJYYEHHbIE B PE3yJIbTaTe rU()OMHUIIETOBBIC
OMOMOACTHIIKH UMEIOT TONIMHY OT 1 10 30 MM 1 06J1a1aI0T AOCTATOYHON MPOYHOCTHIO Ha
pacTsDKEHHE U CTPYKTYPHOH LEJOCTHOCTBIO, YTOOBI OOpaIlaTbCsi ¢ HUMH, HE BbI3bIBAS

paspbIBa.

ITonyuennble rUpOMHLIETOBbIE OWOMOACTWIKH HMEIOT OMHCAHHYIO CTPYKTYPY,

KOTOpas He HabnmopaeTcs B npupoae. Bo-nepsrix, chopMrupoBaHHbBIE €CTECTBEHHBIM Iy TEM
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ruoMuLieToBble  OMOTMONCTUIIKM COCTOSIT HE U3 HYHCTOM  KYJBTYPbI/COBMECTHOM
KYJbTYPB/TIO CYINECTBY UHCTOH KYJBTYPBL Kax mnpaBuno, chopMupoBaHHbIE
€CTEeCTBEHHBIM IyTeM OHOMNOACTIIIKM B JOMOJHEHHE K MO MEHbIIEH Mepe OZHOMY BUIY
riu)OMHLIETOB CONIEpIKaT pa3jiM4YHbIE THUIIbI BOHOpocHell w/uimu Oaktepuii U GOpMUPYIOT
UCKYCCTBEHHYIO MHUKpO3Kocuctemy. I[Ipumepamu GOpMHUPYIOIIUXCS €CTECTBEHHBIM MyTEM
rpUOHBIX OWOMONCTHIIOK SIBJITEOTCSI MHMKOPH3HbIE TPUOHbBIE MOICTHIIKU, KOTOPBIE
CYIIECTBYIOT B IOYBE B INHPOKO IHCIEPTUPOBAHHON (OpMe M CBsI3aHBI C KOPHSIMH
pacTeHui, JNUIIAHHUKaMH (HApUMep, OJEHbUM MXOM W KOPKOBBIM JIMIIAHHHKOM) M

rpudamu (Hanpumep, Armillaria ostoyae).

Bo-BTOpBIX, OHOMIOACTUIIKH, (POPMHUPYEMBIE C TIOMOLIBIO OMMMCAHHBIX B HACTOSIILIEM
TOKYMEHTE CIIOCOO0B M METOZIOB, MIMEIOT 3HAYUTEIBHO 00JIe€ BBICOKYIO TUIOTHOCTD KJIETOK,
YeM HaXOISIIUECs B MPHUPOJE, NaXKe C YIETOM MHOXKECTBEHHBIX BHIOB, OOHAPYKHBAEMbIX
B C(DOPMHUPOBAHHBIX €CTECTBEHHBIM ITyTeM OnonoacTuikax. [lonmyueHHble ruhOMULIIETOBBIE
OMOTMOACTUIIKM CKJIOHHBI K OY€Hb BBICOKOH IIJIOTHOCTH, B XapakTEPHOM Ciydae
coctapnsiromet 50-200 rpamMMoB Ha nuTp. EcTecTBeHHblE W TOTPY’KEHHBIE CIIOCOOBI
BBIpAIUBaHUsA TH(OMULETOB OOBIYHO NPUBOIAT B pe3yJibTaTe€ K IUIOTHOCTH OHMOMACCHI
okono 15 rpammoB Ha surp. B pesynprate cnocoboB TBeprmodasHoi (epmeHTanuu
MOJIYYAKOT CMeCh cyOcTpaTa ¢ HeOONBIIUM MPOLIEHTHBIM CONEpKaHUeM rpUOOB, T.€. MEHee
5% rpubno# KoMnosuiu. YUTO Kacaercs MPOLEHTHOTO CONEPKAHUS TBEPIBIX BELIECTB,
pPAaCKPBITBIMU B  HACTOALIEM JOKYMEHTE CHoco0aMH TOJYy4arT TU(QOMHULIETOBbIC
OouonoacTuiky, 0ObIHO comepskainue S—20% TBepabIX BelecTB. HanpoTus, eCTeCTBEHHbIE
U TIOTPY>KEHHbIE CIIOCOOBI BhIPAIUBAHIS TH(POMULIETOB OOBIMHO MPUBOIST B PE3YJIbTATE K
NPOLIEHTHOMY COAEp:KaHUI0 TBepAbIX BellecTB MeHee 1,5%. OpHUM U3 pe3yibTaToB
OOCTHTaeMON IUIOTHOCTH, THU(OMHLETOBOW TNPUPONBI M BHEKJIETOUYHOIO MATPHKCA,
OOHApY’KMBAa€MbIX B OSTHUX IUIOTHBIX OHOMOACTHIIKAX, SIBISIETCS WX CIIOCOOHOCTh K
COXPaHEHHUIO CBSI3HON MOJACTUJIKU TOCJ€ BBICYLIMBAHUS. OTO PE3KO IMPOTHUBOMOJIOXKHO
MIOPOIIKOBOH W/HMIIN HECBA3HOH (popMe, 0ObIMHO OOHAPYKUBAEMON B IPYTHUX BBICYLIEHHBIX

riu(OMHULIETOBBIX OMOTIOACTUIIKAX.
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B-Tperpux, Ouonoactunku, GopMUpyeMble C MOMOIIBIO PACKPBITHIX B HACTOALIEM
JAOKYMEHTEe CIOCOO0B M METOIOB, 00Nafar0T BBICOKON NPOYHOCTBIO HA PACTSDKEHHE IO
CPaBHEHMIO C BCTPEYAIOIUMHUCS B IPUPOJIEe OUOTIOACTHIIKAMH, YTO MO3BOJISIET IIOAHUMATD U

NEepeMEeIIaTh UX, HE BbI3bIBAs UX Pa3pyLICHU.

B-uerBepThIX, HacTOsiUMEe OMOMOACTUWIKM HMMEIOT OMPENESCHHYIO CTPYKTYpY, B
HEKOTOPBIX CIIyYasx COAEPKAINYIO eIUHbIN MJIOTHBIA CJIOH, COCTOSIINE U3 IJTMHHBIX U],
IO CYIIECTBY BBIPOBHEHHBIX MapalljieIbHO TpaHUIlE pasfena MexaAy BO3AYXOM U
OouonoacTuikoi. B HEKOTOPBIX rH(OMHUIIETOBBIX OHOMOACTHIIKAX CYIIECTBYET 10 MEHbIIEH
Mepe aBa ciost: (a) TUIOTHBIA HIKHUHA ciiod u (b) cioil Bo3nywmHbIX rud. B HexoTophIx
ruOMHLIETOBBIX ~ OMOMOACTUJIKAX BUIAHO IO MEHbIIEH Mepe TpH CTPYKTYPHO
pa3MUYAOLINXCS ClosA: (a) TUIOTHBIA HIDKHUH ci1oi, (b) croit Bo3nymHbIX rud u (¢) cnoi
nepexonHoi 30HbI (cv. @ur. 10A u B). [Ins cucrem ¢ BO3AyIIHBIMU TH()aMU U CUCTEM C
TpeMsl CIIOSIMH CJIOM BO3AYIIHBIX TH( B XapakTePHOM Cclydae SBISIETCS HauOojee
npeodaalouM BU3YaJIbHO, 3aT€M BUACH IUIOTHBIA HIDKHUN CIIOW, TIPU 3TOM CJIOH
NEPEXOHON 30HBI, €CIU M TPHUCYTCTBYET, SIBJIAETCS HaMMEHbLINM. Kaxkneli u3 cioes
OOBIYHO UMEET CBOIO XapaKTEePHYIO TUNIOTHOCTD KJIETOK IO CPABHEHHIO C IPYTHM(-H) CIoeM(-
amu). Hampumep, cnolf BO3AYLIHBIX TU( SBISETCS 3HAUYUTENBPHO MEHEE IUIOTHBIM, 4YeM
HIDKHUE cioli Ouononctku (cm. @ur. 10A). Ecnu Bo3ayiinbie rudbsl 00pasyroTcs, OHU
NPEUMYIIECTBEHHO OPUEHTHUPOBAHBI IEPIICHAUKYJIIPHO IPAHULIE pa3zesia OUOMOACTHIIKY U
BO3/yXa W/WJIM TpaHULE paslena OWOMONCTHIIKM M TNHTATeNbHOW cpenbl. [lns Bcex
OMOTMOACTUIIOK TUIOTHBIA CJIOM COCTOMT W3 JJIMHHBIX HUTEH, MpPEIpacroOXEHHBIX K
NapajyieIbHOMY BBIPABHUBAHUIO C TPaHULEH pasjena OUOMOACTHIIKA U BO3AyXa H/HIH
rpaHuLed pasnena OMOMONCTWIIKM W NHUTATENbHOW cpenbl. Kpome Toro, mojydeHHas B
pe3ynbraTe OHMOIMOACTHIIKA COCTOMT W3 1O MEHbIIeH Mepe OoJbined 4yacTh TPHOHOMN
OMOMaccChl, U B MPEANOYTHTENBHBIX BOIUIOIIEHHUSIX H300PETEHHS 110 CYLIECTBY HE CONEPIKUT

OCTaTOYHOTO CHIPbsI M TIPEICTABIISIET COOOM MO CYLIECTBY YHCTYIO TPUOHYIO0 OHoOMaccy.

B Ttex cnywasx, rme QopMmupyroTcs BO3AyLIHbIE TH(QBI, HampuMmep IpH
UCIIOJIb30BAHUM TJIMLEPUHA B KAadyecTBE CyOCTpara, MEXAy CJIOeM BO3AYIIHBIX Tudp u

IJIOTHBIM HHWXXHUM CJIOEM CYLICCTBYET PAA KIIHOUEBLIX OTJINYUTECIIbHBIX (1)aKTOpOB. B
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OTHOILIEHWH JJIMHBI BO3AYIIHbIE TU(BI CKIOHHBI K OOJbInell 1nHe, YeM 0OHapy KUBaEMble
B HIDKHEM IUIOTHOM cjoe. IIIOTHOCTh M pacmpeneneHne OTAENbHBIX BO3AYIIHBIX THU}
MeHblIIe, YeM T'H(, CBI3aHHBIX C IUIOTHBIM CJIOeM MULeHs. Bo3aymHbie rudbl CKIOHHBI K
BEPTUKAJIbHOM OpPHUEHTAllUH Ha KOHILE, PacrojiokeHHOM Ommke K armoctepe. To ects
BO3AYILIHbIE THU(BI CKIOHHBI PACTH OTHOCUTEIBHO NEPHEHANKYJSIPHO IOBEPXHOCTH
nutaTenbHo cpenbl. C  Apyrod CTOPOHBI, TH(BI IUIOTHOTO CJIOSI CKJIOHHBI PacTH
NPEUMYIIECTBEHHO B MapaJIENbHON OPUEHTALIUY OTHOCUTEIBHO TPAHULIBI Pa3Aesia BO3AyXa
U OHMONOACTUIIKM WWJIM TPaHHULbI paszzeia OWOMOACTHIIKM M IHTATEbHOW Cpelbl
OTHOCHTENBHO HHU3KAs IUIOTHOCTh BO3AYIIHBIX TH() B COYETAHUH C UX OOJbINEH NITUHON U
BEPTUKAJIBHON OpHEHTALMENd MPeAnoyjaraeT MaKCHUMAJIbHOE YBEJIMYEHHE IOIJIOLICHUs
kuciopopa. Kpome Toro, B cnoe BO3AyWIHBIX TH(p OOHAPYXKHUBAETCS HE3HAYUTENBHOE
KOJINYECTBO WJIM COBCEM He OOHApYyKMBAETCs BHEKJIETOYHOro MaTpukca. Hamporus, B
IUIOTHOM HWJKHEM CJI0O€ MOXKHO OOHApYKUTh OOJBINOE KOJHMYECTBO BHEKJIETOYHOIO

MaTpHUKca.

Bozaymsblil cnoit 6MOMOACTUNIKH B ciiydae ero (popMHpOBaHUS, MO-BUAMMOMY,
ycKkopsieT pocT Oumomnonctuiku. HapyuieHus B 30He npepbiBaHHUA BO3LYLIHOIO CJIOS
OTPHULATENILHO BIMSIOT HA YCKOPEHHBIH pocT OnononcTuiku. HapyuieHuns BKIFO4aroT B ceOst
KOHTaKT C TBEPABIM OOBEKTOM, KOHTAKT C KameJbKaMH BOABI W TPELIMHbI WU
MHUKPOTPEIINHBI, BbI3BAHHbBIE NIEPEMELIMBAHUEM KUJKON MUTATEJIbHOMN Cpefibl, HA KOTOPOH
pacter OuonozacTHiIka. B XapakrepHOM ciydae B HApYLIEHHOH 30HE OMONOACTHIIKU MOCIIEe
YCTPaHEeHMs] IPUUMHBI HAPYLIECHUsI JAJIbHEUIINN POCT HE MPOUCXOOUT. B naHHOM ciydae
POCT OCYILIECTBISIETCS TOCPEACTBOM a’pOOHBIX YCJIOBHHA, MHUKPOASPOOHBIX YCIOBUH H

aHa3POOHBIX YCJIOBHIA UJTH JIFOOOH MX KOMOWHAIINH.

buonoacTuiku oOBIMHO COOMPAOT MEXKAY 3-UM U 12-bIM JHEM IOCNIE WHOKYJISLUN
B 3aBUCHMOCTH OT UCTIOJIb3YEMOT0 BU1a/ITaMMAa(-0B) U JKEJIaeMOT0 MPOAYKTA, XOTS TAKKE
BO3MOKHO HX OoJjiee mo3gHee Bpemsi cOopa. I 'mdomuiieToBbie OMOTOACTHIIKH MOKHO
cobnparh € TOMOIIBIO pPsiia PA3IMYHBIX METOMOJIOTHH, KOTOpble MOTYT BKJIIOYATh:
npoMbIBaHMe, prznueckyro oOpaboTKy (YMeHbLIeHHEe pa3Mepa, 00padOTKH MO AaBIEHUEM,

ACruapartaiquo U T.)I.), HWHAKTHUBALUIO TMPOLECCOB }KI/ISHGCHOCO6HOCTI/I, MUKITUYCCKHEC
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U3MEHEHUs] TEeMIepaTypbl, SKCTPAKLUN WK pa3lieJeHne KOMIIOHEHTOB OHOMAacchl U
npeoOpa3oBaHUe W/WIM BKJIIOUEHHE B Pa3MYHbIE CUCTEMBbL. B HEKOTOPBIX BOIUIOIIEHHSX
m3o0pereHuss rudomMHLETOBbIe OWOMOACTUIKH COOMPAIOT, MPOMBIBAIOT BOAOW |
BIIOCJIE/ICTBHMH JIMOO BBICYIIMBAIOT B CYLIHIIBHOM IIKa(y ¢ KOHTPOJIUPYEMOH TeMIepaTypoit
AN MHAKTHBALMM — MHOXeCTBA  (JEPMEHTOB U OrpaHMYEHUs]  OMOXMMHYECKUX

npeoOpa3oBaHUil BHYTPU OUOTIOACTHIIKH, JTHOO 3aMOPAKHBAKOT.

I'mpomunieTsl Npu3HAHBI OYEHb IOJIE3HBIMH B KAaUeCTBE KIJIETOK-XO3SIEB IS
wIaThOpPM MPOAYKIIMH U SKCIIPECCHH PEKOMONHAHTHBIX OEJTKOB, IPUBOSIINM B PE3YJIbTaTe
K MTOJIYYEHHIO TTOJIE3HBIX MTPOAYKTOB, IKCIIPECCUPYEMBIX B OnomMacce u/miu rud OMUIETOBON
ouononctunke. Ilpumepbl ruoOMHUIIETOB, NPHUMEHSEMBIX B HACTOSINEE BpEMs WU
NPEJIOKEHHBIX JUII TPUMEHEHUs] B TaKuUX IMpoleccax, BKI4awoT Neurospora crassa,
Acremonium chrysogenum, Tolypocladium geodes, Mucor circinelloides, Trichoderma
reesei, Aspergillus nidulans, Aspergillus niger n Aspergillus oryzae. Kpome TOro, BUIBI
MHUKpPOOPTaHU3MOB, HCHOJb3YEMbIX JIsi NMOJYYEHUS PACKPBITBIX OMOMOACTUIIOK, MOTYT
ObITb T€HEeTHYECKH MOAM(PHUUMPOBAHBI MJsI CHCTEM JKCIIPECCUM/TIONABICHUS IyTEM
MAHUIYJSIUA C JKCIIpecCHell TIeHOB, BKJOYAas TPAHCKPUILMIO, TaK, 4YTO OHHU JMOO
CBEPXIKCIPECCUPYIOT, JTHOO HE IKCIPECCHPYIOT COSAMHEHHs WIN XMMUYECKHE BEIeCTBa,
oOHapy)XuBaeMble B UX HATUBHON WM HeusMeHeHHoW (opme. Hcmnonb3oBanue rpuOHBIX
CHCTEM W MAaHUIYJSLUUH C HUMH JUI CBEPXSKCHPECCHU CYIIECTBYIOIIUX XUMHUYECKHX
BEILECTB, SKCIMPECCHOHHBIX CUCTEM, OTCYTCTBYIOLINX B IPUPOAE, WIIH CHCTEM MONABJICHUS,
OOBIYHO MPUCYTCTBYIOLIMX B HATMBHOH (pOpMe, U3BECTHBI B TAHHOW O0JIACTH TEXHHKH, T.€.
Aspergillus spp., Penicillium spp., Rhizopus spp., Trichoderma spp., u AposxKH, Takue Kak
Pichia spp. [Tone3Hble MPOOYKTHI, MOJyYaeMble C MOMOIIBIO OHOMOACTHIIKU U PACKPBITHIX
croco0O0B, BKITFOYAIOT, HO HE OTPaHUYEHBI UMHU, OMOMACCy W/WTH MOACTHIIKY U3 OMOMACCHI,
UCTIONB3YEMBIE UL SKCIpPecCHH  (papMaleBTUYECKUX  CPEACTB, HYTPHIEBTUKOB,
XUMHYECKHX  BEIIECTB, MPEACTABISIIOIIUX  COOOW  CTpOHWTENbHblE  OJIOKH  JUIA
NPOMBIIIJIEHHOTO TPUMEHEHUS, JIEKAPCTBEHHBbIE CpPEACTBAa, (EPMEHThl WHIH UX

NpeAICCTBEHHUKHA.

AumnodunbHbIe BUABI W/ WK [ITAMMbI TPHOOB
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AumnodunpHble BHIbI WM IITaMMbl TPUOOB, WCIOJNB3yeMble B HACTOSIIEM
U300peTeHNH, TPEACTaBSIIOT COOON  paspylIaroIlie JIMCHOLEJUIIONO3Y — IITaMMBbl
r'U(pOMHUIIETOB W/HJIM UX IOTOMCTBO, OOJajarol(ue MO MEHbIIeH Mepe CIeAYIOIUMH
UIEHTUPULUPYIOIUMU XapaKTePUCTUKAMH:

e) W30JIUPOBAHHBIN IITAMM SIBJISIETCS] a0 UIBHBIM U MOXKET pacTH nipu pH B
nuanaszoHe ot okoyo 0,68 mo okomo 8.5; u

f) obpaszyer rudoMuULIeThI, OUOTIONCTHIIKH, COMEpIKAINe OEKN U JIMITUIBI, U3
UCKYCCTBEHHOH IUTATEJIbHOW CpeAbl TOCPEACTBOM TOBEPXHOCTHOW (pepMEeHTauuu B
a3pOOHBIX YCIOBUSIX, MUKPOA3POOHBIX YCIOBUSX, aHA3POOHBIX YCIOBUSX WK JHOOOH MX
KOMOMHaIMU. B naHHOM ciiydae MCTOYHHK yriiepoja UCKYCCTBEHHOH MUTATENBbHON Cpeabl
BKJIFOYAET YTIIIEBO/IBL, JINTHOLIEJUTIOJIO3HOE ChIPhE, YIIIEPOICONEpIKAIINE TPOAYKTHI OTXOIOB

(HarmpuMep, KUCITYIO MOJIOYHYIO CHIBOPOTKY) MJIM MX KOMOWHAIIHIO.

W3onupoBaHHBIA BUI W/HIK INTaMM(-bl) B XapaKTEPHOM CJy4ae JOMOJHHUTEIBHO
BKJIFOYAET B ce0s1 OHY Win OoJiee U3 CIeAYIOUUX AOMOJHUTEIbHBIX HACHTUPHIUPYIOIINX
XapaKTePUCTHK:

c) CMOCOOHOCTh K MPOAYKLUU OEJKOB, JIUMUAOB, aMHUHOKHCIIOT, (PEPMEHTOB,
HYKJIEMHOBBIX KHUCJIOT (HYKJIEOTHIOB), YIJIEBOAOB, BOJOKOH, TaKMX KakK OeTa-TIIIOKaHbI,
HOJINKETHIOB, AJKAJOWAOB, MUTMEHTOB U aHTHOMOTHKOB. IIpuMepsl BKIIIOYAIOT, HO HE
OTpaHUYEHbI UMH, CJIOKHBIE 3(UPBI, TIYTAMHHOBYIO KHCIIOTY, aClapardiHOBYIO KUCIIOTY,
aMHJIa3bl, TPOTEasbl, LEJUIOJIA3bl, KCHJIaHA3bl, JIUMA3bl, MEPOKCHIA3bl, MAapraHLEBbIC
NepOKCHU/Ia3bl, HYKJIenHOBbIe KucaoThl/HykiaeoTuasl: JHK/PHK, nypuHbl, THPUMUAKHEIL
OJICMHOBYIO KHCJIOTY, AJIbMUTOJICMHOBYIO KHCJIOTY, O€Ta-INIFOKaH, XUTHH, OeTa-KapOTHH,
TJIMKO3H/IBL, (PEHONbHBIE COCTUHEHUS], TEPIIEHOMNIB! U3 UCTOYHHUKOB yIiIepO/a, OMMCAHHBIX
Ha ctpanune 18, maparpad [80], u U3 BOTOPOCIEBOrO ChIPhsl U OTXONOB, OOPA3YIOIINXCS B
npolecce MPOU3BOACTBA OwoTOomMBa (Hampumep, mnepepabOTaHHOH BOAOPOCIEBOU
OromMacchl, TTUIEPHHA) B PA3JIUYHBIX aHA3POOHBIX, a3POOHBIX, MUKPOA3POOHBIX YCIOBHIX
w/unu 00N X KOMOMHAINH;

d) conepxanne 18S pPHK u BHyTpeHHeH TpaHCKpHOMpYyeMOH CreicepHOit
obomactu (ITS) mocnemosarensHocT JIHK, oOnmamaromeii mo wmenbmeidi mepe 98%

uneaTudHocThi0 ¢ SEQ ID NO:1.
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INonxomsmuii(-ue) arnuno@ribHbIN(-bie) BUA(-bI) W/HUIH WTaMM(-bl) THHOMHULIETOB
BKIIOYAOT  Fusisporium, Pseudofusarium, Gibberella, Sporotrichella, Aspergillus,
Penicillium, Triocoderma, Bunel B ipenenax pona Mucorales sp. (Hanpumep, Rhizopus sp.),
W30JIUPOBAHHBIN anuaoGUIbHBIN TaMM rUGOMULIETOB, 0003HaUeHHbIH kak MK7, u ux
KOMOMHAUMU W/uiu ux notoMctBo. Illtamm, obo3HadeHHbIM kak MK7, nenmoHUpoBaH B

ATCC noxn vomepom noctyna PTA-10698.

AmnodunpHbi(-pie) BUA(-bI) WwM  mTaMMm(-bl) THQOMHULIETOB WHIKM UX
MOTOMCTBO MOTYT pacTy npu Hu3koM pH makcumym okoio 7,0, okoso 6,5, okono 6,0, okono
5,5, okoiio 5,0, okono 4,5, okono 4,0, okoso 3,5, okono 2,0, okojo 1,8, okoio 1,6, okoio
1,4, oxomno 1,2, okoio 1,0, okoio 0,9, okono 0,8 mym okoso 0,7, i okoio 0,6, HIH OKOJIO
0,5. Hampumep, mramm rpudboB MOKeT pactu npu Hu3koM pH B nuamasone ot okoso 0,68

1o okoJo 2,0.

Hcnonp3yemele aunao(uiIbHble BUABY/ MU ITAMMBI MOTYT IPOAYLIUPOBATH JIUITUIBI
1 OenKy B OONBLINX KOJIWYECTBAX BHYTPU I’M(OMHULIETOBBIX OHOIIOICTHIIOK, BBIPALIIBAEMbIX
IpU HU3KUX AuanaszoHax pH, kak onucano seiie. Hanpumep, U301MpOBaHHBIN LITAMM IIPU
HHM3KOM pH, Kak onmucaHo BbILIe, MOJKET IPE0OPa30BbIBATE NCTOUYHUK YIJTIEPOAA B JIUITU/IBI C
Gonee BBICOKOW CKOPOCTBIO, YEM OITyOJIMKOBAHO paHee Ha YPOBHE TEXHUKHU, HAIIPUMED, I10
CPAaBHEHHIO C ONMMCAHHBIMU W30JIMPOBAHHBIMH paHee wmramMmamu Fusarium (cm. Nairn u
coasm., 1985, Bhatia # coasm., 2006, and Naqvi # coasm., 1997). Hcnonb3yembiii(-bie)
armnodunbHbI(-pie) BHA(-bI) WwIM mTaMM(-bl) MOXKET (MOTryT) NpeoOpa3OBBIBATH
UCTOYHUK yTJIepO/a B JIUIHIBI CO CKOPOCTBIO 1O MeHblLIeH Mepe 0,04 r mununa/r iCTOYHUKA
yriepona, 0,05 r nununa/r uctounuka yraepona, 0,06 r nunmuna/r UCTOYHUKA YIIIepoAa,
0,07 r mununa/r uctounuka yriuepoza, 0,08 r ununa/r uctounuka yriuepoaa, 0,1 r iununa/r
UCTOUHUKa yriepona, 0,12 r mununa/r ucrounuka yriaepoaa, 0,14 r nunuaa/r HCTOUHUKA
yraepona, 0,16 r mununa/r uctounuka yriepona, 0,18 r iunuaa/r ucrounuka yriuepoaa, 0,2
I JTUNHUIA/T UCTOYHMKA yriepoaa, 0,25 r nmunupa/r ucroynuka yriaepona, 0,3 r aunuma/r
UCTOUHUKA yriepona, 0,35 r runuaa/r uctounuka yriaepoaa uin 0,4 r munuaa/r ICTOYHUKA

yrnepoza nocie 10 cyrok uakybaumu npu pH 2,5.
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B ycnoBusiX KyJbTUBHPOBAHMS MO HACTOSAIIEMY M300pETEHHIO Takke oOpasyercs
rugoBasi Ouomacca, nMeromiasi Oosiee OJaronpuUsITHbIN TPO(YUITH JTUMTHUIOB MO CPABHEHUIO C
Ouomaccoif, TOJNy4eHHOH paHee B pe3yJbTaTe KyJbTUBUPOBAHUS T'PUOOB WU
MHKpPOCKOTIMYECKUX Bopopocieit. Hampumep, ucrnonb3yembiii(-e) anunouibHbIN(-bie)
BU/I(-bl) H/WITH IITAMM(-bI) IPOXYLUPYET(-FOT) OOJbIIEe KOJTHMYECTBO HACHIIIEHHBIX YKUPHBIX
kuciotr (Hampumep, mnanbMuTHHOBOW (16:0) m creapunoBoit kucior (18:0)) wu
MOHOHEHACBIIEHHBIX JKUPHBIX KUCJIOT (Hampumep, osiemHoBOH kucnotsl (18:1)), HO
MEHbIlIee KOJUYECTBO MOJMHEHACBIIEHHBIX JKUPHBIX KHCJIOT, MOBEPXHOCTh KOTOPBIX B

OoJIbIIel CTETNeHH YSI3BUMa K OKUCIICHHIO.

Kpome Toro, amunodunbHbIf(-ble) BUA(-bI) W/WIK mTaMM(-bl) TPUOOB W/ HX
MIOTOMCTBO MOJKET PAaCTH MPH BBICOKOH KOHIIEHTPALMU METAJUIOB, T METaJUl BHIOpaH M3
rpymrbl, coctosmei u3 Mn, Ag, Zn, Fe, Al, Be, Pb, Cu, Cr, N1, Cd, Co, Ni, Pd, Pt, U, Th,
Mo, Sn, Ti, As, Au, Se, Sb u Hg.

AmnounpHeIi(-bie) BUA(-bI) W/ WK WTaMM(-bI) TpUOOB W/MIM HUX MOTOMCTBO B
YCJIOBUSIX KyJBTHBUPOBAHUS CHOCOOHBI K OBICTPOMY POCTY HPU BBICOKOH IUIOTHOCTH
KJIeTOK. B naHHOM ciydae MHKpPOOPTaHU3MBbI CIIOCOOHBI IOCTUTaTh IUIOTHOCTH KIIETOK
(onpeneneHHON KOJMYECTBEHHO KaK Macca B CYXOM COCTOSIHUH/JI HCKYCCTBEHHOMH
NUTATEILHOM CPeibl) 0 MeHbLIeH Mepe okoso 10 /i, mo MeHbLIei Mepe okoJio 15 /i, mo
MeHbLIeH Mepe 0koJ10 20 I/J1, Mo MeHbLIeH Mepe OKOJIO 25 T/11, o MeHbIIeH Mepe okoJo 30
/11, IO MeHbIIei Mepe okoyio SO 1/71, MO MEHbIIeH Mepe OKOJIO 75 T/J1, O MEHbIIeH Mepe
okojio 100 r/n, mo MeHsbIel Mepe okoyio 125 r/n, mo meHbneit Mepe okono 135 r/n, mo
MeHbIel Mepe okoso 140 r/n, mo MeHbIe Mepe okoJio 145 1/1, mo MeHbIIel Mepe OKOJIO
150 r/n, mo meHbineli mepe okoso 160 /i, mo MeHsbInel Mepe okojio 170 1/, Mo MeHbIIeH
mepe okoJio 180 /i, mo menbiIel Mepe okoso 190 /i, mo menbieit mepe okoio 200 1/,
1o MeHbinel mepe okono 210 1/n, mo MeHbmel Mepe okono 220 1/11, MO MeHbIIEH Mepe

okoJo 230 r/n, mo MeHbIneit Mepe okoio 240 1/, mo MeHblel Mepe okosto 250 /.
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Hanpuwmep, anupodunbHbiii(-bie) BUA(-bI) W/nau mTamm(-bl) TPHOOB W/WIHM HX
MOTOMCTBO CIOCOOHBI TOCTUTaTh TUIOTHOCTH KJIETOK OT okoio 10 r/n mo okono 300 r/m, ot
0k0J10 15 /1 mo okono 300 r/n, ot oko10 20 /1 1o okono 300 1/11, 0T 0KOJIO 25 I/J1 10 OKOJIO
300 /1, ot okojo 30 r/it go okojio 300 r/x, ot okono 50 r/a mo okojo 300 /i1, oT okoso 75
r/n 1o oxoso 300 r/n, ot okosxo 100 r/n o oxoio 300 /i, or okoso 125 r/n mo oxono 300
r/n, ot okosio 150 /i mo oxouso 300 /i, ot okoyo 170 r/n mo okoso 300 r/a, ot okoio 130
r/n 1o oxoo 290 r/n, ot okoa0 135 r/n o oxoiso 280 /i, ot okoso 140 r/n mo oxono 270
r/n, ot okouso 145 r/n mo oxoso 260 r/n, ot okojo 150 r/n mo okoso 250 r/a, ot okoao 170
/1 o okoso 250 r/n, or okono 100 1/n o okono 280 r/n. BBICOKYIO MIOTHOCTH pocTa
arunopWIbHBIHA(-bIX) BHI(-OB) W/WiIM WTaMM(-OB) TprOOB MOXKHO JOTIOJHHUTENHEHO
YBEJIUYUTD MyTEM PEryJIMPOBaHUs yCIOBUl (hepMeHTalmu (TaKuX Kak Temmeparypa, pH,

KOHLIEHTPALsI HOHOB, BPeMsI MHKYOALIMU W/ UM KOHIIEHTPALUU Ta30B).

Bune! pona Fusarium

HNudpopmanus, xacaromasics: anuao(WIbHbIX BUIOB pona Fusarium, cnocoboB uX
UaeHTU(UKALNY, BBIICJICHUS, YCIOBHH KyJbTHBUPOBaHUS omucaHa B paborax Nelson #
coaeém., (Taxonomy, Biology, and Clinical Aspects of Fusarium Species, 1994, Clinical
Microbiology Reviews, 7(4): 479-504), Toussoun and Nelson (1976, Fusarium), Booth
(Fusarium: laboratory guide to the identification of the major species, 1977, Commonwealth
Mycological Institute, ISBN 0851983839, 9780851983837) u Leslie # coaem. (The
Fusarium laboratory manual, 2006, Wiley-Blackwell, ISBN 0813819199, 9780813819198),

KaxXxaasi U3 KOTOPBIX INOJTHOCTBIO BKIIFOYCHA B HaCTOﬂH_II/Iﬁ AOKYMEHT ITOCPEACTBOM CCBLIKH.

benku, BKIIIOYast, HAPUMEP, HEKOTOPbIE (PePMEHTBI, MPOAYLIUPYEMbIe BUIOM(-aMH)
w/uau mraMMoM(-aMu) TH(POMHIIETOB, MOXHO OYHCTHTh U3 TU(OBOW OHOMACCHI,
NpOayLUpPYyeMOl 3TUMH opraHn3MaMi. CriocoObl OYMCTKH OeTKa M3BECTHBI CIIEIUAIICTaM
B naHHOW oOnactu TexHukH. [lompoOHO cmocoObl ouncTkm Oenka omucaHbl B paboTax
Janson and Ryden (Protein purification: principles, high-resolution methods, and
applications; Wiley-VCH, 1998, ISBN 0471186260, 9780471186267), Detscher (Guide to
protein purification, Volume 182 of Methods in enzymology, Gulf Professional Publishing,
1990, ISBN 0121820831, 978012182083 1) u Cutler (Protein purification protocols, Volume
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244 of Methods in molecular biology, Humana Press, 2004 ISBN 1588290670,
9781588290670), MOJHOCTHEO BKJIFOUEHHBIX B HACTOSIIIHIA TOKYMEHT MOCPEACTBOM CCHUIKU

JUISI BCEX LIEJIEH.

UroObl HaliTH MPUMEHEHHE W TOJIb3y OENKOB KaK MPOAYKTOB, UX HEOOS3aTeIbHO
ounaTh U3 IMOACTUIIOK. To €CTb, IOACTUIIKY MOXKHO O6pa60TaTb 0€e3 OUUCTKHU U U3BJIEKATh
U3 Hee TOJIb3Y; T.€. B KaueCTBe UCTOYHMKA Oesika, B Ka4eCTBE MUILEBOr0 MPOAYKTA /WU B
Ka4ecTBe KOpMa JJis )KUBOTHBIX. [logcTunku camu 1o cede MoryT 0Opa3oBbIBaTh MPOIYKTHI,
CMECh MPOAYLHPYEMbIX OHOIMONCTHIIKOH in Situ MPOAYKTOB UMEET 3HaYeHHe W obyanaer

LIEHHOCTBIO.

JIunuas! anuaopuIbHOTO(-bIX) BUAA(-OB) W/HUJIH TaMMa(-0B) TpHOOB

Kax oTmeueHo Bblllle, B yCIOBHUSIX KYJbTUBUPOBAHHUS B HICKYCCTBEHHOMN MUTATEIbHOM
cpene, nmerotnei Boicokoe otHomenne C:N, 06pa3yroTcst ru) OMULIETOBbIE OMOMOICTHIIKH,
MMEIOIIIE BBICOKOE CONIEPrKaHMe IUMHUO0B U Oonee OaronpusTHbIN JIUMTUAHBIA TPOQUIH IO
CPaBHEHUIO C BOAOPOCISIMM U JPYIMMM OpraHM3MaMy, NPOAYLUPYIOLIUMH JIUMHBL
Junuasl MOXKHO SKCTPAarupoBaTh W3 U3OJUPOBAHHON rudoBoil Omomaccsl. B HekoTOpbIX
CIly4asiX JIMMUABI MPEACTaBISIOT OO0 B OCHOBHOM TPHALMIITIIMLEPUIB! C AlMIbHBIMU
IPYIIAMH JKUPHBIX KHCJIOT. B HEKOTOPBIX Cily4asx »KUpPHbIE KUCIIOThI IPEACTABIISIIOT COOO0M
IO CYINECTBY HEHACBHIIEHHbIC JKHUPHBIE KHCJIOTHI 1/MIM HACBIIEHHbIE KUPHBIE KHUCIOTHI.
HeHachllieHHBIE >KHUPHBIE KHUCJOTHI BKJKOYAKOT oJienHoByro kuciory (18:1), o-
ouHONEeHOBYIO  kucnoty (18:3), »iikozenoByro kuciaory (20:1) m ux kKoMOMHAIMH.
HacplleHHble  JKHpPHBIE KHCJIOTHI  BKJIFOYAIOT MaJIbMUTHHOBBIE KUCIOTHI  (16:0),
creapuHOBbIe KUCIIOTHI (18:0), apaxunoHoByto kuciory (20:0), GereHoByro kucioty (22:0)
U X KOMOMHauMu. Jlpyrue THUITbI JTUITUAOB, KOTOPBIE MOTYT MPOAYLIMPOBATHCS, BKIFOUAIOT,
HO HE OTPaHWYEHbl UMH, CTEPHHBI (HAPUMEp, SPTOCTEPHH, MPEAIIECTBEHHUK BUTAMHUHA
D2), numaumnrauuepuapl, KapOTHHOWIBIL, HACBILIEHHBIC SKUPbI (HAPUMEP, MACISHYIO
KUCJIOTY, T€KCAaHOBYIO KHUCJIOTY, OKTAHOBYIO KUCJIOTY, A€KAHOBYIO KUCJIOTY, TOAEKAaHOBYIO
KUCJIOTY, TPUJEKAHOBYIO KHUCJIOTY, TETPAJeKaHOBYIO KUCJIOTY, NEHTAI€KaHOBYIO KHUCIOTY,
IeKCaIeKaHOBYIO  KUCJIOTY, TeNTaJeKaHOBYK) KHCIOTY, OKTaJ€KaHOBYIO KUCJOTY,

HOHAaJI€CKaHOBYIO KHCJIOTY, BﬁKOSaHOBYIO KHCJIOTY, AOKO3aHOBYHO KHCJIOTY,
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TETPAKO3aHOBYIO KHCJIOTY), MOHOHEHACBHIIIEHHbIE JKUPBI (HANPUMEP, TETPATAECLIEHOBYIO
KUCJIOTY, TIEHTAJELEHOBYI0 KUCJOTY, TIEKCAaJeLEeHOBYIO KHCJIOTY, TIeNTaJeLeHOBYIO
KUCJIOTY, OKTaAELEHOBYI) KUCJIOTY, SUKO3€HOBYIO KUCJIOTY, JOKO3€HOBYIO KHUCJOTY, LIHC-
TETPAKO3E€HOBYIO KHUCJIOTY) M MOJMHEHACBIIIEHHbIE XKUPBI (HAPHMEP, TeKCaeKaIueHOBYIO
KUCJIOTY, JIMHOJIEBYIO KHUCJIOTY, JIMHOJIEHOBYIO KHCJIOTY, aib()a-JTUHOJEHOBYIO KHUCJIOTY,
raMMa-JIMHOJICHOBYIO KHUCJIOTY, MapHHAPOBYIO KHCJIOTY, AHKO3aJUEHOBYIO KHUCJIOTY,
apaXWIOHOBYK)  KHCIOTY, THUMHOJOHOBYKO  KHCJIOTy, OpacCHHOBYI)  KHCIOTY,

KJIYTAHOIOHOBYIO KUCJIOTY U JOKO3ar€KCa€HOBYIO KUCJIOTY ).

