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XUMUYECKUE HAYKHU
0630pHasn cTaTbsa —
EDN: TAGABT
DOI: 10.21285/2227-2925-2023-13-3-325-332

CuHTtes noannadpupummpos cepuu Ultem
A.A. Yanka™, H.C. LLarnaeBa, I.B. boxeHkos, B.B. basHauH, E.B. Pyaakosa, H0.H. UBaHoB

UPKYTCKMI HaluMOHaAbHbIN MCCAEAOBATEABCKMUI TEXHUYECKMI YHUBEPCHUTET, I. UpKyTCK, Poccurickaa ®eaepaLims

AHHOTaUMA. [ToAM3PUPUMUABI MPEACTaBASHOT COO0M KAACC KOHCTPYKLIMOHHLIX NMOAMMEPOB C Hauboree yaauyHbIM
CoYEeTaHUEeM TaKuX BaxHbIX AASI TPAKTUYECKOro MPUMEHEHUS CBOHCTB, KaK BbICOKME TEMAO- M TEPMOCTOMKOCTb, MPOYHOCTb
npu paspbiBE 1 MOAYAb YrPYyroCcTH, XOPOLUME AMIAEKTPUUYECKUE CBOKMCTBA, BbICOKash XMMMUYECKas M pasuaLMoHHas
cTorikocTb. OAHaKoO HapsipAy C 3TUMM AOCTOMHCTBaAMM MOAMIPUPUMUAAM MPUCYLLL BaXHbIM HEAOCTATOK — TPYAHOCTb
nepepaboTKK ITUX MOAMMEPOB B U3AEAMS, 00YCAOBAEHHAS UX BbICOKMMM TEMIEpaTypamMmu PasMsryeHmsl U MAaBAEHMUS.
B nocAeAHme AECATUAETHS HakAEHbI CrlOCObbl CHUXEHMUS TEMNepaTypbl CTEKAOBaAHUS NyTEM yBEAMUEHUS] TMOKOCTU
OCHOBHOM MOAMMEPHOM Lienu. AASl 3TUX LeAek B OCHOBHYH NMOAMMEPHYH LieMb BBOASIT XMMMUUYECKUE rpynibl ¢ 6oAee
BbICOKOW CTEMEHbIO BPALLEHMWS, HaNpHUMep, U30MPONUAMAEHOBbIE, reKCadpTopM30NPONUAUAEHOBbIE, 1,2-AUXAOPITU-
AEHOBbIE U AP. [TOAM3PUPUMUA, UCXOAHBIMM BELLIECTBAMM AASI KOTOPOrO ABASIOTCS 3(4)-HUTPOPTaAEBbIN aHTMAPUA,
M-PeHUAEHAMaMUH U bucpeHoA A, BrnepBble BbimnyLueH pupmori General Elerctric noa mapkor Ultem u siBasieTcs
Ha AaHHbIH MOMEHT OAHMUM M3 AYYLLINX M3BECTHbIX MHXXEHEPHbIX TEPMOMAACTOB. MI3BECTHbI ABa METOAA MOAYYEHUS
Takux MOAMIOUPUMMAOB: LUMKAU3ALMA MOAMAMUAOKUCAOTbI, KOTOPYH MOAyYatoT MOAMKOHAEHCaUMEN AMaHIMAPUAA
2,2-6uc-[4-(3,4-ankapbokcrupeHoKcH)peHuAInponaHa u MeTa-peHUAeHAMaMMHa, M PeaKLMsI MOAMHUTPO3aMeLLEHMS
1,3-6uc[N-(3-HuTPOPTaAMMAC)]6EH30AE U AMHATPUEBOM COAM BrcheHoAa A. Ha CErOAHSLLIHUI AEHb B OTEYECTBEHHOM
Hay4yHOM AUTepaType OTCYTCTBYIOT 0630pbI C MOAPOOHLIM ONMUCaHUEM M3BECTHbIX METOAOB MOAYYEHMS MOAMIPUPU-
muaoB cepum Ultem. B HacTosiLemM 0630pe 06006L11eHbI U CUCTEMATU3UPOBaHbI MU3BECTHbIE AMTEPATYPHbIE AAHHbIE B
obAacTu CUHTE3a MoAMIPUPUMUACB cepum Ultem. OnmcaHbl crnocobbl MOAYYEHUS] PacTBOPUMAbIX TEPMOMNAACTUYHbIX
noAnapuprmmuaoB cepmn Ultem, npuBeAeHbI AOCTYNHbIE METOAbI CUHTE3a UCXOAHbBIX MOHOMEPOB C yKa3aHWeM BbIXOAOB
MPOAYKTOB peakLmm v ux pU3NUYeCKmx xapakTepmcTHk.

KAroueBble cAOBa: I'IO/\MS(I)MDMMMA, NMOAMKOHAEH caUKna, NoAMHUTpo3amelleHne, LMKAn3aLns, paCTtBopuMOCTb, TeMIie-
parypa CTeKAOBaHUS
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Synthesis of the Ultem series polyetherimides
Anna A. Chayka™, Nina S. Shaglaeva, Georgy V. Bozhenkov, Victor V. Bayandin,

Elena V. Rudyakova, Yury N. lvanov
Irkutsk National Research Technical University, Irkutsk, Russian Federation

Abstract. Polyetherimides (PEIs) are a class of structural polymers with the most successful combination of such
essential properties for practical applications as high heat resistance, thermal stability, ultimate tensile strength,
elastic modulus, good dielectric properties, and high chemical and radiation resistance. However, along with these
advantages, PEls are compounds with high softening and melting points, which complicates their processing into
products. In recent decades, specialists have found numerous ways to decrease the glass transition temperature by
increasing the flexibility of the main polymer chain. To this end, functional groups with a higher degree of rotation,
such as isopropylidene, hexafluoroisopropylidene, 1,2-dichloroethylene, and other substituents, are introduced into
the main polymer chain. Polyetherimide, whose precursors are 3(4)-nitrophthalic anhydride, m-phenylenediamine,
and bisphenol A, was first produced by General Electric under the Ultem brand name and is currently believed to
be one of the best-known engineering thermoplastics. In particular, two synthetic methods can be used to obtain
such polyetherimides. The first technique uses a cyclization of poly(amidocarboxylic acid), which is obtained by the
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polycondensation of dianhydride of 2,2-bis-[4-(3,4-dicarboxyphenoxy)phenyllpropane and m-phenylenediamine. The
second technique uses the polynitro substitution of 1,3-bis[N-(3-nitrophthalimido)]benzene and the dynatrium salt
of bisphenol A. To date, the Russian scientific literature lacks reviews with detailed descriptions of known methods
for the preparation of Ultem series polyetherimides. The present review generalizes and systematizes the available
literature data regarding the synthesis of the Ultem series PEIs. In addition, this study describes preparation methods
of soluble thermoplastic polyetherimides of this series, available synthesis methods of initial monomers with reaction
yields, and physical characteristics of such polymers.

Keywords: Polyetherimide, polycondensation, polynitro substitution, cyclization, solubility, glass transition temperature
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BBEAEHUE

B HacTosiLLEee BpeMsa 0COHEHHO aKTyaAbHOW CTAHOBUTCS
npobAeMa CO3AaHUA OTEUECTBEHHBIX CYNEPKOHCTPYKLMOHHBIX
NOAM3PUPHBIX MaTepPUaNOB Ha OCHOBE MOAMIOUPKETOHOB,
NOANIGUPCYAbGOHOB, MOAUAPUAEHIOUPKETOHOB, NOANIOUPH-
MWAOB, 0BAAAQIOLLMX TAKMMU NEPCMNEKTUBHBIMU CBOWCTBaMM,
KaK BbICOKasi TEPMOCTOMKOCTb, OFTHECTOMKOCTb, MPOYHOCTb,
3NEKTPOMPOBOAHOCTb, AOMWUHECLIEHTHAsA aKTUBHOCTb M T.A.
[1-4]. OAHMM M3 TA@BHbIX NPEACTAaBUTEAEN 3TOrO KAacca
NOAMIPUPOB ABAAKOTCA MOAMAGUPUMUABI cepumn Ultem,
NPOM3BOACTBO KOTOPbIX OCYLLECTBASIETCA KPYMHEWLLEN KOM-
naHuen B CaynoBckon ApaBuu [5]. ITOT noAMmep, baaropaps
HaAMUMIO Cpa3y TPEX LUAaPHMUPHbBIX Py B MOBTOPAIOLLEMCS
9NEMEHTAPHOM 3BEHE, Pa3MsirYaeTcsl U MOXET nepepaba-
TbIBaTbCS BCEMM CTAHAAPTHBIMW METOAAMW B 3aBUCUMOCTH
OT AAABHEMNLLIUX LENEMN.

MoAnadupummnabl cepun Ultem MMELOT HU3KOE AbIMO-
BbIAEAEHWE NPU KOHTaKTE C OTKPbITbIM NAAGMEHEM, OYEHb
BbICOKY NMPOYHOCTb, HAMBbICLLYK TEMMEPATYPHYH CTOW-
KOCTb, XMMMWYECKYHO YCTOMUMBOCTb, BbICOKYH >XECTKOCTb
W TBEPAOCTb, BbICOKYHO MOrOAOYCTOMUMBOCTb, CTOMKOCTb K
Y-Ay4am U TMAPOAU3Y [2, 4].

Moanadurprmmnabl cepumn Ultem HaxoAAT LUMPOKOE Nprme-
HeHWe B aBUALMOHHOW, a3POKOCMUYECKOMN, aBTOMOOUABHOW,
XMMUUYECKOW, BOEHHOW NMPOMbILLIAEHHOCTH, MALLMHOCTPOEHWH,
CTaHKOCTPOEHMU U B TEXHOAOTMM TpexmepHon 3D-nevatu.
MprumeHeHue B 3D-nevatn NoAMadUpuMMAOB cepun Ultem
NO3BOASIET CO3AABATb BbICOKOMPOUHbIE AETaAW AOBOT0 pas3mepa
AAS Pa3HbIX OTPACAEN MPOMBbILLAEHHOCTU U Hayku [5-8].

Ha ceropHsLHWI AEHb B OTEYECTBEHHOW HayYHOW AUTE-
paType OTCYTCTBYOT 0630pbl C ONMCAHWEM M3BECTHBIX METOAOB
NOAYYEHMS MOAMIPUPUMKNAOB cepum Ultem.

B HacTosALeM 0630pe NpUBEAEHbI CNIOCO6bI MOAYUYEHUS
NoAM3GUPUMKUAOB cepum Ultem 1 MCXOAHBIX MOHOMEPOB AASI
CUHTE3a NoAvMepa. PacCMOTPEHbI UX BbIXOAbI M GU3NUECKME
XapaKkTepUCTUKK. Mbl COUAM LieAeCcO0bpa3HbIM PacCMOTPETb
HanMboAee AOCTYMHbIE METOAbI MOAYUYEHUSI MPOMEXYTOUHbIX
NPOAYKTOB C YKa3aHWEM WX CBOMCTB.

MoAnadupummabl cepun Ultem noayvatoT peakumen
apoOMaTUYEeCKOro  HYKAEOOUABHOTO  HUTPO3aMeLLEHUSA
1,3-6Uc[N-(3-HUTpOoPTaAUMUAD)]6EH30AG C AMHATPUEBOM
conbto 4,4"-pnbeHnnoanponana [9-11] uav B3auMOoAENCTBUEM
AVAHIMAPUAOB apoMaTUYECKUX TETPaKapOOHOBbLIX KUCAOT C
M-bEHUAEHAMAMUHOM C NMOCAEAYHOLLEN LMKAKU3aLIMe 0bpa-
3ytoLLen noAnadprupamuaokncnoTel (MIAK) [12-16].

CeoiictBa noAnadpmupnummnaos cepmm Ultem npuseaeHbl
B TabA. 1.
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CUHTE3 NOAUPUPUMUAOB CEPUU ULTEM
PEAKLUENA APOMATUYECKOI0 HYKAEO®UABHOIO
HUTPO3AMELLEHUA BUC-3(4)-HUTPOOTAAUMMU-
DA-3,3-OEHUNAMAMUHA C AUHATPUEBOM COADBIO
4,4’-AMOEHUNOANPONAHA

Peakuns apomaTnyeckoro HykKA€0OpUAbLHOTO HUTPO-
3aMelleHns B cMHTE3e NoAnadUprumumpoB cepun Ultem
BKAOYAET MNPOLECC 3aMEeLLEHUS aKTUBUPOBAHHbIX
apoMaTUYEeCKUX HUTPOrpynn aHMoHamu brucoeHona A.
B paboTte ycTaHOBAEHO, YTO HUTPOTPYNMbl, aKTUBUPO-
BaHHble ABYMS KapboHWAaMM, BCTyNakT B peakuuu
3amelleHns GEHOAATHbIMU @aHMOHAMU, MPUBOASLLMMU K
06pa3oBaHW0 COEAMHEHWI, COAEPXALLMX LAPHUPHbIE
M30NPoOnNUAMAEHOBbIE Tpynnbl [11].

Ha ocHOBaHWKW aHaAM3a AUTEPATYPHbIX A@HHbIX MO
CcuHTe3y noAnadupmummnpos cepun Ultem [9-11] peakuuei
apoMaTUYECKOro HYKAEOOUABHOTO HUTPO3aMELLLEHHUS
1,3-61c[N-(3-HUTPODTAAMMMNAD)]OEH30AE C AUHATPUEBOMN
COAbIO 4,4’-pAndEHUAOANIPONAHA MOXHO 3aKAOUMUTL, UTO AAA
NMOAyYE€HUS PaCTBOPMMOro TEPMOMAACTUYHOIO NOAUMEPA
HeOBXOAMMO CTPOro COBAOAATb YCAOBMSA NpoLecca.

1. TMIOAMKOHAEHCALMSA OCYLLECTBAAETCS B MaKCHMaAbHO
cyxon cucteme B cpepe AMCO nan AMCO/Tonyon. Aaxe
He3HauyMTEeAbHOE KOAMYECTBO BAArM B PEaKLMOHHOWM
cmecu cnocobetByeT 06pas3oBaHMIO TMAPOKCUAHbIX
MOHOB, KOTOPblE MPUBOAAT K BOBHUKHOBEHMWIO B peak-
LMOHHOW CMECH CAEAYHOLLMX CTPYKTYP:

o —N
o o
O,N o
/
HN—R _
s o

Takue CTPYKTYpbl HE BEAYT ce65 Kak HYKACODUAbI U
TeM caMbIM BAOKMPYIOT POCT LIEMK.

B pabote [9] ycTaHOBAEHO, UYTO NpKM A0BABAEHMWM
0,03 n 0,09% BOAbI B p€aKLMOHHYIO CMECb AASI MOAK-
MepUu3aLnm 3HaYEHNST XapaKTEPUCTUUYECKON BA3KOCTH
obpasytolerocs noanmepa coctasaaroT 0,25 1 0,18 an/r
COOTBETCTBEHHO, B TO BPEMSA Kak B aBCOAIOTHO CyXOM
cUCTEME aHAAOTUUYHOE 3HAUYEHWE AASI MOAMIDUPUMMAA
pasHo 0,44 pn/T.

NceaepoBaHme noaaduprumuaos cepum Ultem ¢ npume-
HeHWeM reabnpoHuKatoLen xpomatorpadum (FMX) nokasano,
UTO OHU XapaKTEPU3YHOTCH LUIMPOKUM MOAEKYASPHO-MACCOBbLIM
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Tabanua 1. MexaHuueckue v TepMUYeckne CBoMcTBa NoAnaduprmmuaos cepun Ultem [10]

Table 1. Mechanical and thermal properties of polyetherimides of the Ultem series [10]

MexaHuyeckne cBoncTBa Tepmuyeckue cBomncTBa
Hanprxenue B npeaene Tekyuectt (npeaen 105 MNa TemnepaTypa CTeKAOBaHUSA 217 °C
TEKYYECTH)
TenAoCTOMKOCTb NPW Harpy3ke
MoayAb ynpyroctu 3000 MMNa 1,85 Mlla 200 °C
0,46 Mla 210 °C
MpeaenbHoE (pa3pbiBHOE) YAAMHEHWE 60-80% KMCAOPOAHBIN MHAEKC 47
MpeaeA NPOUYHOCTH NPU U3rnbe 145 MMa foprouects Mo MeIOAMKe uL-o4 V-0 npu 0,64 mm
(BEPTUKAABbHbIV 0BpaseL)
AbIMOBbIAEAEHME MO MeToprKke NBS
(HaumMoHaAbHOe 6t0PO CTaHAAPTOB)
MoayAb ynpyroctu npu nsrnbe 3300 Ma D, 32 4 MuH 07
D, .. 3@ 20 MuH 30
Mpeaen NPOYHOCTH NPU CXaTUN 140 MNa - -
MoayAb yNipyroctu npm cxatum 2900 Mrla - -
MpoyHOoCTb Npu yaape no fapanepy 36 Hwm - -
YaapHasi BA3KOCTb Happe3aHHoro obpasua no 50 A/ _ _
n3opy
YaapHas BSIBKOCTb HEHaApe3aHHOro obpasLia no M3oay 1300 Ox/m - -

pacnpeaeneHiem (MMP), uTo Takxe MOXET ObITb CBSI3aHO
C NPUCYTCTBMEM BOAbI B peaKLMOHHbIX cmecsix [9, 10].

2. ANA peakumi, NpoTeKatoLLmMX € yyactTnem 3,3’-AnHMU-
TPOGTAaAMMUAOB, ONTUMAAbHOM TEMNEPATYPON ABASIETCA
55 °C. YBeanueHue temnepatypbl ¥ NPOAOAKUTEABHOCTH
peaKL1 MPUBOANUT K MOAYUEHNIO BOAEE HUBKOMOAEKYASIPHBIX
NoAMMepOB. M0-BUAMMOMY, 3TO 0O BSCHSAETCS NPOTEKAHWEM
No6OYHbIX PpeaKLUMi C HUTPUT-MOHOM, BbIAEAAIOLLMMCS B
npoLecce NOAMHUTPO3aMELLEHWS.

3. KOHLEHTPALMOHHbIN UHTEPBAA MOHOMEPOB 3aBUCUT
OT CKOPOCTW pPacTBOPEHMS MOHOMEPOB. ABTOpPbI paboT
[9, 10] cumTatoT, YTO ONTUMAALHOW KOHLEHTPALMEN MOHO-
MepoB B CMecK pacTBoputenein aasetcsa 20-25%.

4. Toce 3aBepLUEHNS MPOLECCOB CUHTE3a MOAUIDU-
PUMMAOB B PEAKUMOHHbIE CMECH BBOAMTCA GEHOKCHA
HaTpUs AU 4-METUADEHOKCHA HATPUSA C LIEABIO 3aMELLEHUS
KOHLEBbIX HUTPOTPYNn U yBEAMYEHUS TEPMOCTOMKOCTH
NOAMMEPOB.

MonyueHune noanadrpmumnaos cepum Ultem peakumnen
apoMaTMUYecKoro HyKAEOOUABHOTO HUTPO3aMeLLeHUs
1,3-6uc[N-(3-HUTPOGTaAMMKNAD)]OEH30AA C AMHATPUEBOMN
COAbtO 4,4’-AUEHUAOANPONAHa COCTOUT U3 4-X CTAAWUN.

Crapama 1. CuHTE3 3-HUTPODTANEBOrO aHIMAPUAA:

,S0, COOH
o +HNO,~—= +H,0
COOH
(]
NO,
l»HZO
o]

e}
NO,

HuTpoBaHne ¢TaneBOro aHruppvaa nNpPOBOAUTCSH
AbIMALLEN a30THOW KMCAOTOM NAOTHOCTbIO 1,51 r/cm®
npu temnepatype 100-110 °C. BbixoA 3-HUTPOGTAAEBOM
KMCAOTbI cocTaBAsieT 28-31% oT TeopeTtuyeckoro. M3
NPOMbIBHbIX BOA M MATOYHOIO pacTBOpa MOXHO MOAYYWTb
4-HUTPODTANEBBIA @HTUAPHA. 3-HUTPODTANEBBIA @HTUAPHA
NOAyYarT U3 3-HUTPODTAAEBOIN KMCAOTbI HArpeBaHMEM
NOCAEAHEN WAU AEWCTBUMEM YKCYCHOTO aHrMAPUAaZ®.
Bbixop 3-HuTpodTaneBoro aHruppuvpa - 88-93%,
T =160-163°C.

Crapusa 2. CuHtes 1,3-6uc[N-(3-HUTpopTaAMMMAO)]
6eH30Aa:

0 o 0
HoN NHy \
O™ CLy(r
Nno, © No, © o NO,

Peakuus npotekaet npu temnepatype okonao 55 °C
B CPEAE YKCYCHOM KMCAOTbI, BbIXOA MPOAYKTa peakumn —
83% [9].

Crapms 3. MoAayueHne pnHaTpreBon conm 4,4 -pnude-
HUAOAMNPONaHa:

CH

CHg 3
HOH § )on— Na-oHQ § o
CHs

CHs

Cyxasa anHaTpueBasn conb 4,4’-pudeHnAoAnponaHa
noAyyYeHa peakuuein bucpeHona A ¢ BOAHbIM PacTBOPOM
NaOH c nocaeaytowMm yaaneHUEM BOAbI MPWU MOMOLLM
AOBYLLKKM AMHa-CTapka WAu B3aumopencTeuem brucoeHona A
C MeTuAaTom Hatpums [9].

1CuHTE3bI OpraHnyecknx npenaparos: cb. 1. M.: U3a-Bo MHOCTpaHHOM AuTepaTtypsbl, 1949. C. 316-317.

?Tam xe. C. 318-319.
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Craauna 4. CuHTe3 NoAMadUpumuaoB cepun Ultem:
o o
A = M3
S & | :
o Q
D FOFEO-
N N, ——O O
// @’ N CHj
o o n

B ctatbe [9] npMBeaeHa NnoppobHas MeToAMKa MOAY-
YeHusa NoArMepa 1 NokasaHo, Yto Npu A0BaBAEHUN AMHA-
TpueBon conn 4,4’-pndeHnnoanponana k 1,3-61c[N-(3-Hu-
TpodTanMMmnAo)|b6eH30Ay Npu Temnepatype 55 °C B cpepe
ToAyoA/AMCO peaKkLMOHHas cMecb NpuobpeTaeT APKUI
BULLHEBO-KPACHbIN LBET, KOTOPbII COXPAHAETCA Ha NPOTS-
XeHuW Bcel peakumun. Yepes 5 v nocae Hauana peakumnu
BBOAMAM B CMECH 4-METUADEHOKCHUA HATPUS AAA YABAEHUS
HenpopearMpoBaBLUMX HUTPOrpynmn. NoAMMep BbIAEASIAM
OCaXAEHMEM PEaKLMOHHOM CMEeCH B METaHOA. Bbixoa
NoAMMEpPa, KOTOPbIV NPeACcTaBASIET cOHOM CBETAO-KOPUY-
HEBbIW MOPOLLOK, COCTAaBUA 87%. XapaKTepuctuueckas
BA3KOCTb ([n]), onpeaeneHHas B CHCL, npu Temnepatype
25 °C, paBHa 0,23 an/r. Temnepatypa CTEKAOBaHWSA
(Tg) = 227 °C. B atoM xe cTaTbe [9] NpUBEAEHbI AGHHbIE
reAb-npoHuKatoLen xpomatorpaduu (MMX): M, = 21000,
M =4130,M /M = 5,09 v ycTaHOBAEHO, 4TO Ha XpOMma-
TOorpamMme NpUCYTCTBYIOT ABA HU3KOMOAEKYASIPHBIX NMUKa
cAaboi MHTEHCUBHOCTM, KOTOPbIE, MO MHEHUWIO aBTOPOB,
OTHOCATCH K LLUKAMYECKOMY MOHOMEPY M AuMepy. CTpyKTypa
NMOAYYEHHOr0 NoAMaduprmuaa Ultem pokasaHa METOAOM
AMP (*3C) cnektpockonuu: C(1) - 133,9; C(2) - 118,8;
C(@3) - 155,1; C(4) - 123,1; C(5) - 136,1; C(6) - 117,7;

(7) - 166,5; C(8) - 164,9; C(9) - 152,9; C(10) - 119,6;
C(11) - 128,4; C(12) - 147,2; C(13) - 42,6; C(14) - 31,0;
(15) - 132,3; C(16) - 125,1; C(17) - 129,1; C(18) - 123,5.

CHa 1" 10

O,N

B ctatbe [17] noayueH noanadupmumma cepun Ultem
B pacnAaBe npu Temneparype 160-180 °C. CeoncTtBa
NMOAYYEHHOTO NOAMMEpPA MPUBEAEHDLI B TaOA. 2.
Tabauua 2. CBolCTBa NOAMIGUPUMUAOB cepun Ultem [17]

Table 2. Properties of polyetherimides of the Ultem series [17]

Moanmep xopowo pacteopsercs B N-METUANUPPO-
AmpoHe, AMOA, AMAA, CH3CI, CHZCI2, yacTnuHo B AMCO.
Mo MHeHMIO aBTOpOB cTaTbhk [17], cBOBOAA BpalLeHMs
BOKPYr 3QUPHOM CBA3M AAA 3-1M30Mepa YaCTUYHO OrpaHu-
YMBAETCA CTEPUUECKUM 3ODHEKTOM OPTO-YrAEPOAHOIO 3ame-
CTUTEAS, M NO3TOMY NoAMMep obrapaeT Boree BbICOKUMM
3HaueHuamu Tg. Mpu Temnepatype 446 n 460 °C and
3-u3omepa u 4-u3omepa HabArOAAETCA OAHOMPOLEHTHASA
noteps Maccbl NOAMMEDPA.

CUHTE3 NOAUOUPUMUAA CEPUU ULTEM
PEAKUMENA AMAHTMAPUAOB APOMATUYECKUX
TETPAKAPBOHOBbIX KUCNAOT C M-OEHUNEH-
AVWAMMHOM C NMOCAEAYIOLLEN UUKAUSALMEN
NMOANIDUPAMUAOKUCNOTDI

CuHTe3 noanadmpmummaa cepum Ultem no aaHHOMY
cnocoby cocTouT n3 7 CTapui.

Craams 1. CuHTe3 N-MeTuAdpTanumMmnAa:

0 0
/] /
©i2NH + CH,;NH,—/ > N—CHz + NH,
\ \
o) o)

MoapobHan MeToArKa NoAydeHUst N-MeTUAGTaAUMKAS
npuBeaeHa B pabotax [18, 19]. Bbixoa NPOAYKTa peakLmm
- 93-95%, T = 133-134 °C. Crpyktypa N-metnadta-
AMMUAG AOKa3aHa MeTopamu AMP- M Macc-CneKTPOMETpUM
[18]. AMP *H (AMCO-d,, 3, m.a.): 3,013 (c, CH,); 7,2-7,9
(M, 4H) n °C (AMCO-d,, 6, m.A.): 24,11; 123,27; 132,22;
134,63; 168,41. AaHHble Macc-cnekTpomeTpuu: 38 (13),
50 (20), 76 (68), 104 (100), 148 (25).

Craaua 2. CuHtes N-meTua-4-HuTpodptarummnaa:

o) /O o)
@Eﬁu—w + HNo, 5% /@N—CH + N—CH
3 3 _H,0 3 3
6 ON 5 o)
NO,

MeTtoanka noayyeHna N-meTua-3(4)-HutpodTa-
AMMUAQ onucaHa B paboTax [18, 19]. B nateHTe [20]
nokasaH npocToin cnocob paspereHnsa naomepos N-me-
TUA-4-HUTpodTaAumupa U N-MeTUA-3-HUTpOodTaAUMUAA.
CtpykTypa 4-HutpodtanMmMmnpa AOKasaHa METOAOM
AMP (*3C). BbixoA LeAeBOro NpoAyKTa cocTaBua 89%,
T =175-178 °C.

Moanadupumma cepun Ultem Bbixoa noanmepa, % [n1*, an/t Tg**,°C
o] [e]
I
i];j @Q 96,8 0,39 236
o] o o
Sas=es
N 7
)é@ OJCQN 98,2 0,50 215
CHg \O

lpumeyaHue. * - onpeaeneHa B MeTa-Kpe3one npm temnepatype 25 °C; ** - onpepeneHa METOAOM AuddepeHUManbHo-

CKaHWPYIOLEN KaAOPUMETPUMN.
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Crapmsa 3. Cyxana auHatpueBasn conb 4,4’-ANGEHUNON-
nponaHa noAyyeHa peakuuen bucheHora A ¢ BOAHBIM
pactBopoMm NaOH, cxema 1 METOAMKa OnucaHa BbllLE,
HO YA@AEHWE BOAbI OCYLLLECTBAAETCA MPU MOMOLLU AOBYLLKH
Avnna-Crapka v 3atem 3ameHoi AoByLkK ¢ CaH, [21].

Craaus 4. Cuntes 2,2-6uc-[4-(N-deHnAdTarMMUA-4-0K-
cu)-dbeHnalnponaHa:

(o]
CH,
2 N—CH, + NaONa_>
O,N | CH,

Q o]
HsC—N N—CH
° ;j@ CHg @Eé s
0
o O °
CHs

2,2-6uc-[4-(N-deHUAPTaAMMUA-4-0KCH)-deHUAINPONaH
NMOAyYeH MO METOAMKE, OMMCaHHOM B cTatbe [15], u
npeacTaBasaeTr cobolt OEeAOCHEXHble KPUCTaAAbl C
T =147-149 °C, BbixoA cocTaBAaseT 65-75%. BbluncaeHo,
%: 'C77,0;H4,51. C,;H,¢N,0,. HanaeHo, %: 76,7, H 4,5.

Craaus 5. CuHTes 2 2-6uc-[4-(3,4-pAMKapbOKCUDEHOKCH)

deHuAlnponaHa [21]:

o)
7
HEN CHy N—CH; NaOH, H,0
—_—
| 5 o
© o]

2,2-6uc-[4-(3,4-aAnKapboKCUPEHOKCH)PEHUA]NPONaH
NMOAyYeH NO METOAMKe, onucaHHor B pabote [15].
T =208-216 °C. BbiuucneHo, %: C66,9; H4,3.C_ H,,0, .
HainaeHo, %: 66,5; H 4,4.

Craamsa 6. CuHTE3 AMaHrnapuaa 2,2-6uc-[4-(3,4-An-
kapbokcndeHoKeH)deHUAINponaHa:

B paborte [15] npuBeaeHa NoApobHasn METOAMKA MOAY-
YyeHua AMaHrnapraa 2,2-6uc-[4-(3,4-amkapbokcrdbeHoKeK)
deHunaJnponata. Beixoa coctasua 90-93%, T = 187-190 °C.

Crapusa 7. MonyyeHue noAnadupummpos cepum Ultem:

i\:@ @i«(cﬁ ' @

T¢© »@il
oo

ABTOpblI pPaboTbl [15] yCTaHOBWAM OMTUMAAbHbIE
ycnoBuA cuHTe3a M3AK B pactBope N-MeTUANMPPOANAOHA:
MCNOoAb30BaHWE U3ObITKA AMaHTMAPUAA B 3 1 5 MOA.% U
nocTeneHHblM noabeM Temnepatypbl Ao 180 °C, Bpems
peakuuun - 5-6 u. U3 pazbaBAeHHOro pactBopa noAMmMmepa
OTAMTbI MAEHKM W 3aTeM OCYLLECTBAEHA TEpPMUYECKas
unkamsauma MNIAK. CteneHb UMKAM3ALUKU KOHTPOAMPO-
Banacb MeTopoM MK-crnekTpockonuu. Bece noAyyeHHble
NAEHKW PaCTBOPSIAUCE B aMMAHBIX M XAOPCOAEPXKALLMUX
OopraHWYecKuX pacTBOPUTEASIX (XAOPODOPM, AUXAOPITAH,
XAOPUCTbIN METUAEH), NpUBEAEHHasA BA3KOCTb — 0,6-0,4 AA/T.
OcywiecTBAEH CUHTE3 noAnadupumupa cepun Ultem
HU3KOTEMMNEPATYPHOM NOAMKOHAEHCALIMEN AMAHTMAPUAA
2,2-6uc-[4-(3,4-aMKkapbokcndeHokeu)deHnalnponaHa u
meTa-deHnAeHAramMuHa B pactBope N-MeTMANMPPOAMAOHA
C NOCAEAYHOLLIEV XUMUUYECKOW LMKAM3aLMeN 06pasytoLimxca
M3AK B pacTBOpe Noa AEMCTBUMEM YKCYCHOTO aHrMAPUAA B
NPUCYTCTBUU TPETUUYHOIO aMKHa Kak kaTaAm3atopa [16].
B paboTte npuBeAeHbl CAEAYHOLLME XaPaKTEPUCTUKU MOAW-
adupumuaa: [n] = 0,67 an/r, T|g =220 °C, T =280 °C.

UcenepoBanne upkanzaumm NM3AK no ctyneHuaTomy
TEMNEPaTyPHO-BPEMEHHOMY PEXUMY UAU XMMUYECKUM
nyTem B pacTBOpPax YKCYCHOIO aHrMApuaa v NUpUAMHa
npoBeAeHO aBTopamu pabort [22, 23].

CH3

J -2n H,0

3AKAKOYEHUE

PaccMoTpeHHbIM Bbille MaTtepuan CBUAETEALCTBYET O
3HaUYNUTEABHbIX yeriexax B 06AaCTV CMHTE3a NOAU3OUPUMUAOB
cepun Ultem. MoapobHO paccMOTpeHbl METOAbI CUHTE3A
noAavadupnmmnaoB cepmm Ultem peakumen NoAMHUTPO3a-
MeLLeHUa buc-3-Hutpodtarummaa 3,3-GpeHuAamamMmuHa ¢
AVHATPUEBOM COAbIO BUCHEHOAA A U LMKAMIALMEN MOAW-
aMUAOKUCAOTBI, KOTOPYHO MOAYYatOT MOAMKOHAEHCAUMEN
AMaHrapuaa 2,2-6uc-[4-(3,4-AnkapbokcudeHoKeH)deHNA]
nponaHa u meta-deHUAeHAMaMMHA. [TOAyYEHHbIV MOAK-
abupummnpa cepumn Ultem sABASETCA OAHUM M3 AYULLIMX
MHXEHEPHbIX TEPMOMAACTOB, U3BECTHbIX HA CEMOAHSILLIHWIA
AEHb, 1 LLMPOKO UCMOAb3YETCS B TEXHOAOTMWN TPEXMEPHOM
3D-neuatw.
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CuUHTE3 n-amMmuHonMpuaAMHMeTaKpunaTta,
ero romononmmepusauma 1 CBOMCTBA
B.J. Baxa6oga, K.I. l'yaueB—

MHCTUTYT noAMMepHbIX MatepuaroB MUHMUCTepCTBa Haykn U obpasdoBaHusi AsepbariaxaHCKoH PecrybAUKHM,
r. Cymraribit, A3epbasiaxaH

AHHoTauus. BriepBbie B3auMOAENCTBUEM M-aMUHOMUPUANHAE C METAKDUAOUAXAOPUAOM MOAYYEH M-aMUHOMUPUAMHMETaKpMAAT.
Metoaamu VK- n IMP-cnekTpockonum AokasaHa ero CTpykTypa. [poBeAeHa paarkasbHasi roMOMOAMMEPU3aLIMs] CUHTE3UPOBAHHOIO
M-aMUHOMUPUAMHMETaKPUAATA Kak B Macce, Tak U B pactBope 6eH30Aa (MHULMATOP — AMHUTPUA a300MCHU30MAaCASIHOM
KWCAOTbI), M3y4YeHbl 3aKOHOMEPHOCTH rpoLiecca. MccreaoBaHUE PaAUKaabHON MOAMMEPH3aLIMM M-aMUHOMMPHUAMHMETaKpUAGTa
10Ka3aAo, 4To MPOLIECC NMOAMMEPU3ALIMU B HaWMAEHHbIX YCAOBUSIX NpoTeKkaeT 6e3 0bpa3oBaHUsl MOOOYHbIX peaKUmi U
WUHAYKUMOHHOIO rnepmuoaa ¢ MakCMMaAbHbIM BbIXOAOM 92%. BbiAO 06HaPYXEHO, UTO N-aMUHOMUPUAMHMETaKpUAAT Mpu
PaAMKaAbHOM NMOAMMEPU3ALIMM BEAET CE0s1 Kak BOAEE aKTUBHbIHM MOHOMEP M0 CPaBHEHMIO C METUAMETaKpUAaToM. CTpyKTypa
OAy4YEHHOro MOHOMepPa U MNoAMMEpPa UccaeaoBaHa metoaamm UIK- n AMP-cniekTpockonuu. Ha ocHoBaHWn AaHHbIX VK-
n SIMP-cnekTpoB yCTaHOBAEHO, YTO MPOLIECC MOAMMEPU3ALIMKU MPOTEKAET M0 ABOMHOMN CBSI3M, a 3aMECTUTEAN OCTarOTCS
He3aTpoHyThIMU B BOKOBOM MaKpoLenu. MccaeasoBaHmne rnpoLecca noAMmMepusaLmm CUHTE3UPOBaHHORO MOHOMEPa B
macce rokasano, 4To OH MPOTEKAET C aBTOYCKOPEHMEM. Hayano aBToyCKOpeHUs HaumHaeTes npm ~25%-m npespalleHum
MOHOMeEpPa B rPOLIECCE MOAMMEPM3ALIMM, UTO COTAAaCyeTCsl C AMTEPATYPHbLIMU AAHHBIMU. BbISBAEHO, YTO NoAMMepU3aLms
n-aMUHOMUPUAMHMETaKpUAATa MPOTEKAET CO CKOPOCThHO, MPEBOCXOASILLIEN CKOPOCTb MOAMMEPHU3ALIMN METUAMETaKPUAATA.
BeposiTHO, 3TOT (paKT CBSI3aH C BAUSIHUEM 3aMECTUTEAS] B MOHOMEPE Ha IAEKTPDOHHOE COCTOSTHUE BCEN MOAEKYAbI, B PE3YAbTATE
4ero M3MEHSIETCS IAEKTPOHHas! MAOTHOCTb BUHUABHOM rpyrribl, @ PACTYLLMIA PaAMKAA CTAOUAMBUPYETCS C 3aMECTUTEAEM
-M-a¢ppexTom. BbISIBAEHO, UTO CUHTE3MPOBAHHbIM MOAMMEP 0OASAAET BbICOKUMU aHTUMMUKPOOHbIMM CBOMCTBAMM.

KAaroueBble cnoBa: n-aMUHOMUPUAMH, METAKPUAAT, TOMOMOAMMEPU3ALIUS, aHTUMUKPOOHOCTb, METAKPHUAOUAXAOPHA,
paAuKaAbHas noAuMepu3salms

AAs uuTUpoBaHuA: Baxabosa B.3., [yaneB K.I. CUHTE3 M-aMWHOMMPUAMHMETaKpUAATA, Ero roMONoAMMeEpU3aLms
n cBoicTBa // U3Bectus By30B. MpukaasHaa xumnsa n buotexHororns. 2023. T. 13. N 3. C. 333-339. https://doi.
org/10.21285/2227-2925-2023-13-3-333-339. EDN: BUTVBX.

CHEMICAL SCIENCES
Original article

Synthesis, homopolymerization
and properties of p-aminopyridine methacrylate

Vusala E. Vakhabova, Kazym G. Guliev

Institute of Polymer Materials of the Ministry of Science and Education of the Republic of Azerbaijan, Sumgait, Azerbaijan

Abstract. For the first time, p-aminopyridine methacrylate was synthesized by a reaction between p-aminopyridine and
methacryloyl chloride. IR and NMR spectroscopy confirmed the obtained compound structure. Radical homopolymer-
ization of synthesized p-aminopyridine methacrylate was carried out either in bulk or in benzene solution (initiator -
AIBN). The study of radical polymerization regularities of p-aminopyridine methacrylate discovered no side reactions and
induction period of the reported process under the created conditions with a maximum yield of 92%. It was found that
p-aminopyridine methacrylate is a more reactive monomer in radical polymerization as compared to methyl methacrylate.
The structure of the obtained monomer and polymer was investigated by IR and NMR spectroscopy. Based on these
data, the polymerization proceeds by a double bond, with substituents in the side macro chain remaining unreacted.
The study of the synthesized monomer polymerization in the bulk indicated the presence of the gel effect. The autoac-
celeration begins at ~25% monomer conversion during the polymerization process, which agrees with the literature
data. It was discovered that the polymerization of p-aminopyridine methacrylate proceeds at a rate higher than that
of methyl methacrylate. This observation is likely to be connected with the substituent contribution to the electronic
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state of the entire monomer molecule. Hence, the electron density of the vinyl group changes and the growing radical
becomes stabilized with the substituent -M-effect. The polymer synthesized possesses high antimicrobial properties.

Keywords: p-aminopyridine, methacrylate, homopolymerization, antimicrobial properties, methacryloyl chloride,
radical polymerization
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rylate. Izvestiya Vuzov. Prikladnaya Khimiya i Biotekhnologiya = Proceedings of Universities. Applied Chemistry and
Biotechnology. 2023;13(3):333-339. (In Russian). https://doi.org/10.21285/2227-2925-2023-13-3-333-339.
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BBEAEHUE

LLInpokoe pacnpocTpaHeHMe YCTONUMBBIX KO MHOTUM
6aKTepPULMAHBIM BELLECTBAM LUITAMMOB U BO3MOXHOCTb UX
3MUAEMHYECKOr0 PAaCnpPOCTPAHEHUS ABASIETCS CEPbE3HON
npo6AeMoW AASt MOCTPOEHUA 3GOEKTUBHON aHTUOaKTe-
pUanbHOM Tepanuu. B cBA3K C 3TUM CTaHOBMUTCA HEOBXO-
AMMbIM NMOUCK CPEACTB, obecrneunBatoLLMx BAOKMPOBKY
Cpasy HECKOAbKMX GaKTOPOB YCTOMYMBOCTM NMATOrEHHbIX
MWKPOOPraHn3MoB. AAS PELLIEHUS 3TOW 3aAa4ui NEPCeK-
TUBHbIM NPEACTABASIETCS UCMOAb30BAHUE CUHTETUYECKUX
NOAMMEPOB, KOTOPbIE MOTYT OKa3blBaTb KOMOWHKWPOBaHHOE
BO3AEWCTBME Ha BaKTepUanbHYHO KAETKY, @ TakxXe SIBAAOTCA
6onee adHEKTUBHBIMU U MEHEE ONACHBIMU AASl YUEAOBEKA MO
CPaBHEHWIO C HU3KOMOAEKYAAPHBIMKW BUOLMAHBIMU BeLLE-
CTBaMMU, TPAAMLMOHHO UCMOAb3YEMbBIMU AAS 3aLUMTBI OT
MWKPOOPraHW3MOoB.

MoAMMEPbI, COAEPXALLIME B CBOEM COCTaBE GYHKLIMOHAABHO
aKTWBHbIE rPynMbl, 06AAAAIOT LUIMPOKMUM CNEKTPOM MEAMKO-
6MONOTMYECKON aKTUBHOCTM M UCTIOAb3YHOTCA B KauecTBe
6aKTEPULIMAOB, GYHTMLIMAOB, AEKAaPCTBEHHBIX MPenapaTos.
Yalue Bcero AAS MOAYUYEHMS TaKUX MOAMMEPOB MPUMEHSAAUCH
MOHOMEPbI BUHUAOBOTO U aKPUAOBOTO PSIAQ, COAEPXaLLME
B CTPYKTYp€ MOHOMEPa aMMHbl, KapOOHUAbHbIE U ApYyTUe
co3paBaemMble HakTepULMAHbIE dparMeHTbl [1-6].

B HacTosillee Bpems HekoTopble GYHKLUMOHAAbHbIE
NMOAMMEPbI MOAYUYMAW LUIMPOKOE NMPUMEHEHWE NPU CO3AAHUM
6MOLMAHBIX U AE3UHOULIMPYIOLLMX CPEACTB, GAOKYASHTOB, a
TaKXe KOMMO3ULMOHHbIX MaTEPUAN0B, MOBEPXHOCTb KOTOPbIX
obrapaeT HaKTEPULIMAHON U GYHTULUMAHOW aKTUBHOCTbIO
[6-18]. Ocobo BocTpeboBaHHbIMU CTAHOBATCS BUOLIMAHBIE
npenapatbl C Pa3HOM CTENEeHb TMAPOPOOHOCTU. Lleab
HacTosLLen paboTbl — UCCAEAOBAHME CUHTE3A MOHOMEPA
rM-amMuHonupuaAMHMeTakpuaarta (r-ArNMA) u usyueHue ero
paAMKaAbHOM MOAMMEPU3aLMK.

OKCNEPUMEHTAABbHAA YACTb

MK-cnekTpbl NoAMMepa 3anucaHbl Ha npubope ALPHA
UK-Oypbe (Bruker Lumos Il, lepmanusi), cnektpbl AMP tH
- Ha cnekTpometpe Bruker HFR-300 (Bruker, lepmanus)
8 CDCl,; XMMHUUYEeCK1e CABUTH ONPEAENEHbBI OTHOCUTEABHO
TeTpaMeTUACUAAHA.

CuHTe3 n-AlMA. B koAby ¢ 06paTHbIM XOAOAMABHUKOM
nomewann 0,5 monb (47 1) n-aMUHOMUMPUAMHA B cpeae
TpetruHoro amuta ((C,H,),N); npu temneparype 30 °C npu
nepemMelLrMBaH1m No Kanasm poobaBasaan 0,6 MoAb (62,7 T)
MeTaKPUAOUAXAOPHAA B 30 MA aBCOAKOTHOTO CEPHOTO adupa.
Mocnae 3aBeplueHna peakuun (1 4) CMecb 3KCTparMpoBam
CEPHBbIM 3OUPOM, 3aTEM CYLUMAU, MEPETOHAAN AETKUE
dpakumm (36,5 °C), a NOTOM OCHOBHYH GPaKLIMIO B BaKyyMe.
Bbixoa coctaBua 92%. T =114-116/3 mMm pr. CT,
n2® = 1,4202; d5° = 0,936.

OAeMEeHTHbIN aHaAn3 C4H, N, 0. BbiuncaeHo, %: C 66,6;
H 6,17; N 17,28. HanpeHo, %: C 66,8; H 6,13; N 17,18.

CUHTE3 MOAU-M-aMUHONUPUAMHMETaKpUAaTa

Metoanka noammepm3saLmm B pacteope. MoaMmeprsaLmio
CMHTE3MPOBAHHOIO MOHOMEPA OCYLLECTBASIAW B 3aNasiHHbIX
amnynax B atMocdepe asota B pactBope HeH3ona (OKOAO
3 4). NMoAMMeEpPU3aLIMOHHbIN PacTBOP, COAEPXALLMIA MOHOMEP
Y MHALIMATOP (AMHWUTPKA a306MCU30MaCASIHOM KUCAOTbI (AAK)),
MOMELLIAAW B CTEKASIHHYHO aMnyAy, CMECh MPOAYBaAW NMOTOKOM
asoTa B TeveHne 8 MuH. 3ateM ammyAy NAOTHO 3anavBanv U
nomeLLanv B fepmoctart npu 343 K. KoHUeHTpauyst MoHoMepa
COCTaBMAa 2 MOAb/A, @ MHMUMaTopa — 0,3 MOALY% OT Macchl
MOHoMepa. O6pa3oBaBLLMICS MOAMMED OUMLLIAAN ABYKPATHLIM
nepeocaxAeHWeM 13 BEH30ALHOIO PacTBOPa B METAHOA 1 CYLLIMAM
MNPy NOHMXEHHOM AaBAEHWM (15—20 MM pT. CT.) Npu Temneparype
30 °C A0 NocTosAHHOM Maccehbl. Bbixop coctaBua 93%.

Metoanka noavmepusaummu B Macce. B oAHOKaMepHyro
amnyay nomewanm 2 r n-AlMMA 1 0,006 r AAK B kauecTse
MHUUMaTopa. B npucyTcTBMM a3oTa NnomMeLLann B Tepmoctar
npu 343 K B TeyeHue 2 u. o 3aBePLUEHUN peaKLmMK aMnyAy
OXAaXAaAM, BCKpbIBaAKU, PacTBOPSIAM B BEH30AE, 3aTEM
0CaXAaAn B METAHOA U CYLUMAM AO MOCTOSIHHOM Macchl.
Bbixoa coctaBua 95% — 1,9 1.

OAEeMEHTHbIV aHaAu3 C,H,,N,0. Boiuncaero, %: C 66,6;
H 6,17; N 17,28. HanpaeHo, %: C 66,5; H 6,09; N 17,08.

XapaKTepucTUUeckyo BaskocTs noaumepa ([n], .. =0,58,
[n]pam‘ = 0,66 AN/T) ONpeAensiAv B 6EH30AE B BUCKO3UMETPE
Yb6b6enoae.

KWHETUKY roMonoAMMepu3aLmMmn n3yvaam B 06bIYHOM
OAHOKaMepPHOM AMAGTOMETPE EMKOCTbIO 13,7 MA C LieHOW
AeAeHUs uamepuTenbHor bropetkn 0,01 MA. INoAyYeHHbIN
NMOAMMEP PaCTBOPSIAU B XAOPODOPME 1 OCaXAaAU B METAHOA.

OBCY>XAEHUE PE3YABTATOB
n-AlMMA 1 ero romonoArmep BbiAv NOAYUEHbI N0 PeaKLmu:

?Hz THZ ?HB AK
CH2=(|J + {j TA L CH2=|C _ H_>
0=C-Cl N 0=C-NH—{ N
CH,

|
— ok
rl —
0=C—NH—\ /N

Ynctota CUHTE3UPOBAHHOIO COEAMHEHWA KOHTPOAM-
poBaracb MeTopom KX-aHaamn3a (puc. 1) n Bo Bcex cayyasix
coctaBuaa 99,5%.

" Sivov N.A., Martynenko A.l., Popova N.I. Handbook of Condensed Phase Chemistry. Nova Science Publ. Inc., 2011.
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Puc. 1. NDKX-aHaAvM3 n-aMUHONUPUANMHMETaKpUAATa
Fig. 1. GLC analysis of p-aminopyridine methacrylate

PaankanbHYO NOAMMEPHU3aLMIO NMPOBOANAM B Macce 1
B pacTtBope 6eH30Aa B 3anasHHbIX aMnyAax B aTmocoepe
asorta npu 343 K B npucytcteun AAK.

BbIAiBAEHO, 4TO peakuMOHHas CUCTeMa OcCTaeTcA
rOMOreHHOM BMAOTb AO BbICOKMX KOHBEPCUI (MPAKTUUYECKH
A0 92%). CMHTE3MpPOBaHHbIA MOAMMEP MpPEACTaBASIET
cobol 6eAblit MOPOLLOK, PACTBOPUMbIV B aPOMaTUUECKMNX
WU XAOPCOAEPXKALLMX YTAEBOAOPOAAX, TaKMUX KaKk CH3CI,
CH,CL,, CCl,, n HeKOTOPbIX MOASIPHBIX PACTBOPUTEASIX, TAKUX
kak DMF, DMCO; 1 HepacTBOpUMbIM B anndaTUUYECKMX
YIA€BOAOPOAAX, HU3LIMX CNUPTax U AUSTUAOBOM adupe.
BbiSBAEHO, UTO CMHTE3MPOBAHHbLIN MOAMMEP O0bAapaeT
XOPOLUMMU NMAEHKOO0BOPA3YHOLMMMU, INACTUYHBIMU U APYTUMK
CBOMCTBAMM.

CTpyKTypa nOAyYEHHbIX MOAMMEPOB WCCAEAOBaHa
meTopamu MK- u AMP-cnekTpockonuu. Mytem conoctaBAeHUA
MK-CNeKTPOB MCXOAHOrO MOHOMepa (puc. 2) U MOAy-
YEHHOro noaumepa (puc. 3), KOTOPOMY MpUHAAAEXAT
noAockl noraoweHrsa 1720 cm?, 6biA 0BHapyXeHbI

MOAOCbI MOTAOLLEHWS, XapaKTepu3yrolWwmne BaAEHTHblE
konebaHUs KapOOHUABHOM FPynnbl 06pa3yHOLLMXCS NMOAU-
MepoB npu 1730 cm™ (cMm. puc. 3). CmeLleHne MakcuMyma
MOAOCHI MOTAOLLEHWA, XapakTepuaytolen rpynny C=0,
HaXOAfLLYIOCA Yy MOAMMEpPA, CBA3AaHO C PaCKpbITUEM
ABOVIHOM CBA3M, UTO MPUBOAMT K HAPYLLEHMWIO CONPSIXXEHNSA U
nepepacnpeaeneHnto SNEKTPOHHOM NMAOTHOCTH B CTPYKTYpe
MOHOMepa. AAS M-aMUHONWUPUAMHE XapaKTEPHbI CAEAYIOLLME
XapaKTePUCTUUECKME MOAOCHI MOTAOLLEHUA CBA3EN:
NMUPUAMHOBBIV LIMKA XapaKTepu3yeTcs rpynnow cAabblx MOAOC,
NOABASIOLLMXCS HA HU3KOUYACTOTHOW CTOPOHE OCHOBHOM
nonochkl V(CH) B o6aact 2800-2700 cm?; xapaKTepHble
A N—H-¢parmeHTa cooTBeTCTBEHHO B 06racT 3307
n 3436 cwm®; BaneHTHble KonebaHua cBasu C—-N B
LIMKAMYECKUX coeAnHeHUsX B obractn 1350-1280 cm?,
Bbl3BaHHble yyacTuem C—N B CKeAeTHbIX KOoAebaHMAX
MOAEKYAbI; CUMMETPUYHbIE BAaAEHTHblE KOAeBaHWS rpynmbl
CH,npu 2724 cM™; acMMMETPUUYHBIE U CUMMETPUUHbIE
BaAeHTHble KonebaHus C—H-rpynnbl npu 2931 1 2865 cm™
COOTBETCTBEHHO.

M3 purc. 3 BUAHO, UTO MOAOCHI MOTAOLLLEHNA B 0BAACTSX
900-1000, 1635-1640 cm?, oTHOCALLMECH K Aedop-
MaLMOHHbIM M BAAEHTHbIM KOAEOaHMAM ABOMHOM CBA3K
BMHWABHOWM rpynmnbl, NOCAE MOAMMEPU3ALMKN UCUE3AIOT.

B AMP-cneKTpe NpoTOHHbIE CUTHAAbI, OTHOCALLUECS K
NPOTOHAM BUHWAbHOM rpynnbl (4,50-5,10 M.A.), OTCYTCTBYIOT
B NOAMMEPHOM obpasue. OcTaAbHbIE PE3OHAHCHBIE MPOTOHbI
OCTatoTCA B MOAEKYAE MOAMMEPA HE3ATPOHYThIMMU.

Pe3yAbTaTbl CNEKTpaAbHbIX aHAAM30B NOKasaAu, YTo
NOAMMEPU3aALIMA MPOTEKAET TOAbKO MO ABOMHOM CBSI3M
BMHWABHOWM Fpynnbl, @ aMUHONMUPUANMHOBBIE GparMeHThbl
B 60KOBOW Lienu octatotcst 6€3 UBMEHEHUIA.

AAS OLEHKM CNOCOBHOCTU CUHTE3MPOBAHHOTO MOHOMEpa
K MOAMMEPU3aLMN U BbIABAEHUA €€ 3aBUCUMOCTU OT
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Puc. 2. MK-cnekTp m-aMnHONMpUAMHMETaKpUAaTa
Fig. 2. IR spectrum of p-aminopyridine methacrylate
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Fig. 3. IR spectrum of poly-p-aminopyridine methacrylate

NPOAOAKMUTEABHOCTU NMOAMMEpPU3ALIMK NPU BbIOPAHHbIX
CTaHAAPTHbIX YCAOBMSIX HA pUC. 4 NMPEACTABAEHbI MOAY-
YeHHble KUHETUYECKUE KPUBbIE MOAUMEPU3ALIUN CUHTE-
3MPOBAHHOIO HaMW MOHOMEpPA M METMAMETaKpUAaTa.
Mpu conoctaBAEHUU KMHETUYECKMX KPUBBIX BUAHO, YTO MO
CKOPOCTU papMKaAbHOM MOAMMEPU3ALIUM CUHTE3UPOBAHHbIN
MOHOMEP W METUAMETAKPUAAT Pa3AUYaIOTCA MEXAY
cobon: noammepusaumnsa n-AlMMA npoTekaeT co CKOpPO-
CTbIO, NPEBOCXOASLLEN CKOPOCTb NOAMMEPU3ALLUN METUA-
MeTakpuaaTa. Takoi GakT, BEPOSATHO, CBSI3aH C BAUSTHUEM
aMUHONUPUAMHOBOIO dparmMmeHTa Ha BUHUABHYIO rpynny.
Apyrum BaXHbIM GaKTOPOM, BAMSIOWMM Ha Xapaktep
NOAMMEPU3aLMK, MOXET ObITb OTHOCUTEAbHAS CTABUABHOCTb
MaKpopaarKana, OTBETCTBEHHOIO 3a POCT Lenu.
E

100

ETsEMHA, MEH

Puc. 4. 3aBUCMMOCTb KOHBEPCUM OT MPOAOAKUTEABHOCTH
peakuum noAvMepusauum (B Mmacce):
1 — n-aMUHONUPUAMHMETaKPUAAT; 2 — METUAMETaKPUAGT

Fig. 4. Relationship between conversion and polymerization

reaction time (in mass): 1 — p-aminopyridine methacrylate;
2 — methyl methacrylate
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BbISIBAEHO, UTO paalKaAbHasa NOAMMepPU3aLmMs MOHOMepa
B Macce COMpOBOXAaeTcs aBTOycKopeHuWeM. Hauyano
aBTOYCKOpPEHMA HaunHaeTtcs npu ~25%, uto cornacyetcs
¢ paboramu [19, 20]. ABTOyCKOpPEHME PAAUKAABHOM MOAK-
Mepuzauuun n-AlfMMA, BEpOATHO, CBA3AHO C KOMMNAEKCOM
CTPYKTYPHO-OUINUYECKMX NEPEXOAOB MOAMMEPU3ALMOHHON
cucTeMbl, 0BYCAOBAMBAOLWIMX WM3MEHEHWE XxapakTepa
AMOOY3UN PaCTYLLMX MOAMMEPHbBIX LLEEMen.

Buonornueckme UCNbITaHUSE MOKa3aAM AOCTaTOYHO
BbICOKYHO 6aKTepuLmMaHyto (Escherichia coli, Staphylococcus
aureus) n dyHrmumaHyto (Candida albicans) akTMBHOCTb CUH-
TE3MPOBAHHOIO NOAMMEpA. 3aBUCUMOCTb aHTUMMUKPOOHOM
AKTUBHOCTM MNOAUMEPOB OT UX MUHUMAAbHOW MHTMOMPYLOLLEV
KOHLEHTPaLUMN MPUBOAUTCA B TabAauue. BbISIBAEHO, UTO
YeM MeHbllie 3HaYeHUe MWHWUMaAbHOM WHIMOUPYHOLLEN
KOHLIEHTPaLIMK (Macc. %), TeM Bblille BUOLMAHBIN 3dDEKT.
BGKTepVILI.MAHbIe 7] (])yHFMLJ,MAHbIe cBoOWCTBa CUHTE3NPOBAHHOIO
NOAU-N-aMUHOMUPUANHMETaKPUAATA

Bactericidal and fungicidal properties of synthesized poly-p-
aminopyridine methacrylate

TecT-KyAbTYypa
BeulectBa -
E. coli | St. aureus | Can. alb.
roaw-r- 0,5 0,8 1,0
aMUHOMUPUAUHMETaKPUAAT

Takum obpa3om, B AaHHOM paboTe CUMHTE3UMpPOBaH
HOBbIN M-aMWHOMUPUAMHMETAKPUAAT U NPOBEAEHA €70
paAMKanbHas roOMOMOAMMEPU3aLIMS B Macce 1 pacTBope.
BnepBble NokasaHo, YTO MOAYUYEHHbI HOBbIN MOAUMEP
obrapaeT aHTUMUKPOOHOM akKTUBHOCTbIO. [ToAyYeHHbIe
Pe3yAbTaTbl MOTyT CBUAETEABCTBOBATL O NEPCNEKTUBHOCTU
UCMOAb30OBaAHNA €ro B MeAnUUHeE.
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SAKAKOYEHUE

CUHTE3MPOBAH MOHOMEP M-aMUHOMUPUAMHMETAKPUAAT,
U3yyeHa ero papMkanbHas roMONnoAMMEpPU3aLUA B NPU-
CYTCTBMM MHULMATOPA — AMHUTPUAG a306MCU30MACASTHON
KUCAOTbI — Kak B Macce, Tak 1 B pacTBope. lNokasaHo, 4To
NoOAMMEPU3aLMa NPOTEKAET aHAANOTMYHO MOAMMEPU3aLnUn
BUHWUABHbIX MOHOMEpPOB. CTpyKTypa MOHOMEpPa U NOAY-
YEHHOrO Ha ero 0CHOBE NMOAMMEpPA YCTAHOBAEHA Ha OCHO-

BaHWK AaHHbIX K- 1 AMP-cnekTpockonuu. [okasaHo, 4To
NoOAMMEpPUM3aLIMA B Macce NPOTEKAET C aBTOYCKOPEHMEM,
€€e CKOPOCTb HAMHOIO BbILLIE, YEM NPU MOAUMEPU3ALIMU
MeTUAMETaKpUAaTa. BbISBAEHO, UTO MOAYUYEHHbIN NOAMMEP
obrapaeT aHTUMUKPOOHbBIMK CBOMCTBAMU U €r0 MOXHO
MCMOAb30BaTh B MEAUUMHE B KauyectBe OWOLMAHbIX
MaTepUanoB.
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UccnepoBaHue GpepMEHTAaTUBHON aKTUBHOCTU SKCTPAKTOB
u3 6Momacchl BbICLUMX rPUOOB AAA MOAYUEHUSA MOAOUYHOKUCABIX MPOAYKTOB

A.B. MuHakos*** H.B. YpasoBa***, H.[. BazapHoBa*, C.A. TuxoHos***, M.B. MMHakoBa**

*ANTaNCKUIM rocyAapCTBEHHbIN yHUBEPCUTET, I. bapHaya, Poccurickas ®eaepaums

**BUNCKUI TEXHOAOTMYECKMIA MHCTUTYT — GrAMaA AATaliCKOro rocyAapCTBEHHOIro TEXHUYECKOIro yHMBEpCHTETa UM.
W.W. lMNMon3yHoBa, r. burick, Poccuiickas ®eaepaums

***YparbCKUKM roCyAapCTBEHHbIN 3KOHOMMUUYECKUI YHUBEPCHUTET, I. EkaTepnHOypr, Poccurickas ®eaepaums

AHHoTaumA. CTaTbs NOCBALLEHA UCCAEAOBaHUIO GepPMEHTAaTUBHOM aKTUBHOCTM M XMMMYECKOro COCTaBa 3KCTPAaKTOB,
MOAYYEHHBbIX U3 CyOCTPATHOrO MULIEANS BbICLLUMX rPMb60B. O6bEKTOM UCCAEAOBaHUS SIBASIETCS bBUoMacca MULEAUS
rpomboB Piptoporus betulinus (cybcTpatHbIf MULIEAME), MOAYYEHHAS METOAOM TBEPAOPA3HOIO KYALTUBUPOBAHUS Ha
pactutearbHoM cybcTparte. AAsT MOAYYEHMS IKCTPAKTOB MCMOAb30BaAU AUCTUAAMPOBAHHYO BoAY (PH=7,0), aueTaTHbik
(pH=4,7), pocpatHbii (pH=7,4) n 6ypep Mclivaine (pH=4,0). B paboTe ornpeAeAsiAv MOAOKOCBEPTbIBAIOLLYHO, MPOTe-
OAUTUYECKYHO, LIEAAOAO3OAUTUYECKYIO M AMITOAUMTUYECKYH aKTMBHOCTH, @ TakXXe COAepKaHne BENKOBbLIX BELLECTB B
BOAHOM 1 BydepHbiX IKCTpakTax. B pe3yabTate MpoBeAEHHbIX MCCAEAOBaHUI ObIAO YCTaHOBAEHO, YTO B U3BAEYEHMSIX U3
cybcTpatHoro muteans P. betulinus, noAydeHHbIX AUCTUAAMPOBaHHOM BOAOH 1 Bydepamu, 3HaUeHMs LIEAAKOAO30AMTUUECKOM
(3,75-3,90 ea/r), nunoantnyeckort (40,00-44,24 ea/r) u MorokocBepTbiBaroLLed (65,80-66,60 ea/MA) aKTUBHOCTH
OTAMYAKTCS HE3HAYUTEABHO. 3HAYEHUS MPOTEOAUTUUECKOM aKTUBHOCTH n3meHsiAuch oT 0,22 Ao 0,78 ea/MA. Hanbonee
3PPEKTUBHBIM PACTBOPUTEAEM AAS MOAYHYEHMS] BbICOKMX 3HAYEHMUI MOAOKOCBEPTbLIBALLEH aKTUBHOCTH SIBASIETCS
ANCTUAAMPOBaHHas BoAa. KOHLUEHTpauus 6EAKOBbIX BELLECTB B HaTWMBHOM BOAHOM 3KCTPaKTe M3 CybCTpaTHOro
muueams P. betulinus coctaBuaa 14,50 mr/MA. OuncTka aKCTpakTa MUKPOGUAbTpaUMENn n BEHTOHUTOM MPUBOAMT K
3HAYUTEABHOMY CHUXEHMIO KOHLIEHTPaLMK 6eAka (A0 5,90 MI/MA), LEAAOAO30AUTUUECKOH (A0 1,40 eA/T), AMITIOAMTUYECKOH
(a0 5,30 ea/r) u npoteoautnyeckod (Ao 0,11 ea/MA) aKTUBHOCTU U MOBbILLIEHUKO 3HAYEHMI MOAOKOCBEPThLIBAKOLLIEH
aKkTMBHoOCTH (A0 285,80 ea/MA). BEHTOHUT COPOUPYET LEAAKOAOIOAUTUUECKUE, AMIIOAMTUYECKME M HECTIeLIMPUUECKHE
MPOTEOAUTUYECKUE GEPMEHTbI, 3@ CUET YEro NMPOMNCXOAMT OUYEBHMAHOE MOBbILLEHNE 3HAYEHUI MOAOKOCBEPThIBAKOLLEN
aKTMBHOCTU. YCTAHOBAEH BbICOKHI MOKa3aTeAb COOTHOLLEHMS] MOAOKOCBEPTLIBAIOLLEH K MPOTEOAUTUHYECKOH aKTUBHOCTH
Y BOAHOI0 aKCcTpaKTa rpnbos P. betulinus - 2598,20, 4uto, BO3MOXHO, MPUBEAET K MOBLILLIEHNIO BbIXOAA, YAYULLEHUIO
OpraHoOAENTUYECKUX CBOMCTB U YBEAMYEHUIO CPOKa XPaHEHUS CbipOB.

KaroueBble cnoBa: KyAbTUBMpPOBaHWe, Piptoporus betulinus, akcTpaKkTel, pepmMeHTaTMBHass akTUBHOCTb, bydepsl,
b6eAKkoBble BelLeCcTBa

®uHaHcupoBaHne. ABTOPbI BAAroAapsAT 3a PUHaHCOBYH MOAAEPXKY MuHobpHayku PO (tema Ne 075-00316-20-01,
FZMM-2020-0013, mHemokoa 0611-2020-013).

Ana untuposaHusa: MuHakos A.B., Ypasosa f.B., baszapHosa H.[., TuxoHos C.A., MuHakoBa M.B. MccaepoBaHue
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Abstract. The present study investigates the enzymatic activity and chemical composition of extracts obtained from
the substrate mycelium of higher fungi. The investigated object is the biomass of fungi Piptoporus betulinus (substrate
mycelium) gathered after solid-phase cultivation on natural substrate. The extracts were obtained using distilled
water (pH=7.0), acetate (pH=4.7) and phosphate (pH=7.4) buffers, and Mcllvaine buffer (pH=4.0). Milk-clotting,
proteolytic, cellulosolytic and lipolytic activity, as well as protein content, were determined in both aqueous or buffer
extracts. As a result, the values of cellulosolytic (3.75-3.90 units/g), lipolytic (40.00-44.24 units/g) and milk-clotting
(65.80-66.60 units/mL) activity of the substrate mycelium was determined. These values differ slightly in the
extracts prepared on distilled water and buffers. Moreover, the concentration of protein substances in the native
aqueous extract from the substrate mycelium of P. betulinus was 14.50 mg/mL. The values of proteolytic activity
varied from 0.22 to 0.78 units/mL. Distilled water was found to be the most effective solvent for achieving high
values of milk-clotting activity. Extract purification by microfiltration or with bentonite leads to a significant decrease
in protein concentration (up to 5.90 mg/mL), cellulose- (up to 1.40 units/g), lipo- (up to 5.30 units/g), and proteolytic
(up to 0.11 units/mL) activity, and an increase in milk-clotting activity values (up to 285.80 units/mL). The bentonite
sorbs cellulosolytic, lipolytic, and non-specific proteolytic enzymes, resulting in a noticeable increase in the value of
milk-clotting activity. In the aqueous extract of P. betulinus fungi, a high ratio of milk-clotting to proteolytic activity was
found with a value of 2598.20. This may lead to an increased yield and improvement of the organoleptic properties
of cheese and its storage period.
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BBEAEHUE

DepmMeHTbl ABAAIOTCS MPUPOAHBIMU KaTaaru3aTopamu,
KOTOPbl€ HALIAWM LUMPOKOE MPUMEHEHWE B Pa3AMYHbIX
0TPACAAX NPOMbILUAEHHOCTU U BUOTEXHOAOTUU. OAHON U3
KpynHeWLmnX rpynn GepmMeHTOB ¢ NepcrnekTUBOM POCTa OKOAO
7% B rop ABAAOTCA NpoTeasbl. AaHHadA rpynna GepmMeHToB
aKTUBHO NPUMEHSETCS B NULLIEBON, GapMaLleBTUUECKON
N XUMUYECKOW NPOMbILLIAEHHOCTH [1, 2].

MUKpPOBHLIE NPoTeasbl MO CPABHEHWUIO C PePMEHTaMK
PacTUTEABHOMO W XXMBOTHOIO MPOUCXOXAEHUA B Hau-
60AbLLEN CTENEHW SAIBAAIOTCS BOCTPEOOBAHHbLIMU M3-3a
61OTEXHOAOTMUYECKOrO NpoLecca Ux NPOU3BOACTBA, YTO AaeT
BO3MOXHOCTb MOAyYaTb MPOAYKT 32 60AEE KOPOTKMIM NMEPUOA
BpeMeHu [3]. K npoayLueHTaM MUKPOOHBLIX GepMeHTOB
OTHOCSIT pa3AnyYHble BUABI BakTepuit v rpnboB. B nocaepHee
BPEMSA NepCrneKTUBHLIMM NPOAYLEHTAMMW NPOTEOAUTUYECKMX
bepmMeHTOB ABASIOTCA BbIClUME Ga3uaManbHble TPUOHI
(otaen Basidiomycota), TokcukonorMyeckas 6esonac-
HOCTb KOTOPbIX MOATBEPXAEHaA BceMupHOW opraHu-
3aumen 3ppaBooxpaHeHus [4]. M3BECTHO, UTo K 3TOMy
OTAEAY OTHOCSITCA rPpKbbI, paspyLuatoLLmMe PacTUTEAbHbIE
cybcTpatbl. 3a CUET BbIAEAEHWUS MULEAMEM BOAbLLIOTO
KOAMYECTBa Pa3AMUHbIX KAaCCOB PEPMEHTOB (LEAAIOAA3bI,
reMULEAAOAA3bI, NEKTUHA3bI, GEPMEHTbI AMTHUHA3HOTO
KOMMAEKCa) MPOUCXOAMT MUKOTEHHBIN KCUAOAWU3 — AECTPYKLMS
KOMMOHEHTOB PaCTUTEAbHON KAETOYHOM CTEHKM — LEAAKOAO3bI,
AMTHUHA, FeMULEAAOAO3bI [5-T7].

BrMOKOHBEpPCHA PaCTUTEAbHOrO CblpbSA BbICLLUMMU
rpubamu NnpeAcTaBAsieT COO0M aAbTEPHATUBHbIN NMOAXOA
K NPOM3BOACTBY MPOMbILUAEHHO BaXHbIX MPOAYKTOB C
BbICOKOW A0BaBAEHHOM cTOMMOCTbIO [8]. McnoAb3oBaHue
TEXHOAOTMKW TBEpAOdaA3HOW depmMeHTauun rpubos
NO3BOASIET CYLLLECTBEHHO CHU3WUTb 3HEpPro3aTpatbl Npu
NPOM3BOACTBE GEPMEHTOB 3a CYET CTAaTUUECKUX YCAOBUIA
KYABTUBMPOBAHUA NPOAYLEHTOB B MPOCTbIX KOHCTPYKLMAX
61M0pPEaKTOPOB Ha AUTHOLEEAAKOAO3HbIX OTXOAAX CEAbCKO-
X035IMCTBEHHON U AepeBonepepabdaTbiBatoLLEN MPOMbILL-

AeHHocTH [9, 10].

B kauecTBe NepcneKkTMBHOrO HamnpaBAEHUS MOXHO
OTMETUTb rPynny NPOTEOAUTUUYECKUX GEPMEHTOB, CMOCOOHbIX
KoaryaMpoBaTb 6EAOK MOAOKA W ABAAIOLLMXCSA BaXHbIM
bYHKUMOHAABHO HEOHXOAMMbIM KOMMOHEHTOM, KOTOPbIN
NPUMEHSETCS AAA MTPOM3BOACTBA OOABLLIMHCTBA FPYNM ChIPOB.
MHOrouYncAeHHble UCCAEAOBAHMSA MPOAEMOHCTPUPOBAAK
NPUCYTCTBUE TaKMX GEPMEHTOB Y CbeAOBOHbIX U AEKapCT-
BEHHbIX BUAOB rpuboB, B TOM uncae Flammulina velutipes,
Pleurotus ostreatus, Grifola frondosa, Tricholoma
saponaceum, Armillaria mellea, Russula decolorans,
Coprinus lagopides, Irpex lacteus, Fomitopsis pinicola.
B npouecce raybuHHOro n T1BepA0$a3HoOro KyAbTUBMPO-
BaHUS AaHHble BUAbI TPMOOB NPOAYLIMPYHOT CEPUHOBBIE,
LLLeAOYHble, GUBPUHOAUTUYECKME, METAANO3ABUCUMbIE
npoteasbl, NAEPEPWH, IPUHIEOAU3UH, HEOPOAEOAN3UH,
rEMOAU3UH, AaKKa3Hble U30PEPMEHTbI, aMMHONENTUAASDI
M CUTHaAbHble NenTMaasbl [11-14].

BbillenepeuncaeHHble rpubbl, 3a UCKAOUEHUEM Russula
n Coprinus, OTHOCATCA K AepeBOpa3pyLLaoLLUM, YTO AaeT
BO3MOXHOCTb KYABTUBMPOBATb MULLEAWI TBEPAODA3HbIM CMO-
€c060M Ha AMTHOLLEAAKOAO3HBIX cybcTpaTax. OAHAKO Ha Ceroa-
HSILLHWI AEHb B AUTEPATYpe B OCHOBHOM OMUCaHbI MUTaTEAbHbIE
CpeAbl AN IOAYUYEHUA MOAOKOCBEPThIBAOLLIMX GEPMEHTOB M3
BbICLLMX FPMOOB C MCMOAb30BAHWEM TEXHOAOTMM TAYOUHHOMO
KyAbTMBUpPOBaHUs [11, 12]. CybcTpaTthl AAA TBEPAOGDASHOIO
KYABTUBMPOBAHUSA BbICLUMX FIPUOOB - NPOAYLIEHTOB GEPMEHTOB
MOAOKOCBEPTbIBAOLLETO AEMCTBUA — MPEACTABAEHbI B AUTEPA-
TYPHbIX UCTOYHUKAX B OrPaHNYEHHOM KoAndecTse [15].

HecMoTpsi Ha IMPOKKI NepeveHb rpubos, NpoTeo-
AMTUYECKas aKTUBHOCTb 6a3MAMOMULETOB HEAOCTATOYHO
MCCAEAOBAHA U UX NMOTEHLMAA B chepe BUOTEXHOAOTUUECKOTO
MPOU3BOACTBa NMOAHOCTBIO HE pacKkpbIT. CEropHs MCCAEAO-
BaTEASIMM NMPOAOAXKAETCS MOUCK N0 06HaPYXEHWHO HOBbIX
npoteas, 06AaAaoLLIMX CBOUCTBAMMU, AAS UX KOMMEPYECKOTO
npumeHeHus [16-18]. AeTanbHOE UCCAEAOBAHNE GEPMEH-
TaTMBHOMW aKTUBHOCTW U XMMMUUYECKOr0 COCTaBa NMPOAYLIEHTOB
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NPOTEOAUTUUECKUX GEPMEHTOB CPEAM BbICLLIMX 6A3UAMO-
MULETOB, KYABTUBUPYEMbIX Ha PACTUTEAbHbIX CybCTpaTax,
NMO3BOAMT CO3AATb TEXHOAOTMIO X MPOM3BOACTBA B MpPO-
MbILLIAEHHOM MacLuTabe, yunTbiBas AOCTYMHOCTb CblPbEBbIX
WUCTOUYHWKOB.

LleAbto paboThbl ABAAETCS UCCAEAOBAHNUE GEPMEHTATUBHOM
AKTUBHOCTU U XMMWUUYECKOr0 COCTaBa 3IKCTPAKTOB W3
cybCTPaTHOrO MULEAUS BbICLLIKUX FTPUOOB AAS MOAYYEHUSA
MOAOUYHOKUCABIX MPOAYKTOB.

OKCNEPUMEHTAABHAA YACTb

B nccaepoBaHUAX UCNOAB30BAAM KYABTYPY BbICLLIENO
6a3unarManbHoro rpuba Piptoporus betulinus D-21, noay-
UEHHYH TKaHeBbIM CNOCOB0OM M3 MAOAOBBIX TEA, COBPAHHbIX
C ApeBecUHbl Bepesbl B AECHOM 30He AATACKOro Kpas.
[ToAyYEHWE UMCTOW KYABTYPbI MULEAWS MTPOBOAMAM Ha NWTa-
TEAbHOW CpeAae cycAo-arap. KOHTPOAb UMCTOTbI MULEAWS
OCYLLECTBAAAM METOAOM CBETOBOM MUKpockonuu (Carl
Zeiss Primo Star) Ha HaAM4MEe/OTCYTCTBUE NPAXEK U MUKO-
OUABHBIX TPMb0B. MAEHTHdUKaLMIO BUAA NMPOU3BOAMAN MO
MOAYYEHUIO M OMUCAHUIO MAOAOBbBIX TEA B UCKYCCTBEHHOM
KYAbTYpe. XpaHeHue TaMma OCYLLECTBAAAW Ha CYCAO-
arape B yalwkax Metpu npm Temnepatype 52 °C.

AAA NOAyYEHMSA MOCEBHOTO MULIEAUS UCMOAb30BaAU
3€pHO MLWEHUUbl, MNPUFOTOBAEHHOE MO METOAMKE,
onucaHHon B pabote [13]. MOArOTOBAEHHOE 3epHO
nomellasn B KOADBbl dpaeHmenepa obbemom 500 MA
Ha 2/3 yvacTtu, ctepuamnsoBanm (mpm 0,1 MMa 1,5 u) u
3aceBanmu LMAMHAPUYECKMMU BAOKAMKU MULIEAMSI AM@METPOM
8 MM, Bblpe3aHHble C NMOMOLLbI NPOBOMHUKA M3 30HbI
pocTa CEMMUCYTOUYHOM KYAbTYPbI LUTaMMa B Yallke MNetpu.
KyAbTUBMpPOBaHWE MULEAWS HA 3EepHEe MNPOBOAWMAM B
Tepmoctate TCO-1/80 CIY (OAO «CmoneHckoe CKTB
CIY», Poccus) npu temneparype 26+1 °C A0 NOAHOro
3apactaHus B TeueHue 14 cyTok.

B kauecTBe AMIHOLIEAAOAO3HBIX CyOCTpaToB AAS
TBEPAOPA3HOTO KYABTUBMPOBAHWMA MULEAUS TpUbOoB
MCMOAb30BaAUCb Gepe3oBble OMUAKKU (pasmep YacTul,
4-10 MM) 1 NWEHUYHbIE OTPYOU B COOTHOLLEHUKU 5:1. B
cybeTpat A06aBASIAM AMCTUAAMPOBAHHYIO BOAY M Nepeme-
LLIMBaAAU AAA CO3AAHUA OTHOCUTEABHOM BAAXHOCTM 60%.

CtepuaM3aLmnio ApeBecHoro cybctpata B MOAMMPO-
MUAEHOBbIX KOHTEMHEPax 06beMoM 1,2 AM® OCYLLECTBASIAU
B aBTOKAaBe BK-75 (AO «T3MOW», Poccus) npu n36bITOUHOM
paBaeHun 0,1 MIMa B Teuenune 1,5 u.

B npocTeprAn3oBaHHbIN APEBECHbIV CyOCTPAT BHOCUAM
3epHOBOMN MULEAUI B KoAMUYecTBe 5% 0T 06L1en Macchl 1
TLWATEABHO NepeMeLIMBaAM C MOMOLLbIO METAAAUUYECKOTO
wnateast. Cy6bcTpaTt, WMHOKYAMPOBAHHBLIA  MWULEAUEM,
nomelLLaAn B Cyx0BO3AYLLHbIM TepmocTaT (TCO-1/80 CI1Y)
M MHKYOMpOoBaAK Npu TemnepaTtype 26+2 °C. 3apactaHue
pacTUTEABHOTO CcybcTpaTa NPOUCXOAMAO B TeueHue 20 CyTOK.
OTaeneHre MULIEAMSI C MOBEPXHOCTU APEBECHOIO cybcTpaTta
OCYLLECTBASIAY C MOMOLLbHO MUKPOBUOAOTMUYECKONM WUIAbI.
AAsi 3TOro cybcTpaTHbIN BAOK pa3nambiBaAW Ha YacTULbl
pazmepom 5-10 MM 1 otbrpann 10 06pa3LoB (NMpob) AAs
OLEHKKW KayecTBa MULLEANS METOAOM CBETOBOW MUKPO-
CKOMUK C U3y4yeHUEM MUKPOMOPPOAOTUYECKMX NPU3HAKOB.

IKCTpaKUMIO PepMEHTOB M3 CybBCTPATHOro MULEAWS
MPOBOAWAM MO CAEAYIOLLLEN METOAMKE: HABECKY B KOAMUYECTBE

106wan dapmakoneinHas cCTaTbs.

1.2.3.0012.15 OnpepeneHne 6enka

10 r BraxHocTbio 50+5% nomewann B dpapdopoByto
CTYNKy W pactupann nectmkom c¢ 0,25 r okcuaa anto-
MWHWS AO OAHOPOAHOMO COCTOSAHMSA. 3aTEM K MOAYYEHHOM
Macce npu ruppomoayne 1:10 pobaBAsiAM UCCAeAyEMBIE
3KCTPAreHTbl: AWCTUAAMPOBAHHAsA BOAQ, aleTaTHbIM
(pH=4,7), docdatHbI (pH=7,4) bydepbl 1 bydep Mcllvaine
(pH=4,0). Cmechb TLwaTeAbHO NepeMeLLIMBaAAU U OCTaBAAAU B
CTaTUYECKUX YCAOBMAX B TeUeHMe 15 MUH. Aanee NOAyUYEHHYHO
CyCcneH3uo BbipepxuBaan B Tepmoctate npu 30 °C B
TeueHre 30 MUH AAS BOAEE MOAHOIO IKCTPArnmpoBaHUA
depmeHTOB M3 cybeTpaTHOro muueans. ocae uyero
NPOBOANAKM GUABTPOBAHME Yepes BaTHO-MapAEBbIE QUABLTPBI,
noAyYas HaTUBHbIE SKCTPAKTbI U MOA BaKyyMOM MCMOAb3YS
MeM6paHHble GUALTPLI «Braannop» Mmapkn MOAC-0C-2 ¢
pasamepom nop 0,45 MkM, NnoAydast MUKPOOUAbTPaThl [19].

QumnCTKy aKCTPaKTOB 6EHTOHUTOBOM rAMHOM (OCT 18-49-71)
NPOBOAMAM MO METOAMKE, onucaHHon B pabote [20], ¢
HEKOTOPbIMU MoAndUKaumammn: K 100 MA IKcTpakTa
p06aBAAAK 2,0 T BEHTOHWUTOBOW MAKHBI, CMECH NEPEMELLIMBAA
B TeueHne 40 MuH npu 180 06/Mu1H. MOAYUYEHHYHO CYCNEH3UIO
AOMOAHUTEABHO BbIAEPXMBAAW B CTAaTUUECKUX YCAOBUAX
B TeueHuWe 3 4 AAA OCaXAEHMSI 4yacTuu, BGeHTOHMTA.
OTpaboTaHHbI BEHTOHUT OTAEASIAM LLEHTPUDYTMPOBAHUEM
npu 3000 06/MuH B TeueHre 30 MUH. [ToayYeHHbI pacTBoOp
duALTPOBaAK Yeped GUALTP € pasmepom nop 0,45 MKM
M UCMOAB30BaAU ANST UCCAEAOBAHUMN.

OnpepeneHMe MOAOKOCBEPTBIBAOLWEN aKTMBHOCTHU
(MCA) npoBOAMAM MO METOAUKE, MPEANOXEHHON KaBau
n Mykau, onucaHHon B paHee onybAaMkoBaHHOW paboTe
[21]. CywHOCTb METOAMKM 3aKAKOUYAETCS B OMPEAENEHUN
BPEMEHM CBEPTbIBAHMA MOAOKA, COAEPXaLLEro pactTsop
XAOPUCTOrO KaAbLMa Npu A0BaBAEHUW 3KCTPaKTa, COAEP-
Xxawiero GepmeHT.

OnpepeneHune 06LLEN NPOTEOAUTUYECKON aKTUBHOCTH (MA)
NPOBOAMAM METOAOM AHCOHa Ha cybcTpaTe, copepXallem
kasenH, no TOCT 34430-20182 npuUMEHUTEABHO K
CAaboKUCABbIM NpoTeasam (npu pH=5,3).

OnpepeneHne KOHUEHTpauun 6eaka NpoBOAMAM MO
obuien dapmakonenHon ctatbe OPC. 1.2.3.0012.15 ¢
MCNOAb30BaHMEM KOAOPUMETPUYECKOTO MeToAa bpaadopaa.
CyLLHOCTb METOAQ 3aKAKOUAETCA B CBA3bIBAHUK peareHTa
Coomassie brilliant blue R-250 (kymaccn 6pUAAMAHTOBBIN
CUHWIA) C aMUHOKMUCAOTHBIMK OCTaTKaMu 6eAka - aprMHUHOM,
TpunTodaHom, TUPO3UHOM, TMCTUAMHOM U GEHUAAAGHWUHOM.
Mpw cBA3bIBAHWUM NPOUCXOANUT CABUI MaKCMMyMa MOrAO-
LLEHNSA C AAMHbBI BOAHbI, paBHoW 470 HM (cBOHOAHbIN
Kpacuteab), A0 595 HM (CBSA3AHHbINW), NPU 3TON AAUHE
BOAHbI 1 NMPOBOAATCS BCE U3MepPeHUAL.

LLeAAOAO30AUTUYECKYIO aKTUBHOCTDL (LLA) onpeaensam
M0 BbIXOAY PEAYLMPYIOLLMX CaxapoB Npu ¢epmMeHTaTUBHOM
ruapoanse 2,0% HaTPUEBOIN COAU KapBOKCUMETUALIEAAOAO3bI
B COOTBETCTBYIOLLUMX BOAHOM M BydepHbIX 3KCTpaKTax
npu temneparype 35 °C B TeueHne 1 MuH. Koanuectso
peAyuMpyoLLMX CaxapoB ycTaHaBAMBaAM METOAOM bepTpaHa
no NOCT 13192-73. 3a oapHy eanHuLy LLA npuHMMAatoT Takoe
KOAMYECTBO GEPMEHTA, KOTOPOE NPUBOAUT K 06Pa30BaHMIO
1,0 MMKPOMOAb FAKOKO3bI [20].

AUMOAUTUYECKYIO aKTMBHOCTb (AA) onpeaensiAn Mo
BbIXOAY TUTPYEMbIX XMUPHbIX KUCAOT, 06pa3oBaBLUMXCS B
pesyAbTaTe GEPMEHTATUBHOM PEaKLIMM BOAHOTO U BydepPHbIX

(Metop bBpaadoppa. Konopumetpuueckuit) //

[ocynapctBeHHas dpapmakonest Poccuickon deaepaumu. XIV napanume. M.: 2018.
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9KCTPAKTOB C NacTepU30BaHHbIMU MOAOUYHBIMU CAUBKAMM
(25%-1 xunpHocTH) B npucytcteum 0,01 M pactBopa xAropuaa
Kanbuusa npu temneparype 35 °C B TeueHne 60 MuH. 3a
eArHuuy AA NpUHUMaKOT Takoe KOAMYECTBO depMeHTa,
KOTOPOE NPUBOAUT K 06pa30BaHMIO CBODOOAHbIX XXMUPHbIX
KUCAOT Npu GEPMEHTATUBHOM peaKkLMK, SIKBUBAAEHTHOE
tutpoBaHnio 1,0 mA 0,05 M pacTBopoM rMAPOKCHUAA
HaTpusa [20].

MceaepoBaHUS NPOBOAMAUCH B 3-KPATHOM NOBTOPHOCTY.
Cratnctnueckan 06paboTka aKCnePUMEHTAAbHBIX AAHHbIX
OCYyLLECTBAAAACH C UCMOAb30BaHKEM nporpammbl MS Excel
2010.

OBCY)XAEHUE PE3YNbTATOB

B HacToslee BpemMa GOAbLLIMHCTBO TEXHOAOTUI AASI
Nnpomn3BoACTBa (GEPMEHTOB OCHOBAHO Ha TAYOUHHOM
depmeHTaumm. OpHaKo, HECMOTPSA Ha 3TO, MPOAOAXKAET
pacTu UHTEpPeC K TBEPAOPA3HbLIM KYALTYPaM, MOCKOAbKY
KOAMYECTBO GEPMEHTOB, CEKPETUPYEMbIX MULLEAAABHBIMM
rpubamu B pacTuTeAbHble cybCcTpaThl, YacTo NpeBbillaeT
coAepXaHue GEPMEHTOB, MOAYUEHHbIX B TAYOUHHOW KYALTYpE
[22]. Hanpumep, muueanii rpubos Aspergillus oryzae,
KYABTUBUPYEMbIV Ha MLIEHUYHbIX OTPYOSX, MpoAyLMpyeT
B 500 pas3 60oAblLE depMeHTa XMMO3KHA, YeM B TAYOUHHOM
KyAbType [23].

B HalLMX KCCAEAOBAHUSIX UCTIOAb30BAAW TEXHOAOTUIO
TBEPAOGDA3HOI0 KYAbTUBUPOBaAHUA MULLeAns P. betulinus
Ha 6epe30BbIX OMUAKAX U NILIEHUYHbIX OTPYOSX (PUCYHOK).

PactutenbHble CyﬁchaTbl, KOAOHU3UPOBAHHbIE MULIEAUEM
rpuboB

Plant substrates colonized by fungi mycelium

MocAe NOAHOM KOAOHM3aLUMK cybcTpaTa 6bIA0 MPOBEAEHO
n3BAE€YEHNE OKCTPaAKTUBHbLIX BELLECTB, COAEpPXalunX
NPOTEOAUTUUECKME PEPMEHTBI MOAOKOCBEPTLIBAOLLETO
AencTBUS. M3BECTHO, 4TO B npouecce 6MOAECTPYKLMUK
pacTUTEAbHbIX CyOCTPaTOB rpubbl BbIAEASIIOT KOMIMAEKC
depmeHToB [24]. Moatomy ObIA NMPOBEAEH CKPUHWHI
bepMeHTaTUBHOM aKTUBHOCTM MOAYYEHHbIX 3KCTPAKTOB.
OI'IpeAe/\Fl/\VI LEANOANO3OAUTUYECKYHD, AMNOANUTUYECKYIO,
NPOTEOAUTUYECKYHO M MOAOKOCBEPTbIBAOLLYH aKTUBHOCTH.

LleAAtona3Hble MTPUMECH, COAEPXALLMECA B GEPMEHTHbIX
npenapartax, okasblBatoT paspyllarollee AeMcTBUE Ha
XAOMYaTobymaxHble NPecChl, UCMOAb3YEMbIE B CbIPOAEAWM
AN QOPMUPOBAHUA CbIPOB. AUNOAUTUYECKME GEPMEHTDI
TakXe 0Ka3blBalT OTpMLATEAbHOE AENCTBME Ha NPOLECC
U3roTOBAEHUSI CbipoB. C AEMCTBMEM AMMA3 Ha XWPb
MOAOKA YBEAUUMBAETCS COAEPXAHWE CBOOOAHBIX XUPHbIX
KWCAOT B MOAOYHOM CbIBOPOTKE W CTYCTKE, yMEHbLUAETCSA
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BbIXOA Cblpa, pa3BuBaeTcs 60AEE NPECHbIN BKYC Cbipa U
M3MEHAOTCH GUINUECKME XapaKTEPUCTUKK CbipoB [20].
[MA MOAOKOCBEpPTbIBaOLWMX GEPMEHTOB Bbipaxaetcs B
ABYXx dopmax. MNepBas - ato cneunduryeckana MCA, paBHasn
CTENeHn NpoTEOAM3a B OTHOLLEHUU PACLLENAEHUS CBA3K
Phel105-Met106 B mMoAneKyne Kanna-ka3euHa. Bropas
dopma - obwan MA, paBHas cTeneHn Hecneuudpuuyeckoro
NPOTEOAM3a B OTHOLLIEHWUM PaCLLENAEHUS AHOObIX NENTUAHBIX
CBAI3EN B Ka3eMHax MOAOKA, YTO MOXET MPUBOAUTL K
CYLLECTBEHHOMY TMAPOAM3Y OEAKOB A0 MENTUAOB U
aMUWHOKMUCAOT, CHMXaA KayecTBO CbIpOB Ha CTaAuM
co3peBaHus, pas3xmxasa MOAOYHbIM CrycTok [25].

B 1abA. 1 npeacTaBAEHbl pPe3yAbTaThl ONPEAEAEHNS
bepMeHTaTUBHOM aKTUBHOCTU BOAHBLIX W BydepHbix
9KCTPAKTOB M3 CYBCTPATHOrO MULLEAMS.

B kauecTtBe KOHTPOAbHbIX 06pa3L0B MCMOAL30BaAAM
BOAHbIE M BydepHbIE IKCTPAKTbI U3 PacTUTEABHOIO cybcTpaTa
6e3 muLenmns. B pesynbtate 6bIAO YCTAHOBAEHO, UTO AQHHbIE
3KCTPaKTbl He nposBAsAn MCA.

YCTaHOBAEHO, YTO HE3aBUCWMMO OT MCMNOAb3YEMOro
pactBopuTens 3HaueHus LA 1 MCA HaTUBHbIX 3KCTPaKTOB
M3 CcybCcTpaTHOrO MMWLEAMS OCTaltoTC MPaKTUYECKH
HEW3MEHHbIMU. [pn 3TOM BbISBAEHO CYLLECTBEHHOE
BAMSIHWE pacTBopuTener Ha A 1 He3HaunTenbHoe Ha NA.
Ha Bce BUAbI depMEHTATUBHOM aKTUBHOCTM HaUbOAbLLIEE
BAMSIHME OKa3ana 06paboTka aKCTPaAKTOB BEHTOHUTOM.

LIA HaTUBHbIX KCTPAKTOB, MOAYYEHHbIX C UCMOAB30BAHUEM
BOAbl M BydepHbIX pacTBopUTeAer, cocTaBuAaa oT 3,75
(auetatHbiM Bydep) ao 3,90 ep/r (AUCTUAAMPOBAHHas
BOAQ). [pumMeHeHne npouecca MUKPOOUALTPALIMK NPUBENO
K He3HaUUTEABHOMY CHUXEHUIO LLA. Mocaeaytowas obpa-
60Tka 6EHTOHUTOM NO3BOAMAA CHU3UTbL LA MO cpaBHEHUIO
C HaTMBHbIM 3KCTPaKTOM B 3 pa3sa.

NA akcTpakToB cocTtaBuaa o1 40,00 (Bopa) po 44,24 ep/r
(bocdaTHbIN Bydep). B3HAaUNTEABHOE CHUXEHNE aKTUBHOCTH
9KCTPAKTOB Takxe 6bIN0 0OHapPYXeHO NpK UX 06paboTke
6eHTOHUTOM, HanmeHblas AA (5,30 ep/r) ycTaHOBAEHA
NPV UCMOAb30BAHUWN B KAUYECTBE SKCTPaAreHTa AUCTUAAU-
pPOBaHHOM BOABI.

MA noAyYeHHbIX 3KCTPaKTOB 6€3 OUMCTKM CoCTaBMAa
o1 0,22 (6ydep Mcllvaine) po 0,78 ep/MA (bocdhaTHbIN
6ydep). Mpu NoAyYeHUM aLeTaTHOTO U BOAHOTO 3KCTPAKTOB
MA nocae mukpoduastpaumm (0,12 ep/MA) U OUUCTKU
6eHToHMTOM (0,11 ea/MA) cHUXaeTcs B 4,6 1 5,6 pas
COOTBETCTBEHHO. [1pK 3KCTParnpoBaHnM MULEAUAABHOTO
cybetpata pocoaTtHbiM Bydepom Nnocare MUKPODUALTPALIMK
HabAtopaeTcs cHuxeHue MA B 2,3 pasa, a MOCAEe OYUCTKM
6eHTOHUTOM — B 3,5 pa3a. A aKCTPaKTOB, MOAYUYEHHbIX
C Ucnoab3oBaHMeM bydepa Mcllvaine, cHuxaetca B 1,6
pa3a nocAe NponyCcKaHWA aKCTpakTa yepes GUALTP C pas-
mepom nop 0,45 MkM 1 npu obpabotke 6EHTOHUTOM B
1,8 pa3sa.

HecmoTps Ha cHuxeHue LA, AA un MA B pesynbtate
MUKPODUALTPALMU U 06pabOTKK BEHTOHUTOM, YCTAHOBAEHO
CYLLLECTBEHHOE MOBbILWEHWE ypoBHA MCA 3KCTpaKToB.
Haunbonbluee 3HaueHne MCA 6bIAO 0BHapPYXEHO npu
04YMCTKE BEHTOHWTOM M COCTABMAO 285,8 eA/MA, UTO Bbllle
3HaueHu MCA aKkcTpaKkTa nocAe MUKPODUABTPALIMU U HEO-
UMLLLEHHOTO 3KCTpaKkTa B 2,4 1 4,3 pa3a COOTBETCTBEHHO.

Mockonbky ypoBeHb MCA npu 3KcTparMpoBaHWu
GEPMEHTOB He 3aBUCUT OT PaCTBOPUTEAS, AAS MPOMbILL-
AEHHOrO0 NOAYYEHMS GEPMEHTa Lierecoobpa3HO MCMOAL30BaTb
AMCTUAAMPOBAHHYO BOAY. Mo 3HaueHWto MCA muLeani rpnbos
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Tabanua 1. PepmeHTaTUBHAsS aKTUBHOCTb 3KCTPaKTOB P. betulinus

Table 1. Enzymatic activity of extracts P. betulinus

Obpasel, JKcTpareHT
Boaa docoatHbIvi Bydep AuetaTHbIi 6ydep Bydep Mcllvaine
LleAnroAO30AUTUYECKAA aKTUBHOCTb, €A/T
HO* 3,90+0,40 3,80+0,50 3,75+0,60 3,85+0,50
M** 3,20+0,20 3,15+0,40 3,24+0,40 3,32+0,30
br** 1,40+0,20 1,2040,20 1,3040,30 1,25+0,10
AvNoAUTHYECKast aKTUBHOCTb, €A/T
H3 40,00+4,00 44,24+2,00 42,40+1,00 42,50+2,00
M 39,20+3,00 42,10+4,00 41,00£2,00 41,60+£2,00
b 5,30+1,00 10,20+2,00 7,58+2,00 6,28+1,00
MonokocBepTbiBatoLLas akTUBHOCTb, €A/MA
H3 66,60+2,00 66,30+1,00 65,80+2,00 66,50+2,00
M 117,60+3,00 117,40+2,00 116,70+£3,00 117,10+2,00
b 285,80+4,00 285,50+4,00 284,90+4,00 285,70+4,00
[poTeoAnTUUECKaa aKTUBHOCTb, €A/MA
H3 0,67+0,02 0,78+0,02 0,56+0,02 0,22+0,02
M 0,12+0,01 0,34+0,02 0,1240,02 0,14+0,01
b 0,11+0,01 0,22+0,01 0,11+0,01 0,12+0,02
CoOTHOLLEHME MONOKOCBEPTLIBAIOLLEV @KTUBHOCTU K MPOTEOAUTUUECKON aKTUBHOCTH
H3 99,40 85,00 117,50 302,30
M 980,00 345,30 972,50 836,40
b 2598,20 1297,70 2590,00 2380,80

lMpumeyaHue. * — HATUBHbBIN 3KCTPAKT; ** — MUKPOOUABTPALMS; *** — 06paboTka BEHTOHUTOM.

Tabauua 2. lNokaszaTeAn MOAOKOCBEPTbIBAOLLEN U NPOTEOAUTUUECKOM aKTUBHOCTU BOAHOTO 3KCTpakTa P. betulinus
B CPaBHEHWUM C pEPMEHTaMU APYTUX BUAOB BbICLLKUX FPUOOB

Table 2. Indicators of MCA and PA of P. betulinus water extract in comparison with enzymes of other higher fungi

species

O6pasel,

MonokocBepTbiBaoLLaa akTUBHOCTb/
npPOTEOAUTUHECKAA aKTUBHOCTb

06paboTKn HEHTOHUTOM

Hericium erinaceum
NBRC 100328*

Hericium erinaceum
MAFF430234*

Pleurotus ostreatus
YFH 060301*

Lentinula edodes
NBRC 6654*

Laetiporus sulphureus
NBRC 6496*

Grifola frondosa NBRC
7040*

Piptoporus soloniensis
279.55*

BoaHbIM akeTpakT P. betulinus
nocAe MUKPODUABTPALINK U

MonokocBepTbIBatoLLLasA MpoTeoAnTHUECKaSn
aKTUBHOCTb, €A/MA aKTUBHOCTb, eA. MA/MA
285,8010,10 0,110+0,010
241,00 0,150
364,00 0,164
29,00 0,170
16,00 0,074
17,00 0,022
17,00 0,056
2,55+0,12 0,05040,003

2598,20

1607,00

2219,00

171,00

216,00

773,00

304

51,00+2,21

lpumeyaHue. * — aTepaTypHble AaHHble [27].
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P. betulinus npeaCTaBAAET 3HAYUTEAbHbBIM MPAKTUYECKUIA
UHTEpeC AAS Pa3paboTKM TEXHOAOTMM MPOM3BOACTBA
depMEeHTHbIX Npenaparos.

CHUXEHWE LEAAOAO3OAUTUYECKOM, AUITOAUTUUYECKON U
MPOTEOAUTUYECKON aKTUBHOCTU IKCTPAKTOB NPU OUMCTKE OeH-
TOHWTOM HanNPAMY CBA3aHO C MEXaHWM3MOM ero AEMNCTBUS,
KOTOPbIV CNOCOBCTBYET OCBETAEHMIO IKCTPAKTa BCAEACTBHE
NPOLECCOB GAOKYAALMU M AACOPOLMU MYTALLMX YacTIL, U
MUITMEHTHbIX NPUMECEN, CTabrAn3aLmmn 3a CHET aAcopOLMM
6enKa, OKUCAUTEABHBIX GEPMEHTOB, HecneunbUUEeCKmX
NPOTEOAUTUUYECKUX GEPMEHTOB, AMMTMAOB, MOAUCAXaPUAOB,
HYKAEMHOBbIX KUCAOT U APYrMX COEAMHEHWW, KOTOPble
cnocobHbl BCTynaTh B peakuuio mexay cobon [20].

M3BECTHO, YTO KPUTEPUEM OLEEHKKN HECTELUPUUYECKOM
MA depmeHTa ABAsieTcA He abcoatoTHas BeaMumHa A, a
ee ponsa oT MCA. BaxHbIM yCAOBUEM, OMPEAEASIOLLMM
NPUrOAHOCTb GEepMeHTa AAA CBEPTbIBAHMSA MOAOKa B
CbIPOAEAUK, ABASIETCA COOTHOLWEHUE ero MCA K obuien
MA. CooTHoweHne MCA/TIA BbipaxaeT AOAIO «MOAE3HOM»
aKTUBHOCTU depMmeHTa [12, 25, 26]. MNoBbIlLeHMEe COOTHO-
weHnsa MCA/MA y bepmeHTa obecrneunBaeT cTabUAbHO
BbICOKYHO CKOPOCTb CBEpPTbIBAHWS MOAOKA, MOBbILLAET
BbIX0A cbipa (Ha 0,5-1,5%), yayuliaeT opraHoAenTUYecKme
CBOMCTBA M YBEAMUYMBAET CPOK XPaAHEHMS.

AAS NPOBEAEHWSA CPABHUTEABHOW OLLEHKM COOTHOLLEHUS
MCA/TA ¢ dbepMeHTaMK1 APYrMX BUAOB rpnboB BbiA BbibpaH
BOAHbIN 3KCTPaKT P. betulinus nocare MUKPOOUABTPaLUK
1 06paboTKn BEHTOHMTOM, T.K. 06AapaeT BOAeE BbICOKUM
cooTHolueHnem MCA/TA B oTAMuKe OT BydepHbIX IKCTPAKTOB.
CTaTUCTUYECKUE AAHHbIE MO COOTHOowweHuto MCA/TA
npvBeAEHbI B TabA. 2.

Mpn NpoBEAEHWUM CPABHUTEABHOM OLLEHKM OUMLLIEHHOTO
6EHTOHUTOM BOAHOIO 3KCTpaKTa U3 rpuboB P. betulinus ¢
3KCTPaKTaM1 GEPMEHTOB APYTMX BUAOB BbICLLIMX FPUOOB 6bIAO
YCTaHOBAEHO, UT0 3HaueHust MCA v MA 6AM3KM K 3HaUYEHUSM
6a3nananbHOro rpuba exoBuka rpebeHuatoro — Hericium
erinaceum NBRC 100328, H. erinaceum MAFFA30234. MNpu
3ToM MCA aKkcTpaKkTa P. betulinus 3HauMTEABHO NPEBbLILLAET
aKTUBHOCTb rpnboB Pleurotus ostreatus YFH 060301, Lentinula
edodes NBRC 6654, Laetiporus sulphureus NBRC 6496,
Grifola frondosa NBRC 7040 v Piptoporus soloniensis 279.55.
37U AaHHbIE NO3BOASAKOT PEKOMEHAOBATb BOAHBIM SKCTPAKT AAA
pa3paboTKM TEXHOAOT UK MOAYHEHUA GEPMEHTHOTO Npenapara
3a CYET MPOBEAEHWUA AOMOAHUTEABHBIX TEXHOAOIMUYECKMX
onepaLmnn — KOHLEHTPUPOBAHMA U CYLLKK.

KoAnuecTBeHHOE onpeaeneHne Benka B IKCTpaKTax
cybCcTpaTHOro MMULEAUS ABASIETCS BaXKHbIM 3Tanom npwu
ounctke depmeHTa. CylLlecTByeT MHOXECTBO METOAOB
U3MEepPEHUs KOHLEHTpauun 6enka, opHako Haubonee

YacTo UMTUPYEMbIM B HayuyHOM AUTEpPAType ABAAETCS
KOAOPUMETPUUECKUI MeToA Bpeadopaa. K npenmyLiecTBam
AQHHOTO METOAA MOXHO OTHECTU MUHWMAaAbHYH MOTPELLIHOCTb
onpeaeneHnsa He 6onee 10%, 6bICTPOTY M yA0BCTBO
MCMOAHEHMUS.

AHaAM3 3SKCTPaKTOB MOKa3aA, UTO KOHLUEHTpaums
6eAKoBbIX BellecTB BapbupyeT oT 5,80 Ao 14,50 Mr/MA
B 3@BMCHMOCTM OT UCMOAb3YEMOTO PACTBOPHUTEAS U criocoba
OUNCTKU (TabA. 3).

Bbicokoe copepxaHue 6eAKkOoBbIXx BeLleCcTB B
HEOUMLLEHHbIX 3KCTPaKTax CybcTpaTtHOro MuULEAUS
11,90-14,50 Mr/MA MOXET ObiTb CBA3aHO C AOMOA-
HUTEAbHbIM WM3BA€UYeHWEM OeAka W3 PacTUTEAbHOrO
cybctparta, MCNOAb3YEMOro B KayecTBe MUTaTeAbHOM
CpeAbl AAS MULEAUS. YCTAHOBAEHO, YTO NPW MPOMYCKaHUK
9KCTPAKTOB uepe3 GUALTP ¢ pa3mepom nop 0,45 MKm
HabAlOAaEeTCA HE3HAUYUTEAbHOE CHUXEHWE KOHLEHTPaLUK
6enkoBbIx BellecTB. OpAHaKo Npu 06paboTKe IKCTPaKTOB
OEHTOHUTOM MPOUCXOAMUT CYLLECTBEHHOE CHUXEHUE
KOHUeHTpaumn beaka B 2,0-2,4 pasa B IKCTpaKTax,
NMOAYYEHHbIX C MCMOAb30BaHWEM aLeTaTHOro, ochaTHoro
bydepoB., bydepa Mcllvaine u AMCTUAAMPOBAHHOM BOAbI
COOTBETCTBEHHO. ITO CBA3AHO NPEXAE BCETO C MEXaHM3MOM
AENcTBUSI BEHTOHWTA Ha OeAKOBble COCTaBASANLLME.
BEHTOHMWT, KaK yXe ynOMWHAAOCb Bbllle, BCAEACTBUE
npoLeccoB aAcopbuum U GAOKYASILMM  crniocobeH
copbupoBaTh Ha cebn BeAKOBble BELLECTBA, TEM CaMbIM
YMEHbLLATb UX KOAMYECTBO B CMECH.