Bun(-p1) w/mnu  mramm(-bl) THQOMHUIETOB WHMIHM HX IOTOMCTBO CIIOCOOHBI
5pPeKTUBHO MPOAYLHMPOBATb  JIUIHIBL B HEKOTOpBIX cCiydasix KOJHYECTBO
NPOAYLMPYEMbIX JIMIHIOB COCTABJIAET MO MEHbIIeH Mepe okojo 1r/a/cyTku, 5 r/n/cyTtku,
10 MeHbIIeH Mepe okoJio 10 r/n/cyTku, mo MeHbIel Mepe okouto 20 1/11/CyTKH, O MeHbIIEeH
mepe okoiio 30 r/a/cyTku, o MeHbInel Mepe okoJio 40 r/11/CyTKH, O MEHbIIEH Mepe OKOJIO
50 r/n/cyTku, o MeHbIIeH Mepe okoJI0 60 I/J1/CyTKH, MO MeHbIIeH Mepe okoJio 70 r/i/cyTku
wi Ooniee. Hanpumep, KOJIMUECTBO MPOAYLUPYEMOro OHOIOTHYECKOr0 Macia COCTABIISIET
oT okoJio 1 r/n/cyTku 1o okono 5 r/n/cyTku, oT okoso 5 r/n/cytku 1o okono 70 r/n/cyTkwy,
ot okoo 10 r/n/cyTku 1o okoso 70 r/n/cyTku, ot 0koJ0 20 r/n/cyTku 10 0KoJio 70 r/n/cyTKu
win oT okojo 30 r/n/cytkm 1o okono 70 r/n/cyTkm.  DTHM NOKa3aTeNd 3HAYUTENIBHO
MPEBBILIAIOT CaMbIil BBICOKUN OMHUCAHHBIN B JIUTEPATYPE NMOKA3ATEIb, COCTABISAIOIIMUI OKOJIO
12 r/n/cytku (cm. Dey, P. et al. (2011) Comparative lipid profiling of two endophytic fungal
isolates — Colletotrichum sp. and Alternaria sp. having potential utilities as biodiesel
feedstock. Bioresource Technology 102: 5815-5823; Gong, Z. et al. (2013) Efficient
conversion of biomass into lipids by using the simultaneous saccharification and enhanced
lipid production process. Biotechnology for Biofuels 6: 36, Gong, Z. et al. (2014) Lipid
production from corn stover by the oleaginous yeast Cryptococcus curvatus. Biotechnology
Jor Biofuels 7: 158; Hui, L. ef al. (2010) Direct microbial conversion of wheat straw into
lipid by a cellulolytic fungus of Aspergillus oryzae A-4 in solid-state fermentation.
Bioresource Technology 101: 7556-7562; Liang, Y. et al. (2014) Microbial lipid production
from pretreated and hydrolyzed corn fiber. Biotechnol Progress 30: 945-951; Liu, C.-Z. et
al. (2012) Ionic liquids for biofuel production: Opportunities and challenges. Applied Energy



10

15

20

25

30

43

92: 406—414; Ruan, Z. et al. (2013) Co-hydrolysis of lignocellulosic biomass for microbial
lipid accumulation. Biotechnol. Bioeng. 110: 1039-1049; Sung, M. ef al. (2014) Biodiesel
production from yeast Cryptococcus sp. using Jerusalem artichoke. Bioresource Technology
155: 77-83; Xie, H. et al. (2012) Enzymatic hydrolysates of corn stover pretreated by a N-
methylpyrrolidone—ionic liquid solution for microbial lipid production. Green Chem. 14:

1202-1210).

JIMnuapl MOJKHO 3KCTPArupoBaTh M3 T'M(OMHUIIETOBBIX OHOMOICTHIIOK, UCIIOJB3YS
pasnauyHbie MeToaAuKU. He nMeroiiye orpaHuYHTeIbHOTO XapakTepa NpUMepPbl SKCTPAKIHN
ounuaoB onucansl B padotax King ef al. (Supercritical Fluid Extraction: Present Status and
Prospects, 2002, Grasa Asceites, 53, 8-21), Folch et al. (A simple method for the isolation
and purification of total lipids from animal tissues, 1957, J Biol. Chem., 226, 497-509),
Bligh and Dyer (A rapid method of total lipid extraction and purification. 1959, Can. J
Biochem. Physiol., 37, 911-917), Cabrini et al. (Extraction of lipids and lipophilic
antioxidants from fish tissues - a comparison among different methods. 1992, Comp.
Biochem. Physiol., 101(3), 383-386), Hara et al. (Lipid extraction of tissues with a low
toxicity solvent. 1978, Anal. Biochem. 90, 420-426), Lin ef al. (Ethyl acetate/ethyl alcohol
mixtures as an alternative to Folch reagent for extracting animal lipids. 2004, J. Agric. Food
Chem., 52, 4984-4986), Whiteley et al. (Lipid peroxidation in liver tissue specimens stored
at subzero temperatures. 1992, Cryo-Letters, 13, 83-86), Kramer ef al. (A comparison of
procedures to determine free fatty acids in rat heart. 1978, J. Lipid Res., 19, 103—106) and
Somashekar ef al. (Efficacy of extraction methods for lipid and fatty acid composition from

fungal cultures, 2001, World Journal of Microbiology and Biotechnology, 17(3): 317-320).

B npyrom mpumepe JMNHUIbI MOKHO 3KCTPAarupoBaTh CHOCOOAMH, MONOOHBIMU
texHojiorun FRIOLEX® (Westfalia Separator Industry GmbH, I'epmanmust), ucrnosib3yemoit
I OKCTPAKUUH  OHOJOrMYECKHX Macel, MPOAYLUHPYEMBIX MHKPOOPTaHHU3MaMH.
FRIOLEX® mnpencrapnsieTr co0oil crnocod (PU3UYECKOW SKCTPAKLUMK Maclia Ha BOJHOM
OCHOBE, TOCPEICTBOM KOTOPOrO COAEpIKAIUil MAacli0o MCXOAHBIA Marepuasl MOXKHO
UCIIOJIb30BaTh HEMOCPEACTBEHHO Ui HKCTPAKLMH Macja, He MpHUMEHss Kakue-mubo

TPaJIULIUOHHBIE CIMOCOOBI  AKCTPAKLUH  PACTBOPHUTEIIEM. B nmanHOM cmocoGe
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BOI[OpaCTBOpI/IMbIﬁ OpFaHI/ILIeCKI/Iﬁ pPacTBOPUTECIIb MOXKHO HCIIOJIB30BATh B KAYCCTBE
TEXHOJIOTUYECKOM ):[O6aBKI/I, U MacCJIO BbIACIIAOT U3 )KI/II[KOI\/'I CMECH UCXOOHBIX MAaTCPUAJIOB

nNyTeM pasaCjiCHUs 1O INIOTHOCTH, UCIIOJIb3Ys I'PaBUTALIMOHHBIC UITU I_IeHTpO6e>KHbIe CHIJIBI.

[Tocne 3aBepiueHUs] SKCTPAKLIUHU JIMITUAOB JIUMTUIbI MOXKHO BBIACISTh WIH OTAEISATh
OT HEXHJIKUX KOMIIOHEHTOB JIFOOBIMH MOIXOMASALIMMH CPEACTBAMH, U3BECTHBIMH B TAHHOMN
obmactu TexHuku. Hampumep, uisi OTAENEHUs JUMUACOAEPIKALINX KOMITO3HULMN OT HE
COAEPIKALIHMX JIUIMUbI KOMIIO3ULIUN UCTIONB3YIOT (PU3MUECKHUE METOABI HU3KOW CTOMMOCTH
W/ MexaHuueckue Meronbl. Ecimum mpu crmocodbe, HCTONb3yeMOM Uil SKCTPAKIHU
JMITAAOB, 00Pa3yIOTCsI MHOXKECTBEHHBIE (Dasbl Win (ppakiu, rae ogHa win oonee a3 mwim
(bpakuuii COmEp>KUT JIUMHUBI, CIIOCOO BBIAENEHUS JHMIUACOAEPKAINX ($a3 Win Pppakuuii
MOKET BKJIFOUATh B ce0s1 Pr3udecKoe u3BjIeueHue Tunuacoaepxkamux $has win Gpaxiui u3
He conmepskamux Jumuabl ¢a3 win Gpakuuil uin Ha000pOoT. B HEKOTOPBIX ciyyasix s
SKCTPAKLIUU TPONYLHUPYEMBIX MHUKPOOPTaHM3MAMH JIMIHIOB HCIIOJNB3YIOT CIIOCOO THMA
FRIOLEX®, a BrocyieacTBuu OOraTyro JHIMHIAMH JIETKYIO (azy (HU3UIecKu OTAENSIOT OT
OoraToii Oenkamu TsDKeNnoW (aspl (HarpuMep, MyTeM CHATUS OoraToill jununamu (assl,
KOTOpasi HAXOANTCS HA MOBEPXHOCTH OoraToi OenkaMu TsKenon (asel mocne pasneaeHus

TIO TJIOTHOCTH).

B nmpomykiuu unugoB BuUmoM(-aMu) W/HIM IITaMMOM(-aMH) THU(OMHUIETOB
CYIIECTBYET IO MEHbLICH Mepe IBe cTaauu: (a) CTaaus HAKOIIEHHs T'r()OMHULIETOBON
ouononctwiky U (b) cragust npoayKuu TumuaoB. Ha ctanuu HakomieHus: rud) OMULIETOBOM
ouononcTuinku obpasyercs rudoBasi OHoMacca, NMPU 3TOM HA CTaaUU HAKOILICHHS
ru()OMHLIETOBON OMOMONCTHJIKM BHAOM(-aMH) W/WIM IITaAMMOM(-aMH) JIOCTHUTAETCs
HAKOIJIEHUE, COCTABJISIIOLIEe, HarpumMep, oT okojo 10% a0 okoso 95%, ot okomno 20% no
0k0J10 95%, ot okoJo 30% 10 okoJo 95%, oT okoso 40% 1o okoso 95% wnm ot okoso 50%
10 0KoJI0 95% ofmmel nmpoxyKuyu ru)OMULIETOBOH OHONIOACTHIIKU. B apyrux ciyuasx Ha
CTaM¥ HAKOIUIEHHUs rM(pOMHULIETOBOI OMOMOACTHIIKA AOCTUTAETCS OT OKOJIo 60% 10 OKOJI0
95%, ot okoyio 70% no okoso 95% wnu ot okoJio 80% 10 okoJo 95% obeit mpoxyKIHH
rupomunieroBoii Onomoxctunku. B apyrux obctositenscTBax rudosas Ouomacca,

npoayuupyemMasi ~MUKPOOPraHM3MOM  Ha  CTaJuM  HAKOIUIEHWs  TrHU(OMHIIETOBOMH
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OMOMOACTUIIKH, HOCTUTAET, HAIPUMED, 1O MeHbIuel Mepe okoio 10%, mo mMeHblIeH mepe
okoJio 20%, no MeHbuIeil Mepe okoso 30%, no MeHbluel Mepe okoJio 40%, o MeHblIeH
mepe okono 50%, mo menblieit mMepe okojo 60%, mo menbwieli Mepe okojio 70%, mo
MeHbIel Mepe okoJio 80%, mo MeHblIeit Mmepe okosio 90%, mo MenblIel Mepe okoso 95%
wu 100% obwmedt npoaykiuu rudomunerooii Ouonoactuwiku. Hampumep, ot okosio 50%
10 0KoJyio 95% ot ofrmel npoayKUuu ruOMHULIETOBOM OUOTIOACTUIIKH MUKPOOPTaHU3MOM

JOCTUTACTCA HAa CTaAUH HAKOIIJICHUA FI/I(I)OMI/ILIGTOBOI\/'I 6I/IOHOI[CTI/I.]'IKI/I.

Uro kacaercs cTaauy NPOAYKLUU JIMIKUIOB, JIUMHUIBI NPOAYLUPYIOTCS B TEUECHUE
BCEX CTaJIUH POCTA, MOCKOJIBKY OHHU TPEOYIOTCS AJIsl pOCTa U PO epariui KJIETOK, TO €CTh
JUTIUAABI TPOAYLUPYIOTCS HA CTAAMM HakomjieHus rudomuneroBol omononctunku. He
OTPaHUYMBASACH KAKOW-TMOO TEOpHeH, CUYHUTAIOT, YTO HEKOTOpbIE 3alacHbIe JIUIHABI
NPONYLUPYIOTCS Ha OOJIee MO3IHUX CTaIUAX pocTa OMOMOACTUIIKH, B TO BPEMsl Kak Ipyrue
3amacHple JIMMUAABl TPOAYLUPYIOTCS Ha Oojiee paHHUX CTaausax (HOPMHUPOBAHHS
Oouonoactunku. Kpome TOro, B yCJIOBHSX HHU3KOIO COIEPXKAHMS a30Ta OpraHu3M Oyner

6bICTpee HaKaIlUInBaThb 3alaCHbIC JIUITUbI.

Ha cramuu HakomieHus: JIMMUAOB MPOAYLUUPYIOTCS JUIHABI, TAaK, YTO HAa CTaJHU
HAKOIUIEHUS JIMITUIOB HOCTUraeTcst OT 0koyio 10% mo oxoso 95%, ot oko10 20% 10 0K0JIO
95%, ot okojio 30% mo okono 95%, ot okono 40% 10 okoso 95% wuau ot okono 50% mo
0KO0JI0 95% 0011Iel MPOAYKLIMH JIMITUI0B MUKPOOPTAaHU3MOM. B Ipyrux ciay4asx Ha CTaauu
HAKOIUIEHUST JIMITUIOB JOCTUrAaeTCsl OT 0koyi0 60% 1o okoyo 95%, ot okoo 70% 10 0KoJIo
95% wnu ot okoJio 80% 10 0k0J10 95% OOIIIel MPOAYKLIUU JIUITHIOB MUKPOOPTaHU3MOM. B
APYTUX 0OCTOSITENIbCTBAX MPOAYKIIHS JIUIMTUIOB HA CTAJANK HAKOTUIEHUS JINTTHIOB IOCTHUTAET,
HarpuMmep, o MeHblIeil Mepe okono 10%, no menb1neii Mepe okosio 20%, Mo MeHbLIel Mepe
okosio 30%, mo menbIeit Mmepe okoyo 40%, nmo menblel mepe okojo 50%, Mo MeHbLIen
Mepe okoso 60%, mo MmeHbiner mepe okono 70%, mo meHbiueil mepe okono 80%, mo
MeHbIel Mepe okojio 90%, mo MeHbIIer Mepe okoio 95% wmmu 100% olmeit mpoayKuuu
JTUNUAOB MHUKpoopranmMoM. [IpenmoururensHo ot okojo 50% no okono 95% obmei

NPpOAYKIHWH JIMTMAOB MUKPOOPIraHU3MOM OOCTUTACTCA Ha CTaAAWU HAKOIIJICHUS JIMTTUAOB.



10

15

20

25

30

46

Kak TONbKO JHIUABI MOJYyY€Hbl B COOTBETCTBUU C HACTOSIIUM H300pETEHHEM,
MOJKHO HCIOJIb30BaTh Pa3IMYHbIE HM3BECTHBIE B IAHHOW OONACTH TEXHHKH CIOCOOBI
npeoOpa3oBaHus OWOJOTHYECKMX Macel B CIOXKHbIE 3(UPbI JKUPHBIX KHUCIOT IS
NPUMEHEHHs] B Ka4eCTBE MHIPEOHEHTOB MHILIEBBIX WIN (hapMalEeBTHYECKHX MPOAYKTOB.
ITonyueHne CHOXHBIX 3(PHUPOB  KUPHBIX KHUCJIOT MOXET BKJIOYaTh B cebs
nepesTepuPUKALMIO MPOAYLUHPYEMBIX MHKPOOPraHU3MOM  OHOJIOTMYECKHUX — Macell.
DKCTPaKUHIO JIUMHUIOB W3 MUKPOOPTAaHU3MOB H TepPedTepUDUKALHUIO JIUMHIOB MOKHO
BBIMIOJIHATh  OJHOBPEMEHHO OJHOCTAIMUHBIM  CIIOCOOOM. Hanpuwmep, kynbTypy,
COJZIEpIKAIIYIO U30JIMPOBAHHBIN IIITAMM IPUOOB, MOJKHO TIOJBEPTATh BO3AECHCTBHIO YCIOBUM
Wi BHOOB 0OpaboTku (Wim KOMOWHAIIMM YCIOBHH WM BUAOB 00padoTKH),
CMOCOOCTBYIOIMM KaK KCTPAKLMK JIMITHIOB, TaK U mepedTepudukaniu unuaos. Takue
yCJIOBUSI WM BHIbl 00paOOTKM BKJIIOYAIOT, HO HE OrpaHu4YeHbl umu, pH, Temmeparypy,
IaBJIeHUe, MPUCYTCTBUE PACTBOPHUTENICH, MPUCYTCTBUE BOMBI, MPUCYTCTBUE KATaJIM3aTOPOB
Wil (EepMEHTOB, MPHUCYTCTBUE NETEPreHTOB M (pusnveckue/mMexaHuueckne cuiibl s
OCYILIECTBIIEHUs] OJHOCTAIUHHOIO Criocoda SKCTPAKUUM M NepesTepupuKaliyl JTUIHAO0B
MOXHO KOMOMHHPOBATH ABE CEPUN YCIOBUHN MM 00pabOTOK, I7ie OJHA CepUsl YCIOBUN WIIN
00paboTOK CIIOCOOCTBYET MPOLECCY SKCTPAKLUK JUMHAOB, a Apyras CepUu yCJIOBUN WU
00paboToK CcrmocoOCTBYeT Mmpoueccy mnepesTepuUKaluy JIUIUAOB, €CJIH 3TH JIBE CEpUu
yciaoBuil wian 0OpabOTOK MOMKHO OOBEAMHSTb, HE BBI3bIBAS 3HAYMMOIO CHIDKEHHS
5P (PEKTUBHOCTH JIFOOOTO M3 MPOLIECCOB HKCTPAKIHMHU W TepedTepupUKALUN JIUHIOB.
Tuaponus u nepesTepuprKaLU0 MOKHO BBITIONHITH OHOBPEMEHHO Ha LEJIbHOKJIETOYHOM

rugoBoii brnomacce.

AJNBTEpHATUBHO 3KCTPAKLUIO JIUMUOB BBIMONHSIOT KaK CTaUIO, OTAEJIBHYIO OT
cTaguy mepesTepuduKanuy JUNuAoB. Takue peakuuu nepesTepupuKaiui MPOBOIAT C
MIOMOIIBIO KHCJIOTHBIX HJIM OCHOBHBIX Karanm3atopoB. (CmocoOsl mepestepuduxarmm
OMONIOTNYECKUX JIUMUIOB B CJIOKHBIC 3(UPBI JKUPHBIX KUCIIOT JUIsI MPUMEHEHUSI B KAUECTBE
UHTPEIUEHTOB JISl NMUINEBBIX WM (PapMaLEBTHUECKUX MPONYKTOB BKJIIOYAIOT B CeOs
B3aUMOZIEICTBHE COAEPKAIINX TPHUIIIMLEPHABI OMONIOTHYECKUX Macesl B IMPUCYTCTBUU
CIIUPTa U OCHOBAHHUS C IOJNYYEHHEM CJIOKHBIX 3()HUPOB OCTATKOB JXMPHBIX KHCIOT U3

TPUTJIULIEPUIOB.
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ITonxonsmue CrupThl AJI UCIIOIB30BAHUSA B IIepeaTepU(PUKALIUN BKIIOYAIOT JIFOOOH
HM3IIUH aJKUJIOBBIN CIIUPT, cofepskaiuii oT 1 1o 6 aromoB yraepona (m.e. Ci. aIKUIOBBIN
CIMPT, TAKOH KAaK METHJIOBBIH, 3THUJIOBBIH, M30MPOMIIOBBIN, OyTUIIOBBIH, MEHTUJIOBBIM,
TeKCUJIOBBIM CIUPTHI M UX M30Mepbl). He orpaHnvmnBasicb KakoO-1100 TEOpUei, CYUTALOT,
YTO MPU UCTOJIB30BAHUM HU3LIMX AJKHJIOBBIX CIUPTOB OOPAa3YIOTCS HU3LIMK AJKUIOBBIC
3(pUpPBI OCTATKOB JKUPHBIX KUCJIOT. Hampumep, mpu MCMONB30BAHUU STAHOJIA O0Pa3yIOTCS
sTrioBble 3¢upsl. Eciam cupt npencrasisier coOOH METaHOJ WJIH 3TAHOJM, MOJYYEHHbIE
CJIOJKHBIE 3(PUPBI KUPHBIX KUCJIOT MPEACTABISIFOT COOOW METHJIOBBIM 3pUpP U STHUIOBBIN
3up ocTaTKa JKUPHOW KUCJIOTBI COOTBETCTBEHHO. B XapakTepHOM ciydae KOJHUYECTBO
CIMPTa COCTABISIET OT OKOJI0 5 Macc.% 1o okojo 70 macc.%, ot okono 5 Macc.% 10 OKOJIo
60 macc.%, ot okoJio 5% 1o okoso 50 macc.%, oT okoso 7 macc.% mo okouso 40 macc.%, oT
okoJio 9 macc.% a0 oxouso 30 macc.% unu ot okono 10 macc.% a0 oxono 25 macc.% cmecu
JUTTAAHON KOMIIO3HMLIMYM, CIHPTA M OCHOBaHMA. KOMIO3MIMIO M OCHOBaHHE MOKHO
no0aBIsITh MO0 K YHCTOMY JTaHOJNy, JUOO K 4YMCTOMY MeTaHoiy. Kak mpasmiio,
UCTIONIBb3YEMOE KOJIMYECTBO CIIUPTA MOXKHO U3MEHATH B 3aBUCUMOCTH OT PACTBOPHUMOCTH B

CIIUPTE JIMTTU OB UJINU conepxcamef/i TPpUrIINUEPUAbl KOMIIO3ULIUH.

Conepxalyro TPUIVIMLEPUABl KOMIIO3ULMIO, CIHUPT U OCHOBaHHE BMeECTE
MOJIBEPral0T B3aUMOJEHCTBHUIO MPHU TaKOH TemmepaType U B T€UEHHE TaKOro KOJHUYEeCTBA
BPEMEHH, KOTOPbIE TIO3BOJISIIOT MOJMYYHThb CJIOKHBINA 3(D)UP U3 OCTATKOB JKMPHBIX KUCIIOT U
crmpTa. CrienuaiucT B JaHHOW 00JACTH TEXHUKH MOXKET ONPEACTUTDb MOIXOASIIEe BPEMs
U TeMIlepatypy peakuud. He HamepeBasiCb OTpaHUYMBATBCS KaKOW-JTMOO TEOpHei,
CUMTAIOT, YTO OCTATKH JKHPHBIX KUCJIOT OTMICIUBIIOTCS OT TIJIMLEPHHOBOIO KapKaca
TPUIJIMLEPUAA, U HA CTAAMM B3aUMOACHCTBHUS OOpPA3yrOTCsS CIOXKHBIE 3(Hpa KaxkIoro
ocTaTKa JKUPHOH KUCIOThL. CTaauio B3aUMOAECHCTBUS KOMITO3ULIMH B IIPUCYTCTBHHU CITUPTA
Y OCHOBAHUS BBIMIONIHSAIOT MpU TeMnepatype ot okoJio 20°C no okozo 140°C, ot okono 20°C
1o okoio 120°C, ot okomno 20°C mo okojo 110°C, ot okoiso 20°C go okoyio 100°C unu ot
okosio 20°C no okono 90°C. AnpTepHATUBHO CTAAUI0 B3aHUMOJEWCTBHS KOMIIO3ULIUHU B
NPUCYTCTBUM CIIUPTA U OCHOBAHUS BBINONHAOT IIpU TemnepaType okoso 20°C, 75°C, 80°C,

85°C, 90°C, 95°C, 105°C unu 120°C, nubo BeILIe. B 3aBUCUMOCTH OT 3K€JIaeMOro MPOAyKTa
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CTaauro BBaHMOHeﬁCTBHﬂ KOMITO3UIUU B MPUCYTCTBUH CIIUPTA U OCHOBAHHS BBIIIOJIHAKOT B
TEYEHUE BPEMEHU OT OKOJIO 2 4acoB A0 OKOJIO 36 4acoB, OT OKOJIO 3 4acOB A0 OKOJO 36
4acoB, OT OKOJIO 4 4acoB 0 OKO0JIO 36 4acoB, OT OKOJIO S5 4acOB A0 OKOJIO 36 4acOB WJIM OT
0K0JIO 6 4acoB 10 OKOJIO 36 yacoB. BMecTo 3TOro craguio B3auMOAENHCTBUS KOMIIO3ULIUH B
NPUCYTCTBUM CIMPTA U OCHOBAHUS MOXKHO BBINOJIHATH B TeueHue okoio 0,25, 0,5, 1,0, 2,0,

4,0,5,0,55,6,65,7,7.5,8,8,5, 10, 12, 16, 20, 24, 28, 32 um 36 4acos.

Craauro B3auMOAEWMCTBHsS KOMITO3ULIMM JIMITUJOB, CIIUPTAa U OCHOBAaHUS MOXKHO
NPOBOAMTDH MyTEM KHUITTYCHUSI KOMIIOHEHTOB ¢ OOPATHBIM XOJOAMIBHUKOM C TOJYYEHHUEM
CJIOKHBIX 3(HUPOB JKUPHBIX KHUCJOT, TAKHX KaK CIOXKHBIE 3(HUPHI MOJUHEHACHIIIEHHBIX
xupHbIX kucaoT (ITHXKK). Craguro B3auMoAeicTBUST KOMITO3ULIMH JIMITUAOB MOYKHO TaKXKe
NPOBOANTH TPH TEMIIEPAType, HE NMPUBOIALICH B pe3yibTaTe K OOpa3oBaHUIO (IierMbl
KOMITOHEHTAMH PEAaKLHUOHHON cMmecu. Hanpumep, nmposeaeHue CTaguu B3aUMOIECUCTBUS
KOMITO3ULIMH JIMIIUJOB TIOA JIABJICHHEM, TPEBBILIAIONUM aTMOC(EepHOe NaBIEeHHE, MOXKET
NPUBECTU K MOBBILIEHUIO TEMIEpaTypbl KUIEHUs PacTBOpPUTENEH, NMPUCYTCTBYIOLIUX B
PEaKLMOHHOM cMecH. B Takux ycIoBUsX peakLus MOXeET IPOTeKaThb IPU TeMIepaType, Ipu
KOTOPOH pacTBOpUTENH OyIyT KUIETh NHPH aTMOC(HEPHOM JABIEHWH, HO KOTOpas He
NpHUBEIET B pe3yJIbTaTe K 00pa30oBaHHIO (hJIerMbl KOMIIOHEHTAMH peakIMOHHON cMecH. Kax
NPaBUJIO, STy PEAKLMIO MPOBOAAT NMPH AABJIEHHH OT OKOJIO 5 10 okono 20 ¢yHTOB Ha
KkBaapaTHbIi qroim (psi) (137,895 kIla); ot okoso 7 (48,263 klla) no okono 15 psi (103,421
k[1a) wnm ot okono 9 (62,053 kIla) no okoso 12 psi (82,737 xIla). Hekoropwie peakuuu
npoBonAT nipu nasneHun 7, 8,9, 10, 11 umm 12 psi. Peakimu, mpoBoauMbIe IO TABJICHUEM,
MO>KHO MPOBOJUTH MPU YKa3aHHBIX BbILIE TeMIepaTypax peakuuu. Peakiyu, npoBogumble
OJ] JaBJIEHUEM, MOXKHO IPOBOAUTH NpH Temmneparype okosno 70°C, 75°C, 80°C, 85°C unu

90°C, nubo BbIIIIE.

Crnoxable 3QUpPBI KUPHBIX KHCIOT OTACISIFOT OT PEAKIHMOHHOW CMECH IyTeM
NEPETOHKH KOMIIO3ULIUK JJISl BBIACTICHUS (PpaKuy, CoAeprKalnei CIOKHBINA 3Up KUPHOH
kuciotel. LleneByro (pakuuio peakMOHHOH CMECH, BKIIIOYAMOINYI0 HHTEPECYIOINe
CJIO’KHBIE 3(UPBI KUPHBIX KUCIIOT, MOKHO OTAEJSATH OT PEaKIIMOHHONH CMECH U BBIIEIATH.

IleperoHky MOXHO BBINOJHATH B Bakyyme. He orpaHu4mBasch Kakoi-muOo Teopuew,
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CUMTAIOT, YTO IEPEroHKa B BaKyyMe IO3BOJSIET OCYLIECTBJIATH IMEPErOHKY Mpu Oosee
HU3KOW TeMIepaTrype, 4eM B OTCYTCTBHE BaKyyMa, MpenoTBpaliasi, TakuM o0pasom,
paznokeHue CIOKHbIX 3(pupoB. OObIMHBIE TEMIEPATypbl TMEPErOHKH HAXOMASTCS B
nuanaszoHe ot okojo 120°C nmo oxono 170°C, Hanmpumep, MEPEroHKY BBINOJHSIOT MpPU
teMriepatrype Mmeree ueMm okojio 180°C, menee uem okoso 175°C, menee yem okxoso 70°C,
MeHee yeM okoJio 165°C, menee uem okoiio 160°C, menee uem okosio 155°C, meHee uem
okoJio 150°C, menee ueMm okoio 145°C, menee uem okono 140°C, menee uem okoJjio 135°C
win MeHee uyeM okosio 130°C. OObruHbIEC 3HAUEHHS ABJICHUS JJIsl BAKYYMHOU MEPEeroHKH
HaxozasaTca B auanasone ot okono 0,1 mm Hg no okono 10 mm Hg, Hanpumep, nasieHue
BaKyyMHOI nieperonku coctassiet okouio 0,1, 0,5, 1, 1,5, 2, 2,5, 3, 3,5 wiu 4 mm Hg, mubo

BBIIIIC.

Junuael, SKCTparupyeMble W3 BHIA WM IOTaMMa T'H(QOMHIETOB W/HIH €ro
MOTOMCTBA IO HACTOSIIIEMY HM300PETeHHUIO, HCIONB3YIOT Ui MOJYy4YeHHs OMOCMAa30YHbIX
mMarepuanoB. Hcromp3yemblii B HACTOSIIEM JOKYMEHTE TEpMHH «OHOCMa304YHbIE
MaTepuanbl» OTHOCUTCS K CMAa304YHbIM MaTepuanam, MOJIY4YeHHbIM C MCIOJIb30BaAHHEM
Marepuana, UMEIOLIEro MPOUCXOKACHHE OT KUBBIX MM HEJABHO KUBLIMX OPraHU3MOB.
Hcnonb3yeMslil B HACTOALIEM JOKYMEHTE TEPMUH «CMa304HbIE MAaTepUabl» OTHOCUTCS K
BemecTBaM (OOBIMHO TEKyYMM B pabO4MX YCJIOBHSX), BBOOUMBIM MEXOY ABYMsI
MOJBIKHBIMU [TOBEPXHOCTSIMU ISl YMEHbLICHUS TPEHUSI U U3HOCA MEXAY HUMU. ba3oBble
Macjiia, TPUMEHseMble B KayeCTBE MOTOPHBIX Maces, B LEJOM KJIacCU(UIIUPOBAHBI
AMepuKkaHCKUM HE(TSHBIM HHCTUTYTOM Ha MuHepaibHble Macnia (rpymma I, 1T u III) win
cuHTeTnueckue Macia (rpymnmna [V u V). Cv. nybaukaruro nogy HomepoM 9 AMEpUKaHCKOTO
HedrssHoro wmHctHTyTa (APL OT amrm. American Petroleum Institute). OpHolt w3
KpPYIMHEHIHX oOiacTell MPUMEHEHUsS] CMa30YHBIX MaTeprasioB B (pOpME MOTOPHOTO Macia
SIBIIAETCS 3allMTa JABUraTesleidl BHYTPEHHEro CropaHuss B TPAHCIOPTHBIX CPEACTBaxX U
sHepreTudeckoM obopynosanuu. Kak mpaBuio, cma3odnble mMarepuaisl comepxkar 90%
6azoBoro macna (Jaie Bcero He(pTAHBIX (PpaKIi, Ha3bIBAEMBIX MUHEPATbHBIMHA MAaCJIaMH)
u meHee 10% npucanok. MHoraa B kauecrBe 0a30BbIX Maces HCIOJIB3YIOT PACTUTEIbHBIE
Macjia WJIM CHHTETUYECKHE JKMIKOCTH, TaAKHE KaK T'MIPOr€HU3NPOBAHHBIE MOIHONIE(UHBI,

CIIOKHBIE 3(UpPBI, CHIMKOHBIL, (QTOPYrJepoabl W MHOrue apyrue. B OCHOBHOM OHH
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NPEACTABISIIOT COOOH CNOXKHBIE 3(PUPBI TPUIHULEPUABl PACTUTEIBHOIO WJIN JKHBOTHOTO
MIPOUCX OXKJICHUS. Jns mpuMeHeHHs B KadecTBe 0a30BOrO CMA30YHOrO Macia
NPEANOYTUTENbHbl MaTepUalibl PAaCTUTENBHOIO NPOUCXOKIAEHUs.  PacmpocTpaHeHHbIe
MaTepuanbl BKJIIOYAKOT MacjaO KaHOJbL, KaCTOPOBOE MAaclo, IaJbMOBOE Maclio,
MOJICOJTHEYHOE MACJIO U PANICOBOE MACJIO € BBICOKMM COAEP>KaHUEM OJIEMHOBOM KUCJIOTBI U3
PACTUTENBHBIX U TAJJIOBOE MAcjO U3 JKUBOTHBIX MCTOYHMKOB. MHOrme pacTuTeNlbHBbIE
MacJia 9acTo FHAPOJIU3YIOT C MOJy4eHHEM KHCIIOT, KOTOpPbIE BIIOCIEACTBUN H30UPATEIbHO

KOMOWHHPYIOT ¢ 00pa30BaHUEM CIIOXKHBIX 3(UPOB TOHKOTO OPTraHUYECKOTO CUHTE3A.

Takum 00pa3oM, JUMUABL, 3KCTparupyemble U3 T'M(OMHLIETOBBIX OHOMOICTHIIOK,
¢dopMHupyeMbIX BUIOM(-aMH) W/WIH ITaMM(-aMH) THPOMHULIETOB W/ HIIA UX TTOTOMCTBOM IO
HACTOSIIIEMY HM300pPETEeHHIO, MOJKHO TPUMEHSTh JJIsi  [OJYYEeHHUs] KOMIIO3HLIHUIA
OMOCMa304YHBIX MAaTePHAJIOB Ha OCHOBE CJIOXKHBIX 3(HUPOB MyTeM NO0ABICHUS OAX OASLIIX
npucagok. CrnocoObl MONy4YeHHs KOMIIO3UIMH CMa304HBIX MAaTepUalioB Ha OCHOBE
CJIOKHBIX 3()MPOB M3BECTHBI CIIELIUAINCTAM B JAHHOI 00NacTH TeXHUKU. B kadecTBe He
MMEIOIIEro OrpaHUUUTEIBHOTO XapakTepa npumepa 00ecreunBaroT HEKOTOPOe KOJIMUECTBO
COZIePIKAIIEr0 TPUTULEPUIBI MACIIA PACTUTEIBHOTO MPOUCX OJKACHHS U TIOABEPratOT TAKOM
oOpaboTke, 4YTOOBI THUAPOJIM30BATH IO MEHBLIEH HEKOTOpblE W3 TPHUIVIULEPHIOB U
o0pa3oBaTh CBOOOMHBIE JKUPHBIE KHUCJIOTBI, KOTOPbIE OTHOCATCS K THUITY, BHIOPAHHOMY U3
IPYNIbL, COCTOSIIEH M3 HACBINEHHBIX JKHPHBIX KHCIOT, MOHOHEHACBHIIEHHBIX JKHPHBIX
KHCJIOT M TMOJMHEHACHIIIEHHBIX JKUPHBIX KHCJIOT, a TAKXK€ UX KOMOWHAIMHA. DTH JKUPHBIE
KHCJIOTBI Pa3AENSOT MO THIAM TaK, 4TOOBI MO CYIIECTBY M30JHUPOBATH MO MEHBIIEH Mepe
MOHOHEHACBHIIIEHHbIE JKUPHbIE KHUCJIOThI OT HACBIEHHBIX JKUPHBIX KHUCJIOT |
MOJIMHEHACHIIEHHbIX JKUPHBIX KHUCJIOT. Jlanmee Mo MeHbIIeH Mepe HEKOTOpbie U3
MOHOHEHACBHIIEHHbIX JKUPHBIX KHUCJIOT TMOABEpraroT Moaudukauuu ¢ oOpasoBaHHEM
CIIO’KHO3(UPHOTO TPOAYKTa (HAMPUMEp, CONEPIKAILEro CJOXKHbIE TPUI(PUPHI), a Mo
MEHbIIIeH Mepe HEKOTOpPbIe M3 HACBILIEHHBIX JKUPHBIX KHUCIOT W/IJIH MOJIMHEHACHIIEHHBIX
JKUPHBIX KHUCJIOT TMOABEPrarT THapoodpadoTke ¢ MOJyYeHHeM ajKaHOB (mapaduHOB).
Takke crnegyer OTMETHTb, YTO B HEKOTOPBIX BOIUIOIICHUSIX HW300pETeHUs] TaKue
CJIO’KHO3(UPHBIE TPOAYKTHI MOTYT BKJIIOYATh OJHO WK 0OJiee U3 CICAYIOIIEro: MOJIEKY b

CJIOKHBIX MOHO-, IHU- U TpI/IB(I)I/IpOB " UX THAPOKCUINPOBAHHBIE aHAJIOTH.
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@depmeHThI, ToNepaHTHble K kucioMmy pH, n3 Bupa(-oB) w/mmm 1mramma(-oB)
rupOMHLIETOB

I'enom mramma 4287 Fusarium oxysporum f. sp. lycopersici HenaBHO Obul
CEKBEHHPOBAaH, U ObUIO MOKA3aHO, YTO OH HECET PsA I'EHOB, BOBJICUEHHBIX B PA3JIOKEHUE
JIMTHUHA, TEeMHULEIUTIONO3bl U 1e/untoyio3bl. Kpome Toro, ¢epmeHThbl, BOBIEYEHHBbIE B
pa3NoKeHHe STUX MaTepuaioB (HampuMmep, IeJUIroJia3a, KCUIaHas3a, JIMTHUHA3A,
TIIOKypoHUAas3a, apabuHodypaHo3uaasa, apaOMHOrajakTaHasa, screpasa (epysoBoi
KUCJIOTHI, JINIA3a, MEKTUHA3a, TJIFOKOMAaHHA3a, aMIJIa3a, JJAMUHAPHHA3a, KCHIOTJIFOKAHA3a,
rajakTaHasa, [JIIOKOAMIUIa3a, TMEKTaT/IMa3a, XUTHHA3a, JK30-PB-D-riroko3aMuHunasa,
1eJUTI00M030IeTHAPOreHas3a u alleTUIIKCUIIAaHACTEPA3a, KCUJIO3U/1a3a, a-L-
apabuHo(dypanosunasa, ¢epyjounscrepasa, SHIOIIIOKaHA3a, [-Tioko3unmasa, Mn-
MepOKCHAa3a | JIaKKasa), ObUTH IMUPOKO HcchenoBaHbl B mrtamme F3 F. oxysporum F3
(Xiros et al. (2009) Enhanced ethanol production from brewer's spent grain by a Fusarium
oxysporum consolidated system. Biotechnol Biofitels 10:4). CnenoBaTtenabHO, O)KUAAIOT, YTO
armnodunbHbIA(-ple) BUA(-bI) W/MaM mTaMM(-bl) TH(OMMLIETOB, TAKOH KakK BHUABI pona
Fusarium n aunnouiIbHbINA mWTaMM rHpOMHULIETOB, 0003HaueHHbIH kak MK 7, momHOCTBIO
NPUCTIOCOOJIEHbl K THAPOJNU3Y KOMIUIEKCHBIX MCTOYHHUKOB VIJIEPOZAd, TaKHX Kak
JIMTHOLIJUTFOJIO3HbIE MAaTepuasibl M MOTOKH OTXOAOB (HAmpuMep, KHUCNash MOJIOYHAs
chIBOpPOTKA). Takke OKMUIAIOT, YTO, MOCKOJBKY STOT (3TH) auunoQuIbHbIN(-ble) BUI(-bI)
w/vm mwtamMm(-bl) THHOMHULIETOB CIOCOOEH (CMOCOOHBI) PacTH MpPU 3HAYUTETBHO Oolee
HmskoM pH (0,7-7,5) mo cpaBHenuto ¢ apyrumu mrammamu rugomuneros (pH Gonee 2;
Starkey, 1973), dbepMeHTBl Il PA3NIOKEHUS] JIMTHUHA, T€MHLIE/UTIONIO3bI U IIEJUTFOJIO3bI
Oynyt obnanmarh Oosee BBICOKOW aKTHBHOCTBIO NMPH HU3KOM pH. @epMeHThbI ¢ BBICOKOH
AKTUBHOCTBIO B KHCIBIX YCJIOBUSIX ObUIM OBl OCOOEHHO TMOJIE3HBIMH B CIIOCO0AX,

OCYULIECTBJIsIEMBIX NTPU HU3KOM pH.