Taknm 06pa3om, 6bINO YCTAHOBAEHO, YTO SKCTPaKTI,
NMoAyYeHHblEe pacTUpaHuem cybetpata (MUUEeAns) ¢
OKCMAOM aAtOMUHUSA C PaCTBOPUTEASMM C MOCAEAYHOLLEN
MUKPODUALTPALMEN U 06PabOTKON BEHTOHUTOM, 0BAaAAIOT
Bbicokor MCA (a0 285,8 mr/en) u Huskumm MA (a0 0,11 mr/ep),
LA (po 1,40 en/r) n AA (po 10,20 ep/r). Hanbonee adpdek-
TUBHbIM PaCTBOPUTEAEM CAEAYET CUMTATb AUCTUAAMPO-
BaHHYIO BOAY. AONOAHWTEAbBHASA OUYMCTKA IKCTPAKTOB
MUKPOOUAbTPALMEN U BEHTOHUTOM MO3BOAMAA CyLLE-
CTBEHHO MOBbICUTb ypoBeHb MCA U CHU3WUTb KOHLEH-
Tpaumto 6enka, BEpOSITHO, 3a CUET YAAAEHUS U3 XUAKOTO
3KCTPaKTa HeXxenaTeAbHbIX 6EAKOBbIX BELLECTB, OKWUC-
AUTEABHBIX GEPMEHTOB M HecneunduIecKmux NPoOTEOAK-
TUYECKUX GepMeHTOB. MoAyYeHHble pe3yAbTaTbl MOTYT
HaWTU NPUMEHEHWE NMPU MPOU3BOACTBE MOAOUYHOKUCABIX
NPOAYKTOB - CblIpOB, MOrypTa, CMeTaHbl.

BbIBOAbI

YCTaHOBAEHO, UTO B 3KCTPAKTax U3 CybCTPaTHOrO MULLEAWS
P. betulinus, NOAy4YEHHbIX AMCTUAAMPOBAHHOW BOAOW W
BydepHbIMU pacTBOpUTEAAMU, 3HaUeHNs LIA (3,75-3,90 ep/r),

Tabauua 3. CopepxaHue 6eAKOBbIX BELLECTB B 9KCTpaKTax cybcTpatHoro muueans P. betulinus

Table 3. Protein substances content in extracts of substrate mycelium P. betulinus

Obpaszel, PactBoputenb
Bopa docodaTHbIN bydep AueTaTHbIn bydep Bydep Mcllvaine
Copepxanue benka, Mr/mMa
H3* 14,50+0,50 11,95+0,50 11,90+0,40 13,90+0,50
M#** 13,20+0,20 11,60+0,50 9,10+0,20 10,80+0,40
Brx* 5,90+0,10 5,85+0,10 5,80+0,10 5,95+0,10

lMpumeyaHue. * - HAaTUBHbIN IKCTPAKT; ** — MUKPOOUABTPALUS; *** — 06paboTka 6EHTOHUTOM.
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NA (40,00-44,24 ep/r) n MCA (65,80-66,60 ea/MA) OTAK-
yatoTca HeaHauuTeAbHo. 3HaueHuns MA namensaamck ot 0,22 Ao
0,78 ep/MA. BoaHbIE SKCTPaKTbI XapaKTepPU3YHOTCS BbICOKOM
MCA 1 Hu3knmn LA, AA, NA.

KoHLUeHTpaumsa 6EAKOBbLIX BELLLECTB B HATUBHOM BOAHOM
3KCTPaKTE U3 cybcTpaTHOro muueans P. betulinus coctaBuaa
14,50 mr/mMA. OuncTKa aKCTpakTa MUKPOUABTpaLMEN
M 6EHTOHUTOM NPUBOAMUT K 3HAUYUTEABHOMY CHUXEHUIO

KOHUEHTpauumn 6eaka (Ao 5,90 mr/MA), LIA (a0 1,40 ep/r),
NA (po 5,30 ep/r) n NA (po 0,11 ep/MA) 1 NOBbLILLEHWIO
MCA (a0 285,80 ea/MA).

YcTaHOBAEH BbICOKWI NoKa3aTteAb oTHolleHust MCA k A
y BOAHOIO 3KCTpakTa rpnuboB P. betulinus - 2598,20, uto,
BO3MOXHO, MPUBEAET K MOBbILIEHWUIO BbIXOAA, YAYULLEHWIO
OPraHOAENTUYECKMX CBOMCTB M YBEAMUEHUIO CPOKA XPaHEHUS
NP MOAYUYEHUN CbIPOB.
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CopT-wtammoBasn cneuupuuyHocTb B3aumopencteua Bacillus subtilis
¢ pacteHuamu Phaseolus vulgaris L. npu coneBOM cTpecce

0.B. Mapkosa™*, C.P. fapunosa*, A.U. NyceHkoBa**

*YOUMCKUI YHUBEPCUTET HayKu U TEXHOAOIUH, I. Y$a, Poccurickasa Deaepaums
**BballKMPCKUIM HayYHO-UCCAEAOBATEALCKMUIM MHCTUTYT CEALCKOIO X035KCTBa — 060COBAEHHOE CTPYKTYPHOE
rnoapasaereHue Youmckoro peaeparbHOro MCCAEA0BATEALCKOIo LieHTpa PAH, r. Y¢pa, Poccurickas ®eaepaums

AHHOTauMsA. IPOEKTUBHOCTb MHOKYASILIMU CEAbCKOXO3SIMCTBEHHbIX KYABTYP POCTCTUMYAUPYIOLLUMMK BGaKTEPUAMM
MOXET 3aBHCETb OT COpTa PacTEHUH U YCAOBUI CPEAbI. [TpoaHaAM3MpPOBaHbl PeaKLmMm TPEXHEAEAbHbIX PaCTEHUH
COpTOB YPuMCKas n 30A0TUCTas Ha MHOKyAsUmIo witammamu 264 m 10-4 B Hopme u npu ctpecce (1% NaCl 48 u).
CopTt 3on0THCTast pOPMUPOBaA MEHbLLYIO BUOMACCy M NAOLLAaAb AMCTLEB, HO MPEBOCXOAMA COPT YPuMcKas rno coaep-
XKaHHWH XA0pOpUAAG U OBOAHEHHOCTH KOPHEH, Ha CTPECC pearupoBan CHMKEHNEM COAEPXXaHUS YOTOCMHTETUHECKMX
MUrMEHTOB M YMEHbLLIEHWEM OBOAHEHHOCTU KOPHEH. MHOKYASILMS CTOCOBCTBOBaAA COXPaHEHMIO 3THX noka3aTenes
Ha ypOBHE HECTPECCHPOBAHHbIX PACTEHMM, MPU ITOM MOAOKUTEAbHbIN 3PPEKT WiTamma 26/, Bbipa3uACcs BO BAUSIHUU
Ha cocTaB MUIrMeHTOoB, a wiamma 10-4 — B 0BOAHEHHOCTM KOpHeK. CopT YPuMCKas npu CTpecce yayyLlar BOAHbIN
cTatyc KOpHEMN, Ha KOTOPbIM MHOKYASILMST OKa3aAa cAaboe MAM HeraTUBHOE BO3AEHCTBHE, HO CHUXEHME YPOBHS CUHTE-
TUUECKMX MUTMEHTOB MpU CTPeCce H6bIAO BOCMTOAHEHO 3a CUET MHOKYASILIMM 060MMU LuTaMMamu. [To bruomacce TpexHe-
AEAbHbIX PAaCTEHMI BbISIBAEHO, YTO COPT 30A0TUCTas MOAOXKMUTEABHO OT3bIBAACS Ha MHOKYASLIMIO 0B6OUMM LUTaMMaMm
Kak B HOpMe, TaK 1 [Ipu CTpecce, a copT YPumMckas B HOpMe HeraTUBHO pearupoBaA Ha UHOKYASILMIO LUTaMMOM 264,
HO rpu cTpecce 3YPEKT OT MHOKYASILIMM 0B60MMM LUTaMMaMM BbIA MOAOKMTEAbHbIM. COAePXaHUE MAAOHOBOIo AMaAb-
A€ruaa B KOPHSIX MHOKYAMPOBAHHbIX PacTeHM 060MX COPTOB CHUXAAOCh M0 CPABHEHUK C HEMHOKYAMPOBAHHbIM
KOHTPOAEM B HOPME M NPU CTPECCE M0 CPABHEHUIO CO CTPECC-UHAYLIMPOBaHHbBIM KOHTPDOAEM. BbIIBAEHHbIE pa3Anyms
B peakUMsIX PacTeHUI Ha UHOKYASILMIO CAyXaT 6a30i AASI A@AbHENLLIEro aHaan3a 3PPEKTUBHbIX/HEIHPEKTUBHbIX
COPT-LUTAMMOBbIX KOMOUHaLMIA CUMOUOTMUECKMX NapTHEPOB.

KaroueBble croBa: Bacillus subtilis, Phaseolus vulgaris L., 3aconeHne, MarOHOBbIN AMaAbAETrA, GOTOCUHTETUUECKUE
MUrMEHTbI

®uHaHcupoBaHue. MiccrepoBaHNE BbINMOAHEHO MPK GUHAHCOBOM MOAAEPXKE rpaHTa POCCHMIACKOro Hay4yHoro GpoHaa
Ne 23-24-00602.

Ana uutnpoBaHua: MapkoBa 0.B., lapunosa C.P., lNyceHkoBa NA.W. CopT-lutammoBas cneumdpuyHoCTb B3anMOAEN-
cTtBusa Bacillus subtilis ¢ pacteHnamun Phaseolus vulgaris L. npu coneBom cTpecce // U3BecTnsa By30B. [puknapHas
xumus n buotexHonorma. 2023. T. 13. N 3. C. 350-358. https://doi.org/10.21285/2227-2925-2023-13-3-350-358.
EDN: NQHWYM.
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Original article

Variety-strain interaction specificity of Bacillus subtilis
with salt-stressed Phaseolus vulgaris L. plants

Oksana V. Markova™*, Svetlana R. Garipova*, Ludmila I. Pusenkova**

*Ufa University of Science and Technology, Ufa, Russian Federation
** Bashkiria Research Agricultural Institute, Ufa Federal Research Center RAS, Ufa, Russian Federation

Abstract. The effectiveness of crop inoculation using growth-stimulating bacteria can depend on the plant variety
and environmental conditions. The reactions of three-week-old plants of the Ufimskaya and Zolotistaya green bean
varieties to inoculation with strains 26D and 10-4 in normal conditions and under stress (1% NaCl 48 h) were analysed.
Although the Zolotistaya variety formed less biomass and leaf area, it surpassed the Ufimskaya variety in terms of
chlorophyll and root water content, as well as reacting to stress by reducing the content of photosynthetic pigments
and root water content. Inoculation contributed to the preservation of these indicators at the level of non-stressed
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plants: the positive effect of strain 26D was expressed in the effect on the composition of pigments, while that of
strain 10-4 was expressed in the hydration of roots. Under stress, the Ufinskaya variety improved the water status
of the roots, on which inoculation had a weak or negative effect; however, the decrease in the level of synthetic
pigments under stress was compensated by inoculation with both strains. According to the biomass of three-week-old
plants, the Zolotistaya variety was shown to respond positively to inoculation with both strains both normally and
under stress, while the Ufimskaya variety tended to react negatively to inoculation with strain 26D; under stress, the
effect of inoculation with both strains was positive. Compared with the stress-induced control, the malondialdehyde
content in the roots of inoculated plants of both varieties decreased in comparison with that of the uninoculated
control both in normal conditions and under stress. The revealed differences in plant reactions to inoculation serve
as a basis for further analysis of the effectiveness of variety-strain combinations of symbiotic partners.

Keywords: Bacillus subtilis, Phaseolus vulgaris L., salinization, malondialdehyde, photosynthetic pigments
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BBEAEHUE

PacTeHus MMeLoT LeAbIi apceHan BOSMOXHOCTEN MPOTU-
BOAEWCTBUA HeBAAronpusTHbIM dakTopam cpeabl [1]. BmecTe
C TeM CMOKO3 C IHAODUTHBIMU HAKTEPUAMM MOBbILLAET UX
aAanTUMBHbIN NOTEHLMAA, CTUMYAMPYS POCT U YBEAMUMBASA
YCTOMUMBOCTb K cTpeccam [2-4]. MexaHU3Mbl BAUSIHUSA
6akTepuii Ha pacteHuss pasHoobpasHbl [5-7], peakumm
COPTOB CEAbCKOXO3SIMCTBEHHbIX KYABTYP Ha MHOKYASILLMIO
pasHbIMK WTaMmamu cneunduunbl [8-10] M MoryT 3aBUCETb
OT cTeneHu cTpecca [11].

Ha ocHOBE MHOrOAETHMX A@HHBIX YCTAHOBAEHO, UTO COPT
daconn Youmckan xapaktepusoBancs 6onee BbICOKUM
KO3OOULMEHTOM apAaNTMPOBAHHOCTH, MPOABAAA MEHbLUYHO
BapnabeAbHOCTb YpOXasi B KOHTPACTHbIX YCAOBUSIX CPEAbI
no cpaBHEHUIO ¢ copToM 3oaoTucTan [12]. B noneBbix
YCAOBUAX MHOKYAALMA 3TUX COPTOB WTaMmamu Bacillis
subtilis 26A n 10-4 npuBoaMAa Kak K 3QHEKTUBHOMY,
Tak U HeadHEKTUBHOMY CHMOMO3Y, OLEHWBAEMOMY MO
KOHEUYHOW CEMEHHOW NPOAYKTUBHOCTU [13, 14]. AAs npo-
rHo3a xapaktepa CMMOMOTUUYECKMX B3AaUMOOTHOLLEHWH
IHAODUTHBIX BaKTEpPUIt ¢ pacTeHMAMK BaXXHO 0bAapaTb
3HaHWEM MEXaHU3MOB AENCTBUA SHAODUTHBIX LUTAMMOB
Ha pacTeHMs U NOHMMaHWEM TOT0, Kakine CBOMCTBa COPTOB
ABASOTCS AUMUTUPYIOLLIMU, MOTYT AW OHU BbITb BOCMOAHEHDI
3a cyeT GU3MONOTMYECKOW aKTUBHOCTHU MHOKYAUPYEMbIX
LUTAMMOB Kak B HOPMaAbHbIX YCAOBUSAX, TaK U NPU BO3AEN-
CTBMM CTPecca. B kauecTBe NnpeABapuUTEABHOIO NOKasaTeAs
3OHEKTUBHOCTU IHAODUTHOTO CUMOMO3a ObIAO MPEANOXKEHO
YUMTbIBaTb CTEMNEHb CHUXEHWSI YPOBHS MAAOHOBOIO AMAAb-
pervaa (MAA) B KOPHAX MHOKYAMPOBAHHbIX PacTeHni Gacoau
MO OTHOLLEHUIO K HEMHOKYAUPOBAHHbIM [15].

EcTb NnpeacTaBAEHME O TOM, UTO K pa3HbIM BMAAM CTpecca
pacTeHuWsi NPOABASIIOT CXOAHbIE GHU3MOAOTO-BUOXMMUYECKHE
peakuuu [1]. OTBET pacTeHUI Ha MHOKYASALMIO NPW 3aCOAEHWM
[6, 7, 10, 11] MOXeET B ONPEeAEAEHHOW CTENEHU CAYXUTb
MOAEAbIO ANSt aHaAU3a 3O DEKTUBHOCTM B3aUMOAENCTBUSA
LUTAMMOB 3HAODUTHBIX BAKTEPUI C PACTEHUSAMU B CTPEC-
COBbIX YCAOBMAX. PaHee nNpu U3y4yeHUn BAMSHUA CYTOUYHOM
9KCMO3ULNU ABYXHEAENBHBIX PacTeHMIM copTa 30A0TUCTasA
B 2%-M pacTtBope NaCl Ha pocToBble U BUOXUMUUECKUE
nokasateAn WHOKYAMPOBAHHbIX AaHHbIMW LUTaMMaMK1
pacTeHUI BbIAO BbISIBAEHO, UTO OAHWM M3 MEXaHW3MOB
MOBbILLUEHUS XMBHECNOCOOHOCTM PACTEHUI IBASIAGCH AUT-
HUOUKALMA KAETOUHbIX CTEHOK, KoTopasi Obina B 60AbLLEN
CTENEHW BbIPaXeHa Yy pacTeHWW, WHOKYAMPOBAHHbIX

wrtammom 10-4, no cpaBHEHUIO CO WITAMMOM 26/, U 3TO
COBMaAaN0 C YAyYlEHMEM psSAa POCTOBLIX MOKa3aTener
HEeAEAbHbIX PACTEHUN Kak B HOpMeE, Tak 1 Mpu cTpecce
[16]. OcobeHHOCTM B3aUMOAENCTBUSA AGHHbIX LUTAMMOB
C pacTeHussMM copTa YPUMCKasa B YCAOBUSIX 3aCONEHUSA
paHee He 6bIAK U3yUeHbl. B AaHHOM UccAep0BaHUK Bbina
NocTaBAEHa LieAb — CPaBHUTb GUBUOAOTO-OUOXMMUYECKUE
nokasaTteAmn 2-x copToB ¢paconun (3onoTuctas u Youmckas) B
OTBET Ha UHOKYAALMIO lWiTaMmamu B. subtilis 26An 10-4 B
HOPMaAbHbIX YCAOBUSIX U B YCAOBUAX MEHEE UHTEHCHMBHOIO
(1% NaCl), Ho 6oaee NPOAOAXUTEABHOTO (48 u) cTpecca.

SKCNEPUMEHTAABHAA YACTb

McecnepoBaHMa NPOBOAMAM Ha pacTeHusix $acoau
006bIKHOBEHHOM (Phaseolus vulgaris L.) paioHWpOBaHHbIX
copToB 3on0THCTasA U Youmckasn. ANt UHOKYAALMK CEMSIH
MCMOAb30BaAN 3HAODUTHbIE BAKTEPUU, MOAYYEHHbIE M3
KOAAEKLMM BalKMPCKOro Hay4yHO-MCCAEAOBATEABCKOIO
MHCTUTYTA CEAbCKOro Xxo3siictBa - 060COBAEHHOr0
CTPYKTYPHOIO NoApasAeneHunst YOUMCKOro GpeAepanbHOro
MCCAEAOBATEAbCKOTO LieHTpa PAH: wrtamm B. subtilis 261\
(BKNMM Ne 016-02-2491-1), BxoAALLMI B COCTaB npenapaTta
«®utocnopuH-M» (HBI «bawmHkom», Poccus), n wtamm
B. subtilis 10-4 (BKIMM B-12988). AAst NpUroTOBAEHMS
6akTepranbHOro npenapaTta UCMOAb30BAAU CYCMEH3UU
CNOpPOBbIX KYALTYP BaKTepui, BbipalleHHbIX Ha MACo-nen-
TOHHOM arape npu Temnepatype 37 °C. [TAOTHOCTb KAETOK
6aKTepui B CycneH3un HOPMUPOBAAK MO CTaHAAPTY MyT-
HocTM TapaceBuya: A B. subtilis 26/A NCNOAb30BaAAU
TMTP 108 KOE/MA No pekomMeHAaLMK MPOU3BOAMTENS, AAS
B. subtilis 10-4 - tutp 10° KOE/MA No apdEKTUBHOCTH
NPOBEAEHHbIX paHee AabopaTOPHbIX U NMOAEBbIX OMbITOB.

MoBEPXHOCTb CEMSAH MPOMbIBAAW BOAOMPOBOAHOM
BOAOW C AETEPreHTOM, TPUXAbLI ONMOAACKUBAAU AMCTUAAN-
poOBaHHOM BOAOK, 3aTEM NOBEPXHOCTHO CTEPUAM30BAAM
B 96%-M aTtaHoAe B TeueHne 10 MUH, ONOAaCKMBAAU AUC-
TUAAMPOBAHHOM BOAOW. MHOKYASILMIO LWITaMMamu 26/A 1
10-4 npoBOAMAM NyTEM 3aMauMBaHUsA CEMSIH B CYCNEH3UM
H6akTepranbHbIX KAETOK B TeueHune 1 4 B TepmocTate npu
Temnepatype 28 °C, KOHTPOAEM CAYXMWAM Heobpabo-
TaHHble CEMEHA, KOTOpble 3amMauMBaAM B CTEPUAbHOM
BoAE. 3aTeM cemeHa nepeHocuan B KrioBeTbl 14x10 cm
Ha YBA@XHEHHbIW necok (80% OT NOAHOM BAAroeMKOCTH) 1
npopaLlimMBaAK B TepMmocTate npu temnepatype 22-24 °C.
Ha ceabMble CyTKM OAHOPOAHbBIE MPOPOCTKM BblCaXMBaAK
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B NMAACTMKOBbIE CcOCyAbl 06beMOM 250 MA, 3aNOAHEHHbIE
CTEPUABHBIM NECKOM. Ha AHO COCYAOB B KaueCTBe ApeHaxa
nomel,aAn cAom ranbki o6bemom 50 . BAaxXHOCTb cy6-
cTpaTa nopAepXxuBanu Ha yposHe 80% OT NOAHOWM BAAro-
€MKOCTW. PacTeHuns BbipallMBaAK B TeUEHUE 2-X HEAEAD
npu Temneparype 23-25 °C n 12-4acoBOM €CTECTBEHHOM
dotonepuope. TpexHeAeAbHble pacTeHust Ha 48 4 noa-
Bepraau 3aconeHuto 1%-m pactsopom NaCl.

CoaepxaHne GOTOCUHTETUUYECKUX MUTMEHTOB B AUCTbSIX
pacTeHU OnNpeAensiAv B CMMPTOBOM 3KcTpakte: 0,2 r
pacTUTEABHOro Matepuana norpyxaan B 10 ma 96%-ro
3TaHOAa M OCTaBAAAM B TEMHOTE Ha 1 cyTKW. ONTUYECKYHO
NAOTHOCTb CIMPTOBOrO pacTBopa M3MePAAU Ha CNEKTPO-
doTometpe M3-53008 ('K «3kpoc», Poccus) npu AAMHax
BOAH 665, 649 n 440,5 HM, COOTBETCTBYHOLLMX MaKCH-
MyMaM MOTAOLLEHUS XAOPOPUAAA &, XAOPODUAAG b 1 Kapo-
TMHOWMAOB COOTBETCTBEHHO, W Bblpa)kaA B MI/A CbIpOM
Maccbl. CTeneHb OKCMAATMBHOIO CTpecca B KOPHSX pac-
TeHWUM GacoAn ONpPeAeAsiAv MO HakonAeHno MAA MeToaoM
CNEKTPOPOTOMETPUM NPU AAMHAX BOAH 540 n 590 Hwm,
OLEHMBAA KOHLEHTPALMIO NMPOAYKTOB peakuuu ¢ TMOb-
apbUTYPOBOM KUCAOTOM B BbITSXKAX TPUXAOPYKCYCHOWM
KWUCAOTbI, U BbipaxaAn B HM/r cbipoit macchbl [17]. Ans
OMNpPeAENEHUS COAEPXKAHUS BOALI B PAaCTEHUSX OTOUPaAK
npo6bl N06EroB Y KOPHEN pacTEHWI, BbICYLLIMBAAW UX AO
NMOCTOSSHHOM MaccCbl C NEPUOANYECKMM B3BELLUMBAHUEM
[18]. O6e3BOXMBaAHWE Ha BO3AYXE NMPOBOAUAK B TEUEHNE
4 y, BbICYLLUMBAHWE OCYLLECTBASIAU B CYLUMABHOM LLUKadY,
HarpeTtom Ao Temnepatypbl 100-105 °C. PaccunTbiBanm
06L1yt0 0BOAHEHHOCTb (W), BOAOYAEPXMBALOLLLYH CMOCO6-
HocTb (R) B Nnpobax, UCMOAb3Yst GOPMYAbI:

W = 100-(M - M2)/M,
R = 100<(M - M2) - (M - M1))/M = 100-(M1 - M2)/M,

rae M - macca ceexei npobbl; M1 - macca npobbl cnycTa
CyTKM; M2 - Macca npobbl NOCAE BbICYLLIMBAHUS.
CraTtuueckyto 06paboTky AaHHbIX NPOBOAWAM C MOMOLLLbHO
nporpamm Microsoft Office Excel 2010 n STATISTICA 8.0.
Buonornueckme noBTOpPbl NPEACTABASIAM COOOM aHaAM3
4-X pacTeHUM, C KaXAOro M3 KOTOPbIX aHAAM3MPOBaAAU
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no 2 Aucta, 6BUOXMMUYECKME aHaAU3bl OCYLLIECTBASIAU B
3-KpaTHOW NOBTOPHOCTU AASl KQXXAOIO BapuaHTa OnbiTa.
AOCTOBEPHOCTb pa3Anumi onpeaeaaam no t-recty (p<0,05).

OBCY>XAEHUE PE3YABTATOB

B Hopme 1 npu cTpecce copTa ¢acoAn no-pasHoOMY
B3aMMOAENCTBOBAAK ¢ bakTepuamu (puc. 1). B Hopme
MHOKYASILMS LUTAaMMOM 26/\ copTa 30A0TUCTas NpuBeAa
K YBEAMYEHUIO MacCChbl pacTeHnn B 2,3 pasa, TOraa Kak
NpY UHOKYAALUMKU 3TUM LUTaMMOM copTa YouMMcKasa macca
TPEXHEAEAbHbIX PacTeHMI Bbina Ha 21% MeHbLLE, YeM Y
KOHTPOABbHbIX pacTeHui. Mpu ctpecce oba wramma 10-4
M 26/A cnocobCTBOBAAM YBEAUUYEHWUIO MACChl pacTeHWI
o06oux copTtoB OT 17 A0 69%. ConocTaBAsie A@HHbIE MO
MaccCe MHOKYAMPOBAHHbIX TPEXHEAEABHbIX PacTEHWUI C
pe3yAbTaTaMW CEMEHHOW MPOAYKTUBHOCTU B MOAEBbIX
onbiTax [13, 14], MOXHO OTMETUTb CAEAYHOLLIME COBMAAEHUSA:
BO-NEPBbIX, COPT 30A0TUCTASA MOAOXKMUTEABHO OT3bIBAACSH Ha
MHOKYAALLMIO 060MMU LITAaMMaMK Kak B HOPMeE, Tak U Npu
CTpecce; BO-BTOPbIX, COPT YOUMCKAA MOAOXKUTEABHO pea-
rMpoBan Ha 06paboTKy HaKTeEPUAMM TOABKO NPU CTPECCE,
a TakXe HeCOBMaAEHWS: B MOAEBbIX YCAOBUAX MHOKYASILUS
copta Youmckasa wrammom 26/ 6birna HeadGEKTUBHOM,
TOrA@ Kak B AQHHOM 3KCMEPUMEHTE 3Ta 3aKOHOMEPHOCTb
HabAtOAAAACH TOABKO B HOPMaAbHbIX YCAOBUSIX.

AHaAM3 APYrMX POCTOBbIX MAapaMeTpoB 15-AHEBHbIX
pacTeHWn Nokasaa, 4YTo Npu B3aMMOAENCTBUU C COPTOM
3onoTucTas oba wTamma CTMMyAMpoBanK Ha 15% poct
noberos v yBeAnueHne Ha 65% NAOLLLAAM AUCTBEB MO CPaB-
HEHUIO C KOHTPOAEM (pUC. 2). [pn B3aMMOAENCTBIM C COPTOM
Youmckana wramm 10-4 cnocobctBOBaA GOPMUPOBAHUIO
6oAee HUBKOPOCAbIX PacTeHUI, HO ¢ BOAbLLEN (Ha 9%),
YeM B KOHTPOAE, MAOLLLAAbID AUCTbEB. TakMM 0b6pas3om,
Nno AaHHbIM MOPGOMETPUYECKMM MOKa3aTEASIM HE MPO-
CAEXMBAAMCh BblpaxeHHble copTocneumndruyeckme B3an-
MOAEWCTBUS, KOTOPblE 0OHAPYXXMAUCH HEAEAID CMYCTS MO
6uomacce pacTeHur (CMm. pu1c. 1).

CAepyeT OTMETUTD, UTO B BapMaHTE MHOKYASILMK COpTa
Youmckasn wrammom 10-4 B NOAEBbIX SKCMEPUMEHTAX TaKXe
oTMeueHo GopMHUpoBaHme BOAEE HU3KOPOCABIX PACTEHUN,
YTO, BO3MOXHO, CBA3AHO C YCUAEHWEM IHEPIUM pOCTa B
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Puc. 1. BAnsiHue wtammoB B. subtilis Ha Mmaccy 21-CyToUHbIX pacTeHUn hbacoAn
Fig. 1. Effect of B. subtilis strains on the weight of 21-day-old bean plants
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Puc. 2. BavsiHue witammos B. subtilis 26 A v 10-4 Ha aavHY nobera v NAoWaAb AUCTbEB 15-CyTOUHbIX pacTeHU hbacoAm
Fig. 2. Effect of B. subtilis 26D and 10-4 strains on shoot length and leaf area of 15-day-old bean plants
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Puc. 3. BansHue WwitammoB B. subtilis Ha copepXxaHne GOTOCUHTETUUECKMX MUTMEHTOB 21-CyTOUHbIX PpacTeHU dbacoAu B

HOPMaAbHbIX YCAOBUAX

Fig. 3. Effect of B. subtilis strains on the content of photosynthetic pigments in 21-day-old bean plants under normal conditions

HanpaBAEHUW YBEAUYEHUST AAMHBI TAABHOMO KOPHSA elle
Ha cTaaMM NPopocTKoB [13] 1 Takxe ¢ boAbLel (Ha 8%),
yeM B KOHTPOAE, MAOLLAAbIO AUCTbeB Ha 40-i AeHb OT
nocesa [14]. Takum obpas3om, AaHHAA OCOOEHHOCTb
COPT-LUTAMMOBbIX B3aUMOAEWCTBUI BOCMPOM3BOAMAACH
paHee Kak B MOAEAbHbIX, TaK U B MOAEBbIX YCAOBMSIX.
AHann3 copepxaHna GOTOCUHTETUYECKMX MUTMEHTOB
B AMCTbAX MOKa3aA, YTo B pacTeHusAx copTta Youmckas
OHO 6bINO Ha 24% MeHbLLEe, YeM Y copTa 30A0TUCTaNA (CM.
puc. 2). CAeAyeT OTMETHTb, UTO MPU 3TOM MAOLLLAAL AUCTLEB
copta YouMMcKasa BABOE MPEBOCXOAMAA TAKOBYLO Y copTa
3onoTucTas (CM. puc. 2). B MHOKYAUPOBaHHbIX BapuaHTax
060MX COPTOB OTMEUEHO YMEHbLLIEHWE COAEPXKAHUSA HOTO-
CUHTETUYECKUX MUTMEHTOB (pUC. 3), NPK 3TOM B PaCTEHUAX
copTta 30A0TUCTast, BEPOSAITHO, OHO KOMMEHCUPOBAAOCH
yBEAMYEHUEM MAOLLAAN AMCTBEB Ha 65% K KOHTPOALD (CM.
puc. 2), Torpa Kak pacteHusi copta Youmckas, MUHOKYAUPO-
BaHHble WUTAaMMOM 264\, HE UMEAU TaKOro MPeNMyLLECTBA.
Mpu 3aconeHnK copep)KaHue XAOPODUAANG @ U KapOoTu-
HOMAOB B AUCTbSIX 060MX COPTOB YMEHbBLUMAOCH OT 15 A0
40% No CpaBHEHUID C HOPMAAbHbIMUW YCAOBUAMM, HO B
MHOKYAMPOBAHHbIX BapuaHTax OHO COXPaHAAOChb TaKUM
Xe, KaK Y HECTPECCUPOBAHHbIX pacTeHUM (puc. 4). MoxHo
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NPEeANOAOXUTb, UTO BKAAA OakTepuii B MopAepXaHue
LLeAOCTHOCTM GOTOCUHTETUUYECKOW CUCTEMbI COCTOSIA B YBE-
AMYEHUM MAOLLAAW AUCTHEB, BOSMOXHO, 3@ CUET pa3BuUTUA
COCYAMCTOM TK@HU AUCTa MAW AUTHUOUKALIMKM KAETOYHbIX
CTEHOK, NoKa3aHHoM B pabote [16].

OBOAHEHHOCTb Y BOAOYAEPXMBatOLLAsH CNOCOHHOCTb
6bIAM U3MEPEHbI 1 B KOPHSAX, U B noberax. Ho, B 0TAWuME OT
3HaYeHWI 3THX NoKa3aTeAel B noberax, KOTopble CTaTUCTH-
YECKM HEe OTAMYAAWUCH B Pa3HbIX BapuaHTax onbiTa (A@HHble
He NMPEeACTaBAEHbI), B KOPHAX Pa3AMUMsa MEXAY BapuaHTamm
onbiTa HbIAM CYLLECTBEHHBIMU (PUC. B). B HOpMaAbHbIX
YCAOBUSIX OBOAHEHHOCTb KOPHEN copTa 3onoTucTas (85%)
OblAa BbilLe, Yem Y copTa Youmckas (63%). Ho B ychoBusx
CTpecca 3T0T NoKa3aTeAb UBMEHUACS MPOTUBOMNOAOXHbBIM
06pa3oM, UTO yKa3blBaeT Ha BbICOKYHO PE3UCTEHTHOCTb
copta Youmckasn K HebaaronpusaTHbIM GakTopam CpeAbl 1
OTCYTCTBME 3TOr0 CBOMCTBA y copTa 3oAoTucTas. Mpu aTom B
HOPMaAbHbIX YCAOBUSAX MIHOKYAUPOBAHHbIE PaCTEHUS copTa
3onotuctas umean 10%-e ymeHblLIEHNE OBOAHEHHOCTU B
KOPHSIX MO CPABHEHMIO C KOHTPOAEM, @ pacTeHusa copTa
Ydumckasa pearmpoBanv Ha MHOKYASILUIO YBEAUYEHUEM
3TOro nokasatensi ot 21 po 37%. lNpwu cTpecce, HAaNPOTUB,
Ha poHe MOHWXEHHOW OBOAHEHHOCTH B KOHTPOAE Y copTa
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Puc. 4. BansiHue witammoB B. subtilis Ha copepxaHne GOTOCUHTETUUECKUX MUTMEHTOB 21-CyTOUHbIX pacTeHUI GacoAmn npu

cTpecce

Fig. 4. Effect of B. subtilis strains on the content of photosynthetic pigments in 21-day-old bean plants under stress
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Puc. 5. OBOAHEHHOCTb B KOPHAX pacTeHW GacoAM NPU UHOKYASILMK WITaMMamu B. subtilis 26\ n 10-4 B HOPMaAbHbIX YCAOBUAX U

npwu cTpecce

Fig. 5. Water content in the roots of bean plants inoculated with B. subtilis 26D and 10-4 strains under normal conditions and

under stress

3onoTrcTas 06a MHOKYAMPOBAHHbIX BapraHTa MMeAn bonee
BbICOKME 3HAUEeHUs1 OBOAHEHHOCTU. Ha GpoHe BoAaee BbICOKOM
OBOAHEHHOCTM KOPHSI B KOHTPOAE copTa YdumcKan 1Ho-
KyAsiums wtammom 264 npuBena K 10%-My CHUXEHUIO
3HauyeHua 3TOro nokasatens. Takum obpasom, obrapas
pa3HOM CTEMEHBIO PE3NCTEHTHOCTH K GaKTOPy 3aCOAEHMUS,
copT 30A0TUCTanA MOBbLILLAA OBOAHEHHOCTb KOPHEN NpH
B3aMMOAENCTBUM C 060MMM WITaMMaMu BakTepuit, a copT
YoumcKkas yMeHbLLUaA COAep)aHe CBOBOAHOM BAATU NpK
WHOKYASILIMK LUTAaMMOM 26A.

UTo KacaeTca BOAOYAEPXHMBaALOLLEN CNOCOBHOCTH (pUc. B),
TO B HOPMaAbHbIX YCAOBUAX COPT 30A0TUCTas NPEBOCXOANA
Mo 3TOMY NoKasaTeAkd copT YOumckasn. MHOKyAUpOBaHHbIE
BapuaHTbl pacTeHMi copTa 30A0TUCTas MaAO OTAMYAAUCH
OT KOHTPOAbHbIX. MHOKYASILMSE 060MMM LUITAMMaMK copTa
Yourmckas cnocobcTBoBana MOBLILLEHUIO 3TOTO MOKa-
3aTenst Ha 6% OT KOHTPOASA. Mpu cTpecce HabAtoAanach
COpT-LUTaMMOBas CneundUUHOCTb: MPU MHOKYASILMK copTa
3onoTuCTas WTammom 26/ NPOMCXOAMAO NOBbILLEHWE Ha
6% BOAOYAEPXMBAIOLLEN CNOCOBHOCTM MO CPABHEHUIO C
KOHTPOAEM, @ NMPU MHOKYASIUMK WTammom 10-4, HanpoTuB,

https://vuzbiochemi.elpub.ru/jjour E——— — —S— ————————————

CHWXeHUe Ha 4%. ITO NPKU TOM, UTO COAEPXAHME BOAbI B
060X BaprMaHTax MHOKYASILIMM YBEAUUMBAAOCH (CM. pUC. 5).
MHoKyAsiums copta Youmckas, obraaatoLLero npu ctpecce
BbICOKO BOAOYAEPXMBAIOLLEN CNOCOBHOCTLIO, MPUBOAMAA
K CHUXEHWIO nokasaTtenst oT 4 A0 9% NO CpaBHEHUIO C
KOHTPOAEM (CM. puc. 6).

Pasanuma mexay BOAHbIM CTaTyCOM MHOKYAMPOBAHHbIX
COPTOB B HOPME U NPK CTPECCE MOXHO 06bSICHWUTb, ECAM
06paTUTLCH K NOAYYEHHBIM PaHEE CBEAEHWAM O BAUSIHUM
LWTaMMOB Ha GOPMMPOBaAHME apPXUTEKTYPbl KOPHEBOM
CUCTEMbI pa3HbIX COPTOB: MO AAMHE TAGBHOrO KOPHSA
6-CyTOUHbIX MPOPOCTKOB COPT YPUMCKas BABOE MPEBOCXOANA
copT 30A0TUCTasA, MHOKYASLMA copTa 30A0TUCTas LWTAMMOM
26/ 1 ocobeHHo WwTammom 10-4 cnocobecTBOBaAa paB-
HOMEPHOMY YBEAMUYEHUIO KaK AAMHbI TAABHOTO, TaK U BCEX
KOpHeW pacteHui [13]. No-BUAMMOMY, Takas apXUTEKTYypa
KOPHSI MO3BOAMAA NOBbICUTL OT 23 A0 30% NO CpaBHEHUIO
C KOHTPOAEM OBOAHEHHOCTb KOPHS MIHOKYAMPOBAHHbIX pac-
TeHul copTa 3onoTUcTas (cM. puc. 5). CopT Ydumckas Ha
PaHHWX CTAAMAX PA3BUTUA pearMpoBan Ha MHOKYASLMIO
wrammom 10-4 yBeAMYEHUEM AAMHBI TAABHOTO KOPHS,

354



U3BECTHS BY30B. MIPUKNAAHASA XUMWUSA U BUOTEXHOAOINA 2023 Tom 13 N 3
PROCEEDINGS OF UNIVERSITIES. APPLIED CHEMISTRY AND BIOTECHNOLOGY 2023 Vol. 13 No.3

100
= Hopma Ctpecc
©
3 g = - 1 - :
= U 60
L&
% g4
& 2
g © 20
o
5 N N S S AN
K 260 10-4 K 260 10-4
3onoTucras 8 Ydumckas

Puc. 6. BopoyaepxusatoLLast CnoCOOHOCTb B KOPHAX PAacTEHUI GacoAU NPW MHOKYASLMK LuTamMMaMu B. subtilis 26\ n 10-4 B

HOPMaAbHbIX YCAOBUSIX U MPU CTPecce

Fig. 6. Water-retaining capacity in the roots of bean plants inoculated with B. subtilis 26D and 10-4 strains under normal condi-

tions and under stress
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Puc. 7. BAvsHne wtammoB B. subtilis Ha copepXxaHne ManOHOBOIO AMAAbAETMAA B KOPHSIX 21-CyTOUHbIX pacTeHUM Gpacoam

Fig. 7. Effect of B. subtilis strains on the content of malon dialdehyde in the roots of 21-day-old bean plants

COXpaHsif Ha YPOBHE KOHTPOASA AAMHY M KOAMUYECTBO BCEX
KOPHEW, TOTA KakK MHOKYAALMSA WITaMMOM 26/\ Bbi3BaAa
NPENMYLLECTBEHHbIN POCT HOKOBLIX KOPHEN, COKpaLllas
POCT rA@BHOTIO KOpHS [13], uTo B HOPME MPUBEAO K YBEAU-
YEHWO OBOAHEHHOCTH, @ NPU CTPECCE — K €€ YMEHbLIEHWIO
B KOPHSX (CM. pucC. D).

CnocobHocTb B. subtilis obecneurBaTth NOBbILIEHHOE
COAEpXaHWe BOAbl B AUCTbAX pacTeHuh dacoan 6e3
yuiepba AN ckopocTh GoToCHMHTE3a Obina OTMEYEHa B
pabote [19]. B nccanepoBaHUU BAMAHUSA NPEANOCEBHON
06paboTKM MLIEHULbI (APOBOM M 03MMOM) WTamMmMomMm B.
subtilis 10-4 Ha pocT 6bIAO TaKXe BbISBAEHO Pa3AMYHOE
BO3AENCTBME Ha BOAHbIM CTaTyC pacTeHWI B 3aBUCUMOCTH
OT CTpaTerMmn pasHbix 3KOTUMNOB apanTaumm K ctpeccy [20],
YTO COrAacyeTCsi C HallMMM UCCAEAOBAHUAMMU.

Mpouecc apantaumu K AoboOMy CTPECCY CONMPOBOXAAETCS
HEOOXOAMMOCTBIO BOCCTAHOBAEHWS pepoKkc-HanaHca,
BbI3BAHHOIO HAKOMAEHMEM aKTUBHbIX GOPM KUCAOPOAS,
B YAGAEHWE KOTOPbIX MOTYT BHECTU CyLLECTBEHHbIN BKAGA
3HAODUTHbIE BakTepun bBraropaps akTMBM3auuKM dep-
MEHTOB CYNepPOKCUAAUCMYTa3bl, KaTaAasbl, NEPOKCUAA3SHI,
M KOHEYHbIM Pe3yAbTaTOM 3TOM paboTbl MOXET CAYXUTb
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copepxanme MAA [3, 7, 15]. B KOpHAX MHOKYAMPOBAHHbIX
pacTeHunin 0601x COPTOB KOHUEHTPaLUMA MAA CH1XaAach No
CPaBHEHUIO C HEMHOKYAUPOBAHHbIM KOHTPOAEM B HOpME
1 Ha GOHE 3aCONEHMS MO CPABHEHMIO CO CTPECC-UHAYLM-
POBaHHbLIM KOHTPOAEM (PUC. 7). HanboAbLLEE CHUXEHUE
MO CPaBHEHMIO C KaXAbIM U3 KOHTPOAEN (B HOPME U MpHK
CTpecce) OTMEYEHO AASl copTa 30A0TUCTasA MPU MHOKY-
ASILMKW WITAaMMOM 26/ 1 AAA copTa YouUMcKasa npu MHO-
KyAAumm wrammom 10-4, T.e. AASl TEX COPT-LUTaMMOBBbIX
KOoMOWHaLMI, KoTopble BbiIAM Hanbonee 3GGEKTUBHBIMM
B MPOAYKLMOHHOM NMpoLEecce B NOAEBbLIX ycAOBUAX 2018
ropa [13], uTo CBUAETEALCTBYET B MOAb3Y BbIABUHYTOMO
paHee nNpeAnoAoXeHus [15].

BbIBOAbI

CopT-luTamMmMoBas cneundruUHOCTb B3aMMOAENCTBUSA
pacTeHn ¢acoamn ¢ IHAODUTHbIMM WITaMMamu B. subtilis,
BbIIBAEHHAs B MOAEBbIX YCAOBHSIX, MOATBEPAMAACH MO NOKa-
3aTeAl0 MacChl TPEXHEAEABHbIX PACTEHUI B MOAEABHOM
3KcnepuMeHTe (wtamm 264 cTMMyAMpOBaA pPoCT copTa
3oAoTUCTas U MHTMBUpPOBAA pocT copTa Youmekas). Mpu
3TOM AAUHaA nobera u nAOLWaAb AUCTbEB ABYXHEAEABbHbIX
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pacTeHWI ykasblBaAW Ha CTUMYAUPYHOLLLEE BAUSIHUE Dak-
Tepuii B AoObIX BapraHTax baktepranbHbiXx 06paboToK.

CopT-lUITaMMOBbIE€ OTAMUKA B COAEPXaHUW HOTOCUH-
TETUUYECKUX MUTMEHTOB 0OHapPYXeHbl TOAbKO B YCAOBHAX
cTpecca. Copta OTAMYAAUCH MO HAKOMAEHWIO/YObIBAHUIO
KapOTMHOMAOB B OTBET HA MHOKYASILIMIO, @ LUTaMMbl AUdde-
PEHLMPOBAHHO BAMAAU HA KOAUUYECTBO 3€AEHbIX MUTMEHTOB.

CopTa OTAMYAAUCh MO YPOBHIO OBOAHEHHOCTH U BOAOY-
AEPXMBatoLLEN CNOCOBHOCTU. MHOKYAMPOBAHHBIE pacTeHus
copTa 30A0THUCTast MOAYYMAM MPEUMYLLECTBO MO CPABHEHMIO

C KOHTPOAEM MO OBOAHEHHOCTU NpPU CTPECCE, NPU ITOM
LWUTaMMbl NO-Pa3HOMY BAUAAW Ha YPOBEHb BOAOYAEPXKM-
BatolLer cnocobHocTU. CopT YoMMcKan NOAOKUTEABHO
pearMpoBain Ha 6akTepmn3aumto TOAbKO B OMTUMAaAbHbIX
YCAOBMSAX, WUTaMM 26/ yMeHbLUIAA 0BOAHEHHOCTb M BOAO-
YAEPXUBAIOLLLYHO CMNOCOOHOCTb.

CoaepxaHne MAA B KOPHSIX MHOKYAMPOBAHHbIX pac-
TEHWUI 060MX COPTOB CHUXAAOCH MO CPABHEHUIO C HEMHO-
KYAMPOBAHHbIM KOHTPOAEM B HOPME M Ha GOHE 3aCONEHUS
MO CPABHEHUIO CO CTPECC-UHAYLIMPOBAHHBIM KOHTPOAEM.
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KaTtanutnueckue ceBoucTea U MMMOOUAM3aLUA GEPMEHTHbIX
npenapaTtoB, COAEPXALLUX AUNA3Y FaAOAAKAAOTOAEPAHTHLIX ODakTepuu
Pseudomonas peli v Bacillus aequororis
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AHHOTauus. AaHHas cTaTbsl NOCBALLEHa UCCAEAOBaHUIO KaTaAUTUUYECKUX CBOMCTB U MMMOBUAU3ALMM GePMEHTHbIX
rnpenapatoB, KOTOPbIE COAEPXAT AMMa3y raA0aAKaAOTOAepaHTHbIX bakTtepuii Pseudomonas peli u Bacillus
aequororis. M3 ranoankanoTorepaHTHbIX bakTepuii Pseudomonas peli 3-T n Bacillus aequororis 5-Ab BbinereHa
AaMnasa v MMMobuAM30BaHa Ha KapbOoKCUMETHALIEAAOAO3E, aKTUBMPOBAHHOM XMTO3aHe M KOPMOBLIX APOXOKaX.
OnpeaeneHa pH-3aBUCMMOCTb aKTUBHOCTH M TEPMOCTabUALHOCTb HATUBHOIO pepMeHTa, COXpaHEHME aKTUBHOCTU
npu UMMOBUAM3AUMU W BbICYLUMBAHUU HMMMOOBUAM30BAHHOro rpenaparta. YCTaHOBAEHO, 4YTO aKTMBHOCTb
AMnasbl M3 060MX MCTOYHUKOB MMOBBILLIAETCA C YBEAMYEHMEM LLEAOYHOCTH PEAKUMOHHON CPEeAbl, npuyem y
amnasbl P. peli 3-T B KUCAOM cpeAe aKTMBHOCTb OTCYTCTBOBaAa, y B. aequororis 5-Ab npu pH 6-7 coctaBAsira
He 6oree 20% OT MakcHMaAbHON. BbiaereHHas Amnalda obrasaeT AOCTaTOYHO BbICOKOHM TepMOCTabrAbHOCTbIO.
Tak, avnasa P. peli 3-T npu Bosaescteumu temmnepatypbl 60 u 70 °C B TedeHMe 1 4 MOAHOCTbIO COXpaHseT
MCXOAHYI aKTMBHOCTb, @ B TeyeHue 15 muH Bosaericteue temmnepatypbi 80 n 90 °C npuUBOAUT K CHUXEHUIO
aKTMBHOCTH Ha 73 1 83% COOTBETCTBEHHO. M3 U3YUEHHbIX HOCUTEAEH AAST UMMOBUAM3ALMU pepMeHTa Hanboree
MepcrneKTMBHbI aKTMBUPOBAHHbINA XUTO3aH M KOPMOBbIE APOXOKW. [1pu BbICYLUMBaAHWU MMMOBUAM30BAHHOMO
npenapara AmMnasbl Ha aKTUBUPOBAHHOM XUTO3aHe coxpaHsercs 3 u 46% aKTMBHOCTM HaTUBHOIO GpepMeHTa 13
P. peli 3-T n B. aequororis 5-Ab COOTBETCTBEHHO, HA KOPMOBbIX APOXKax — 2 n 64% COOTBETCTBEHHO.

KaroueBbie caoBa: UMMOOMAM30BaHHbIE PEPMEHTHI, AUMNa3sa, raA0ToAePaHTHbIe baKTepun, aAKaAOTOAEPaAHTHbIE BaKTepum,
TepMOoCTabUAbHOCTb pepMeHTa
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Abstract. In this work, we investigate the catalytic properties and immobilization of enzyme preparations containing
lipase of haloalkalotolerant bacteria Pseudomonas peli and Bacillus aequororis. Lipase was isolated from the
P. peli 3-T and B. aequororis 5-DB followed by its immobilization on either carboxymethylcellulose, activated chitosan
or fodder yeast. The pH-dependence of native enzyme activity and thermostability, as well as the residual activity
upon immobilization and drying of immobilized product, were determined. The lipase activity from both sources
enhances with increasing alkalinity of the reaction medium. Specifically, P. peli 3-T lipase exhibited no activity in an
acidic medium, and B. aequororis 5-DB lipase exhibited around 20% of maximum activity at a pH value of 6-7. The
isolated lipase has a rather high thermostability; thus, P. peli 3-T lipase fully retains its initial activity upon heating to
60°Cand 70°C for 1 h. Moreover, 15 min exposure to temperatures of 80 °C and 90 °C leads to an activity decrease
of 73% and 83%, respectively. Activated chitosan and fodder yeast are the most promising of the studied excipients
for enzyme immobilization. Drying of the immobilized lipase product on the activated chitosan showed retention of
3% and 46% of the native enzyme activity derived from P. peli 3-T and B. aequororis 5-DB, respectively. In the case
of fodder yeast, these values were 2% and 64%, respectively.

Keywords: immobilized enzymes, lipase, halotolerant bacteria, alkalotolerant bacteria, enzyme thermostability
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BBEAEHUE

A\vinasa (TpMauMATAMLEPOA-AMMA3a, TPUALMA-TAULEPOA:
aumarnaponasa, KO 3.1.1.3) katannsnpyeT pasnoxeHue
TPUFAMLEPUAOB AO MOHO-, AUTAULIEPUAOB, TAULEPUHA U
XMPHbIX KUCAOT B BOAHOM CPEAE M PSIA XMMUUYECKUX peaKkLmi
B CUCTEMAX C HU3KOW aKTMBHOCTbIO BOABI. AUNa3bl ABASKOTCSA
YHUBEPCAAbHbIMU BUOKaTaAM3aTOpPaMu, WMEHLLMMU
LUMPOKMI CNEKTP NPUMEHEHWI B MPOMBILLIAEHHOCTH, T.K. OHU
KaTaAU3MpYIOT Takue XMMUYECKUE PeaKLLMK, Kak aMUHOAN3,
aunpAoAM3, aTepudmkauuio 1 nepeatepudrkaumio.
Bbicokas akTMUBHOCTb M CTaBUABHOCTb Kak B BOAHbIX, Tak
W B OPraHUYeckux cpepax No3BOAAET UCMOAL30OBATb UX
B NPOM3BOACTBE BMOAM3EAS, PAa3AEAEHNU SHAHTMOMEPOB,
MOAMOUKALMMU TPUALMATAULEPHUHOB, 060TaLLEHNMU XUPHBIMK
KMCAOTaMKW U MPOU3BOACTBE CAOXHbLIX 3adUPOB. Takxe
AMMa3sbl BKAKOYAIOT B COCTaBbl MOKOLIMX CPEACTB, UCMOAL3YIOT
B CMHTE3€ CAOXHbIX 3OUPOB caxapoB v BruocypdakTaHToB,
NOAYYEHUU TMPOAYKTOB KOCMETUUYECKMUX, LEAAFOAO3HO-
ByMaXHbIX, KOXEBEHHBIX, TEKCTUAbHbIX, dapMaLEBTUUECKHX,
arpoXMMMYECKHKX, NULLEBLIX MPOMU3BOACTB [1, 2]. Kpome
TOro, AMNa3bl UMEKT NePCNeKTUBbl UCMOAb30BaHUA B
CEeAbCKOM X03ancTBe. AobaBAEHUE IK3OTEHHOW AMNa3bl
B KOPM >XMBOTHbIX M NTULbI MHTEHCUOULMPYET paboTy
MX OPraHOB BHYTPEHHEeW cekpeuuu. Bbbln0 nokasaHo,
4YTO NPU BBEAEHWW AMMNA3bl B KOPMa CBUMHEW W MTULbI
KOHLEHTpaumMss 3HAOFEHHOro TPUMNCMHA W aMUAa3bl
nosbiWwaeTca Ha 32,5 1 69,3% COOTBETCTBEHHO, YAyULLAETCS
1 YCKOPAETCA NULLIEBAPUTEAbHbIN NPOLIECC, YBEAUUMBAETCS
WHTEHCMBHOCTb POCTa XMBOTHbIX [3].

IKCTPEMODUAbHBIE U IKCTPEMOTOAEPAHTHbIE BaKTEPUH,
obutatolme B 6MOTOMAx C YCAOBUSIMM, MapameTpbl
KOTOPbIX 3HAYUTEAbHO OTAMYAOTCA OT HOPMAAbHbIX
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«dUBNONOTUUECKHMX», MPEACTABASIIOT BOAbLLOW UHTEPEC
KakK MpPOAYLEHTbl GEepPMEHTOB C YHUKAAbHbIMW CBOMW-
cTBaMW. AAKAAOTOAEPAHTHbIE (LLLEAOYEYCTOMUMBBLIE) M
ranOTOAEPaHTHbIE (COAEYCTONUMBBIE) TMAPOAUTUYECKME
H6aKTepUM BIAEASIOT B OKPYXatOLLYH CpeAy GEPMEHTHI,
cTabuAbHO OYHKLMOHMPYIOLLME B YCAOBMSIX BbICOKOM
LLLIEAOYHOCTU U HUBKOW aKTMBHOCTM BOAbI [4, 5]. PaHee
U3 LLEAOYHbIX BbICOKOMUHEPAAU30BAHHbBIX CPEA COAOBOTO
waramoxpaHuania AO «bepe3HNKOBCKMI COAOBbLIN 3aBOA»
6bIAM BblAEAEHbI OaKTEPUW, YCTOMUMBBLIE K BbICOKOM
LLLeAOYHOCTH 1 obAapatoLLMe AMNA3HOW aKTUBHOCTbIO,
1 6bIAO MOKa3aHo, YTO BHEKAETOUHAA M acCcoLMMpOBaHHasn
C NOBEPXHOCTbIO AMMA3a Takux BakTepuii NposiBASiET
MaKCHMaAbHYI aKTMBHOCTb B CPeAe C BbiICOKUM pH [6, 7].