Tokcunsl, npoayupyemsle Buaamu poaa Fusarium
YacTo nisi MpOAYKUMHM HAa OCHOBE MHKPOOPTAHU3MOB TPEOYIOTCS CITOCOOBI
NpeaoTBpaliCHUA KOHTAMUHALMK, BCAYIIHWEC K BBICOKMM MATCpUAJIbHbIM U BPEMCHHBIM

3arparaM. Kak oOcyknanoch Bblme, anunaopuibHbIA(-ble) BUA(-bI) W/HIN IITaMM(-bI)
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rupoMuIIeTOB 00Jamal0T BBICOKOW PE3HCTEHTHOCTbIO K KOHTAMHMHALMU APYTHMH
opranu3Mamu. Hampumep, HM3BECTHO, YTO MpeAcCTaBUTENH poxa Fusarium oOpa3yroT
TOKCHHBI (HanpuMep, GyMOHHU3UHBI), 00Jaqarone CBOHCTBAME CHIIbHBIX aHTHOMOTHKOB,
MHCEKTHLUAOB M (PUTOTOKCHYECKHX CPENCTB. AHAJOIMYHO auuaoQuibHbli mramm MK7
rupoMHLIETOB TPeOyeT JIUIIb HE3HAYUTEIbHOTO WU He TpedyeT no0aBeHNs aHTHOUOTUKOB
W3BHE TPU NMPUMEHEHHH B MPOU3BOICTBE T'M(POMHILIETOBBIX OHOMOACTHIOK. HekoTopsie
BUJIBI [usarium MOTYT MPOIYLUPOBATD IEBSITh PA3THYHBIX TOKCHHOB, TIPOAYKIHSI KOTOPBIX
3aBUCHT OT B3aMMOOTHOIIEHHUH C Pa3JIMYHBIMH pacTeHusiMU-xo3seBamu (Marasas ef al.,
1984, Toxigenic Fusarium species, identity and mycotoxicology, ISBN 0271003480).
IMponykuus TOKCHHOB TaKkK€ HM3MEHSIETCS B 3aBUCHMOCTH OT MHTATEJIbHOH Cpempbl,
UCTIONIB3yeMOit i pepMeHTauu. TOKCHHBI, MPONYLHUPYEMbIE U CEKPETUPYEMbIe BUAAMU
pona Fusarium, BKJIIOYAIOT, HO HE OTPAaHHUYSHBI MMH, OUKaBEPHH, YSHHUATHUHBI, (y3apOBYIO
KUCJIOTY, JMKOMAapa3MHH, MOHWIN(GOPMHUH, OKCHCIIOPOH, TPUXOTELEHBI, 3€apesioHbl,
pazauyHble  HAa(pTOXHUHOHBI U aHTPaxXUHOHBI  (Hampumep, HOHAKETHU/IHbIE
Ha(Ta3apUHXMHOHBL, OMKABEPUH W HOPOHMKABEpUH, renTakeTunabl, HekTpuadypoH, 5-O-

METHJI-SIBAHULIUH U aHTHIpody3apyOnHa JIaKTOoM).

JIONOJTHUTENBHO ~ TOKCHHBI W3  BuUAa  [usarium  MOTyT  BKJIIOYaTb  4-
anerokcucuuprnerauon  (4-3-auerokcu-3,15-guruapokcu-12,13-snokcutpuxoren-9-exn),
nofoOHOe COeAMHEHHe MOHOJEALETWIAHTYHANHA 4- unu 15-aneTuncuupreHTpuon, 3-
aleTHIIIE30KCUHUBAIEHONT  (I€30KCHHUBAJIEHOJIAa MOHoanerat, 3"-anetokcu-7", 15-
aurupokcu-12,13-3mokcutpuxoren-9-eH-8-0H), 8-alleTUIIHEOCONaHNON  (HEOCOMAaHHOJIA
MoHoaueTar, 4",8", 15-rpuanerokcu-3"-ruapokcu-12, 1 3-anokcurpuxoreu-9-ex), 4- mwiu 15-
AUETHJICHUPIIEHTPHON  (4-alleTOKCUCHuprnenuon),  anerun-T-2-tokcun  (3",4",15-
TpuaneTokcu-8"-(3-metunOytupmn(okcn)-12,13-snmokcurpuxoren-9-ex), AHTYUAUH
(TMaLIeTOKCUCIMPIICHON ), aBeHAllenH, OoBepuIluH, OyTeHonuy (4-anertaMuno-4-ruapoKCH-
2-OyTeHOBOM KHUCIIOTHI JIAKTOH), KaJIOHeKTpHH (3",15-auanerokcu-12,13-3nokcuTpuxoren-
9-eH), 15-pmeanermnkamonektpun  (15-me-O-anerunkanonekrpuH,  3"-ameTokcu-15-
runpokcu-12, 13-snokcurpuxoren-9-ex), nesokcunuBaieHon (Rd-Tokcun, BOMUTOKCHH, 3",
7

15-rpurunpokcu-12,13-3nokcuTpUXOTe-9-eH-8-0H), IE30KCUHUBAJICHOJA JHALIETaT

2

(mMaueTIIIe30KCHHUBAJICHON), Ne30KCUHUBAJICHOJIA MOHOAIeTaT (3-
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ale THJIIE30KCUHUBAJICHOIT ), OHUALETOKCUCLUPIIEHANON (7"-
TUAPOKCUINALIETOKCUCLIUPIIEHON), IUALleTOKCUCUUpNeHoNn (aHryunus, 4,15-muanerokcu-
3'-ruppoxcu-12,13-3nokcurpuxoren-9-ex), AUALeTOKCUCLEPTIEHTPHUOI (7",8"-
AUTHAPOKCHAMALETOKCHCLIPIICHON), TUALETHIIE30KCHHUBAJICHON (1€30KCHHHUBAJICHONA
JIAaleTar, 3", 15-nnauerokcu-7-ruapokcu-12,13-snokcurpuxoren-9-eH-8-0H),
JaleTUHUBaNeHoNn (HuBajeHona pauarerat, 4,15-muanerokcu-3',7'-guruapokcu-12,13-
SMOKCUTPUXOTEL-9-eH-8-0H), 7",8"-AUruIPOKCUINALIE TOKCUCLIUPTIEHO
(IMaLETOKCUCIIUPTIEHTPUOI, 4,15-mnanerokcu-3",7",8"-rpurnapokcu-12,13-
SMOKCHTPUXOTEN-9-eH),  3HHHMATUHBI,  (QpykTurenuH, ¢ymonmusun Bl  (1,23-
NPOMAaHTPUKAPOOHOBOI KHCJIOTbI 1,-1-[1-(12-amun0-4,9,1 1 -TpUrHIpOKCH-2-
metunarpunenn)-2-(1-metrunnentn)-1,2-arananmi|cnoxaeii. - 3¢gup,  MakpodysuH),
dy3apenoH (pyszapeHon-X, ¢py3apeHOH, MOHOALETHIIHUBAJICHOJI, HUBAJIEHOJIA MOHOALIETAT,
4-anerokcu-3",7",15-tpurnnpokcu-12,13-anokcurpuxoren-9-eH-8-0H), ¢y3apoByro
KUCTIOTY ((Py3apUHOBYIO KUCIIOTY, S-Oy THIITUKOJIMHOBYIO KUCIIOTY ), Py3apUHOBYIO KUCJIOTY
(dyzaposyro kucnory), F-2 (3eapanenon), HT-2 Tokcun = 15-anerokcu-3",4-muruipokcu-
8"-(3-meTunOyTHpHIoKCcH)-12-3moKCuTpUXoTe-9-eH, 7"-rupoKCHANAaeTOKCHCIUPIIEHO
(nmaneroxcucuupnenauon, 4,15-gumaneroxcu-3",7"-npuruapoxcu-12,13-3mokcuTpuxoren-
9-eH), 8"-rUAPOKCUINALIETOKCUCIIMPTICHON (Heoconanno), 1,4-unomeanuon (1-(3-gypun)-
1,4-nenranauon), unomeanuH (1-(3-¢pypun)-1,4-nenranruon), 1-unomeanon (1-(3-¢pypun)-
1-ruapOKCH-4-TIEHTaHOH), 4-uromeaHos (1-(3-pypun)-4-runpokcu-4-neHTaHOH),
JATEPUTHH, JHUKOMapa3MHH, MOHWIMGOPMHUH (KajgueBas WM HaTpueBas Colb |-
THIPOKCUIUKIIOOYT-1-eH-3,4-11oHa),  MoHoarerokcucuuprneron  (15-amerokcu-3",4"-
auruapokcu-12,13-snokcutpuxoren-9-eH),  MOHoareTWIHUBaJIeHON  ((y3apeHoH-X),
MOHO/I€ale TUJIAHTY HJTUH (4-anie TOKCUCLUPTICHIHON), HEOCOJIAHUOJT (8"-
TUAPOKCUANALIETOKCUCLIUPTIEHOT, 4,15-nnanerokcu-3",8"-nuruapokcu-12,13-
SMOKCHTPUXOTEN-9-€H), HEOCOJaHHONa aneraT (8-aleTHIIHEOCOJIAHUOI), HEOCONaHHOJIa
MoHoanerar (8-aueruiaHeoconaHuon), Husajgenon (3".4",7",15"-rerparuapokcu-12,13-
SMOKCHTPUXOTEN-9-eH-8-0H), HUBAJIEHONA IUAleTaT (AUALETHIHUBAJICHON), HIUBAJIEHOJA
moHoaueratr (¢y3apeHoH-X), NT-1 Tokcun (T-1 TokcmH, 4",8"-mmaneroxcu-3",15-
ouruapokcu-12,13-snokcurpuxoren-9-en), NT-2  tokcun  (4"-auerokcu-3",8",15-

TpUruapokcu-12,13-snokcurpuxoren-9-ex), Rd TOKCHH (1e30KCHHMBAJIEHOT),
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CaMOYLMHUH, CIHUPIEHTPHUOI (3",4" 15"-rpurunpokcu-12,13-anokcurpuxoren-9-ex),
conanuod (Heoconanuon), T-1 Tokcud (NT-1 rokcun), T-2 Tokcusn (4",15"-auanerokcu-3"-
ruapokcu-8"-(3-metunOytupunoken)-12,13-anokcurpuxoren-9-ex), TPHUALIETOKCH-
cipprienanon  (4",8",15"-rpuanerokcu-3",7"-nuruapokcu-12,13-snokcurpuxoren-9-ex),
TPUALIETOKCU-CLIAPIIEHOJT (3",4",15"-rpuauerokcu-12,13-30KCUTPUXOTE-9-€H),
BOMHUTOKCHUH ([I€30KCUHHUBAJICHON), sIBAHULIMH, 3eapajeHon (2,4-muruapokcu-6-(6,10-
IUTUPOKCU-TPAHC-1-yHACIEHNT)-0€H30MHOM  KUCIOThI JIAKTOH), 3eapaneHoH (6-(10-
THIPOKCH-6-OKCO-TPaHC-1-yHIEEHWIT)-pe30PIHIOBOM KUCIOTHI JJakTOH). bojee moapobHO
TOKCHHBI, TpoOAyLHpyemble F. oxysporum, onucaHel B paborax Tatum er al
(Naphthoquinones produced by Fusarium oxysporum isolated from citrus. 1985,
Phytochemistry 24: 457-459), Tatum ef al. (Naphthoquinones produced by Fusarium
oxysporum isolated from citrus. 1987, Phytochemistry, 26: 2499-2500), Baker ef al. (Novel
anthraquinones from stationary cultures of Fusarium oxysporum. 1998, J Ferment Bioeng
85:359-361), Thrane (Fusarium species on their specific profiles of secondary metabolites,
in Fusarium. Mycotoxins, taxonomy and pathogenicity, 1989, ed by Chelkowski J, Elsevier,
NY, USA, pp 199-225), Baker ef al., Antimicrobial activity of naphthoquinones from
Fusaria, Mycopathologia 111: 9-15, 1990; Marasas ef al. (Toxigenic Fusarium species,
identity and mycotoxicology, 1984, Pennsylvania State University Press, University Park,
PA, USA), kaxgas M3 KOTOPBIX IIOJHOCTBIO BKJIIOUEHA B HACTOSIIMNA JOKYMEHT

MOCPEACTBOM CCBLIKH IJIA BCEX LEJIeH.

Hacrosimee m3o0pereHre MOMOJHUTENbHO MPOWUIIOCTPHPOBAHO MPUBEACHHBIMU
HIDKE MpUMEpaMM, KOTOpble HE CleAyeT IMOHUMAaTh KaK HMEIOIIMe OrpaHUYUTENIbHBIN
xapakrep. ConeprkaHHe BCEX CCBUIOK, MATEHTOB M ONMyOJIMKOBAHHBIX 3asBOK HA MATEHTBHI,
LUTUPYEMBIX HA MPOTSHKEHHH JAHHOTO JOKYMEHTA, a TakKe rpadUyeckix MaTepHajoB U
NepeyHsl I0CJeOBAaTebHOCTEH, IOJHOCTBIO BKJIOYEHbl B HACTOSIUN JOKYMEHT

NMOCPEACTBOM CCBUIKH AJIA BCEX LEJIeH.

ITPUMEPDBI

IIpumep 1. [lItamm MK7 B ecTecTBEHHON OKpy KaIOLIEH cpeae
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Berpeuaromuiics B npupoge wramMmMm MK 7 B mpupoze Bceraa CBsi3aH ¢ BOLOPOCIISIMHY,
apxesiMu 1 OaKTEePUSIMHU U XapaKTepU3yeTCs CpeHel TIOTHOCThI0 MeHee 0,5 r GuoMacchl B
CyXOM cocTOsTHUI/ 1 Bozbl uctounnka (Pur. 1). Kpome Toro, MK7 BcTpeuaercs B mpupozne
B BUIE «cTpuMepoBy». Purcell # coasm. onpenensoT «CTpUMEphl» CIEAYIOMHUM 00pa3oM:
«CTpuMepsI IPENCTABIISIIOT COOOMH MOTPY>KEHHBIE CKOTUICHHS KJIETOK HUTEBUIHON M IPYTHX
MopoJioruii, BEICTyMAKOIIHE B MPOTOYHYIO BOAY M3 TOUKU npukpervienusy (Purcell et al.
(2007) FEMS Microbiology Ecology 7 60: 456-466). lons mtamma MK7 B mporieHTax ot
obmreit 6Guomaccel cTpumepoB coctasisier meree 10%. Kpome Toro, 6uomacca mramma
MK7 B npupone xapakrepusyercst Tem, 4ro Oonee 30% OnomMacchl COCTaBIAIOT KIETKH B
BU/I€ MAaKpPOKOHHUJIMH, KOTOpble HHKOIZAa He OOHApYXXHBAIOTCA B OMOMOACTHIIKAX,
MOJIYYEHHBIX CIIOCOOAMM  TMOBEPXHOCTHOW ()epMEHTallMM, OINHCAHHBIMA B JaHHOM

300peTEeHNH.

ITpumep 2. IIpurorosiaeHne HCKYCCTBEHHON MUTATEIbHON Cpebl

Kunxyro cpeny ans MK7-1, ucnonb3yeMyr0 B ONHUCAHHBIX HHXKE€ METOIUKAX,
TOTOBIJIM IyTeM MA00aBJIEHUs WHITPEIUEHTOB, IEPEUUCIEeHHBbIX B Tabmmue 1A, k
nenoHmsupoBanHo Boze (18,2 MOwm) mpu Ttemmeparype 22-30°C ¢ mocnenyromum
nosenenuem pH no 2,8, mpu stom pH cHmkamu ¢ nomomsto 13 H. HCL. pH mmepsiu ¢
nomounso pH-meTpa u natuuka npousBoacTsa kommnanuu Oakton Instruments, mogens 150
(r. Opunmx6epr, mrat Heto-Hopk, CIIIA). 3aTeM cpeny KUMATHIM B TedeHne 20 MUHYT U
OCTaBJISTH JUTS OXJIAKICHHsI IO KOMHATHOM TemnepaTypbl (~23°C) mepen nmpuMEHEHHEM.
HenocpencreenHo nepen nodasieHueM KUAKoH cpenbl pH CHOBa mpoOBepsuTH, UCTIOIB3YS
pH-metp u natunk Oakton Instruments 150 u npu HEoOXoaMMOCTH CHOBA AOBOIMIH 10 pH

2.8.

Kunkyro cpeny mst MK7-3 roToBHIH TEM e CIOCOOOM, HCTIONb3YsI HHIPEAHEHTHI,

nepedncieHHble B Tabnume 1B.

B HEKOTOpBIX BOIUJIOLIEHUSAX H300pETEHHs HCIONB3yEeMbI HCTOYHHUK YIJIepoaa
NpeACTaBsieT COOOM HEe TIIMIEPUH, a MOXXET ObITh BBIOpAH M3 PA3IUYHBIX JAPYTHX

HUCTOYHHUKOB YIJIEPOAAd, TAKUX KaK Caxapa, MNUOCPUH, JIMTHOLCIIIFOJIO3HBIE MATCPUAJIbI,
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TUAPOJIM3ATHI JIMTHOLGJUTIOJO3HBIX MAaTepPHAJIOB, FOPOJICKUE W CENbCKOXO3SIHCTBEHHBIE
OTXOBI, OTXO/BI MUINEBON MPOMBIIUIEHHOCTH (HAaIpUMep, KUCias MOJIOYHAs! ChIBOPOTKA),
HPOAYKTHI TOTOKOB MPOMBILIUIEHHBIX OTXOZOB, OTXO/bI KapTodens (kapTodenpHas Koxypa,
kapTodesbHbie OTOPOCHL, 00pa3yIOIIKMeECs B Pe3yJbTaTe €ro passiosKeHus, KapTrodeabHbie
oOpe3ku, MOOHUTHII KapTodenb), OTXOAbl Kpaxmaja, OTXOIbl CAXapHOW CBEKJIbI, KOM
CaxapHOM CBEKJIbI, OTXOABI MepepaboTKH KyKypY3bl (T.€. JKUAKUH KYKYpPY3HBIH SKCTPAKT),
OTXOIbl TMPOM3BOACTBA OMOTOMIMBA (OTXOMABI MPOH3BOACTBA LEJUTIOJIO3HOIO 3TAHOJA,
OpPraHMYECKUU OCTaTOK aHa’poOHOro OpokeHuss W T.J.). B 3TUX ciydasx CoOCTaB
NUTATEIbHOW CpPEeAbl PEryJUPYIOT, YTOOBI YYeCThb BKJIAJ IUTATEJIbHBIX BELIECTB U3
UCIIOJIB3YEMOr0 MCTOYHHUKA yriepoaa. Hanpumep, eCiii UCTOYHUKOM YIJiepoa SBJISIFOTCS
MeJacChl, KHUCIas MOJIOYHAs ChIBOPOTKA WM  JIMTHOLEJUIIOJIO33, HEOOXOAHMbIe
MHUKDPO3JIEMEHTBI, BEpPOSTHO, OyOyT YaCTHYHO WJIH TOJHOCTBIO OOECIeYnBaThCS
UCTOYHUKOM YIJIEpOa, M B IHTATEJbHYIO CpPely, BO3MOXKHO, HEOOXOmMMO A00aBJIATH
TOJIBKO MAakKpOHYTPHUEHTBI. B ApYrux BOIUIOIIEHHSIX H300pPETeHHs MCTOYHHUK YIIIEpPOAa
MOKET OBITh KJIaCCU(ULIMPOBAH KaK IHUIIEBOrO COpTa». B 3THUX Cilydasx MpHCYTCTBHE
MUKPOSJIEMCHTOB W MAKPOHYTPUCHTOB, CBA3dHHBIX C HCTOYHHUKOM YyIJIEpOoaa, HE

NPEATONararoT, IO3TOMY HEOOXOUMO A00ABIIATh BCE MUKPO3JIEMEHThI U MAKPOHYTPHEHTHI.

Tabmuua 1A. Hurpeamentst B cpene MK7-1, mucnonb3yemol Al MOJMyYeHUS

MOCEBHOM KYJIbTYPBI.

MurarennHas cpena aas MK7-1

st Ne Mecto
Jamexk ToBapHoii  IloctaB mnpoussoa-
Kuakas Ilerpu Copr NAPTHH UK CcTBa

(r/n) (r/a)

r. Yoarewm,
NHsN Maccauycerc,
O3 12,9 3 YA 144801A Fisher CIIA
Moues I

HUHA 43 0,3 YJIA A0355726 ACROS  Cowmepsunn,
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2 H,O

MgSO4
*7H20
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OHYTP
HEHTbI

*

FeSO4e
7 H,O

ZnSQOqe
7 H>,O
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75
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9,98

>
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0,4

0,3

15
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Mr/a

2

2,2

2

4,99
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s

PEaKTUBOB

YA

Jlaboparop-

HBIU

TexHuuecku

i

TTumesoii

YA

Dapm.
CIIA/KIIX

53H0276

5GJ150409
20A

5287994

Eiser-

Golden

Sigma

Fisher

Fisher

401941042 Duda

TA

3562C398

61641

Energy

Amresco

Fisher

Hero-/Ixepen,
CIIA

r. Cenr-Jlyuc,
Muccypu,
CLIA

r. Yourewm,

Maccauycerc,

CIIIA

r. Yoarewm,
Maccauycerc,
CIIA

r. [ekeiirep,
AnabGama,

CIOA

r. Conomn,
mrat Oratio,
CIIA

r. Yoarewm,
Maccauycerc,

CIIIA
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r. Yourewm,
MnCl,e Maccauycerc,
4H,0 1,01 0,51 13446-34-9  Fisher CIIA

r. Yonrem,
CoClye Maccauycerc,
6H,O0 0,32 0,16 7791-13-1  Fisher CIITA

r. Yourewm,
CuSOq4 Texanuecku Maccauycerc,
*5H,O 0,31 0,16 i 114675 Fisher CIIA
(NHa)s
Mo70: r. Cenr-Jlyuc,
44 Muccypu,
H,O 0,22 0,11 YA 68HO0004 Sigma CIIA

r. Yoarewm,

Maccauycerc,
HsBOs 0,23 0,11 YJIA 103289 Fisher CIIA
JTA,
cBoOOx
Hast r. Vonrewm,
KHUCJIOT Jns snekrpo- Maccauycerc,
a 78,52 39,3 dbopesa 46187 Fisher CILIA

pH pH

r. Yourewm,

Maccauycerc,
HCI 2,8 4,8 YJIA 5GK251022 Fisher CIIA

Tabmuua 1B. Uarpennentsr B cpene anst MK7-3
Cpena nnsa MK7-3
Ne
Kunkas toBapHon | Ilocras- Mecto
(/) Copr apTHH UK IPOU3BOZICTBA
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r. ComepBu,
Hero-/Ixepcn,
MoueBuHa 8,4 YA A0355726 | ACROS CIIA
Jnst Eiser-
KH,PO4 10 PEaKTUBOB Golden
r. Cenr-Jlyuc,
CaClz*2 H,O 2,6 YA 53H0276 Sigma Muccypu, CIITA
r. Yonrewm,
MgSO47H> JlaGoparop- | 5GJ15040 Maccauycerec,
O 2 HBII 920A Fisher CIIA
HposxokeBoit
SKCTPaKT 2
r. Yonrewm,
TexHuuec- Maccauycerc,
Arap 0 KUN 5287994 Fisher CIIA
40194104 Duda r. [lexeiirep,
I'muuepun 75 IInmesoii 27A Energy Anabama, CIITA
Muxkpo-
HYTPUEHTBI* M/
r. Coson, Oratio,
FeSO4+7 H,O 9,98 ACS 3562C398 | Amresco CIIA
r. Yonrewm,
ZnSOq4e7 Dapm. Maccauycerc,
H,O 4,4 CIOA/KIIX 61641 Fisher CHIA
r. Yonrewm,
13446-34- Maccauycerc,
MnCl,+4 H,O 1,01 9 Fisher CIITIA
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r. Yonrewm,
Maccauycerc,
CoCl2+6 H2O 0,32 7791-13-1 Fisher CIIA
r. Yoarewm,
CuSO04°5 TexHuuecku Maccauycerc,
HO 0,31 i 114675 Fisher CIIIA
(NH4)6Mo70, r. Cenr-Jlyuc,
44 H,O 0,22 YJIA 68H0004 Sigma Muccypu, CIITA
r. Yonrewm,
Maccauycerc,
HsBOs 0,23 YJIA 103289 Fisher CIIA
OJITA, st r. Yonrewm,
cBOOOHAs 3JIEKTpO- Maccauycerec,
KHCJIOTa 78,52 dopesa 46187 Fisher CIIA
pH
r. Yonrewm,
5GK2510 Maccauycerc,
HCl 2,8 YA 22 Fisher CIIA

IMpumep 3. Criocod MHOKYJISALIUHA

KynbTypsl, HCNIOIB3yeMbIe 17151 THOKYJISILIUMH B JIOTKH, BHIPAIIIMBAIIN B OHOpeakTopax
eMKOCThEO 10 J1 B yCIOBHSX MOTPY:KEHHOW (pepMeHTanuu B skunkou cpene miust MK7-1.
Crnenyer OTMETHUTBH, YTO MPHUEMJIEMBI IPyIrUe pa3Mepbl OHOPEaKTOPOB, U HYTO BHIOOP
peakTopa eMKOCThIO 10 J1 He cielyeT MOHUMATh KaK OrPAHUYUBAIOIINN. PeakTop eMKOCTBIO
10 51 6BLT CKOHCTPYHPOBAH 3 CEKLMH, COCTOSIIEH U3 po3padHoit TpyOku [IBX mumHoii 1,3
M u nuamerpoM 10,16 cm ¢ xoHuesol kpbiukoit [IBX Ban3y. K 37Ol KOHLIEBON KpbILIKE
CHM3Y OBbUT MPUCOEAMHEH IIACTMACCOBBIH MOPT ISl a3paliui/(PUTTHUHT C OTBEPCTHEM 3 MM,
U K TIOPTY JUTSI a3panuu ObUta mpUCOoeTuHEeHa TpyOKa s mojaum Bo3nyxa. IlnactmaccoBsrit
nopT/kiamnad st ordopa mpod ObUT mpHucoenuHeH cOOKy K mpospauHoii cteHke [IBX Ha
paccrossHuM 15 CM CHU3y OT HM>KHEM KOHLIEBOW KpPBIIIKH. Bepx Mmpo3padHOro peaxkropa

IIBX Obul MOKPBIT CTEPUJIBHONH Mapiied, KOTOpasl ylIep>KHBaJach Ha MECTe C MOMOIIBIO
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cBOOOIHO mocakeHHOH koHIeBod kpbimku [IBX ¢ orBepcTremM 3 MM, 4yTOOBI ra3el MOTIIN

BBIXOAUTH U3 peakropa. CobOpaHHbIN OnopeakTop nokasan Ha Pur. 2.

IToceBHy!0 KyJbTYypy It Ouopeaktopa eMkocTeio 10 71 rotoBwim u3
ApXUBHOW UCXOOHOM KyIbTypsl aumnoduibHoro mramma MK7 rudomurnieron (Ne
naptuu 003). ApxuBHas HCXOAHas KyJdbTypa COCTOSJIa U3 MHLIETHATbHOM
noACTIIIKH ampaodmwipHoro mramma MK7 rudgoMuUIeTOB, BBIPAIIEHHOW Ha
crepwibHOM yamke [leTpu, comepskamiei rIOTHYIO cpeny, cocrosmryro u3z 1,5%
arapa (rpanymupoBanHbiii arap BD Difco, ToBapuas mnaptus Ne 5287994,
ThermoFisher, r. Yonrem, Maccauycerc, CIITA), ruieprHa U HEOPTaHUIECKUX
MUTATENBHBIX BEMIESCTB, KaK OMUCAaHO B Tadmuie 1 m1st mutaTtesHOM cpeast MK7-1
g vyamek [lerpu. Cpeny ¢ arapom roTtoBWId NMyTEM KUIBTYSHHSA B TedeHue 20
MUHYT, TIOCJIE YET0 CPey OCTAaBJLIIH s oxJtaxaeHus 1o 50°C, a 3ateM HaIMBaIu
25 M 3TOoro pacrteopa B crepwibHyro 4damky Ilerpm. Ilocne oxmakaeHuss u
3aTBepAeBaHuA cpepl B yamky IleTpu HHOKyIMpOBaM 3aMOPOKEHHYIO HCXOOHYIO
ApXUBHYIO KYyJbTYpy BTOPOrO TMOKOJEHHUS, HCHOIB3Ysl CTEPHWJIbHYIO IETIIFO
(HarpeTyro OO0 KpacHOTO IIBETA B INIAMEHH M OXJIAXKICHHYIO) /U1 0TOOpa oOpasna

U3 apXUBHOM MCXOTHOM KYJIBTYPHI U €ro pacceBa Ha yamike [lerpu (Pur. 3A).

ITocne BbIpamuBaHWUs B TEUEHHE 5 CYTOK MHILEIUANbHAs MOACTUIKA MOJHOCTBHIO
BbIpacTaja HaJ TMOBEPXHOCTbIO cpenbl ¢ arapoMm (Pur. 3B). BmocnenctBum KyneTypy
3amopaxkusainu npu -80°C. 3a mATh CYyTOK OO MHOKYJSILMU B PEAKTOP €MKOCThEO 10 1
ucxogHyro damky Iletpu wusBnekanu W3 MOpPO3WIBHONW KaMepbl W OCTaBISAIN IJIs
YPaBHOBELIMBAHUS TEMIIEPATYPbl 1O KOMHATHON Temneparypsl (okosno 23°C) Ha 2 Haca.
Brnocnencteun MunenuanbHyr0 MNOACTHIKY, BBIPAIIEHHYK) HAa IOBEPXHOCTH arapa,
U3BJIEKAJIN CTEPUIIBHBIM MUHIETOM (ITMHLIET HArPEBAIN B TUIAMEHH JOKPACHA U OXJIaKIAN
M30TIPOIIAHOJIOM) U moMemany B 350 MJI CTepPHIIbHON JKUAKOW MUTATENILHOW Cpenbl AJIs
MK7-1 B CTEpUIIbHYIO CTEKJITHHYEO CMECUTENIbHYIO KOJIOY C TIeperopoaKoi eMKOCThIO 1 11,
3aKPBITYIO CTEPHIIbHON MapieBoi npoOkod. Konby Bpamann Ha 1abopaTopHON Kadajke

VWR 0S-500 (VWR, r. Pagnop, IlencuneBanus, CIIA) co ckopocteto 200 o6/mMuH B
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TE€UYEHHUE 5 CYTOK, MOCJIE Yero UCTIOIb30BANIM B KAU€CTBE IMOCEBHON KYJIBTYPHI IS PEaKTOpa

eMKocThrO 10 1.

IIpy mNOArOTOBKE K IpHeMy IIOCEBHOH KyJbTypbl Ouopeaktop Ha 10 1
crepwin3oBaiu nodasieHneM 330 M KOHLEHTPHPOBAHHOTO pacTBOpa runoxyjopura Na
(orbemmuBarens Chlorox® = 8,25% runoxnopura Na) k 11 1 nuTheBON BOAOMPOBOIHOMN
BOJIbI B OMOPEAKTOPE U OCTABJISUIH [Tl YPABHOBEIIUBAHUS HA IBOE CYTOK. Uepes ABoe CyTOK
B peakTop nodasysun eme 330 MJT KOHIEHTPUPOBAHHOTO pacTBopa runoxyiopura Na. Uepes
CYTKH pa30aBJICHHBIH PAaCTBOP THUNOXJIOPUTa Na TMOJHOCTBIO CIUBAIM M3 PEAKTOpa, U
peaKkTop NMPOMBIBATH KUISTYEHON Bomol Temneparypbl okono 80°C, nobapmnsis 2 1 ropsaeit
BOJbI U TEPEMELINBAsT BPALATEIbHBIMHU IBWKEHUSIMH, YTOOBI IPOMBITH BCE MOBEPXHOCTH
BHYTpH peakTopa. [locie 3Toro mpoMeiBHYIO Boay civBaiu. B 6uopeaktop nodasmnsiim 3,5
J CTePWIBbHOW JKUAKON muTarenpHoi cpeasl Mt MK7-1 u GapboTrpoBanu CTEpUIIbHBIM
BO31yxOM ((pupTpoBaHHBIM depe3 GuibTp 0,2 MKM) cO CKOpocThio 400 MI B MUHYTY Uepes3
HOPT Ul a3pallfiy, PACIHOJIOKEHHBI CHU3Y peakTopa. JTH ycioBus 0apOoTHpoBaHUs
NPUBOIMIN K 0Opa30BaHUIO My3BIPHKOB BO3AYyXa pa3MepoM B nuamna3oHe ot 3 g0 30 MM B
IMaMeTpe, B pe3yJbTaTe 4Yero BO BpeMs BBIPALIMBAHUA CMEChb T'PUOHBIX KIIETOK
nepeMelInBalach U TOMOT'€HHO PacHpenessiiach BO BCEM O0BbEME JKUAKOW MUTATENbHON
cpenbl (cBOOOMHO TUIABAIOINME KJIETKH). DKCIEPUMEHTHI MOKA3aH, YTO Oojiee BBICOKAs
CKOpOCTb 0apOOTHPOBAHUS WM MEHBIINIT pa3Mep My3bIPbKOB NMPUBOIWIN K CKIIOHHOCTH K
pocTy B BHIe OWOIUIEHKH, B pe3ysibTraTe 4ero (GpopMHUpPOBAIHCh KOMKH OHOMACCHI,
NPUIMTAOIINE K MOBEPXHOCTSAM OnopeakTopa. Takum o0pasoMm, CKIOHHOCTh K POCTY B
BU/ie OWOIUJICHKH HEXeNaTeNbHa, IMOCKOJBbKY IJIsl WHOKYJISILUH JIOTKOBBIX PEaKTOPOB
JKeJlaTeJIbHa TOMOTE€HHAsl CYCIIeH3Hs KJIIETOK. 3aTeM B peakTop eMKocThio 10 11 mobasisim
NIOCEBHYIO KYJIBTYPY, BBIPAIIEHHYIO B CMECHUTEJIbHOW KOJIOe eMKOCThIO | JI, MCronb3ys
acenTUUecKui Meron (OMpPBICKMBaHME BCEX OJNM3JICKAIINX IMOBEPXHOCTEH cMechro 70%
u3omnpormnanoia/30% BoIbl Mepen OTKPBITHEM Bepxa OMOpPEakTopa, He KacasCh KaKUX-IHO0
BHYTPEHHHUX TOBEPXHOCTEH OmopeakTopa). s JOMONHUTENBPHOrO YBENIWYEHUST 00beMa
KYJBTYPBI B peakTope eMKOCThIO 10 J1 B peakTop 100aBIIsUTH CBEXKYIO CTEPHIIBHYIO KHUIKYIO
nuTatenpHyio cpeay it MK7-1 nocie nocTikeHus: KyIbTypoi TIOTHOCTH 6 /11 rud)OBOM

Oouomaccel B cyxoM coctostHuU. IIpu HeoOxomumocTu B 10OABIEHUM B PEAKTOP CBEXKEH
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YKUIKOU nuratesbHoU cpensl miist MK7-1 ee 00beM He noykeH ObLT MPeBbIIaTh 9-KpaTHBIH
00BeM KUAKOH KyNnbTyphl B peakrope. I ndoByro Onomaccy B CyXOM COCTOSIHUU M3MEPSLIH,
otOupas obpasen uepe3 6O0KOBOIT MOPT OHOpeakTopa, MPH STOM CUCTEMa aj’parnuu padorana
1 punsTpoBasa M3BECTHBIN 00BeM Yepe3 GrbTp ¢ pasmepom nop 0,22 mxm (Millipore, Ne
no karamory GSWP04700, r. [apmmurtaar, 'epManusi) C MOMOINBIO ammapara Jajisi
BakyymHoro ¢uiaptpoBanusi (Millipore, Ne mo karajgory WP6111560, XX1004700,
XX1004705, r. Hapmmrant, ['epmanus). IlpenBapurenbHO B3BELIEHHBIH (QHIBTP €
BIXXHOW rudoBoii Omomaccor BeicymuBaroT npu 5S0°C B TedeHue 4 4 B CYIIUJIKE
Benchmark Scientific Incu-Shaker Mini (r. Daucon, Hero-/[xepcu, CIIIA), a 3arem

B3BemnBaroT Ha Becax Mettler Toledo momennt MS3035 (r. Konym0yc, Oraiio, CIITA).