AASI UICNOAB30BaHWSA B NPOMbILUAEHHOCTU GEPMEHTOB,
M30AMPOBAHHbIX U3 KAETOK, HE0bxoAMMa UX cTabuAn3aLms
B MEHSIOWMXCA YCAOBMAX OKpYXatolWen Ccpeabl,
AOATOBPEMEHHOE COXPaHEHWE aKTUBHOCTHU, BO3MOXHOCTb
MHOIOKPaTHOro NpUMeHeHuA. B aTnux LeAax AOMOAHM-
TEAbHbIM 3TanoM NMOArOTOBKM GEepMEHTHOro npenapara
ABASIETCA UMMOOUAM3ALIMSA BEAKOB — OrpaHUYeHne NOABMX-
HOCTM MOAEKYA C BO3MOXHOCTbIO BecnpensTcTBEHHOM
AMOOY3KK cybeTpaToB U NPOAYKTOB. MMMOBUAM30BAHHbIE
depmeHTbl Boree CTabuAbHbI, YeM GpepMeHTbl B CBOBOAHOM
dopme, U MOTYT UCMOAL30BaTLCHA AAA OCYLLECTBAEHMSA
HenpepbIBHbIX BUOKATAAUTUUYECKUX peaKkLmnii [8]. HecmoTps
Ha YHMBEPCaAbHOCTb AMMAa3 U APYrUX GEPMEHTOB AAA
NPOMbILUAEHHOIO MPUMEHEHUSA, PSA OrpaHUYEeHUd He
NO3BOASIET UCMOAL30BATh KX B MPOMbILIAEHHbIX MacluTabax.
OCHOBHbIMW HEAOCTaTKaMK  SABASKOTCA  dU3MYecKas
(arperaums, ocaxaAeHWe 1 NoTepsa TPETUYHOW CTPYKTYPbI)
AW XUMUYEeCKaa (Ae3aMUHUpPOBaHWe, dparMeHTauus 1
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OKWUCAEHWE) HECTABUABHOCTb NPU XPaHEHWUU AU B paboumx
CTaAMSIX peakLmu, 0COBEeHHO B OpraHUYECKOM pacTBOpUTENE,
a TakXe BbICOKas CTOMMOCTb 3TUX GMOKaTaAM3aToOpPOB,
CBA3aHHasA CO CAOXHOCTbIO pereHepaLmm U AOATOBPEMEHHOIO
MCMOAb30BaHUA [2].

AN MMMOBUAM3ALMK GEPMEHTOB, B YaCTHOCTM
AMNa3s, UCMNOAb3YHOTCS PasAMUHbIE METOALI: aacopbums
Ha HEPACTBOPMMOM HOCUTENE, BKAKOUEHUE B CTPYKTYpPY
renel WAM MHKanCyAsiuMs, KOBaAEHTHaa ClUMBKa C
HOCUTEAEM, NOoNepeYHasn cluMBKa 6EAKOBbIX arperatoB
6UPYHKLUMOHAAbHbIMUK peareHTamu [9-11]. MNpu cnoAb-
30BaHUKN BE3BOAHBIX Cpea, HanpuMep, B peakLuu aTe-
pUdMKaLMK, NPOUCXOAMT arperauusa U ocaxaeHue eep-
MeHTa “3 pactBopa. B atom cayyae nmmobuansauma
61oKaTaAM3aTopa MOXET CHU3UTb AUDDY3UOHHBIE 3aTPYA-
HEeHUA, NPenATCTBYA arperaumn. AAa UMMOOUAM3aALIMK
AMNa3s UCNOAb30BaAM BCE NEPEUNCAEHHDBIE BbilLE METOAbI,
A0BGMBasACb MHOTOKpaTHOrO (A0 20 LMKAOB) GYHKLMO-
HUpOBaHUA BUokaTaan3aTopa B NPoLEeCcce NMOAyYEHUSA
610AN3EABHOTO TONAMBA [12]. BbIAO YCTAHOBAEHO, YTO
yA€AbHasA aKTUBHOCTb AMMNa3bl, UMMOOUAM30BAHHOW Ha
XMTO3aHe, yBEAMUMBAAACH MO CPABHEHMWIO C HECBA3A@HHbIM
depmeHTom [13]. AMnasa Ha xMT03aHe, aKTUBUPOBAHHOM
NMoAMaAbAETMAKPAXMaNoM, 6bina cTabUAbHA NpU TeMMe-
patype Ao 70 °C B ruaApOopOBHbIX M TMAPODUABHBIX Opra-
HUYECKMX PACTBOPUTEASIX U UCMOAB30BaAAACh AASt KUHETU-
YECKOT0 pa3peneHuUa BTOPUUHbIX cnupToB [14]. Aunasa,
KOBAAEHTHO UMMOBWAM30BaHHAA Ha aKTUBMPOBAHHOM
FAYTapOBbIM aAbAETMAOM PUCOBOM LLIEAYXE, XKOME CaxapHOro
TPOCTHMKA U BOAOKHE 3€AEHOr0 KOKOCa, coxpaHuaa 94, 90
1 89% MCXOAHON aKTMBHOCTM COOTBETCTBEHHO [15]. UMMmoO-
6UAM30BaHHbIE HAa BEHTOHUTE AMNa3bl 06AaAaAM AYYLLEN
TemnepaTtypHoi U pH-cTabUAbHOCTbIO MO CPaBHEHWIO
co cBoboaHbIMMK [16]. B HacTosLLLee BpeMs B KauecTBe
HocuTens GEPMEHTOB, B YACTHOCTH AMNa3bl, AOCTATOYHO
LLUMPOKO UCMOAL3YIOT HaHOMaTepKranbl [17]. [eTeporeHHbIv
61MoKaTaAM3aTop B BWMAE AMNa3sbl, aACOpPOUPOBAHHOMN
Ha MaKpOMOPUCTOM YrAEPOAHOM asporene B BUAE
Xa0TUUYHO NepenAeTeHHbIX MHOTOCTEHHBIX YTAEPOAHBIX
HaHOTPYOOK, BbIA CTaBUAEH B peakumax aTepudukaLmnm,
NPOTEKAOWMNX B OPraHUYECKUX pPacTBOPUTEASX, B
TeYEHWE HECKOAbKUX AECATKOB YacOB B MEPUOANYECKUX
peakLMOHHbIX UMKAaX [18]. UMMoBMAM30BaHHbIN Npenapart
B BMAE AMMA3bl, aACOPOUPOBAHHOM Ha MHOIOCTEHHbIX
YIAEPOAHbIX HaHOTPybKax, OYHKLUMOHAAM3MPOBAHHbIX
3NOKCUrpynnamMu, WUCMOAb3OBAAU AAA KMHETUUYECKOTO
paspeAneHust pau-nbynpodpeHa nytem atepudukaummn noy-
npodeHa B U300KTaHe B KauyecTBe pactBopuTes [19].
Aunasa Ha KOMMO3ULMOHHOM MaTepuaie, B COCTaB KOTOPOro
BXOAMAW FaAAya3WTOBble HAHOTPYOKW, KaTaAM3npoBana
FTMAPOAU3 CAOXHBIX 9GUPOB GTAAEBOIN KUCAOTHI C 3ddek-
TMBHOCTbIO A0 95% [20]. AMnasa Ha akTMBMPOBAHHbIX
rAYTapoBbIM aAbAErMAOM HAHOBOAOKHAX OKCUAA rpadeHa/
XMTO3aHa/aleTaTta LeAAtoA03bl 0brapana Boree BbICOKOM
aKTUBHOCTbLHO, UeM cBOOOAHAS, B KUCAOM cpeae 1 Bbina
MCnoAb30BaHa B CMHTe3e BeH3uAaLeTaTa U3 6EH3UAOBOIO
cnupTa U BUMHUAaUeTaTa [21]. UMMobUAM3OBaHHanA Ha
MarHWTHbIX MHOTOCAOMHbIX YTAEPOAHbIX HAHOTPYOKax AMnasa
Mo CPABHEHUIO C PAcTBOPUMOIN dopMoi obrapana BoAbLIEN
TepMO- 1 pH-cTabUAbHOCTbIO, BO3MOXHOCTbIO MOBTOPHOIO
MCMOAb30BaHUSA, AETKOCTbIO OTAEAEHUS OT cpeAbl [22].
XopoLuyto TEpMOCTabUALHOCTb U BO3MOXHOCTb NOBTOPHOIO
MCMNOAb30BaHMA B 8 uukaax ¢ 80%-M coxpaHeHuem

aKTUBHOCTH HabAOAAAM Y AUNA3bl, UMMOOKWAM30BAHHOM Ha
MarHMTHOM OKcuAe rpadeHa [23]. OpHaKo, HECMOTPS Ha
TO, YTO UMMOBUAM3ALMS AUNA3 AAA PA3AUYHbBIX XMMHUYECKUX
NPOLIECCOB OCYLLECTBASIETCA AOCTATOYHO MacluTabHo,
paspaboTka npenapaTtoB UMMOOUAM30BAHHOM AUNA3bl B
KauecTBe KOPMOBOM A0HABKK UMEET CBOU 0COOEHHOCTH
1 TpebyeT AOMOAHUTEABHbIX UCCAEAOBAHWI. Bo-nepBbIX,
HOCUTEAb M CNOCO6 UMMOBUAM3ALIMU HE AOAXHbBI ObITb
MPUYMHON TOKCUYHOCTM NpenapaTta, BO-BTOPbIX, BaXHbIM
TpeboBaHMEM K UMMOOWAM30BAHHOMY Npenapary ABASETCA
€ro cTabuAbHOCTb MPK XPaHEHUH, U, B-TPETbUX, AOAXKHA ObiTb
obecneueHa BO3MOXHOCTb GYHKLMOHMPOBAHKSA Npenapara
B NWULLEBAPUTEABHON CUCTEME CEAbCKOXO3SIMCTBEHHbIX
XMBOTHbIX. AAA pelleHust AaHHOM 3apaun 6Aaropaps Takum
KauyecTBaM, KakK HETOKCMYHOCTb, BUOCOBMECTUMOCTb,
CNocoBHOCTb K BUOAOTMUYECKOMY PA3AOXKEHWUIO U HAAMYMNE
MHOTOUYMUCAEHHbIX PEAKLIMOHHbBIX YYACTKOB, MEPCNEKTUBHbI
6MOMNOAMMEPLI  MPUPOAHOTO MPOUCXOXAEHUS, TaKue
Kak aAblMHaT, XMTO3aH, LLeAAIOAO3a, arapo3a, ryaposas
KaMeAb, arap, KapparuHaH, XXeAaTuH, AEKCTPaH, KCaHTaH,
NEKTUHbI, UCMOAb3YEMbIE KaK HOCUTEAU AASI UMMOBHAM3aLMK
depmeHTOoB [24-26]. B paHHOM paboTe cpaBHWBAAUCH
pa3AMUHble MeToAbl  MMMOOMAM3AUMKM  AMMNA3bl  C
MCNOAb30BaAHNMEM B KayeCTBE HOCUTEAEN KOPMOBbIX
APOXXEN, KapOOKCUMETUALLEAAOAO3bI (KMLL) 1 xMTo3aHa.

LleAb paboTbl - M3yunTb KAaTaAMTUUYECKME CBOMCTBA
(AKTMBHOCTb, TEPMO- U PH-CTAaBUALHOCTb) GEPMEHTHOrO
npenapara, coaepxaluero atmnady Pseudomonas peli 3-T u
Bacillus aequororis 5-Ab B cBo60AHON dOpME, U BAUSAHUE
npouecca MMMOBUAU3ALIMK, BbICYLUMBAHUS U XPaAHEHUS
Ha aKTUBHOCTb UMMOBUAM30BAHHOW AMNa3bl.

SKCNEPUMEHTAABHAA YACTb

Pseudomonas peli 3-T (BKM B-3617D), Bbipe-
AEHHbI C MOBEPXHOCTU FPyHTa CTapoi KapTbl COAOBOTO
wramoxpaHuamniLa AO «<bepe3HMKOBCKUI COAOBDIN 3aBOAY
[6], KyAbTUBMPOBAAM HAa MUHEpPaAbHOM cpeae MdeHHura
cocTaBoM (I/A): KH2P04 -0,3; MgCI2 -0,3; CaCI2 -0,03;
APOXOKeBOWM aKcTpakT — 0,5 (pH 8) ¢ 1%-M raMuepuHoOm
B KauecTBe UCTOYHMKA yraepoaa, 0,03%-1 MOYEeBUHOM
B KayeCTBe MCTOYHMKA a30Ta U MUKPOIAEMEHTAMMU MO
Aunnepty - B koADax dpAeHMeliepa npu TemnepaType
30 °C Ha LerKepe Co CKOPOCTbIO BpalleHUst NAaTGopMbl
100 06/MWH B TeueHue 5 cyToK.

Bacillus aequororis 5-Ab (BKM B-3610D), Bbipe-
AEHHbI C MOBEPXHOCTU FPYHTa CTAapOi KapTbl COAOBOTO
lwramoxpaHuamnia AO «bepe3HMKOBCKUI COAOBBIN 3aBOAY
[6], KyAbTMBMpPOBaAAU Ha CpeAe COCTaBOM (I/A): MENTOH -
10, ratoko3a - 10, APOXIKEBOM SKCTPAKT - 5, K2HPO4 -1,
Na,CO, - 10, (pH 11) B ycAOBHSAX, ONUCAHHbIX BbILLE.

Buomaccy P. peli 3-T n pps 5-Ab ueHTpupyrupoBanm
10 muH npun 5000 g, oTMbIBaAW OT CPeAbI KaAn-GocdaTHbIM
bydvepom (pH=8) O0AHOKpPATHO, LEHTPUDYTMPOBAAU
NMOBTOPHO W pa3pyLlaAn YAbTPa3BYKOBbIM AE3MHTErPaTOPOM
Y3I8-0,4/22 (A0 «BHUW TBY», Poccun) npu yactote 22 Ky,
¢ oxnaxpaeHnem Ao 0-4 °C, pexum 06paboTtkun — 7 pas no
20 cek n 10 pa3 no 15 cek cooTBETCTBEHHO. CyCcneH3uto,
COAEpPXXaLLYHO pa3pyLLEHHbIE KAETKK, LEHTPHUYTMpPOBaAU
20 muH npu 5000 g ¢ oxnaxaeHuem (4 °C). AusaT KAETOK
P. peli 3-T ucnonb3oBanu 6€3 AaAbHENLLEN OUMCTKH, BbiCa-
AvMBaHWe AMnasbl B. aequororis 5-Ab npoBOAWAK CyAbdaTOM
aMMOHMS A0 35% OT HacbILWAIOLWEN KOHLEHTPALMK U LLEHTPU-
¢dyrmposanm 20 muH npu 5000 g ¢ oxnaxaeHnem. Ocapok
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pecycneHAMpoBaAK B pochaTHoM bydepe, KOHLEHTPALIMIO
6eAKa ycTaHaBAMBaAK N0 MeTOAMKe bpeadopA.

AKTMBHOCTb AMMa3bl ONPEAEASIAM CAEAYHOLLMM 06pa3oM:
K 4 cm® pacTBopa BbIAEAEHHOT0 U3 BaKTEPUANBHBIX KAETOK
6enka B pocdaTHOM bydepe ¢ pH=8 pobasasian 0,05 cm®
p-HUTPOdEHNUANAYpaTa B KOHEYHOMN KoHLeHTpauuu 10 MM u
M3MEPSIAM ONTUYECKYIO MAOTHOCTb OKPALUEHHOr0 NPOAYKTa
p-HUTpodeHoAa npmn A=405 HM Ha cnekTpopoToMeTpe
SmartSpec™ Plus (Bio-Rad, CLUA) npu TemnepaTtype
25 °C B TeyeHune 1 u.

AKTMBHOCTb AMNa3bl (E) paccuntbiBanm no popmyae (1):

E=0MNx10°%/ 18,3x10% x | x t, MKMOAb/MUH/A, (1)

rae OMN - ontnuyeckas NAOTHOCTb; 10° - KoadOUUMEHT
nepecyeta MoAb B MKMOAb; 18,3x10°% - koadpdUUMeHT
MOASIDHOM 3KCTUHKLMU pP-HUTPOdEHOAA, A/CM/MOAb;
| - TOAWMHA KlOBETHI, CM; t — Bpemsa MHKybauun npobbl,
MWH [7].

AKTMBHOCTb AMNa3bl B pacyeTe Ha I 6enka BbIUMCASIAK
no popmyae (2):

E'=1000xE/C, MKMOAb/MWH /T, (2)

rae E -  aKTMBHOCTb  AMNAsbl, MKMOAb/MUWH/A;
C - KoHUeHTpauma 6eAka B peakLMOHHOW CMECH, MKI/MA.

YAEAbHYIO aKTMBHOCTb Aunasbl (Ea) Bbipaxasu B
MKMOAb/MWH U OTHOCUAMK K A pacTBopa epmeHTa (Ea/A)
UAU T depmeHTa (Ea/T), BCTyNUBLLErO B peakuuto. Mpu
CPaBHEHWWU YAEAbHOW aKTUBHOCTM depmMeHTa, NposiB-
ASIEMOM B pPasHbIX YCAOBMUAX, MCMNOAb30BAAU OTHOCH-
TeAbHble eAuHNUUbI (%).

OnpeaeneHne ontumyma pH 1 TepmoctabruabHOCTH.
LLitamMbl, MCMOAb30BaHHbIE B paboTe, 6bIAW BbIAEAEHDI
M3 LWEAOYHOW cpepbl obuTaHMA. B cBSI3M C 3TUM
AKTMBHOCTb AMMNAa3bl U3yYaAn B cpeae OT CAabBOKMCAON
AO CWMABHOLLEAOYHOW. YTOObI OMpepAeAnTb ONTUMYM
pH-NpoABAEHWS aKTMBHOCTM Aunasbl P. peli 3-T wu
B. aequororis 5-AB, 6eAKOBbIN PacTBOP BHOCKMAMK B $OC-
daTHbIN 6ydep ¢ pH 0T 6 A0 11 1 NPOBOAUAK PEAKLINIO C
p-HUTPOdEeHUANaYpaTOM B kauecTBe cybetpaTa. 3a 100%
NPUHUMAaAK aKTUBHOCTb depmeHTa npu pH=10. YtobbI
OLEHUTb TEPMOCTabUAbHOCTL epMeHTa, pacTBop beaka
BblAEPXUBaAAM NpK TemnepaTypax 60, 70, 80, 90 °C B
TeueHue 15, 30, 45 1 60 munH B pocdatHoM Bydepe ¢
pH=8, oxnaxaanun oo Temnepatypbl 25 °C 1 NPOBOAUAK
peakuuto ¢ p-HuTpopeHnaraypatom. 3a 100% nprHUManK
AaKTMBHOCTb AMMNa3bl, MHKYyOMPOBaHHOW NpU TemnepaType
25 °C B pocdatHoM bydepe ¢ pH=8.

MMMOBUAM30BaHHbIM GepPMEHTHbIM NpenapaT NoAyYaAn
Tpems cnocobamu. Mepsbiit cnocob: 6enok aacopbUpoBau
Ha KopMoBbIX Apoxxax (000 «MUPATPO», Poccus) B
TeueHue 1 4, OTAEASIAU APOXXKU C UMMOBUAN30BAHHBIM
6eAkoM  OUABTPOBaHWEM uepe3 BymMaxHbld GUALTP
N OMpeAeAnsinm B GUAbTpaTe KOHLUEHTpauuto beaka no
Bpeadopa. BeanunHy apcopbumm 6enka (A) Ha HocuTene
ycTaHaBAMBaAKU no popmyae (3):

A=V (C C ) x 1000/M, mKr/T, (3)

rae V - o6bem pactBopa 6enka; C, - KOHLEHTpauma 6enka
B pacTBOpe A0 aACOPOLMU, MKI/MA; C,., - KOHUeHTpauus
6eAka B pacTBope nocae apcopbuunn, MKI/MA; M - macca
HOCUTEAS, M.

Btopoii cnocob: 6enok UMMOBUAM30BAAK B TMAPOTEAe
KMLU, cumntort 1%-1 AMMOHHOWM KUCAOTON. AASt 3TOTO FOTOBUAM

nuex - OCT)
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2%-1 pactBop KML, B Boae, Nnepeme LimBas B TedeHne 1y
npv Temnepatype 70 °C, poobaBAasaAn 1%- pacTBOp AMMOHHOM
KMCAOTbI AO KOHEUHOWM KOHLEHTPaLmK 0,05%, nepemMeLIMBanu
30 MUH [27]. MoAyUYEeHHbIV PacTBOP pas3AMBaAU B YaLLKK
MeTpu croem 5 MM M BbicylumMBaAu npu temneparype 70 °C
AO 06pa3oBaHNA NAEHKU, U3MEAbYAAU ee B papdOpPOBOI
CTYMNKe 1 CMelLMBaAK ¢ pacTBOpoM BeAka B COOTHOLLEHWM
2-4 cm® depmeHTHOro npenapata Ha 0,5 r NopoLLKOo6pa3HoN
KMLL, nocae 1 4 apcopbumm OTMbIBAAK OT HECBSAA3AHHOIO
b6enka docdaTHbiM Bydepom U OMpeAersAr AMNasHYH
aKTMBHOCTb B peaKLMK C P-HUTPOPEHOAOM.

Tpetnit cnocob: HENOK KOBAAEHTHO CBSI3bIBAAU C
aKTMBUPOBAHHbIM XUTO3aHOM. [0TOBUAK 2%-11 pacTBOp
XWUTO3aHa B 2%-1 YKCYCHOM KUCAOTE U HaKanbiBaAn B 1 M
pactBop KOH, ocTaBAsiAM Ha 4 4 AASt OTBEPAEHWS, OTMbIBAAK
docoaTtHbiM Bydepom (pH=7,2+0,2) A0 HEWTPAAbHOM
peakuMy NPOMbIBHbIX BOA. AASI @aKTUBALMUK K TpaHyAaM
pobaBAAAK 0,1%-1 pacTBOP ryTapoOBOro aAbAErMAa Ha
1 uy. 3atem po6aBASAM pacTBOP BEAKA K aKTUBUPOBAHHbIM
rpaHyAam XMTo3aHa v BblAePXMBaAW 24 4 B CTaTUYECKMX
ycnaoBusix npu Temnepatype 10 °C, nocae Yero OTAEASIAU
HecBs3aBLWINCA BEAOK GUALTPOBAHMEM Yepe3 ByMaXHbIi
OUABTP M ONPEeAEeAsiAv KOAMUYECTBO BeAka B duAbTpaTe
no metoanke bpeadopa. Maccy KoBaA€HTHO-CLUMTOrO
6enka yctaHaBAMBaAK No dopmyae (3).

CoxpaHeHWe AMNa3HoM akTUBHOCTH MMMOBUAM30BAHHbIX
npenapaToB Npu XpaHeHUK 13yyann CAEAYIOLLUM 06pa3oM.
MMMO6UAM30BaHHBIN GEPMEHTHbIM Npenapart BbiCyLLIMBAAK
npu temnepatype 30 °C A0 NOCTOAHHOIO BeCa U XpaHUAK
npu temnepatype 25 °C B TeueHue ABYX HepeAb. [loche
3TOr0 MPOBOAMAM PEAKLMIO C P-HUTPODEHUANAYPATOM,
Kak OMucaHo BblLUE.

Cratuctnyeckas 06pabotka pedyAbTaToB. Pe3yabTaThl
NoAyYaAu HE MEHEE YUEM B TPEX HE3ABUCKMMbIX OMbITax.
CTaTUCTUYECKMI aHaAM3 pPe3yAbTaToB MPOBOAWMAM C
MOMOLLLbIO CTAHA@PTHOIO NakeTa AMLEH3MOHHOW NPOrpaMMbl
MS Excel 2007, onpeaensinv cpeaHee apndMeTUUYECKOE,
CTAHAAPTHOE OTKAOHEHWE, CTaHAAPTHYHO OLUIMOKY CPEAHEro
(M£m). OTcyTCTBME 3HAUMMBbIX PA3AUUYUI MEXAY PE3YAb-
TaTaMu HE3aBUCHUMbIX OMbITOB MOATBEPXAAAW NMPU UCTIOAb-
30BaHuK t-kputepusa CtbtoaeHTa, p>0,05.

OBCY)XAEHUE PE3YAbBTATOB

depMeHTHbIM  Mpenapat, COAEepXalluMh Aunagy
P. peli 3-T u B. aequororis 5-ABb, 6blA NOAYYEH NPU AUUCE
6aKTepUanbHbIX KAETOK YABTPA3BYKOM M NpeLmnuTaumm
6eAka B NPUCYTCTBUM CyAbdaTa aMMoHus. Aas P. peli 3-T
BblCaAMBaHWE HE AaBaAO MPEUMYLLECTB, B AdAbHENLLEM
MCNOAb30BaAM KAETOYHbIM AM3aT. [1pK 3TOM aKTUBHOCTb
nosblllaracb ¢ 3,68 EA/A Y KAETOUYHOM CyCNEH3UU AO
27,82 Ep/A y AM3MPOBaHHbIX KAETOK. Y B. aequororis
5-Ab AAS NOCAEAYIOLLMX SKCNIEPUMEHTOB UCNOAB30OBAAU
dpakumto, NoAyYeHHY0 BbicaanBaHuem 35%-m cyabdaTtom
aMMOHUSA, NPU 3TOM aKTUBHOCTb NoBblwanack ¢ 4,3 Ea/n
Y KAETOUHOWM cycneH3un po 11,4 n 94,8 Ep/A Y KAETOYHOTO
AM3aTta u GpakLmm COOTBETCTBEHHO.

M3yunan KaTaAMTUUYECKME CBOMCTBA MOAYYEHHOIO
depMeHTHOro npenaparta: 3aBUMCMMOCTb AWMMA3HOM
aKTMBHOCTM OT pH peakLMOHHOM CPeAbl M TEPMOCTABUABHOCTL
6uokataausatopa. llokasaHo, UTo HanboAbLLIAsS aKTUBHOCTb
bepmeHTa NposBASIAACH B LLEAOUHOW cpeae (Taba. 1, puc. 1).
Y avnasbl P. peli 3-T B KUCAOW CpeAe aKTUBHOCTb OTCYT-
CTBOBaAaQ, y B. aequororis 5-Ab npu pH=6-7 coctaBasirna
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Tabauua 1. AKTUBHOCTb AMNas3bl, BbIAeAeHHOW U3 P. peli 3-T u B. aequororis 5-Ab, npu pasanuHbix pH, Ea/T

Table 1. Activity of lipase isolated from P. peli 3-T and B. aequororis 5-DB at different pH, U/g

MCTOUHMK pH
BbIAEAEHUSA 6 7 8 9 10
P. peli 3-T 0 15,40 17,33 54,88 144,41
B. aequororis 5-Ab 0,99 1,59 8,89 8,77 10,60

lMpumeyaHue. NpepcTaBAEHbl AQHHbIE EAMHUYHOTO OMbITa. TEHAEHLMA NOBTOPSAETCA B TPEX HE3AaBUCHMMbIX aKkcnepumeHTax (p>0,05).

He 6onee 20% OT MakcMMaAbHOM. AManal3oH pH, npu
KOTOPOM MpPOSIBASET aKTMBHOCTb AMNa3a B. aequororis
5-AB, 60oaee WKNPOK, U aKTUBHOCTb depmMeHTa npu pH=6
6AM3Ka K TakOBOW nNpu pH=7.

%

100 -
80 - 06
@7

60 1
m8
40 Bo
B10

20 -

0_

P. peli 3-T B. aequororis 5-1b

Puc. 1. 3aBUCHMOCTb AMNA3HOM aKTMBHOCTK OT pH
Fig. 1. Relationship between lipase activity and pH

OnpepeneHa  TepMoOCTabUAbHOCTL  GEPMEHTHOrO
npenapara. YCTaHOBAEHO, YTO AMMNa3a, BbiAEAEHHasA U3
KAETOK FaAnOaAKAAOTOAEPAHTHbIX 6akTepuit, obrapaet
AOCTATOYHO BbICOKOM TEPMOCTAaOUABHOCTBIO, HECMOTPSA
Ha TO, YTO AA@HHble MWKPOOPraHM3Mbl He SIBASIKOTCSA
TepMmoduramMn. 1o MoxeT OblTb CBA3AHO C obuien

aAanTUBHOM CNOCOBHOCTLIO OPraHM3MOB 3KCTPEMAAbHbIX
cpea obutanua. Tak, avnasa P. peli 3-T npu BO3AeN-
ctBun 60 1 70 °C B TeueHMe 1 4 NOAHOCTbIO COXpaHSeT
MCXOAHYI aKTUBHOCTb, M TOAbKO Bo3aencTBre 80 1 90 °C
B TeyeHne 15 MUH NPUBOAUT K CHUXXEHUIO aKTUBHOCTH
Ha 73 1 83% COOTBETCTBEHHO (puc. 2, Taba. 2). Aunasa
B. aequororis 5-Ab npu temnepatype 90 °C n nocae
60 MWH akcnosuuunun npu temnepatype 80 °C tepser
CBO aKTUBHOCTb, OAHAKO Npu Temnepatype 60 1 70 °C
He UHIrMBKUpyeT ee (puc. 3, cM. Taba. 2).

%
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80 A
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40

20 A

0 T T T T T )
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. Bpems, MyH
Puc. 2. TepmounHakTMBauus avnasbl P. peli 3-T npu

Bo3aencTeumn 60 (1), 70 (2), 80 (3) 190 °C (4)

Fig. 2. Thermal inactivation of P. peli 3-T lipase upon
exposure to 60 (1), 70 (2), 80 (3)and 90 °C (4)

Tabauua 2. AKTMUBHOCTb AMNa3bl P. peli 3-T u B. aequororis 5-Ab npu BO3AENCTBUK NOBbILLEHHOM TeMnepatypsbl, EA/T

Table 2. Activity of P. peli 3-T and B. aequororis 5-DB lipases exposed to elevated temperature, U/g

Temnepatypa, °C
Bpems, MUH 60 70 80 90
P. peli 3-T
15 65,63+1,73 63,78+2,96 58,5815,55 36,77+2,38
30 57,59+3,88 59,83+2,11 66,30+2,48 37,72+3,83
45 52,61+4,65 57,33+1,48 31,71+0,23 26,02+1,79
60 48,18+2,44 60,76+2,92 30,56+0,45 23,41+1,15
B. aequororis 5-Ab
15 17,46+2,06 25,37+0,00 27,44+0,00 0]
30 19,52+0,65 33,94+0,00 19,40+0,00 0]
45 16,37+6,39 35,56+0,00 23,30+0,00 0
60 21,47+0,22 21,19+0,00 0 0
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Puc. 3. TepmounHaKkTMBauusa amnasbl B. aequororis 5-Ab npu
Bo3aencTeumn 60 (1), 70 (2), 80 (3) n 90 °C (4)

Fig. 3. Thermal inactivation of B. aequororis 5-DB lipase upon
exposure to 60 (1), 70 (2), 80 (3) and 90 °C (4)

OnpeaeneHa BeAMunHa apcopbunm benka Ha KML,
KOPMOBbIX APOXKaX, @ Tak)Xe BEAUYMHA CBA3bIBAHWUS Ha
AKTMBMPOBAHHOM XMTO3aHE 3a CYET KOBAAEHTHOW CLUMBKM C
61 OYHKLMOHAABHBIM PEaAreHTOM - rAyTapoBbIM aAbAErMAOM.
YCTaHOBAEHO, UTO HOCUTEAEM, CBS3bIBAIOLLIMM HanboAbLLIEE
KOAMYECTBO depMeHTa, SBASIETCA aKTUMBWPOBAHHbLIN
XuTO3aH (Taba. 3). Ha KML, cBsisbiBaeTcs 3HaUYMTEABHO
MeHbLLee KOAMYECTBO BeAka, BblAeAeHHOTro 13 P. peli 3-T,
YeM Ha aKTUBUPOBAHHOM XMTO3aHe. AAcopbumsa benka 13
B. aequororis 5-Ab Ha KML| otcyTcTBOBana. Ha KOpMOBbIX
APOX>Kax onpeAeAnTb Maccy aacopbrpoBaHHOro 6enka
He NPeACTaBASIAOCb BO3MOXHbIM, T.K. BEAOK, BXOASALLMA
B COCTaB HOCUTEAR, MeLLaA U3MEPEHMUIO.

OnpepeneHa akTMBHOCTb AMMa3bl cpasy NOCAE UMMO-
6MAM3aLNN U Y UMMOBOUAM30BaHHbIX BUOKaATAaAM3aTOPOB
MOCAE BbICYLUMBAHUA U XPAHEHNS B TEYEHNE ABYX HEAEAD.
AaHHble MO COXPaHEHWIO AaKTMBHOCTM AMNA3bl MOCAE
UMMOOMAU3ALMM, BbICYLUMBAHWS W XPAHEHWUSA GEPMEHTHbIX
npenapaTtoB 0606uleHbI B TabA. 4. AvnasHasi akTUBHOCTb
nocae UMMobUAM3aLMKN Beaka, BbIAEAEHHOTO K3 P. peli 3-T,
CHWXanacb K cocTaBasing 2-3% OT UCXOAHOW. OTMEUEHO,
YTO aKTUBHOCTb NpenapaTa UMMOBUAM30BAHHOW AMNA3bl
P. peli 3-T nocAe BbICyLLIMBaHWA 3aBUCEAA OT HOCUTEAS,
Ha KOTOPOM OCYLLIECTBASIAU UMMOBMAU3ALIMIO: TaK, AUNa3a
Ha KML, 3HauMTeAbHO Tepsina CBOKD aKTMBHOCTb, HO BbICY-
LIMBAHME HE BAMSINO HA aKTUBHOCTb AMMNa3bl Ha XMTO3aHe
1 APOXXKax. AKTUBHOCTb AMNa3bl U3 B. aequororis 5-Ab

NocAe CBSI3blBAHWS C XUTO3aHOM COXpaHsiAacb B MpeAenax
10-11% oT TakoBOWM HAaTMBHOIO GEPMEHTA, a MOCAE BbICY-
LWMBaHWS BMoKaTaAM3aTOpa 3HAUMTEABHO BO3pacTana.
B0o3MOXHO, Npu permapataumm rpaHyn GepMeHT BbIXOAWA
B pacTBOp, YTO MPUBOAUAO K CHUXEHUIO AUDDY3NOHHbIX
3aTPyAHEHWI NpK MaccoobMeHe cybecTpaTta M NPoAYKTa
W, B CBOIO OUYepeAb, K YBEAUUYEHUIO CKOPOCTU HepMeH-
TaTUBHOMN peaKLnK.

MMMOBUAN30BAHHBIN Ha HOCWUTEAE W BbICYLLEHHbIN
depMeHT ABAfieTcs Hanbonee ynobHOM GOpMON AAA
AAAbHENLLIEero XpaHeHus W KMCNoAb3oBaHMA. OpHaAKO
caM npouecc UMMOOMAM3ALUMM MOXET 3aTparvMBatb
AKTUBHbIM LEHTP EepPMEHTa, MPUBOAS K CHUXEHWIO U AaXKe
MHIMOUPOBAHMIO Er0 aKTUBHOCTH, UTO TPEBYET CKPUHMHTa
HOCUTEeAEN U METOAOB MMMOOBUAM3ALMKU AASI TOAYUYEHUS
aKTUMBHOIO U cTabuAbHOro brMokaTaAmM3aTopa. B Hallem
MCCAEAOBaHUM MOKa3aHo, YTo UMMOBUAM3aLIMA BEAKOBOTO
npenapara, COAEPXaLLEro AMNasy, Ha akTUBMPOBAHHOM
XWUTO3aHe boaee NpeAnoUTUTEAbHA, YeM Ha KML,. CBsiau,
BO3HMKatoLMe Npu apcopbumm Genka Ha HocuTeae,
ropaspo 6onee cnabble, YUEM MPU KOBAAEHTHOM CLLMBKE C
AKTMBUPOBAHHbLIM XMTO3aHOM, MO3TOMY MNOCAEAHWI CcNocob
6onee addeKTUBEH, UeM apcopOLUS.

3AKAKOYEHUE

/\Mnasa, BblAEAeHHas 13 KAETOK raA0aAKaAOTOAEPAHTHBIX
b6akTtepun P. peli 3-T u B. aequororis 5-Ab, nposBAsina
MaKCUMaAbHY aKTMBHOCTb B CUAbHOLLEEAOYHOM CPEAE,
NPY 3TOM GEPMEHT M3 FPAMMNOAOXKUTEABHBIX BALMAA ObIA
aKTMBEH B 60AE€ LUIMPOKOM AManasoHe pH, BKAtouas caa-
6okucAyto cpeay (pH=6).

BbiaeneHHas us P. peli 3-T u B. aequororis 5-Ab aunasa
obArapana BbICOKOW TepMOCTabuAbHOCTbIO. Aunasa P. peli
3-T u B. aequororis 5-Ab npu Bo3aencteun 60 n 70 °C
B TeueHune 1 u coxpaHsara 100% MCXOAHOM aKTUBHOCTMU;
Bo3aencTBre 80 1 90 °C B TeueHne 15 MUH NPUBOAUAO
K CHUXXEHUIO aKTUBHOCTU AMnasbl P. peli 3-T Ha 73 1 83%
COOTBETCTBEHHO, Bo3aencTBMe 90 °C B TeueHune 15 MuH
n Bo3aenctene 80 °C B TeueHne 60 MUH MHTMOBUPOBAAO
aKTMBHOCTb AMNasbl B. aequororis 5-Ab.

MMMOBMAM3aLMSA  AMNAsbl  METOAOM  aACcopOLMK
Ha KOPMOBbLIX ApPOXXax, rene KML, u KoBaneHTHOM
CLUMBKOW C aKTMBMPOBAHHbIM XMTO3aHOM MPUBOAMAA K
CHUXXEHWUIO MCXOAHOW aKTUBHOCTU HATUBHOTO GepMEHTa,
npyv UMmobuAnsaummM AMnasbl B. aequororis 5-Ab Ha
APOXXaX WU aKTMBMPOBAHHOM XWMTO3aHE COXPaHANOChb
10-11% MCXOAHOW aKTMBHOCTWU. BeanunHa apcopbumm
6eAKka Ha aKTUBUPOBAHHOM XMTO3aHe 3HAUYUTEABHO Npe-

Tabamua3. CBa3biBaHME Ha HOCUTEASIX EePMEHTHOrO Npenapara, coaepxatuero avnaay P. peli 3-T u B. aequororis 5-Ab

Table 3. Binding on carriers of an enzyme preparation containing P. peli 3-T and B. aequororis 5-DB lipase

NCTOYHMK BbIAEAEHUS
HocuTenn P. peli 3-T B. aequororis 5-Ab
Macca aac. 6enka, A, VKT Macca aac. 6enka, A, MKE/F
MKI MKT
KapboKcUMeTUALIEAAOAO3A 10,43+3,34 24,49+8,47 0 0
AKTUBUPOBAHHbIN XMTO3aH 66,35+7,93 532,09+63,62 164,19+14,91 1313,52+119,28
ApPOXXKH H/0* H/0 H/0 H/O

lMpnumeuaHme. *- He onpepeneHo. MicxopHas KoHueHTpauus 6enka, BblaAeAeHHoro u3 P. peli 3-T, - 67,56+16,14 MKr/MA, 13

B. aequororis 5-Ab - 84,32+9,04 MKr/MA.
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Tabauua 4. AMnasHas akTMBHOCTb MMMOBUAM30BAHHbIX npenaparos

Table 4. Lipase activity of immobilized preparations

YaeAbHasi AMna3Has akTMBHOCTb
Cnoco6 UMMOBHAM3ALMH, Moche UMMOBHA3ALIN MocAe BbICYLLIMBAHWUSA UMMOBUAN30BAHHOMO
HOCUTEAD Mpenapara
CoxpaHeHue, CoxpaHeHue,
Ea/n En/r > Ea/n Ea/r >
(9 (0]
McTouHMK BbiaeneHust — P. peli 3-T
NMMObUAM3aLMA B CTPYKTYpE 0,347+ 92,37+ 0,038+
renst KapbOKCUMETUALLEAAOAO3bI 0.069 34.57 27 0.010 10,45+3,11 03
KoBaneHTHas cluMBKa, rpaHyAbl 0,410+ 0,420+
XUTO3aHa, akTUBUMPOBAHHOIO 31,38+0,00 3,2 21,41+6,63 3,3
0,1%-m rayTapoBbIM aAbAETMAOM 0,000 0,148
0,350+ 0,252+
AncopbLmsi, KOPMOBbIE APOXXKHM H/0 2,7 H/0 2,0
0,088 0,044
McTouHMK BbipeneHus — B. aequororis 5-Ab
MMmobuAn3auma B CTPYKType ~ ~ 0 _ ~ 0
renst KapbOKCUMETUALLEAAOAOSbI
KoBaneHTHad clunBKa, rpaHyAbl 0,448+ 1,832+
XUTO3aHa, aKTUBUMPOBAHHOIO 5,79+0,00 11,3 39,16+4,01 46,0
0,1%-M rayTapoBbIM aAbAETMAOM 0,000 0,000
0,413+ 2,556+
Aacopbums, KOPMOBbIE APOXXKM H/0 10,4 H/0 64,2
0,000 0,000

lMpumeuyaHne. UcxopHas akTMBHOCTb 6eAkOoBOro npenaparta avnasbl P. peli 3-T - 12,85+4,34 Ep/n (178,04+24,80 Ep/r),

B. aequororis 5-Ab - 3,98 Ea/A (36,43 Ep/T).

BbllLaAa TakoByto Ha KMLL u coctaBasina 532,09+63,62
n 1313,52+119,28 MKI/r HOCUTEAS AAS AMNA3bl U3 P. peli
3-T u B. aequororis 5-Ab cOOTBETCTBEHHO.
BbicywBaHre 6eAKOBOro npenapara, CoOAEpPXaLlero
AMnasy B. aequororis 5-Ab, UMMOBUAM30BAHHOIO Ha KOp-
MOBbIX APOXXXaX M aKTUBMPOBAHHOM XMTO3aHe, MPUBOAUAO
K MOBBILEHWID aKTUBHOCTU MO CPABHEHUIO C BAAXHbIM

UMMOBOUAM30BAHHbIM MpenapaTtoM MOCAEe XPaHEHWs B
TeueHue ABYX Hepenb B 4,5-6 pas.

B kauectBe b1MOKaTaAn3aTOpa MOXET ObITh NPEAAOXEHA
Avnasa u3 B. aequororis 5-Ab, MM0obUAU30BaHHAA Ha
aktusupoBaHHoM 0,1%-M rAyTapoBbiM aAbAETMAOM
XUTO3aHe C MOCAEAYHLLMM BbICYLUMBAHWEM Mpenapara
n HeMMMOobuAM3oBaHHas AMnasa us P. peli 3-T.
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AddeKTbl aHUOHAKTUBHOIO NOBEPXHOCTHO-aKTUBHOIO BELLECTBA
AoAeUUNCYAbdATa HATPUA Ha aAre3uto KAETOK LTamMmma
Micrococcus luteus 1-u Ha NOBEPXHOCTU YIA€POAHbIX MaTepuanoB
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AHHOTauMsA. AAre3nss MMKPOOPraHM3MOB Ha pa3AMUYHbIX MOBEPXHOCTSX MrPaeT BaXHEHLLYIO POAb BO MHOIMX 6MOTEX-
HoAOrMYeckux npoueccax. LLInpoko pacnpoCTpaHeHHbIM KOMIOHEHTOM CTOYHbIX BOA ABASIETCS aHMOHaKTMBHOE
MOBEPXHOCTHO-GKTUBHOE BELLECTBO AOAEUMACYAbGAT HaTpus. [T0BEPXHOCTHO-aKTUBHbIE BELLECTBa OKa3blBaroT
60AbLLOE BAUSIHUE Ha BCE MeXPa3Hble peakLmm, B TOM YACAE U B TEXHOAOTMU MUKPOOHbIX TOMAMBHbIX 3SA€MEHTOB.
[Moatomy 6bINO U3YHEHO AEHCTBUE AOAELUMACYAbDATa HAaTPUS Ha COpOLMIO KAETOK WTamma Micrococcus luteus 1-u,
06/aAaI0LLErO IAEKTPOrEHHOM @aKTUBHOCTbIO B MUKPOOHbIX TOMNAUBHbIX 3A€MEHTaXx, Ha MOBEPXHOCTU Pa3AMUYHbIX
YrAEPOACOAEPXKALLMX INEKTPOAHBIX MatepHUaroB, MPUMEHSEMbIX B TEXHOAOTMM BUOAOrMYECKUX TONAUBHbIX SAEMEHTOB:
1) yrnepoaHasi TKaHb; 2) YrA€POAHbIN BOMAOK; 3) MUBMEAbYEHHbIE rPadUTOBbLIE KOHTAKTHbLIE TPOAAEHBYCHbIE BCTaBKM
(reTHUE); 4) 6epe30BbIN aKTUBMPOBAHHbIN YyroAb. C MpUMMEHEHNEM METOAOB CTEKTPOGOTOMETPUU U MUKPOCKOMUMN
M0Ka3aHo, 4YTo B YCAOBMSAX HaLLUMUX OMbITOB NPUCYTCTBUE AOACLUMACYAbGATa HAaTPUS B AMANa3oHe KOHLUEHTpaumim
10-200 mr/A yeuanBano copbumro kaetok Micrococcus luteus 1-u Ha NOBEPXHOCTSX UCILITYEMbIX YIAEPOAHbIX
matepraroB. MakCUMaAbHOE YBeAUYEHUE copbumm 3a 2 4 3KCMO3WLUMU BbISBAEHO nNpu BHeceHun 100 mr/A
3TOro MOBEPXHOCTHO-aKTMBHOIO BELLECTBA, OHO COCTaBASIAO AASl BepPe30BOro akTMBUMPOBAHHOIO yras - 21%,
AASI YIAEPOAHOM TKaHU — 26%, AASl YTAEPOAHOIO BOKMAOKA — 24% OTHOCUTEABHO KOHTPOAS (6€3 MOBEPXHOCTHO-aK-
TMBHOr0 BellecTBa). [IpoAeMOHCTPpMpPOBaHHas B paboTe AOCTaTOUYHO 3PPeKTUBHas aAre3ns kKaetok Micrococcus
luteus 1-u Ha pa3AnMYHbIX YTAEPOAHbIX Marepmnanax, B TOM YUCAE B MPHUCYTCTBMM AOBOAbHO BbICOKMX KOHLEHTPaLMH
AOAELMACYAbDATa HaTpus, NOATBEPXKAAET MEPCNEKTUBHOCTb AGHHOIO LTaMMa AASl MPUMEHEHMST B PA3AMYHbIX
THnax MUKPOOBHbIX TONAMBHbIX IAEMEHTOB.

KaroueBble caoBa: aareanss MMKpoopraHmuamoB, Micrococcus luteus, yraepoaHble Matepuanbl, AOAELMACYAbOAT HaTpUS
®uHaHcupoBaHme. PaboTa BbINOAHEHa pr GUHAHCOBOK NoAAEPXKe rpaHTa PODU (PLIHU) Ne 21-54-12022.
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C.A., Toncton M.KO., Ctom A.A., YecHokoBa A.H., KykwmnHoB B.B. 3dPpeKTbl aHMOHAKTUBHOIO MOBEPXHOCTHO-aK-
TUBHOTIO BeLLECTBa AOAELMACYAbdATA HATPUA Ha aAre3UI0 KAETOK WwTamma Micrococcus luteus 1-1 Ha NOBEPXHOCTH
YrAEPOAHbIX MaTepuanos // U3BecTusi By3oB. MpukaapHas Xumua u 6uotexHonorms. 2023. T. 13. N 3. C. 370-381.
https://doi.org/10.21285/2227-2925-2023-13-3-370-381. EDN: UMGJYE.
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Effects of the anionactive surfactant sodium dodecyl sulfate on the
adhesion of cells of the strain Micrococcus luteus 1-i to the surface
of carbon materials
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Abstract. The adhesion of microorganisms on various surfaces plays a crucial role in many biotechnological processes.
A widespread component of wastewater is the anion-active surfactant sodium dodecyl! sulfate (SDS). Surfactants
have a significant influence on all interfacial reactions, including those occurring in microbial fuel-cell technology. The
work set out to study the effect of sodium dodecyl sulfate on the sorption of cells of the Micrococcus luteus 1 strain
(which has electrogenic activity in microbial fuel cells) on the surface of various carbon-containing electrode materials
used in biological fuel cell technology: 1) carbon tissue; 2) carbon felt; 3) crushed graphite contact trolleybus inserts
(summer); 4) birch activated carbon. Using spectrophotometry and microscopy methods, the presence of sodium
dodecyl sulfate in the concentration range of 10-200 mg/| was shown to increase the sorption of Micrococcus luteus
1-i cells on the surfaces of the tested carbon materials under experimental conditions. The maximum increase in
sorption during 2 hours of exposure was detected when 100 mg/| of this surfactant was applied: for birch activated
carbon - 21%; for carbon fabric - 26%; for carbon felt relative to the control (without surfactant) - 24%. The results
demonstrate a sufficiently effective adhesion of Micrococcus luteus 1-i cells to various carbon materials, including
in the presence of fairly high concentrations of sodium dodecyl sulfate, confirming the prospects of this strain for
use in various types of microbial fuel cells.

Keywords: adhesion of microorganisms, Micrococcus luteus, carbon materials, sodium dodecyl sulfate
Funding. The reported study was funded by the RFBR grant 21-54-12022.
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BBEAEHUE

Copbuns MUKPOOPraHM3MOB MIPaET BaXKHYO POAb B
psae BUOTEXHOAOTMUYECKUX 0bAacTEN. AATE3UPOBaHHbIE
KAETKM MUKPOOPraHU3MOB UCMOAb3YHOT U B BUOTECTUPO-
BaHuu [1-4], B TOM YUCAE AAA AETEKLMKU PA3AUYHBIX MOHOB
B CTOYHbIX BOAAX MPUMEHSAIOT amnepomMeTpruyeckme bu1o-
CEHCOPbl Ha OCHOBE MUKPOOBHbIX TONAMBHbIX AAEMEHTOB
(MT3) ¢ UMMOBUAN30BAHHbBIMU KAETKAMU U bepMeHTamMmu
[5-9]. Copbumsa HallAa LWMPOKOE NPUMEHEHUE U B NPO-
Lieccax OUMCTKM 3arpsi3HEHHbIX BOAHBIX M MOUYBEHHbIX CPEA
B BMAE NOCaXeHHbIX Ha HOCUTEAU-COPOEHTLI MUKPOOpra-
HU3MOB-bMoAeCcTPYKTOpOB [10-15].

BonbLIOE 3HauYeHre NPoLEeCCHl aAre3vm MUKpoopra-
HU3MOB UrpatoT U B TEXHOAOTUM MTO - 0AHOWM U3 Nepcnek-
TUBHbIX B HacToslLLLee Bpems obAacTel aAbTEPHATUBHOM
aHepreTMkn. MT3 No3BOAAOT U3DABAATLCA OT MOAAOTAHTOB U
OAHOBPEMEHHO reHepupoBaTh INEKTPUYECKUI ToK [16-18].
B noAyYeHnM SNEKTPUUECKOW 3HEPTMM MUKPOOPTraHU3mMamu
B XOAE OKMCAEHWS OPraHUYeCKMX BELLECTB BaXXHENLLNM

baKTopoM SIBASETCA CMNOCOOHOCTL Nepepayun MUKpPOOp-
raHM3MaMK 3NEKTPOHOB OT cybcTpaTa K anekTpoay [19].
MNoka3aHo, 4To OAHUMM M3 Hanbonee pacnpPoCTPaHEHHbIX
M TEXHOAOTMUHBIX CMOCOOOB TakoW nepepaun ABASIETCSH
npsIMON nepeHoc. B aTom cayvae bakTepranbHble KAETKK
AONXKHbI MPSIMO MPUKPENAATLCS K MOBEPXHOCTU IAEKTPOAA
M B TAKOM COCTOSIHUM OCYLLECTBAATb NEPEAAYY SAEKTPOHA.
Ho Ha ceropHAWHUIA AeHb OYEHb BaXXHbIM U HEAOCTATOUYHO
M3y4YeHHbIM aCNeKTOM 0CTatTCA UCCAEAOBaAHMS MEXaHW3MOB
B3aVMOAEWCTBMA MUKPOOPTraHW3MOB C MOBEPXHOCTAMM, Ha
KOTOPbIX OHM apcopbupytoTes. CyLuecTByeT ocTpasi Heob-
XOAMMOCTb B BbISSCHEHUM 3aBUCUMOCTEW 3TUX NPOLLECCOB
OT XapakTepa NOBEPXHOCTU (MaTepuan dAEKTPOAA, ero
NMOPUCTOCTb, TMAPODOBHOCTL/TUAPODUABHOCTL, KOMIO-
HEHTHbI COCTaB, 3apsiA M T.A.), @ TakXXe OT BO3AENCTBUSA
Ha 3TW NPOoLECCHI Pa3AMYHbIX GaKTOPOB CPEADI.
3HaunUTEABHOE BAMSIHWE Ha COPOLMIO MUKPOOPraHM3MOB
Ha TBEPAbIX MOBEPXHOCTAX MOXET OKa3blBaTb HaAMYME B
CcpeAe NOBEPXHOCTHO-aKTUBHBIX BewwecTs ([MAB) [20—22]. OHu
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apCcopPBUPYIOTCS Ha MeXdasHbIX MOBEPXHOCTSX M TEM CaMblM
WM3MEHSIOT UX XapaKTepPUCTUKKU. Kpome Toro, MNAB aBAsitoTcs
OAHMMMU 13 Hanbonee PacnpPOCTPAHEHHBIX 3arpsi3HUTENEN
BOAbI. [103TOMY MOXHO OXMAATb, UTO OHW MOTYT CyLLLECTBEHHO
MeHSATb paboTy MT3 npwu yTUAM3aLUMK CTOYHbIX BOA [23].
M3 MAB 0c06EHHO YaCcTO B COCTABE Pa3AUUHbIX MPenapaToB
MCMOAb3YETCA aHUOHOAKTUBHbIN MMAB AOAELMACYAbDAT HAaTPHS
(ACH). B cBA3M C BbilLeCKa3aHHbIM LA AAHHOTO UCCAEAO-
BaHWSA ABMAOCH M3yuyeHWe COPOLIMM KAETOK ANEKTPOreHHOro
wtamma Micrococcus luteus 1-v Ha pa3AnUHbIX IAEKTPOAHbBIX
Martepuanax, npumeHsemblx B MT3, noa BansHuem ACH.

SKCNEPUMEHTAABbHAA YACTb

Baktepuun. O6bEKTOM UCCAEAOBAHMSA ABASIACA LLITAMM
Micrococcus luteus 1-u. PaHee oH 6bIA BbIAGAEH HAMU U3
aKTUBHOIO MA@ OYMUCTHbBIX COOPYXEHUI HedTenepepaba-
TbiBaOLLEro npeanpusatus. Litamm npoaeMoHCTprMpoBan
AOBOABHO BbICOKYIO 3AEKTPOTrEHHY0 aKTMBHOCTb B MTO
[24, 25]. OH poenoHMpOBaH BO BCepOoCCHMMCKYIO KOAAEKLMIO
MHKpoopraHuamoB (BKM) noa Homepom BKM Ac-2637 D.

[MoBepXHOCTHO-aKTUBHbIE BellecTBa. cnbiTyeMbim MAB
ABAAACA MPEACTaBUTEAb aHMOHOAKTMBHbIX MMAB HaTpusa
popeumnnacynbodar (x.u.; 3A0 «BektoH», Poceus) - HaTpueBas
COAb A@YPUACEPHOM KUCAOTbI (prc. 1).