AmnoduneHerii mramm MK7 B peaktope eMKocTbio 10 11 MMeeT yAenbHYIO
cKkOpocTh pocTa okojo 0,024 ul (®ur. 4), u pocT BO BpeMs 3KCIOHEHIMATLHOH (a3bl

yZOBJIETBOPSIET YPABHEHUIO!

(YpaBuenue 1) x =x, exp"

rIe X TMpencraBisieT coOOl KOHEYHYH) OnoMacCy, X, MpencTaBisieT coOoi
HavYaJbHYI0 OMOMaccy, 4 MPeACTABIsET COOON YENbHYIO CKOPOCTh POCTA, U f IPEACTABIIAET
coboii Bpemsi. J1J1st ICIIOIBb30BaHUS B KAYECTBE ITOCEBHOI KYJIBTYPBI B JIOTKOBBIX PEAKTOPax
TUIOTHOCTD KYJIBTYPBI KJIETOK B peakTope eMKOCThi0 10 J1 Jo/KHA COCTaBIsITh OoJiee 6 /1 B
CYXOM COCTOSIHHH, U OHA JOJUKHA HAXOMMUTHCS B MO3IHEH SKCIIOHEHIMAIBHOMN (a3e pocTa
(®ur. 4; SKCIIOHEHIMANIBHBIN POCT MPENCTABIsIET COOOI Mepro pocTa B KyJbType, KOrna
KOJINYECTBO KJIETOK HEMPEPbIBHO YABAMBAETCS, TO3JHUA HKCIOHEHIHAIbHBIA pPOCT
npeacTaBisieT COOOH MePHO HEMOCPEICTBEHHO Mepe/t MPEKPALIeHNEM YKCIIOHEHITHATBHOTO
pOCTa, KOraa CKOPOCTh POCTa KJIETOK HAYMHAET CHIDKAThes). Eciu B KadecTBe MOCEBHOMN
KYJIBTYPBI HCIIONB3VIOT KYJIBTYPAJBHYIO Cpeay ¢ Oojiee HU3KOW IUIOTHOCTBIO KIJIETOK, 3TO
MPUBENET K 3HAYUTEBHO OoJiee MeUIEeHHOMY (hPOPMHUPOBAHHMIO OWOMOACTHIIKU (Jar-gasa

cocTaBJysieT OoJiee 2 CyTOK), 4TO, TAKUM 00pa3oM, HEXKENaTEeIbHO.

IToceBHYIO KyJAbTYpYy B AAHHOM CJy4ae ONPENENSIOT KaK KyJIbTypy, MO CYLIECTBY

COCTOSAIIYIO U3 CBO60)IHO IJIaBAOIMHUX KJIETOK, KOTOPBIC OMNPEACIIAIOT KaK OTACJIbHBIC
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KJIETKH, He 00pa3yrolrue KOMKOB H arperaToB M COCTaBJISIFOIIIE OKOJIO 4 MKM B IIMPUHY H

5-20 MKM B AJIUHY.

JUIs MHOKYJISIIMK TTOBEPXHOCTHBIX JIOTKOBBIX PEAaKTOPOB MJIsi IMOBEPXHOCTHOM
depmenTanmu wiM TBepAO(A3HOH MOBEPXHOCTHOW (DepMEHTALMH SKUAKYI KYJIbTYPY
U3BJICKAJIN U3 peaKkTopa eMKOCTbI0 10 1 yepe3 mopT BOJM3M HUXKHEH 4acTH peakTopa mpu
HETPEPhIBHOM TepeMelIuBaHuK myTeM OapOotupoBanus. KynbTypy, HUCHONb3yemMyrO B
Ka4eCTBE MOCEBHOMN KYJIBTYPbI, U3BJIEKAIH aCETITUIECKUM CIIOCOOOM MyTEM ONPbICKHMBAHUS
BHYTpeHHell 4actu mopta cMmechto 70% wusonponanosa/30% nenOHU3MPOBAHHOW BOIBI,
NIOCJI€ Yero OTKPBIBAIM KJIAIMAaH, YTOOBI CIUTh OKOJIO 25 KYJBTYpPBI, & 3aTEM NMPOMBIBAIIN
KJIanaH. DTOT CJIUB MOCEBHON KyJbTYphl OTOpachkiBain. [IoceBHYIO KyIbTypy H0OaBISIFOT
HETIOCPEACTBEHHO B TUTATENBbHYIO CPEAy [UISA JIOTKOBOTO PEAKTOPa, KaK OMMCAHO B IPUMEPE

3.

Ilpumep 4. Bepamusanue mramMmma MK7 B JIOTKOBBIX peakTopax IyTeM
NOBEPXHOCTHON (pepMEHTALINH.

AmnodunpHeii mraMM MK7 rudoMHLIETOB BBIpAIIMBAIM B IJIOCKUX JIOTKOBBIX
peaktopax. Cnenyer OTMETHTb, YTO AJIsl MIAEH HACTOSAIIErO W300PETeHUs! MPHEeMIIEMbI
pasnuYHBIE pa3Mephl JIOTKOB. B 1aHHOM npuMepe BHYTPEHHHE pa3Mepbl NOJU3THIEHOBbIX
JOTKOB coctaBysui 41,27 cm B mupuny u 61,28 ¢cM B IMHY, a BbICOTa OOKOBBIX CTEHOK
cocTaBysum 2,54 cM (001mas miomaabs NOBEPXHOCTH, JOCTYITHAS AJIsl POCTa OUOTIONCTHIIKA
= 0,253 Mm%, @ur. 5; Winco, . Aiinaxo ®oic, Aiinaxo, CIIIA). /s cBefeHHs] K MUHIMYMY
BO3MO)KHOH KOHTAMHHALIMHU JKEJAaTeJbHO, YTOOBI Nepel HCMOJb30BAHUEM JIOTKH ObLTH
OYHIIEHBI OT KJIETOYHOTO Ie0Opuca U XUMHUYECKUX BEIIECTB, a TAK)KE MPOCTEPUITH30BAHBL
BnocnencTsuu mepen HCMONb30BaHHMEM JIOTKM TIIATENBHO MbBUIM TEIUION NHUTbEBOMN
BOJOMPOBOAHON Bomod ¢ wmbuioM (50-70 °C), TIATENPHO TPOMBIBAM TEIUION
BOJIONPOBOJIHOM BO/IOHN B TeueHHe | MUHYTBHI M MOATBEPKAANU yAaJlEeHHE BCEX OCTATKOB
mputa. Ilocme »3TOro BCce TOBEPXHOCTH JIOTKOB  OMphICKMBanu cMecbio  70%
usomnpornaHona/30% nenonnsuposaHHon Boabl (18,2 MOM) 1o cMaunBaHUS MOBEPXHOCTEH
U TPOTHUPAIH JIOTKM BPYYHYIO B I€puUaTKax C MOMOINBI0 OyMaKHOTO TOJIOTEHLA,

CMOYCHHOT'O B CHHpTOBOﬁ CMECCH. BHOCJ’IGI[CTBI/II/I JIOTKU pasMellai BHYTPU CUCTEMbI
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IITATUBOB TaK, YTOOBI YKA3aHHBIHN JIOTOK MOT BMEIIATh U yAEPKUBATH KUIKYIO cpeny (Kak

OIMMCaHO HI/DKe), HE NpOJinBas €€, U OCTABJIAJIN OJIsI BBICBIXaHHS.

Cucrema JIOTKOB M IITaTUBOB, HUCIOJb3yeMas i OMNHUCAHHOIO B HACTOSIIEM
IOKyMeHTe crocoba MOBEPXHOCTHOH (epMeHTanuu, obecreunBaeT BCe HEOOXOIUMbIE
KOMITOHEHTHI 1151 hopMupoBaHust OnonoacTiiku. CHcTeMa IITaTUBOB, UCIOJIb3yeMast AJIs
yIep>KUBAHUSI JIOTKOB PeaKkTopa, ObLIa BBINOJHEHA M3 CTAJH C XPOMOBBIM MOKPBITHEM, 39
IITATUBOB ISl JIOTKOB Obw1o mpuodOpereHo y kommanuu Global Equipment Company (T.
Uukaro, Unnmunotic, CIIIA; ®ur. 5A, B). Jlns obepThiBaHUS W 3aKIFOYEHUS CUCTEMbI
IITATHBOB M M30JIILUHU JIOTKOB OT OKPY’KAIOLIETr0 MOMEIIEHHUs NCTIOIb30BAJIH MPO3PAYHYIO
MOJIMMEPHYO TUTeHKY Tumna Saran® mupunoi 16 mroiimos (Costco, r. bosmen, MoHTaHa,
CIA). DTO MO3BOJSIO OCYIIECTBJISTh KOHTPOJb YCIOBUH OKPYKAIOIIEH Cpembl
(BIaXXHOCTD, TIOTOK BO3/1yXa) U CBECTH K MUHUMyMy KOoHTamuHammio (@ur. SA, B). B
3aKJIIOUYEHHBIN B IUIEHKY IITATUB MPOMYCKAINW CTEPWJIBHBIA BO3AYX CO CKOpOCThIO 800
MiI/MuHyTa nyteM O6apborupoBanus yepe3 200 M nenornsuposanHoi Boasl (18,2 MOwm),
temneparypa Boxabl 22-30°C (uig yBIaXHEHHs BO31yXa) M TMPOIYCKAHUS dYepe3
CTEPIIN30BaHHbIM B aBToKiIaBe (unprp ¢ nuamerpom nop 0,2 mxm (Millipore, Ne mo
karajgory SLFG85000, r. apmiranr, I'epmanus) anst yaaneHuss MUKpOOpraHu3MoB. B
ureane CKOpPOCTb BO3AYLIHOIO TIOTOKA TaKOBA, YTO OHAa CO3[aeT HE3HAUUTENIbHOE
TMOJIOJKUTENIPHOE IaBJIeHHE B CUCTeMe ITaThBOB (0,1 psi), B pe3yJibTare 4ero KOJIU4eCTBO
3arps3HSIOIIMX BEINECTB, MOMAJAIOIIUX M3 BO3AyXa B 3aKIIOUEHHYIO B IUICHKY CHCTEMY
IITATHBOB M JIOTKOB, CBOAUTCS K MUHUMYMY 0 T€X IMOp, MOKa OMONMOACTHIIKA HE TOCTUTHET

JKEJIAEMOM TUIOTHOCTH W/ HIIH KOHCHUCTCHILIMH.

IIpu 3TOM nmoacTuika U3 MUKPOOPraHW3MOB aKTUBHA, M KJIETKU ABIIIAT, TO €CTh
BBIJEIISIOT YIJIEKUCIBIA a3 M TEIUIOTY, a TakXke MHOTpeOssiroT kuciopoxa. Hakxomnenne
YIJIEKHUCIIOTO Ta3a MOXET YMEHBLINTb AOCTYI KHCIOPOAA M JOJDKHO OBITH OTPaHUYEHO.
Takum 00pa3oM, BO3AYLIHBIA MOTOK JOJUKEH ObITh TAKUM, YTOOBI BbIIYBATh YIJIEKHCIIBIN
ra3, KOTOpBIN BBIIEJSAETCS U HAKAIUIMBAETCSl B IPOLIECCE IbIXaHWs MHUKPOOPTaHU3MOB.
Kpome Toro, BO3AyLIHBI MOTOK AOJDKEH OBITH TAKUM, YTOOBI yOANATh HU30BITOUHYIO

TEIUIOTY, OOpas3yIoLIyIoCs B MpPOLECCe ABIXaHUS MHKPOOPIaHU3MOB, U OOecre4YnBaTh
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JOCTaTOYHOE KOJIMYECTBO KUCJIOPOAA AbIIAIIMM KJEeTKaM. BO3ayliHbl MOTOK Cieayer
pEeryJanpoBaTh B COOTBETCTBUHM € 3TUMH noTpedHocTsAMU. Hampumep, o Mepe nosbleHus
NOTPEOHOCTH B CJIydae MWCIOJIB30BAHUS OONBLIEr0 KOJIMYECTBAa JIOTKOB MOTOK BO3AyXa
ClIeNlyeT YCWJINTh B COOTBETCTBUU C IOBBIIIEHHOW TEMIEPATypOl U MOTPEeOHOCTSIMH B
arMocdepe. Bo3ayiHblil MOTOK HE TODKEH OBITH CIIMIIKOM CHIIBHBIM, YTOOBI HE HAPYIIATh
rpuOHbIe TH(BI U HE UHTUOMPOBATh UX POCT U (PyHKUIMOHUpPOBaHHE. B mueane BO3MyLIHBIN
NIOTOK B CHCTEME JIOTKOB MPUBEAET B PE3yJIbTaTe K MPOXOKACHUIO BO3IYIIHOTO MOTOKA
yepes JIOTKU. B OTHOM BOIUIOIIEHUH H300peTeHHs BO3MYLIHBIH MOTOK MOYKHO CO3/1aBaTh C
NOMOIIBIO (PeHa, KOTOPBIA MpOmyckaeT Bo3nyx depe3 ¢uibrp 0,2 MKM, a 3aTeM depes
noactuiku. CKOpocTh paldoThl (heHa U TOYUEHHBIH B PE3YJIbTATEe IMOTOK BO3AYyXa MOXKHO
KOHTPOJIMPOBATh C TOMOINBI0 HHTEJUIEKTYAJIbHOH CHCTEMBbI NATYUKOB/aKTHBATOPOB Ha

OCHOBE JAaTYHUKOB TEMIIEPATYPHL, YIITICKHUCJIOTO I'a3a U KUCJIOPOAad, pa3MEIICHHBIX B LITATHUBE.

Bo Bpemst BbIpamuBaHus TeMIlEpaTypa CUCTEMbI JJOTKOB HAXOAWIACH B JUATIA30HE
25° + 2°C. TemnepaTypy HU3MEpsUId C MOMOIIBIO CHUCTEMBI JATYUKOB C MPOrPAMMHBIM
obecnieuenneM ThermoScientific Genesys 10S Series, Biomat 3S, Evolution 60S (Thermo
Fisher. r. Yontem, Maccauycerc, CIIIA). TepmonapHele natuuku nomernain Ha 20 MM
BHYTPb CHCTEMBI JIOTKOB U LITATUBOB HA CEPEMHE BBICOTBHI U CBEPXY CHUCTEMBI JIOTKOB U

IITaTUBOB.

[Murarensayro cpeny MK7-1 roroBmiu, kak onucaHo B mpumepe 2 [moOasieHue
NUTATENIbHBIX BEINECTB, peryjupoBaHue pH, kumsyeHne M OXJaKIACHHE OO KOMHATHOHN
temneparypsl (okoso 23°C)]. [Tocne mpUroToBIEHHS CPEABbI MOJYYald TOCEBHYIO KYJIBTYPY
U3 peakTopa JUIsl MOCEBHON KyJbTyphI (CM. mpuMep 3) u nodaBisiiv B cooTHOIeHuu 7,5%
(obbemHOe oTHOWEeHNe) nuTaTenbHON cpensl MK7-1 B koHtelinepe. Hampumep, 113 mr
NOCEBHON KyJNbTypbl ao0aBimsiin K 1,5 5 muTatenbHOW cpenbl B KOHTeHHepe. JTO
COOTHOIIEHHE ITOCEBHON KYJbTYPbl M IHUTATENBHOW Cpenpl 0OecrneunBaeT aIeKBaTHBIE
yCIOBHS JUJIs1 OBICTPOrO pOCTa KJIETOK U (POPMHUPOBAHMSA NMOACTHIKH. B 3TOM BOrutomeHnu
n300peTeHNs JKemaeMast KIIeTouHasi Onomacca ru B CyXOM COCTOSIHUHM TIOCJI€ WHOKYJISILIUA
CBEeXKeW MUTaTeIbHOM cpeabl cocTaiisiia or 0,45 1o 0,75 /. Tem He MeHee IUTst YCIIEITHOTO

o6pa3013aHI/m 6I/IOHO):[CTI/IJ'IKI/I B HACTOsIIEH CHCTeME JIOTKOB BO3MOKHO HCIIOJIb30BaHUE
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wioTHocTH B nuanasone ot 0,01 go 100 r/n. YMeHblIeHHe NOIM MOCEBHOW KYJIBTYPHI B

MUTATEJIbHOU Cpelie MPUBOIUT K OoJiee MeIJIEHHOMY POCTY, Kak omnrcaHo B [Ipumepe 3.

OtHoleHne o0beMa yriaepoaHoro cyocTpara K 00beMy MUTATENIbHON CPEIbI BIIHSIET
Ha MOJYYEHHYIO B pe3yJbTaTe CKOPOCTh MNpoaykuuu Ouomaccel. Kak mpaBuio, ecnu
YIIOMSIHYTO€ BBILIE OTHOIIEHHE CJIMIIKOM Majo, CKOPOCTH pPOCTa 3aMeIUISIOTCS H3-3a
OTCYTCTBHSI TOCTYITHOTO yIJIEPOAa; TO €CTh OHU CTAHOBSATCS YIIIEPOA-TUMUTHPOBAHHBIMU.
Ecnu YIOOMSAHYTOE€ BbIIIC OTHOIICHHUE CJIHUIIKOM BCJIMKO, IOJNYUYCHHOE B pPE3YJIbTATE
OCMOTHYECKOE HaBJICHHE CTAHOBHUTCSI CJIMIIKOM BBICOKMM, M CKOPOCTHU POCTa OMOMACCHI
cHmKalTCs. Kpome TOro, mpu OrpaHMYeHUH Yrjepoja IOJyuYeHHas B pe3yJbTare
INIOTHOCTB 6I/IOMaCCI:>I U CBA3HOCTDH 6I/IOMaCCI:>I CJIMIIKOM MaJibl, 4YTO YMCHBIIACT
npeuMyliecTBa st ee oOpaboTku m oOpaiieHuss ¢ HeH, obecneunBaeMble MPOLECCOM
NOBEpPXHOCTHOH (epmenTanmu.  Hampumep, ycioBust pocra mTamMma TH(QOMHUIETOB,

obo3znauerHoro kak MK7, onTumanbHbl IPU YIIOMSIHYTOM BblIe OTHOLIeHHH 8—15%.

Cycnensuto MUTATEeNbHON Cpembl/KIETOK nepeMeLInBaiu OombLIoi
CTEPIJIN30BAHHON IJIACTMAcCOBOM JIOXKKOH (anuHa 30 CM, CTEPHIN3YIOT NPOMBIBAHHUEM
CIIMPTOBOM CMECHIO) U JOOABJISIN B KaK/IbIii JIOTOK 1,5 J1 MOJMyYeHHOH B pe3yJibTaTe CMECH,
UCIIONIB3YSl  CTEPUIIM30BAHHBIA  (NMPOMBITBIH  CITUPTOBOW  CMECBIO) T'PaayHUpPOBAHHBIHN
muHAp. Ilocne 3arpy3ku BCeX JIOTKOB B CUCTEMY IITATHBOB €€ 00ePThIBAIN IPO3PAYHOM

MOJINMEPHOH TJIEHKOM.

ITocne 6 cyTok MHKyOaLMU TOJIOUHA MOJYYEHHBIX B PE3yJIbTaTe OHOMOICTHIIOK
coctasysia OT 3 A0 10 MM npu AOCTaTOYHON MPOYHOCTH HA PACTSHKEHHE U CTPYKTYPHOH
LIEJIOCTHOCTH, YTOOBI MOKHO ObLTO 00pamaThCst ¢ HUIMH, HE BbI3bIBask UX pas3peisa (Pur. 6).
buonoactunkm coOupany, cHavana yaajusds MPO3PAYHYIO TOJIHMEPHYIO IUIEHKY BOKpPYT
CUCTEMBI IITATUBOB U U3BJIEKAs JIOTKU U3 IITATUBA. BHOMOACTUIIKY U3BJIEKAIU U3 JIOTKOB
BPYUYHYIO, IOMEIIAJIA B JIOTOK U3 TEPMOCTOMKOTrO crekiaa Pyrex 12,7 x 23 ¢M 1 OCTOPOKHO
NPOMBIBAJIM B TEUEHUE JABYX MHUHYT BOJONPOBOAHOM BOJAON MHUTBEBOrO KayecTBa.
ITpoMbITEIe OMONOACTUIIKY JTUOO OCTABJISIIM HA CTEKJITHHOM JIOTKE M BBICYIIHBAJH, JUOO

MOMEIIAN B MOJUMEPHBIM MAKET €MKOCTBIO 3,7 J1 U 3aMOpakuBaiu. /[l BpICYLIMBAHUsA
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OMOMOACTUIIKY TIOMEINAIN B CYIIWJIbHBIA IIKad € KOHTPOIUPYEMOH TeMIiepaTypodl u
HarpeBanu rpu 60° = 1°C B TeueHne 45 MUHYT A1 HHAKTHBALIUN MHOKECTBA (DEPMEHTOB U
OTpaHUYEHUs] OMOXUMHMYECKHUX MNpeoOpa3oBaHUil BHYTPH MOACTHIIKH C MOCIEAYIOIIUM
HarpeBanueMm npu 50° = 1°C o Tex mop, moka Macca B CyXOM COCTOSTHHH HE IepecTaBaia
u3MeHsThCs (mpubnusuTtensHo 48—72 vaca). CpenHue 3HaYSHHsT MACChl OHUOTMOICTHIIOK B
CYXOM COCTOSIHUH, MOJIyYE€HHBIX B OMMCAHHBIX BBILIE YCIOBHSX, COCTaBISIH 81 T rudoBoi
OroMacchl B CyXOM COCTOSTHUH Ha JIOTOK st arpnoduibHoro mramma MK 7 rugpomunieTos.
DT0 5KBUBAJIEHTHO 54 I/, IIOIaA1 HOBepXHOCTH 324 r/M? 1 nponykTusHocTH 0,37 r/n/4ac.
CpenHee conepskaHue BJIarM B HEBBICYIIIEHHOW Ouonoactuiike cocrapisiio 0,17 rudosoii

OMOMACChI B CYXOM COCTOSTHUM/T WK 83% JKUIKOCTH.

Krnerounblii pocT B JIOTKax OOBIMHO OCYILIECTBISIETCS B COOTBETCTBUU C KPHUBOM
pocra, moka3zaHHOW Ha Pur. 7. Knerkm pactyT B CBOOOJHO IUIABAIOIIEM COCTOSIHHH
(roMOreHHO/paBHOMEPHO pacrpesiesieHHble KJIETKH BO BCeM 0OBeMe Cpebl) 10 BPEMEHHU
BbIpammBaHus oOkojo 48 wyacoB. Uepes 48 wacoB kjerku oOpa3yrOT arperaThl Ha
MOBEPXHOCTH TUTATENbHONH CpeAbl M HAYMHAKOT OOpa30OBBIBATh OWOIIEHKY, WHBIMHU
CJIOBaMH, MOACTUJIKY U3 MUKPOOPTaHU3MOB, B KOTOPOU KJIETKU NEPEIUIETEHbI U CLETUICHBI
Bmecre. CHavana 5Ta MOJACTHIIKA IPEACTAaBJIsAeT COOONW OY€Hb TOHKYIO KOXHIY, HO
NPOAOJIKAET OBICTPO PAcTH, IOKA KaKOW-TUOO JMMHUTHPYIOLUH (akTop, Hampumep
HEJIOCTaTOK YIJIEPOJHOrO CyOCTpaTa WU APYroro MUTATEIbHOTO BEIIECTBA, HE OTPAHHYUT

pocT.

B cBSi3u C 4yBCTBUTEIBHOCTHIO OMOMOJACTUIIKM K HAPYIIEHHIO U MOCIEAYIOIIEMY
3aMEJIEHUIO POCTa BAYKHO, YTOOBI JIOTKH OCTaBAJIMCh HEHAPYIIEHHBIMH, U LEJIOCTHOCTb
OMOTIOACTUIIKM COXpaHsUlaCh B TEUEHHE BCEro Iepuoja BbIpaluBaHus. HapymieHus,
BIIMSIFOLIME Ha OMOTIOACTIIIKY, BKIIFOUAKOT YPEe3MEPHOE BCTPSXUBAHHUE JIOTKA, MIPHIIOKEHHIE
JaBlieHUsT K OHOIMOJCTHIIKE, HAHECEHHWE >KUAKOCTH Ha MOBEPXHOCTb OWOMOACTHIIKH,
OBICTPBIN BO3AYLIHBII MOTOK Yepe3 OMOMOACTUIIKY, HAPYLICHNE LETIOCTHOCTH, Pa3pyLIeHNe
WIN ClaBiuBaHue TU(Bl WiIH (PU3NYECKHH pa3pblB CaMOW MOACTHIKU. B pesynbrare

HapymeHI/Iﬁ TAKOTO TUIIA YTPAYUBAIOTCA MNPCUMYLICCTBA BbIpallliBaHUA 6I/IOHOI[CTI/IJ'IKI/I,
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BKJIFOYAKOIMUE BBICOKHE CKOPOCTHU POCTa MU BBICOKYH) CTCIICHb HAKOIUJICHUS FH(bOBOﬁ

OroMaccel Ha 00BEM JKUAKOCTH U TUIOMIATb TOBEPXHOCTH.

ITpeanoxeHa rumoTesa, 4To BO3AYLIHbIE TH(BI M MULIEJIHH UTPAIOT BAKHYIO POJIb B
o0ecreyeHnn KUCIOpoa JUist AbIXaHUs KJIETOK BO Beell Omononctinke. Takum oOpaszom,
¢dopmupoBanue, pocT U QYHKIMU BO3AYIIHBIX I'H(/MHULIETHEB BaXKHBI 1Jis1 OBICTPOTO pocTa
ouonoactunku. CrenoBatenbHO, JIOOOE HapyIIEHUE, KOTOPOe BIUIET Ha (POPMHUPOBAHUE

WK POCT 3THX 'H()/MHULIEINEB IPUBOAUT B PE3YJIbTATE K YXYALICHHIO POCTA OUOTIOICTHIIKH.

OmnucanHble BhIIIE CIOCOO MOBEPXHOCTHOH (pepMEHTALMU M THUTATeNIbHAs cpena
o0ecreynBarOT HEOOXOIUMBbIE KOMITOHEHTBI JIsi (POPMHUpPOBaHHS OHONMOACTUIIKH U
obecrieunBaroT OBICTPBIA pocT. C HCMONB30BAaHUEM OINMMCAHHBIX BbIIIE KOHLICTIHH OBLIO
NPOBENEHO HCIBITAHHE MIUPOKOrO psiAa JIOTKOBBIX CHCTEM, M ObUIa IMONy4YeHa IOYTH
5KBUBAJICHTHAs1 NPOAYKTUBHOCTb HA €JUHHULlY IIomanu. Hanpumep, npu UCNOIb30BaHUU
7,5% rnuuepuna u cootHomenust 10:1 C:N nmo mepe yBenuueHus IJIOMAINA MOBEPXHOCTH
6uopeakTopos oT 0,02 10 1 M> NPOAYKTHBHOCTb OCTAaBaJaCh TOCTOSIHHON U paBHOI 44

r/mM*/cyT B Teuenue asbl pocTa.

ITpumep 5. BamsiHue pasmepa JOTKa Ha POCT U MPOAYKTUBHOCTH r'U(OMHLIETOBON
OMOTIOACTHIIKH

JLJist MCTIBITAHMSI BJIMSIHUS pa3Mepa JIOTKA Ha POCT U MPOIYKTUBHOCTU OUOTIOACTHIIKU
ruomunieToBbie OuonoacTiiku mramma MK 7 BeipaliuBaiu Ha mutaTeIpHON cpene MK7-
1 ¢ 7,5% rIHIEpHHOM B CTEKJISHHBIX JOTKax Pyrex® 0,02 M? | MONMIPONUIEHOBBIX IOTKAX
0,25 M> U JIOTKE C MOJIMMEPHOMN BBICTUIIKOM 1,77 M. OTHOIIEHUE 0ObeMa JKUTKOM cpenbl K
TJIOIaAN TIOBEPXHOCTH COCTAaBJANO 6 ji/M’ JUIsl BCeX SKCIEPHMEHTOB. Pasmep NoTka
OKa3bIBAJI JINIITb MUHUMAJIbHOE BIIUSTHUE Ha CKOPOCTH POCTA, U MOCie 6 CyTOK HabIroaanach
JnuHeHass ckopocTh pocta (@ur. 8). IIpomykTUBHOCTH OHOMAcChl B CYXOM COCTOSTHHH

coctasnsana 1,32, 1,54 u 1,57/m>*/a qnst motkos 0,02, 0,25 u 1,77 M? COOTBETCTBEHHO.

ITpumep 6. Poct mramma MK7 Ha pa3nu4HBIX TUTATENbHBIX CPenax
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Xapakrepuctuku auupodpuinbHoro mramma MK7 rudomunero (m.e. CKOpOCTb
pOCTa, IUIOTHOCTh KJIETOK, 3(()eKTUBHOCTh KOHBEpcHUH cybOcTparta, (OpMUpOBaHHE
NOACTUJIKH) PE3KO H3MEHsJIMCh B 3aBHCUMOCTH OT BbIOOpa pPOCTOBOH Cpenbl U IpHU
BBIPALIMBAHUN  KYJBTYpbl B  ycioBuaAx TO®/morpyxeHHOW (¢epMeHTamu U
[IT®®D/noBepxHocTHON (pepmentaunu.  AununoduabHeiii mramm MK7 rudgommuieron
KyJIbTUBUPOBAIIU Ha nuTaTesbHON cpene MK7A npeniiecTByroLero ypoBHs TEXHUKY (Maii
2009 r. — Hosi0pb 2012 r.), mepBOHAYAIBHO Pa3pabOTAHHON AJIT UMHTALUH XHMHUYECKOTO
coctaBa, OOHApy)XMBaeMOrO B €CTECTBEHHOW OKpY)KaIOLIeH cpeae OpraHu3Ma B
MennoycTOHCKOM HAaLMOHATBHOM Mapke, HO C MOBBINIEHHBIMU KOHIEHTPALMAMU a30Ta,
¢docdopa, KamplUsi ¥ MarHuss B COOTBETCTBHHM C HCTOYHHUKOM IHUTATENIbHBIX BELIECTB,
BBISIBJICHHBIM KaK IMPEINOYTHTENbHBIA Uid npyrux rudomuueros (tabmima 2; MK7A).
[Murarensras cpena MK 7-1 Oblta pazpaboTaHa UIsl yCHIICHHUS U YITYUIIEHUs XaPaKTEPUCTHK
pocra amupodunmpHOoro mrtamma MK7 rudomuneroB, 0COOEHHO B OTHOIIECHUH
¢dopmupoBaHus OMOTIOACTUIIKM TMyTEM IMOBEPXHOCTHOH (epmenTaimu (tabmuma 2). B
YaCTHOCTH, OBUIO MOBBIMEHO conep:kaHue (ocdara, kKamplus U Maraus U 100aBJICH
JOTOJHUTENbHBIN HUCTOYHUK a30Ta (ModeBHMHA). IloBbllIeHHE KOHIEHTPALUU KaJIbIHS,
MarHusi 1 100aBJIeHNE MOUYEBHHBI OCOOEHHO YBEJINYMBAJIO CKOPOCTU POCTA M YCHIIUBAJIO

(dbopMUpOBaHUE MOICTUIIKH.

Tabmuma 2. XuMmu4yeckre  KOMIIOHEHTbI NHUTaTebHOW  cpenbl  MK7A
NPEAIIECTBYIOIIErO YPOBHS TEXHHKH (MOrpy’KeHHas (DepMEHTAlMsi) MO CPABHEHUIO C
NUTATEIbHOW cpenoil aisi morpyskeHHon (epmentanun MK7-1, npennasHadeHHOH auist

dbopmupoBanust TU(HOBON OHOMACCHI BBICOKOH IUIOTHOCTH MyTeM TOBEPXHOCTHOM

dbepmeHTaIUN
IMurarensuas cpena MK7A MonudurmpoBaHHas nurateibHas cpena MK7A
r/n /1
NH4NOs3 3,5 NH4NO3 12,9
MoueBuHa 43
KH2PO4 2,0 KH;PO4 10,0
CaCl»2H,0O 0,4 CaCl, 2,0
MgSO4-7H,0O 0,3 MgSO4-7H,0O 2,0
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MnSO4-7H,0 0,5

MuxkpoHyTpHeHTBI * MI/7
MUuKpOHYTpHEHTHI * MI/T FeSO47TH,O 4,99
FeCls-8H,O 20,00 ZnS0O47H,0 2,20
ZnS047TH,0 0,22 MnCl,-4H,O 0,51
CoS0Oq4 0,01 CoCly'6H,O 0,16
CuCl22H,0 0,05 CuSO45H,0 0,16
NaMoO4-2H,0 0,03 (NH4)6Mo07024-4H,0 0,11
Na>B407:10H,0 4,50 H3BO; 0,11
VOSO042H,0 0,03 OJITA, cBOOOIHAS KHCIIOTA 39,3
I'moko3a r/n 40,0 I'mroko3a r/n 125,0
pH 2,5 pH 2,8
Otnomenne C:N 16,3 Otnomenne C:N 7,5

IlepBoHauanbHble SKCHEPUMEHTBHI ¢ nuTarenpHol cpenor MK7A mnposoaunu
UCKJIFOUUTENIbHO B YCIOBHAX MOIPYKEHHON (PepMEHTaLlMU B CMECHUTEIbHBIX KOJOax.
MakcuMalibHbIe CKOPOCTH pocTa, 3P dekTHBHOCTh KOHBEpCHH (T YIJIEpOAHOro cyOcTpara,
npeoOpa3oBaHHOTO B rU(OBYIO OHOMAccy) U caMasi BbICOKasi ridosas Onomacca, KOTopbie
ObLIN TIOJTy4eHBbI B 3TUX YCIOBUsIX, cocTaBsiu 0,072 r/n/4; 22% u 8,6 1/ COOTBETCTBEHHO

(Tabmuua 3).

Tabnuua 3. Xapakrepuctuku pocta anunoduibHoro mramma MK 7 rugomMunieTos B

Pa3InYHbIX yCJIOBUAX
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buopeakrop HcTounuk Cpenusisi | MakcumanbHasi | MakcumanbHass | MakcumanbHast | MakcumanbHasi | D¢ GheKTUBHOCTD
yriiepona CKOPOCTb | IpoAyLUpyeMasl | IpoAyLUpyeMas | MpoaAyLupyemas | mpoayLuupyemas KOHBEpPCUU
pocta 6uomacca, r/n | Guomacca, r/m> onomacca, ouomacca
(r/n/4) r/M/cyTKH (cyTkn)
ITorpy>xennsbiii, | Munumansnas | 0,072 8,6 5 22%
C a’panmen 4% rmroko3a
IMorpy»xennsil, | 4% rmokosza 0,126 15,1 5 38%
C aspanuen MK7-1
Ilorpy:xeHHBbIH, 7,5% 0,28 24,1 23 31%
C a3pauuen IIIALIEPUH
MK7-1
Jlorok 0,02 m? 4% rmoko3a 0,135 19,5 110 18,3 6 49%
— 100 Mz MK7-1
Jotok 0,02 m? 12,5% 0,44 64,7 324 52,9 6 52%
— 100 Mmn IULEPUH
MK7-1
Jotok 0,25 m? 12,5% 0,46 66,2 331 55,2 6 53%
—125n TJIULEPUH

MK7-1
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UroObl yBETMUHUTB IJIOTHOCTh KJIETOK, MUTaTeNbHyI0 cpeny MK7A ncnonp3oBanu B
COYETaHNH C YCJIOBUSIMH MOBEPXHOCTHOH (pepmeHTarun. buonoxcrunku popmMupoBaninucy
IpU KOHIIEHTpaLuu yriepoaa 4—15% st riroko3bl uiu caxaposbl 1 4—30% a5 riaunepuHa.
Bbu10 00Hapy»KEeHO, YTO MOUEBHHA MOBBIIIAET NPOAYKTUBHOCTD B YCJIOBHUSIX TOBEPXHOCTHOM
(depMenTanuu, U ajabTepHATUBHBIMU HcTOYHMKamMu NHi sBisitorcst NH4NOs3, NHiPOq,
NH4SO4. lobaBneHre MoueBUHBI 00IaaeT MPEeUMYLIECTBAMU B CBSI3U ¢ OoJiee HU3KUMHU
LICHAMH Ha PBIHKE IO CPABHEHUIO ¢ npyruMu uctouynukamu NHy. Bbuto oOHapy»keHo, 4To
IUTS TIOBBILIEHUS] TUIOTHOCTH TU(OBOM Ouomacchl BIIOTh 10 180 r/n (IIOTHOCTH mOCTe
U3BJICUEHHsI OMOTIOCTHIIKY U3 JIOTKA) M ONTHUMHU3ALMHI CKOPOCTH POCTa UeasieH cyocTpar,

conepskammii 12,5% yriepogHoro cybcrpara.

bHonoACTUIKM BBICOKOH IUIOTHOCTH, TOJYYEHHBIE B YCJOBUSX ITOBEPXHOCTHOMN
depmentranun u nuratenbHOH cpeapl MK7-1, oOmamaroT psiioM NpPEenMyINEcTB I10
CPaBHEHMIO C YCJIOBUSIMH NOTPYyKeHHOU (hepMeHTanmu (¢ Jr000i MUTATENbHOW Cpenoil),
BKJFOUaromux: (1) MOBBIIEHHYIO TUIOTHOCTH TU(dOBOIH Omomacchl BioTh A0 180 /i
(MIOTHOCTE TMOCTe U3BJIeUEHUs OMOMOACTUIIKM U3 JIOTKA) MO CPABHEHUIO C MAKCUMAaJIbHOMN
INIOTHOCTBIO 24,1 r/n mpu morpyskeHHON ¢epmenTanmu (tadiuua 3), (2) MOBBIIEHHBIE
CKOPOCTH pocTa BIUIOTH 10 0,46 1/11/4 0 CpaBHEHUIO ¢ MAaKCUMAaJIbHBIMU cKopocTsimu 0,28
I/71/4 B yCIIOBUSIX MOTPYKEHHOH (pepMeHTaIuy, (3) MOBBILIEHHYIO MIIOTHOCTD YIJIEPOIHOTO
ceipbst OT 7,5 nmo 12,5% nnsi MakCUMaJbHBIX CKOpOCTeH pocta, (4) 3HAYUTETHHO
oOnerueHnble ycioBus cOopa rugoBoii OMoOMacchl, OCOOEHHO TPH MOJYyYEHUH THU(POBOH
Ouomacchl  BBICOKOH  IUIOTHOCTH  (HampuMep  OTCYTCTBHE  HEOOXOOUMOCTH B
neHTpudyruposanun), (5) oTCyTCTBHE HEOOXOIUMOCTH B a’paruu rudoBoi OHOMACCHI 10
CPaBHEHHIO ¢ OOBEMHBIMH CJIOXXHBIMH OHOpEaKTOpaMH € adpauueil Ui NOrpy>KeHHOH
dbepmenranuy, (6) ynydimeHHe MacTaOUPYyeMOCTH W BO3MOXKHOCTH PACHIMPEHUs TpU
UCTIOJIb30BAHUH JIOTKOBBIX TTOBEPXHOCTHBIX CHCTEM IO CPAaBHEHHIO C KOMMEPUECKUMH
NOTPY>KEHHbIMH  (DepMEHTEpAaMH OYeHb OOJBLIIOro 00beMa, (7) MeHbIIee KOJHMYECTBO

JKHUAKHUX OTXOOO0B.

VMmenbiuenue ortHoweHuit C:N go MeHee 10:1 Ttaxxke o0namajgo BBICOKUM

NPEUMYIIECTBOM NMPOAYKIHMU T'H(OBOH OHOMACCHl M IMOBBIIIEHHBIX YPOBHEH OENKOB IO
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cpaBHeHuUIo ¢ nunuaamu. IlurarensHas cpena MK7A npeniecTByroIero ypoBHs TEXHUKU
Obuta paspaboraHa [Ans NPOAYKUMM JIMIUAOB  auunopuibHeM ImTtamMmmomM MK7
rupomuiieTo, ocodenHo npu oTHomeHusix C:N Boite 30:1. M3menenue orHomnenuii C:N
Hapsoy C U3MEHEHUEM YCJIOBMHM KyJIbTHUBHUPOBAHHUS IIO3BOJIIET OTPETyJUPOBATH
KOHLIEHTPALIMH JIMIHIO0B B Onomacce anpnoduibHoro mramMmma MK 7 rudpomurieTos ot 5 1o
BILIOTh 10 60% w™accel Ouomaccel. [Ipodumu >KHUPHBIX KHUCIOT TUPOBOH OHOMACCHI,
NOJIy4eHHOW Ha muratenbHbIXx cpenax MK7A u MK7-1, Obuii OYeHb CXOIHBIMH TIPH
UCTIOJIB30BAHUH PA3JIMYHBIX MPOCTBIX YIJIEPOIAHBIX CyOCTpaToB (HANpHMeEp, TIIHLEPHHA,
TJIFOKO3bI, C€axapo3bl), HO ObUIO OOHAPYKEHO, YTO MPH TOBBILEHHH TEMIIEPATypPbl
YBEJIMYUBAETCS KOHLIEHTpPALUsl [OJIMHEHACBHIEHHBIX JKUPHBIX KHCJIOT, IpPU 3TOM
KOHLIGHTPALMsI OMera-3 JIMHOJICHOBOW KHCJIOThI YBEJIMYMBAETCS CO BpEMEHeM NpH Oolee

HU3KHX OTHOCHUTEJIbHBIX Temmeparypax (Pur. 9).

ITpumep 7. Poct mramma MK7 Ha nurarenbHbix cpegax MK7A u MK7-1.

I'mpomuneroele Oumonoactunku mramma MK7 momydann B yCIOBHSX
MOBEPXHOCTHOM (hepMEeHTalMK C HCTOJIb30BaHHEeM nurtatenbHbix cpen MK7A u MK7-1
mmbo ¢ caxapo3ol, 1ubO ¢ IIMLEPHHOM B KauyeCTBE UCTOYHMKA yriepona (cbipbs). s
OLIEHKH TH(OMHUILIETOBBIX OMOTIOACTHIIOK, MTOJYY€HHBIX C TUTaTeIbHbIMU cpenamMu MK7A u
MK7-1, roroBuIn nUTaTEIbHbIE CPEbI MATH Pa3IMIHbIX Komnosuuuil: 1) 4% caxaposa B
nutatenbHoi cpene MK7A, 2) 4% caxaposa B nuratenbHoi cpene MK7-1, 3) 4% rnuuepun
B nutarenbHo cpene MK7A, 4) 10% rauuepun B mutatenbHon cpene MK7-1 u 5) 12,5%
ryuepuH B nuratensHol cpene MK7-1. pH Bcex maTH KOMIIO3ULIMI MUTATENBHON Cpeabl
noBonwiM 10 2,7 ¢ moMmombi nodaBieHus cooTBercTByromux kojuuects HCl ¢
NOCJIEAYIUM KunsiyeHueM B TedueHHe 10 munyT. Ilocne oxnakneHuss 10 KOMHATHOU
temneparypbl (okono 23°C) B KakObpld BHJI NUTATENbHOH cpenpl nodasisum 7,5%
00beM/00beM ToceBHON KynbTypbl mTamMma MK7 B skcroHeHImanbHOH (asze pocta. pH
CHOBA AOBOIUJIH 10 2,7 1 70OaBIISUIN AITMKBOTHI 110 250 MIT HHOKYJIMPOBAHHOM MMUTATEBHON
cpeabl B Mpoae3sHH(PULIPOBAHHBIE CTEKIAHHBIE JTOTKKM Pyrex® 0,023 m”. BrocnencTsuu
JIOTKH TOMEIIAJIM B CUCTEMY IITATHBOB JUISI JIOTKOB M OCTAaBJISLIN AJISI MHKYOAI[MH CMECH C

NOCeBHOH KyJIbTypoii mpu 23° + 1°C.
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Ha ocHoBaHuM pe3yJbTaTOB NPEAIIECTBYIOLINX 3KCIEPUMEHTOB OXKUIAIH, YTO
ouomacca Oynmer (OpMHPOBATHCS TPU BCEX KOMOMHALMAX MHUTATENbHBIX cpen. Takke
okunmaau, 4to duomacca Oyner GpopMHUpOBaThCs ObICTpee Ha muTaTeNnbHOU cpene MK7A
OTHOCHTENbHO muTaresnbHOH cpenbl MK7-1. DT1o cBsizaHO ¢ Oonee OnaronpusiTHBIMU
YCIOBHSIMU XMMHYECKOTO COCTaBa muTaTesibHoi cpenbl MK7A miis pocta (Hanmpumep, Oosiee
HHM3Kasi MOHHAsI CUJIa/OCMOTHYECKOE NaBJieHHe, OoJiee HU3Kasi KOHLEHTPALUs aMMOHHS).
OnHako co BpeMeHEeM CKOPOCTb POCTa TM(POMULIETOBBIX OMOMOICTHIIOK, PAa3BUBAIOLIUXCSI
Ha MOBEPXHOCTH MUTATEeNbHOU cperabl MK7-1, yBenHMUuTCs O CpaBHEHUIO ¢ OMOMACCOW,
BeIpalquBaeMoil Ha mnuTarenpHON cpene MK7A.  Takum oOpasom, obe cuCTeMbI
XapaKTEePU3YIOTCA pPa3M4YHbIMU KPUBBIMH pOCTa Ha nuTarenbHou cpepe MKT7-1,
IEMOHCTpHUPYsI OoJiee OBICTPBI POCT HAa PaHHEM 3Tale C MOCIEAYIOIIUM CHIKEHHEM
CKOPOCTH POCTa Ha MOCJeNyrIIuX 3tamax. Hampotus, rudoMuiieToBble OHOMONCTHIIKH,
BBIpALlEHHbIE HA nUTaTenbHOU cpene MK7-1, cHayana xapakTepu30BaINCh OTHOCUTENIBHO
Ooyee MeIJIEHHBIM POCTOM Ha OoOjiee PaHHUX 3Talax BbIPAIIUBAHMS C IMOCIEAYIOIIUMHU
KpaiiHe BBICOKMMHU CKOPOCTSIMH POCTa Ha OoJiee MO3AHMX STarax BhIPALINBAHNSA OMOMACCHL
B koHeuHOM cuere, rudOMULIETOBbIE OMOTIOCTHIIKH, BBIPALIIEHHbIE HA TUTATENIbHON Cpere
MK7-1, craHOBHUIHMCH OOJI€€ TIIOTHBIMU U UMEJIH OOJIBIIYIO IPOYHOCTD HA PACTSKEHUE, YeEM
OMOMONCTUIIKHY, BIpAIleHHbIe Ha nmuTaTesbHOl cpene MK7A. OxunaroT, 4To 3HAaYUTEITBHO
Oonee HU3KME KOHLEHTPALMM IMTATENbHBIX BELIECTB B NHTaTelabHOH cpene MK7A
(mampumep, N, P, K) npusenyT B pe3ynbTaTe K 00Jiee paHHEMY OIPAaHHYEHHIO MUTATETBHbBIX
BEILECTB, BbI3bIBAsS MHTHOMPOBAHUE pPOCTa OHOMONACTHIIOK, MOSTOMY OHH HE SIBJISFOTCS
HACTOJIbKO TUIOTHBIMU U TPOYHBIMH, KaK OWOMONCTHIJIKH, MOJYYEHHbIE HA MHUTATEIbHON

cpene MK7-1.

ITpumep 8. CtpykTypa OHOMOACTHIIOK, MPOAYLHPYEMbIX ITamMmmom MK7

CtpykTypy OHOTOACTHIIKH ONpPENEesId C TOMOLIBI0 CBETOBOH MHKPOCKOITUH B
npoxozsiieM cBeTe. B maHHOM ciyuae OMOTIOACTHIIKH ObLTH MOTy4YeHbl u3 mraMma MK 7,
BBIPALIEHHOIO B TeueHHe 5 CyTok Ha nutatenbHoil cpene MK7-1 ¢ 7,5% rauuepuHoM.
buonoactunku codupamu, 3amopakuBaiu (-20°C) u pe3anu Ha kBagpaTHble Ooku 1 cmx 1
cM, mocne dero 3anuanu B 10% skematun (ckenatud mapku Sigma G2500-3000 Bloom,

Sigma-Aldrich, r. Cenr-Jlyuc, Muccypu, CIIIA) B xpuodopmax (VWR 25608-916, .
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Pannop, IlencunbBanus, CIIA). OOpasen TkaHuW B JKEJATHHE IOJBEPraju ObICTPOMY
3aMOPAXKUBAHUIO, TIOABEPras KpHohOpMbl BO3AEHCTBUIO MapOBOH (pas3bl JKUAKOTO a30Ta B

OaHe ¢ JKHIKUM a30TOM, Toce yero nomernanu npu -20°C ¢ Beuepa 10 yTpa.

Kpuocpess! nonydanu Ha kpuocrare Leica mogenu 39475214 (Leica, r. Bertwiap,
I'epmanusi). OOpasubl u3BNekaan u3 kKpuopopM u mokpbiBau cpenoit OTC ns
3amopaxkuBanusi TkaHed (Leica 14020108926), mocne dero moOJy4ald KPHOCPE3bI
tonmuHou 10-50 mxM. Cpessl 00pa3loB BU3YATU3UPOBAIH U TOJNyYad H300paskeHUs C
MOMOIIBED CBETOBOH MHUKPOCKONUM B TNPOXOIAIIEM cBeTe (MHUKPOCKOIL: Zeiss

AxioObserver; kamepa: Zeiss AxioCam HRc, Carl Zeiss, r. O6epkoxeH, ['epmanus).

JUIsl TIIMLEPUHOBBIX MOACTHIIOK HAOJIOAANM MO MEHbLIEH Mepe N1Ba OTYETIHMBBIX
cnost: (a) TUIOTHBIA HUKHUK ciioit 1 (b) cioi Bo3aywHbIX rid. B HekoTtopsix obpasmax
ObUIO BUIHO MO MEHBbLIEH Mepe TPU CTPYKTYPHO PA3IMYAOIIMUXCS CIOS: (@) TUIOTHBIN
HIDKHUH ci1o#, (b) cioii BozaymHbIx rud u (c) cnoit nepexoanoii 30HbI (cu. @ur. 10A u B).
Kak mpaBuio, Hanbosee mpeodiaataroIiuM BU3YaJIbHO SBISIETCS CIIOH BO3AYLIHBIX TH(Q, 32
HUM CJIelyeT IUIOTHBIM HIDKHUW CJIOW, IPU 3TOM CJIOM NEPEXONHON 30HBI, €CIU OH
NPHUCYTCTBYET W/ WJIM BUAUM, SIBJIIETCS HAMMEHee Ipeo0aaaouM. B HeKOTOpBIX Cilydasix,
Harpumep, OWOMOACTWIIKM, ToKazaHHOHW Ha @ur. 10A, BU3yajqbHOE COOTHOLIEHHE (a)
IUIOTHOTO HWXKHero ciost, (b) cios Bo3aywHbIX Tud U (C) CIOS TMEePEeXONHOW 30HBI
cocTaBisio okojio 3,86 k okonmo 9,43 k okono 1. B papyrom obpasie, TakoM Kak
OuonoacTHiIKa, mokazanHast Ha @ur. 18B, oTHoOIIEHHE COCTABIISLIO OKOJIO 1,7 K 0K0JIO 3,7 K

okoJyio 1. Ha @ur. 18C otueTnnBo BUANMBIHN CJIOI epeXOoaHON 30HbI OTCYTCTBYET.

JIONIOJTHUTENIBHOE ONTHYECKOe H300pakeHHe OHOIMOACTHIIKH, BBIPAIIEHHOW Ha
nuTtatenbHO cpene MK7-3, He mokasblBaeT NMPUCYTCTBUE JIMMUIOB WIM MUTMEHTOB B
BEPXHEM CJIO€ BO3IYIIHBIX T'U() MO CPABHEHUIO C TUIOTHBIM HIKHUM ciioeM (Dur. 11A u
11B). OOHapy:keHO, 4TO BO3AYIIHbIE TH(BI TPOXOASAT OT MOACTHIIKY, M KaXK/1asl BBIXOAHT B
arMocdepy 0e3 JKHIKOCTH Mexay rudaMu. OTHM OHU OTJIMYAKOTCS OT rud)/MHLIETHEB B
apyrom(-ux) cyoe(-Ax) MOACTUIIKH, KOTOPBIH(-ble) OTAENACTCS(-FOTCs) JKUAKOCTBIO W/HIH

BHEKJIETOYHBIM  IOJINCAXAPUAHBIM/OEIIKOBBIM  MATPUKCOM. Bozaymabie  ruds
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OTBETCTBEHHBI 3a mnepeHoc kuciopoga u COz.  JIOCTYMHOCTb KUCIOpPOAAa MPUBOAUT B
pe3ynbTaTe K MOIJIOLIAOIIUM KHUCIOPOA Thdam B BEPXHEM CJIO€ BO3AYIIHBIX THUd. ITH
BO3/yIIHBbIE TU(QBI OKA3bIBAIOTCS JJIMHHEE, 4YeM Tudbl/MuLenuy, oOHapyKHBaeMble B
HIDKHeM(-1X) cioe(-sx)noacTiiku (cpasHenue @ur. 11B ¢ @ur. 11C). BosaymHslie rudsr
BEPXHErO CJIOSl TAKXKE CKJIOHHBI K NMPeoONagaHui0 BEPTHKAIBHON OpHUEHTAlluH, TO €CTh K
MEPIIEHANKYJIIPHOW OPUEHTAIMH MO OTHOIIEHUIO K TpaHHIle pasaena ru(oMHIeTOBON

6I/IOHOHCTI/IHKI/I C BO3AYXOM.

BeprukanpHasi opueHTAIUs HE HACTOJIBKO MpeodianaeT B ru(ax MmiIOTHOTO HUKHETO
cnosi (Qur. 11C). B nanHOM ciiy4ae rid)bl CKIIOHHBI K TEPETUIETEHUIO H HIMEIOT CMEIIIaHHbIE
OpHEHTAIMKH ¢ TpeodsialaHueM TOPU3OHTANBHBIX opueHTauui. (OKa3aiaoch, 4TO TUQBI
HIDKHETO CJIOSI TAKXKE COMEPIKAT MyPIyPHBIN MATMEHT, KOTOPBI ObLT HE BUACH B BEpXHEM
cnoe Bo3nymHbXx rud. I[IpenBapuTespHbIE SKCMIEPUMEHTHI MMOKA3aJIM, YTO HUKHHUHI CIIOH
comepkuT mpuoOmm3uTeNbHo 30% numuooB, a TU(B 3aKIIOYEHBl B OEJNKOBOM W/WIH
NOJINCaxapuaHOM MaTpukce. [ udbl HIDKHErO CJI0S TaKKe SIBJISTFOTCSI OCHOBHOM 00JIACTBIO

3anacaHus MUrMEHTOB, JIMITUAOB, YIJICBOAOB 1 Oeka.

buononcrunky, nonay4ueHHsle u3 mramma MK7, Beipatensoro Ha (1) nmutarenbHOM
cpene MK7-1 u (2) nurtarensHoi cpene MK7-3, cobupanu nocie 5 CyTOK U 3aMOpasKUBaIN
npu -20°C. TommumHa obenx OMOMONCTUIIOK HAXOIMJIACh B MHTEpBaje OT 2 10 4 mm. U3
JBYX 3aMOPOKEHHBIX OMOMOACTUIOK MONy4Yaldd Cpe3bl TIIOAAbI0 OXHH CM’ B Tpex
MOBTOPHOCTSIX, @ 3aT€M pa3pe3alii UX MOMojiaM B MOTIEPEYHOM HAMPABJICHUHU C MOJyYeHUEM
TIOTIEPEYHBbIX CPE30B BEPXHEW M HUKHEH MOJIOBUHBI, TOJNIIMHA KAKIOTO MPUOIU3UTETHEHO

1,5 mm.

Cpennsisi TUIOTHOCTb OMOMOICTHIIKY, BBIPAIEHHON B mUTaTebHON cpene MK7-1,
coctasisina 0,131 r/cM® st BepXHEro MOMEPEYHOro cpes3a (CTaHAAPTHOE OTKJIOHEHHE =
0,068) n 0,311 r/cm® 1yist HUKHETO MONEPEYHOTO cpe3a (CTaHAapTHOE OTKIoHeHHue = 0,032).

OTHOIIEHNE TUIOTHOCTH BEPXHETO U HUKHETO MOMEPEUHOro cpe3a cocTanisiio 0,42,
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Jns OuomopacTHNKM, BBIpALlEHHON B mnurarenbHOi cpene MK7-3, cpennss
MJIOTHOCTb BEPXHEro MOMepevHoro cpesa cocrtasusiaa 0,102 r/ecm®  (cranmapTHOE
otkyioHeHHe = 0,048), TUIOTHOCTh HIIKHETO MOMEpPEeYHOro cpesa cocrasisuia 0,256 r/em’
(cranmaptHoe otkioHeHnne = 0,010. OTHOLIEHHWE TIUIOTHOCTH BEPXHETO M HIKHErO

nornepeyvHoro cpesa cocrasisuio 0,40.

ITpumep 9. CtpykTypa OHOMOACTIIIOK, MPOAYLHPYEMbIX TamMmmom MK7

ITpoBoawn OLIEHKY MPOYHOCTH Ha pacTsixkeHne Ononoactuwiku MK 7, BeipatneHHOM
B TeueHue 5 CyTOok Ha nurartenbHOU cpene MK7-3. B maHHOM ciy4ae HMCNONb30BaIU
OMOMONCTUIIKY IUPUHOM 25,4 cm, anuHo 46 cM, TonmuHoM 3,5 mM. CozepikaHue BlIard B
MOACTUJIKE COCTABIUIO OKOJIO 85%, YTO 3KBUBAJIEHTHO NpuOIM3uTEeNnsHO 15% Maccel B
cyxom cocTosHun. O6as Macca B CyXOM COCTOSIHHM cocTassiia 70 r/motok 0,25 M* uu

280 r/m>. IInoTtHOCTB moACTUNKH cocTaBisuia 0,08 r/cm’.

JL1st u3MepeHHsi MPOYHOCTH Ha PACTSPKEHHE OJUH KOHEL MOJCTUIIKU 3aKPETUISIIN C
MOMOLIBIO 3aKMMa B CTALIMOHAPHOM IOJIOKEHUH, TIPU 3TOM IPYroil KOHEL MPUCOEIUHSIIN C
MOMOIIBIO 3aXKUMa K CBOOOIHO TMEpeMellaloleMyCsi amnmapary. Cam cBOOOIHO
nepeMeLaoIuiicss annapar ObUT MPUCOESAMHEH K IIKajie, M3MEPSIoINell MpuiaraeMoe
pactsokenue. K moxactunke mpusaranu ctaOWibHOE M MENJIEHHOE PACTSDKEHHE IMyTeM
BBITSTMBAHUS Ha IIKajJle B TEUYEHHUE HECKOJbKUX CEKyHA 1O pa3pbiBa MNOACTUIIKU.
HsmepeHHOe pacTspkeHHe, TpeOyromeecs s pa3pylieHus/packosa/pa3pbiBa MOACTUIIKH,
Haxoamyioch B nuanazoHe ot 0,28 kr/2,54 cM mmwmpunbl noactuiku 10 0,58 kr/2,54 cm
HIMPUHBI MMOACTUJIKU, YTO SKBUBAJIEHTHO quamna3ony ot 0,11 Kr/cM MIMPUHBI MOACTUIIKH IO
0,23 xr/cm mmpunbl nonctwiku. Cpennee 3HadyeHue coctaBisuio 0,5 kr/2,54 ¢M IHPUHBI

INOACTUIIKHN HUJIN O,2 Kr/cM LIUPUHBI TOACTUIIKH.

ITpumep 10. Poct Onononctunok mramma MK 7 Ha HEOUHIIIEHHOM TIIULEPUHE.

ITnotueie Owomonctwiku mtamMmmMa MK7 Obutn mojydeHsl 3a 8 CyTOK €
WCIOJIb30BAHUEM HEOUULIEHHOT O IITULEPUHA B KAYECTBE UCTOYHUKA YIJI€pOAa U UCTOYHHUKA
NUTATENIbHBIX BeIecTB (CbIpbsi). HeouuineHHbIH TrMLEepUH, SBISIOMUNACT MOOOYHBIM

NPOIYKTOM ITPOU3BOCTBA OMOAM3EIBHOTO TOILUINBA, OB ITOJy4eH oT komnanuu W-2 Fuels
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(xom mponykra GL32000, cepus 4300, Ne mo CAS 56-81-5, r. Diinpuan, MunHecora,
CIIA). HeouunmenHslii rmuuepuH cocrosin u3 75-85% rimunepuna, 2—10% Boxael, 2-5%

coneit, 1-2% >xupoB, Macesn Wiu CIOXKHBIX 3UpOB U MeHee 1% MeTaHoa.

7,5% (macca:00bpeM) pacTBOP HEOUHIIEHHOI'O INIMLIEPUHA B BOAONPOBOIHOW BOJE
MUTHEBOrO KaydecTBa JOMOJHSAJIN COJSIMH TUTareabHoi cpenbl MK7-1 nubo momHOM
KOHLIEHTPALMH, OO Y2 KOHUEHTpaumu 10 nonayderus 11 1 nuratenvHOU cpenst MK7-1
MOJIHOM KOHLIEHTpalMu U %2 KoHUeHTpaumu. pH sTux pactBopoB pnosoaunu a0 4,8 ¢
NocJIenyomuM KursueHneMm B TedeHne 10 munyt. Ilocne oxnaxneHus 10 KOMHATHOH
temmniepatypbl (okono 23°C) B muratenbHyr cpeny nobasmsuiu 5% (oObem/oObem)
NoCceBHOM KynbTyphl iTamma MK7, moarorosnenHoi, kak onucano B npumepe 3. pH cHoBa
noBoaniH 10 4,8 1 100aBIsUTH aMUKBOTHI IO 1,5 JT THOKYJIMPOBAaHHOHN MUTATEJIHOM CPEIbl
C HEOUYHILEHHBIM MIULEPHHOM B MPOE3UH(PUILIPOBAHHBIE TIOJIUIPONMICHOBBIE TOTKU 0,25

M2, MOCJIC Y€TrO JIOTKU NMOMEIIAIN B CUCTEMY LITATHUBOB.

Cwmecu wmHkyOumpoBanmu mpu 23° + 1°C, u yepe3 8 CyTOK MNONy4HJIU THOKHE,
OTHOCHUTEJIbHO TUIOTHBIE OUOTIOACTHIIKY, TOJILIMHA KOTOPBIX COCTAaBIIsIA OKOJIO 4 MM, TTOCIIe
yero ux cobupanu. buononcruiku BeicymmBanu npu S0°C B Teuenue 72 4, 1 UX CpEeIHHE
3HAYEHUs] MACChl B CyXOM COCTOSTHUM + CTaHAAPTHOE OTKJIOHeHUe coctasysiu 30,3 £ 3,1 r
(n=6) s SKCHIEpUMEHTA C MUTATEIBHOM cpeoit monHo# koHueHTparyu u 30,2 + 2,8 r (n=38)
I DKCIIEPUMEHTa C MHTaTeIbHONW cpenoil 2 koHueHTpauuu. CpenHss KOHBEPCHs
TJIMLIEePHHA B MacCy OMOMOICTHIIKM B CYXOM COCTOSIHUM COCTaBiisuia 34%, a TUIOTHOCTB
OMOTMIOACTUIIOK BO BJIAYKHOM COCTOSIHMHM B pacdyere Ha OMOMAaccy B CYXOM COCTOSIHUH

cocrasnsna 0,03 r/cm? s 060UX 3KCIEPUMEHTOB.

ITpumep 11. I'mdpanpHAs/MULIETHATBHASA CTPYKTYpa OnonoacTuiok mramma MK7,
BBIPAILEHHBIX HAa TUIPOJIM3ATAaX MIICHUYHON Oapbl.

VYmnorHeHHble TH(HOMHLIETOBBIE OnonoacTikd mTamMma MK7 Oblin mosydeHs! B
TE€YeHHEe 7 CYTOK C HCIIOJb30BAHWEM THAPOJU3ATOB MINeHHMYHOW Oapabl (ds, oT aHrmL
distillers solubles) B kauecTBe MCTOYHMKA YriepOAa M IMUTATEIbHBIX BELIECTB (CBHIPHS).

IMTmennunsie ds cocrosmu u3 31,5% Oenka, 8,6% wMacna, 2,8% kpaxmana, 13,5% caxapa,
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2,7% BonoxoH, 8,5% 3ouel, 0,19% kanbrus, 0,29% maraus, 1,7% xamus, 0,78% docdopa u
3,5% cynbdpara. ['oTOBHIM 3KCHIEPUMEHTHI C JBYMs BHIAMH POCTOBOW cpensl: B
skcnepumenTe 1 ncnosnb3oBanu 5% maccel ds B CyXOM COCTOSTHUU B BOJIE, @ B SKCIIEPHMEHTE
2 ucnonb3oBasu 5% Macchl ds B CyXOM COCTOSIHUU B PACTBOPE COJIEH MUTATENILHOM Cpelibl
MK7-1 %2 xonuenrpauuu. pH cmeceit noBonunu o 3,4. Cmecu uHokyauposamu 7,5%
(obbem/00beM) moceBHOW KynbTypbl mramvma MK7, kak onucaHo B mnpumepe 3, U
nobasinsin 175 M1 3ToM cpebl JOOABISUTA B MTPOCTEPUIIN30BAHHBIE CITUPTOM MOJIUMEPHBIE
aotku 12,7 x 12,7 cm. T'mdomuiieToBbie OUOMOACTHIKH COOUpanu mocyie 7 CyTOK
WHKyOammu npu KoMHaTHOW Ttemnepatype (okomo 23°C). TommmHa OHOTOACTHIIOK,
BBIPAIEHHBIX Ha 5% ds B KauecTBEe €AMHCTBEHHOT'O MCTOYHHKA YIJIEPOAA U MUTATEIbHBIX
BenlecTB (dkcrnepuMerT 1, 6e3 coneti MK7-1), B cpearem cocrtasisiia 2,7 MM (n=3 JIOTKa),
UX OTYETVINBOE PACCIOEHHE HE IOKAa3aHO, U Macca B CYXOM COCTOSSHUH B CpEIHEM
cocraisna 0,83 r mpu cpenneil mnorHoctu 0,019 r/cm® u 3 deKTUBHOCTH KOHBEpCUU
npubnusutensHo 10%. Bo3aymHble rudbl He HAOMIOIANNCH, U TIOACTUJIKH OBLIIM BO BCEM
o0beMe HACBIEHbl JXUAKOCTBIO, T.€. BEPXHAS MOBEPXHOCTb IOJICTHIOK HAXOIUJIACh

BPOBCHDb C IOBEPXHOCTBIO KUAKOCTH.

Tonumaa OHOMOACTHIIOK, BhIpalleHHbIX Ha 5% ds ¢ noGasnenuem coneii MK7-1
(3kcriepuMeEHT 2), B CpeIHEM COocTaBJsiia 6,4 MM, a X Macca B CyXOM COCTOSIHUH B CPETHEM
cocraBnsna 3,11 r mpu cpenneit nnorHoctu 0,030 r/cm® u 3pPEKTUBHOCTH KOHBEPCUU
npubm3uTensHo 40%. B 3THX momcTHiIKax pa3BHUBaiach OOLIMPHAS CHCTEMa MBILIHBIX
BO3AYIIHBIX TH(} Oeloro mpera, TOJIMHA KOTOPBIX COCTAaBJsLIa OKOJO 4—7 MM, Han
OTYETJIMBBIM OOJIee IUIOTHBIM CJIOEM, TOJNILIMHA KOTOporo cocrasisuia 0,9 mM. IInoTHOCTH

BepxHero cj1osi coctasysana 0,011 r/cM’, a IIOTHOCTH HIDKHETO ¢jiosi cocTassiia 0,148 r/em’.

IMpumep 12. Poct rudomuiieroBbx duononactmiok mramma MK7 Ha KyKypy3HOM
SKCTPAKTE U CMECHU KYKYPY3HOIO 3KCTPAKTa C KpaxMajoM B KAUECTBE NCTOUYHHMKA YIJIEPOaa
Y MIUTATEJIbHBIX BEIECTB

Ilpy wucnoNBb30BAaHMM KYKYPY3HOIO OKCTPakTa B KauyeCTBE €JUHCTBEHHOIO
UCTOYHHMKA VYIJIepoJa W TMUTATEIbHBIX BEIIECTB (ChIPbsl) IUIOTHBIE T'HU()OMHUIIETOBBIC

ouonoactunku mramMa MK7 Obutu nonydeHs! yxe B TeueHue 4 cytok. Kpome toro, 6p110
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TaKXKe IMOKAa3aHO, YTO IPHU HCIIOJNBb30BAHUM KYKYPY3HOTO 3KCTpakTa ¢ nodasieHueM 5%
Kpaxmalia TaKke MOXKHO IOJIY4UTh IJIOTHbIE TH(oMHLIeTOBBIE OnonoacTuiku. Kykypy3Hslit
HKCTPAKT MpeAcTaBisieT cOO0i BA3KUI MOOOYHBIH MPOAYKT BJIAKHOIO pa3Molia KyKypys3sl 1
MUMEEeT COCTaB aMUHOKHCJIOT, BATAMUHOB U MUHEPAJIOB, KOTOPBIH JIe€aeT ero NPUro{HbIM B
KauecTBe M00aBKM AN (pepMEHTALMU MUKPOOPraHu3MOB. MCHonb3yeMblli B JaHHOM
npuMepe KyKypy3HblIid SKCTpakT mpuodperain B komrnanuu Santa Cruz Biotechnology, Inc.
(r. Hamnac, Texac, CIIA; Ne toBapnoii maprum BO0116). B »>THx skcnepuMeHTax
NPOAEMOHCTPHUPOBAHO HCIONB30BaHNE KYKYPY3HOIO 3KCTPAKTa B KAadeCTBE 3aMEHUTEIS
nuratenpHbix BewectB MK7-1. Dxcnepumentsl Bkitouanu 10% u 20% Kykypy3HBIH
SKCTPAKT B KAYECTBE €AMHCTBEHHOTO HCTOUYHHKA YIJIEPOa U MUTATENbHBIX BEIIeCTB, a 10%
u 20% KyKypy3HBIH 3KCTpakT ¢ pobaBneHneM 5% Kpaxmaia (B KaXXIblid) MPeIOoCTaBIIsLI
KpaxMaJl B Ka4eCTBE JOMOJHUTEIbHOTO HCTOYHHKA YIepoaa sl pocta rHpOMHUIIETOBON

OUOIONCTUIIKHA.

UeTplpe cepuy NMHUTATEJLHONW Cpenbl TOTOBMIM myTeM noOasieHust 10% wmmm 20%
KYKYPY3HOTO 3KCTpakTta k oobemam 1 151, comepkammm O mimm 50 r xpaxmana B CyXOM
cocrossHuu. pH nurarenbHOM cpenbl noBoamiu a0 3,6 100aBIEHHEM COOTBETCTBYIOLIETO
xommuectBa HCl u xunsituiam B TeueHue 15 MuHYT B moxmxopsmied emkoctu. [locne
OXJIQXKICHUS 10 KOMHATHOH TemnepaTtypsl pH cmecu noBTopHO noBoamiu a0 3,6, U CMeCh
UHOKyJIHpoBanu 7,5% mnoceBHO KynbTypoii mramMmma MK 7, monroroBiaeHHOH, Kak OMUCaHO
B mpumepe 3. AJIMKBOTBI MUTATEIBHON cpenbl o 175 M qo0aBisin B MSATh KBAAPATHBIX
noTkoB (momanb nopepxHoct 0,016 M? Ha TOTOK) U MHKYOUPOBAJIH B CUCTEME LITATUBOB
npu 23° =+ 1°C. I'upomunerossle Ouomnoactuiku codupamu uepes 6 cytok. CpemHuit
KOHeuHbI pH 11 5KCIEpUMEHTOB C KyKYPY3HBIM 3KCTpakToM KoHUeHTpauuu 10%, 20%,
10% ¢ nobasnenuem kpaxmana u 20% ¢ nobasneHueM kpaxmana coctasisui 3,97, 3,69, 4,23
u 4,15 coorBercTBeHHO. CpenHsist Macca OMOMAcChl £ CTAHAAPTHOE OTKJIIOHEHUE JJIsT STHX

skcnepuMeHToB coctasysia 1,1+ 0,2, 0,1+0,1,23+0,1 u 2,1+ 0,2 r COOTBETCTBEHHO.

ITpumep 13. KonBepcusi BoAbI U3 OTCTOWHOrO OacceiHa IUIOMIAAKHU Ui OTKOpMa

KPYIIHOT'O pOraToro CKoTa B rU()OMHULIETOBbIE OMONOACTUIKI
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DKCIIEPUMEHTHl TPOBOAMIN C HCIIOJIb30BAaHHEM BOIbI M3 OTCTOWHOro OacceiiHa
IUIOLIAJIKU Il OTKOpMa KPYIHOTO POraToro CKOTa B Kaue€CTBE €JUHCTBEHHOI'O UCTOYHUKA
yriepoga U TUTaTeIbHbIX BellecTB. IlepBoHavanbHOE COAEpPKAHME PACTBOPEHHOTO
OpraHUYEeCKOTO YIJIeposia B BOJE COCTABIIIO 4 I/J1, a MepBOHAYAIbHOE 001Iee CoepKaHIe

PacTBOPEHHOrO a30Ta cocTaysuio 0,8 /7.

Bony w3 ortcroitHoro GaccefiHa IUIOIIAAKH UIsi OTKOpMa noBoawnu no pH 2.6
xoHueHTpupoBanHoii HCl u mHOKynmupoBamu 7% mnoceBHOH KyabTypoil mramma MK7,
MOATOTOBJIGHHOH, Kak omucaHo B npumepe 3. CTepuiIM30BaHHbIE MOJUIPONUIECHOBBIE
notku 0,25 M? HaNoJHANM 1,5 1 MHOKYTMPOBAaHHOMN CTOYHOI BOMbI M MOMEILANM B CUCTEMY
IITATUBOB JJIs JIOTKOB Juist HHKyOaruu npu 24°+ 1°C. Uepes 2 CyTOK NOCIIE MHOKYJISILIAN Ha
MOBEPXHOCTH JKUIKOCTH HAuWHAIN (POPMHUPOBATHCS TH(POMHLIETOBBIE OHOIMOICTHIIKH.
Uepes necstb CyTOK coOnpaii ru)OMHULIETOBbIE OUOTIOACTHIIKA U OCTATOUHYIO KHIKOCTh B
OJIMH COCYZ M BBICYLIMBAJIHM, TIOCJIE Yero MpoBOAWIN aHanu3 obmiero copepskanust C u N ¢
noMo1bo aHanmzatopa odmero coneprxkanusi C u N Costech (ECS 4010, Costech Analytical
Technologies, r. Banencus, Kamugopuus, CIIA). Cpenuss nponyuupyemas Onomacca B
CYXOM COCTOSIHUM Ha OJUH JIOTOK cocTaBisia 6,531 r (n=2). B aHanusax moacTuiku u
OCTAaTOYHOM KHUAKOCTU OBLJIO BBISIBIIEHO, YTO TMOACTHIIKAMH OBLIO H3BJIEYEHO OKOJIO 77%
yrnepona u 99-100% a3oTra W3 CTOYHOW BOABI OTCTOHHOrO OacceifHa TUIOIAAKHU IS
oTkopma (mpenen oOHapyskeHUs Merona okojo 1%). CkopocTu W3BJIE€YEeHHUsT yriepona u
a3oTta cucTeMol coctasiisuin 6,8 u 1,2 mMr/n/4 npu ycpennenun 3a 10-cyTounslii nepron. B
COOTBETCTBHH C HACTOSIIIUM TOHMMAHHEM IyTeM MOJKUCICHUS] OTCTOHHOro OacceiHa 10
pH 2,6 HCI u unokynsiumu mraMmmoM MK7 U3 CTOYHBIX BOJ OTKOPMOYHOW TLIOLIAJKH
MoxeT ObITh M3BJieueHa Oosbinast yacte C u moutn Bech N . Kpome TOro, BO3MOXKHO
OYMIIATh OTCTOWHBIE OAaCCEWHbI HETIOCPEACTBEHHO, B PE3YJIbTATE YETr0 B MECTE IJIOMIATKU
IJIE  OTKOPMa Ha TMOBEPXHOCTH BOXABI oOOpasyercss IulaBaromias ryuOMHLIETOBAsS

6I/IOHOI[CTI/IJ'IKa, KOTOPYIO BIIOCJIEACTBUU MOXHO C06paTb AJIA TOCTIEAYOIIETO IPUMCHECHUS .