AV

S
/\/\/\/\/\/\O/ SO~ Nat

Puc. 1. CtpykTypHan dopmMmyra AOAELMACYAbdATa HATPHA
Fig. 1. Structural formula of sodium dodecyl! sulfate

3710 MAB LWIMPOKO MCNOAL3YETCA B KAYECTBE BbICOKO-
3G EKTUBHOIO AETEPreHTa B NPOMbILLIAEHHOCTH, B ObITY, B
YaCTHOCTM B MPOLECCaXx OYMCTKM OT 3arpsi3HeHMn. PacTBopsl
MAB (10, 100, 200, 400, 800 Mr/A) AAS SKCIEPUMEHTOB
rOTOBUAM Ha GU3MOAOTMUYECKOM pacTBOpeE (MPUrOTOBAEHHOM
Ha AMCTUAAMPOBAHHOM BOAE).

YraepoaHble matepuanbl. Copbumto knetok M. luteus
1-1 U3yyanm Ha pPas3AMUHbIX MaTepranax, MPUMeEHSIEMbIX
B KQUeCTBE INEKTPOAOB B MT3:

1) yraepoaHas TkaHb «Ypaa T22P» (OAO «CBeTAOropck-
XUMBOAOKHO», Pecnybanka Beaapychb) LLUIMPOKO UCMOAb3YeTCA
BO MHOTMX TMNax MT3 (nouBeHHble MTJ, 6e3amemMbpaHHble
MTQ3 6eHTOCHOrO TMNa, PacTUTEAbHO-MUKPOOHbIE T (PMTI),
$oTOMTI). Ee npuMeHSIHOT Kak B KaueCcTBE aHOAHbIX, TaK U
KaTOAHbIX 9AEKTPOAOB. XapaKTEPUCTUKN UCCAEAYEMON B
AaHHOM paboTe YyrAepOAHON TKaHU (CPEAHUI NoKa3aTeAb
no naptuu): ToAwmHa - 0,36 MM; yaeAbHass NAOTHOCTb
BOAOKHA - 1,43 1/M?; yAEAbHOE NMOBEPXHOCTHOE SAEKTPU-
yeckoe conpoTtnsaeHne — 0,4 OM; KOAMYECTBO HUTEN —
25 MM (ocHOBbI - 46, yTka - 38); pH BOAHOW BbITAXKM — 8,
maccoBas A0AS 30Abl - 0,8%, BAaxHOCTb - 0,5%;

2) YrAePOAHBIN BOMAOK «KapbornoH-B-22» (OAO «CeeT-
AOTOPCKXMMBOAOKHO», Pecnybanka Benapycb) Takxe
NPUMEHUM AASt Beex TunoB MTO. CpeaHuit nokasaTenb
no napTuu: YAeAbHasA paspbiBHas Harpyska — He MeHee
0,06 H/MM?; yaenbHOE MOBEPXHOCTHOE IAEKTPUUECKOE
COnpoTUBAEHKE - He boaee 0,5 OM; copepxaHue yraepoaa
- He MeHee 99,5%;

3) MBMEAbYEHHbIE YTOAbHbIE KOHTAKTHbIE TPOAAEW-
6ycHble BcTaBkU (AeTHME) BTA (AO «<HUN3AWU», Poccus)
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NepcnekTUBHbI B KAYEeCTBE aHOAHOIO IAEKTPOAA (CAOS)
B pPMTJ, AN NpUMeHeHUA B pMTI — TpoArenbycHble
yronbHble BcTaBkW (TYB), npeactaBasitouime coboi
6pyckn AAMHON 8,5 cM. OCHOBHblE XapaKTePUCTUKK
BCTABOK (HOPMaTMBHbIM AOKYMeHT TY 303-90 UAEA.
753353.018TY): yaAeAbHOE INEKTPUYECKOE COMPOTUB-
AeHUe - He 6oree 300 OM-MM?2/M; MOAYAb YIPYFrOCTH
- He meHee 10000 krc/Mm?; TBEPAOCTb — HE MeHee
25 H/m. BcTaBKM M3MeAbYaAM B LUAPOBOM MEAbHULE
AO OpaKkumn pazmepom 4-=7 Mmwm;

4) 6epe30Bbli aKTUBUMPOBAHHbLIN YroAb «BAY A»
(BAO «BekToH», Poccusa) (TOCT 6217-74). 3TOT yrA€POAHbIV
copbeHT Takxe NpumeHsieTcs B pMTD B KauecTBE aHOAHOTO
CNOfl (ANEKTPOAQ).

U3ydeHne copbuLmm kKreTok M. luteus 1-u Ha yrAepoAHbIX
mMatepuanax CnekTpoPoToMETPUYECKUM METOAOM. CopbLMIo
KAeTOK M. luteus 1-1 Ha yKa3aHHbIX MaTepuanax nsyyaau
Mo MU3MEHEHMIO ONTUYECKON NMAOTHOCTU BaKTepPUaAbHbIX
CYCNEeH3UM MpK 3KCMO3ULMK B HUX UCTIbITYEMbIX SAEKTPOAHBIX
06pa3uoB. AAS 3TOr0 INEKTPOAHbIM MaTepuan obpaba-
TbIBAAM MMKPOOPraHM3MaMu B ABYX Pa3HbIX BapuaHTax.

BapuaHnt 1. HaBecKky uccaepyemoro marepuana
(0,5; 1 A 2 1 - B 3aBUCUMOCTM OT copbupytoLLLero mare-
purana) nomeLlasu B Konby (06bemom 50 MA), 3aAMBanu
20 mA ucnbiTyemoro pactsopa AB (B KOHTpoAe - GU3KO-
AornMyeckoro pactsopa 6e3 MAB). 3ateM Tyaa A0HaBAAAK
MWKPOOpPraHn3amMbl Taknum 06pa3om, ytobbl HauaAbHanA
onTMyeckas MNAOTHOCTb 6aKTepuvanbHOM CyCneH3uK
cocTtaBasina 0,75. Cmecn B konBax MHKYOMpPOBaAW Ha
opbutanbHom wwerikepe BIOSAN 0S-20 (Biosan, AaTeus),
CKOPOCTb MepemelinBaHus coctaBuara 80 06/MUH B
TeuyeHue 2 4. Mocae 3Toro HakTepuanbHyH CyCneH3uto
OTAEAAAM OT YIAEPOAHBIX MaTeEPUAn0oB GUAbTPALMEN Yepes
MeAbHWUYHbIN ra3 (pasmep sueinkn — 0,064x0,064 mwm).
3atemM onpepensiAv ONTUUYECKYHO MAOTHOCTb CYCMEH3UU
(D¢). Aanee o06paslbl MCCAEAYEMbIX COPOMPYHOLLMX
MaTtepuanoB oTMbiBaArM 20 MA GUIMOAOTMUYECKOTO pac-
TBOpa C MOBTOPHOW UABTPALMEN Yepe3 MEeAbHUYHbIN
ras v U3MepeHuem ontuueckor naotHoctv (D ). Cnocob
MO3BOASIA OLEHUTb COPOLMIO BaKTEpPUAAbHbIX KAETOK MpK
NOCTOAHHOM NepeMeLlIUBaHUMN.

BapuaHT 2. HaBecky copbeHTa BblAepXUBaAU B
cycneHsun baktepui 6e3 nepemMeLlBaHus, UCNOAb3YS
AASl 3TOTO CTEKASIHHbIE KOAOHKM (AMameTp — 14 mwm,
AMHa — 140 mm). HaBecky yraepoaHOro martepuana
(0,5; 1 uAan 2 1 - B 3aBMCUMOCTK OT copbupytoLLero
mMaTepuana) noMeLLaAr B KONOHKY. Ee 3aaMBanm ucnol-
TyemMblM pactBopom [AB obbemom 20 MA. Kak U B
nepBoM criocobe, BpeMsi 3KCMO3ULLMKM COCTABASIAO 2 U.
Mo ncTteyeHnn 3Toro BPEMEHU CYCMEH3UKO CAMBAAU U
CnekTpodoTOMETPUPOBAAU (D¢). 3aTeM ANl OTMbIBa
HeaACOpPOMPOBaHHbIX (OCTABLLMXCA B TOALLLE CYCNEH3UN)
KAETOK MUKPOOPraHM3MOB B KOAOHKW C COPOEHTOM
HaamBanu 20 MA PU3MOAOrMUECKOTO pacTBopa. [ocae
9TOr0 U3MEPSAAM ONTUYECKYIO MAOTHOCTL (D ) cycneHsunu
KAETOK, OTMbITbIX OT COpbeHTa.

B 060ux BapraHTax onpeAeAdAn ONTUYECKYIO NAOT-
HOCTb NMOAYYEHHOI0 dUAbTPATa Ha cnekTpodoTomeTpe
NM3-5300B (000 «[MpOMbILUAEHHbIE JKOAOrMUYECKUE
NabopaTtopuu», Poccusi) npu AAMHE BOAHbI 540 HM U
ktoBeTe 10 MM. KOHTpOAEM CAYXMAA cycneH3usa bak-
TepranbHbIX KAETOK, KOHTaKTWpOBaBLLUaa ¢ COPHEHTOM
B otcytcTBMM ACH.

372



U3BECTHS BY30B. MIPUKNAAHASA XUMWUSA U BUOTEXHOAOINA 2023 Tom 13 N 3
PROCEEDINGS OF UNIVERSITIES. APPLIED CHEMISTRY AND BIOTECHNOLOGY 2023 Vol. 13 No.3

MoAyYEeHHbIE AGHHbIE COMOCTABASIAM C ONTUYECKOM NAOT-
HOCTbIO MCXOAHON BaKTepUaNbHOW CyCneH3UK, B3ATON B
onbiT (D, ), N0 CAeAytoLLEH dOpMyAE:

Ducx_(D¢+D0T)

HCX

A= X 100%, (1)
rae D, - UCXopHas OnTMYecKas MAOTHOCTb GaKTepuaAbHOM
CyCNeH3nu (D54O= 0,75 en.); D¢ - onTMyecKas MAOTHOCTb
6aKTepUanbHOW CYCMEH3UW MOCAE GUABTPALIMK; D, -
onTMYecKkas MAOTHOCTb BakTepHUaNbHON CYCMEH3MMU NOCAE
OTMbIBa YTAEPOAHOI0 Matepuana; A — copbumsa bakTepui
Ha yrAepOAHOM MaTtepuane.

OnpeaeneHne yaeAbHoM Macchl KAETok M. luteus 1-u.
Maccy Cyxux KAeTOK B 1 MA CyCMeH3MW yCTaHaBAMBAAM
CNEKTPODOTOMETPUYECKMM METOAOM. AAST ONPEeAENEHNS
5 npobupok Trna AnneHaopd B3BELWIMBAAW HA aHAAUTU-
Yyeckux Becax. B npobupku BBOAMAK MO 1 MA CyCneH3un
KAeToK M. luteus 1-u (c onTMueckon NAoTHocCTbro 0,860) 1
LeHTpudyrnposav npu 11,8 Tbic. 06/MUH Ha LEHTPHYTE
Microspin12 (Biosan, Aateus). [locae LueHTprdyrupoBaHms
KAETKM ocaxpanm. Mpobrpku BmecTe ¢ 06pa3oBaBLINMCH
ocapakoM nomeuwanm B tepmoctat TCO-80/1 (OAO «Cwmo-
neHckoe CKTB CIY», Poccus) Anst BbICYLUMBAHUA KAETOK.
Temnepartypa BbicylumMBaHus coctaBnaa 30 °C. Aanee BHOBb
M3MepPAAK Maccy NPobUPOK Ha aHaAUTMUYeCKKX Becax Ohaus
PR124 (Ohaus, CLLA), onpeaensss Maccy BbICYLLEHHOMO
ocTatka. M3amepeHns nokasanu, 4to B 1 MA CyCcneHsum ¢
onTnyeckon naotHocTbto 0,860 onT. ea. coaepxanoch 0,34 mr
CyxoM bakTepranbHOM Maccbl. Maccy Cyxmux KAETOK B 1 MA
CYCMEH3MU A0 aAre3UN paccumnTbiBanm no dopmyae (2), a
Maccy CyxXux aACopObUPOBaHHbIX KAETOK — No dopmyae (3):

dycex.X0,34
m = —=——wmr/1, (2)
0,860
x = dl/ICX._d(bH}]pr._dl'[pﬂMbIB. XV X m, (3)
dI/ICX.

A6 X - mMmacca apCcopbMpPOBaHHbLIX KAETOK, MT;
d, . - ONTMYECKas MAOTHOCTb CYCMEH3MM AO aACOPOLMM;

o 100 :
< 80 o
% o {. L . - %
¢ 60 | |-
2 2

40 | |

20

0

0 10 100 200 400 800
KonuenTtpaums OCH, mr/n
a

oo, onTMYeckass MAOTHOCTb CYCMEH3WM MNOoCAe
duAbTpaumMmM; d_ -~ ONTUYECKas MAOTHOCTb CYCMEeH3MN
NnocAe OTMbIBa OT COpOEHTA; M — KOHUEHTPaLMS CyXmX
KAETOK A0 apcopbumu, Mi/A; V - 06bem cycneHauu, 13
KOTOPOro aacopbrpoBanU KAETKM.

Mpun aToM NpsiMas 3aBUCUMOCTb KOHLEHTPALLMK KAETOK
OT OMNTUYECKOW MAOTHOCTM BGaKTepuaAbHOM CyCMneH3WK
HabAtopanach B AvanasoHe 0,012-0,860 onr. ea.

Mukpockonudyeckuri aHaana copbumm kaetok M. luteus 1-u
Ha yrAepoAHoH TkaHW. C NPUMEHEHWEM MUKPOCKOMMUYECKOM
TEXHUKK oueHnBaAn BAMsiHUE ACH Ha NpuKpenAeHne KAETOK
K MOBEPXHOCTM YTAEPOAHbBIX BOAOKOH. /AASl 3TOFO Ha OCHOBE
dU3MONOTMUECKOrO pacTBopa rotoBmAmn pactesopbl ACH (10,
50, 100, 250, 500 mr/A). B 10 mA ucnbiTyemoro pactsopa
noMeLLaAr HUTb YTAEPOAHOM TKaHU AAMHOM 1 CM M BHOCHAK
1-cyTOuUHYIO KyAbTYPY M. luteus. KOHTpoAeM CAyXHMAa npoba,
npurotoBAeHHas 6e3 pobaBaeHua MAB (T.e. dU3MOAOTMUYECKNI
pacTBop). MoAyveHHbIE 06pasLibl SKCMOHUPOBAAW B TEUEHWE
2 y. o ncTeyeHmmn aToro BpEMEHM HUTU YTAEPOAHOMN TKAHM
M3BAEKAAM U3 PAacTBOPOB, MPOMbIBAAW B GU3UOAOTMUECKOM
pacTBoOpe U MUKPOCKOMUPOBaAK Npu yBeAndeHun x50 Ha
noasipu3aumMoHHom mukpockone Olympus BX53P (Olympus
Corp., ANoHuA).

Cratuctuyeckasi 06paboTka AaHHbIX. Bce npuBoAuMble
B paboTte LUMPPOBbIE 3HAUYEHWA COPOLMM MOAYUEHBbI HE
MeHee YeM B 3-X He3aBUCUMbIX OMbITaX, BbIMOAHEHHbIX B
3-X NOBTOPHOCTSAX. CTAaTUCTUUECKYIO 06paboTKy aKcnepu-
MEeHTaAbHbIX A@HHbIX MPOBOAWAK B Nporpammax Statistica
n Windows Excel. BbiBoAbl cAenaHbl NPY BEPOSATHOCTU
6e3oLumMbouHoro nporHosa P>0,95.

OBCY)>XAEHUE PE3YAbBTATOB

MpoBeAEHHbIE IKCMEPUMEHTBI BbISIBUAW CAEAYHOLLEE.
AHWOHOaKTUBHbIN MAB popeUMACyAbdAT HATpUA B onpe-
AENEHHbIX KOHLIEHTPALUMAX MOBbILIAA AATE3U0 KAETOK
M. luteus 1-1 Ha Bcex UcnbITyeMblx MaTepuanax. Hanbonee
aKTUBHO copbums M. luteus 1-u npotekanra Ha bepe3oBom
aKTUBMPOBAHHOM YyrAe npu koHueHTpauusax ACH 100 mr/a
npv 3Kcnosuummn B Konbax u npu 200 MI/A B KOAOHKaX.

30
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Puc. 2. Aaresns (%) kaeTok Wwtamma M. luteus 1-u Ha 6epe30BOM aKTUBUMPOBAHHOM YrAe B NPUCYTCTBUMU AOAELIMACYAbdATa
HaTpuA (HaBecka 6epe30BOro akTMBMpoBaHHOrO yraa 1, t = 20 °C); a - akcno3uumsa B KoAbax Ha opOUTaAbHOM LIenKkepe

(80 06/MUH), b — 3KCNO3ULMA B KOAOHKAX

Fig. 2. Adhesion (%) of M. luteus 1-i strain cells on birch activated carbon in the presence of sodium dodecyl sulfate
(1 g of activated carbon sample, t = 20 °C); a - exposure in flasks on an orbital shaker (80 rpm), b - exposure in columns
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Puc. 3. Aaresus (%) kaeTok Wwramma M. luteus 1-1 Ha B3BECSX, MOAYYEHHbIX U3 APOOAEHbIX TPOAENOYCHBIX YTOAbHbIX BCTABOK, B
NPUCYTCTBUMN AOAELIMACYAbOATa HaTPUA (HaBecka TPOAAENBYCHbIX YTOAbHbIX BCTaBOK 2 T, t = 20 °C); a - akcno3uumsi B konbax Ha

opbuTanbHOM Lernkepe (80 06/MUH), b — 3KCNO3ULUMA B KOAOHKAX

Fig. 3. Adhesion (%) of M. luteus 1-i strain cells on suspensions obtained from crushed trolleybus coal inserts in the presence of
sodium dodecyl sulfate (sorbent sample 2 g,t =20 °C); a - exposure in flasks on an orbital shaker (80 rpm), b - exposure in columns

B nepBom cayyae oHa pocturana 89+5% (puc. 2, a), BO
BTOPOM - 25+1% (puc. 2, b). 3T 3HaYEHUA NPEBbILLIAAK
B 1,5 1 1,3 pasa KoHTPOAb (T.e. 6e3 pobaBaeHus MAB).
Mpn camoi BbICOKOW M3 BCEX B3ATbIX B OMbIT KOHLEH-
Tpauui ncnbityemoro MAB, paBHoit 800 Mr/A, KOAMMECTBO
MWKPOOBHbIX KAETOK, COPOMPOBABLLMXCA HA MOBEPXHOCTH
YIASi, HE OTAMYAAOCH OT KOHTPOASA (pUC. 2).

Ha B3BecAx, NoAyyeHHbIX U3 ApobaeHbix TYB, aareaus
KAETOK WTamma M. luteus 1-1 npu 3KCNo3uumm ¢ nepeme-
LUMBaHWEM (B KOADE, Ha opbrTanbHOM LLEKepe) 1 6e3 nepe-
MeLLMBaHMA (OMbIT B KOAOHKaX) Bblna pa3AMUHON. Tak, Mak-
CUMyM copbLmm BakTepranbHbIX KAETOK K 3TOMY COPBEHTY Npu
3KCMO3MLMM B KOAOHKAX ObIA AOCTUIHYT MPU KOHLEEHTPALIMK
ACH 400 wmr/a (12+4%; puc. 3, b), a B YCAOBUSIX Nepeme-
LUMBaHUS (3KCNo3uUMa B konbax) — npu 100 Mi/A (24+2%;
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a

puc. 3, a). B T0 xe Bpems Kak aareaunsi B KOHTPOAE (B OTCYT-
ctBuK MNAB) B ykaszaHHbIX BapuaHTax ofbiTa COCTaBAsiAa 2,8
(cMm. puc. 3, b) 1 19% (cMm. puc. 3, @) COOTBETCTBEHHO. Kak 1
B 3KCneprMeHTax ¢ 6epe30oBbiM aKTUBMPOBAHHbLIM YIAEM,
HeraTnBHoro aencteusa ACH Ha copbumto knetok M. luteus
He BbINO BbISBAEHO BO BCEM MCCAEAYEMOM AMANa30He ero
KoHLeHTpaumk (o1 10 poo 800 mr/A) (puc. 3).

Kak 1 B ONUCaHHbIX BbllLE 3KCMEPUMEHTaX, KOAMYECTBO
KAETOK M. luteus, cOpbUPOBABLLMXCS Ha YTAEPOAHOM TKaHU
(puc. 4), noBbIlaAOCh NPKU A0BABAEHWMU ONPEAENEHHbIX
KOHLeHTpauui ACH. Tak, npy 3KCno3uLmmn yrAepoAHOro Cop-
6eHTa B baKTepuanbHOW CyCNEH3UM B YCAOBUSX MOCTOSAHHOTO
nepemelLmBaHus (B kKonbax Ha opbuUTanbHOM LUEVKePE)
HanMboAbLLYIO copbuuto BakTepuin HabArOAAAK B NPUCYT-
ctBur 10 1 100 mr/A NMAB. 3HaueHune copbumm npu aToMm
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Puc. 4. Aaresus (%) kaeTok Wwtamma M. luteus 1-1 Ha YTAePOAHONM TKaHW B NPUCYTCTBUM AOAELMACYAbGATa HaTpUs (HaBecka
TkaHu 11, t =20 °C); a - akcno3unumsa B konbax Ha opbuTtasbHOM Lwenkepe (80 06/MUH), b — IKCNO3ULMA B KOAOHKaX

Fig. 4. Adhesion (%) of M. luteus 1-i strain cells on carbon tissue in the presence of sodium dodecyl sulfate (1 g sample of
tissue, t = 20 °C); a - exposure in flasks on an orbital shaker (80 rpm), b - exposure in columns
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coctaBrAo 63 1 65+11% cooTBeTCTBEHHO. 3TO B 1,6 pasa
npeBbiLLaA0 copbUMIO LTaMMa B KOHTPOAE (39%), T.e. 6e3
pobaBneHus MAB. BHeceHne ACH B koHUeHTpauuax 200,
400 1 800 MI/A He BbI3bIBAAO U3BMEHEHWSI CNTOCOHHOCTH
KAETOK M. luteus K aAre3unmn Ha YrAepoAHOM TkaHW. 06 aTom
CBMAETEABCTBOBAAA paBHas cTeneHb copbuunn baktepw-

AHC 250 mr/a

AAbHbIX KAETOK B OTCYTCTBUM (KOHTPOAb) M MPUCYTCTBUM
yKa3aHHbIX KoHUeHTpauui MAB (puc. 4, a).

Mpu B3aUMOAENCTBMM 06pa3L0B YrAEPOAHON TKaHU C
6aKTepuanbHOM cycneHsnern 6e3 nepemMeLlnBaHmns (IKc-
no3numna B KO/\OHKaX) MaKCUMaAbHaA CTeneHb cop6u,vw|
KAeTOK M. luteus 6blra AOCTUrHyTa npu A0HABAEHMM

L, £

AHC 100 mr/a

AHC 500 mr/a

Puc. 5. KneTkn wtamma M. luteus 1-v, apre3avpoBaHHbIe Ha YIAEPOAHbBIX BOAOKHAX 3a 2 Y 3KCMOHMPOBaAHUA B GU3UOAOTUUECKOM
pacTtBope ¢ poobaBAeHHEM poAeLMACYAbdaTa HaTpua 10, 50, 100, 250 1 500 Mr/A (NOASIPU3aLMOHHbBIA MUKpockon Olympus

BX53P, yseanuenune B 500 pa3s)

Fig. 5. Cells of strain M. luteus 1-i, adhered to carbon fibers for 2 hours of exposure in saline with the addition of sodium
dodecyl sulfate 10, 50, 100, 250 and 500 mg/I (polarizing microscope Olympus BX53P, magnification 500 times)
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800 mr/a ACH. B atom cayuae aaresust poocturana 24+4%,
B TO BPEMS KaK B KOHTpoAe (6e3 MAB) - avwb 13%. B
AnanasoHe KoHueHTtpaumii ACH ot 100 po 400 mr/A KOAK-
4ecTBO COPOMPOBAHHbIX HA TKaHU KAETOK (20%) Takxe
NPEeBbILAAO KOHTPOAbHOE 3HaueHune. AobaBaeHue 10 mMr/a
MCNbITYyeMOro aHuoHoaktTuBHoro [AB He oKa3sblBano
KaKoro-AMbo AencTBUs Ha copbumto KAeTok M. luteus Ha
YIAEPOAHOM TKaHu (puc. 4, b).

YcuneHue copbumnn kKnetok M. luteus Ha yrAepoAHOM
TKaHu noa aencterem 10-100 mr/a ACH noaTBepXAeHO
HaMu U MUKPOCKOMUYECKUM METOAOM. MuKkpodoTorpadum,
NPeACTaBAEHHbIE Ha pUC. 5, HArASIAHO UAAKOCTPUPYIOT
3HAUYNUTEABHO BOAbLLEE MO CPABHEHWUIO C KOHTPOAEM KOAM-
YEeCTBO KAETOK, MPUKPENAEHHbIX K YTAEPOAHBIM BOAOKHAM
B NMPUCYTCTBUM YKa3aHHbIX KOHLUEeHTpauun ACH (cm. puc. 5).

Mpu MCNOAB30BAHKUMW YTAEPOAHOTO BOMAOKA B KauecTBe
copbeHTa 6bINO NOKA3aHO, UTO aAre3nsa UCCAEAYEMOrO
LUTaMMa MPU IKCMO3ULMK B KOADAX ¢ NnepemMellMBaHUeM
pocturana 98% npu kKoHueHTpaumm ACH 100 mr/A. 310
Ha 24% npeBblllano cOpPOUMIO MUKPOOHbIX KAETOK B
otcytcTBuu MAB. Mpu coaepxanun MAB 10, 200, 400 u
800 mr/A nokasateAn copbumm Konebaancb Ha YPOBHE
77-86% 1 AOCTOBEPHO HE OTAMYAAUCH OT KOHTPOAS, T.€.
6e3 pobaBneHus NMAB - 74% (puc. 6, a).

B onbITax, B KOTOPbIX YTAEPOAHbIN BOMAOK BbIAEPXMBAAK
B 6aKTEPUAABHOM CyCMEH3MMU B KOAOHKAX, COPOLMSA KAETOK
6blAa 3HAUMTEABHO HUXE (PUC. B, b), YEM NPU BKCMOZULLMK
B KoAbax (Ha opbuTanbHOM Luerkepe) (CM. puc. 6, a). Mpu
aTom BHeceHue 10 mr/a ACH npMBOAMAO K CHUXEHUIO
copbunmn M. luteus B 1,6 pasa Nno CPaBHEHUIO C KOH-
TpoAaem. B npucytcteum 100, 200, 400 1 800 mr/A atoro
MAB Bbipa)xeHHbIx adpdekToB ACH Ha copbLmio KAETOK
M. luteus 3apuKcHMpoBaTb HE YAAAOCh (CM. pUc. 6, b).

Kak 1 cAep0Bano 0Xuaatb, MOAYUYEHHbIE pe3yAbTaThl
B LLlEAOM YKa3blBaloT Ha 60Aee MHTEHCUBHYHO COpOHLMIO
MUKPOOPraHM3MOB NPU 3KCNO3nLMK copbeHTa B BakTepU-
aAbHOM CYCMEH3UU NPU HENPEPbLIBHOM NepeMeLlBaHUK
(B KOABax Ha opbuTaAbHOM LLEKepe), YeM 6e3 nepeme-
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LUMBAHMA (3KCMO3NLMS B KOAOHKaX). Ha BCeX UCMbITaHHbIX
YrAepPOAHbIX copbeHTax B NPUCYTCTBUM U oTCyTCTBUM ACH
BO BCEX KOHLEHTPaLMAX aare3ns B konbax npeBbillana
TaKoBYIO B KOAOHKaX. Tak, B onbiTe ¢ BAY oHa 6biAa Bbillie
B 4 pa3a, ¢ TYB - B 7 pas, C yrAepOAHON TKaHbtO — B 3
pasa, C yrAepOAHbIM BOMAOKOM - B 2,3 pasa.

AAA conocTaBAeHKA COPOLMOHHOM aKTUBHOCTH UCTb-
TYEMbIX YTAEPOAHBIX MaTEPUAN0B ONPEAEAAAN YAEABHYHO
Maccy KAeTok (Mr), copbupoBaBLumnxcst Ha 1 r copbeHTa.
PesynbTaThl NPOBEAEHHbIX OMNbITOB NOKa3aAu CAEAYIOLLEE.
Mo oTHOWweHUIO K KneTkam M. luteus 1-n makcumMmanbHas
copbunoHHas eMKkocTb BAY 1 yraepoaHON TkaHu Hbina
3HauUTEABLHO BbIlLe (B 3-5 pas), uem emkocTb TYB (puc. 7).
Mpw 3TOM HanbOAbLLIEE KOAMYECTBO KAETOK COPOMPOBANOCH
Ha YrAepOAHOM TKaHW. YAeAbHas Macca KAeTok M. luteus,
copbrpoBaHHbIX HA 3TOM HOCUTEAE, COCTaBAsIAA 3,24 MI/T,
Ha aKTMBUMPOBAHHOM yrae — 2,32 Mr/T, Ha UBMEAbYEHHbIX
TYB - 0,65 mr/r (cm. puc. 7).

YpenbHasa macca KneTok, mMr/r

OTponnenbycHble yronbHble BCTaBKM DBepe3oBblit aKTUBUPOBAHHIA Yronb

OYrnepopHas TkaHb

Puc. 7. YaenbHas macca (Mr/T) KAeTOK Wwtamma M. luteus,
copbrpoBaHHbIX Ha UCMbITYEMbIX YTAEPOAHbBIX MaTepuanax
(Bpems akcno3numm — 2 y)

Fig. 7. Specific gravity (mg/g) of M. luteus cells adsorbed on
the tested carbon materials (exposure time - 2 h)
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Puc. 6. Aareauns (%) knetok witamma M. luteus 1-n Ha yrAepOAHOM BOMAOKE B NMPUCYTCTBMU AOAELIMACYAbGATa HaTpUs (HaBecka
BoMAoka 0,51, t =20 °C); a - akcnosnums B kKonbax Ha opbutasbHoM Lierkepe (80 06/MUH), b — 9KCNO3ULIMA B KOAOHKAX

Fig. 6. Adhesion (%) of M. luteus 1-i strain cells on carbon felt in the presence of sodium dodecyl sulfate
(0.5 g of felt, t = 20 °C); a - exposure in flasks on an orbital shaker (80 rpm), b - exposure in columns
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TakuM 06pa3oM, B YCAOBHSIX HaLLMX OMNbITOB yrAepoAHas
TKaHb N0 YAEAbHOW COpOLMMU NO OTHOLIEHMWIO K KAETKaM
wramma M. luteus 1-v He ycTynana akTUBMPOBAHHOMY
YrAt0. HECKOABKO MHOTO XxapakTepa matepuan NoAyyeH
paHee A. H0. MakcuMoBbIM C coaBTOpamMmu. B nx onbitax
NPUMeEHEeHWEe akTUBUPOBAHHbIX YTAEN B KQUECTBE HOCU-
Tenen AN UMMOBUAM3aLMK WTamMa R. ruber gt. 1 6onee
NPeANnOYTUTEABHO, YEM MCMNOAb30BaHUE BOAOKHUCTbIX
YFAEPOAHbIX MaTepuanos [26].

OTMeueHHOoE Bbile NOAOXUTEABHOE AEWCTBUE Onpe-
AEAEHHbIX KOHLUeHTpaunn ACH Ha copbuuto bakTepui
M. luteus 1-u Ha BAY, yrneBOAOKHMCTOM BOMAOKE U
YIAEPOAHOM TKaHM COrAacyeTcs C pe3yAbTaTaMu APYrux
aBTOpPOB. Hanpumep, cxoxune 3addeKkTbl ObIAM OnMcaHsbl
B paboTe [27] Nnpu nccaep0BaHUAX ¢ BaKTepranbHbIM
wrtammom Pseudomonas aeruginosa. B atom cayvae
noa aenctenem ACH B KOHUEHTPALMKU, COOTBETCTBYOLLEN
KPUTUYECKON KOHLIEHTPALUUU MULEANOOOPA30BAHUSA
(8,3 MM/A), BeAMUMHa apcopbumn BaKTEPUIA Ha NOBEPX-
HOCTM YIA€POAHbIX COPOEHTOB YBEAUUMBAAACH. ABTOPbI
NPEANOAOXHUAN, YTO, BO3MOXHO, 3TO CBA3AHO C TEM,
YTO MOBEPXHOCTb YTAEPOAHbBIX COPOEHTOB UMEET OTPU-
LaTeAbHbll 3apsa, a ACH aBaseTca aHMOHHbIM [MAB ¢
NMOAOXWUTEABHbBIM 3aPSAAOM, UTO MOXET YBEAUUNTb AACO-
pPOUMOHHYIO CMOCOBHOCTL BaKTepuii Ha NOBEPXHOCTH
copbeHTOB [27]. K aHAAOrMUYHbIM BbIBOAAM NMPUXOAUAN
n apyrue nccaeposatenm [28-30].

ABTOpamu paboTbl [31] nokasaHo, 4YTo Aerko buo-
pasnaraemble aHWOHHbIe MTAB peumacyabdat HAaTPUA U
AOAELMACYAbGAT HATPUA B OTAEAbHbIX OMbITax Bbl3blBaAU
yBEAUYEHUE UMCAA NMPUKPENAEHHbIX HaKTepUId U conyT-
CTBYHOLLEE YMEHbLIEHNE YNCA@ B3BELUEHHbIX KAETOK
MHWKpPOOpPraHn3moB. [lo mMepe nporpeccrpoBaHus
6uoaerpapaummn MAB 3T TEHAEHUMU MEHAAUCH Ha
NPOTUBOMOAOXHbIE, U BaKTepuaAbHble MOMYAALMU B
UCCAEAYEMOM MUKPOKOCME BO3BpaLLAAUCh K CBOUM
MCXOAHBIM XapaKTepUCTUKaM.

Mcxops 3 camon npupoabl MAB, a1 BelllecTBa Cno-
CO6HbI MOAUDUUMPOBATb GUINKO-XMMUUYECKUE CBOMCTBA
noBepxHocTen. AaHHas X 0COOEHHOCTb AOAXHA (MPU
OnpeAeAeHHbIX KOHLEHTPaLMAX) CHUXATb COPOLIMIO MUKPO-
0pPraHM3mMoB K HUM [32]. BOAbLUMHCTBO UCCAEAOBATENEN
HabAAAAM HEraTUBHOE AEMCTBME aHMOHOAKTUMBHOrO MAB
AOAELMACYAbdATa HATPUSE Ha CMOCOBHOCTb MUKPOOHbIX
KAETOK aACOpPOUpPOBaTLECA HA Pa3AMUYHbBIX MOBEPXHOCTAX.
B yacTHOCTM, NPOAEMOHCTPUPOBAHO MHIMOKMPOBaHKE
npUKpPenAeHns KAeTok Staphylococcus aureus K NnoBepx-
HOCTK CcTeKAa nop aencterem ACH [33].

Mopo6Hble 3¢ deKTbl HAbAOAAAU HE TOABKO C aHU-
oHaKTuBHbIM ACH, HO u ¢ aApyrumu MAB. Hanpumep,
M. Coparapu u Ap. [34] obHapPYXUAK, UTO aHUOHHbIN
6uocypdaKkTaHT paMHOAUNKA MPK coaepxxaHun oT 10 Ao
200 MrI/A CHUXAA TMAPOPOBHOCTb KAETOUHOM MOBEPX-
HOCTKU rpamoTpuuaTenbHbiX Escherichia coli, Pseudo-
monas aeruginosa, P. putida W rpamMnoAOXWUTEAbHbIX
Bacillus subtilis. OH ymeHbLUAA U MPUKPENAEHWUE 3TUX
4-x 6aKTEpPUN Kak K TMAPODUABHOMY, Tak U K TMAPOGDO-
6131MPOBAHHOMY CTEKAY.

M.AX. pocc, b.3. Aoran nokasaau, uto ACH (0,01%)
BbI3blBAA 3HAUUTEABHOE CHUXEHWE TMAPODOOHOCTU KAE-
TOYHOM NOBEPXHOCTU U CTENEHU MPUKPENAEHUS KAETOK
Alcaligenes paradoxus K MOBEPXHOCTU CTEKAAHHbIX
wapukoB [35]. 0. LLleH 1 coaBTOpbl NPOAEMOHCTPU-
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poBaAu, uto ACH 3HaunTeAbHO MHIMBUpyeT obpasoBaHKue
6MONAEHKW rPaMmnoAOXUTEABHBIX BakTepuii (Staphylo-
coccus aurues v Streptococcus mutans) B KOHLEHTpaLMAX
0,31 Mr/mA v Bblle [36]. Copbumns morekyn ACH Bbi3biBana
M3MEHEHUA B TMAPOPOOHOCTM NOBEPXHOCTEN M3 CTEKAA
N NOAMATUAEHA U, CAEAOBATEABHO, CHUXEHUE aATe3UN
KAETOK S. aureus [33].

X. YUxyH ¢ coaBTopamu [37] n Axun. \t0 ¢ KOAAEraMHU
[38] coobLianu, 4To PaMHOAUMKUA B HU3KON KOHLIEHTPALMK
CHUXaA CTeNeHb YAepXxaHua Pseudomonas aeruginosa
ATCC 9027 Ha CTEKAAHHbIX LUapuKax 1 KBapLEBOM MecKe.
OHUM OTHECAM 3TO 3a@ CUET NOHUXEHUS TMAPOGOBHOCTH
KAETOYHOW NOBEPXHOCTM.

3AKAKOYEHUE

Mo OTHOLIEHUIO K KAeTKaM M. Juteus 1-u MakcumanbHas
yAeAbHasa copbuusa BAY 1 yraepoAHON TKaHW npu nepeme-
LWUMBaAHUK Ha OPOUTAABHOM LieKkepe Obina 3HAUNTEABHO
Bbllwe (B 2,5-4 pasa), Y4eM EMKOCTb U3MeAbYEeHHbIX TYB.
MpKn 3TOM B YCAOBMSIX HALUMX ONbITOB YIAEPOAHAA TKaHb NO
BEAUYUHE YAEABHOM COPOLMM MO OTHOLLEHMIO K KAETKaM
wrtamma M. luteus 1-v He ycTynana akTMBUPOBAHHOMY
yrato. boaee MHTEHCUBHas copbLMA KAETOK MUKPOOpra-
HW3MOB NMPOUCXOAWAA MPU IKCMO3ULMU copbeHTa B HakTe-
PUaAbHOM CYCNEH3UW NPW MOCTOSSIHHOM NepemMeLLMBaHum
(akcno3unumnsa B Konbax Ha opbuUTarbHOM LLeKepe nNpu
80 06/MK1H), ueM 6e3 nepemMeLlBaHns.

MpucytcTBMe aHMoHoakTUBHOTO MAB pAoAeUMACYAbOaTa
HaTpuA B AManas3oHe koHueHTpauuin 10-200 mr/A ycu-
AMBaAO copbumto KAeTOK M. luteus 1-1 Ha NOBEPXHOCTAX
YFAEPOAHOIO BOWAOKa, rpaduTa, akKTMBMPOBAHHOIO
YrAS NPy 3Kcno3uuuu copbeHta B HakTepuanbHOM
CYCMNEeH3UN MPU NOCTOSSHHOM NepemMeLllnBaHun. Makcu-
MaAbHOE YBeAUUYeHUE copbLMM BbIABAEHO NPK BHECEHWU
100 mr/a atoro MAB 1 cocTaBAsiInO AASt 6EPE30BOr0 aKTU-
BUMPOBAHHOTMO yrAA — 21%, yTAepOAHOM TKaHU - 26%,
YFAEPOAHOIO BOMAOKA — 24% OTHOCUTEAbHO KOHTPOAS
(6e3 MAB). MpuW 3KCNO3ULMK YTAEPOAHBIX COpbeHTOB 6e3
nepemellnBaHunsa (BblAEPXMBaHWE B KOAOHKaXx) NOBbI-
LWEeHWe YNCAa aAre3npPOBaHHbIX KAETOK MPOUCXOAMAO
npu eue bonee BbICOKMX KOHUeHTpauusax ACH - ao
800 Mr/A. 3T0 NO3BOASAET OXMAATL, UTO GYHKLMOHUPO-
BaHWE UCMbITYEMOTO WTaMMa B MT3 6yaeT addEKTUBHBIM
Kak B YCAOBMSAX MPOTOYHOrO, Tak U NEPUOAMUYECKOTO
KYABTUBUPOBaAHUA.

McnbiTaHHbIN B paboTe AeTePreHT oYeHb 4acTo BCTpe-
yaeTcs B COCTaBE CTOUYHbIX BOA CaMblX Pa3AUYHbIX TUNOB —
KaK ObITOBbIX, TaK M MPOMBbILIAEHHbIX. 3TO HEU3BEXHO
NMPUBOAWT K €10 KOHTaKTy ¢ BOAOrMYECKUMU 0ObEKTAMMU
B BMOTEXHOAOTMUYECKMX MPOLLECCAX OYMUCTKM CTOUHbIX
BOA. B ToM uncae ot npucytcteums MAB B 3HaUUTEABHOM
cTteneHun GyAyT 3aBUCETb NPOLECCHI FeHepUpPOBaHuUS
3NEKTPUYECKOTO TOKA MPU OUUCTKE CTOYHbIX BOA B MT3,
T.K. OHW B 3HAYUTEALHOW CTEMEHU ONPEAENAIOTCS B3a-
UMOAENCTBUEM MUKPOOHBIX KAETOK C MOBEPXHOCTAMM
INEKTPOAOB. [MOKa3aHHanA B aKCNepPUMeEHTax BbiCOKas
cTeneHb aAresnn KAetok Micrococcus luteus 1-u Ha
pPa3AMUHbIX YTAEPOAHbBIX MaTepuansax, B TOM YUCAE B
NPUCYTCTBMM AOBOAbHO BbICOKMX KOHLEHTpauuin ACH,
NOATBEPXAAET NEPCMEKTUBHOCTb AAHHOIO LUTaMMa AAS
NPUMEHEHWUA B pa3AMUHbIX TUNax MT3.

https://vuzbiochemi.elpub.ru/jour
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AHaAU3 cocTaBa XXUPHbIX KUCAOT, A€TYUUX MOAAPHbIX
W HEMOAAPHbIX OPraHUYEeCKUX COeAMHEHUW BETEPUHAPHOIO
npenaparta «TpameTuH lAloc»

B.A. UxeHkenn*** T.A, UxeHkeAn*, A.A. HUkoHoBa***, A.Il. lopwKoB***

*000 «buotexBem, . MpkyTck, Poccurickas ®eaepaums
**PKYTCKUK rOCyAapPCTBEHHbIN YHUBEPCUTET, . UpKyTCK, Poccuiickas ®eaepaums
*xXXAumHorornueckuii uHCTUTyT CO PAH, . MpkyTck, Poccuiickas ®eaepaums

AHHOTaumA. s NPOYHAGKTUKIM U AEHYEHMST aCCOLMMPOBAaHHbIX XEAYAOUHO-KULLIEYHbIX U PECTMpPaTopHbIX BoAe3HeH y
MOAOAHSIKA CEAbCKOXO3SIMCTBEHHbIX XMBOTHbIX MPEeAAaraeTcsi HOBbIHM BETepuHapHbIKM npenapar «pameTrH [IAC», MoAY-
yaeMbiki Ha OCHOBE rprMbOB-KCUAOTPOGOB C MCMOAL30BaHMEM METOAOB broTeXHOAOMMM. CBOKCTBa b1onpenapatos, MoAy-
yaeMbIX Ha OCHOBE MMKPOOPraHU3MOB 1 rprbOB, 3aBUCAT OT BUOAOTMUYECKM aKTUBHbIX BELLIECTB, BXOAALUMX B MX cocTaB. B
AUTEpPATyPE MMEHTCS Pa3pPO3HEHHbIE CBEAEHMSI 06 0COBEHHOCTSX AUIMOreHe3a M COCTaBEe XUPHbLIX KUCAOT, CUHTE3UPYEMbIX
AepeBopaspyLuaroLLmMMu ronbamu. B pabote npeAcTaBAeHbl AAHHbIE M0 U3YYEHUIO KaYECTBEHHOIO M KOAMYECTBEHHOIO
COCTaBa XMPHbIX KUCAOT, KQUECTBEHHbIN aHaAM3 AETYYMX MOASPHBIX U HEMOASIPHbIX OPraHUYEeCKMX COEAMHEHMH npenapara.
YCTaHOBAEHO, YTO CyMMapHasi KOHLEHTPALMS XUPHBIX KUCAOT coctaBasieT 70 MKr/ npenapata. U3 Hux 50,0% npuxoantcs
Ha CBOOOAHbLIE XUPHbIE KUCAOTbI, M3 KOTOPLIX AOAS STEPUPULMPOBaHHBIX KMCAOT cocTaBAseT 50,0% ot obLuer maccbl
JKMPHbIX KUCAOT. Cpear AOMUHMPYHOLLIMX HEMOASIPHBIX AETYHYMX KOMITOHEHTOB rpenapara «IpameTtuH [AC» MOXHO OTMETUTh
ckBaneH. OpraHu4yeckme aAmpatTmyeckmne aMMHOKNUCAOTbI, TAKUE KaK MWLMH, aprMHUH, -aAaHWH C HEOOABLLOKM MOAEKYASIPHOM
MaccoM, MPeACTaBAEHbI KaK MUHOPHbIE HEMOASIPHbIE AETYUYME KOMITOHEHTbI Npenapara «pameTuH [ArC». AaHHbIe aHaAM3a
MOATBEPXAGHT MHOMOKOMIMOHEHTHOCTb Mpernaparta, 4To 06yCAOBAMBAET €ro pa3HoobpasHbie BMOAOrMYEeCKMe CBOKCTBa, a
MMEHHO aHTNbaKTepUaAbHYH, MPOTUBOBUPYCHYHD, aHTUOKCUAAHTHYO M MMIMYHOCTUMYAMPYHOLLYHO aKTUBHOCTb, YTO Bbi3bIBAET
BbICOKYH AeHYEOHO-IPOPUAGKTUHECKYHO 3PPEKTUBHOCTL BETEPHMHAPHOIO npenapata «TpameTuH lNAHC.

KaroueBble cA0Ba: KCHMAOTPO(bI, BETEPUHAPHBIN Npenapar, XMpHbIe KMCAOTbI, METMAOBbIE 3pMPbI, XPOMATO-MaCcC-CEKTPOMETPHUS

®uHaHcupoBaHue. Pabota BbIMOAHEHA NpK UHAHCOBOMH noasepxke OBIY «DoHA COAEHCTBUS Pa3BUTUIO MaAbIX GOPM
MPEeAnPUSATUI B HAYYHO-TEXHUYECKOM cpeper, AoroBop Ne 4893IC1,/86520 or 16 peBpanrs 2023 r.

Ans untupoBanmsa: YUxenkenn B.A., UxeHkeaun ILA., HukoHoBa A.A., TopikoB A.I. AHaAM3 cocTaBa XUPHbIX KUCAOT, AETYUUX
NOASIPHBIX M HEMOASIPHbIX OPraHUYECKMX COEAMHEHWI BETEPUHAPHOIO Npenapata «TpameTuH Matoc» // U3BecTvs By30B.
MpuknapHas xumua n 6uotexHonrorma. 2023. T. 13. N 3. C. 382-391. https://doi.org/10.21285/2227-2925-2023-
13-3-382-391. EDN: KBHSUY.

PHYSICOCHEMICAL BIOLOGY
Original article

Determining the fatty acids, polar and non-polar volatile organic
compounds of the veterinary preparation “Trametin Plus”

Vera A. Chkhenkeli***, Guram D. Chkhenkeli*, Alena A. Nikonova***,
Alexander G. Gorshkov* **

*Biotechvet LLC, Irkutsk, Russian Federation
**|rkutsk State University, Irkutsk, Russian Federation
***| imnological Institute SB RAS, Irkutsk, Russian Federation

Abstract. For the prevention and treatment of associated gastrointestinal and respiratory diseases of growing stock,
a new veterinary preparation “Trametin Plus” is proposed. This drug is obtained from fungi-xylotrophs using biotech-
nology methods. The properties of such preparations depend on bioactive substances included in their composition.
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Available publications present miscellaneous information on the lipogenesis features and fatty acids composition
synthesized by wood-destroying fungi. In this work, we study the qualitative and quantitative composition of fatty
acids and analyze volatile polar and non-polar organic compounds of “Trametin Plus”. The total concentration of
fatty acids was found to be 70 ug/g, with 50.0% being free acids and 50.0% being their esters. Squalene was estab-
lished to be the most dominant non-polar volatile component. Concerning the minor non-polar volatile components
of “Trametin Plus”, these are amino acids with a low molecular weight, such as glycine, arginine and B-alanine. The
analysis confirms the multicomponent composition of the preparation, which accounts for its diverse biological prop-
erties, namely antibacterial, antiviral, antioxidant and immune-boosting activity. These properties determine the high
health-promoting efficacy of the studied veterinary preparation.

Keywords: xylotrophs, veterinary preparation, fatty acids, methyl esters, chromatography-mass spectrometry

Funding. The work was carried out with financial support of the Federal State Budgetary Institution “Fund for Promotion
of the Development of Small Forms of Enterprises in the Scientific and Technical Sphere”, contract no. 4893GS1/86520
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non-polar volatile organic compounds of the veterinary preparation “Trametin Plus”. Izvestiya Vuzov. Prikladnaya
Khimiya i Biotekhnologiya = Proceedings of Universities. Applied Chemistry and Biotechnology. 2023;13(3):382-391.

(In Russian). https://doi.org/10.21285/2227-2925-2023-13-3-382-391. EDN: KBHSUY.

BBEAEHUE

Bo Bcem Mupe Bo3pacTaeT MHTEPEC K pa3paboTke
AEKAPCTBEHHbIX MpenapaToB Ha OCHOBE MPUPOAHbBIX
COEAMHEHUN. B MeAMLIMHE CTAHOBSATCA MPUOPUTETHLIMMU
HanpaBAEHUSA MO U3YUYEHUID MPUPOAHbIX WUCTOYHMKOB
AEKapPCTBEHHbIX Npenapartos [1-10].

CoBeplLLEHCTBOBaHWE CUCTEMbI MEP MO CHUXEHMIO 3a60-
AEBAEMOCTU MOAOAHSIKA CEAbCKOXO3AMCTBEHHbIX XMBOTHbIX
BKAKOUYAET B cebs UCMOAb30BAHUE HOBbIX AEUEOHO-NPOPUAAK-
TUUYECKUX NPEenapaTtoB, B KAYECTBE KOTOPOro NpeAAaraeTcs
HOBbIN Npenapart «TpameTuH MAC», NoAyYaeMbli Ha OCHOBE
KYABTYPaAbHOM XUAKOCTH MPU XXUAKODA3HOM KYALTUBMPO-
BaHWM npoayueHTa Trametes pubescens (Shumach. Fr.)
Pilat., wutamm 0663 13 KOAAEKLMM BOTAaHUYECKOro MHCTUTYTA
um. A.\. Komaposa PAH [11-14].

B AuTepatype umetotca cBeaeHMsa 06 0COOEHHOCTSIX
AUMOreHes3a 1 cocTaBe AMMUAOB HU3LIKUX FPUHOB, BOAO-
POCAEH, B TO BPEMS KakK AAS BbICLLMX TPUBOB, B YaCTHOCTH
AASt BA3MAMOMULETOB, aHAAOTUUYHBIE AAHHbIE NPAKTUYECKM
ABAAIOTCS pa3po3HeHHbIMU. CocTaB CBOOOAHbIX XXUPHbIX
KncAoT (CXKK) 6a3MAMOMULETOB poAa ManousydeH 23,
MceaepoBaHWA OrpaHUuMBatoTCst EAMHUYHBIMK paboTamu
Nno U3y4YEHUO AMMUAOB NAOAOBBIX TeA [15-21]. OaHako
AOCTATOYHO XOPOLLUO M3BECTHO, YTO XWPHbIE KUCAOThI
obnapatoT GapMaKoOAOTMUYECKON aKTUBHOCTbIO B OTHO-
LLIEHWUM pa3AMYHbIX HO30AOTMIM Kak Yy YENOBEKA, TakK U Y
XMBOTHbIX. LleAbto HacTosLen paboTbl ABASAOCH U3yUeHHe
Ka4yeCTBEHHOIO M KOAMUYECTBEHHOIO COCTaBa XMUPHbIX
KUCAOT, KAUECTBEHHOIO COCTaBa AETYYMX MOASIPHbIX U
HEMOASIPHbIX OPraHUYeCKUX COEAUHEHWUI BETEPUHAPHOTO
npenaparta «TpamMmeTuH lNAroC».

OKCNEPUMEHTAABbHAA YACTb
OnpeaeneHmne XUPHbBIX KUCAOT MPOBOAUAM MO METOAMKE
HukoHoBow A.A. 1 coaBTOpOB [22].

SKeTpaKkumusa AtMnuaoB 13 npenaparta «IpameTuH A C».
AMNWABI 3KCTparMpoBaAn M3 MapasAeAbHbIX HaBECOK
cmecbio Poaua (XA0POoHOPM-METAHOA B COOTHOLIEHUN 2:1,
no 06beMy) B NAACTUKOBBIX MPOOUPKax TMNa AnneHAoPd
€MKOCTbIO 2 MA, BCTPSAXMBASA M BbIAEPXMNBAA MUX B yAbTPA3-
BYKOBOI BaHHe (1,2 MA x 3 x 5 MUH). IKCTpaKTbl 06be-
AVHAIAV B CTEKASIHHBIX NPOBUPKaX AAA LIEHTPUDYTMPOBAHMS,
A0BaBASIAM 1,2 MA BOAbI, 3MYABIMPOBAAK, LEHTPUDYTU-
poBaau npu 3000 06/MUH. Mepea IKCTPaKLMEN AMMUACB
13 rybok K HaBeckam (Macca BAaxHol HaBecku 0,02 r npu
BAGXHOCTM 97%) pnobaBAasian 100 MKA 8%-1 H2804 B BOAE
M NOCAE UBMEHEHUSI OKPACKKM C 3€AEHOM Ha XEATYHO yepes
2 MWH 3KCTparMpoBaAn AMNUABI. DKCTPAKLMIO AMMMAOB
13 rybok NPOBOAMAM OAMH Pas3, K 3KCTPaKTy A0BaBASAK
350 MKA BOABI.

KucAoTHas atepnmKkaLmst XMPHbIX KUCAOT U MTOAYHEHHE
METUAOBbIX 3PUPOB XMPHBIX KUCAOT (MIXKK) (0bLLiee coaep-
XaHune) npenapata «IpametmH [1Ac». XAOPOGOPMHbIN
CAOWM 3KCTPaKTa (HWXHWUIA) NEPEHOCUAN B CTEKASAHHbIE
NEHULMAAMHOBbIE PAAKOHbBI EMKOCTbLIO 10 MA, ynapuBau
B TOKE aproHa Aocyxa, cpasy A0baBAAAK 4,5 MA 2%-1 H,SO,
B METaHOAe, NMAOTHO 3aKpblBaAn GpOAbIOWM U NOMELLAAK
B TepmocTaT npu temnepatype 55 °C Ha 1,5 u. Mocne
METaHOAM3a XUPHbIX KUCAOT PACTBOPbI OXA@XAAAU AO KOM-
HaTHOM TeMnepaTypsbl, A06aBAAAK 0,8 MA H-rekcaHa. MK
M3 NMOAYYEHHbIX PACTBOPOB 3KCTPArMpoBaAmn H-reKCaHoM
(3 MA x 2 x 2 MmuH). Mepea BTOPOW 3KCTPaKLUMEN K pacTBOpam
A0BaBASIAM MO 1 MA BOAbI. KCTPaKTbl KOHLEHTPUPOBAAK
AO 1 MA B TOKe aproHa, ocyliasn 6e3BOAHbLIM NaQSO4.
IKCTpaKTbl aHaAM3MpoBann metopom MX-MC.

PasaenbHOE noAyYeHue METUAOBbIX 3PUPOB ATEPUPU-
LMPOBaHHbIX U CBOBOAHbIX XMPHbIX KUCAOT B YCAOBUSIX
n3meHeHus pH npenaparta «TpameTuH lNaoc». K HaBeckam
BbIAEAEHHbIX AUMUAOB (0,2 I Cbipoi Macchl) A0BABASAK 2 MA
0,4 M pactBopa NaOH B meTaHoAe, nomeLlanun B Y3-BaHHY

1|J,y|i)KaH A.C. Cenekuma MUKPOOPraHNM3MOB C BbICOKMM COAEPXAHWEM MPAKTUUECKM 3HAUMMbIX MOAMHEHACHIWEHHbIX XUPHbIX

KUCAOT: AUC. ... A-pa dunaocoodum (PhD). Aamartsl, 2015.195 c.

’MoeanHOK H.N. BUOTEXHOAOTMUYECKIE OCHOBbI MHTEHCHOUKALMU KYABTUBUPOBAHUSA CbeA0BHbBIX U AeKapCTBEHHbIX MAaKPOMMULIETOB
C NOMOLLbIO CBETA HU3KON MHTEHCUBHOCTU: AUC. ... A-pa BUOA. Hayk. Kues, 2015. 387 c.

STopHocTai T.I. XMMUUYECKUiA cocTas, cnocob noayueHna u dapMakorHOCTUUECKan XxapakTepmucTuka Muueansa Inonotus rheades
(Hymenochaetaceae): auc. ... kaHA. dapm. Hayk. MpkyTck, 2019. 208 c.
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Ha 5 MuH. MoAyyeHHble MeTUAOBbIE adupbl (MI) ateprdu-
LIMPOBAHHBIX XUPHbIX KUCAOT (IXKK) aKCTparnpoBanu H-rek-
CaHOM (3 MA X 2), NpOMbIBaAM BOAOW, CYLLIMAM BE3BOAHBIM
Na,SO,, KOHLEHTPUPOBaAAK B TOKe aproHa A0 obbema
1 MA.OSKCTpakTbl MO 3XKK aHaansmpoBasm METOAOM
I'X. K ocTaBlUeMycs LLEAOUYHOMY pacTBopy A0OaBASIAM
3 MA BoAbl, 0,15 1 nepeTteptoro B papdopoBOi CTynkKe
cynbdata mepun(ll), BctpsixuBanum B TeueHne 5-10 MuH A0
nepexoaa roayboi okpacku Cu,SO, B 3eneHyto - Cu(OH),
(A0 pH=6,0), He nepeaepxmnBasn pacTBop, 4Tobbl U3bexaTb
nepexopa Cu(OH), B CuO uyepHoro uBeTa, Cnoco6HOro
OKUCAATb XUPHbIE KUCAOTbI. CKK aKCcTparMpoBanu H-rek-
caHoM (3 mMA x 2). TekcaH BbiMapuBaAn U MPOBOAUAK
KUCAOTHYHO aTepudumkaumnto CKK. IKCTpakTbl aHaAU3K-
poBanu metopom MX-MC.

AHarm3 MIXKK (kauyeCcTBEHHbIN) MEeTOAOM ras3oBoM
xpomartorpauu ¢ Macc-CrieKTPOMETPUHYECKUM AETEKTU-
poBaHMeM 3KCTPaKTOB. DKCTPAKTbl aHaAM3MPOBaAAM Ha
XpomaTo-macc-cnektpometpe 6890B GC System, 7000C
GC/MS Triple Quad (Agilent, CLLA) ¢ konoHkow Optima-17
(30 m x 0,25 mm; 0,25 mKkm) dupmbl Macherey-Nagel
(fepmanus). TemnepaTtypa uHxekTopa coctaBasirna 280 °C,
TemnepaTtypa kBaapynoaa - 150 °C, TemnepaTtypa MOHHOTO
ncTouHnka - 230 °C; TN MOHM3ALMK — SAEKTPOHHbIN YAGP;
3Heprus noHusaumu 70 aB; 06beM NPobbl 2 MKA B peXume
6e3 AeneHWsA NOTOKa; TemnepaTtypa 6AoKa ConpsixXeHns
'X-MCA 310 °C; noToK no KOAOHKe 2,54 MA/MUH. XpoMa-
Torpaduo NPOBOAMAK B YCAOBUSAX HAarpeBa KOAOHKHK oT 80
(yaepxuBanue 0,5 muH) oo 290 °C co ckopocTbto 2 °C/MUH
n panee Harpes A0 310 °C (yaepxuBaHue 5 MUH) CO CKO-
pocTbto 5 °C/MUH. ObLiee BpeMsi aHaAM3a COCTaBUAO
115 MuH. MUKW AETEKTUPOBAAM B AMANa3oHe 3HAaYeHUI
m/z 40-500. Macc-cnekTpbl MAEHTUOULMPOBAAK C UCMOAb-
30BaHueM nporpammuoro obecneuenuns NIST Mass Spectral
Search Program for the NIST Mass Spectral Library (V. 2.2).

KoanuectBeHHoe onpeaereHme MIOXXK XUPHbLIX KUCAOT
meToaom X-MC. KoamyecTBeHHoe onpeapeneHme MIXK
MPOBOAMAM METOAOM BHYTPEHHETO CTaHAAPTa, AAT YEro K 3KC-
TpaKTam nepea aHaAM3om AobaBAsiAM 50 MKA CTaHAGPTHOTO
pactBopa anaeumaosoro apupa (C,H,,0) B H-rekcaHe
(1 Mmr/mnA). AeTekTop rpapyMpoBanm B AnanasoHe XMIXKK
ot 40 po 540 mKr B Npobe ¢ MCNoAb30BaHUMEM CTaHAAPTOB
(Supelco, CLUA) «35 F.A.M.E. Mix, C4-C24, 100 mg neat»
n «Methyl cis-4,7,10,13,16,19-Docosahexaenoic ester,
10 mg/mL in heptane» (70-1000 mkr B npobe). Kaau-
6pPOBOYHbIE KOIOOULMEHTBI BbIAM ONPEAEAEHDBI AAST UHAK-
BUAYAAbHbIX KUCAOT M AAS TPYMMN KUCAOT (HaCbILWEHHbIX,
MOHOHEHACILLEHHbIX, MOAMHEHACHILLEHHbIX).

OKCTpaKUms HEMOASIPHbIX OPraHUYECKUX KOMIMOHEHTOB
npenaparta «TpameTuH [NAC». IKCTPaAKLMIO HEMOASIPHbIX
KOMTMOHEHTOB NPo6bl MPOBOAWAM U3 HABECOK Npenapara
«TpameTnH MMatoc» maccor 1,0 r. HaBecKky npenapata
NoMeLLLaAK B CTEKASIHHbIV GAAKOH M 3KCTparnpoBann 3 Ma
H-reKcaHa TPUXAbI (1 MUH). KCTPaKTbl 06bEANHSAM, MPO-
MbIBaAW AUCTUAAMPOBAHHOW BOAOK, OCyLLAAK 6E3BOAHBIM
CcyAbdaTOM HaTPUSA, KOHLEHTPUPOBAAK B TOKE aproHa A0
obbema 0,5 MA M aHaAu3npoBaan MetopaoM MX-MC B pexume
NMOAHOIO CKaHWPOBaHUA MacC-CNeKTpa ¢ UCNOAb30BaHWEM
nporpaMmmHoro obecnevyeHus «bubAMOTEKA MaCC-CNEKTPOB»
NIST n Mass Spectral Search Program for the NIST Mass
Spectral Library (V. 2.2).

OKCTpaKLMs NOASIPHbIX OPraHMYeCKMX KOMIOHEHTOB
npenaparta «IpameTuH A C»

https://vuzbiochemi.elpub.ru/jour

Crocob 1. IKCTpaKLMIO NOASIPHBIX KOMMOHEHTOB NPOObI
NPOBOAWMAM M3 HaBECOK npenapata «TpameTuH [AtoC»
maccow 1,0 r. HaBecky npenaparta HaHOCUAM Ha NaTPOH
¢ obpaueHHo-pa3HbiM copbeHTom DSC C-18 (Supelco,
CLUA), npeaBapUTEABHO MPOMbITbIN H-rekcaHoM (5 MA),
aLeToHOM (5 MA), METaHOAOM (5 MA) U AUCTUAAMPOBAHHOM
BoAOV (10 MA) B Bakyyme. InonpoBaHme npobbl, CKOHLEH-
TPMPOBAHHOW Ha NaTPOHe, MPOBOAMAM 3TAHOAOM (5 MA.)
MOA BaKyyMOM. JKCTPAKT KOHLEHTPMPOBAAK B TOKE aproHa
A0 obbema 0,5 MA U aHaAu3upoBann metopoM MX-MC B
peXume NOAHOTO CKaHWPOBaHUS MaCC-CMeKTPa ¢ UCMOAb-
30BaHWEM nporpamMmHoro obecneueHus «bubanoteka
mMacc-crnekTpos» NIST n Mass Spectral Search Program
for the NIST Mass Spectral Library (V. 2.2).

Cnocob 2. IKCTPaKLUMIO NOAAPHbBIX KOMMNOHEHTOB NPOObI
NPOBOAMAM U3 HAaBECOK npenaparta «TpameTuH MAC» Maccon
1,0 r. K HaBecke npenapata A0BaBASIAU COAIHYHO KMCAOTY
HCI po pH=2,0. 3KCTpaKLMIO OCYLECTBASAAM 3 MA XAOPUCTOrO
MEeTUAEHA TPUXABI B TedeHue 1 MUH. DKCTpaKTbl 06be-
AMHAAM, TPOMbIBAAW AUCTUAAMPOBAHHOW BOAOM, OCYLLAAW
6e3BOAHbIM CyAbGATOM HATPKA, KOHLLEHTPUMPOBAAK B TOKE
aproHa A0 obbema 0,5 MA M aHaAM3MPOBAAU METOAOM
'X-MC B pexrme NOAHOr0 CKaHMPOBAHMA MacC-CNeKTpa ¢
MCMOAb30BaHMEM NPOrpamMmHoro obecneueHus «bubamoTeka
Macc-crnekTpos» NIST n Mass Spectral Search Program
for the NIST Mass Spectral Library (V. 2.2).

KayecTBEHHbIM aHaAM3 MOASIPHbIX M HEMOASIPHbIX
KOMIOHEHTOB npob METOAOM ra3oBok XpomMaTorpadum ¢
Macc-CrneKkTpOMETPUHYECKMM AETEKTUPOBAHMEM. DKCTPAKTbI
aHaAM3MPOBaAK Ha XpomaTto-Macc-cnekTpomeTpe 6890B
GC System, 7000C GC/MS Triple Quad (Agilent, CLLA) ¢
koAOHKoM Optima-17 (30 m x 0,25 mm; 0,25 MKM) GUpMbI
Macherey-Nagel (fepmaHus). TemnepaTypa MHXeEKTOpa
coctaBuaa 280 °C, temnepatypa kBaapynoas - 150 °C,
Temneparypa MOHHOro UCcTouHnka - 230 °C; TMN MOHMK-
3alMK — INEKTPOHHbIN yAap; 3Heprusa noHnsaumm 70 aB;
06beM Npobbl 2 MKA B PeEXMME C AeAEHWEM MOTOKa B
cooTHoLleHWK 5:1. Aenenne 12,691 cm3/MuH. Temnepatypa
6r0ka conpsixeHunss TX-MCA 310 °C; noToK MO KOAOHKe
3,02 mA/MUH. XpomaTtorpaduio NpoBOAUAK B YCAOBUSAX
HarpeBa KOAOHKM oT 45 (yaepxmBaHue 3 MuH) oo 310 °C
(yaepxuBaHue 15 MUH) co ckopocTbto 7 °C/MuH. ObLee
BPEMS aHaAn3a coCTaBUAO 56 MUH. [TUKU AETEKTUPOBAAK
B AManasoHe 3HauyeHun m/z 40-500. Macc-cnekrpbl
MAEHTUOULMPOBAAK C UCMTOAB30OBAHMEM MPOrPaMMHOro
obecneueHusa NIST Mass Spectral Search Program for
the NIST Mass Spectral Library (V. 2.2).

B 1aba. 1 npuBeaeHbl Macchl Npob npenapata «Tpa-
METHH TAKOC», yKa3aHbl 3KCTPareHTbl, cnocob NoAroToBKK
npo6, aHaAM3UpPyeMble KOMMOHEHTbI NPO6bI.

OBCY)XAEHUE PE3YAbBTATOB

Mpu npoBeaeHnn aHannsa CXKK, KK 1 06LLMX XHUPHbIX
kucnoT (0XKK) BeTeprHapHoro npenapata «TpametuH Matoc»
B dopme nx M3 cpean HUX NPOaHaAU3UPOBaAHbI HaCbI-
LLLeHHble XMPHble KUCAOTbI (HXKK), MOHOHEHACbILWEHHbIe
XWUpHble KUCAOTbI (MHXXK) 1 MOAMHEHAaCbIWEHHbIE XUPHble
Kucaotbl (MHXK).

Ha xpomatorpammax akctpaktoB M3 CXK 6birno
BbISSBAEHO 15 MUKOB XMPHbIX KUCAOT, U3 KOTOPbIX ObIAK
naeHTMOULMPOBaHLI BCe 15 nuMKoB. Ha xpomaTtorpammax
aKCTPakToB M3 KK 6bINO BbISBAEHO 18 NMKOB XUPHbIX
KMCAOT, U3 KOTOPbIX ObIAM UAEHTUOULIMPOBaHBI Bce 18 nuKoB.
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Tabauua 1. AaHHble N0 aHaAM3y Npob BeTepuHapHOro npenapata «TpameTuH Matc»

Table 1. Analysis data of samples of the veterinary drug “Trametin Plus”

Ne npobbl Mpenapat, macca, r| AHaAM3MpyeMble KOMMOHEHTbI JKcTpareHt 0OcobeHHOCTH NPOBONOATrOTOBKM

1.1 0,996
KUCAOTHbIN TMAPOAM3 0BLLIMX

XMUPHbIX KUCAOT

06LLUME XMPHbBIE KACAOTbI

1.2 1,006
21 1,013 Cmecb donva LLleAouHas aTepUdUKaLUs CBO-
AN SKCTPaKLMK H6OAHBIX XMUPHbIX KUCAOT U IKC-
CBOBOAHbBIE XMPHbIE KUCAOTbI AMIHAOCB 1 _
TPaKLMA METUAOBbIX 3GUPOB CBO
2.2 1,024 H-TeKCaH Ans 6OAHBIX XMUPHbIX KUCAOT H-TEKCAHOM
JKCTPAKLMU METH-
AOBbIX 3GUPOB Mepeateprdrkaums
31 1013 KUPHBIX KUCAOT STEPUPULIMPOBAHHbBIX XUPHbIX
KUCAOT

ATepudnuMpOoBaHHbIE XMUPHbIE
pudULMp P npu pH = 6 1 3KCTpaKums MeTU-
KWUCAOTbI

3.2 1,024 AOBbIX 3QUPOB 3TEPUPULIMPO-
BaHHbIX XXMPHbIX KUCAOT

H-reKCaHOM

4 5,031 HenoAAapHble KOMMOHEHTbI H-rekcaH YXMAKOCTb-XMAKOCTHAS! KCTPaKLMSA

TeepaodasHas aKCTpakums Ha

naTpoHax
5 5,025 [oAspHbIE KOMMOHEHTBI JTaHoA
¢ obpaleHHO-PpasHbIM copbEeHTOM
C18 v antoMpoBaHWE 3TaHOAOM
XNOPUCTBIN XMAKOCTb-XMAKOCTHAA SKCTPaKLMSA
6 5,032 MoAsipHbIE KOMMOHEHTbI P A A paKu
MEeTUAEH npu pH=2,0

Ta6anua 2. Bpems yaepxuBaHus t, n KaAMbpoBOUHbIE KOIGOGULMEHTBI K MAEHTUOULMPOBAHHBIX XMUPHbIX KMCAOT

Table 2. Retention time t, and calibration coefficients k of identified fatty acids

)KMs)Hob?)'(\AIZ/M\(a:/\OT HasaHue IUPAC (1 TprBUaAbHOE Ha3BaHKE) t. MUH k
12:0 AopekaHoBas KUCAOTa (AaypuHOBas) 27,603 1,2149
13:0 TpraekaHoBasi KUCAOTa (TPUAELIMAOBAS) 33,433 1,2416

iso-14:0 M30-TeTpapekaHoBas KUCAOTa 36,662 1,3677
a/is0-14:0 AHTU-U30-TETPAAEKAHOBASA KMUCAOTA 36,950 1,3677
14:0 TeTpapekaHoBas KUCAOTa (MUPUCTUHOBAS) 39,098 1,3677
is0-15:0 M30-neHTapekaHoBasa KUcAoOTa 42,492 1,3842
a/iso0-15:0 AHTW-M30-NEHTaAEKAHOBAA KUCAOTA 42,975 1,3842
15:0 [NeHTapekaHOBasA KMCAOTA (NMEHTaAELMAOBaS) 44,562 1,3842
16:1 Lumc-11-rekcapeLeHoBas KUCAOTA 48,364 1,2873
16:1 Linc-9-rekcapelieHoBas KUCAOTa (MAAbMUTOAEMHOBASA) 48,522 1,2873
16:0 [ekcapekaHoBas KMCAOTa (MAAbMUTUHOBASA) 49,880 1,6130
17:.0 [enTapeueHoBas KUCAOTa (MaprapvHoBas) 52,928 1,1129
18:2 Luc, umc-9, 12-oktapekapmeHoBast KUCAOTa (AMHOAEBas) 57,902 1,2477
18:1 Linc-11-oktapeueHoBas KMCAOTa (LMC-BaKLiEHOBas) 58,240 1,5533
18:1 Linc-9-okTapeueHoBasa KMCAOTa (OAEMHOBAS) 58,535 1,5533
18:0 OKTapekaHoBas KUCAOTa (CTeapuHOBas) 59,686 1,7802
20:0 OKo3aHOBasA KMCAOTa (apaxmMHoBas) 68,757 1,8832
22:1 umc-13-poKo3eHOBasA KMCAOTA (3pykoBast) 76,026 1,6634
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Ha xpomatorpammax akctpaktoB M3 OXK 6bir0 npea-
CTaBAEHO 18 MUKOB XWUPHbIX KUCAOT, U3 KOTOPbIX BbIAU
MAEHTUOMUMPOBAHbI Bce 18 nunkoBs. Beero B coctaBe npob
BETEPUHaApPHOro npenaparta «IpamMmeTuH MNMAC» AEHTUDU-
UMpoBaHO 18 XUPHbIX KUCAOT, U3 HUX 12 HXK, 5 MHXK
1 opHa MHXK - He3ameHMMmas w-6 NOAMHEHACbIWEHHas
AMHOAEBAs KUCAOTA, MPEACTABAEHHAA B MUHUMAAbHbIX
KOAMUECTBaAX. XpomaTtorpapuyeckne xapakTePUCTUKK
MAEHTUOUUMPOBAHHBIX KUCAOT MPEACTABAEHbI B TabA. 2,
KauyeCTBEHHbIM U KOAMYECTBEHHbIV COCTaB — B TabA. 3.

Ha AoA 3TepUOULIMPOBAHHbBIX KMCAOT, T.€. KMCAOT,
KOTOPblE HAaxXOASITCA B Npenaparte B CBA3aHHOM dopme
B KQUeCTBE KMUCAOTHbIX OCTATKOB TPUIAMLIEPUAOB U HOC-
doamnmpos, npuxoantcs 45,0% BCEX XUPHbIX KUCAOT
npenapata. Ha AoA0 CBOBOAHBIX HECBA3AHHbIX XUPHbIX
KMUCAOT npuxoantcs 55,0% BCeX XMPHbIX KUCAOT NpenapaTa
«TpameTuH MNatoc» (Taba. 3).

OcHOBHas AOAA BCEX XMPHbIX KUCAOT npenaparta (82,0%)
npuxoantca Ha HXK. Ha ponto MHXK npuxoantea 16,0%
BCEX KMCAOT, Ha AoAtD MHXXK - 2,0% (cMm. Taba. 3). Habato-
AaEeTCs nepepacnpepeneHne B COCTaBEe XUPHbBIX KUCAOT
B 3aBMCUMOCTM OT CTEMNEHU UX HACbILEHHOCTU MEXAY
CcBOOOAHBIMU U CBSI3AHHbIMU KUCAOTAMMU. Tak, AASI CBO-
6O0AHBIX KUCAOT Ha AOAKD HACILWLEHHbIX XUPHbIX KMCAOT
npuxoauntcs 67,0%, a Ha AOAKO HEHACbILWEHHbIX — 33,0%;
AAS CBSI3@HHbIX KUCAOT Ha AoAD HXXK npuxoamntes 82,0%,
a Ha AOAKD HeHacbllLeHHbIX — 18,0%. OTmeueHo npeob-
AaAaHWE HEHACbIWEHHbIX KUCAOT B CBOOOAHONM HESTEPU-

duumMpoBaHHOM dopme (cm. Taba. 3).

M3 TabA. 3 BUAHO, UTO CPEAHSASt KOHLEHTPALMSA XHUPHbIX
KUCAOT B npenapare «TpamMmeTuH MNAKC» COCTaBASIET OKOAO
70,0 mKr/r BeTnpenaparta. KoHueHTpauusa HXK coctaBaset
O0KOAO 57,0 MKI/T, KOHLEHTPALMS HEHACBILLEHHbIX XXMPHbIX
KUCAOT - 0KOAO 12,0 MKI/T. KoHueHTpaumsa CKK cocTaBaseT
0KOAO 41,0 MKI/T, KoHUeHTpauusa KK - okono 34,0 MKr/T
npenapara.

MpoueHTHOE COAEPXaHME XMUPHbBIX KUCAOT NPUBEAEHO
B TabA. 4.

KaueCcTBEHHbIN aHaAU3 AETYUYMUX MOASIPHbBIX U HEMNO-
ASIPHbIX OPraHWYEeCKMX COEAMHEHUW BeTepUHAPHOro
npenaparta «TpameThH MAKC» 6bIA MPOBEAEH C UCMOAb-
30BaHKeM 6MbanoTekM Mmacc-cnekTpoB NIST Database.
OTMeUeH OYeHb CAOXHbIM COCTaB KOMMNOHEHTOB. B oco-
6EHHOCTHN 3TO KacaeTCsl reKCaHOBOro M 3TaHOAbHOTO
9KCTPaKTOB Npenapara. 3HaunTeAbHas YacTb NMUKOB Ha
XpomMaTtorpamMmmax ABAAETCS HEFOMOreHHbIMW MUKaMM,
KOTOPbl€ He MOTYT ObITb UAEHTUOULMPOBAHbI MPOCTLIM
cpaBHeHUeM ¢ bubanotekamu macc-cnektpos NIST. 3Ha-
UMTEAbHAA YacTb MUKOB PErMCTPUPYETCA KaK FTOMOTreHHbIE
MWKK, HO TakxXe He MOXeT BbiTb MAeHTUdUUMPOBaHa
nyTem CpaBHEHWSI MacC-CMEKTPOB 3TUX NMUKOB C BUOAK-
OTEUYHbIMMW, MOCKOABKY MacC-CMeKTPbl MMKOB NpenapaTa
«TpameTuH MAtoc» U BUBAMOTEUHBIX CNEKTPOB UMEIOT
3HaYMMble pasAnYus.

BeposiTHee BcCero, 3to CBfAI3@HO CO CAOXHOCTbHO
06beKTa U YHUKAAbHOCTbIO BUOAOTMYECKUX COEAMHEHUH,

Tabanua 3. KauecTBEHHbIN U KOAMUYECTBEHHbINM (MKF/T) COCTaB XUPHbIX KUCAOT Npenapata «TpameTuH Matoc»

Table 3. Qualitative and quantitative (mcg/g) composition of fatty acids of “Trametin Plus”

dopmyaa CoaepxaHue XMPHbIX KUCAOT B Npenapate, MKr/T npenapara
XUPHbIX Homepa npob CpeaHee copepxaHue
K1UCAOT 11 1.2 2.1 2.2 3.2 OXK* KK CXKK OXK**
12:0 0,099 0,098 0,091 0,127 0,031 0,709 0,099 0,109 0,370 0,478
13:0 0,122 0,121 0,000 0,000 0,045 0,145 0,121 0,000 0,095 0,095
is0-14:0 0,444 0,439 0,226 0,237 0,280 0,696 0,441 0,232 0,488 0,720
a/iso-14:0 | 0,234 0,232 0,299 0,274 0,067 0,146 0,233 0,287 0,106 0,393
14:0 3,317 3,284 1,107 1,031 0,890 3,325 3,301 1,069 2,108 3,177
is0-15:0 3,835 3,797 6,659 5,886 0,132 0,451 3,816 6,272 0,291 6,564
a/iso-15:0 | 6,221 6,159 10,26 9,481 0,252 0,984 6,190 9,871 0,618 10,49
15:0 1,642 1,626 0,290 0,320 0,363 1,238 1,634 0,305 0,800 1,106
16:1 2,951 2,921 0,852 0,810 1,601 3,397 2,936 0,831 2,499 3,330
16:1 1,090 1,079 1,629 1,287 0,426 0,621 1,085 1,458 0,524 1,982
16:0 28,57 28,29 8,270 7,760 7,33 23,57 28,428 8,016 15,45 23,46
170 1,077 1,066 1,365 1,061 0,193 0,164 1,071 1,213 0,179 1,392
18:2 1,161 1,150 0,555 0,505 0,932 1,771 1,156 0,530 1,352 1,881
18:1 6,047 5,987 2,038 1,878 4,801 10,37 6,017 1,958 7,586 9,544
18:1 0,550 0,544 0,318 0,289 0,367 0,830 0,547 0,304 0,598 0,902
18:0 10,71 10,60 1,691 1,580 3,330 9,605 10,65 1,636 6,468 8,103
20:0 0,735 0,727 0,000 0,000 0,177 0,413 0,731 0,000 0,295 0,295
22:1 0,589 0,583 0,000 0,000 0,834 1,288 0,586 0,000 1,061 1,061
Cymma 69,39 68,70 35,65 32,53 22,05 59,72 69,05 34,09 40,88 74,97
HXK 57,00 56,44 30,26 27,76 13,09 41,44 56,72 29,01 27,26 56,27
MHXK 11,23 11,11 4,838 4,265 8,030 16,51 11,17 4,551 12,27 16,82
MHXK 1,161 1,150 0,555 0,505 0,932 1,771 1,156 0,530 1,352 1,881

MpumeyaHue. 3peChb U B TabA. 4: *- obLuee COAEPXaHME XHUPHbIX KUCAOT (CBOOOAHbBIX U 3TEPUOULMPOBAHHbIX), MOAYYEHHOE NPSIMbIM
crnocobom (cm. n. 2); **- obLiee copep)XaHUe XUPHbIX KUCAOT (CBOBOAHbBIX 1 3TEPUOULMPOBAHHbIX), TOAYYEHHOE CYMMUPOBAHUEM
3HaYEHUI COAEPXKaHUIM CBOBOAHbBIX U ATEPUOULUPOBAHHBIX XXMPHBIX KUCAOT B MPO6Hax, MOAYYEHHbIX COrAACHO n. 3.
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Tabauua 4. KaueCTBEHHbIN U KOAMUECTBEHHBIN (% OT CyMMbl) COCTaB XMPHbIX KUCAOT Npenaparta «TpameTuH MAtoc»

Table 4. Qualitative and quantitative (% of the total) composition of the fatty acids of “Trametin Plus”

dopmyaa CocTaB XMpPHbIX KUCAOT B npenaparte, % OT CyMMbl XUPHbIX KUCAOT B Npobe
XUPHBIX Homepa npob CpeaHee copepxaHue
KucaoT 11 1.2 2.1 2.2 31 3.2 OXK* KK CXKK OXK**
12:0 0,14 0,14 0,25 0,39 0,14 1,19 0,14 0,32 0,90 0,64
13:0 0,18 0,18 0,00 0,00 0,20 0,24 0,18 0,00 0,23 0,13
iso-14:0 0,64 0,64 0,63 0,73 1,27 1,17 0,64 0,68 1,19 0,96
a/iso0-14:0 0,34 0,34 0,84 0,84 0,30 0,24 0,34 0,84 0,26 0,52
14:0 4,78 4,78 3,11 3,17 4,04 5,57 4,78 3,14 5,15 4,24
is0-15:0 5,53 5,53 18,7 18,1 0,60 0,76 5,53 18,40 0,71 8,75
a/iso-15:0 8,96 8,96 28,8 29,2 1,14 1,65 8,96 29,0 1,51 14,0
15:0 2,37 2,37 0,81 0,98 1,65 2,07 2,37 0,90 1,96 1,47
16:1 4,25 4,25 2,39 2,49 7,26 5,69 4,25 2,44 6,11 4,44
16:1 1,57 1,57 4,57 3,96 1,93 1,04 1,57 4,28 1,28 2,64
16:0 41,2 41,2 23,2 23,9 33,2 39,5 41,2 23,5 37,8 31,3
17.0 1,55 1,55 3,83 3,26 0,88 0,27 1,55 3,56 0,44 1,86
18:2 1,67 1,67 1,56 1,55 4,23 2,97 1,67 1,55 3,31 2,51
18:1 8,71 8,71 5,72 5,77 21,8 17,4 8,71 5,74 18,6 12,7
18:1 0,79 0,79 0,89 0,89 1,67 1,39 0,79 0,89 1,46 1,20
18:0 15,4 15,4 4,74 4,86 15,1 16,1 15,4 4,80 15,8 10,8
20:0 1,06 1,06 0,00 0,00 0,80 0,69 1,06 0,00 0,72 0,39
22:1 0,85 0,85 0,00 0,00 3,78 2,16 0,85 0,00 2,60 1,42
Cymwma 100 100 100 100 100 100 100 100 100 100
HXK 82,2 82,2 84,9 85,3 59,4 69,4 82,2 85,1 66,7 75,1
MHXK 16,2 16,2 13,6 13,1 36,4 27,6 16,2 13,4 30,0 22,4
MHXK 1,67 1,67 1,56 1,55 4,23 2,97 1,67 1,55 3,31 2,51

BXOASILLIMX B €ro COCTaB, YacTb U3 KOTOPbIX MOXET ObITb
noka npocTO HeudBecTHa Hayke. MNoppobHas MAEHTU-
dUKaLMs KOMMOHEHTOB Npenapara TpebyeT cepbe3HbIxX
AAMTEABHbBIX Hay4YHbIX WMCCAEAOBAHWM, TLWATEAbHOW M
AETAAU3MPOBAHHOW AASI KAXAOIO KAAcCca COEAUMHEHUN
NMOATrOTOBKM NPOB, N3yYEHUS CTPYKTYPbl COEAMHEHWI C
MCNOAb30BaAHUEM Pa3AMYHbIX METOAOB XpomMaTorpaduu,
Macc-CNeKTPOMETPUM, AAEPHOTO MarHUTHOrO pe30HaHca u
T.A. PAA NMKOB AETYUYMX KOMMOHEHTOB Ha XpomaTtorpaMmmax
yKa3aHHbIX 3KCTPaKTOB MOXET ObITb MAEHTUOULMPOBAH C
BEPOATHOCTbIO =70,0%. 3TN COEAMHEHMA NPEACTABAEHbI
HUXxe (Taba. 5, 6).

HenoAsipHble AeTyuMe KOMMNOHEHTbI MPO6bI, pacTBO-
pUMble B H-TeKCaHe, NPeACTaBAEHbl COEAMHEHUSIMU C
HEBOAbLLUMMU MOAEKYASIPHBIMKU Maccamu Mr<350 (cm.
TabA. 5), CPEAM HUX NUpaHbl, dypaHbl, CUPTbI, AAbAETUADI,
KETOHbI, FETEPOLMKAMYECKNE COEANHEHUS, HACbILLEHHbIE
annMdaTnyeckune yraAeBoAOPOAbl (MPeAEAbHbIE N-aAKaHbl),
HenpeAeAbHble YTAEBOAOPOAbI AMEHOBOTO PsiA@, B TOM
UMCAE CKBAAEH, apoMaTUUYeCKue COeAMHEHWS, MHAOA
(cM. Taba. b).

MoAsipHblE AETYyYME KOMMOHEHTbI NPobbl, pPacTBoO-
pv“Mble B 3TUAOBOM CNMPTE, MPEACTABAEHbBI COEAUHEHUAMM
C HEOOABLLMMW MOAEKYASIPHBIMKU Maccamn Mr<310 (cMm.
TabA. 6), CpeAU HUX YKCYCHasi KUCAOTa, aLETOMH — OAWMH
M3 MPOAYKTOB OYTAHAMOAOBOTO OPOXEHMUS, YKCYCHbIN
aHrnapva, dypdypanb — MPOAYKT AETMAPUPOBAHWS KCUAO3bI
(cM. TabA. B), reTepoLMKAMYECKUE COEAMHEHUSI GYPaHOH
W MUPAHOH, aAbAETUABI, B TOM YUCAE PEHUAALLETAABAETHA,
NenTUAbI, KETOHbI, NPOCTEWLLME Caxapa U aMUHOKUCAOTHI,
apomMaTnyeckne CoOepAnmHeHMs.
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N\eTyune aMMHOKUCAOTBI Npenapara «pameTuH MNAc»
NpeACTaBAEHbI KAK MUHOPHbIE KOMMOHEHTbI MPO6bLI, CPpEAU
HUX TAULIMH Y CapKO3MH B GOpMeE AMMNENTUAA FAULIMACAP-
KO3WHa, FAe CapKO3WH — METUAbHOE MPOU3BOAHOE aMUHO-
KWUCAOTbI TAMLIMHA, aPTMHWH U B-anaHKH, NPEeACTaBAEHHbIN
B GopMe aMupaa aMMHOKMUCAOTbI B-aAaHWH U NaHTOEBOM
KUCAOTbI (BUTAMUH rpynnbl B).

Cpear NepeUncAeHHbIXx COEAMHEHWUIA ECTb COEAMHEHNS,
obrapatoLe HECOMHEHHON U AOCTAaTOYHO CUAbHOM BU1O-
AOTUUYECKOW aKTUBHOCTbHD. AKTMBHOCTb NMPOSABASIETCA Kak
NPOTUBOBOCMNAAUTEABHOE, aHTUBaKTEpUaAbHOE, NPOTUBO-
BMPYCHOE, aHTUOKCUAAHTHOE, 0OBOAAKMBAIOLLIEE, UMMYHO-
MOAYAMPYHOLLIEE, MPOTUBOOMNYXOAEBOE AeiCTBUE. [pn 3TOM
psAA cCoeAMHEHUI 0OAaAaEeT HECOMHEHHOM TOKCUUYHOCTbIO
B 9KCNEPUMEHTaxX Ha XMBOTHbIX COTAACHO AUTEPATYPHbIM
AAHHbIM, BKAOYAS renaToTOKCUUYHOCTb, KAHLLEPOreHHOCTb,
06LIETOKCUYECKOE AENCTBUE, HEMPOTOKCUUYHOCTb.

3AKAKOYEHUE

MpoBeAeH KOAMYECTBEHHbIV aHAAM3 XUPHbIX KUCAOT
BeTepMHapHOro npenaparta «TpameTuH Matoc». NokasaHo,
UTO CyMMapHas KOHUEHTPaLMA XUPHbIX KUCAOT COCTaBASET
70 mKr/r npenapata. M3 H1x 50,0% npuxoautca Ha CXKK,
6OAbLIMHCTBO M3 KOTOPbIX 06AAAAIOT MOLLHbIM aHTUOaK-
TepuranbHbIM, MPOTUBOBUPYCHbIM, MPOTUBOOMYXOAEBbIM
AENCTBMEM, B TO BpEMSA Kak aTepuUdULMPOBaHHbIE (CBSI-
3aHHbI€) KUCAOTbI, Ha AOAKD KOTOPbIX npuxoantesa 50,0%
0T 061LLIEN MaACChl XUPHbIX KUCAOT, B BOAbLUEN CTENEHM
06AapatoT 06BOAGKMBAOLLMM Y MPOTUBOBOCMNAAUTEABHbIM
pencterem. B 10 xe Bpems HedameHuMmble MTHXK B npe-
napaTte NpakTUYecKKn oTCyTCTBYHOT. COrAacHO AuTepatype
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Tabauua 5. HenoasipHble opraHUYECKUEe KOMMOHEHTbI penapara
«TpameTuH MNAroc» cornacHo bubanoteke NIST

Table 5. Non-polar organic components of the drug “Trametin
Plus” according to the NIST library

Tabauua 6. MoAsipHbIE OpraHWYEeCcKUe KOMMOHEHTbI MpenapaTa
«TpameTnH MNAtoc» cornacHo 6udanoteke NIST

Table 6. Polar organic components of the drug “Trametin Plus”
according to the NIST library

t,, MnH | Gopuyna HaszBaHwue cornacHo 61bAanoTeke
mMacc-crnekTpoB NIST
2,089 CH,,0 | 2,5-aumeTnatetparuapodypan
2,204 C,H,,0 | 2-metuatetparnapo-2H-nupan
2,239 CH, METUALUKAOTEKCAH
2,647 CGHMO 3-MeTUA-3-NEHTAHOA,
2,941 CHg TOAYOA
3,336 CeH,,0 | 3-MeTUA-1-NeHTUH-3-0A
3,409 | CH,,0 | 2-rekcaHon
3,723 CGHQO 3-rekcaHoH
5,427 C7H1602 5-MEeTOKCU-2-METUA-2-NEHTAHOA
5,507 CGHMS 1- reKCaHTMOA
5,950 | C,H,,0, | 2-3TOKCMITWA-3-MeTUABYTaHOaT
6,443 | CH, 0, | 1-(3-3TMAOKCHMPAHWA)ITAHOH
7,654 CNH3OO4 LMKAOTEKCUAHOHUAOKCAAAT
9,123 | C_H,, | rentmaumkaorekcaH
10,239 C8H80 deHnNaLETaAbAETUA
12,882 | C_H_O 1-MeToKCU-4-METUA-2-(1-METUAITUA)
6eH30A
14,478 | CH,NS | 1,2-6eH3130THa30A
15,691 | C,,H,,0 | aHeToA
15,776 CSH7N MHAOA
17,211 C,.Hy TeTpapeKkaH
21,004 C.eHa, rekcapekaH
21,477 | CH,0 | 4-metna-1-peHua-1-neHTeH-3-0H
22,957 Cl3H160 5-MeTUA-1-deHUA-1-TeKCEH-3-0H
25,027 | C,,H,,0, | usonponua-12-meTnaTpuaekaHoat
25.600 | CH,.0 | l-oktapekaHoA
26,382 | C,,H,,0, | Aunsobytuadpranar
27,515 CNH36 2,6,10-TpuMeTUATETPAAEKAH
27,929 | C,H,,0, | anbytnadrasar
28,711 C,oH,0 1-31K03eH
31,553 | C,H,,0 | L-aoKo3aHoA
35,434 | C,,H,.0, | Ann3okTuAadTanat
37,738 C,oHy, CKBaneH
38,435 | C,H,,NO | TpaHc-13-p0K03€HaMMA

£, ®opuyha HasBaHue cornacHo 6ubanoteke
macc-crnektpoB NIST
2,586 C,H,0, YKCYCHas KMcAoTa
3,485 C,H.0, aLeTouH
4,09 C,H,,0, 2,3-6yTaHAMOA, [S-(R*,R*)]-
4,489 C,H.0, YKCYCHbIN @aHTUAPUA
5,156 C,H,0, dypdypoa
8,046 C,H,0, 2(5H)-dypaHoH
8,616 C,H:0, 5-meTnadypodypon
10,255 CgH0 deHMAaLETaANbAETUA
10,932 C.H,,N,O, FAMLIMACAPKO3UH
11,711 CGHSO4 NUPaHOH
2-BUHUA-9-[3-pe30Keu-B-d-
12,161 CiHiN,0, pM60¢ypaI-I[OSAVI/\]FMHOKEaHTVIH
12,97 Cz5H44N205$ 2-MUPUCTUHOUAMAHTETENH
13,712 CﬁH14N402 apruHuH
14,534 CeH:0, 5-ruppokcrmeTUAdypdypon
14,863 C,H,,0, 6-0-acetyl-B-d-maHHOMMpaHo3a
15,785 CSH7N M-aMUHObEHUNALETUAEH
nmmnaasono[l,2-a]
20,963 C,oH.sN,0 NMUPUAUH-B-KaPOOHUTPUA,
1,2,3,5-TeTparnppo-7-MeTuA
24,782 C,H,N,O, MoueBas KUCAOTa
5,10-anatoken-2,3,7,8-
TeTparnapo-1H,6H-
28,693 | CyH,N.0, Awr?mppsfo[l,Z—a:l‘,2‘—d]
nMpasuH
31316 | N, | Zuemirelbenmenn 25
31,714 | C_H,N,0, ﬁ’m(ntf,iﬁﬁ“,ff;ﬁﬁ)zs
33,951 C,sH N0, | umkno-(L-aeituma-L-deHnaananma)
nuppoao[1,2-a]
34,714 C,,H N0, | nupasun-1,4-anoH,
rekcarmppo-3-(GeHUAMETHA)-

BbiCOKOE copepxxaHne CXXK MoXeT BbITb XapakTepHO AAS
psiAa BOAOPOCAEN [15], MULEeAAAPHBIX TPUMOOB [16] 1, Kak
NMOKa3aHo B HaLLMX UCCAEAOBAHUSAX, AN Ba3MAMAABHBIX
rpnboB. Mx aHaan3, 6eccnopHo, UrpaeT BaxHY POAb B
AMArHOCTUUYECKOW MeanLumHe [17].

Cpear AOMUHUPYIOLIMX HEMOAAPHBIX AETYUMX KOM-
NOHEHTOB npenapata «TpameTuH MNAC» NnpucyTcTByEeT
COEAMHEHWE TPUTEPNEHOBOrO psAaa - ckaneH C, H
(HapexHocTb onpeapeneHnss metopoM TX-MC >95,0%).
370 BellecTBO 06AAAAET MOLLHBIM aHTUOKCUAAHTHbIM,
UMMYHOCTUMYAUPYIOLLMM, 0OBOAAKMBAIOLLIMM MOBEPX-
HOCTHO-aKTUBHbIM AEMCTBMEM, 3alUMLLEn CAM3UCTbIE
060A0UKM OpraHusma.

https://vuzbiochemi.elpub.ru/jour

MpocTeiwne opraHnyeckne arupatmyeckne aMmmHo-
KUCAOTbI, TaKne Kak rAMunH (M = 75 r/MOAb), aprMHuH
(M = 174 t/moAb), B-anaHuH (M = 89 r/mMoAb), C
HEBOAbLLOW MOAEKYASIDHOW MaccoW NpeACTaBAEHbI
KakK MWHOPHbIE HEMOASIpDHbIE AETYYME KOMMOHEHTHI
npenapata «TpameTuH lMAroC».

OcTanbHble OpraHMYyeckre KOMMNOHEHThI Mpenapara
CnocobHbl OKa3blBaTb KOMMAEKCHOE BO3AEMCTBUE Ha
opraHn3mM. TOKCUYHOCTb HEKOTOPbLIX KOMMOHEHTOB AASI
XMBOTHbIX MOXET 6bITb PACCMOTPEHA AASI YCTAHOBAEHMSA
AO3 U CPOKOB NPUMEHEHUs npenapata «TpameTuH MACr.
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OUSUKO-XUMUYECKAA BUOAOTUA
HayuHas ctaTba —
EDN: KXAXSG
DOI: 10.21285/2227-2925-2023-13-3-392-401

CUHTE3 HUTPATOB LLEAAIOAO3bI U3 LIEAAIOAO3bl MUCKaHTYCA
ruraHTckoro copta Kamuc, nonyueHHou B YCAOBUAX
OMNbITHO-NPOMbILUAEHHOr0 NPOU3BOACTBA

A.A. KopuaruHa
WHCTUTYT NpobAem XuMmko-aHepretndeckux rexHorornst CO PAH, r. burick, Poccurickas ®eaepaums

AHHOTauusA. PaboTa nocBsLLeHa MCCAEAOBAHMIO HOBOIO HaLlMOHAAbHOIO CbipbEBOIr0 pecypca — MUCKaHTyca ruraHT-
CKoro copta Kamuc, no3uuUmnMoHMpyeMoro B KadectTse Hanboaee nepcrnekTUBHOIro NPUPOAHOIrO0 MCTOYHUKA MOAYYEHMS
BbICOKOKaYECTBEHHOM LIEAAKOAO3bI C LIEABIO €€ AAAbHENLLIEN XUMMUYECKON QYHKLIMOHAaAM3ALIMK. B yCAOBMSIX OMbITHO-MPO-
MbILLAEHHOIO MPOU3BOACTBA M3 UCXOAHOIO ChIPbsi C COAEPXaHMEM LEAAOA03bI 50,2% a30THOKUCALIM CrOCO60M
BbIAEAEHA OMbITHAS NapTHs TEXHUYECKOM LIEAAOAO3bI, XapaKTepU3yHoLLLascs BbICOKUMM 3HaYEeHUSIMIU MacCOBOM AOAU
O-LIEAAOAO3bI — 92,8% 1 cTeneHu noanmepusanmmn — 1200. Ha 0CHOBE 0rnbITHOM NapTUn TEXHUYECKOM LIEAAKOAO3bI
rnoAyyeH obpaseL, HUTPATOB LIEAAOAO3bI C OCHOBHbIMU GYHKLIMOHAAbHbBIMKU CBOMCTBAMM: MAaCCOBOM AOAEH a3oTa
11,18%, BsizkocTbto 48 mlla-c u pacTtBOpUMOCTbIO 94%. CUHTE3UPOBAHHbIN 06pa3eL] XapaKTepn3yeTcs npeAeAbHO
BbICOKOM pacCTBOPUMOCTbIO B ALIETOHE, YTO MOATBEPXAAET NOAyYEHNE UMEHHO a30THOKMCAbIX 3PUPOB LIEAAIOAO3bI, U
BbICOKMM BbIXOAOM — 150%. MeToaom MK-®ypbe cnekTpOCKONUU MAEHTUPULMPOBAHbI OCHOBHbIE QYHKLIMOHAAbHbIE
rpynmnbl B OMbITHOM NapTUM TEXHUYECKOM LIeAAOAO3bI (3384, 2902, 1639, 1428, 1370, 1319, 1161, 700-500 cm?) n
B 06pa3Lie HUTPATOB LIeAAONO3bI (1659, 1278, 834, 746, 683 cM™), ycTaHOBAEHA COOTBETCTBYIOLLIAS TPUHAAAEXHOCTb
K LIEAAKOAO3€E U a30THOKUCABIM 3Pupam LIEAAKOAO3bI. METOAOM pacTpOBOM INAEKTPOHHON MUKDPOCKOMUM OXapaKTepu-
30BaHbl CTPYKTYPHO-MOPYOAOrMYECKUE 0COBEHHOCTHM BOAOKOH OMbITHOM NapTMU TEXHUYECKOM LIEAAOAO3bI 1 0bpa3sLia
HUTPAaTOB LIEAAOAO3bI. MeToaaMm COBMELLEHHOO TEPMOrpPaBUMETPUYECKOIO 1 AUGHEPEHLIMAABHO-TEPMMUYECKOTO
aHaAM30B YCTaHOBAEHbI BbICOKUE 3HAYEHUSI TEMepaTypbl HadyaAa MHTEHCUBHOIO pas3AoxeHuss — 197 °C u yaeAbHoM
TENAOTbI pa3noxeHuss — 6,92 kAX/T. [loAydeHHbIe pe3yAbTaTbl 060CHOBbLIBAKT CrIOCOOHOCTb LIEAAKOAO3bI, BLIAEAEHHOMH
M3 HOBOIO aAbTEPHAaTUBHOI0 MCTOYHUKA, K XMMWYECKOHU (QYHKLIMOHAAM3aLUMMU B @30THOKMCAbIE 3QUPbI LIEAAKOAO3bI C
YAOBAETBOPUTEABHbIMMW QYHKLIMOHAABHBIMUY CBOMNCTBaMM.

KaroueBbie croBa: MUCKaHTYC I'MI'aHTCKMl;I, a30THOKUCAbIN CI'IOCOG, OnbITHO-NMPOMBbILUAEHHOE MPON3BOACTBO, TEXHU-
HecKasd UeAArAO03a, HUTpOBaHWe, HUTpaTbl LLeAAOAO3bI

BaaropapHocTh. ABTOP BbipaxaeT 6aaropapHocTb anpekTopy 000 «Mactep bP3HA» BouHckomy C.M. 3a BbipalLm-
BaHWe U nocTaBKy 06pa3LoB MUCKaHTyca ruraHTCKoro copta Kamuc.

®uHaHcupoBaHHue. ViccrepoBaHUE BLIMOAHEHO 3a CYET rpaHTa Poccurickoro HayuyHoro ¢oHaa Ne 22-13-00107,
https.//rscf.ru/project/22-13-00107/ .

Ans untupoBaHua: KopyarvHa A.A. CUHTE3 HUTPATOB LIEAAOAO3bI U3 LEAAIOAO3bI MUCKAHTYCa MMraHTCKoro copta Kamuce,
NMOAYYEHHOMN B YCAOBMSAX OMbITHO-NPOMbILLAEHHOIO NPOM3BOACTBA // M3BecTust By30B. [TpukaapHasa xumusa n bruotex-
HonoruA. 2023. T. 13. N 3. C. 392-401. https://doi.org/10.21285/2227-2925-2023-13-3-392-401. EDN: KXAXSG.

PHYSICOCHEMICAL BIOLOGY
Original article
Synthesis of cellulose nitrates from Miscanthus % giganteus var.
KAMIS cellulose obtained under pilot production conditions

Anna A. Korchagina
Institute for Problems of Chemical and Energetic Technologies SB RAS, Biysk, Russian Federation

Abstract. The work is devoted to the study of a novel national raw material resource Miscanthus x Giganteus var.
KAMIS, which is positioned as one of the most promising natural sources for obtaining high-quality cellulose for the
purpose of its further chemical functionalisation. A batch of technical cellulose isolated from raw materials under
pilot production conditions using the nitric acid method having a cellulose content of 50.2% was characterized by
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high a-cellulose mass fraction (92.8%) and degree of polymerisation (1200) values. On the basis of the pilot batch
of technical cellulose, a sample of cellulose nitrates offering basic functional properties was obtained: mass fraction
of nitrogen - 11.18%; viscosity - 48 MPa-s; solubility - 94%. The synthesised sample is characterized by extremely
high solubility in acetone, confirming the production of cellulose nitric acid esters, and a high yield of 150%. IR-Fourier
spectroscopy was used to identify the main functional groups in the experimental batch of technical cellulose
(3384, 2902, 1639, 1428, 1370, 1319, 1161, 700-500 cm™) and in a sample of cellulose nitrates (1659, 1278,
834, 746, 683 cm™). Acorresponding affiliation to cellulose and cellulose nitric acid esters was established. The
structural and morphological features of the fibres of the experimental batch of technical cellulose and a sample of
cellulose nitrates were characterised using scanning electron microscopy. Combined methods of thermogravimetric
and differential thermal analyses were used to establish high initial temperature (197 °C) and specific heat of
decomposition (6.92 kJ/g) values at the beginning of intensive decomposition. The obtained results substantiate
the possibility to chemically functionalise cellulose isolated from a new alternative source into cellulose nitric acid
esters with satisfactory functional properties.

Keywords: Miscanthus x Giganteus var. KAMIS, nitric acid method, pilot production, technical cellulose, nitration,
cellulose nitrates
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BBEAEHUE

B HacTosLee BpeMs HUTpaTbl LEeAAOAO3bI (HL), ABAS-
HoLMecs OAHUMU U3 Hanbonee 3PPEKTUBHBIX BbICOKOI-
HepreTMYecKMx NOAMMEPOB, UTPAIOT 3HAUMTEABHYIO POAb
BO MHOMMX OTPaCASIX MPOMbIWAEHHOCTU. TlocAae cBOEro
HenpeAHaMepeHHOoro oTKpbITUs HL, npoYHO 3apekomeH-
AOBaAM cebsi Kak MaTepmran ¢ UCKAKOUUTEAbHBIMW CBOM-
ctBamu [1, 2]. Hapsay ¢ TpaAMLMOHHBIM UCMOAb30BaHUEM
NPOMBbILWAEHHBbIX Mapok HL, B nocanepHee Bpemsi Hame-
TUAACb TEHAEHUMS MPUMEHEHUS UX B HOBbIX HAyKOEMKMX
obracTax. AKTyaAbHOCTb pa3paboTky HoBbIX TUMoB HL, B
OCHOBHOM C MacCOBOM AOAEW (M.A.) a30Ta MeHee 12,2%,
onpepensieTcsl Takxe HeobXOAMMOCTbI pacLUMpPeHUs
HOMEHKAATYPbI ¥ MOAYUYEHWSA KOHKYPEHTOCMOCOOHbIX MapoK
HL, AAS M3roTOBAEHMSA NevaTHbIX U daekcorpadrUuecKmx
KPacoK, MAEHOK, ObICTPOCOXHYLLEFO AaKa, MEMOPAH U LeA-
Aynouaa [3-7]. Kpome Toro, HUTPOBaHME LEAAOAO3bI KaK
dyHAAMEHTAAbHbIN MPUMEP XUMUUYECKON MOAUDUKALIMU
LEAAOAO3bI MO-NPEXHEMY IBASIETCA MPEAMETOM MHOIO-
CTOPOHHEro UCCAEeAOBaHMA BO BceM mupe [8].

HaunAyuwnm nprpoAHbIM UCTOYHUKOM CbIPbS C MCKAKO-
YUTEABHBIMU GUBUKO-XUMUUYECKUMMU 1 CTPYKTYPHO-MOPPHO-
AOTMYECKMMM CBOMCTBAMM AASA NOAyUeHms HL, Bbicokoro
KauyecTBa No-NpexXHeMY OCTAaeTCs XAOMKOBas LLIEAAKOAO3a
(XUW). Tem He mMeHee C TOYKM 3PEHWUS MUPOBOMW HayKu
AOCTOMHOW aAbTepHaTUBOM XL, MOryT ctath HETpaAULU-
OHHble AeTKOBO30OHOBASIEMbIE PACTUTEABHbIE UCTOUHUKM,
OCHOBHbIMW MPEVMYLLLECTBAMM KOTOPbIX ABASIKOTCS AOCTYM-
HOCTb, ObICTPasA CKOPOCTb BO30OHOBAEHMA 1 BUopa3Aa-
raemocTb. [IpOBEAEHHbIE B PAAE CTPaH MCCAEAOBAHUSA
nokasanu [9-16], UTo Ha OCHOBE LLEEAAOAO3bI, BBIAEAEHHOM
U3 aAbTEPHATUBHbIX PACTUTEAbHbBIX UCTOYHMKOB, BOSMOXHO
NOAyYeHWE LUMPOKOWM HOMeHKAaTYpbl HLL. CAepyeT OTMETUTD,
YTO NepeyeHb TaKoro POAA MCTOUHMKOB Cblpbs €XXETOAHO
NOMOAHSIETCS, @ CNOCO6bI NMOAYUYEHNWSI BbICOKOKAYECTBEHHOM
LEeAAOAO3bI AASt HLL NOCTOSIHHO COBEPLLEHCTBYHOTCA.