ITpumep 14. Poct Ouomoxctunok mramma MK7 Ha CypporaTHOW MUTATENbHOM

Cpeze Ha OCHOBE KHCJIOW MOJIOUHOM ChIBOPOTKH
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ITnotueie Owononctmwiku mrtamma MK7 ObpUIM TONy4eHBI U3  CyppOTaTHOM
MUTATEJIbHOU Cpelibl Ha OCHOBE KHCJION MOJIOYHOM ChiBOpOTKH (AWS, ot anrn. Acid Whey
Surrogate Medium) 3a 7 cytok. Komnosunus cpeast AWS Obuta ocHOBaHa Ha OOBIMHOM
KOMITO3ULIMH KUCJION MOJIOYHOM ChIBOPOTKH, Kak onucaHo B padbote Tsakali u coast. (2010).
Komnosuuust nuratensHoi cpeabl Tsakali u muratenbHol cpeasl AWS, ucnosb3yemoii B

JaHHOM TpHMeEpe, ONucaHa B Tadsmue 4.

buonoacTunky ObUTH MOJMYYEHBI B CTEPUIIM30BAHHBIX MOJUIPOMIICHOBBIX JIOTKAX
12,7 x 12,7 cm (0,016 m?) ¢ ucnons3osanueM 87 M nuTaTenbHol cpeasl AWS pH 4.8.
[TuTatenbHYIO Cpeny TOTOBIJIM IMyTEM CMENIMBAHUS HHIPEIUEHTOB, NEPEUHUCIICHHBIX B
tabnuie 4, B kode DpneHmeiiepa eMkocThio 1 1, noBenenwust pH 1o 4,8, a 3aTeM KUNsSTYSHHUSI
B TeueHne 10 muuyT. ITocne oxnaxaeHUs MUTATENBLHOU cpenbl 10 okojo 23°C B kondy
nobasnsimm 7,5% ob0bema (00peM/00beM) TOCEBHON KYJIBTYPHI B 3KCIIOHEHIIMAIBHOH (aze
pocTa. JTa moceBHas KyJbTypa Obula MOJy4YeHa, KaK OMHCAHO B puMepe 3. AJTMKBOTHI 11O
87 MJI MHOKYJIUPOBAHHOM KYJIBTYPAJIbHOHN Cpenbl JOOABIISUINA B MPOTEPTHIC H3OMPOITHIIOBBIM
CHIUPTOM JIOTKH (TIpUMep 3) M MOMEIANK 5TH JIOTKU Ha JIOTOK Gonbiuero pasmepa (0,25 m?),
YCTAQHOBJIEHHBIN B CHCTEME HITATUBOB IS JIOTKOB, KaK ONMMcaHo B mpumepe 3. KynbTypel
oCTaBJsLM st uHKyOarmu npu 25 + 1°C ¢ monmydeHueMm B pe3yJibTaTe OTHOCHUTEIBHO
IUVIOTHBIX OWOTONCTUIIOK, KOTOpble coOmpamu yepe3 7 cytok (®ur. 18). Cpenwsis
apudpmeTHyeckas BennyrHa pH ocTaTOYHOM JKUAKOCTH Yepe3 7 CyTok coctasisiia 6,9 +0,1.
Takum oOpasoM, B mpolecce pocra mpoucxonuia Hewrpamusauuss pH AWS or 4,8,
XapaKTEPHOTO Uil KHCJIOH MOJIOYHOHM CHIBOPOTKH, IO MOYTH HeWTpajgbHOro (okoso 7). C
TIOMOIIBEO CBETOBOI MHKPOCKOITHH B IMTPOXOASALIEM CBeTE ObliIa BhIIBJIEHA T'U(OBast MPUPOIA
OouonoacTUIOK, oOpa3zoBaBIIMXCst Ha nurarenbHO cpene AWS (®ur. 18). Cpennsis
TOJIIMHA OHOMOJACTUIIOK BO BJIAXKHOM COCTOSIHHHM cocTaBiisiia 4 £ 0,5 mm. buonoactuiku
BeicymmBa pu S0°C B Tedenue 30 4, U MONyYeHHAS B Pe3yJIbTATE CPEIHSS MACCa B CYXOM
cocrostaru coctaBiisiia 1,88 + 0,2 r/n. CpenHsis TIIOTHOCTh OMOTOACTHIIOK BO BJIAYKHOM

3

cocrossHuu coctaBisia 0,29 r/cm’. CpenHsisi KOHBEPCHSI CYXOTrO ChIPbsl (JIAKTO3BI U

CYMMapHBIX O€JIKOB) B CYXYI0 OHOIOICTHIIKY cocTaBisiia 42,2%.
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Tabmuma 4. KoMno3uuust 0ObIYHON MOJIOYHON CBIBOPOTKH, KaK OMHUCAHO B padore
Tsakali u coasr., 2010, u cypporatHoii MUTaTEIBLHON CPeIbl HA OCHOBE KUCJIOW MOJIOYHOU
cbIBOpPOTKH (AWS), HCIOJIb3yeMOii B JAaHHOM IpUMepe ISl BbIPAIUBAHUS OMOTIOACTIIIKH

MK7.

Tsakali AWS
(%) (%)
ConepskaHue Baru 945 945
ConepskaHue CyXoro BemecTBa 5,5 5,5
JlakTo3a 4 4
Moo4dHast KUCinoTa 0,4 0
Obmee coneprkanue Oenka™ 1 1
JlumoHHas kucnoTa 0,1 0,1
Munepaier** 0,6 1,3
pH 4,8 4.8

*HcTounnkom ob1ero Oenka st AWS ObL1 KOHLIEHTpAT OeJika MINSHHULBI B BUIE
100% Genka muennusl GNC ProPerformance ot komnanuu GNC, r. ITurrcOypr,
INencunsBanus, CIITA.

**MunepanbHasi komno3uuuss AW S npenctapisiia cOO0H MUTATENBHYIO CPeay

MK7-1 %: xoHIIeHTpaLiy, OnUcaHHyi0 B Tabmuie 1A, HO Oe3 riauiepuHa.

IMpumep 15. Poct 6Guonoacrunok mramma MK7 Ha KUCJIOH MOJIOYHON CHIBOPOTKE

buonoactunku wramma MK7 BbIpaliMBatOT B TEYEHHE 6 CYTOK, HCTIOJIBb3Ysl KUCIYIO
MOJIOYHYIO CBIBOPOTKY B KaueCTBE OCHOBHOI'O HCTOYHMKA YIJEpOAa W MUTATENIbHBIX
BELIECTB. bUOMOACTUIIKY MOJIy4arOT B CTEPUIN30BAHHBIX MTOJUIIPONUIEHOBBIX JIOTKax 12,7
x 12,7 cm (0,016 M*) ¢ ucnosnb3opaHueM 125 M HEOYHUINEHHOH KHCIOH MONOYHOI
CBIBOPOTKH, KOTOpasi ObUla TMOABEPrHyTa PA3JUYHbIM BHAAM OOpabOTKH. DTH BUABI
00paboTKN MPOBOAMIIM Il KOJMUECTBEHHOH OLIEHKH CKOPOCTH POCTAa U MPOAYKTUBHOCTH
O6uomaccel nocne noseneHust pH, nobaBneHNs OTAENBHBIX MUTATENBHBIX BELIECTB W/HIIN

Harpe€BaHus AJisi CBEACHUSA K MUHUMYMY KOHKYPEHTHBIX MUKPOOPTaHU3MOB.
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OObeMbl KUCTIONW MOJIOYHOM ChIBOPOTKH S00 Myt moOaBNSIOT B MpenBapUTEIHHO
CTepUIIM30BaHHbBIE KOJIOBI DpiieHMeiiepa eMKocThio 1 i1 (HarpeBanuem no 125°C B TeueHue
10 MUHYT), U KMAKYI Cpely MOIBEpPrarT OmpeneeHHbIM Buaam obpabotku (1-12),
npuBefeHHbIM B Tabimue 5. pH nmubo He moomsr (cpemnuit pH kuciaol MoJoOYHOMN
ChIBOPOTKH coctaBisieT 4,8), nmubo mosomsar no pH 2,7 konuenrpuposannoit HCI.
O0paboTku 10OaBIEHHEM MUTATEIBHBIX BEIECTB BKIIIOYAIOT. OTCYTCTBHE N00aBNIEHUs, 2,5
I/ MOYEBHMHbI B Ka4yeCTBe KMCTOYHHMKA a30Ta WU THTareapbHou cpenbi MK7-1 Y%
KOHLIEHTPALMM B Ka4eCTBE MOJHOrO HabOpa MUTATEIbHBIX BEIIECTB, MPUTOTOBIEHHOIO B
JKHJKOCTH HAa OCHOBE KHCJIOH MOJIOYHOH CBIBOPOTKH, KaK OMHCAaHO B mpumepe 1, Oe3
rnuuepuHa.  CTepuin3allMio  HarpeBaHHMEM IIPOBOAST IMyTeM KUIISTYEHUS SKUAKOM
MUTATENBbHOMN CPeabl HA OCHOBE KMCJIOM MOJIOUHOM CBIBOPOTKHU B TeUeHHE 15 MUHYT mocie
NPOBENEHNsT pyrux BUAOB 00paboTku (pH w/mnm mobaBneHMs! MUTATEIbHBIX BEIIECTB).
ITocne oxnakaeHns: MUTATENbHOM cpenpl 10 okoo 23°C B konly nobasnstoT 7,5% o0pema
(0OBeM/00beM) MOCEBHOM KYJBTYPhI B AKCIMOHEHIMAIBHOW (pa3ze pocra. ITy MOCEBHYIO
KYJIBTYpY MOJY4aroT, KaK OMUCAHO B puMepe 3. AJIMKBOTHI IO 125 M1 HHOKYJIMPOBAHHOM
KYJbTYPaJIbHON Cpeabl AOOABISIOT B IMPOTEPThIE M3OMPOMMIOBBIM CIHHPTOM JIOTKH (CM.
NpoLeypy CTEPHJIM3ALMHN B MpUMepe 3) U MOMELIA0T 3TH JIOTKM HA JIOTKH OOJIbIIEro
pasmepa (0,25 M?), yCTaHOBJIEHHbIE B CHCTEME INTATMBOB s JIOTKOB, KaK OMHCAHO B
npumepe 3. KynpTypbl ocTaBistoT anst nHKyOauuu npu 25 + 1°C B TeueHue no MeHblIen

Mepe 6 CYyTOK.

Tabnuma 5. Matpuna oOpaOoTKH, HCTHOJb3yeMasi JUisi KOJUYECTBEHHOH OLEHKU
KHUCJIOH MOJIOYHOHU ChIBOPOTKH B Ka4i€CTBEC UTATEIbHON Cp€abl OJisi BbIpalllMBaHHWsA

ounonoactuiiok mramma MK7.

IIurateasHOE
BELLECTBO Harpesanune
O6paboTka pH HobGasnernne Crepuiusamnus
1 HE TOBOJST HEeT HeT
2 HE JTOBOJST HEeT na
3 HE TOBOJST MoueBuna HET
4 HE TOBOJST MoueBuna Ja
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5 HE JOBOIST 1/2 MK7-1 HET
6 HE TOBOJIAT 1/2 MK7-1 na
7 2,7 HET HET
8 2,7 HET na
9 2.7 MoueBuHa HET
10 2,7 MoueBuHa na
11 2,7 1/2 MK7-1 HET
12 2,7 1/2 MK7-1 na

ITpumep 16. Poct rupomunieToBbix Ononoactmiiok mramma MK7 Ha opraHndeckom
OCTaTKe aHa3pOOHOTO OPOKEHUS

[Tnotueie Owomonctwiku mtamvMa MK7 Obutn mojydeHsl 3a 7 CYTOK C
UCTIOJIb30BAaHIEM OPTaHMYECKOr0 OCTaTKa aHa3pOOHOro OpOXKEeHHsl B KaueCTBE MCTOUHUKA
yriuepoga W HCTOYHHKA MUTATEIbHBIX BemecTB (CbIpbsi). OpraHu4YecKuil OCTaTOK
aHa3pOOHOTO OpOKeHHUs MPEeACTaBysieT COOOM OoraThiii JMTHAUHOM TBEPABIH OCTATOK,
KOTOPBIH OocTaercs rnocie pepMeHTalui OOraToi JUrHOLEIUII0I030i OromMacchl (HanpuMmep,
KYKYPY3HOH COJIOMBI, MIIEHUYHOH COJIOMBI, HaBO3a KPYMHOrO pOraTtoro CKOTa)
MHUKPOOPraHM3MaMu B YCJIOBUSX OrpaHUYeHus Kuciaopoga. OpraHuyeckuil OCTaTOK
aHadpOOHOTO OpOKEHHsT CUMTAIOT YCTOWYHMBBIM K  JaJIbHEHIIEMy  Pa3JIOKEHHUEO
MHUKPOOPraHU3MaMH, B CBSI3U C Y€M €ro 4acTO HUCIOJB3YIOT IS YJIYULIEHHs] MOYBbI WU

CXKHUTarOT B IapOreHeEpaTopax ajd nNpou3BOACTBA SJICKTPOIHEPTUH.

BrnasxHbIl OpraHu4YecKuil 0cTaToK aHaspooHoro opoxkenwus (500 r) modapisau K 2
BOJIOTIPOBOIHO BOABI MUTHEBOT'O Ka4ecTBa ¢ oOpazoBaHneM cMecH. EcrectBenHbii pH sToi
cMmecu coctaBisi S5,5. CMech nHOKyJmpoBain 7,5% (00beM/00beM) MOCEBHON KYJIbTYpPBI
mramma MK7, nmoaroroeneHHOHN, kak onucaHo B npumepe 3. 200 My mONy4eHHOR B
pe3yJibTaTe cMecH A00aBJsuUM B KBaapaTHbie jJoTku 12,7 x 12,7 cm. Obpa3oBaBiirecs: Ha
MOBEPXHOCTH YIUIOTHEHHbIE OMOMOACTHIKK cobupanu mocie 7 CyTOK WHKyOarmu mnpu
koMHaTHOH Temnepatype (okoio 23°C). CpenHsis TonmmHa OMOTIOACTHIIOK COCTaBsuIa 2,6

MM, a CpemHss Macca B cyxoM coctosHuu — 0,62 r (n cocraBisio 3, CTaHAApTHOE
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OTKJIOHeHHe cocTabisino 0,03 ) u cooTBeTcTByromas miotHocth 0,015 r/em’. Cpennss

3¢ eKTUBHOCTH KOHBEpPCUH cocTaBisia 2,3%.

UroObl NOBBICUTH CTENEHb KOHBEPCHHM OpPraHMYECKHH OCTaTOK aHa’3poOHOro
OposkeHHs B OMOMAacCy MHUKPOOpPraHU3Ma, ObLT MPOBENEH IOMOJHUTENbHBIA SKCTIEPUMEHT
1O JOTOJHEHHIO OPTaHUYECKOTO OCTaTKa aHA3POOHOT0 OPOKEHHsT TYMEHHOH MUTATETbHON
cpenoii, mpeacrasisitomeid codoi 3pdexkTHBHO HUCTIONB3yeMy0 O0OTAIEHHYI) POCTOBYIO
cpeny. SYMEHHYIO MUTATEIBHYIO CPEY HCTIOIb30BAJIH U1l CTUMYJISILIUY POCTA U MHAYKLIUU
npoaykunu ¢epmMeHToB in situ mramMmoM MK7 1jisi TOTOJHUTENBHOTO Pa3jIoKEHUs |
KOHBEPCHU OPraHMYECKOTO OCTaTKa aHadpoOHOro OposkeHus B TPUOHYID Omomaccy.
OOorammeHHy0 SYMEHHYIO MUTATENbHYIO CpPeAy TOTOBWIM NyTeM OObenwHeHus 1 1
BOAONPOBOAHOU BOAbL, 50 r sAuMeHHONW MykH, 1 r apoxckeBoro skctpakra, 0,1 mu
rimrokoammtasel (Distillate VHP, Dupont), 0,1 mn anbda-amunaser (SPEZYME ALPHA,
13775 EJ/r, Dupont) u 0,1 ma Oera-rmokoHaser (Optimash TBG, Dupont). Cwmechb
HarpeBayiu 10 65 °C u nepemermmBaiu B TeueHue 15 munyt npu tremmneparype 65 °C. ITocie
3TOTO CMEeCh KUIATUJIM B T€YeHHE 15 MUHYT aisg nHakTuBaunu (PEPMEHTOB. 3aTEM CMECh

OXJIAKIAJIN A0 KOMHATHON TeMIepaTyphl.

OnucaHHBIN BBbIIE NPOTOKOJ OSKCHEPUMEHTA Uil OpPraHUYEeCKOro OCTaTKa
aHa’pOOHOr0 OpOXKEHMs MOBTOPSUIM 32 HCKIJIIOYEHHEM TOTr'O, YTO BOJOIPOBOAHYIO BOAY
3aMeHsUTH O0OTAIEeHHOW STYMEHHOW MUTATEBHOMN Cpenoii, n obine 00beMbl KaKIoro U3
UCTIOJIB3YEMBIX ~ KOMIIOHEHTOB ~ yYMEHbIIATH  HamoyioBuHy. CpemHsss  KOHBEpCHUs
OpPraHUYECKOTO OCTaTKa aHa’poOHOro OposkeHus coctaBisuia 6 + 2% mocie BBIMUTAHUS
OuoMacchl, TOJYYEHHON B KOHTPOJIbHOM OKCHEPUMEHTE, TAe OpPTraHMYeCKHH OCTAaTOK

aHa3pOOHOTO OpOKeHUs He NOOABIISITH.

ITpumep 17. Poct apyrux ruOMHULIETOB B IOTKOBBIX PEAKTOPAX.
IIpoBomuiIM KOMUYECTBEHHYIO OLEHKY pocta Rhizopus oligosporus w Fusarium
venenatum ¢ WCIOJNb30BAHUEM METOJOB TOBEPXHOCTHOW (P€PMEHTAlUH, OIMHCAHHBIX B

npumepax 1, 2 u 3 qus wramma MK7.
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Rhizopus oligosporus mypoKo NPUMEHSIOT BO BCEM MHpPE JUIsl TPOU3BO/ICTBA TEMITE
(mpoxykTa nuTaHus, ynorpedisieMoro uenosekom). Rhizopus oligosporus mramm ATCC
22595 Ob1 moayuen u3 ATCC 1 oktsabps 2015 r.  OOpasern 4ucToil KymabTypbl K.
oligosporus, nonyuennsiii u3 ATCC, nomemianu Ha nutatenbHyro cpeny MK7-1 ¢ arapom

B yamkax [lerpu, kak onucaHo B npumepe 2.

Fusarium venenatum, wWCTONB3yeMbIi B TPOU3BOACTBE MHUIIEBOrO MPOAYKTA
Quorn™, 611 BHIOpakoBan u3 nakera npoxaykra Quorn Chik’n Nuggets (xox UPC: 33735-
00006), npuobperennoro 16 sHBapst 2016 r. cynepmapkerom AnbpOeprcona B r. bo3men,
Mountana, CIIIA. Jlns sbinenenus . venenatum obpasen (~0,25 cm*) npoaykra Quorn™
Chik’n Nuggets, conmepkamero F. venenatum, momemama B 100 i crepribHON
nutatenbHoi cpensl MK7-1 pH S B cmecuTenbHyto kondy ¢ meperopoakoit eMKocTbro 250
. IluratenpHyro cpeny u KOOy CTEPHIIM30BAIN KHUITYEHHEM B KoJOe B TeueHue 20
muHyT. Cpeny ocraBmsum nis oxnaxaerus o 23 C, mocne yero nodasisin odpasers
Quorn™. Tlocne 3 cyTtok unky6auuu npu 23 +£1 C npu ckopocty Bparnenust 200 06/MuH
otOupanu 1 M1 KyJIbTYPBI U HCTIONIB30BANIN AJISI HHOKYJISILMH APYTrOoH WASHTUYHOH KOJIOBI U
cpenbl. Eme uepes 3 cyTok HHKyOaLMK TaKUM K€ CIOCOOOM OTOMpaNi aJIMKBOTY KYJIBTYPbI
50 MKJI U BBICEBAIM Ha CTEPHJIbHYIO nuTarenbHyro cpeny MK7-1 ¢ arapom (pH 4,8) B

CTepuibHYO Yawky Ilerpu.

MunenuanbHple MOACTUIIKH, KOTOpble pasBUBaiuMCh Ha damkax Iletpu ¢ R
oligosporus n F. venenatum, ACTIONb30BAH TSI HHOKYJSIAH 350 MJI IUTATEJIbHOM CpeIibl
MKT7-1 B cTepuibHBIE CMECUTEBHBIE KOJIOBI C MEPErOPOAKON eMKOCTBIO | JI, KaK OMHCaHO
B npumepe 3. Ilocne 5 cyTOk BeIpamIuBaHHUs B CMECHUTENIBHBIX KOJIOAax, KaK OMHCAHO B
npuMmepe 3, KyJbTypbl HCIOJB30BAJIM B KAadeCTBE IOCEBHBIX KYJBTYpP AJsl JIOTKOBBIX
peaktopo.  JKemaemass moceBHass cpeaa Uisl JIOTKOBBIX PEAKTOPOB COCTOHUT U3
MHUKPOOHOJIOTUYECKH YUCTBIX KYJIBTYP C IJIOTHOCTBIO KJIETOK OoJiee 6 I/J1, HAaXOMSIIUXCS B
no3nHel skcrnoHeHnuanbHon ase (cv. Ipumep 3). Kak onmcano B [Ipumepe 3, roroBuiu
ABa JIOTKA, coaepkamux 1,5 1 HMHOKyJIMpOBaHHOW nurtaTenpbHOM cpeapl MK7-1, nus

KKIOro U3 ABYX opraHu3MoB. pH muratensHOl cpenbl nosomwiu 10 4,1 nist Rhizopus w



10

15

20

25

30

89

5,0 st Fusarium. W300pakeHUsT TONYYEHHBIX B pPE3yJIbTaTe KYJIbTYP U MOICTHIIOK

rnokazansl Ha @ur. 12 u 13.

ITpumep 18. CpaBHeHue ru(pOMHUIIETOBOI OHOMOACTHIIKY, IOJYYEHHOH IyTeM
tBepaodazuoii pepmentrauuu (TOPD), ¢ Ouomaccoli, MOJYUSHHONH MyTeM MOBEPXHOCTHOM
tBepaodasuoii pepmenranun (I1TOD)

Meronuka TOD

Teepnodasznas ¢pepmentarms (TODP) MpUMEHUTETHPHO K HACTOSIIEMY JTOKYMEHTY
O3Ha4aer mpouecc (GepMEeHTAl MHUKPOOPTraHU3MOB, KOTOPBIM OCYINECTBISIETCS C

TBEPIBIMHU BEIECTBAMH IIPH HIU3KOM COIEPKaHUU Biard, 0ObrdHO HIke 50%.

ITocesnyto kynbTypy MK7 st TO® rotosunu nmyrem nodasienus 20 T MIFOKO3bI K
1 n nurarensHOM cpenpl Mandels m Reese B CTEKJIISIHHOM cOCyzie €MKOCTBIO 2 11 U
CTEPIIN30BaIM B aBTOKJIaBe B TedueHue 45 munyt npu 121°C mpum pH 4,5, 100 mn
HOJIyYeHHOW B pe3yJibTaTe IUTATENbHON cpeabl A00aBiAan B KonOy OpreHmeliepa
eMKOCTbI0 250 mu1 1 uHOKysaupoBaimu 0,25 r mramma MK7 U3 MCXOIHOU KyJIBTYpPBI B
rnunepuse, xpanusiueiics npu -80°C. Kynbprypy nnkyouposanu npu 30°C, 180 o6/muH B

TedeHue 14 CyToK, MOocje 4ero UCIoIb30BaIN B KAUeCTBE MMOCEBHOM KyIbTyphl B TOD.

ITpumepom npouecca TOD siBisieTcss TAKOH NMPOLIECC, KOTOPBIH ObLT HCIOJIB30BaH
st ojiy4deHus: ouonoactusiok B WO 2016/004380 u US 2016/0002680. B wactrocTu, 100
IPaMMOB TIIEHHYHOW COJIOMbI M3MEJbUAId B KOMMEPYECKOM OJIeHAepe W MOMelaid B
CTEeKJITHHBIN (pr1akoH eMKoCThIO 2 utpa. Jlobasmsnun 300 Mt nurarenbHOM cpensl Mandels
u Reese u 3 mn koHuentpupoaHHoil HaSO4. TlonmydeHHyro B pesyibpTaTe CyCHEH3HIO
CTEPIJIN30BAJIM B aBTOKJaBe B TeueHue 45 munHyT npu 121°C. pH crepunusosBanHO# B
aBToKJaBe cycnensun qosoauiu NaOH go 3,0, octapisiim 1iist OXJaKAeHUsI 10 KOMHATHON
TEMIIEPATypPbl, a 3aTEM IMEPEHOCHIN PAaBHBIMU YaCTSIMH B 4eThIpe KOJIOBI DprieHMeliepa
eMkocTero 250 M. JloGaBmsin 10 mu moceBHOM KynbTypel mramMma MK7, u xonOsl
nepememmBanu Ha metikepe npu 30°C, 180 o0/MuH B TedyeHue 4 CyTOK, MOCiE HYEro

NEPEHOCHIIN COMEPKMMOe Bcex KoiO B oxHy damky lletpu 9x9 mrofimoB Pyrex®.
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[TonyueHHYIO B pe3ysbTaTe KyJbTYpPYy HMOKPBIBAIH IUIEHKOH Saran® u mHKyOMpOBamu mpu

30°C B TeueHue 7 CyTOK, a 3aTeM COOHpau.

Meroauka IITOD

ITocesnas kynabTypa 1uist [ITOD onucana B [Ipumepe 3, a METOAUKY ONUCAHBI HIKE
B npumMepax (m.e. KOHBepCHs >XOMa CaxapHON CBEKJBI M JPYTUX JIHUTHOLEJUTFOJIO3HBIX
MaTepHuasoB, IUIABAIOIIUX Ha MIOBEPXHOCTH CJIOS KUAKOCTU. B 4aCTHOCTH, MPUMEHUTETBHO
K HactosimeMy NOkyMeHTy IIT®® o3Hauaer (epmeHTALMIO, KOTOpAs MPOUCXOAUT TNPHU
NOTPY>KEHUU TBEPIOro CyOCTpaTa Moj MOBEPXHOCTb JKHIKOCTH TaK, YTO TH(OMHULIETOBAS
OMOMOACTHIIKA pAcTET Ha MOBEPXHOCTH SKUIAKOCTH, HMCIIONB3Ys YIIEpON U MUTATENIbHbIE
BELIECTBA, UIMEIOLIUE IPOUCXOKACHHAE U3 IOTPY>KEHHOr0 TBEPAOro BelecTBa. I1onyueHHbIe
riu()OMHLIETOBbIE OMOTIOACTHIIKH SIBJISIFOTCS CBS3HBIMH, IJIOTHBIMH U HE COIEPIKAT ChIPbS

(®wur. 14C).

ITponykuus Omomaccsl M OHMOMOACTHIIKH, TOJYYEHHBIE B PE3yJbTaTe METOAMK
IITO®® u TOD, 3HaunrensHo pasauyarorca. Merononoruu IITOD u TOD pasznuyarores
10 BCEM Ba)KHBIM NapameTpaM, TAKUM Kak KOMIIOHEHTbI IUTATEIbHOMN Cpeibl, MOHHAs CUJIA,
OCMOTHYECKOE JaBJICHHE, KOHLIEHTPALMs CbIPbsl, KaUeCTBO IOCEBHON KyJbTYpPbI, BpeMs
KyJbTUBUpOBaHUs (Tabmumbl 6 u 7). B pesynprare 5TuX pasiauyuii TEXHOIOTHYECKHX
IPOLIECCOB 3HAYMTENIPHO PAa3JIMYalOTCsl CBOWCTBA OMOMAcChl (HAampuMep, IUIOTHOCTb,
(opMHUpOBaHUE YIUIOTHEHHOW MOICTHIKH, MHKPOOHOJIOTHYECKAsT YHUCTOTA, JUITMHA THUQ,

CTPYKTypHAasi opraHu3anms rud u T.1.).

N3 OGuomaccel, mpoayuupyemoii mocpenctsom IITOD, B pesynabrare MoNydaroT
ruoMuIieTOBbIE OMOMONCTUIIKY, MJIABAIONINE HA TIOBEPXHOCTH CJIOS JKUIKOCTH, KOTOPBIE
(U3NYECKN OTHENSIOTCS OT TBEPAOTrO CJost Chipbsi. IlonmydeHHas B pe3yjbTare
rudomMuLieTOBast OMOMOACTHIIKA TPENCTABIAET COOOM MO CYLIECTBY YHCTYIO T'PUOHYIO
OroMaccy, CTPYKTYPHO OPTaHW30BAHHYIO B BUJAE CBS3HOW M IUIOTHOW MOACTHIIKUA. JTa
MOJCTHJIKA MMEET BBICOKYIO TMPOYHOCTh HAa PACTSKEHHE W COCTOWT U3 JUIMHHBIX TH(Q,
CpeAHss UIMHA KOTOPBIX COCTaBJISIET OT HECKOJBKUX MUJUIMMETPOB 10 HECKOJIBKUX

cantuMeTpoB (kak mokazaHo Ha Pur. 1C, 11 wu 12). I'mpsl npeumyiecTBeHHO
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OpPTaHU30BaHbl MAPAJUIEIbHO MOBEPXHOCTH OHOMOJACTHIKA WU COEAMHSIOTCS KOMKaMHU
rprOOB BBICOKOH TNIOTHOCTU. [IOBEPXHOCTH OMOMOACTUIIKM MOXKET 0Opa30BbIBATh MIIU HE
00pa3oBBIBaTh BO3AYLIHbIE T'U(Pbl, OPUEHTUPOBAHHBIE MEPNEHANKYJSIPHO MOBEPXHOCTU
OnononcTunku. [ 'MpoOMHULIETOBYIO OMOMOACTUIIKY JIETKO M3BJIEYb U3 OKPY’KAIOIIEH Cpeabl
IJIsL POCTa, MOCKOJIBKY OHA (PU3UUECKH OTAEISIETCS OT JKHIKOTO WM TBEPAOro cydcTpaTa,
4yro obecreynBaeT OBICTPBIA M TPOCTOH COOP OTHOCHUTENBHO YHCTBIX T'M()OMHLIETOBBIX

OUOIOACTHJIOK.

Hanporus, npu BeipanmBaauy Ouomaccel ¢ nomombso TOD obpasyercs buomacca,
reTeporeHHO WHTErPUPOBAHHAS C TBEPABIM CyOCTPaTOM B Ciy4ailHOW KOH(UIYpalMu.
JlnuHa rud monydeHHOH OMoMacchl, Kak nmpaBuio, coctasisier 100 mxm (Dur. 14B). Kpome
TOro, OoMacca, moJy4eHHast ¢ moMoInblo TO®D, He SBIACTCS CBI3HOW M XapaKTepU3yeTCs
HHM3KOW MPOYHOCTBIO HAa PACTSKEHHE, TaK YTO €€ HEBO3MOJKHO COOpaTh B BUJE €IMHOTO
resioro (cM. @ur. 14A). [TonydeHHas B pe3yibTraTe CMeCh OMOMAcChl M TBEPIOTO cydcTpara
CKJIOHHA K HHM3KOH TIUJIOTHOCTH, OCOOEHHO MO CpPaBHEHHIO C TU(QOMHLIETOBBIMU

OMOMOACTUIIKAMH, TIOTYUYE€HHBIMU C TOMOIIbI0 [ITOO.

Tabmuua 6. Huxe onucans! kiodeBble pazanyuus Meroponoruid TOD u [ITOO:

TOD [ITOD

ITnotHOCTH (T GHOMACChI
mramma MK7 B pacuere | <5 120-180
Ha MacCy B CyXOM
COCTOSTHUW/KT CMECH
MUTATEIbHOU Cpebl U

cybcTpara
IIpounocTs Ha buomacca BO BiaxxHOM
pacTsKeHne HeBo3mM0XHO U3MEpUTH cocrosiaum: 0,05-0,24

Kr/o0Iasi IUpUHA, CpeaHee
~0,009 xr/o01mas mupuHa.
buomacca B cyxom
cocrostHrH (Oe3
nanbHelme obpaboTku):
2—-6 kr/o0mmas mupuHa,
cpennee ~3 kr/obmast
HIUPHHA.
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OCMOTHYECKOE aBJIEHUE

(MoJ1B)

MUTATENbHOU Cpeibl 3,4 18,6
(atm)

Honnas cuna

IIUTATEIbHOU CPEJIbI 0,077 0,368

Twum KJIeToK,
WCTIOJIb3YE€MbIN JJIs
MOCEBHOM KYJIBTYPbI

I'ndosble kneTKH
CTaIMOHAPHOM (asbl (T.€.
KJIETKH JUTUHOMH > 100 MKM)

IInaBaromue KaeTku
HO30HEN
SKCMOHEHINATBHOH (a3bl
(T.e. xjeTku nuHOM <20
MKM)

JIMrHOLIEJIJTFOJI03a B 25 2,5-25
nutarenbHou cpene (%)

Cpenusist nimiHa rudbI 0,001-0,02 cm 0,05-2 cm
Opuenranus Tudbl CrnydaitHas [TapannensHas
Koneunast komno3unus Menee 5% rpuboB Bonee 95% rpudos
(%)

Koneunas koncuctenuuss | XpyImkas, HECBsI3Has, IIpouHas, cBsA3Has,
OMOMONICTHIIKH reTepOreHHast TOMOTEHHas!

ITpumep 19. TOD u IITPD xoma caxapHOl cBekJibl InTaMmmoM MK7

buomaccy mramma MK7 nonyvanu ¢ ucnosibzoBanueM criocooos TOD u [TTOO ¢
JKOMOM CaxapHOH CBEKJIbl B Ka4eCTBE OCHOBHOI'O MCTOYHHKA yriiepona. CBEKJIOBUUYHBIM
JKOM TIPEICTABJISIET COOOM BEreTATUBHYIO YaCTh CAXapHOM CBEKJIbI, KOTOPAasi OCTAETCS MOCIIe
U3BJIEYEHUSI CaXapa U3 CBEKJIOBUYHOIO KOMa Ha repepadaThiBaAIOIIEM MpeanpusTi. KoM
caxapHOU CBEKJIbI ObUI TOJy4e€H ¢ MPOU3BOACTBEHHOro mpenmpustus Western Sugar
Cooperative B r. bumunre, Monrana, CIIA, u cocTosin u3z npudnu3utenbHo 24% cyxoro
BeniecTna, 9,1% HeounmenHnoro 6enka, 0,6% HeOYHIEHHOTO Kupa, 23,1% HeOUHIIEHHOTO

BOJIOKHA, 4% 3061 1 0,56% Kambius.

s sxenepumMenTta o TP 50 r cyxoro CBEKJIOBUYHOIO KOMa CMeluBain ¢ 250
M1 Bozibl. CMech CTEPHIIN30BAIM B aBTOKJIABE ISl TapaHTUN CTEPUIIbHOCTH B TedeHue 20
muHyT.  [locie oxjaxkpeHuss [0 KOMHATHOH Ttemmepatypsl (okono 23°C) cmech

uHOKyJupoBau 250 mr BrnaxHoW Ouomoactmiku mramma MK7, BeIpalneHHOH B BUIe
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OMOMONCTUIIKM HAa TOBEPXHOCTU CMECHU KYKYPY3HOW COJIOMBI U BOJIBL. BHOMOICTHIIKY
mramMmma MK7 nepememmnBaiu B CMECH CBEKJIOBUYHOIO >KOMa CTEPUIM30BAHHBIM
mnaTeaeM, U MOJYYEHHYK) B pe3yJbTaTe€ WHOKYJUPOBAHHYI) CMECh OCTAaBIUIA IS

MHKyOalMy pu KOMHATHOH TemrepaTtype B TedeHue 4, 5 1 7 CyToK.

JList sxcniepuMeHToB ¢ [ITO®D cBeKIOBUYHBINH KOM 100ABIISIIN B KOHLEHTpaUUu 7%
K muTateNnbHOU cpene mramma MK7-1 Y2 koHUeHTpauuu (OTHOLIEHHE MAacChl JKOMa K
00BeMy KHIKOCTH) 10 nodydeHus: 300 M nuTareabHON cpenpl. pH muTaTenbHOM cpembl
nosommu 110 4,8 nobaBneHweMm cootBeTcTByromero kojmudectsa HCl ¢ mocnenyrommm
KunsiueHueM B TeueHne 20 munyT. llocne oxnakaeHus: 10 KOMHaTHOU Temneparypsl 100
mr Omononctunku MK?7, BepameHHOil B Buae T'H(pOMHUIIETOBONW OWOMOACTHIIKH Ha
MIOBEPXHOCTH CMeCH KyKypy3HOM COJOMBI M BOAbI, kak omnucaHo B mnpumepe C,
NEePEeMEIINBAIN C TUTATENBHON CPEON C MOMOIIBIO CTEPUIN30BaHHON mnarens. pH cHoBa
nosoamu 10 4,8 nobasieruem coorBercTByromero konmmdectsa HCI, a 3atem mobasmnsiim
amukBOTBI 1Mo 100 M WHOKYJIMPOBAHHOM MUTATEIBHOH Cpeabl HAa OCHOBE JXOMa B
CTEPUIM30BaHHbIE CTEKNsHHBIE JOoTKU 0,023 M* Pyrex®, mocne yero JOTKM MOMEINAJA B
CHCTEMY IITATUBOB JJIs IOTKOB. MTHOKYIMpPOBaHHYO0 cMech HHKyOuposanmu npu 23° + 1°C ¢
NOJIyYEeHHEM B pe3ysbTaTe T'MOKHX, IUIOTHBIX OHOMOACTWIOK, TOJIIUHA KOTOPBIX
cocraBisia 2,9, 3.4 u 4,1 mm nocne 4, 5 u 7 CyTOK COOTBETCTBEHHO. buonoactumnku
cobupanu u BeicymmBanu npu S0°C B TeueHue 48 4, U UX Macca B CyXOM COCTOSIHUH
coctasisiia 1,85 r (4 cytok), 2,25 r (5 cyrok) u 2,85 r (7 cyrok). KoHBepcHs CBEKJIOBUYHOTO
»KOMa B OMOMAcCy B CYXOM COCTOSIHUM cocTaBiisiia 26,4%, 32,1% u 40,7% nist moaCTUIIOK
4,5 u 7 CyTOK COOTBETCTBEHHO. [IIOTHOCTHM OMOMOACTHIIOK B pacueTe Ha MacCy B CYXOM
COCTOSTHUH MaKCUMAJIbHOTO 00beMa buonoacTunku coctasmsimm 0,028, 0,029 u 0,030 r/cm’

ISl TOACTUIOK 4, 5 1 7 CYyTOK COOTBETCTBEHHO.