Ha TeppuTOpMK HalLen cTpaHbl B HACTOSALLEE BPEMS OAHWUM
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13 NEePCNEKTUBHbIX HALMOHAABHBIX CbIPbEBbIX PECYPCOB MOXET
6bITb paccMoTpeH MUcKaHTyc (Miscanthus x giganteus)
[17-20], B yaCTHOCTM COPT Kamuc, BKAKOUEHHbIN B rocyAap-
CTBEHHbIV CEAEKLMOHHBIV peecTp B 2018 roay. AaHHbIN copT
MUCKaHTYCa XapaKTepm3yeTCsi BbICOKOM NPOAYKTUBHOCTbIO
HauyMHasA co 2-3 ropa BbICAAKM MAQHTALMK U B CPEAHEM
coctaBasieT okono 18-20 T1/ra rop [21]. OAHAKO MCNOAb-
30BaHWE LEANONO3bI, BBIAGAEHHOW U3 NPEACTaBAEHHOTO
COopTa, B KauecTBe 06bEKTa XMMUUECKON GYHKLIMOHAAU3ALMM
B HL| A0 HacToSILLLErO BPEMEHM B MUPOBOM NPAKTUKE HE
M3YUYEHO U He OMUCaHO, 3a UCKALOUEHUEM COOCTBEHHbIX
€AMHUYHbIX PE3YALTATOB, YTO 0OYCAOBAMBAET HECOMHEHHYHO
aKTyaAbHOCTb AQHHOIO MCCAEAOBAHMUA.

Leasimun HacToswen paboTtbl ABASIAUCH CUHTES HL, U3
OMbITHOM NAPTUKU TEXHUUECKOW LEAAOAO3bI (TLL), BEIAEAEHHO
M3 MUCKaHTyca copTta KamMuc B OMbITHO-NPOMbILLIAEHHbIX
YCAOBUSIX; ONPEAEAEHNE OCHOBHbIX QYHKLMOHAAbHbIX U
OUBUKO-XMMUYECKUX CBOMCTB NOAYyUYeHHOro obpasua HL;
M3yyeHne CTPYKTYPHbIX 0COOEHHOCTEN OMbITHON NaPTUK
TL, v o6pasua HL, coBpeMeHHbIMU MHCTPYMEHTAAbHbIMU
MeTopaMKn nccnepoBaHua: UK-Oypbe CneKTpoCcKonuu,
pacTpOBOW 3NEKTPOHHOW MUKpockonuu (POM), coBme-
LeHHoro TepmorpasumeTpudeckoro (TrA) n anddpepen-
uManbHO-TepMmuyeckoro (ATA) aHaAM30B.

SKCMNEPUMEHTAABHAA YACTb

B kauecTBe MCXOAHOTO Chbipbs BblAa MCNOAb30BaHa cyxas
6uomacca muckaHTtyca (Miscanthus x giganteus) copta
Kamuc maccomn 30 kr, npepoctaBaeHHas 000 «Mactep
BP3HA» (noc. MuTuHKa, Kaayxckas obaactb, Poccus).
Cbipbe NMPEABApPUTEABHO U3MEABYAAM HA COAOMOPE3KE
M otTbupanu o¢pakuuio pasMepomM vactul, 2,5-8 mm.
BbiaeneHre onbITHOM napTum TLL BeAn B OMbITHO-NPOMBILL-
AEHHBIX YCAOBUAX MyTEM MOCAEAOBATEAbHOM 06pPaboTKK
Cbipbsa pa3baBAEHHbIMUW PAacTBOPAMM a30THOM KMCAOTbI 1
TMAPOKCHA@ HaTpus [22]. Mpouecc 06paboTku NPOBOAWAKM B
peakTope o6bemoMm 250 A nNpu nepemellnBaHun. B Taba. 1
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NpeACTaBAEHbl KOMMOHEHTHbIM COCTaB CblPbS M OMbITHOM
napTuu TLL, onpeaeneHHble Mo 06LLENPHUHSATLIM B MUPOBOM
npakTnke metopam [23] Ha cepTUOULIMPOBAHHOM aHaAK-
TUYeCcKoM 060pyAOBaHWMN.

CuHTe3 HLL npoBOAWAK C MCNOAB3OBAHUEM NPOMbILL-
AEHHO AOCTYMHOW CEPHO-a30THOM KMCAOTHOM CMECH B
paHee yCTaHOBAEHHbIX HAMMW AAS HETPAAMLMOHHOTO pac-
TUTEABHOTO Cbipbs YeAOBUSX [9-11]. OCHOBHblE QYHKLMK-
OHaAbHble cBoicTBa HLL 6bIAM onpeaeneHbl COrAacHO
nceaepoBanuam [9-11]. M.a. asota B HL, onpeaensnm
deppocyrbdatHbiM cnocobom [24], KOTopbI OCHOBaH Ha
oMblAeHMN HLL KOHUEHTPUPOBAHHON CEPHOM KUCAOTOM
M BOCCTAHOBAEHWMW 06pa30BaBLIENCA a30THOM KUCAOTbI
cyabdatom xenesa (ll) oo okcraa asota (Il), koTopas ¢
M36bITKOM MOCAeAHEro 06pa3yeT KOMNAEKCHOE COEAM-
Hexue [Fe(NO)]SO,, okpalunBatoLee pacTBop B XEATO-
BaTO-p030BbIN LBET. PacTtBopumocTb HL (1 r) B auetoHe
(50 mMA) onpepensnn nyTeM GUALTPaLMM HEPACTBOPUMOrO
B alleToHe ocTaTka HL, ¢ nocaeaytowmm BbiCyLIMBAHUEM
n B3BelnBaHneM. BaskocTb HLL onpeaeaaan nytem name-
peHusi BpeMEHU UCTeueHus 2%-ro aLeToHOBOro pactesopa
U3 KanNUAAAPHOIO CTEKAAAHHOIO BUCKo3MmeTpa BIMK-1
(000 «39kpocxmm», Poccus). PactBopmumocTb HL, ycta-
HaBAMBaAM MO METOAY, OCHOBAHHOMY Ha pacTBOPEHWMU
HL, B cnuptoadupHom pactBoputene npu 06bEMHOM
COOTHOLUEHWN 3TUAOBOIO CNMPTa K AUSTUAOBOMY 3OUPY,
paBHOM 1:2, ¢ nocAeAyoLEN GUABTPALMEN, CYLLKOW U
B3BeLlMBaHWK HePaCTBOPMBLLEroca octaTka. Boixoa HL,
paccuuTbiBaAM N0 GOPMYAE:

W= (mnp><100)/ m

X’

rAe m - Macca CUHTe3MPOBAHHOrO HU, r; m, - Mmacca
ncxopHom T, .

OnbiTHas naptus T 1 obpasel, HLL 6biAn UcCAEAOBaAHbI
meTtopamu MK-Oypbe cneKTPOCKONMMU C UCMOAB30BAHUEM
dypbe-cnektpometpa GT-801 (000 HIM «Atomake-Crbupb»,
Poccus) B aanasoHe yactor 4000-500 cm?, POM npu
NMOMOLLM CKaHWPYHOLLErO SAEKTPOHHOIO MMKpockona JEOL
GSM 840 (Jeol Ltd., AnoHua). 06paseL, HL, 6biA MccrepoBaH
coBmecTHbiM TTA/ATA Ha TepmoaHanunsatope TGA/DTG-60
(Shimadzu, ANoHKA) B CAEAYIOLLMX YCAOBUSAX: Macca HaBeCKU
- 0,5 mr, ckopocTb Harpesa - 10 °C/MWH, MakCcMMaAbHas
Temneparypa - 350 °C, cpepa UHEPTHAA — a30T.

PaboTta BbINOAHEHA C UCMOAb30BaHWEM NPUOOPHOM
6a3bl BUIICKOro PerMoHaAbHOro LIEHTPA KOAAEKTUBHOIO
nonb3oBaHusa CO PAH.

OBCY)XAEHUE PE3YABTATOB
B pesyAbTaTe BbINMOAHEHHbIX MCCAEAOBaHWM Mo onpeae-

AEHWUIO KOMMOHEHTHOrO COCTaBa MUCKaHTyca copta Kamuc
(cm. TabA. 1) 6bIAO YCTAHOBAEHO, UTO MPEACTABAEHHbIN COPT
XapaKTepnayeTcsa BbICOKUM COAEPXaHUEM LIEAAOAO3bI MO
KropHepy (50,2%) npyv OTHOCUTEABHO HU3KUX YPOBHAX
AMrHuHa (19,5%) 1 3061 (1,63%). M.A. NEHTO3aHOB COCTaBMAA
21,2%. B ueAOM KOMMOHEHTHbIV COCTaB MUCKaHTyca copTta
Kamuc conoctaBum ¢ Apyrumun coptamu Miscanthus x
giganteus [25, 26].

COrnacHO AaHHbIM, MPEACTABAEHHbIM B TabA. 1, NOAy-
UEHHas B OMbITHO-NMPOMbILIAEHHbIX YCAOBHSX OMbITHAs NapTus
TLL xapakTepur3yeTca BbICOKUMU 3HAYEHUAMU M.A. G-LLEA-
AONO3bI - 92,8% 1 cTeneHun noanmepusdaumm (CI) - 1200
C CYMMaApPHOM M.A. HELLEAAOAO3bIX KOMMOHEHTOB 3,13%.

YuntbiBasn TpeboBaHWA, NPEAbABASEMbIE K LIEAAFOAO3E,
NPUrOAHON AASE XMMUYECKOW nepepaboTkn (MUHUMaAbHOE
COAEPXAHME AMTHUHA, FEMULIEAAONO3, 30Abl M MOCTOPOHHMX
BKAKOUEHWI), T.€. K BbICOKOKAUYECTBEHHOM LIeAAOAO3E [15],
B LLEAOM PEe3yAbTaTbl, MOAYUYEHHbIE NO KAYeCTBY OMbITHOM
naptuu TLl, BbIAEAEHHOW a30THOKUCAbIM criocobom K3
MWCKaHTyca copta Kamuc B OMbITHO-NPOMbILLIAEHHbIX
YCAOBMUSIX, HE UCKAKOUYAKOT BO3MOXHOCTU €€ yCMneLlHOn
XUMUYECKON MOANDUKALMN B BbiICOKOKauecTBeHHble HLI.

AHaAM3 MUPOBOM AUTEpPATYpPbl B 06AaCTM cUHTE3a HL|
nokasaa, 4to noayyeHve HLL BO3MOXHO M3 LIEAAOAOS,
BbIAEAEHHbIX M3 LUIMPOKOro MHOroobpasns LLEAAOAO30-
COAEPXALLEro PaACTUTEABHOrO Chipbsi (TAbA. 2). Kpome
TOro, MMPOBbLIMM YYEHBIMW NOKa3aHa HE TOAbKO NMPUHLK-
nManbHasi BO3MOXHOCTb MOAyveHust HL, ¢ lumpokum pna-
na3oHomM no m.A. a3ota - 10,80-12,40% [25-28], HO
M BO3MOXHOCTb MOAyYeHust HL, ¢ yAOBAETBOPUTEAbHbIMMU
bYHKUMOHAAbHBIMK CBOWCTBaMM, BKAKOUASA BA3KOCTb U pac-
TBOPUMOCTb [13-15, 19-24, 29-31]. Takxe BO MHOIMX
paboTtax Mmeetcss MHGopMaLuma o6 nccaepoBaHmuax HL,
M3 aAbTEPHATMBHOIO Cbipb COBPEMEHHBLIMWU MHCTPY-
MEHTaAbHbIMU METOAAMMU, MOATBEPXAAOLLLAS MOAYUYEHWE
MMEHHO a30THOKMCAbIX 3QUPOB LIEAAOAO3bI C YHUKAABHOWM
MOpPdOAOTMEN BOAOKHA.

B pesyAbTate aHaAM3a MUPOBOM AUTEPATYpPbl B 0bAaCTH
aAbTEPHATMBHbIX PACTUTEAbHbIX UCTOYHUKOB LEEAAKOAO3bI,
NPUrOAHbIX AASI CUMHTE3a HL, (TabA. 2), ycTaHOBAEHO, UTO
npUMepPbl XUMUUYECKON GYHKLIMOHAAM3ALIMM LLEAAOAO3bI U3
MWCKaHTyCa ruraHTckoro copta Kamuc B HL otcytcTBytOT
B MMPOBOM NpPaKTHKe.

CoraacHo pesyabtatam, NPeACTaBAEHHbIM B TabA. 2,
NMOAYUYEHHbIN MPU UCMOAb30BAHUU MPOMBbILLAEHHOW Cep-
HO-a30THOM KMCAOTHOM cMecu obpasel, HLL n3 onbITHOM
naptuu TLL xapaktepusyeTtca CAEAYOLMMU OCHOBHbIMM
dYHKUMOHAAbHbIMK CBOWMCTBaMM: M.A. a30Ta — 11,18%,
BA3KOCTb — 48 mMlla-c, pacTBOPMMOCTb B CMMPTOIPUPHOM
cmecH - 94%. Kpome Toro, npeaenbHo Bbicokas 100%-5

Tabauua 1. KOMNOHEHTHbIN cocTaB MUWCKaHTyca copta Kamuc u OMbITHOWM napTtmu TEXHUYECKOIN LIEAAFOAO3bI, BIAEAEHHON U3 HETO

a30THOKMCAbIM CNocobom B OMbITHO-NPOMBbILUAEHHbIX YCAOBUAX

Table 1. Components of Miscanthus x giganteus var. KAMIS and of the pilot batch of cellulose pulp isolated therefrom by the

nitric acid method under pilot production conditions

M.A. KOMMOHEHTOB*, % CTteneHb
HanmeHoBaHue obpasua
LeAAOAO3a AWUFHUH NeHTo3aHbl 30Aa NoAMMEpPU3aLIMK
MuckaHTyC 50,2+0,5** 19,50+0,5 21,2+0,5 1,63+0,05 -
TEXHUHECKAA LEANONOSA U | o) g, () sikx | 1,1040,05 1,60+0,05 0,43+0,05 1200
MWUCKaHTyCca

lMpumeyaHue. * - B nepecyeTe Ha abCOAIOTHO CyX0€e Cbipbe; ** — LeAAOAO3a NO KIopLLIHEpY; * ** — -LeAAOA03a.
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Tabauua 2. CBolicTBa 06pa3LI,OB HUTPAToOB LUEAAOAO3bI U3 aAbTEPHATUBHbLIX PACTUTEAbHbIX NCTOYHUKOB CbIPbA

Table 2. Properties of cellulose nitrates obtained from alternative plant feedstocks

MCTOYHMK LLEAAIOAO3DI OCHOBHble GYHKLMOHAAbHbIE CBOMCTBA HUTPATOB 218 PAOM TrA/ATA Ccbinka
AASl CUHTE3a HUTPATOB LLEAAKOAO3bI (THMP,°C) Ha
LEAAOAO3bI WUCTOYHUK
M.A. a30Ta, % YCAOBHasi pacTBOPUMOCTbL™,
BA3KOCTb, M[1a %
8,90-12,40 2-24 —kx - - - 15
N\eH-poATYHEL, 10,64-12,41 0,6-15,8 100 + + 196-
198 16
NeH-pOATYHEL, 12,03 10,6 100 - - -
27
(copT MepeauH) 12,10 15,8 100 - - -
Conoma 12,23-12,34 2,7-16,0 95-96 + - 198 28
AbHa-MeXeyMKa 11,99-12,08 8,0-12,0 98 + + - 29
MeHbka 12,40 4,2 - + - - 30
12,40 - - + - - 31
ApeBecHbIe OMUAKK 11,20-12,40 - - - - - 32
Prusodopa 11,40 - - - - -
Kenadp 11,30 - - - - - 12
MacanyHaa nanbMa 10,80 - - - - -
C1ebAn Tabaka 11,00-11,50 - - - - - 13
CT1ebAU rOpbKOro 12,50 79 _ + + 194 14
6ambyka
n 6 12,08-12,18 12-15 98 + - - 9
OQ‘C)QOB"'G 0DonoHKM 12,12 10 98 + - 205 10
11,61 93 91 + + - 11
Miscanthus sacchari- 11,85 18 97 + + 201 33
fl Maxim.
orus (Maxim.) copta |44 24 15 39 9-35 93-98 + + 198 34
CopaHoBCKuI
Mlscanthus X 1118 48 94 + + 197 AaHHas
giganteus copTta Kamuc pabota

lpumeyaHue. * - ykasaHa pacTBOPUMOCTb HUTPATOB LLEAAKOAO3bI B CMUPTOIGUPHOM PacTBOPUTEAE; * * — AQHHbIE OTCYTCTBYIOT B

nyoAMKaumn.

pactBopuMMOCTb 06pa3ua HLL B aueToHe NoaATBEpPXAAET
NoAyYEHME UMEHHO a30THOKUCAbIX 3OUPOB LEAAOAO3bI
[35]. HeobXx0AMMO NOAYEPKHYTb, UTO CUHTE3 HL xapakTe-
pu3yeTcs BbICOKMM 3HauYeHueM Bbixopa — 150%.

Ha puc. 1 npeacTtaBAEHbl pe3yAbTaTbl MICCAEAOBAHUSA
MeTopom UK-Oypbe cnekTpockonuu [36, 37] onbIiTHOM
naptun TL, 3 mMuckaHTtyca copta KamMuc 1 CUHTE3UPO-
BaHHOro obpasua HLL.

B MK-cnekTtpe onbiTHOM napTtuu TLL (puc. 1, a) BbIABAEHO
HaAMUME OCHOBHbIX GYHKUMOHaAbHbIX rpynn (3384,
2902, 1639, 1428, 1370, 1319, 1161, 700-500 cm?),
NO3BOASIOLMX MAEHTUOULMPOBATL ONbITHYO NapTuio TL|
M3 MUCKaHTyca copta Kamnc Kak LLEAAHOAO3Y, COoMnocTa-
BMMYHO MO NMMKaM BaAEHTHbIX KOAeBaHWI C KAACCUUYECKOM
LEeAAON030M [15]. O6HapyXeHO, YTO B CNEKTPE OMNbITHOM
naptuu TL, (cm. puc. 1, a) OTCYyTCTBYIOT MUKN BAAEHTHbIX
konebaHWi, OTBEYaloLME 3a HaAUUME MPUMECHbBIX KOM-
NMOHEHTOB: @apOMaTUYECKUX CTPYKTYP AMIHWMHA — OKOAO
1500 cM™ 1 remuLeAntonos - okono 1700 cm, uTto elle
pa3 NOATBEPXAAET BbICOKOE KayecTso TLI.

B UK-cnektpe HL, (puc. 1, b) 3apernctpnpoBaHbl Xxapak-
TEPUCTUYECKME YaCTOTbl, CBUAETEABCTBYIOLLME O MOAYYEHMM
WMEHHO a30THOKMCAOTO adu1pa LeAAtoA03bl (1659, 1278,
834, 746, 683 cMm™). UIHTEHCUBHAA MOAOCA MOMAOLLIEHUSA

305  e—————————————————————————————————

B o6racTn 1659 cm™ otBeuaet 3a konebanus v (NO,)
HUTPATHBIX Fpynn, CBA3aHHbIX ¢ CH,-rpynnamu ratokonu-
paHo3HbIX UMKAOB HLL (moAoxeHue C(e)). [Moaoca noraoweHus
B 06AacTM 1278 cM™* MOXET ObiTb OTHECEHA K BAAEHTHbIM
CUMMETPUYHBIM KOAEOAHUSIM HUTPATHbIX rpynmn. MoAocChI
noraolleHuss B obaactsax 834, 746 n 683 cm™ cooTBeT-
CTBYIOT KOAeOAHMSIM HATPATHbIX FPYNN; BAAEHTHOMY v.(NO,),
BeepHomy Y, (NO,) 1 HoxXHUuHOMY 6(NO,) COOTBETCTBEHHO.

MOMWMO OCHOBHbIX MOAOC MOFAOLLEHMS, OTBEYAIOLLMX
3a BaAEHTHble KOAeDOaHUSI HUTPaTHbIX rpynmn, B 06AacTH
3700-3200 cM? copepxaTtcsi MUKKM BAAEHTHbIX KOAE-
6aHuii v(OH) B BUAE LLIMPOKOW MOAOCHI CAOXHOMO KOHTYPA,
YTO CBUAETEALCTBYET O HEMOAHOM 3ameLteHun HLU,. Mnku
BaAEHTHbIX KOAeBaHUI B AaHHOM 06AACTM NpUHaAAeXaT
rTMAPOKCUAbHBIM rpynnam HL, yyacTBytoLimm B 06paso-
BaHWWM BOAOPOAHbIX CBAA3EMN, U ABASILOTCA XapaKTepPHbIM
NPU3HAKOM XMMUYECKOM HEOAHOPOAHOCTU CAOXHOI0 adupa.
MoAyyeHHbIE A@HHbBIE XOPOLLO COrAacytoTCsl C AaHHbIMU
AASI APYTUX @AbTEPHATUBHbBIX UCTOUHKWKOB HLL [9-11, 14,
16, 28-31, 38-41].

Ha puc. 2 npeacTaBA€Hbl MUKPOOTOrpadum (AnanasoH
yBeAnyeHuin x200 1 x50000 pas) onbiTHOM napTum TL, 13
MUCKaHTyca copta Kamuc (puc. 2, a, b) U CUHTE3MPOBAHHOMO
ob6pasua HL, (puc. 2, ¢, d).

https://vuzbiochemi.elpub.ru/jour



KopyaruHa A.A. CHHTE3 HUTPaTOB LIEANIONO03bI U3 LIEAAFOAO3bI MUCKAHTYCa ...
Korchagina A.A. Synthesis of cellulose nitrates from Miscanthus ...
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Puc. 1. UK-cnekTpbl: @ - ONbITHOM NAapTUK TEXHUYECKON LIEAAFOAO3bI U3 MUCKaHTyca copTa Kamuc; b - obpasel, HUTpaToB
LIEAAOAO3bI M3 OMbITHOM NapTUK TEXHUYECKOM LIEAAOAO3bI MUCKaHTYCa copta Kamuc

Fig. 1. IR spectra: a - pilot batch of cellulose pulp from Miscanthus x giganteus var. KAMIS; b - cellulose nitrate sample from
the pilot batch of cellulose pulp

o o

qoopA [ 7z 2keV 100pA  207pm

5.01mm ANALYSIS 519 mm ANALYSIS 9.84 mm ANALYSIS 4.95mm

a
Puc. 2. Mukpodotorpadum onbITHOM NapTUM TEXHUUYECKOM LIEAAFOAO3bI U3 MUCKaHTyca copTa Kamuc (a, b) U HUTPATOB LLEAAOAO3bI
M3 OMNbITHOM NapTUM TEXHUUYECKOM LLEAAKOAO3bI MUCKaHTyca copta Kamuc (c, d)

Fig. 2. SEM images of pilot batch of cellulose pulp from Miscanthus x giganteus var. KAMIS (a, b) and cellulose nitrate from the
pilot batch of cellulose pulp (c, d)

ONEKTPOHHO-MUKPOCKOMUYECKOE  WCCAEAOBaHMWE HO-a30THOW KUCAOTHOW CMECbHI HUTPATLEAAIOANO3HbIE
nokasano, 4to onbiTHaA napTtus TL, (puc. 2, a) npea- BOAOKHA B OCHOBHOM COXPaHsitoT $OpMy BOAOKOH
CcTaBAsieT cO60M CMeCb, COCTOSILLLYHO M3 HEOAHOPOAHBIX — UCXOAHOM TLL. HE06X0AMMO OTMETUTL, UTO B pe3yAbTaTe
no dopme 1 pazmepam Tpy6Ko0Opa3HbIX LLIEAAFOAO3HBIX  HabyxaHua BOAOKOH TL, B peakLMOHHOW CMecH BOAOKHA
BOAOKOH, MOBEPXHOCTb KOTOPbIX XapaKTepusyeTtcs HL, ctaHoBATCA 6oAee 06 bEMHBIMU, @ MX MOBEPXHOCTb
HaAMuMEM MUKpPOLLEpoxoBaTocTen (puc. 2, b). CornacHo cranaxuBaetca (puc. 2, d). CpaBHUBas MopdOAOTULO
puc. 2, ¢, B peayAabtate 06paboTku ncxopaHon TLL cep- BOAOKOH MCXOAHOWM LIEAAOAO3bI U MOPGDOAOTHIO HUTPAT-

https://vuzbiochemi.elpub.ru/jour E—— — — — — —— 300



U3BECTHS BY30B. MIPUKNAAHASA XUMWUSA U BUOTEXHOAOINA 2023 Tom 13 N 3
PROCEEDINGS OF UNIVERSITIES. APPLIED CHEMISTRY AND BIOTECHNOLOGY 2023 Vol. 13 No.3

LEAAOAO3HBIX BOAOKOH, CUHTE3UPOBaHHbIX HLL M3 Apyrux
aAbTEPHATUBHbIX UCTOYHMKOB, MOXHO KOHCTaTUpOBaTh
MX CXOACTBO MO HEOAHOPOAHOCTU GOPMbI M pasmepam, a
TakXe Mo UX BUAOU3MEHEHMIO N0 OKOHYAHWUWU HUTPOBAHUSA —
yBEAUYEHWNIO B 06beME M CTAaXUBaAHMIO NOBEPXHOCTH
[11, 14, 16, 29, 33, 38, 39].

B pesyasTate AOMOAHUTEABHOTO UCCAEAOBAHWUA CUHTE3U-
poBaHHOro obpasua HL, n3 onbiTHOM Naptum TLL MUCKaHTyca
copTa Kamuc metopom coBmellleHHoro TITA/ATA ycTaHOBAEHbI
BbICOKWE 3HaUYeHUA TemnepaTtypbl Hauana UHTEHCUBHOIO
pa3noxeHusa HLL - 197 °C n yaeAbHOM TEMAOTbI Pa3no-
XeHus - 6,92 KAX/T. Kpome Toro, 06HapyXeHo, 4to TepMH-
yeckoe pasnoxeHune obpasia coctaBuno 93%. MoayueHHble
A@HHblE CBMAETEABCTBYIOT O BbICOKOM XMMMUUYECKOMW YMCTOTE
CUHTE3MPOBAHHOIO NPOAYKTA. B cpaBHEHWM C A@HHBIMM
Temneparypbl Ha4ana UHTEHCUBHOIO pa3noxeHusa HL, n3
APYTMX UCTOYHUKOB MOXHO OTMETUTb MX BAM3KOE COOTBET-
cteue [10, 11, 14, 16, 28, 33, 34, 38-41].

BbIBOAbI

Ha ocHOBe MUCKaHTyCca rMraHTCcKoro copta Kammc c
copepXaHueM LeAntono3bl No KropuHepy 50,2% B yCAOBUAX
OMbITHO-MPOMbILIAEHHOTO NPOU3BOACTBA a30THOKUCABIM
cnocobom BblAEAEHA OMbITHasA napTus TLL, xapakTepuayto-
LLLaACH BbICOKUMU 3HAUEHUAMU M.A. B-LEAAKOAO3bI - 92,8%
1 CI - 1200. B pesyabtate 06paboTku ONbITHOM NapTum
TLL npOMBbILLIAEHHOW CEPHO-a30THOM KUCAOTHOM CMEChHO
noayyeH obpasel, HLL ¢ 0CHOBHbIMU GYHKLIMOHAABHbBIMM

cBoOMCTBaMU: M.A. a3oTa 11,18%, BsaskocTbio 48 mlla-c
M pacTBopMMOCTbio 94%. BbisiBAeHO, UTO 06pa3sel, HL,
XxapakTepusyetca NpeAeAbHO BbICOKOW pacTBOPUMOCTBIO
B aueToHe - 100% ¥ BbICOKMM 3HaYeHWeM BbiXxopa -
150%. MeTtopom NK-Oypbe CNeKTPOCKONMM yCTAaHOBAEHA
NPUHAAANEXHOCTb OnbITHOM nmaptuu TL, (3384, 2902,
1639, 1428, 1370, 1319, 1161, 700-500 cm™?) K LeA-
AOAO3e, a 06pasua HL, Ha ee ocHoBe (1659, 1278, 834,
746, 683 cM™) - K a30THOKUCAOMY 3GUPY LIEAAOAO3bI.
MeTtopom P3OM obHapyxeHo, 4To onbiTHaA naptua TL, u3
MWCKaHTyca copTa Kamuc npeactaBasieT coboi CMeCh,
COCTOSLLYHO M3 HEOAHOPOAHbIX MO GOpMe U padmepam
TPY6KOO6pa3HbIX BOAOKOH, HA MOBEPXHOCTW KOTOPbIX
MMEITCA MUKpOLLEepPOXoBaTocTU. BonokHa o6pa3sua HL,
B OCHOBHOM COXpaHsaoT GopMy BOAOKOH McxoaHOM TL, ¢
He3HaUMTEAbHbIM YBEAUYEHMEM NO 06beMy. [TOBEPXHOCTb
HUTPATLLEAAFOAO3HbIX BOAOKOH B pe3yAbTate 06paboTku
peaKLMOHHOW CMECHIO CTAHOBUTCS Boaee rAapkoi. MeToaom
coBMelLeHHoro TFTA/ATA ycTaHOBAEHbI BbICOKas TeMre-
paTypa Hayana MHTEHCUBHOIO pa3noxeHus - 197 °C
M yAeAbHas TENAOTA pas3AOXeHusa - 6,92 KAX/T, 4uTo
CBWAETEAbCTBYET O BbICOKON XMMUUECKOM uncToTe HLL.
MpakTnyeckaa 3HaYMMOCTb NPEACTABAEHHbIX B AQHHOM
paboTe pe3yAbTaToB 3aKAKOUAETCSl B UCMOAb30BaAHUN B
KauyecTBe CbIPbsA AAF XUMUUYECKON GYHKLMOHAAM3ALMN B
LUMPOKO BocTpeboBaHHbIe HL, HOBOro NnepcnekTMBHOMO
aAbTEPHATUMBHOMO CbIPbEBOr0 pecypca - MWUCKaHTyca
TMraHTCKoOro copta Kamuc.
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Copep)xaHue KapoTMHOUAOB B NAOAAX abpukoca
Prunus armeniaca L. B 3aBUCUMOCTU OT cnocoba nsBnevyeHuUs

M.B. CemeHoBa™, A.Il. KykauHa, B.B. KoHapaTtbeBa, A.C. OnexHoBuY, T.B. BopoHkoBa
IaBHbIN 6oTaHmu4yeckmi caa uM. H.B. LinumnHa PAH, r. MockBa, Poccurickas ®eaepaLms

AHHoTauus. B cepeanHe XX Beka B MockBe, B [A\aBHOM 6oTaHuyeckom caay mm. H.B. LuumHa PAH, 6bin cobpaH
LIEHHbIN reHopOoHA abpuKoca, OTAMYAIOLLIMIACSA BbICOKMM pa3Hoo0bpasmneM m XopoLLer 3MMOCTONKOCTbI0. Ha ocHoBe
aToro reHopoHAa N.A. KpamapeHKo npoBeAa CEAEKLIMOHHYIO paboTy o BbIBEAEHMHO 3MMOCTONKMX COPTOB abpuKoca,
KOTOpble ObiAM BKAHOUEHbI B [OCPEECTP CEAEKLIMOHHBIX AOCTMXEHUHI Poccurickon ®eaepaumn: Aricbepr, Boaored,
IBuaHu, \eab, Llapckuii v Ap. AASt AaAbHeNLLEN paboTbl HEOBXOAMMO MOHMMATb, B KAKOM CTENEHM COPTa HaChILLIEHbI
KapoTUHOMAAMM, YTOObI ONMPATHLCS Ha 3T AQHHbIE B CEAEKLIMOHHOM 0T60pEe. OnpeAereHO CoOAepXaHNE KapOTUHOMAOB
B nAoaax abpukoca (Prunus armeniaca L., Rosaceae) copToB MOCKOBCKOM ceAekLmmn — Aricbepr, Boaoned, BuaHu,
NeAb, Lapckuii u 3a4atbeBCKkuUi. 3aaaya U3yYeHnsi COCTOSIA@ B MCIOAb30BaHMMN Pa3AMUYHbIX METOAMK SKCTPAKLIMU
pacTUTEAbHOrO CblpPbSi, CTOCOOCTBYIOLLMX ONTUMaAbHOMY M3BAEUEHUIO CYMMbI KapOTMHOMAOB B NAOAaX abpukoca.
B KauecTBe 3KCTpareHToB UCMOAb30BaHbl rekcaH, 96%-1 aTaHOA NpU KOMHATHOM TEMepaType U 3TaHOA B BOASIHOM
baHe npu Temneparype 60 °C (40 muH). Hanboree BbICOKOE COAepXaHME KapOTUMHOMAOB OTMEYEHO Y COPTOB /\eAb
(31,73 mr%) n Boaonet (31,77 mr%), HaumeHsbliee - y 0oT6opHoOro obpasua 3avarbeBckuii (11,93 mr%). B pacuer-
HO-3KCrnepnMeHTaAbHbIX MCCAEAOBaAHUAX UCINIOAb30OBaHNE HECKOAbKNX paCTBOpMTe/\eI;I MO3BOASAET MOBbICUTb AOCTO-
BEPHOCTb OMPEAEANEHUS 3HAUEHMI CYMMbl KAPOTMHOMAOB B PACTUTEAbHbIX 0ObEKTaX. BbIBAEHHbIN AMana3oH COAep-
)KaHWsI KapPOTUHOMAOB MOXET ObITb MCMOAL30BaH AASI XapaKTEPUCTUKU M ONMCaHMSI NePCNEKTUBHBIX GOPM rpu MpoBe-
AEHWU CEAEKLIMOHHOM paboThl, HarnpaBAEHHOM Ha NoAyYeHMe HOBbIX COPTOB, 06AaAAIOLLMX MOAE3HbIMW KayeCcTBaMM
AAS1 3A0POBbS.

KaroueBblie cnoBa: Prunus armeniaca, nAoA, KapOTUHOUABI, SKCTpareHT, YO-crneKTpopoToMmeTpus

BhraroaapHocTu. ABTOpbl bAaroaapHsl K.6.H. A\.A. KpamapeHko, K.papm.H. H.C. Libibyabko, O.A. EHMHOM 3@ NOMOLLb B
[MOArOTOBKE 3KCrepumMeHTa n 0POPMAEHUN PE3YALTATOB.

®uHaHcupoBaHme. Pabota BbinoAHeHa Mo Teme «buororuyeckoe pazHoobpasame nprupoAHON U KYAbTYPHOM GAOPbI:
dyHAaMEHTaAbHbIE M NMPUKAGAHbIE BOMPOCHI M3YUYEHWST U COXPaHeHus», HoMmep rocpernctpaumnm 122042700002-6
(rocyaapctBeHHoe 3aaaHne Ne 075-00745-22-01).

Ansa untupoBaHus: CemeHoBa M.B., KykanHa A.T., KoHapaTtbeBa B.B., OnexHoBuY A.C., BopoHkosa T.B. CoaepxaHue
KapOTMHOMAOB B MAOAAX abpukoca Prunus armeniaca L. B 3aBUCMMOCTH OT criocoba n3saeueHus // N3BecTusi By3oB.
MpuknapHas xumna u uotexHonoruns. 2023. T. 13. N 3. C. 402-408. https://doi.org/10.21285/2227-2925-2023-
13-3-402-408. EDN: HWYQXA.
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Carotenoid content in Prunus armeniaca L. apricot fruits
depending on the extraction method

Maria V. Semenova™, Alla G. Kuklina, Vera V. Kondratieva, Lyudmila S. Olekhnovich,
Tatiana V. Voronkova

N.V. Tsitsin Main Botanical Garden RAS, Moscow, Russian Federation

Abstract. In the middle of the 20th century, specialists of the Tsitsin Main Moscow Botanical Garden of the Russian
Academy of Sciences collected a valuable apricot gene pool characterized by high diversity and winter hardiness.
From this gene pool, L.A. Kramarenko carried out selection work to develop winter-hardy apricot varieties, such as
Aisberg, Vodoley, Guiani, Lel’, Tsarsky and others, which were included in the State Register of Breeding Achievements
of the Russian Federation. The use of these varieties in further selective breeding requires information on their
carotenoid content. In this work, we determine carotenoids in apricot (Prunus armeniaca L., Rosaceae) fruits of
Moscow breeding varieties Aisberg, Vodoley, Guiani, Lel’, Tsarsky and Zachat’ievsky. We employed different extraction
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methods of plant raw materials, contributing to the optimal extraction of carotenoids from apricot fruits. Extraction
was performed with hexane, 96% ethanol at room temperature, and EtOH heated to 60°C (water bath) for 40 min.
The highest carotenoid content was observed in Lel’ (31.73 mg%) and Vodoley (31.77 mg%) varieties, while the lowest
content was observed in the Zachat’ievsky sample (11.93 mg%). The application of multiple solvents increases the
reliability of determining carotenoids in plants for computational and experimental studies. The discovered range of
their content can be used for description of promising forms during breeding works. In this way, new and beneficial
for health varieties may emerge.

Keywords: Prunus armeniaca, fruit, carotenoids, extractant, UV-spectrophotometry
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BBEAEHUE

KapOoTMHOMABI — NPUPOAHBIE MUTMEHTbI, CUHTE3UPYE-
Mble B pacTeHusix. OHM OTHOCATCA K OMOAOTMYECKM
AKTMBHbIM BeLLLECTBaM U 0OAAAAIOT LLMPOKMM CMEKTPOM
bapMaKoAOrMYecKnx CBOWCTB. B opraHuame venoBeka
KapOTMHOMABI NOBBILLAKT MMMYHUTET, OKa3blBaKOT aHTU-
OKCMAGHTHOE, PaAM OMPOTEKTOPHOE M aHTUKaHLEPOreHHOoe
Bo3aencTeue [1-3].

Maoabl abpukoca (Prunus armeniaca L., Rosaceae)
OTAMYAIOTCA MUTATEABHOCTbIO, 06O0rallleHbl XW3HEHHO
BaXHbIMWU MPUPOAHbIMKM BellectBamu. OHWM copepxaT
caxapa, BKAKYalOLIME TAHOKO3Y, GPYKTO3Yy, MaAbTO3y,
padnHO3y U caxapody. B naopax MMeEKTCA KAeTyaTka,
XWPbl U OpPraHUYyecKne KUCAOTbI (ABAOYHAS, AMMOHHaS,
BWHHas, LlaBeAeBas, SHTapHaa U ManenHoBas). MAoabl
COAEPXaT MaKpo- U MUKPO3AEMEHTbI, B OCHOBHOM KaAWH,
docdop, KaAbLMI, MarHMi, B MEHbLLIEN CTENEHU — XEAE30,
HaTPWUM, LMHK, MeAb, MapraHeL, ceneH, 6op u Ap. [4-8].
MO MHTEHCUBHOCTU OKPACKW MSAKOTM MAOAOB abpukoca,
NoAO6HO 0BAENMXE U ThIKBE, MOXHO NMPEeANoAaraTb O HaAUYMK
61ONOTMUYECKM aKTUBHbIX BELLECTB — KAPOTMHOMAOB [9-13].

CornacHo AMTEpPATYpPHbIM A@HHbIM, COAEPXaHWE
KapOTMHOMAOB B NMAOAAX abprKoca 3HAUUTEABHO Pa3AK-
uaertcs. [pu aHaAn3e rpaBUMETPUYECKMM METOAOM B NMAOAAX
13 cpepHen noaockl Poccumn otmeueHo 0,7-3,0 Mr% kapo-
TUHOMAOB [9]. KOAOPUMETPUUECKUI METOA ONPEAEANEHHS
Ha abpukocax B OpAOBCKOM 0OAACTM NMOKa3aA HaAUuue
kapoTtnHonpos oT 1,0 oo 3,4 mr/100 r [14]. B copTax, KyAb-
TUBMPYEMbIX B YeXnu, HaAnune KapoTMHOMAOB BapbupyeT
01 0,44 po 1,4 mr/100 r cbiporo Beca [5]. AHaAU3 y36EKCKMX
COPTOB NOKa3an CoAepXaHWe KapOTUHOMAOB B NpeAenax
0,7-1,7 mr/100 r; y naopoB 13 3akapnatbs - 1,4 mr% [13].
B auTepatype umetotcs coobuieHns o 6oree BbICOKOM
COAEPXaHUN KapoTMHOMAOB. CopTa 13 UcnaHuu, aHaAu-
3UpyeMble METOAOM BbICOKOIDDEKTUBHOM XXMAKOCTHOM
xpomatorpadun (HPLC), copepxann 0,15-1,65 mr/100 r
KapoTMHOMAOB [15]. MpMBEAEHHbIE BbIlE PE3yAbTaThl
noAy4YeHbl 6€3 yKasaHus METOAMKM UAM GOPMYAbI pacyeTa
AMBO CO CCbINKOM Ha APYTMe NCTOUYHUKM.

B Typumn y pacnpocTpaHeHHbIXx COpToB abpukoca
KapoOTMHOMABbI OTMEYeHbl B AManazoHe ot 14,8 ao
91,9 mr/100 r abcoaoTHO cyxol Macchl [16]. CoranacHo
BblBOAaM A.l. KypersiHa, cnektporpaduyeckoe onpepereHne
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KapOTMHOMAOB C MCMOAB30BaHMEM OAHOIO PaCTBOPUTEASA
HEeAOCTaTOYHO [1].

Y abpukoca MAEHTUDULIMPOBAHbI CAEAYIOLLIME KAPOTUHOMADI:
aHTepaKCaHTUH, AOTEMH, 3€aKCaHTWH, [B-KPUMTOKCAHTMH,
13-Umc-B-KapoTuH, TpaHC-B-KapoTuH, 9-Lmc-B-KapOoTUH
n Ap. [11]. Ha nprmepe nAoAoB 13 Y3bekncTaHa NokasaHo,
yTO B-KapPOTUH cocTaBAsieT A0 60%, AoTeUH - 2,1%, 3eak-
caHTWH - 0,7% OT BCcel Maccbl KAPOTUHOMAOB [13].

B cepeanHe XX Beka B MockBe, B TAaBHOM HOTaHUUECKOM
capy um. H.B. UmumHa PAH (TBC PAH), 6bIAn cobpaH
LIEHHbIN reHOdOHA abpukoca, OTAMUAIOLLMIACA BbICOKUM
pa3Hoobpa3nem 1 xopoLei 3MMOCTOMKOCTbIO. Ha ocHoBe
atoro reHopoHaa N.A. KpamapeHko [17-19] npoBena
CENEKLMOHHYIO paboTy MO BbIBEAEHWUKD 3UMOCTOMKMUX
copToB abpukoca, KoTopble BbIAM BKAKOUEHBI B focpeecTp
CEAEKLMOHHbIX AOCTMXEHUH Poccuickon depepaumu:
Alicbepr, Boponen, lBuanu, Aeab, Llapckuii v Ap. AAA AaAb-
Henwen paboTbl HEOHXOAUMO NOHWMATb, B KAKOW CTEMEHM
COpTa HacblILLEHbI KAPOTUHOMAAMMU, YTOObI OMUPATLCA Ha 3TH
AaHHblE B CEAEKLMOHHOM OT6OpE.

LleAb paboTbl COCTOSIAG B KOAMYECTBEHHOM OMPEAEAEHWUM
CYMMbl KapOTMHOMAOB B MAOAax abpukoca y COpTOB
MOCKOBCKOM CeneKuMn. 3apada U3yyeHuss — cpaBHeEHWE
Pa3AMUYHbIX METOAMK SKCTPAKLUMKU PACTUTEABHOIO CbIpbS,
€nocobCTBYHOLMX ONTUMAAbHOMY ONPEAEAEHUIO CYyMMbI
KapOTMHOWAOB.

SKCNEPUMEHTAABHAA YACTb

B kauecTBe 06bekTa UCCAEAOBAHUSI UCMOAb30BAAM
nAOAbl abprkoca 0bbIkHOBEHHOrO (Prunus armeniaca),
oTHocsiLMeca K coptam Aiicbepr, Boponel, Branu, Aenb,
Lapcknit 1 3auatbeBCKUn. AepeBbsa B Bo3pacTe 25 AeT
npouspactatoT B Mockse (yA. OCTOXEHKa, Ha TEPPUTOPUM
3auaTbeBCKOr0 XEHCKOro MoHacTbipst). O6pasubl 0TbKpanu B
asrycte 2022 ropa, no 20 NAOAOB KaXAOro copTa C AEPEBLEB
B CTAAMM TEXHUUYECKOM 3PENOCTU, KOTAA MAOABI AOCTUMAK
MaKCHMMaAbHbIX pa3mMepoB, MSIKOTb Bbira NAOTHasA. Becb
cobpaHHbI MaTepUan OUYULLLAAK OT CEMSAH U MOMELLAAU
B AabopaTopHbIiM CylnAbHbIM Wkad LWC-40 (3aBop
«INEKTPOAENOD», POCCHS) C NMPUHYAMTEABHOW KOHBEKLMEN
npu Temnepatype 60 °C, BbiCyluMBas AO OCTATOYHOM
BA@XHOCTU He 6onee 20%. Pe3yabTaTbl paccunTaHbl Ha
€AVHULY BO3AYLLIHO-CYXOW Macchl.
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OKCTPaKLUMS KapOTMHOMAOB. AN ONPEAEAEHNSA CYMMbI
KapOTUHOMAOB B NnepecyeTe Ha B-KapoTWH NPUMEHAAACH
mMeToamrkal [20], MoanduLMpoBaHHasn B Aabopatopun FBC
PAH. SKcTpakuusa pacTUTEABHOTO ChiPbA MPOBEAEHA pa3-
AMYHBIMK PACTBOPUTEASIMU NPW Pa3HOM TeMNnepaTypHOM
pexume. M3BECTHO, UYTO KapOTMHOMAbLI PAcTBOPAKOTCS B
CnMpTe PasAMUYHOM KOHUEHTPALMK, FeKcaHe, aueToHe u
np.*?[1, 20-22].

1 crnocob. B kauyecTBe 3KCTpareHta WCMoAb30BaAM
95%-1 aTaHOA. HaBeCKy BbICYLLEHHOIO U3MEABYEHHOTO
pacTUTeAbHOro Mmatepuana maccon 0,2 r pacTvpanu B
dapdopoBor cTynke ¢ 3 MA 96%-ro ataHoAa. MoAyUYeHHYHO
CMeCh NepeHoCHAK B NPobupky 06beMom 25 MA, A0baBASA
K OCTaTKy B CTYNKe HOBYHO MOPLIMIO IKCTPareHTa (2-3 MA),
3aTtemM AOBOAMAM A0 20 MA KUMALWMM 96%-M 3TaHOAOM.
MpobrpKy C IKCTPAKTOM 3aKpbiBaAK NPOOKON U OCTABAAAM
Ha 40 MWH NpW KOMHaTHOM TemnepaType (20-23 °C),
nepuoAMYECKN BCTPSIXMBaAS.

2 cnocob. B kauecTBe aKcTpareHTa Takxe NPUMEHSIAKU
96%-1 aTaHOA. [OAroTOBKY NPOo6 NPOBOAWAM aHAAOTMUHO
crnocoby 1. MpPobupKK C MOAyYEHHbIMU IKCTPAKTAMM
nomewarm Ha 40 MWMH B KUNSALLYO BOASHYH 6aHto,
NePUOAMYECKM BCTPSIXMBAS AASt CMbIBAHWS YaCTUL, CbiPbs CO
CTEHOK, 3aKpbiBaAK NPoOKo. 3aTem 06pasLibl OXAaXAAAN
AO KOMHaTHOM TeMnepaTypbl.

B AaAbHENLLIEM 3KCTPAKTbI, MOAyYeHHbIE 1 1 2 cnocobamu,
OUABTPOBAAU B MepHble KOADbI 06beMoM 25 MA vepes
6yMaXxHbI GUALTP (CPEAHUI LMpoKonopucTbii; Filtrak
389, [epmaHKs), CMOUYEHHbIM 3TAHOAOM, AOBOASI AO METKM.

3 cnocob. B kauectBe akcTpareHTa NPUMEHAAU rekcaH.
HaBecKky BbICYLLEHHOITO M3MEABYEHHOTO PAaCTUTEABHOTO
mMaTepuana Maccon 1 r pactupasu B apdopoBON CTynKe.
3ateM MOAYUYEHHYIO CMECb C HEOOAbLIMMU NOPLMUAMMU
rekcaHa nepeHoCHUAr B MepPHY0 KOABY 06 bemom 250 MA.
MPOAOAKUTEABHOCTb SKCTPaKLMK cocTaBAsiAa 40 MUH Npu
KoMHaTHOM Temnepatype (20-23 °C). DUAbTPOBAAK IKC-
TPAKT aHaAOrMYHO NPEAbIAYLLMM criocobam.

Y®-cnektpopoTomeTtpus. UsmepeHns NpOBOAMAKN Ha
cnektpodotometpe Specol 300 (Analytik Jena, lfepmanus)
npu AAMHE BOAHbI 450 HM B KIOBETE C TOALLMHOMN CAOS
10 mmMm. B kauecTBe pacTtBopa CpaBHEHUA MCMOAb30BAAU
COOTBETCTBYIOLLME IKCTPAreHTbl (3TaHoA 95%, rekcaH).

CoaepaHne KapoTMHOMAOB BbIYMCASIAM MO CAEAYIOLLEN
dopmyae*? [20, 23]:

DxV =100 x10
axk

X =

rae X - Mr% B nepecyeTte Ha B-kapoTuH; D - ontuyeckas
MAOTHOCTb NPUW ONPEAEAEHHON AAMHE BOAHBI, HM; V - 06beM
3KcTpakTa, MA; 100 - koapdMUMEHT nepecueTta B Mr%;
10 - copepxanue B-kapoTvHa B 1 MA; a - Macca HaBECKMU, T;
K - yAeAbHbI NOKa3aTeAb MOTAOLLEHNS B-KapoTHHa. AAS
aTaHoAa k = 2500, ana rekcaHa k= 2592 npu aAMHEe
BOAHbI 450 HM.

CTaTUCTUUYECKMI aHaAM3, BbINOAHEHHbIW B MporpaMmme
Microsoft Excel n PAST 4.10, N03BOAMA MPOBECTH OLEHKY

AOCTOBEPHOCTMU MOAYUYEHHbIX 3HAYEHUI, KOIPOULMEHTI
KOPPEAALMK (r) U MPOBECTU BU3yaAU3aLIMIO AAHHbIX MPK
Pa3AMUHbIX METOAAX U3BAEUEHUSI KAPOTUHOWMAOB.

OBCY)>XAEHUE PE3YAbBTATOB

PesyAbTaTbl, MOAYYEHHbIE 3KCMEPMMEHTAABHO C
3KCTpareHTamMu — 3TaHOAOM W FEKCaHOM, OTPaXeHbl Ha
puc. 1. OTMeueHo, uto Bonee HU3KaA IKCTPAKLMOHHASNA
CcnocobHOCTb Y aTaHOAa HabAOAAETCA NPU KOMHAaTHOM
Temnepartype. Mpu CnoAb30BaHKWM 3TAHOAA C HarpeBaHMEM
70 60 °C B TeueHne 40 MUH COAEPXKAHNE U3BAEYEHHbIX
NMUrMeHTOB BbIAO NOYTH B 2 pasa Bbille. PaHee Ha npumepe
MOPKOBM BbIAO MOKa3aHO, UTo NPU HarpeBaHWKU aTaHoOAa
pPacTBOPMMOCTb KAPOTMHOMAOB BO3pacTaeT [24], uTo coraa-
CYeTCs C HalMMK pedyabTaTamu. OAHAKO €CAM TEPMUYECKUIA
npouecc AAMTCS 6oaee 1 4, TO NPOUCXOANT TEPMOAECTPYKLMS
NPUPOAHbIX KAPOTUHONAOB [24].
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Puc. 1. CopepxaHne KapoTMHOMAOB B NAOAAX abprkoca npu
3KCTPaKLMKU pasAMUHbIMK crnocobamu (Mr% BO3AYLLIHO-CYXOW
mMaccbl). CtaHaapTHana ownbka: 1 cnocob - 4,46;

2 cnocob - 1,68; 3 crnocob - 4,45

Fig. 1. Carotenoids content in apricot fruits during extraction
by various means (mg% air-dry mass). Standard error:
1 way - 4.46; 2 way - 1.68; 3 way - 4.45

Mo AMTepaTypHbIM AQHHBIM COAEPXXAHWE B BbICYLLIEHHbIX
naopax obAenuxm Npu U3BAEYEHUU TOPAYMM ITAHOAOM
coctaBAAAo oT 16 po 55 mMr% [20]. Cymma KapOTUHOMAOB
B NMAOAAX LUMMOBHUKA MPU 3KCTPAKLMM FrEKCaHOM BapbK-
poBana ot 10 p0 74 Mr% B nepecuyete Ha abCOAOTHO
CyX0€e Cblpbe, UCMOAb3yeMoe AN NMPOM3BOACTBA MacAa
WnnoBHKKa [21]. Mpun aKCTPaKUMK reKcaHOM NP1 KOMHATHOM
TemnepaTtype CopepXaHne KapoTUHOMAOB B abBCOAKOTHO
CYXOM Macce CnMpyArHbl cocTaBaAano 20-40 mr% [22].
AaHHble aHaAM3a KapOTMHOMAOB AASI COPTOB abpurkoca
B Typumm (A0 92 Mr/100 r abCOAOTHO CyXol Macchl) [16]
COrAQCYHOTCS C HaLLMMK pe3yAbTaTaMMu.

TocypapcTBeHHasa dapmakones PO. XIV uspaHne. OC 42-3192-95. ObaenuxoBoe MacAo (Hippophaes oleum) [SAeKTPOHHbIM
pecypc]. URL: https://femb.ru/record/pharmacopeal4 (02.03.2023).
’TocypapcTBeHHana dapmakonea PO. XIV uspanune. ®C 2.5.01.06.18. LLinnosHKKa naoabl (Rosae fructus) [AeKTPOHHbIN pecypc].

URL: https://femb.ru/record/pharmacopeal4 (02.03.2023).
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Takum 06pa3oM, COAEPXAHWE KAPOTUMHOMAOB B
naoaax abpukoca, NoAyyeHHoe B UTore Hallewn paboTbl U
COCTaBMBLLEE B 3aBUCUMOCTU OT COPTa M UCMOAb3YEMOIO
3KcTpareHTa ot 12 oo 32 Mr% B nepecyeTe Ha BO3AYLLHO-
CYXYt0 Maccy, CONoCTaBUMO C A@HHbIMU, MPUBOAMMbIMU B
AUTEpaType Npu NCNOAb30BaAHUM METOAMK [OCYAAPCTBEHHOM
dapmakoneun POL2,

B onbite 0.B. TpuHeeBon u A.U. CanBkuHow [20]
AAS MIAOAOB 0OAENUXM HauMboAee MOAHasi 3KCTpaKLMsA
KapOTMHOMAOB AOCTUraeTcsi NPy UCNOAb30BaHUK B KAUeCTBE
pacTBOPUTEASl 3TAHOAA M FreKCcaHa, YTo BMOAHE COrAacyeTcst
C MOAYYEHHbIMW pe3yAbTaTaMu. B Hallem akcneprMMeHTe B
YCAOBMAX SKCTPAKLMK FEKCAHOM (KO3GPUUMEHT BapraLmm
CV=43,2%) n 96%-M 3TaHOAOM MpW HarpeBaHWM B
TeyeHne 40 MWUH Ha BoasiHOM 6aHe (CV=38,6%) noAyYeHbl
MaKCMMaAnbHble MOKa3aTeAM KapOTMHOMAOB. B onbiTe ¢
MCMOAb30BaHWEM 3TAHOAA NPU KOMHATHOM TemMnepaType
3HAYEeHUA CyMMbl KAPOTUHOMAOB MeHbLLe (CV=29,7%).