B pesynbrare BbIpamuBanus ¢ ucnojib3oBanueM TAD u ¢ ucnonsvzopanuem [[TOD
(OPMUPYIOTCSI 3HAUYUTENBHO paznuyaroiuecs: oOuomaccol. B pesynprare TO® nomyvanu
CTPYKTYpbl OMOMACCHI, TMPENCTABISAIOLINE COOOH HepasnenuMble CMecH OnoMacchl U
cyocTpara. OTH CMeCH COCTOSsIM U3 TPUOHOW OMOMAcChl HU3KOW IUIOTHOCTH,

HepeIUIETeHHOM BOKPYT U BHYTPU (PparMeHToOB cyOCTpaTa Ha OCHOBE CBEKJIOBUYHOIO JKOMA.
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OTu HepasmenuMble CMECH B OCHOBHOM COCTOSJIM W3 CyOCTpaTa, 4YepenyroLerocs ¢
HE3HAYUTEJIbHBIM KOJIHUYECTBOM IpuOHOM Onomaccel. Otnenenne Gnomacchl OT cydcTpara
HE TPOBOAMIIH, MOCKOJIBKY AJISI TOrO MOTpedoBajach Obl CYIEeCTBEHHAs! NOMOIHUTENbHAS

00paboTKa, OCyIIeCTBICHNE KOTOPOH 3aTPYAHUTENBHO C TEXHUUECKOH TOYKHU 3PEHHUSI.

Hamporus, B pesynbrare I[ITO® nonyuwnu rudomMunieToBbie OHOMOACTHIIKH,
KOTOpbIE MOJKHO OBLIO OTHENUTh (PU3MYECKH M OTJIHWYUTh OT CyOCTpata Ha OCHOBE
CBEKJIOBUYHOTO KOMA, YTO TO3BOJSIET HEMOCPEACTBEHHO U HANPsSMYK COOUpaTh
OuonopcTunky.  JIOMOJHUTENPHO  TOJYYEHHbIE B  pe3ysbTare T'u(OMHULIETOBBIE
OuonoACTUNKN ObUIM TUIOTHBIMH, IO CYINECTBY YHUCTBIMH M HE COAEPIKaIH JJTHHHBIX

napasIeNbHbIX TH(.

ITpumep 20. Poct rudomuneroseix Omonoactwiok mramMa MK7 Ha orxopmax
MOPKOBH U KamycCTbl OPOKKOJIH

ITnorasle Owonoxctwinku mramMmMa MK7 Obutn momydeHsl 3a 6 CYTOK €
UCTIOJIb30BAHMEM B KadyeCTBE ChIPbs TI'OMOI'€HM3HPOBAHHOM KaryCThl OpPOKKONIM WU
rOMOT'€HHU3UPOBAaHHON MOpKOBU. KamycTy OpOKKOJIM 1 MOPKOBb MMPUOOPETANN Y KOMIIAHUU
Costco Wholesale B r. bosmen, Montana, CIIIA. 100 rpaMMOB Ka)XIOrO BHIAQ ChIPbsI
TOMOT€HM3HPOBAJIA OTHENBPHO B KOMMEPYECKOM KYXOHHOM KOMOaiiHe, MCIOIb3ys
METAJJTUYECKYIO JIONMACTh C BBICOKOW CKOPOCTBIO, B TE€UEHHE 5 MUHYT U MOMEIIalu B 2-
JMTPOBbIE XUMHUECKUe cTakanbl ¢ 9000 myu BomonpoBoxHO# Bonbl s ¢opmupoBanus

CMECH HO6aBH$I.]'[I/I MPUBCACHHBIC HUXKEC CPEIHUE KOHLICHTPAIUN coJieit:

/n
NH4NOs 5,25
MoueBuHa 1,75
KH>PO4 5,0
CaCl, 1,0
MgSO4+7 H,0 1,0

MUKpOHYTPHEHTBl ~ MI/J
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FeSO4+7 H>0 2,50
ZnS04+7 H,0 1,10
MnCly+4 H,O 0,25
CoCly+6 H,O 0,08
Cu SO4+5 H,0 0,08
(NH4)sMo7024+4 H,0 0,06
H;BO; 0,06

DOJITA, cBobomHas kuciora 19,63

pH cmecu noBogmnu 1o 3,5 nobasnenuem 1,3 min konuertpuposannoit HCl. Cpeny
3aKpbIBAIN AMOMUHUEBOH (pombroii, a 3areM kumaTwid B TeueHne 30 muuyT. Ilocne
OXJIAKISHUs 10 KOMHATHOH Temmeparypsl (okono 23°C) k cpene modasnsiu S0 mi (7,5%
00BpeM/00BEM) TIOCEBHOW KYJIBTYpPBI, MOATOTOBJIEHHOW, KaK OMUCAHO B MpuMepe 3,
no0aBmsiM B Cpedy IUId KaXkKOOro BHAA ChIPbS M IEpPEeMELIMBAIM A0 00pa30BaHUs
TOMOI€HHOM cMecH. 250 MJI CMECH HaJMBaJIu B YETBHIPE OTAEJBHBIX JIOTKA 5SX7 AOUMOB
(0,02 M*) u 3axpeiBanu TieHKoH Saran®. JIoTkM KyJIbTUBMPOBAJIM B TeYeHUEe 7 CYTOK TpH
23°+ 1°C, mocne yero cobupanmu. Ilonydennas B pe3ysbrate buomacca npeacTasiisiia CoO0iM
ruOKyIO TUIOTHYIO TH(OMHUIIETOBYIO OMOMOACTHIIKY, HE COMEPIKAIIYI0 OCTATOYHOTO ChIPhSI
KamycTbl OpOKKONM MM MOpPKOBH. Takum oOpasom, Obuia mosydeHa rugOMHULIETOBAsS
OMOMOACTHIIKA, KOTOpAsi HE COAeprkajia OCTATKOB ChIPbS M COCTOSIIA U3 TI0 CYIIEeCTBY YUCTON
rpubHoi 6nomaccet MK 7. Cpennsist apudmerndeckas BendrHa pH 0CTaTOYHOMN JKUIKOCTH
nocyie coopa cocrasisuia 6,2. CpenHsisi TONUMHA OUOMOACTHIIOK BO BJIQYKHOM COCTOSTHUH
coctasnsiia 3 = 1 mm. ['npomunieroBsie OnonoacTmiku Boicymmsain npu S0°C B TeueHne
72 4, W cpelHHE 3HAUEHUs MacChl B CYXOM COCTOSIHUM + CTaHIAApTHOE OTKJIOHEHHE
coctaBysi 1,7 £ 0,2 v nust 6pokkonu u 1,7 = 0,2 r nnst mopkosu. CpenHsisi KOHBEPCHUS
OpPOKKOJIM B MacCy B CYXOM COCTOSIHHH COCTaBsiia 52 + 5 r maccsl mramma MK7 B cyxom
coctossHUN/ 100 T Maccel OPOKKOJIM B CyXOM COCTOSIHUU. CpenHsisi KOHBEPCUSI MOPKOBU B
MacCy B CYXOM COCTOSIHUM cocTaBsuia S5 £+ 7 r maceel mtamma MK7 B cyxom

coctossHUK/ 100 T Macchbl MOPKOBHU B CYXOM COCTOSIHHUH.
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Ilpumep 21. KynpruBuposanue wmramma MK7 Ha cypporare roponckux
OpPTaHUYECKUX OTXOMOB (CKOIIEHHAs TPaBa U JIUCThS B 3aBUCHMOCTU OT NPEABAPUTEIBHON
00paboTKN)

KonuuecTBeHHast OIIEHKA BJIMSHHS INPENBAPUTEIbHON 0OpabOTKM KHCIOTOH U
OCHOBaHMEM Ha TOpPOJCKHE OpPraHWYECKHe OTXOAbl MPENCcTaBsuia coOOH (YHKLHUIO
NPOLICHTHON JOJM KOHBEPCHUHU ChIPbsi B TM(YOMHLETOBYIO OHOMOACTHIKY. CKOIIEHHYIO
TPaBy MSITJIMKA JIyTOBOTO U JIUCThS SICEHS MO OTAEIBHOCTH BbiCymmBainu npu 60°C no
comepkaHusi Biard MeHee 8%. Kaxnaplil BUA CbIpbs HW3MeNbYald B KOMMEPUYECKOM

OneHnepe 10 MEJKOTO MOPOLIKA.

IIpensapurensanie 06paborku kuciaoroit HCI

* 10 r TpaBe/nmuctheB (50:50 B pacyere Ha Maccy B CyXoM cocTostHuHM) B 100 mi
BomonpoBoxHo# Boasl npu pH 2,5 (moBomunu 33% HCI) noaseprann npeaBapuTenbHOR

o0OpaboTke kumstueHneM B TeueHre 10 MUHYT B 3 MOBTOPHOCTSIX.

* 10 r TpaBb/nuctheB (50:50 B pacdyere Ha Maccy B CyXoM cocTossHuHM) B 100 mi
BogonpoBoaHoil Boawl npu pH 2,5 (moBomumu 33% HCI) ¢ noGasnenuem 10 mmons/n
MnSO4 noaBeprainu npenBapuTesbHON 00paboTke KurmsiueHreM B TeueHue 10 MUHYT B 3

HOBTOPHOCTSIX.

* 10 r TpaBb/nucTheB (50:50 B pacyere Ha Maccy B CyXoM coctostHuu) B 100 mi
mutatenbHoit  cpensl MK7-1 mpu pH 2,5 (moBomwnmu 33% HCI) mnoxsepramu

npeaBapuTebHON 00paboTke kumsueHneM B TeueHue 10 MUHYT B 3 OBTOPHOCTSIX.

* 10 r TpaBe/nmuctheB (50:50 B pacyere Ha Maccy B CyXoM cocTostHuHM) B 100 mi
nuratenbHoi cpensl MK7-1 npu pH 2,5 (noBoammu 33% HCI) ¢ nobasnenuem 10 mmos/n
MnSO4 noasepranu npeaBapuTenbHON 00padoTKe KurisiueHneM B TedeHue 10 MuUHYT B 3

MOBTOPHOCTSIX.

IIpensapurensanie 06padborku ocHoBanueM NaOQH
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* 10 r TpaBb/nuctheB (50:50 B pacyere Ha Maccy B CyXoM cocTossHuHM) B 100 mi
BogonpoBozaHoi Boae! ipu pH 10,75 (moBoaunu 1% NaOH) noxsepranu npenBapuTenbHON
obpabotke kumsyenuem B TedeHue 10 muHyT B 3 moBTOpHOCTsX. Koneunwni pH 2,5

nosoxu HCIL.

* 10 r TpaBb/nuctheB (50:50 B pacyere Ha Maccy B CyXOM cocTostHuHu) B 100 mu
BomonpoBoaHoit Boabl pu pH 10,75 (moBomumu 1% NaOH) ¢ noGasnennem 10 mmonb/n
MnSO4 noasepranu npeaBapuTeIbHON 00padoTKe KursiueHueM B TedeHue 10 MUHYT B 3

nosropHocTsX. Koneunsiit pH 2,5 noogunmu HCI.

* 10 r TpaBe/muctheB (50:50 B pacyere Ha Maccy B CyXoM coctostHuHM) B 100 mi
mutatenbHoi  cpenpl MK7-1 mpu pH 10,75 (moBommnmm 1% NaOH) noxsepramu
npenBaputenbHOl 00padoTke KkumsiyeHueM B TedeHne 10 MHHYT B 3 TOBTOPHOCTSX.

Koneunsiii pH 2,5 nosoxumu HCI.

* 10 r TpaBe/mucteeB (50:50 B pacdyere Ha Maccy B CyXOM cOCTOsiHUHM) B 100 mi
nuratenpbHoi cpenpl MK7-1 mpu pH 10,75 (moBonunu 1% NaOH) ¢ noGasnenuem 10
mmonb/1 MnSQOs moaBepraiu mnpenBapuTeIbHON 00paboTke KumsiueHHeM B TedeHue 10

MHHYT B 3 noBropHOcTsX. Koneunsiii pH 2,5 nosopunu HCI.

KoHTpOoJbHEIE IPEABAPUTEILHEIE O6Da60TKI/I

* 10 r TpaBb/nucTheB (50:50 B pacyere Ha Maccy B CyXoM cocTostHuu) B 100 mi

BOZONIPOBOHOM BOABI B 3 moBTOpHOCTAX. Koneunslii pH 5,5.

* 10 r TpaBe/nmuctheB (50:50 B pacyere Ha Maccy B CyXoM cocTostHuHM) B 100 mi
BOJONPOBOZIHOM BOfbI ¢ nodasneHueM 10 mmons/n MnSO4 B 3 nmoBTopHOCTSIX. KOHEUHBIH

pH 5.,5.

* 10 r TpaBb/nuctheB (50:50 B pacdyere Ha Maccy B CyXoM coctossHuHM) B 100 mi

nutaTenbHoU cpenpl MK7-1 B 3 nosropHocTsax. Koneunsiii pH 5,5.
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* 10 r TpaBb/nuctheB (50:50 B pacyere Ha Maccy B CyXoM cocTossHuHM) B 100 mi
nuratenbHoi cpenbl MK7-1 ¢ noGaenennem 10 mmonb/n MnSO4 B 3 HOBTOPHOCTSIX.

Koneunsiii pH 5,5.

O6pa3up! nomeranu B JoTku 12,7 X 12,7 cM, 3aKpbIBajM. a 3aTeM UHKYOUPOBAJIH B
TeueHue 7 cyTok. Pesynbrarel npencrasiaeHsl Ha Pur. 15. B kaxxaom ciaydae npuMeHeHue
npeBapuUTeIbHON 00pabOTKH MPUBOIUIIO K MOBBILICHUIO TIOYYEHHON B Pe3yJIbTaTe JOJIU
KOHBEPCHH B MPOIEHTaxX. Takum oOpa3om, B pe3yjbTaTe MPUMEHEHUS MPerBaPUTEIbHON
00pabOTKM KHCJIOTOH WJIM OCHOBAHHWEM M JOOABJICHUS MapraHia KOHBEPCHS ChIPbs B
NOJYYEHHYO B pe3yJbTare TU(POMULETOBYIO  OHONMOACTHIKY  KOJWYECTBEHHO

yBEJINYHUBAJIAC.

ITpumep 22. Poct Gnononctunok mramma MK7 Ha kpaxmane

ITpu wcroNb30BaHNM Kpaxmaja B Ka4eCTBE MCTOYHHKA YIJIEPOAa M MHUTATEJbHBIX
BEIIECTB (ChIPbsI) IUNIOTHBIE T oMULIETOBBIe OnonoAcTKY mTamMmma MK 7 ObUTH Oy YeHbI
y’Ke B TeueHue 4 CyToK. B 3THX KOHKPETHBIX SKCIIEPUMEHTaX NCIOb30BaIH Kpaxman 100%
Argo Corn Starch mpoussonctsa Argo Food Companies, Inc (r. Mem¢uc, Tenneccu, CIITA),

npuoOpeTeHHbIH B cynepmapkere AnbOepTcoHa B . bosmen, mrtatr Monrana, CIIIA.

T'oToBUIM TPU CeprM KpaXMabHOH MUTATENbHOM cpenbl, nobasisist 6%, 8% u 10%
CyXOro MopoInKa KpaxmMana K 6 1 o0beMaM BOJONPOBOAHON BOZABI MUTHEBOIO KA4eCTBA B
CTaJIbHBIX KOHTeHHepax eMKOocThio 10 j1. 1y cMech nononssu conamu MK 7-1 u kunsatunu
B TeyeHre 10 MUHYT ¢ MOCJIENYIOIUM OXJIAXKISHHEM 10 KOMHATHOU TeMIlepaTypbl (OKOJIO
23°C). B pesynbraTte HarpeBaHusi cMecH 00pa30BaINCh CIIUThIE KOMKH KpaxMaja, KOTOpbIe
¢usuyeckn apodbunu Ha Oonee wmenkue komku. Jloommnu pH cmecu no 2,7 u
uHOKynupoBau  7,5%  (oObem/00beM) TOCEBHOW  KynbTypel mTamma MK7,

MOATOTOBJICHHOM, KaK OMKUCAHO B mpuMepe 3.

AnukBoTBl 1O 1,5 MHOKYJIMPOBAHHOHN NMUTATENIBHON Cpeabl NOOABISIA B UYETHIPE

2

2

NPOAEe3UH(UINPOBAHHBIX TOJUIIPOIMIUIEHOBBIX JIoTKa 0,25 M°, moMemaiu B CHUCTEMY

IITATUBOB JJIs1 JIOTKOB M uHKyOupoBanmu npu 23° £ 1°C. IlnorHele rudomMuneroBbie
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OMOMONCTIIIKN HAOJIIONAIN yKe uepe3 2 CYTOK pocTa, U OMOMOACTIIIKH coOupaiu yepes 6
cyrok. Cpennee apupmerndyeckoe BeJIUIUHBI pH OCTaTOUHON >XKUAKOCTH, OCTABLIEHCS B
JIOTKax mocie coopa, cocrasinsuia 6,05, 6,11 u 5,88 nns sxkcnepumeHToB ¢ 6%, 8% u 10%
Kpaxmayia cooTBeTcTBeHHO. CpenHee apupMeTHUECKOE TOJIUHBI  OUOTOACTHUIIOK
cocTaBisuio 2,9, 3,1 u 3,3 MM 7151 TpeX SKCIIEPUMEHTOB COOTBETCTBEHHO. [ HdomurieroBbie
Oouonoactuiku BeicyuBaiu mpu S0°C B TeueHue 72 4, U CpeAHUE 3HAYSHUS MACCHI B CYXOM
COCTOSIHMHM £ CTAHJIAPTHOE OTKJIOHeHUe cocTaBisiiu 29,0+ 1,3,34,4+ 1,5u 38,2+ 1,9 r s
JIOTKOB B U€ThIpeX MOBTOPHOCTSX, coaepskamux 6%, 8% u 10% kpaxmania COOTBETCTBEHHO.
JTO 5KBUBAJIEHTHO J0Jie KOHBEPCUH B MPOLIEHTaX, cocTaBistoeit 32, 29 u 25% kpaxmana
OT MacChl THU(OMHIIETOBBIX OHOMOACTHIOK B CyxoM coctossHuu. CpemnHue 3HAYEeHHS
TUIOTHOCTH B pacueTe Ha MacCy B CYXOM COCTOSIHUH JJisl TH()OMHUIIETOBBIX OMOTMOICTHIIOK BO
BIAKHOM cocTosHuu cocTapiasanu 0,04, 0,04 u 0,05 r/cm® mns Tpex SKCIEPUMEHTOB

COOTBCTCTBEHHO.

ITpumep 23. Poct rudomuueroBbix Oumonoxctmwiok mramma MK7 Ha moTokax
OTXOZOB NepepaboTKu KapTodens

[Tnotueie Owomoxctwinku mramma MK7 Obutn mojydeHsl 3a 7 CYTOK C
UCIIOJIb30BAHHEM OTXONOB MepepaboTku kKaprodens B KauecTBe MCTOYHHUKA YIJIEposa U
UCTOYHUKA THTATENIbHBIX BellecTB (Cbipbsi). OTXonbl nepepaboTku KapTodens 0ObIYHO
o0pasyroTcst B pesysbrare nepepaboTku kapTodens W BKJIIOYAIOT MOTOKH OTXOIOB U3
omepaluii TPOMBIBKH, OUMCTKH M pe3ku (T.e. NPUrOTOBJIeHUs Kaprodens ¢pwu,
KapTodesIbHBIX KyOHKOB, XJIONBEB U T.11.). [10TOKM 0TXOA0B nepepaboTku KapTodess TakKe
BKJIFOYAIOT Ky4d KapTO(ENTbHBIX OTOPOCOB, CONEPIKAIIUX MHOTOYHCICHHBIE IOTOKH
oTXomoB TiepepaboTku kaptodens, coOpaHHbIE B HEYNOPSIOYSHHBIE MACCHUBBI H
TOJIBEPTaIOIIUECs] BO3ACHCTBUIO MPHPOMHON OKpysKaromeld cpenbl 0e3 KaKux-JTudo
NOKPBITHI. B maHHOM mpuMepe MOTOK OTXOAOB mepepaboTKu KapTodesst, COCTOAIMNN U3
OTXOZOB MepepaboTKH Pa3IMYHBIX COPTOB KapTodens, Obut monyyeH ¢ ¢epmsl Bauch B 1.
VYaiirxomn, mrar MonTaHa, 21 centsops 2016 r. u ucrnonp30BaH B npenenax 48 4acoB B
Ka4eCTBE NCTOYHHKA YTIIIepOJa U MUTATENbHBIX BELIECTB JIJIsl BHIPAIIMBAHUS OHOTIOCTHIIOK

mramma MK7.
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KaprodenbHbie 00pe3ku NPeAcTaBISIOT COOONW KyCOukH KapTtodens, KOTOpbIe
OCTalOTCs ociie Hape3ku kaprodens ¢ppu u3 uenbix kaprodenun. KaprodensHbie 0Ope3ku
UMEIOT pa3fIvHble pasMepbl U (POPMbI, B Ka4eCTBE HE HMEIOINEro OrpaHHYUTENIbHOTO
XapakTepa npumepa OT TOHKHX JIOMTUKOB IO KYCOYKOB, JOCTUTAOIIUX 6 JHOHMOB AJTUHBI U
0,5 mroiiMoB ToIMHBI Wik Ooniee. CBeskre 0TOPOCH B OOJIBIINHCTBE CIYYAEB OMHUCHIBAIOT
KYCOYKH KapTodesisi, KOTOPbIE BBIPE3AIOT U3 KAPTOQEJIsi H3-3a €r0 MOBPEKACHHSI, CAaBICHUSI
U T.. B HEKOTOpBIX ciy4asx B 00pasiibl OTOPOCOB BKJIFOYAIOT LieJible KapTO(ETHHBL

O4HCTKY MPEUMYIIECTBEHHO MPEICTABIISIOT COOOH KOXKYPY, CUUIIAEMYIO C KapTodes.

KaprodenbHbie 00pe3ku, oTOpOCH! U KOXKYPYy 00padaThiBaid B KYXOHHOM KOMOaitHe
0 TOMOTEHHOW KOHCUCTeHIHMH (KyxOHHBbIH KombailiH Farbarware wmonmenmu 103742,
YCTAHOBJIEHHBIN Ha BBICOKYIO CKOPOCTH) MapTusiMu oObeMa mpudmmsurensro 500 mi B
TedeHne | MuHYTHL. B mensx ommcanus B JaHHOM npumepe obpasipl, 00padoTaHHBIE B

KYXOHHOM KOMOaliHe, Ha3bIBaIOT MECHBOM.

Mecugo u3 kapToespHbIX 0OPE3KOB U CBEKHMX OTXO0B A00ABIISUIN B 1BE BAPOUYHbIE
KACTPIOJIM W3 HEPIKABEKOILIEW CTaJd C 3MOKCUIHBIM IOKPBITUEM €MKOCTBKO 15 11 B
cootHowmeHnu 10% Macchl MECHBA BO BJIaKHOM COCTOSTHUU K 00beMY NMUTATEIbHON Cpebl
MK?7-1, T.e. B orHOmeHuu 500 r mecusa Ha 4,5 11 )xuakoi nurtatenbHou cpeasl MK7-1, ¢
nojydenueMm cmecu. pH cmecu nosogwnu no 2,45 koHuentpuposanHoi HCI. IToceBnyro
KynbTypy mrammva MK7, MOArOTOBJIEHHYHO, KaK OMUCAHO B mpuMepe 3, MoOaBsUIM B
otHoweHnu 7,5% obOwvem/oObem (T.e. 375 M1 MOCEeBHOH KyJbTypbl Ha 4625 MJ CMecH).
AnukBoTel 1O 1,5 5 HMHOKYJUPOBAaHHOH CyCHeH3MH JOOaBIsUIM B OTHENbHBIC
CTEpUIM30BaHHbIE ONTUIPONUIEHOBbIE NOTKH 0,25 M? B Tpex MOBTOPHOCTSIX U TIOMENIANHU B
CHCTEMY IITATHBOB AJis IOTKOB. Kynberypbl nakyouposamu ripu 23°+ 1°C ¢ nony4deHueM B
pe3ynbraTe TMOKHX, TUIOTHBIX OHOIOINCTHIIOK, coOpaHHBIX uepe3 7 cyrok. Cpennee
apudpmeTnyeckoe BeMUIMHbI pH OCTaTOUHON JKMIKOCTH, OCTAaBIUEHCS B JIOTKAX IOCIHE
cbopa, cocraBmsuio 7,1 nmust skcmepuMeHTa ¢ oOpe3kamMu M 6,9 Ui SKCIEpUMEHTa CO
cBeskumu otopocamu. CoOpaHHbIe OMOTIOACTHUIIKI MTPOMBIBAJIN B 7 J1 BOXOIPOBOJHON BOABI
IPU OCTOPOKHOM BCTPSIXMBAHUU B TeueHHe 10 MuHyT 1 BoicymBanu npu S0°C B TeueHne

72 4.



10

15

20

25

30

101

CpenHsist TonmuHa OMOMOACTHIIOK BO BJIAKHOM COCTOSIHUM cocTaBiisuia 3,8 + 0,9 MM
aust oopeskoB u 3,9+ 1,0 MM 11 oTOpocoB. CpenHue 3HaYeHHsI MacChl B CYXOM COCTOSTHUH
+ CTaHAApPTHOE OTKJIOHEHHUE il OMOMACCHI B KasKIOM JIOTKe cocTaBisuiu 33,6 £ 0,6 r mis
obpeskoB u 40,2 + 2,7 v ansa cBexkux otOpocoB. CpenHsisi MIOTHOCTh OMOMOIACTUIIOK B
pacueTe Ha MacCy B CyXOM cOCTOstHHHU cocTasisua 0,035 r/cm® mmst o6peskos u 0,041 r/em’
st otOpocoB. CpenHsisi KOHBEPCHs OOIIEro COAEP:KaHUsI TBEPIBIX BEHIECTB B MCXOIHBIX
NOOOYHBIX MPOAYKTAaX KapTodesss B OMOMOACTUIIKY B CYXOM COCTOSTHHUHM COCTaBisuia 36%
s oope3skoB u 43% mnsa ceexxux orOpocoB.  C yderom Toro (akra, uro 50%
notpedisiemoro mrammoM MK7 yriepona Beinensiercst B atMocepy B BUAE YIVIEKUCIOTO
raza, moutu 50% koHBepcuro cienosaio Obl cuntath 100% 3¢ (PEeKTHBHOCTBIO KOHBEPCHU

yriepona.

Ilepen npoBeaeHHEM SKCIEPUMEHTOB IO BbIPALIMBAHUIO H3MEIbYEHHbIE U
nepeMelIaHHble  KapTo(enbHble OYHCTKUA IpeaBapuTeNbHO  oOpabaTeiBaiy, YTOOBI
HOBBICUTh JIOCTYITHOCTb IUTATENbHBIX BEIIECTB KapPTO(ENbHbIX OYHUCTKOB MJIS ILITaMMa
MK?7. H3menbuyeHHble U NepeMelnaHHble kapTodenbHble ouucTku (175 1) nmobasisiiu B
Ka Kbl U3 IEBATH CTEKJITHHBIX JOTKOB 12,7 x 17,8 cm (0,023 cm?) Pyrex® ¢ mony4yeHuem
SKCINEPUMEHTAIBHOM MaTpULIbl [JIs1 TPeX OKCIEPUMEHTOB C TpPeMsl MOBTOPHOCTSIMHU B
kaxaoM. B akcnepumente 1 nobasssiiu SO M1 BOOOTIPOBOIHOM BOMIbI MTUTHEBOTO KAYECTBA.
B skcnepumente 2 nobasnsiin aaukBoTy 45 mut rugposnmsara mramma MK7, copepskarero
Habop ruaponutudecknx ¢epmeHtoB mramma MK7, BeiienenHbix mrammom MK7 mpu
BBIPAIUBAHMM HAa KyKypy3HOH cosome. B skcnepumente 3  noGasmsmm S0 mn
BOJIOTIPOBOIHOM BOABI M HAbOp KOMMepueckux (epmeHToB, cocrosmuii uz 0,05 r
nemurroniasbl Y-C (MP Biomedicals, Ne mo karanory 320951, Ne ToBapHoii maptuu M4156),
2,5 mn rmokoammnasel (Distillate VHP, Dupont), 2,5 mn ansda-amunaszst (APEZYME
ALPHA, 13,775 EJi/r, Dupont) u 2,5 ma 6era-rmoxonassl (Optimash TBG, Dupont). Jlotku
skcnepumenta 3 uHKyOupoBamu mnpu 50°C B teuernme 30 MUHYT Ui CTUMYJBIIHU
(epMEHTATUBHOIO THAPOJIM3a C TMOCIEAYIOIIUM KHUISTYEHHEM B TEUEHHe 5 MHUHYT IS
nHakTuBauun (QepmentoB. pH B oskcnepumeHtrax poBomwim a0 3,0, HCHONB3ys

koHueHTpupoBannyro HCl, u Bce notku wuHoOkymmpoBamu 10 mn mramma MK7,
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MOATOTOBJIEHHOTO, KaK OMHCaHO B mpumMepe 2. Yepes 7 cyTOK OMONMOACTUIIKM CHUMAIHU C
MOBEPXHOCTH JKUJIKOCTH, MPOMBIBAIA B BOAOIPOBOAHON Boje B TeueHue 10 cexyHO u
BeicymmBasid nipu 60°C B Teuenue 48 4. KonBepcust maccel KapTo(eNbHbIX OYHCTKOB B
CYyXOM COCTOSIHUM B MAacCy OHOIOJCTHJIOK B CYXOM COCTOSHHM cOcTaBiisuia. KOHTposb
(ronbko H>0) cpennee apudmerndeckoe = 5,9% (5,5%, 6,5% u 5,8%); @epmeHTHI ITAMMA
MK7 =9,0% (7,2%, 10,1% u 9,8%); u Kommepueckue pepmentsl = 9,9% (10,2%, 8,4% wu
11%).

IMpumep 24. AHaiM3 HAa NUTATENbHYIO LEHHOCTh OHOMACChHI, TOJYYEHHOH C
nomompo TOD, Mo cCpaBHEHUIO C OMOMOACTHIKAMH, OIYYEHHBIMH C momotbio [ITOD

AHaM3 Ha MUTATEIbHYIO LIEHHOCTD MO CPABHEHHIO OUOMOACTHIIOK, IOJYYEHHBIX B
pesynbrate Metononoruii TO® u ITTOD, Ob11 BeImonHEH rpynmoii nadoparopuii Eurofins.
O6pazusl TOD Opur MONMyUYeHBI MOCHE KyJIbTHBHpPOBaHUs mTamMma MK7 Ha KyKypy3HOH
COJIOME, TpeOBapUTENbHO OOpabOTaHHOM € TOMOINBID TEXHOJOTHH  pa3pyIleHUs
1esr010361 aMmuakoM (AFEX) Muuuranckoro uactutyra Ouorexsojyioruu. 150 r AFEX
nobasnsim k SO0 M1 BOOPOBOAHOM BOABI M CTEPUIIM30BAJIH B aBTokIase npu 121°C mocne
nosenenuss pH no 3,5 xonuentpuposanHoi HCL. IlonydenHyro B pesyibTaTe CMeCh
MHOKYJIMPOBAIX 25 MJI NOCEBHOMU KyJIbTyphl iTaMMa MK7 B cooTBeTcTBHM ¢ TpuMepom 18.
CycneH3nio NepeHOCHIN B CTeKJITHHBIH JIOTOK 23 X 23 cM Pyrex® u mHKyOMpoBaau npu
KOMHATHOU Temriepatype B TeueHue 11 cyrok. OOvenunennyro duomaccy mramma MK7 u
KYKYpy3HO# coyiombl cobupanu u BeicymuBanu npu 60°C B TeueHue 48 vyacoB. AHamu3
obmero copepxkaHusi Oenka, OOIIEro COAEpKaHUS BOJIOKOH, OOINEro ComepsKaHus
yIJIEBOAOB, 30JIbI U OOLIEro COoAepskKaHUsl KUPOB B oOpasuax ObUT BBIMOJIHEH TIPYIIIOH

nabdoparopuii Eurofins, CIITA (r. Jle-Moiin, Atiosa, CIIIA).

O6pazus! [ITOD Obutn oyueHbI U3 OMOTIOACTHIIOK, BBIPAIIIEHHBIX HA KYKYPY3HOH
conome, obpadorannoit 5% AFEX. 50 r xykypysHo#i comomsl, oOpaborannoii AFEX,
nobasnsm K 1 1 BOTONMPOBOAHOHN BOABI M CTEPMIIN30BAIN B aBrokiase npu 121°C mocne
nosenenuss pH no 3,5 xonuenrpuposanHoil HCL. IlonmyueHHyro B pe3yibTaTe CMeCh
UHOKYJIHpOBaIH 50 MJI MOCEBHOM KyJIbTypel iTamMa MK7, MOArOTOBIEHHOMH, KaK ONMUCAHO

B npumepe 3. CyCHeH3uI0 MEPEeHOCWNIH B CTEKJISAHHBIM JOTOK 23 X 23 cM Pyrex® wu
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MHKYOMPOBAJIM MPH KOMHATHOM Temmnepartype B Teuenue 11 cyrok. [Tonctunku cobupamu u
NPOMBIBAJIN B BOAOTIPOBOJHOM BOAe B TeueHue 30CeKyH] ¢ MOCIEAYOINM BbICYINBAHUEM
npu 60°C B TeueHne 24 yacoB. AHajau3 o0wero conep:kanus Oeka, 00LEero conep kaHus
BOJIOKOH, OOIIEro CoAep KaHusl YIJIEBOAOB, 30J1bI U OOIIEro COAepKaHus JKUPOB B 0Opasmax

ObL1 BBIMONIHEH rpynmnoii sadoparopuii Eurofins, CIIIA (r. /le-Moiin, Aiiosa, CIIIA).

Tabnuma 7.

Anamus Eurofing TOD [TOD
Obmmee conepkanue Oenka | 2,56 51,10
Obmmee conepkanue skupa | 0,60 12,00
Obmee conepkanue 80,30 23,30
BOJIOKOH

Ob1mee conepkaHue 2,10 <0,35
caxapoB

Ob1mee conepkaHue 30JIbI 15 12,40

ITpumep 25. AMMHOKHCIOTHBIM mnpoduap aumunodpunpHoro mramma MK7

ru(pOMHULIETOB

buonoactunka ammnodunsHoro mramma MK7 rudomuneros Obuia mojydeHa B
JIOTKOBBIX PEAKTOpax C HUCIOJb30BAHUEM CIoco0a, OMMCAHHOTO B mpumepax 2 U 3, B
nutatenbHoi cpene MK7-1. T'udosyro 6uomaccy u3 6 JIOTKOB OOBEIUHSIIH, TTOCIIE YEro
BeicymuBasid ipu 60°C B Teuenune 45 muuyT U S0°C B Teuenue 72 uvacos. 400 r >TOH
ruoBoli Oromacchl HampaBJsU B rpynmy Jjaboparopuii Eurofins Scientific Inc. Llentpa
aHanmu3a rmmtanHus B T. Jle-Motin, AtioBa, CIIIA, nns aHanmv3a mMUTaTeIbHONW MEHHOCTH.
AHamM3 aMHHOKHCIIOT TPOBOIWJIM C HCIIOJNB30BAHUEM TPU3HAHHBIX BO BCEM MHpE
crioco0oB, paspaboranHbIx Acconmanuedi opunmanpHeix  arpoxumukoB  (CIIIA)
(AOAC, or anrnm Association of Official Agricultural Chemists) B mnyOmukarmm
«Odummnansubie metons! anammzay. AOAC 988.15 mis tpunrodana, AOAC 994.12 mod.
st nuctrHa U MetrnonnHa, AOAC 982.30 mod. nunst anaHuHa, apriuHHA, acaparuHOBOM

KHUCJIOTHI, FJ'IyTElMPIHOBOfI KUCJIOTHI, TIJIMIOUHA, THCTHIAHWHA, HSOHeﬁHHHa, J'ICFII.[PIH&,
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¢deHnnanaHnHa, MPOJHHA, CEPUHA, TPEOHWHA, CYMMApHOTO JIM3MHA, THPO3WHA U BAJIMHA.
AMHHOKHUCJIOTHYIO KOMIIO3UIMI0 auupodunbHoro mramMmMa MK7  rudomuneros mo
IaHHbIM, mnpenctaBieHHbIM Eurofins, cpaBHMBamM € aMHUHOKHMCIOTHOW KOMITO3ULIMEH
MHKpOOpraHu3Ma [usarium venenatum, uctosibzyemMoro B kopme miist peid (Alriksson, B. ef
al. (2014) Fish feed from wood. Cellulose Chemistry and Technology 48:9—-10 (2014), Quorn
(Nutritional Profile of Quorn Mycoprotein, 2009), egg albumin (Food and Agriculture
Organization of the United Nations. The Amino Acid Content of Foods and Biological Data
on Proteins, Nutritional Study #24. Rome (1970). UNIPUB, Inc., 4611-F Assembly Drive,
Lanham, MD 20706) and Rhizopus oligosporus (Graham, D. C., Steinkraus, K. H. &
Hackler, L. R. (1976) Factors affecting production of mold mycelium and protein in
synthetic media. Appl Environ Microbiol 32:381-387), B Tabnuue 8. OOmmee conepkaHue
OeJka Mo JaHHBIM KOJIMYECTBEHHOTO OnpeeeHus cocTasisuio 41,5% u3 4,5% conepskanus
O6romaccel BO BJIaKHOM cOCTOSTHUH. ClienyeT OTMETUTb, YTO AU aluAO(PHIBHOTO ITaMMa
MK?7 rudomuretoB Obuta moka3aHa Ooyiee BBICOKAs KOHLEHTpAaLMs HE3aMEHHUMBIX
AMHMHOKHCJIOT 110 CPAaBHEHHIO CO BCEMH YETBIPbMSI U3 IPYTUX UCTOUHUKOB OEJIKa, U4TO JIEIaeT
mramMm MK7 rugomuneToB B BBICOKOH CTENEHM KeIaTeIbHbIM MCTOYHHUKOM Oenka s

MUIIEBBIX U KOPMOBBIX IMTPOAYKTOB.

Tabnuua 8. IlpencraBieHa KOHIEHTpALUs aMHHOKHCIIOT B MPOLIEHTaX OT OOIIero
Cofep KaHusl AMUHOKHUCIOT 1iist arpnoduinpHoro mramma MK7 rupoMHLIETOB U YeThIpex
UCTOYHUKOB IHUINEBbIX/KOPMOBBIX TMPOAYKTOB C BBICOKUM COAEpKaHHEM Oelka.

He3ameHuMble aMUHOKHCJIOTHI 0003HAYEHBI 3B63I[OLIKOI\/'I.

IMIramm Fusarium Quorn AnbOymuH | Rhizopus
MK7 venenatum njisi KypuHOTO | oligosporu
KOpMa JUIsl peIO sina s (memne)
*Tpunrodan 1,48% 0,94% 1,24% 1,18% 0,75%
IMuctun 1,04% 1,88%
*MeTHOHUH 1,65% 1,51% 1,59% 3,01% 0,58%
AnaHuH 16,38% 5,49%
Apruaus 5,39% 4,72% 4,54%
Acnaparunosa | 9,17% 6,09%
s KUCJIOTa
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I'myramunosas | 10,72% 10,89%

KHCJIOTA

I'nuiun 5,06% 2,89%

*"'ucTuaux 2,12% 2,69% 1,67%
*N3oneiux 4,48% 3,96% 3,93% 5,00%

*JlefiumH 6,84% 5,85% 6,55% 6,80%
*®Denunananu | 3,57% 3,72% 4,94%

H

IIponun 4,35% 2,92%

Cepun 4,45% 6,07%

*TpeoHuH 5,49% 3,77% 4,21% 3,41% 3,05%
* JIusuH 7,25% 5,66% 6,28% 4,64% 4,28%
Tuposzun 2,70% 3,21%

*BanuH 7,85% 4,72% 4,14% 6,02%

ITpumep 26. Tlpoaykumsa C18-OoraTeix aunmuaoB auuaouiIbHbIM mtammoM MK7
riu()OMHLIETOB U3 TIIMLEPUHA MTHIIEBOrO COPTa

[Tpurorosnenue cpensl: 4,5 nmurpa nuratenbHol cpeasl MK7-1 rorosumm ¢ 125 r/n
riunepuna (rmmuepud The Chemistry Store — Kosher, mummesoii copr, 6onee 99,7%, ASIN:
BOOKNILRWQ, nocrynao B Hurepuere) (562,5 rpamma) ¢ NHiNO3 u u3mensmm
KOHIIEHTPALMH MOYEBHHHOTO a30Ta A0 nosydeHus: orHomenus C:N 40:1 (mob yriepona B

ncrounuke C : Mmojib N B a30TCOACPIKALINX COGI[I/IHGHI/IHX).

Tabmuua 9. Kommnozuims cpenst MK7-1, moguduuupoBanHas ansi obecneueHus
otHomeHuss C:N 40:1 u xoHueHTpanuu rauuepuna 12,5%. MukpoHyTpHUEHTHI JOMOJHSIIN

nyteMm pobasnerus 2 mi/n  SO0-KpaTHOTO UCXOTHOTO PAaCTBOPA, OMHUCAHHOTO B Tabmuue 1

(ITpumep 1).
Cymmapssliit 00bemM 4,5
NH3sNO; (1) 10,8
MouesuHa (T) 3,7
CaClz (1) 9,0
MgS04-7TH,O (1) 9,0
KH;POq4 (1) 45,0

MUuKpOHYTPHEHTHI (MI1) 9,0
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I'uuepus (T) 563
I'uuepun (o) 0,446
Otnowenne C:N 401
pH 2,7
Heunonmsuposannas H,O (i) 4,05
HCI (M) 5,85

pH cmecu noBogunu 10 2,7 ¥ CTEPUIN30BAIM HArpEBAHUEM MYTEM KUIISTYCHUs B
TedeHue 30 MUHYT B 2-TUTPOBOH KOJOe DpiieHMeiiepa, py 3TOM KOJIOY 3aKPBIBAIH CBEPXY

amoMmuHIeBOU (Gonbroit. Cmech oxaxkaanu B TedeHue 2 4acos 1o 25°C.

Wuokynsuust: [loceBHyro kyasTypy (15 1/ cBOOOIHO MITABAIOIINX KJIETOK B pacyeTe
Ha MacCy B CYXOM COCTOSIHUM (CM. mpumep 3) HoOaBIsUM B OXJIAKIEHHYIO KOJIOY B
KOHEYHOH KOHIIEHTpauuu | I/11 B pacuere Ha Maccy B CyxoM coctosiHuH. Konly TimarensHo
nepeMelnBali Uil PaBHOMEPHOIO pacrpeneNieHns MOCeBHON KyibTypbl. CBoOOIHO
TUIABAKOII€E COCTOSTHUE KIJIETOK MPUHLUITHAIBHO BaXKHO AJIs1 (GOPMUPOBAHUS OMOTIOCTHIIKY,
U JKeJaTeIbHO CBECTU K MHUHHUMyMY OOpa30oBaHUE KJIETKAMH KJIacTepPoB (T.e. OUOIUICHKU
tomme 1 MM). B wupeane kmactepbl KJIETOK pasmepoMm Oonee 2,5 MM cleayer

OT(HUIBTPOBBIBATE U3 NMOCEBHOM KYJIBTYPHI NIEPEN PACIIPEEICHHEM.

WukyOarust u cbop: CMech ¢ MOCEBHOM KYJIbTYPOH paBHOMEPHO pacrpenesisuiv B
Tpu noTka 0,25 M*> B 06beme 1,5 TUTpa Ha OIMH JIOTOK MM 6 JTUTPOB HA KBAJPATHBIN MeTp
u naKyoupoBau npu 25 C, BinaxHocTn 90—-100% B Teuenue 8 cyrok. Cpsi3Hasi Omomacca B
BU/Ie OMOMOACTUIIKK 00pa3yercsi Mpu IUIOTHOCTH KJeToK 30 /1, u 3Ty OHoMaccy MOXHO
cobuparb B BUAE OOHOH CBS3HON NOACTUIKH. B OZHOM BOIUIOLIEHUH H300pETEHUsS
MOACTUJIKY MPOCTO CBEPTHIBAIOT C JOTKA (Pur. 6). TlopcTunky mpombIBaroT B TeueHue 30
CEKYHI, UCIIOJIb3Ysl MPOTOYHYIO BOAY, U OCTABJIAIOT AJIs NOACYLIMBAaHUA Kanejek Ha 5—10
MHUHYT. BBDKHMaHUS MOACTHIKU M30€rajy, MOCKONbKY MPH Ype3MEPHOM YIIAJICHUHU BIIAard
NPOUCXOIUT TOTepsi Oenka M APYrux NHUTATENbHBIX BellecTB rpuda. Macca rudosoi
Ouomacchl BO BJIAXKHOM COCTOSIHUM IIOCJ€ TOACYLIMBaHMUA Karejek cocTtaBisiia 410

rpammoB (un 1620 rpammos/m?). Copepskanue BiIard 6bUIO onpeneneHo kak 82% (T.e.
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Macca B CyxoM coctossHUU 18%), UTO COOTBETCTBYET Macce B CyXOM COCTOSHHH 73,8
r/notok uau 295 r/M*. Macca rudp)oBoii GHOMACCHI B CYXOM COCTOSIHMH, COCTABJISIOIIAS
18%, obnamaer mpeuMyIIeCTBOM IO CPAaBHEHHIO C mepepaboTkoil OmoMacchl APYrHX
rpuOOB, BBIPALIEHHBIX B MOTPYXKEHHBIX KYJIbTYypaX, Macca KOTOPHIX B CYXOM COCTOSTHHH B
XapakTepHOM ciy4ae coctasisier 1,5%. Hamportus, B crnocobax ypOBHSI TEXHUKU IS
TOCTHIKEHHSI XKeJIaeMOH IIOTHOCTH MPUOHOM OMOMAaCChl UCTIONB3YIOT LEHTPU(YTH (SHEPTO-
U KamuTaJOeMKHil mpouecc). ONHCAaHHBIA B HACTOSILEM IOKYMEHTe crocod Tpedyer
ropasio MeHbineil 00padoTku, 00OPYIOBaHUS U TIOAAYU SHEPTHH MO CPABHEHHIO C STHMU

OoJiee JOPOTOCTOSIIUMHE CITOCOOAMH.

Anamu3 nununos:  KomnmuecTBeHHYIO OLEHKY OOIIero coaepykaHus JHIHAIOB
MPOBOAMIIN C MOMOIIBI0 MUKPOCKONIHH B Y @—BUANMOM CBETE C OKPALTUBAHUEM HIJIBCKUM
kpacHbiM (Cooksey u coast., 1987, ®ur. 16), B koTOpol OBUIO YCTAHOBJIEHO OOIIEe
conepxkanue yununoB 40-50%. CyMmapHO€ KOJIMYECTBO BHYTPHUKJIETOUHBIX JIMITHUIOB
OTIPENENSII C HCIOJb30BAHUEM METONa NPSIMON mepesTepuprKaLuy, COMPSIKEHHOTO C
ananm3oM [’ X-MC, kak orucano B pabore Lohman u coast. (2013), nu 00Hapy kUM, 4TO OHO
coctaBisieT 39%. DTO COOTBETCTBYET MPOAYKILMH JUNUAoB 115 r munmumos/m? 3a 8 cyTok
(14 r/m*/cyTku) unu cpenneit mpoxyktueHOCTH 0,39 T/AMTp/4ac. DTH CKOPOCTH HAMHOTO
BBIIIE OOHAPYKMBAEMBIX B IOTPY)KEHHBIX KYJIBTYpax ¢ auuaoQpmiIbHbIM mTamMMoM MK7
rupomueroB ¢ 8%  rmuepuHoMm (0,245  r/m/u) wu  oOjMamarOT  BBICOKOM
KOHKYPEHTOCIIOCOOHOCTBIO MO CPAaBHEHHIO C IPYTMMU OpraHHU3MaMH, ONHCAHHBIMH B
JUTepaType, BKIKOYas Opoxcku U Bogopociu. Kpowme Toro, anunoduibHbii mrtamm MK7
riu()OMHLIETOB MPOAYLHUPYET JUIMHIbI C TAKUMH KOHKYPEHTOCMOCOOHBIMU CKOPOCTSIMU TIPH
OYEeHb BBICOKMX KOHIEHTPALUSAX TJIHIEPHUHA, KOTOPbIE HE MEPEHOCATCS OOJBIIMHCTBOM
OPTaHU3MOB, U SIBJIIETCS] €AMHCTBEHHBIM OPraHM3MOM (IO HMMEIOIIMMCS CBEIEHHSIM),
CTIIOCOOHBIM OCYIIECTBIIATH 3TOT MPOLIECC MPH KHUCIBIX nuana3onax pH, uro obecrneunBaer
3HAYUMBbIE TPEUMYINECTBA IJII OrPaHMYEHHMs KOHTaMHHaUMu. Kpome Toro, JUMMAHBIHA
k03¢ puumenT (r mununos/r cyocrpara) o0aagaeT BBICOKOH KOHKYPEHTOCTIOCOOHOCTBIO TIO
CPaBHEHUIO C JPYTUMHU I[OTaMMaMH, Ui KOTOPbIX OH cocraBisieT 0,21 r junumos/t
raunepruHa (cM. mpuiaraemyro Tabmuiyy).  IloBbllIeHHBIE CKOPOCTH TPOAYKLUU U

IUIOTHOCTH KJIeTOK 180 I/ MMEIT mpsiMoe NMpPUMEHEHHE IJIsl MepPeBOda B MPOMYKIIUIO
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MHUKPOOHBIX Macen INHPOKUM pPSAAOM MHMKPOOPTaHM3MOB, pa3palaThlBaeéMbIX WU

HaxXOoasAMUXCsa B KOMMEPUYECCKOM UCTIOJBb30BAHNHN B HACTOALLCC BPEMS.

[TpumeuarenbHo, uTo mnpodwmn JaunuaoB anupgopmipHoro mramma MK7
r'u(pOMHUIIETOB SIBJSIFOTCSI COTJIACOBAHHBIMH IIPU PA3IM4YHBIX Buaax obpabortku (T.e. pH,
TeMIeparypa, pOCTOBON CyOCTpaT, MPONOJIKUTEIbHOCTh KYJIbTHBHPOBAHUS, CONEPIKAHHE
BJIArH), IPH 3TOM npeodnanarot Tpuanminriaunepuasl C16:0 u C18:0, C18:1 u C18:2 (Gonee
95% ot obmero coxepykanus ununoB; Tabmuua 10 ke, @ur. 17). Ipoduim xupHbIX
KHCJIOT TAK)K€ MOKA3bIBAIOT Psii MPOAYKTOB, OOJNAJAIOINX BBICOKON LIEHHOCTHIO, BKIFOUAs
oMera-7 BaKLEHOBYIO KHCIOTY (MeTwi-11-okTanekaHoar), oMera-7 NaJlbMHUTOJEUHOBYIO
KHMCIIOTY (MeTHIrekcanen-9-eHoat, Toprosoe HaumeHosanue Provinal™) u meTunossiit
3pup TETPAKO3aHOBOW KUCIIOTBL. IJTH JKUPHbIE KUCJIOTHI SIBISIIOTCS PEAKUMH, OOBIYHO HE
OOHAapy’KMBaEMbIMH B PACTUTENBHBIX MacjaxX, YTO MOXeT O0ecrneYnTh 3HaUYUMOe

MOBBIICHUE A0X0Aa HAa TOHHY CbhIPbs, Y€EM TOJIbKO MPOU3BOACTBO 6I/IOI[I/136J'H:HOFO TOIJIKBA.

Tabmuma 10. MneHTHYHOCTh M KOHLIEHTPALMS JKUPHBIX KHCIOT, OOHAPYKUBAEMbIX
B Onomacce mramma MK7, kynsrusupyemoro ¢ 12,5% riaunepuHoM B TedeHHe 8 CyTOK pU

30 °C; u mpu orHomenuu C:N 40:1

TBepabie BemecTsa
EuroFin
(TB) (n=3)
% npodus % npodris
STD
M3XK M3XK
C10:0 (karmpuHOBast KHCIIOTA) 0,3% 0,1% 0,01%
C11:0 (yHnexaHOBast KUCIIOTA) 0,3% 0,0% 0,01%
C12:0 (naypuHOBasi KUCIIOTA) 0,3% 0,0% 0,00%
C14:0 (MupucTHHOBASI KHCIIOTA) 0,5% 0,4% 0,00%
C14:1 (MupuCTOIEHHOBAST KHCIIOTA) 0,3% 0,0% 0,00%
C15:0 (menTagexaHOBasi KUCJIOTA) 0,3% 0,3% 0,03%
C16:0 (manbMUTHHOBASI KHCJIOTA) 15,8% 21,2% 0,45%
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C16:1 omera 7 1,0% 0,8% 0,05%
C17:0 (maprapuHOBasi KUCIIOTA) 0,3% 0,1% 0,00%
C18:0 (creapuHOBast KUCIIOTA) 4,8% 14,7% 0,39%
C18:1 (onenHOBast KUCIOTA/U30MEPHI) 23,0% 31,9% 0,14%
C18:2 omera 6 (JiuHOJIEBasI KMCIIOTA) 42.8% 26,8% 0,60%
C18:2 (u3omepsni) 1,0% 0,2% 0,00%
C18:3 (iuHONEeHOBAsT KUCJIOTa/U30MEPHI) 2.3% 0,9% 0,07%
C20:0 (apaxuauHOBask KUCJIOTA) 0,3% 0,7% 0,02%
C20:1 (ragonenHOBasT KMCIIOTA/U30MEPHI) 0,3% 0,1% 0,01%
C18:5 omera 3 (reHsiiko3aneHTaeHOBAs

0,3% 0,0% 0,01%
KUCJIOTA)
(C22:0 (GereHoBast KHCIIOTA) 0,3% 0,5% 0,03%
C20:1 (3pykoBasi KHCIIOTa/H30MEPBHI) 0,3% 0,0% 0,00%
C24:0 (nurHOLIEpUHOBAST KUCIIOTA) 0,7% 0,7% 0,00%
C20:1 (HepBOHOBAs KHCJIOTA/U30MEPHI) 0,3% 0,0% 0,00%

Bcero %: 94,7% 99,4%

ITpumep 27. AHanu3bl TOKCUYHOCTHU TamMma MK'7

broin IMMPOBEACH KOJIMYECTBEHHBIIT aHAJIU3 IO ONnpeacJICHUO MPUCYTCTBHUA
MHUKOTOKCHUHOB B IISITU o6pa3uax mrTamMmmMa MK7, BBIPAI€HHBIX B PA3JIMYHBIX YCJIOBUAX.
Obpasen 1 6Gromaccel ObLT MONyYeH B OUOpeakTope eMKOCTbI0 10 J1 B TAKUX K€ YCJIOBUSIX,
KOTOPBIE UCTIOIb30BAM AJIsI TOJTYYEHUS TOCEBHOM KYJIBTYpPBhI, ONMCAHHBIX B pumepe 1, 3a
UCKJIF0YeHneM Toro, 4to otHomenue C:N cocrapisiio 30:1. Obpasen Gnomacchl codupanu
¢unbTpoBanremM uepe3 ¢uupTp 0,2 MKM C MOMOLIBIO amnmapara Uil BaKyyMHOTO

¢$unbTpOBaHMS, KaK OMMUCAHO B mpuMepe 1.

Obpasen 2 OuonoaCTHSIKA OBUT TIOJYYEH B CTEPUIIM30BAHHOM CTEKJITHHOM JIOTKE
12,7 x 17,8 cm (0,02 m?) Pyrex® ¢ ucnosnb3osanuem 50 My nuTtaTenbHoii cpenst MK7-1 pH
2,8, IPUrOTOBJIICHHOW, KAaK OMNMCAHO B INpuMepe 1, 3a HUCKIOYEHHUEM TOrO, 4YTO 3Ty

nUTaTeNbHy0 cpeny nomoiHsumm 12% rmunepuna u 0,2% mnentoHa (Macca/obbew;
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rpaHyJIMPOBaHHBIN NeNTOH Npon3BoacTBa KoMmnanuu Fisher Scientific, Ne toBapHoii maptun
143241, r. Comepsuui, mrat Heto-JIxxepcu). s oOpasua 2 HUCMONBb30BAN TAKYIO K€
MpoLeaypy CTEPUIU3ALMY, KaK UCTIONb3yeMasi 1J1s1 ToTKoB 0,25 M? B OTHOLIEHMH MPUMeEpa

3.

OO6pazen; 3 BhIpalIMBAIU B YCJOBHSIX, WACHTUYHBIX YCJIOBUSM Uit oOpasua 2, 3a
UCKJIFOUeHHeM Toro, 4yrto pH nosoawnu 1o 4,5, U nuUTaTtenbHyr Cpeny He OONOJHSIU

NEIITOHOM.

Obpasen 4 BbIpalIMBaJId B YCJOBHSIX, MIEHTUYHBIX YCJIOBUSM JJisi oOpasmna 2, 3a

UCKJIFOYEHHUEM TOT0, YTO MUTATENbHYIO Cpey NOMOJHAIH 4% IITULEPUHOM.

OObpazeny 5 BeIpalMBagu B YCJIOBHSX, WACHTUYHBIX YCIOBUSM Ui oOpasua 2, 3a
UCKJIFOUeHHEM Toro, 4yro pH nosoaunu 10 2,2, U NUTATENBHYK CpeNy HE NOMNOJHSIIN
nentoHoM. IlutarenbHble cpenpl Ay o0pasuoB 2—5 uHOKynuposanu 7,5% (B oObeMHOM
COOTHOILIEHHH ) )KUAKOH KYJIbTYpPbI, HCIIONIB3yeMOoi 1yt oOpasua 1. Ob6pasiel 6omacchl BO
BJIAYKHOM COCTOSIHUH coOupaiu nocie 8 cyTok pocta u xpanuwnu npu -20 C 10 sKkCTpakuuu

MHUKOTOKCHHOB.

MUKOTOKCHHBI SKCTParupoBajy M3 OHOMAcChl BO BJIAXKHOM COCTOSIHUH C
UCTIOJIb30BaHUEM HaOOpa peakTUBOB Jisl aHaM3a Myco6inl+, mocTaBlisseMOro KOMIaHUeH
Vicam (Ne ToBaproii maptuu 100000176: r. Hukca, mrat Muccypu, CIIIA) B cOOTBETCTBUH
CO CTaHAAPTHBIM TIPOTOKOJIOM, OITMCAHHBIM B PYKOBOICTBE K HAaOOpy peareHTOB
Myco6inl+. AHamu3 JIBEHAALATH pPA3JIMYHBIX MHKOTOKCHHOB MPOBOIIJIM METOIOM
KHIKOCTHOM XpoMaTorpaduu ¢ KBaapyIoib-BpeMsIpOIeTHOH Macc-criekTpomeTpueii (LC-
Q-TOF), ucrone3ysi MPOTOKOJ, ONMUCAHHBIM B HHCTPYKIMH K Mycobinl+ mo mpoBeneHuro
JKUJIKOCTHOM Xpomarorpaduu ¢ TanneMHoi macc-cnekrpomerpueii OKX/MC/MC). ns
UIEHTH()HUKAINN U KOJMYECTBEHHOTO OMPEAESICHHsI TOKCHHOB HCIIOb30BAJIN KBAPYTIOIb-
BpeMsnponeTHeIE  Macc-cnektpomerp  Agilent 6538  Q-TOF, compspokeHHBIH €
xpomarorpadom it BEICOK03 (G EeKTUBHOM skuakocTHOH xpomatorpadun (BDXKX) Agilent

1290, pacnonokeHHslii B LleHTpampHOW  1abOpaTopuu  Macc-CIIEKTPOMETPUHU
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roCyJapCTBEHHOIO YHUBEpCUTETa ITata MoHTaHa. B kaduecTBe ayTeHTUYHBIX CTAHAAPTOB

ucnonb3oBatu pymonnsud Bl u pymonusun B2.

H3mepeHHbIe MMOKa3aTeNu Uil BCEX HCCIENOBAHHBIX TOKCHHOB OBLIM HHXKE
HOPMHUPYEMBIX YPOBHEH sl MOTPEOIeHNST YeJIOBEKOM, YCTAaHOBJIEHHBIX YTIPABJICHUEM IO
CAHHUTAPHOMY HAZ30py 3a KA4eCTBOM IHIIEBBIX MPOAYKTOB u Menukamento CIIIA
(tabmuma 11). HM3mepeHHBIE KOHLIEHTPALMU OBUIM MO MEHbIIEH Mepe Ha OJUH MOPSIIOK
BEJIMUUHBI HIDKE HOPMHUPYEMBIX YPOBHEH 3a WCKIIOUEHHEM OOLIero Coaep KaHusl
ahIaTOKCUHOB, OOHAPYKEHHBIX B 00pasie 4, cocTapysiroliero 8,76 HI/T MO CPaBHEHHUIO C
HOpMupyeMbiM ypoBHeM 20 Hr/r.  OOHakO TeHbl MPOAYLHMPOBaHHs adraTOKCHHA
OTCYTCTBYIOT B taMmme MK7, mo3ToMy MpeArnonararT, YT0O HCTOUHHKOM 3TOrO TOKCHHA
Oblila KOHTAMUHALIUS M3 TENTOHA U APYTHX MHIPEIUEHTOB, UCTIOIb3yEMbIX B MUTATEBHOM

cpene, a He nponykuus MK7.

Tabnuma 11. KonmnyecTBeHHOE onpezesieHne MUKOTOKCHHOB B OMOMacce mraMMa

MK7.
Ne obpasua 1 2 3 4 5 HopuaTismLt
npezaen
KonuuecrsenHoe onpeneneHue (Hr/r)

(Macca BO BJIaYKHOM COCTOSTHUH) HI/T
Adnatokcun Bl 0,03 0,04 0,02 0,49 0,02 20 *
Adnatokcun B2 0,33 3,13 0,12 0,80 0,10 20 *
Adnarokcun Gl 0,02 0,02 0,04 1,91 0,04 20 *
Adnarokcun G2 0,20 0,03 0,56 5,56 0,49 20 *
Oxpatokcun A 0,01 0,00 0,00 0,00 0,00 He ycranosneno
JlesokcuHMBaNIEHO

0,24 0,10 0,02 0,13 0,02

1 1,000
dymonnsus Bl 0,00 0,91 0,00 4,41 0,00 2,000 1
®ymonusun B2 0,00 17,40 0,04 89,58 0,02 2,000 1
HuBanenon 0,12 0,08 0,04 0,37 0,04 He ycranosneno
T-2 TokcuH 0,07 0,00 0,02 0,00 0,03 He ycranosneHo
HT-2 Tokcun 0,13 0,11 0,04 0,14 0,05 He ycranosneno
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3eapalieHOH 0,00 0,00 0,04 0,37 0,04 He ycranosneno

2 2 2

* Obwee conep:kanne adIaTOKCHHOB

E OGee conepsxanne pyMOHU3UHOB

HerokcuuHblii  xapakTep KyJbTypasbHOH cpeabl u  Omomaccel MK7  Obun
JOTOJIHUTEIBHO MOATBEPKIEH OHOJIOTMYECKHMH aHAJIN3aMHU BBICOKOUYBCTBUTEIBHOTO
0eCro3BOHOYHOTO Makpoopranusma Daphnia magna, 4acto UCTIONb3YEMbIM ISl aHAJIU30B
tokcrmuHocTH (EPA Publication, 1987; Guilhermino # coaem., 2000). Kusbie D. magna
ObuTH ipruodpeTensl y komnanuu Carolina Biological Supply (r. bepnunrton, CesepHas
Kaponuna, CIIIA) 1 BeIpaleHsl B YCIOBUSX, ONMMCAHHBIX B UHCTPYKLUH, TPEIOCTABIIEMON
nocraBmukoM. Ilocne 24 wacoB pocta u Habmopenuss Daphnia WCTONBb30BalN B
SKCIIEPUMEHTE I10 ONpeeIeHNI0 TOKCHYHOCTH. B Tpu wamku Iletpu nanusamu 30 mi 30%
kyapTypsl MK7 (mmurarenbhas cpena MK7 u MK7-1), BeIpaleHHOH B peakTope ais
MIOCEBHOM KyJbTYpbI B T€UEHUE 6 CYTOK, Kak onucaHo B [Ipumepe 3, u 70% Bozael, B KOTOpOH
miasanu D. magna. JIas SKCIEpUMEHTAIBHOTO KOHTPOJISI B TPU JOIMOJHUTENbHbIE YallKU
ITerpu manusamu 30 M Boxasl U3 akBapuyma. Cemb ocoOeit D. magna, KOTOpbIe BBITIISIIEN
JKMBBIMH, BHOCUJIM B KQXYI0 U3 LIeCcTH yainek IleTpu u exxeqHeBHO HaOMO1any B TEUEHNE
Tpex cyTok. I'mbenb D. magna onpenensnyu Kak OTCYTCTBUE BUIUMOTO JBHKEHUs depes |
MHUHYTY. 3HA4UMbIX pa3IM4YUil BBDKMBAEMOCTU MeXAy [). magna, TNOABEPTHYTbIMU
BO3JIEHCTBHUIO KYyJBTYpaJlbHOW cpenbl U Ouomaccbl MK7, W 3KCnepUMEHTaTbHBIMU
KOHTPOJSIMH B T€YeHHE 3 CYyTOK He HaOmonaiau (B cpeaHeM 1,2 ciydas ruOenu Ha OTHY

yamky [leTpu nmocie 3 CyTOK KakJoro BUAa BO3AEHCTBUS).

Ucnbiranue 6uomaccbl mramma MK7 Ha TOKCHYHOCTh OBLIO TakKe MPOBEIEHO C
UCIIOJIb30BaHUEM 30JI0ThIX pbIOOK (Carassius auratus). J|Ba MIEHTHYHBIX aKBapuyMma
€MKOCTBIO 5,7 11, Hacoc U GuIbTpbI ObUTH MpHOOpeTeHbl y KoMmnanuu Petco B r. bo3men,
Monrana, CIIA (momens Aqueon Ne E414W, r. ®@pankimn, Buckoncun, CIIIA). B
akBapuyMbl HaynuBanu 5,7 n Bombl Poland Spring, mpuoOpeTeHHOH B cymepmapkere
Ansbeprcona, T. bosmen, MonTana, CIIIA. Illectb 3050ThIX PHIOOK (AJTMHA OKOJIO 3 CM)
Obutn puodperensl y kommnanuu Petco (r. bosmen, MonTana, CIIIA), 1 o Tpu U3 HUX
NOMEINAJN B KQXK/IbI U3 aKBapUyMOB. B onMH 13 akBapnyMOB €XKeTHEBHO BHOCHIIM OKOJIO

0,05 r cyxux xjombeB kopma ans pei0 TetraFin Goldfish Flakes Plus (r. bmxkcbepr,
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Buprunus, CIIIA) (mpuobperen y komnanuu Petco, r. bosmen, Monrana, CIIIA). B apyroii
aKBapuUyM eKeTHEeBHO BHOCWIHM Okoyio 0,05 r BeicymeHHOW Omomacchl mramma MK7.
Brasxnas 6nomacca MK7 Opita mosry4eHa B OJHOM U3 JIOTKOBBIX PEAKTOPOB B COOTBETCTBHH
¢ IpOTOKOJIOM, onucaHHbeIM B IIpumepe 3. buomaccy MK7 rorosunu, ussnekas 40 r MK7
u3 jotka (cm. [Ipumep 3) u momernas GUOMacCcy B XUMHYECKHUI CTakaH eMKOCTBIO 250 ML
3areM BraxkHyr0O OWMOMAacCy HarpeBaJidi B  MHKPOBOJHOBOH M€YH, HCIOJIb3Ys
MHUKpPOBOJIHOBYIO meub komrnanuu GE (mogens WES1452SS1SS) B Teuenne 30 cekyHn.
ConepskaHue Bjaru B BBICYLIEHHOU Ouomacce coctapisiio meHee 0,5%. 3arem Ouomaccy
M3MeJbyaliy LIMaTeaeM U3 HeprkaBerollel CTalu Ha MeNKHe XJIOMbsl, CXOJIHbIE 10 pa3Mepy
¢ xyonbsimu kopma TetraFin Goldfish Flakes. ITocne kopmienust B TedeHue 60 CyTOK BCe
PBIOKM BBDKMIM W BBITJBSIIENHA 3IOPOBBIMH (JHEPTUYHO IUIABAIOIIMMH) M IPOSBILUIN
3aMETHBIH SHTY3Ma3M B TOCJaHWM BEINeCTBA OHoOMacchl, mnpoayuupyemoii MK7.

DKCrepuMEeHT ObLT MpeKparieH nocie 60 CyTok.

SEQ ID NO:1 18S pPHK wu obnacte ITS mnocnenosarensHoctn JIHK Buma

aropWIbHBIX TH(OMHLIETOB, 0003HAYEHHOTO Kak mramm MK7

CCGCGGGGAATACTACCTGATCCGAGGTCACATTCAGAGTTGGGGGTTTACGG
CTTGGCCGCGCCGCGTACCAGTTGCGAGGGTTTTACTACTACGCAATGGAAGC
TGCAGCGAGACCGCCACTAGATTTCGGGGCCGGCTTGCCGCAAGGGCTCGCCG
ATCCCCAACACCAAACCCGGGGGCTTGAGGGTTGAAATGACGCTCGAACAGG
CATGCCCGCCAGAATACTGGCGGGCGCAATGTGCGTTCAAAGATTCGATGATT
CACTGAATTCTGCAATTCACATTACTTATCGCATTTTGCTGCGTTCTTCATCGAT
GCCAGAACCAAGAGATCCGTTGTTGAAAGTTTTGATTTATTTATGGTTTTACTC
AGAAGTTACATATAGAAACAGAGTTTAGGGGTCCTCTGGCGGGCCGTCCCGTT
TTACCGGGAGCGGGCTGATCCGCCGAGGCAACAATTGGTATGTTCACAGGGGT
TTGGGAGTTGTAAACTCGGTAATGATCCCTCCGCAGTTCTCACCTACGGATAGG
ATCATTACCGAGTTTACAACTCCCAAACCCCTGTGAACATACCCATTGTTGCCT
CGGCCGGATCAGCCCGCTCCCGGTTAAAACGGGACGGCCCGCCAGAGTACCCC
TAAACTCTGTTTCTATATGTAACTTCTGAGTAAAACCATAAATAAATCAAAACT
TTCAACACGCATCTCTTGCTTCTGTCATCGATGAAGAACGCAGCAAAATGCGA
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TAGTCATGTGATTGCACATTCAGTGAATCATCGATCTTGACGCACATTGCGCCT
GCAGTATTCTGGCGGTCATGCCTGTTCGAGCGTCATTCAGCCCTCAGCCCTCGG
TTGTGTTCGGGATCGGCGAGTCCTGCGCCAGCGACCGGATCAGTGGCGTCTGC
CTGCGCCTCCATTGCGGTTAGAGTTA AGCCCTCGCCCACTTGTTTTACGCTAAC

SEQ ID NO:2 ®axrop snonranuu Tpancisiiuu 1 ansga (Tefl)
ATGATCACTGGTACTTCCCAGGCCGATTGCGCCATTCTCATCATTGCCGCCGGT
ACTGGTGAGTTCGAGGCTGGTATCTCCAAGGATGGCCAGACCCGTGAGCACGC
TCTTCTTGCCTACACCCTTGGTGTCAAGAACCTCATCGTCGCCATCAACAAGAT
GGACACCACCAAGTGGTCTGAGGCCCGTTACCAGGAGATCATCAAGGAGACCT
CCTCCTTCATCAAGAAGGTCGGCTACAACCCCAAGGCTGTCGCTTTCGTCCCCA
TCTCCGGTTTCAACGGTGACAACATGCTTACCCCCTCCACCAACTGCCCCTGGT
ACAAGGGTTGGGAGCGTGAGATCAAGTCCGGCAAGCTCACCGGCAAGACCCT
CCTCGAGGCCATTGACTCCATCGAGCCTCCCAAGCGTCCCGTTGACAAGCCCC
TCCGTCTTCCCCTCCAGGATGTCTACAAGATCGGTGGTATTGGAACGGTTCCCG
TCGGCCGTATTGAGACTGGTGTCATCAAGCCCGGTATGGTCGTTACCTTCGCTC
CCTCCAACGTCACCACTGAAGTCAAGTCCGTCGAGATGCACCACGAGCAGCTC
AGTGAGGGCCAGCCCGGTGACAACGTTGGTTTCAACGTGAAGAACGTCTCCGT
CAAGGACATCCGACGTGGTAACGTCGCTGGTGACTCCAAGAACGACCCCCCCC
AGGGTGCCGCTTCTTTCACCGCCCAGGTCATCGTCCTCAACCACCCCGGCCAG
GTCGGTGCTGGTTACGCTCCCGTCCTCGATTGCCACACTGCCCACATTGCCTGC
AAGTTCGCCGAGATCCAGGAGAAGATCGACCGCCGAACCGGTAAGGCTACTG
AGGCCGCTCCCAAGTTCATCAAGTCTGGTGACTCCGCCATCGTCAAGATGGTTC
CCTCCAAGCCCATGTGTGTCGAGGCTTTCACTGACTACCCTCCTCTGGGTCGTT
TCGCCGTCCGTGACATGCGACAGACTGTCGCCGTCGGTGTCATCAAGGCCGTC
GAGAAGTCCACCGGTGCTGCTGGCAAGGTCACCAAGTCCGCTGCCAAGGCCGC
CAAGAAATAA

SEQ ID NO:3 bera-uens tyoynunaa (Tubl): acTuyHasi mocaenoBaTeIbHOCTD
GTGGATCTTGAGCCCGGTCCTCAGGATGCCATCCGCGCCGGGCCCCTAGGCCA
GCTTTTCCGCCCCGACAACTTCGTCGCCGGAAATGCCAGCGCCGGTAACAACT
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GGGCCAAGGGTCATTACACCGAAGGTGCTGAGCTCGTTGAGGAGGCCATCGAT
GTTGTGCGACACGAGGTTGAGAACTGTGACCATCTTCAGGGTTTCCAGCTCAC
CCACTCTCTCGGCGGTGGTACCGGTTCTGGTATGGGAACGCTTCTTCTGTCGAA
AATCCGTGAGGAGTTTCCCGATCGCATGATGGCTACTTTTTCCGTTATGCCTTC
GCCTAAGGTTTCTGATACCGTTGTCGAACCTTACAACGCCACTTTGTCATTGAA
CCAGCTTGTCGAGAACTCCGATGAGACCTTCTGTATCGATAACGAGGCTTTGTA
CGACATTTACGAGAAGACCCTGAAGATTGCTGATCCTTCTTACGCCGATCTC
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POPMYJIA U3OBPETEHUS

1. Crioco0 nonyyenus: ru)OMULIETOBOH OMOTIOICTHIIKY, BKJITFOUAROLIUI:

a) MHOKYJSIIUEO 3(()EKTUBHOrO KOJIMYECTBA CBOOOTHO MUIABAKOIINX KJIETOK MO MEHbINEH
Mepe OHOTo ru(OMHUIIETa B HICKYCCTBEHHYIO MIUTATENIbHYIO CPEy;

b) nHKyOauMIO MHOKYJIMPOBAHHOI MHUTATENbHOW CpeAbl B HEHAPYLIEHHOM COCTOSHHH B
Te4YEeHHEe HEKOTOPOro MepHosa BPEMEHU,

C) MPOAYKIHIO TH(HOMULIETOBON OMOTMONCTHIIKH, U

d) HeoOs3aTeIPHO COOP TU(POMHILIETOBOI OHOMOACTUIIKH.

2. Crioco0 nonyyeHus: T OMULIETOBON OMOTOCTHIIKH, BKITFOUAIOLIUI:

a) WHOKYJSIUIO B HCKYCCTBEHHYK TNHTaTeNbHy0 cpeny 7,5% (B oObeMHOM
COOTHOIIEHHNH ) CBOOOIHO IJIABAOINUX KJIETOK [0 MEHbINEH Mepe OHOro rudoMurera,;

b) nHKYOALMIO WHOKYJIMPOBAHHOW MUTATEIBHON CPeAbl B HEHAPYIIEHHOM COCTOSIHUU B
TE€4YEeHHE HEKOTOPOTO MIEPHO/a BPEMEHH,

C) MPOIYKINIO TH(HOMHULIETOBON OMOMONCTHIIKY, U

d) HeoOs3aTepHO COOP TU(POMHUIIETOBOIN OMOMOACTUITKH.

3. Cnocob mo n. 1 wnm m. 2, rae mo MeHblIed oauH ruOMHUIET BBIOPAH U3 TPYIIIIEL,
cocTosiel U3 mramma, obozHadeHHoro kak MK7 (Homep neno3ura B AMEpUKaHCKOH KOJUTEKLIUH
tunoBbIx KyJaeTyp (ATCC) PTA-10698), Buna pona Fusarium v Buna pona Rhizopus.

4. Cniocob no mo6omy u3 m. 1-3, rae no MeHbLIei oauH ruOMULIET IPEACTABIIAET COOOMH
mramm, 00o3HaueHHbIH kak MK7 (Homep nenosura B ATCC PTA-10698), Fusarium venenatum
win Rhizopus oligosporus.

5. Cnocob no mo6omy u3 . 1-4, rae no MeHbLei oxuH ruOMHULIET NPEACTABISIET COOOH
mtamm, obo3HaueHHbli kak MK7 (Homep neno3uta B ATCC PTA-10698).
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