Mpn pasAMUHbIX METOAAX M3BAEUYEHMSI COXPaHAETCS
3aBUCHMOCTb KOAUYECTBEHHOTO COAEPXKAHNA KAPOTU-HOUAOB
0T copTa (TOAbKO Yy copTa Boaoner npv HarpeBaH1K aTaHOAa
OTMEYEHO yBEAUUYEHME COAEPXKAHNA KaPOTUHOMAOB). Ha
Hall B3rAsiA, ONTUMaAbHbIM CNOCOH ONPEAENEHUSI CYyMMbl
KapOTHHOMAOB B MSIKOTH BbICYLLEHHbIX MAOAOB abpUKOCOB -
aKcTpakuua 96%-m 3TaHOAOM. ITUAOBLIMA CIUPT UMEET
npevMyliecTsa 6€30nacHOCTH MO CPABHEHUIO C TEKCAHOM,
x0T 06a pacTBOpPUTEAR MOFYT WUCMNOAb30BATLCS AASA
3KCTPAKLMN KapOTUHOMAOB M3 NAOAOB abpukoca.

AaHHble HAOAIOAEHWI U pe3yAbTaTbl 3KCNEepUMEHTa
nokasblBatoT, UYTO MNAOAbI COPTOB abpukoca MOXHO
OTHECTU K LLEHHbIM KapOTUHOCOAEPXALLMM MPOAYKTaAM.
XapaktepucTnuka copTa /AeAb: MNAOAbI Maccor AO
15,2 1, KOXUUA U MAKOTb OpaHXxeBas. [pn aKcTpakLum
Tpems cnocobamu cymma KapOTMHOMAOB COCTaBASIET
31,73+7,04 mr% (CV=38,4%). CopT Boponei aBasieTcs
cesiHUEM copTta AeAb, UMEET MAOAbI Maccon po 13,7 T,
XEeATble, MHOTAA C PO30BbIM 6oYkoM. CymMa KapoTu-
HOMAOB TeM xe crnocobom coctaBafeT 31,77+8,20 mr%
(CV=44,7%). CopTt 'BMaHU: nA0Abl Maccom 16,6 T, Koxuua
opaHxeBas ¢ APKO-po30BbIM 6OUKOM. CyMMa KapOTMHOMAOB
- 24,07+4,98 mr% (CV=35,8%). CopT Llapckuit: naroabl
Maccom A0 24 T, XeATble C HEBbIPaXEHHbIM PYMSAHLEM.
Cymma KapoTMHonaoB - 18,43+2,97 mr% (CV=27,9%). Copt
Alicbepr: nAoAbl Maccow 15,8 1, XeAToBaTO-OpaHXeBbIE.
Cymma kapotuHonpoB - 16,80,4+2,22 mr% (CV=22,9%).
CopT 3auatbeBCKMIM He 3aperncTpupoBaH B focpeecTpe
P®. NMaoabl maccon 11,3 1, xeATo-opaHxesble. Cymma
KapoTtuHonpoB - 11,93+2,65 mr% (CV=38,5%).

Ha puc. 2 npoBepeHa BM3yaAn3aums pe3yAbTaToB B
nporpamme PAST (meTopoMm Barchart) aoast ycpeaHeHuUn
AAHHBIX MO 3KCTPAKLMM TPEMSA MCMOAb30BAHHbBIMM CMO-
cobamu, oTpaxarLlwuMn xapakTepUcTUKy copToB abpukoca
Nno COAEPXaHWUIO KAPOTUHOUAOB.

ur%

L v G c A z

Puc. 2. Busyanmsauma pesynbtaToB IKCTPaKLMKM KapoTUHOMAOB
(Mr% BO3AYLLHO-CYXOM MaccChl) C UCMOAb30OBaAHUEM TPEX
METOAOB M3BAeYeHUs y copToB Aenb (L), Boaoneit (V),

lBuanu (G), Llapckuit (C), Aiicbepr (A) n 3auatbeBCKuit (Z)

Fig. 2. Visualization of carotenoid extraction results

(mg% air-dry weight) using three methods extraction in
apricot varieties Lel (L), Aquarius (V), Gviani (G), Tsarsky (C),
Iceberg (A) and Zachatievsky (Z)

Mpu BblYMCNEHNN KOIPDULIMEHTOB KOppEnsLmm
OTMeYeHbl BblCOKMe 3HadeHust r — ot 0,784 po
0,912, nokasbiBatoLLMe B3aNMOCBSA3b TPEX METOAOB
N3BrieYeH1st KAPOTUHOMAOB.

3AKAKOYEHUE

B pacyeTHO-3KCneprMeHTanbHbIX NCCNeA0BaHUAX
MCNONb30BaHKe HECKOIbKMX pacTBOpUTeNeit No3sonseTt
NOBbICUTb JOCTOBEPHOCTb ONpeAeneHns 3HaueHun
CyMMbl KAPOTMHOWAOB B PacTUTENbHbIX OObeKTax.
Mpwn akcTpakumm 96%-m aTaHONOM C HarpeBaHNeM Ha
BOAAHOW 6aHe 0OTMeYeHbl MakcHMarbHble nokasartenu,
YTO yKasblBaeT Ha 0Gonee MnofHoOe W3BreYeHune
KapoTMHOMAOB M3 nnogoB abpukoca. B kavecTBe
onTUMMarsnbHbIX CMOCOO0B M3BMNEYEeHNst KAPOTUHOUIOB
MOXXHO PEeKOMEeHOO0BaTb JIKCTPAKLMIO FEKCaHOM U
3TaHOMOM C MOCNeAyLWwMM 3IKCTparnpoBaHmemM B
TeyeHne 40 MUH.

Haunbonee BbicOkOE coaepaHne KapoTUHOUAOB
oTMeyeHo y copToB Jlenb (31,73 mMr% Bo3ayLuHoO-
cyxon Maccel) n Bogonen (31,77 mr% Bo3ayLuHoO-
CyXOW Maccbl), HaMMeHbLuee — y oTbopHoro obpasua
BavatbeBckuii (11,93 Mr% Bo34yLIHO-CyXON Macchl).
BbisiBNEeHHbIN Anana3oH cogepxXaHng KapoTMHOUO0B
MOXeET OblTb MONE3€EH AN XapakTePUCTUKN 1 ONUCAHNS
nepcnekTUBHbIX OPM NpY NPOBeAEeHUN Cenekun-
OHHOW paboTbl, HANPaBNEHHOW Ha NOMNy4YeHNe HOBbIX
COpTOB, 0b6najatoLwmx NonesHbIMy KadyecTBaMm Ang
3[0pOBbA.
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KynbTypa KneTok Scorzonera hispanica L., wtamm COP-SH1.
OCHOBHbIE BTOPUYHbIE METAOOAUTDI

A.A. CeméHos, A.Il. EHUKeeB
CUOUPCKUK MHCTUTYT GU3UOAOTMM M BUuoxummm pacteHurt CO PAH, r. UpkyTck, Poccurickas ®eaepaums

AHHOTaUMA. KyAbTYPbl KAETOK PaCTEHMI LLIMPOKO MCMOAb3YHOTCA B MUPOBOH papMaLeBTUYECKOM MPOMbILUAEHHOCTU B
KayeCTBeE CblIpbA AAA MOAYHYEHUSA 6MONOrMYECKM aKTUBHbIX COGAMHG‘HMIZ. Pa3BuTtiio aTtoro HaripaBAeHUA bunoTexHoAorum
Croco6CTBYIOT ONPEAEAEHHbIE NPEUMYLLECTBA, BKAOYAs HE3aBUCUMOCTb OT CE30HHbIX YCAOBMWM, BOAE3HEN U KX
MepeHOCYMKOB, BO3MOXHOCTb MOAYYUTb HEOOXOAMMOE KOAMHYECTBO TPEBYEMOro MpoAyKTa, 06AaAaOLLErO CTaHAAPTHBIMM
KaueCTBEHHbIMU XapaKTepHUCTUKaMMU. ELLe OAHUM MPENMYLLECTBOM METOAA ABASETCS BO3MOXHOCTb MOAYYEHUS B CHUAY
0c0beHHOCTEN BUOAOTMM KYABTYP KAETOK HOBbIX COEAMHEHMH, BUOCUHTE3 KOTOPbIX B MHTAKTHOM PaCTeHMM HE MPOUCXOAMT.
[MpeacTaBreH 0630p pe3yAbTATOB MCCAEAOBAHMI BTOPUUYHbBIX METAO0AUTOB, BbIAEAEHHbIX U3 KyAbTYPbI KAETOK Scorzonera
hispanica L., wramm COP-SH1 - uctouHuka bromaccsl, 0bAaaaroLLert GMoAOrMYecKor akTMBHOCTbIO. KpaTko npeacTaBAeHa
nUcTopusi 3ydaemoro Lwiramma. OnmucaHbl CXeMbl BbIAEAEHWS M OYUCTKM BTOPUUYHbBIX METab0AMTOB. OBHapPYXEHHbIE B
KAETKax OCHOBHbIE€ BTOPUYHbIE METabOAUTLI YCAOBHO pa3AeAeHbl Ha TPy rpynrbl. B nepByro BKAKOUEHbBI COEAMHEHMS,
XapaKTepPHbIE AAS] BOAbLUMHCTBA pPacTeHUH: B-CUTOCTEPUH U €ro IIOKO3UA, METUAOBBIN 3PUP KOPENHOM KMCAOTBI,
oneaHOBasi KUCAOTa. KO BTOPOM rpynne 0THECEHbI COEAMHEHMS], CPAaBHUTEALHO PEAKO BCTPEYAEMbIE B PACTUTEAbHbIX
06BbEKTax: MOHOMIOKO3UA CUPHUHIape3nHoAa. B TPETbIO rpyrny BKAKOYEHbI ABa COEAMHEHMS], BNEPBbIE BbIAEAEHHbIE
M3 NPUPOAHBIX OOLEKTOB: CECKBUTEPNEHOBbIM IAHOKO3MA, CKOP303UA M HEOAUITHAH CKOP30HO3MA. [poBeAEH CpaBHU-
TeAbHbIN aHaAu3 NMOAYYEHHbIX PE3YALTATOB C MMEILLIMMUCS B HACTOSILLLEE BPEMS B Hay4YHOM AUTEpATYPE AaHHbIMM
10 XMMMUYECKOMY COCTaBy HaTUBHbIX pacTeHui S. hispanica n HEKOTOPbIX APYrvX MPEACTaBUTEAEN poAa Scorzonera.
M3 obHapyXeHHbIX B KYAbTUBUPYEMbIX KAETKax XMMMWUYECKUX COEAMHEHWH HanbOAbLUMI MPaKTUYECKUI MHTEepecC
MpeACTaBASIET MOHOIAMKO3MA CUPUHIape3nHoOAa — BELLECTBO, 06AaAatoLLee BbICOKON BMOAOrMUECKOM aKTUBHOCTBIO.
OnucaHbl 3MEHEHUS M0 HEYCTAHOBAEHHOM MPUYMHE PUIUKO-XMMUYECKUX XapaKTEPUCTUK ITOr0 COEAMHEHUS B NpoLiEecce
ANMTEABHOIO KYABTUBUPOBAHMUA.

KaroueBbie cAoBa: Scorzonera hispanica L., KyAbTypa KAETOK, BTOPHUYHbIE METabO0ANTbI

Ans untuposaHus: CeméroB A.A., EHnkees A.T. KyabTypa kaeTok Scorzonera hispanica L., wtamm COP-SH1. OcHOBHble
BTOpPUUYHbIEe MeTaboAuTbl // U3BecTuA BY30B. MpUKAapHasa XMMKs U 6uotexHororuns. 2023. T. 13. N 3. C. 409-415.
https://doi.org/10.21285/2227-2925-2023-13-3-409-415. EDN: DAARPC.

PHYSICOCHEMICAL BIOLOGY
Review article

Cell culture of Scorzonera hispanica L., strain SFR-SH1.
Major secondary metabolites

Arkadiy A. Semenov, Andrey G. Enikeev
Siberian Institute of Plant Physiology and Biochemistry SB RAS, Irkutsk, Russian Federation

Abstract. Plant cell cultures are widely used in the world pharmaceutical industry as a raw material for the production
of biologically active compounds. Their certain advantages, such as independence from seasonal conditions, diseases
and their transmitter, contribute to the development of this area of biotechnology. In addition, it is possible to obtain
the required quantity of the desired product with standard quality characteristics. Since the biosynthesis of new
compounds does not occur in the intact plant, another advantage of this method arises. It consists in obtaining new
substances due to the peculiarities of cell culture biology. The conducted review represents secondary metabolites
isolated from the cell culture of Scorzonera hispanica L., strain SFR-SH1, possessing biological activity. In addition,
the history of developing the selected strain and schemes for isolation and purification of secondary metabolites
are demonstrated. For a clearer discussion, the main secondary metabolites found in cells are broadly divided into
three groups. The first group includes compounds typical of most plants: B-sitosterol and its glucoside, caffeic acid
methyl ester and oleanic acid. The second group contains syringaresinol monoglucoside, which is relatively rare in
plant objects. The third group includes two compounds isolated from natural objects for the first time: sesquiterpene
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glucoside, scorzoside and neolignan scorzonoside. The results obtained were compared with the available literature
data on the chemical composition of native plants of S. hispanica and other Scorzonera genera species. Due to its
high biological activity, Syringaresinol monoglycoside attracts more attention than other compounds detected in
cultured cells. Long-term cultivation of Monoglycoside leads to an alteration in the physicochemical characteristics
of this compound for an unknown reason.

Keywords: Scorzonera hispanica L., cell culture, secondary metabolites

For citation: Semenov A.A., Enikeev A.G. Cell culture of Scorzonera hispanica L., strain SFR-SH1. Major secondary
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BBEAEHUE

Obwas TeHAEHUMA pas3BUTUS  GapPMUHAYCTPUK
COCTOUT B AaAbHEWLIEM BHEAPEHUU B AeuvebHyto
NPakTUKYy AEKapCTBEHHbIX CPEACTB, MOAyYaeMbIX Ha
OCHOBE MPUPOAHbIX COEAMHEHUIN, NPEUMYLLECTBEHHO
PaCTUTEAbHOIO MPOUCXOXAEHUSA, UAU UX MOAUDUKALMI
[1-3]. AvmuTUpylOLWLMM 3BEHOM  WUCMOAL30BaHUSA
AEKApPCTBEHHbIX pacTeHUM B dapmMaleBTUUECKOM
NPOM3BOACTBE YaCTO ABASIETCS OrpaHUMYeHHan CbipbeBas
6a3a, UCKAoUYatoLaa BO3MOXHOCTb cbopa pacTeHul
B AMKOM npupope. 3apaya MOXET ObiTb ycnewHo
pelweHa C MOMOLLbD METOAOB KYAbTYp TKaHen u
M30AMPOBAHHbIX OpraHoB. B HacTtofwee Bpewms
6MOTEXHOAOTUYECKUE METOABI MOAYYEHUS CyOCTaHLUI
AASl TPOU3BOACTBA AEKAPCTB LUMPOKO MPUMEHSATCA
B MWPOBOM ¢apmMaLeBTUUECKON MNPOMbILLUAEHHOCTH
[4, B]. AONOAHUTEAbHbIE BO3MOXHOCTU AASI CO3AAHUSA
HOBbIX A€KapCTB OTKPbIBAtOTCH BCAEACTBME HAAMUUA Y
OTAEAbHbIX LUTAMMOB 6MOCHHTE3a BUOAOTUUYECKU aKTUBHBbIX
COEAMHEHWM, OTCYTCTBYIOLLMX B UHTAKTHOM pacTeHuu [6B].

Lleab HacTosiero o63opa - 0606LleHWe pPe3yAbTaToB
MCCAEAOBAHWI KYALTYPbI KAETOK Scorzonera hispanica L.,
wramm COP-SH1 (npoayuLeHT BUOAOTMUYECKM @KTUBHbIX
COEAMHEHMUI), NPOBOAMBLLMXCS B TEeUEHUE BOoAee UeTbipex
AECATUNETUI B MHCTUTYTax CO PAH.

SKCNEPUMEHTAABbHAA YUACTb

KyAbTypa KAETOK KO3eAbla McrnaHckoro. PacteHune
Scorzonera hispanica L. (ko3eAel, UCnaHCKWUi) cemencTaa
Asteraceae (CAOXHOLBETHbIE) LUIMPOKO pacnpoCTPaHEHO
B YyMepeHHoW 30He EBpa3un. Bo mHormx ctpaHax EBponsl
€ro KOpeHb MCMNOAb3YETCA Kak 0BOLLLHAA KyAbTypa, borartas
MHYAMHOM W APYTMMUW HECAXapHbIMKW MOAMCaXapuAaMK.
PacteHune Takxe cunTaeTca AeKapCTBeHHbIM [7]. McxopHas
KYAbTYpPa KAETOK S. hispanica 6bina NOAyY€Ha U3 KOPOH-
4yaTo-raANOBOM OMYXOAM AUCTa B cpeanHe 50-x rop0B Npo-
LAOro Beka BO PpaHumu. B 1968 roay npeaocTtaBAeHa
B MHCTUTYT akcnepumeHTanbHoW 6otaHukn AH YCCP
(Mpara), oTkyaa B 1972 roay nepepaHa B AabopaToputo
6UOXMMUU GUTOFOPMOHOB CUBUPCKOrO MHCTUTYTA GU3H-
oAOTUK 1 BUoxummuK pacteHut CO AH CCCP (r. MpKyTcCk).
B 1973 roay A.M. OwapoBow 1 K.3. Tambyprom BnepBbie
6blAa NOAYyUYEHa CYCMEH3MOHHAs KyAbTypa U BbIAEAEH
HOBbIM wWTamm - COP-SH1 (BCKK-BP Ne35). B 1991 roay
lWTamMmm AENOHMPOBaH BO BCeCOO3HOM KOAAEKLIMM KYALTYP
KAETOK BbicWwnX pacteHun (MOP PAH, r. MockBa). YcTa-
HOBAEHO, UTO KAETOYHaa Macca obrapaeT BUOAOTU-
YeCKOoW akTMBHOCTbIO [8]. M3yueHne coctaBa BTOPUYUHbBIX
MeTabOAUTOB B KYAbTUBUPYEMbIX KAETKAX NPOBEAEHO

https://vuzbiochemi.elpub.ru/jour

Knerku Scorzonera hisnanica

Sraron-Boga 1:1
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Puc. 1. BoipeneHne dpakumii BTOPUYHbIX MeTaboAUTOB
KYABTYPbI KAETOK S. hispanica

Fig. 1. Isolation of fractions of secondary metabolites
of S. hispanica cell culture

B AabopaTopuMn NPUPOAHBIX COeAMHEHUI MpKyTCKOro
MHCTUTYTa xumum CO PAH.

BbiaereHHue U UAEHTUDMKaLIMS BTOPUYHBIX METabOAMTOB
13 KyAbTUBUPYEMbIX KAETOK. B CBSI3W C HaAMUMeM BUOAOTU-
UECKOW akTMBHOCTK BMOMACChI LiTaMMa M NepCrneKkTBamMm
ero 6OTEXHOAOIMYECKOrO MCMOAb30BaHMS BCTAA BOMPOC
06 MAEHTUOMKALMK 0BYCAOBAMBAIOLMX 3Ty aKTMBHOCTb
COEAMHEHUI. AN BbIAEAEHUSI BTOPUYHbIX METaboAUTOB
KAETOUHYHO Maccy 0CBOOOXAAAM OT KYAbTYPaAAbHOM CPEABI
bUABTPOBAHMEM M MCYEPTbIBAIOLLLE AKCTPArMpoBaA CMECHIO
3TaHOA—BOAA (1:1). [ToAyUYEHHbIM 3KCTPAKT KOHLEHTPMPOBAAK
A0 HEOOABLLIOrO 06beMa Ha POTOPHOM UCTaAPUTEAE W GPaKLM-
OHMPOBaAW PacTBOPUTEAAMM C BO3PACTAIOLLEN MOASPHOCTBIO
N0 CXeMe, NPEACTAaBAEHHOM Ha puc. 1. OAHaKO NpUMeHeHue
3TOM CXEMbI MOKA3aA0, YTO 3HAUNTEABHOE YNCAO BTOPUUHbIX
MeTaboAUTOB, B TOM YMCAE BUOAOTMYECKH aKTUBHbIX, UMEET
rTMAPOOUABHBIN XapaKkTep M OCTaeTcs B BOAHOM OCTaTKe.
MoaToMy MCnoAb30BaHa AOMOAHUTEABHASA MpoLeAypa C
NPUMEHEHMEM 3KCTPAKTOPa HENPEPLIBHOIO AEWCTBUA U
XMAKOCTb-XMAKOCTHOM XpoMaTorpaduu (puc. 2). Ars Bbiae-
AEHUS UIHAMBUAYaAAbHbIX BELLIECTB MOCAYXWUAK dpakLmm Nel
n 2 (cMm. puc. 1) n dpakumum Ne3-5 (cm. puc. 2). 31 dppakumm
noABepranv AaAbHenwemMy GpakLMOHUMPOBAHUIO METOAAMM
KOAOHOYHOM XpomaTorpadumn (KX), npenapaTMBHOM BbICO-
KO3ODEKTUBHON XMAKOCTHON XpoMaTorpadumn BbICOKOro
AaBAeHUs (BIXKX) M XKMAKOCTb-KMAKOCTHOM XpomaTtorpadum
(XOKX). B pesyabTate a10ro OCHOBHbIE BTOPUYHbIE METa-
60AUTbI KAETOK S. hispanica 6biAM BbIAEAEHbI B UNCTOM
BUAE. XUMUUECKas CTPYKTYpa UCCAEAYEMbIX COEAUHEHWI
yCTaHOBAEHa METOAAMU SAEPHOr0 MarHUTHOIO Pe3oHaHca
(AMP), MK-cnekTpockonun (MK), xpomaTto-macc-CneKkTpo-
ckonun (MC), YO-cnekTtpockonuu (YO).
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Puc. 2. PazpeneHune ruppodrAbHbBIX BTOPUYHBIX METaboAMTOB
KAETOK S. hispanica

Fig. 2. Separation of hydrophilic secondary metabolites
of S. hispanica cells

OBCY)XAEHUE PE3YNbLTATOB

OCHOBHbIE BTOPUYHbIE METABOAUTbI KYABTYPbI KAETOK
Scorzonera hispanica. OCHOBHble BTOPUYHbIE METABOAUTBI,
06HapyXeHHble B KyALTUBUPYEMbIX KAETKAX, MPEACTaBAEHI
Ha puc. 3. U3 dpakummn Nel (cm. puc. 1) ¢ nomoulbio KX Ha
CUAMKareAae rekcaHoM 1 CMecsiMu rekcaH—beH30A BbIAEAVAK
CYMMY CTEPUHOB, KOTOPYHO aHaAn3npoBaAm metoaom MC.
Mcnoab3osaH macc-crnektpometp LKB-2091 (LKB, LUseuus),
CHabXEeHHbIN KanuAASPHOM KOAOHKOW ¢ pa3oi SE-30 B
M30TEPMUYECKOM pPeXUMe. OTAEAbHbIE KOMMOHEHTbI CMECH
MAEHTUOULMPOBAAMCH MO UX MOAEKYASIPHBIM MOHAM W NUKaM
¢ m/z [M-85]* un [M-111]*, xapakTepUCTUUYHBbIM AN AD
CTEPUHOB. pK 3TOM YCTAHOBAEHO, YTO OCHOBHbLIM KOM-
NOHEHTOM CMecH ABAAETCA B-cuTtocTepuH (I) (cMm. puc. 3).
Kpome Toro, B Her coaepxaTtca kamnectepuH (M* 400) u
cturmactepuH (M+412).

KoAOHOUYHOM XpomaTorpadpuen Ha CUAMKarene wus3
dpakumm Ne2 (cm. puc. 1) nyTem 3AOMPOBAHKA CMECAMM
6eH30Aa 1 aLEeTOHA BLIAEAEHO KPUCTAAAMUECKOE BELLECTBO
C T.NA. 266—-268° (M3 MmeTaHoAa-xAopodopma). C NoMOoLLbIO
AMP-cnekTpockonuu *3C 1 cpaBHEHWEM C ayTEHTUUYHOMN
Npo6o OHO UAEHTUOULMPOBAHO Kak B-D-rAtokonupaHo3ma
B-cutoctepuHa () (cm. puc. 3) [9].

dpaKkumsa «<BOAHbIM OCTATOK» (CM. puc. 1) NOABEPTHYTa
KX Ha KOAOHKE C NOAMAMUAOM B CUCTEME BOAA—METAHOA
C YyBEAMUMBAIOLMMCS COAEPXaHWEM MeTaHoAa. DpaKkuuio,
060raLleHHYt0 MHAUBHUAYAAbHBIMU KOMMOHEHTaMM MO A@HHbIM
TOHKOCAOWMHOM XpomaTtorpadumn, pexpomartorpadrpoBam
Ha KOAOHKax € cuamkarenem. MNpu aToM BbIAEAMAW BELLECTBA
I v IV (cm. puc. 3). Mo paHHbIM AMP, MK 1 MC nepBoe
COeAMHEHME MAEHTUOUUMPOBAHO Kak KoderHas KUCAoTa
(In) [10]. Bewectso IV, C, H, O,, T.nA. 159-160°, M* 194
MAEHTUOULMPOBAHO Kak METUAOBbIN 3OUP KODENHOW KUCAOTbI
(cM. puc. 3). PaHee CAOXHbIN 3pup IV 6bIA HaWAEH BO
MHOIMX pacTeHMAX, Hanpumep, B xaolle noresom [10].

N3 dpakumit Ned n 2 (cm. puc. 1) xpomatorpadpuen Ha
CUAMKArene B cUCTEME pacTBopuTenelt 6eH30A—alEeToH
BbIAEAEHO 6EeN0e KPUCTAAAMUYECKOE BELLECTBO COCTaBa
C,,H,50, ¢ MonekyaspHoit maccon 456. Mo AaHHbIM

30 48
MK-CNekTpoCKONMM OHO COAEPXANO KapOOKCUAbHYHO

rpynny. C nomoubio 3dUPHOro pactBopa AMa3oMeTaHa
OHO HbIAO NPEBPALLEHO B METUAOBBIN 3UP, KOTOPbLIN MO
BCEM QU3NYECKMM CBOMCTBAM M CNEKTPAAbHBIM AQHHbIM
MAEHTUUYEH METUAOBOMY 3hUPY OAEAHONOBOW KUCAOTHI (V)
(cm. puc. 3) [11].

[0 AOMOAHWUTEABHOW CXEME (CM. PUC. 2) TaKXE BbIAEAEHO
paHee HeW3BeCTHoe Benoe KPUCTAAAMYECKOE BELLECTBO,
Ha3BaHHOE CKOP30HO3KAOM [12]. Ero CTpyKTypa v CTEPEOXMMUS
KaK FAHOKO3MAA CECKBUTEPNEEHOBOIo AakToHa VI ycTaHoBAEHa
KOMOUHaUMeNn GUINKO-XMMUUYECKMX METOAOB (CM. puC. 3).
HeCcKoAbKO aHaAOrMYHbIX TBASHOBbIX CECKBUTEPNEHOUAOB
06HapyXeHO B KAeTKax OAM3KOPOACTBEHHOIO BMAA
S. divaricata [13].

M3 dpakumnit Ne3 1 5 (CM. prc. 2) METOAOM NMPOTUBOTOUYHOM
KaneabHOW Xxpomartorpadum B CUCTEME PaCTBOPUTENEN
xAnopodopM—meTaHoA—BOoAa (5:6:4) BbiaeneHO becuBeTHOE
KPUCTAaAAMUYECKOE BELLECTBO COCTaBa C28H36013 CT. MNA.
177-179°, [a] 22, -7° v moAeKyAapHoi maccoit 580 (FAB-
Macc-cnekTpomeTpus). CoBOKYMHOCTb GUBUKO-XMMUUYECKMX
meTopoB (MK, YO, MC, AMP) no3BoAMAa YCTAaHOBWTb CTPYKTYPY
MOHOIAKOKO3MAa CUpUHrapeanHona (MICP) (VII) (cm. puc. 3)
[14] - coepnHEHMs, 06YCAOBAMBAIOLLETO OCHOBHOM CNEKTP
6MONOrMUYECKON aKTUBHOCTM KAETOUHOM Macchl [15].
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Puc. 3. BropnuHble MeTaboAUTbI KYALTYPbI KAETOK S. hispanica
Fig. 3. Secondary metabolites of S. hispanica cell culture

MOHOIAOKO3MA CUPUHTAPEe3MHOAA ABASETCS OCHOBHbIM
AMITHAHOM, NPOAYLMPYEMbIM KAeTKamu S. hispanica. Ero
CoAEpXaHue B Cbipoit bBMoMacce COCTaBASIET B CPEAHEM
4x102%. Kpome MICP, B KyAbType KAETOK OTMeueH
6VIOCVIHTe3 €ro MMHOPHbIX aHAAOrI0OB. x coAepXaHue B
6romacce He npesbiaet 104%. TemM He MeHee yAanoCh
NOAYYUTb GPAKLMIO MUHOPHbIX GYPOPYPaHOBbLIX AMTHAHOB
N paspeAUTb €e Ha TPpU MHAMBMAYaAAbHbIX BeLlecTBa C
NMoMOLLLbtO NpenapaTtuBHoi BIXX. YctaHoBAEHWE CTPOEHUSA
MX NPOBEAEHO Ha OCHOBAHUK AaHHbIX YO-, K- n AMP-cnek-
Tpockonuu [16].

CoepnHenus VIII n IX npeactaBasitor cobol paHee
onucaHHble 4"-B-D-rAroKonnpaHo3uAbl NMUMHOPE3MHOAA
M  MEAMOpEe3nWHOAa, a CoepuHeHuem X fABASieTcs
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4"-B-D-rAroKOnmMpaHo3nAOM MeAUOPE3UHOAA (CM. pUC. 3)
[17, 18].

Kpome npou3BOAHBIX AMapUABeH30dypaHa, cpeau
MWHOPHbIX ~ METabOAMTOB  HaWAEHbl  HEOAUTHaHbI
6eH3odpypaHoBoro psaa [19, 20]. OHM oTAeAeHbl OT
COMYTCTBYIOLLLEr0O MOHOIAIOKO3MAA CUPUHITape3nHoAa M
pasAeneHbl Ha ABa MHAMBUAYAAbHbIX BeLLECTBa KOMOUHaLUEN
METOAOB XpomaTtorpadun. Mx CTpykTypa 1 CTepeoxmummst
YCTAHOBAEHbI C MOMOLLbIO METOAOB ABymMepHon AMP-
crnekTpockonun kak 4-B-D-rAtokonnpaHo3rMAOB 5-MeTOKCH-
AETMAPOAUKOHMEPUAOBOTO cnupTa (Ckop3o3ua, Xl, paHee
HEW3BECTHOE COEAMHEHUE) U AUTUAPOANKOHUDEPUAOBOTO
cnupta Xl (cm. puc. 3). Ha dopmyae XIll (cm. puc. 3)
CTPeAKaMM MOKa3aHbl Ype3NpPOCTPaHCTBEHHbIE B3aUMO-
AENCTBUS, BbISBAEHHbIE NMPK aHaAu3e cnektpa ROESY.
3TUM yCTPaHEHbI Pa3HOUTEHUA OTHOCUTEABHO CTEPEOXMMUU
apuApypaHOBbIX HEOAMITHAHOB, UMEIOLLMECS B AUTepaType
[21]. NHTEpECHO OTMETUTb, YTO BbISBAEHHbIN N3 KAETOK
AMFHAHOBbIN KOMMAEKC MO KOMMOHEHTHOMY COCTaBy BAM30K
K Habopy AMIFHAHOB LUMPOKO M3BECTHOIO B BOCTOYHOM
MeAMULIMHE TOHU3UPYIOLLLEro pacteHna Eucommia ulmoides
[22] n apanTOreHHOro akCTpakTa aneyTePOKOKKa [23].

MOHOIMKO3MA CUPHUHIrape3nHoAa M ero aHaAorm.
CUpPUHTapesnHOA W ero MpPOM3BOAHbIE B MNPUPOAE
CYLLLECTBYOT B BUAE HECKOABKMX CTEPEOM30MEPOB U MX
cMecen. KyabTypa KAeToK S. hispanica npoayUMpyeT TOAbKO
0AMH cTepeounsomep MICP, uto crepayeT 3 0CoBeHHOCTEN
cnektpoB AMP. PaclundpoBKa CNeKTPOB Nokasana NOAHYHO
CUMMETPUUYHOCTb MOAEKYAbI @rAMKOHA, YTO BO3MOXHO
TOAbBKO MPU LMC-COYAEHEHUU TeTparnapodypaHoBbIx
KOAEL, M AMNCEBAOIKBATOPMAABHOM PaACMOAOXKEHUMU
apomartuyeckux 3amectutenen [24]. MNMpu KUCAOTHOM
TMAPOAK3E TAIOKO3MAA 06pa3yeTcs CMeCh CTEPEOU30MEPHBIX
arAMKoHoB. B amopdHOM BMAE 3TO BELLLECTBO HAXOAUAK
W B APYrUx pacteHusx [25].

KaeTkn S. hispanica KyAbTUBUPYIOTCA B TeuyeHue
MHOIMX AECATKOB AET, M 3Ta KyAbTypa CcuuTaeTcs
BecbMa cTabuabHOW. Ewe B 1992 roapy aBTopbl
BblAEAUAN U3 Hee MICP [14]. C Tex nop 370 BELWECTBO
HEOAHOKPATHO BBLIAEAAANOCb W3  3TUX KAETOK U
MCMOAb30BaANOCh B 3KCNEPHUMEHTaX N0 MCCAEAOBAHUIO
ero 6MoAorMyeckon akTUBHOCTU. OHO BbIANO AOCTATOYHO
XOpoLWOo oxapaktepunzoBaHo xumuyecku: C__H. O

28 '36 13’
T.OA. A77-179°, [a] 25 -7°, MmOAeKyAsipHaa macca 580

(FAB-MaCC-CI'IeKTpOI\;ngI/IFI), AMP-cnekTpocKonus u Ap.
OaHako B 2014 roay npu nonbiTke BbipAeAMTb MICP BMecTo
KPWUCTaAAMUYECKOTO BellecTBa BblA MOAYYEH aMOPPHbIN
NPOAYKT, MO MHOTMM CBOMCTBaAM HanoOMWHaKOWMM
XeraeMblt AMTHaH. OH MMEA TO Xe BPEeMS YAEPXU-
BaHWSA U CNEKTPaAbHble COOTHOLWEHUA Ha BIXX, Te
xe cnekTpbl AMP. 9T0 UCKAKOUYANO BELLECTBA APYIMX
OTHOCUTEAbHbIX KOHOUIypaLMi, BUOCUHTE3 KOTOPbIX BO3-
MOXeEH B psiay dypodypaHoBbIX AUTHAHOB. MPoAYKLMS
3TOro amMop¢dHOro BelLecTBa KAeTkamu S. hispanica
NPOAOAXAETCH AO CMX NOpP. BaxHO, 4TO Apyrue aBTopbI,
BblAEAABLUME AUTHAH MICP 13 pacTeHWi, onucbiBaAu
€ro Kak amopdHoe BeLLECTBO [26, 27], UTO KOHTpa-
CTUPYET C NPUBEAEHHbBIMU BbILLIE XapaKTEPUCTUKAMU Kak
KPUCTAAAMYECKOTO NPOAYKTA. TaK Kak BCE CNEKTPaAbHbIE
AaHHble 06enX GOPM MAEHTUYHBI, TO MOXHO MPEAMOAOXMUTb,
yto amopdHas dopma ABASETCH NCEBAOPALEMATOM UAU
KOHIAOMEpPaToOM AMacTepeomMepoB. [oATBEPXAEHHME 3TOrO
MMeEET 3HaYeHne, NOMMMO MPOYETO, U AASI BbISCHEHUSA

NPOTUBOPEUMBbLIX AGHHbIX O BUOAOTMYECKUX CBOMCTBAX
MICP, T.K. 3HaHTMOMEpPbLI U AMACTEPEOMEPbI MOTyT
CUABHO OTAMYATBLCA APYT OT Apyra no aTMM CBOMCTBaM.
MPUYUHBI UBMEHEHNSI CBOMCTB YKa3aHHOIO COEAUHEHUS HE
YCT@HOBAEHbI U MOTYT CTaTb NPEAMETOM CaMOCTOATEAbHOTO
MccAepOBaHUA.

CpaBHeHne cocTaBa BTOPUYHbLIX METabOAUTOB
KYAbTYPbl KAETOK M HaTMBHbIX PacTeHui Scorzonera
hispanica. Xumuuecknn coctaB S. hispanica nayyancs
MPEUMYLLECTBEHHO C NO3ULMIM MULLEBON LLEHHOCTU 3TOrO
pacTeHUs Kak UCTOYHMKA MHYAMHA B KOPHAX [28, 29].
ABTOpPaM M3BECTHO AULLIb HECKOABKO GPUTOXMMUYECKMX
MCCAEAOBAHUI, MOCBALLEHHbBIX WU3YYEHWUIO BTOPUYHbIX
MeTaboAMTOB HAaA3EMHOM YacTu pacTeHus. B AnMcTbaAx
pacTeHUst HaMAEHbI MHOTUE 0BblYHbIE AASl PACTUTEABHOTO
MeTaboAM3Ma BellecTBa. Peub MAET O TaKUX COEAMHEHMUSAX,
KakK B-CUTOCTEPUH, TPUTEPNEHOWABI aMUPHUHOBOTO PSAAS,
Hanpumep, &-aMUpPKUH 1 ero O-auMAbHbIE MPOM3BOAHbIE,
XAOPOreHoBas KUCAOTa M auMAMPOBaHHAsA XMHHAs KUCAOTA,
GAaBOHOWABI U GEHONOKUCAOTHI [7, 30, 31]. 3TK 0bLume
ANl MHOTUX PaCTeHUIM BellecTBa MPUCYTCTBYIOT Kak B
HaTMBHOM pacTEeHUU, Tak U B KyAbTYpPE KAETOK (puc. 4).

DYHKUMM BTOPUYHBbIX METABOAMTOB B KyAbTypax
KAETOK OTAMYAIOTCH OT TAKOBbIX B pacTeHWWU. KAETKU B
M30AMPOBAHHOM KYALTYpE MOTYT yTpaunBaTb CrIOCOOHOCTb
K BMOCUHTE3Y OTAEAbHbIX METAOOAWTOB, B TO XE BPEMS
aKTMBUpYyeTcs BUOCUHTE3 COEAMHEHWI, OTCYTCTBYHOLLMX
B HAaTMBHOM pacTeHuun [32]. [o3ToOMy B MICCAEAOBAHHOM
LUITaMMe He HaNAEeHO TPUTEPNEHOB U GAABOHOMAOB, a B
HaA3EMHOWM YacTh pacTeHWsA He 0OHaPYXeHbl AUTHaHbI U
HEOAMUTHaHbI.
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S. hispanica

Fig. 4. Secondary metabolites of the aboveground part of the
S. hispanica plant
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3AKAHOYEHUE

PesyAbTaThl aHaAM3a cOCTaBa BTOPUYHbLIX METABOAUTOB
B KYAbTYpe KAETOK S. hispanica BbISBUAU OTAUYUSA C
TakOBbIM OT HATUBHOTO pacTeHus. OnucaH psaa PeAKUX 1
HOBbIX, paHee HEU3BECTHbIX COEAMHEHWI, 0OAAAQIOLLMX

6MONOTMYECKON aKTUBHOCTbIO. lMoAyYyeHHble AaHHble
MO3BOAAKOT pacCMaTpuBaTb 6Momaocy MCCAEAOBAHHOIO
WTaMma B KaueCcTBE UCTOYHMKA BUONOTUUYECKM aKTUBHBbIX
COEAUHEHUN, NnepcnekTuBHbIX AAA CO3AaHUA HOBbIX
ANEKAPCTBEHHbLIX NpenapaToB.
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CBEpPXKPUTUUECKUU IKCTPAKT U3 6ypor BOAOPOCAU
fAnoHckoro mopsa Undaria pinnatifida kak MICTOUHUK BUONOTUUECKHU
aKTUBHbIX BELL,ECTB

0.B. TabakaeBa", A.B. TabakaeB
AanbHEBOCTOYHbIN PeAeparbHbiii yHUBEPCHUTET, I. BAaaMBOCTOK, Poccurickas @eaepaums

AHHoTaums. bruorornyeckn akTMBHbIE BELLECTBA BOAOPOCAEM UMEIOT MPaKTMUYECKOE MPUMEHEHME B papmaLeBTy-
YECKOM OTpacAu, NMpoU3BOACTBE MPOAYKTOB MUTaHUS AASI HEAOBEKA U KOPMOB AASl XKMBOTHbIX U B APYrUX cpepax.
MoAyueHue xummuuyeckn 6e30nacHbiX IKCTPAKTOB BbICOKOr0 KauectBa 13 OypbiX BOAOPOCAEH, XapaKTEPU3YIOLLIMXCS
LIMPOKMM CMIEKTPOM OBUOAOTMUYECKU aKTUBHbIX BELLIECTB, IBASIETCS] aKTyaAbHOM 3aaadvei. LIeAbro npeACTaBAEHHOMo
MCCAEAOBaHMS IBASIAGCh XapaKTepUCTHKa CBEPXKPUTUUECKOro AKCTpakTa u3 bypori Boaopocam U. pinnatifida, uaeHTu-
dUKaLMs 1 oOLEHKa COAEPXaHUSI BUOAOrMYECKU aKTUBHbIX BellecTB. CoAepXaHMe KapOTMHOMAOB, GEHOAbHbIX COEAM-
HEeHUH, MaHHWUTa ONPEeAEASIAU CIEKTPODOTOMETPUYECKMM METOAOM, XUPHOKUCAOTHbIM aHaAU3 MPOBOAMAM C MOMOLLbHO
ra3o-XMAKOCTHOM XpoMaTorpapuu, Ka4eCTBEHHbIN COCTaB KapOoTUHOUAOB M GEHOAbHBIX COEAMHEHWIA aHaAM3MPOBaAU
METOAOM BbICOKOIYPEKTUBHOM XMAKOCTHOM xpomatorpaduu. CBepxkputmueckas akctpakums CO, ¢ UCoAb30BaHNEM
B KauyeCcTBe MOASIPHOIro MOAUPUKaTopa aTMAOBOro crnvpta bypori Boaopocan U. pinnatifida xapakTepu3yercsi BbICOKOM
3pPEKTUBHOCTBHO B YACTU M3BACYEHMWS XUPHbBIX KUCAOT, KAPOTUHOMAOB M EHOABbHbIX COEAMHEHUI. KapOTUHOMAHbIN
MpPOYHAL MOAYHEHHOIO CBEPXKPUTUUECKOIO AKCTpaKTa bypor BoaopocAn U. pinnatifida xapakTepnayeTcsi npucyTcTBUEM
14 npeactaBuTenes, MakCMManbHO rpeAcTaBAEHbl QyKokCcaHTUH (58,1% oT cymmbl), 3eakcaHTUH (12,6% oT CyMMbl)
n QpyKokcaHTMHOA (14,5% ot cyMmbl). KUPHOKMCAOTHBbIM COCTaB CBEPXKPUTUUECKOro 3KCTpakTa b6ypor BOAOPOCAU
U. pinnatifida onpeaeasietcsa npucytctBuem 20 npeacTaBUTENEH, OCHOBHbBIMU M3 KOTOPbIX IBASIFOTCSI MaAbMUTUHOBAS,
OAEMHOBas, apaxmMAOHOBAs U 3MKO30MeHTaeHoBas KMCAOTbl. KAaCC MOAMHEHACHILLIEHHbIX XUPHbBIX KUCAOT ABASIETCS
npeobAaAaroLLMM, COAEPXKAHNE XUPHBIX KUCAOT CEMENICTB -6 U -3 HECYLLIECTBEHHO Pa3AMYaEeTCsl. YCTaHOBAEHO, YTO
oblLee copepxaHne eHOAbHbIX COeAMHEeHUI cocTaBAaseT 13,45+0,43 Mr raAAOBOM KUCAOTbI/T, Hanboree npeACTaBAEHbI
3NUKaTEXMH, raAAaTaNUrarAOKaTEXMH, CUPUHIOBas, KyMapoBas, pepyroBasi U CaAMLIMAOBAEST KUCAOTbI.

KaroueBble cA0Ba: CBEPXKPUTUUECKME IKCTPaKTbI, Bypas BOA0poCAb U. pinnatifida, Gruorornueckn akTMBHbIE BELLECTBA,
KCaHTOQUAABI, XUPHbIE KUCAOTbI, EHOAbI

®uHaHcupoBaHue. PaboTa BbINOAHEHA NPU MOAAEPXKe rpaHTa PH® (npoekT 23-26-00197).
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Original article

Supercritical extract from the Japanese sea brown algae Undaria
pinnatifida as a source of bioactive compounds

Oksana V. Tabakaeva™, Anton V. Tabakaev
Far Eastern Federal University, Vladivostok, Russian Federation

Abstract. Bioactive compounds contained in algae have practical applications in the pharmaceutical industry,
production of human food and animal feed, and other fields. Since brown algae contain a wide range of bioactive
substances, producing high-quality and chemically safe extracts on their basis is an urgent task. This study was aimed
at characterization of supercritical extract from the corresponding algae, as well as the identification and evaluation of
the content of bioactive compounds. The content of carotenoids, phenolic compounds and mannitol was determined
by UV-Vis spectroscopy; a fatty acid analysis was carried out by GLPC; the qualitative composition of carotenoids and
phenolic compounds was analyzed by HPLC. Supercritical CO, extraction of the brown alga U. rinnatifida with EtOH
as a polar modifier is characterized by high ejection efficiency of fatty acids, phenolic compounds and carotenoids.
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The latter profile of the collected supercritical extract consists of 14 representatives. In particular, fucoxanthin (58.1%
of the sum), zeaxanthin (12.6% of the sum), and fucoxanthinol (14.5% of the sum) are the most abundant compounds.
Palmitic acid, oleic acid, arachidonic acid, and eicosapentaenoic acids are the main of the 20 fatty acids found in
the corresponding extract. However, the class of polyunsaturated fatty acids is predominant, which content of the
w-6 and w-3 groups does not differ significantly. The total content of phenolic compounds is 13.45+0.43 mg/g of
gallic acid equivalent. For instance, the most represented phenolic substances are epicatechin, epigallocatechin
gallate, syringic acid, coumaric acid, ferulic acid and salicylic acid.

Keywords: supercritical extracts, brown algae U. rinnatifida, bioactive substances, xanthophylls, fatty acids, phenols
Funding. The work was supported by a grant from the Russian Science Foundation (project 23-26-00197).
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BBEAEHUE

HecmoTpa Ha AOATYHO MCTOPUIO UCMOAB30BaHMSA BOAO-
pOCAeV B pasAMUHbIX Chepax XU3HU YEAOBEKA, UX BUOTEHHbIN
N BUOTEXHOAOTMUYECKUIA NOTEHLMAA BCE €lLle OCTaeTCs B
3HAUUTEAbHON CTEMEHW HEU3YUEHHbIM, UTO 0OYCAOBAMBAET
aKTUBHOE MCCAEAOBaAHKE COCTaBa M COAEPXaHMsA BUOAO-
rMYeCcKM akTUBHbIX BewecTB (BAB) ¢ LeAbto AaAbHENLLIEro
NPaKTUUYECKOrO UCMOAb30BaHKA [1]. MOpCKre BOAOPOCAK
(Bypble, 3eAeHble, KpacHbIe) U3BECTHbI Kak 60raThli UCTOUHUK
6MONOTMUYECKM aKTUBHbIX COEAMHEHWI, BKAIOUAsA BEAKH,
MWHEepaAbl, BUTAMUHbI, MOAUCAXaPUAbI, MOAUDEHOABI, GAO-
pOTaHMHbI, MMIMEHTbI, HEHACbILLEHHbIE XWPHbIE KUCAOTBI,
CTePUHbI U GUTOrOPMOHBI [2—4]. BAB MOpcKMX BOAOPOCAEN
XapaKTepuayoTCcsl CBOMCTBAMM Pa3AMYHOM HaMnpaBAEH-
HOCTM — @aHTUOKCUAAHTHbIMM [5], aHTUBaAKTEPUAABHBIMHU,
NPOTMBOBOCNAAMTEABHBIMU U @HTUKaHLEPOreHHbIMU
[6, 7]. BAB BOAOPOCAEN UMEIOT MPAKTUUECKOE MPUMEHEHKE
B GapmMaLeBTUYECKOM OTPACAM, MPOU3BOACTBE NMPOAYKTOB
NUTaHUS AAST YEAOBEKA M KOPMOB AASI XKMBOTHbIX, @ Takxe
MHTErPUPOBaHHbIX CUCTEM BblpalliMBaHus pacteHun [1, 8, 9].

Hanbonee NpUEMAEMBIMU MU HACTO UCMOAb3YEMbIMM
cnocobamu npumeHeHuss BAB BOAOPOCAEN Kak KOMMO-
HEHTOB AAS 0BOraLLEHUA NMULLEBLIX CUCTEM UAU B KAUECTBE
dapmaLeBTUUECKMX KOMMOHEHTOB ABAAETCS AOOaBAEHUE
BOAOPOCAEN B HATUBHOM BUAE MAM B BUAE 3KCTpakTa. MNpu
MOAYYEHWM IKCTPAKTOB AASt BoAee 3ODEKTUBHOIO M3BAEYEHNS
BAB 13 M3MeAbUYeHHON BUOMAacChl BOAOPOCAEN CAEAYET
BblOMpPaTb MOAXOASLLMIA PACTBOPUTEAL (HANPUMEP, BOAY
W OpraHuYyecKmne pactBoputen). MprmeHeHe TpaAnLm-
OHHbIX METOAOB 3KCTPAKLMK, B YACTHOCTU SKCTPAKLMUU B
annapate CokcAeTa, TBEPAOKMUAKOCTHOM IKCTPAKLUKU U
XMAKOCTHO-XMAKOCTHOWM 3KCTPaKLIMK, UMEET HEKOTOPbIE
HEeAOCTaTKU, HanpuMep, UCNOAb30BaHKe HOAbLIKX 06bEMOB
pacTBOPUTENEN M CAOXKHOE Pa3AEAEHUE SKCTPArnpyeMbix
BellecTB [10]. B kauecTBe anbTEPHATMBbBI TPAAULIMOHHbBIM
npoLeAypam 3KCTPaKLMK NPeAAaraeTcs NPUMEHEHNE CBEPX-
KPUTUYECKON TEXHOAOTMM, MO3BOASIIOLLEN NMOAYyYaTb XUMU-
yecku besonacHble 3KCTPaKTbl BbICOKOro kKadvecTsa [11].

Ceepxkputnueckas CO,-39KCTPaKLMs, UCMOAb3YIOLLAs
BbICOKME AGBAEHUS, IBASIETCSH OTAUYHON TEXHUKOM AAS MOAY-
YeHWs HaTypaAbHbIX TEPMOAAOUABHBIX COEAUHEHWI. Kpome
TOro, B NOAyYaeMbIX 3KCTPAKTax He MMEETCA OCTaTKOB Opra-
HUYECKMX PAaCTBOPUTEAEN, UTO MPOUCXOANT NPU OBObIYHbBIX
METOAAX 3KCTPaKLMKU, PACTBOPUTEAU MOTYT ObiTb TOKCUUHBIMMU,
Hanpumep, B CAy4ae MeTaHOAa W rekcaHa. /\erkoe ypa-
AEHWE pacTBOPUTEASR U3 KOHEYHOIO MPOAYKTa, BbiCOKas
CENEKTUBHOCTb M UCMOAb30BaHWE YMEPEHHbIX TeMnepaTyp
B MPOLECCe IKCTPAKLMM ABASIFOTCA FAABHbIMW NMPUBAEKaA-

TEAbHbIMW GAKTOPAMU CBEPXKPUTUUECKON IKCTPaKLMK,
NPMBOAS! K 3HAUUTEABHOMY YBEAMUYEHWIO UCCAEAOBAHUM
AAS NPUMEHEHUSA MOAyYaEMbIX 3KCTPAKTOB B MULLIEBOM
N GapMaKoAOrMUYECKOW MPOMbILAEHHOCTH [12]. CBepx-
KPUTUUYECKUI YTAEKUCABIA Fa3, B YaCTHOCTU, ABASIETCS
NPUBAEKaTEAbHbIM CBEPXKPUTUUYECKMM PaCTBOPUTENEM
M3-3a HUSKUX KPUTUUECKUX TEeMMEPATYP MCNOAb30BaHMSA
(30-40 °C), ero HETOKCUYHOCTU U UHEPTHOCTM.

Takxe He0b6XOAMMO YuMTbiBaTb, YTO C MOMOLLBHO
CMMPTOBbLIX M BOAHbIX SKCTPAKTOB MOAYYAETCS M3BAEYb
He BCe TUMbl COEAMHEHMI, NPUCYTCTBYIOLLMX B Cbipbe. Ha
COBPEMEHHOM 3Tane HeobX0AMMO U3BAEUEHWE M3 PACTH-
TeAbHOM MaTPHLbl HE TOAbKO OCHOBHbIX KOMMOHEHTOB, HO
M MUHOPHbIX CoeAnHeHUn. Ceepxkputyeckasa CO,-aKe-
TpaKkUMs C UCMOAb3OBAHMEM COPACTBOPUTEAS 3TaHOAA
MO3BOASAET 3KCTPArnpoBaTb U3 PacTUTEAbHOM MaTpULbl
6oAee pacCLUMPEHHbIN CNEKTP BUOAOTMUYECKU aKTUBHbIX
BELLECTB MO CPABHEHUIO C OObIYHBIMU METOAAMU IKC-
TPaKLUMK, B TOM YNCAE U TEPMOAAOMAbHbIE COEAMHEHNS
[13, 14]. icnonb30BaHWE CBEPXKPUTUYECKMX AFOMAOB Kak
PacTBOPUTENEW SIBASIETCS MHTEPECHOW aAbTEPHATUBOM AAS
MOAYYEHUSI HaTypaAbHbIX MPOAYKTOB BbICOKOIr0O KayecTBa
6e3 co3AaHMS TOKCUYHBIX OCTaTKOB. BHeApeHWe TEXHOAOTHM
CBEPXKPUTUUYECKOM 3KCTPaKLMK BO3pacTaeT baaropaps
HOBbIM TEXHUYECKUM AOCTMXEHMAM [10].

Lleanbto paboTbl ABASIAGCH XapaKTepUCTMKa CBEepX-
KPUTUUYECKOTO 3KCTpaKTa M3 bypol Bopopocan Undaria
pinnatifida, naAeHTUOUKaLMSA M OLEHKA copepxaHua BAB.

OKCNEPUMEHTAABHASA YACTb

0O6beKTbl MCCAeAOBaHUI. B KauecTBe pacTUTEAbHOMN
MaTpuLbl AAS MOAYYEHUSA CBEPXKPUTUYECKOTO SKCTPaKTa
ObIAV MCMOAb30BaHbI TAaAAOMBbI Bypoit Bopopocan Undaria
pinnatifida (Harv.) Sur. AaHHasi BOAOPOCAb SIBASETCSA
OAHOAETHEeN. CAOEBMLLE COCTOMUT U3 MAACTUHbI, CTBOAMKA
1 pU3oMAOB. MAacTUHa TOHKas, nepenoHyaras, nepucTo-
pacceyeHHas, TEMHO-3eAeHOr0 MAM OAMBKOBOTO LIBETA,
AAHOW 40-80 cm, wunpuHoin 25-45 cm. B monopom
BO3pacTe nNaacTuHa oBanbHas. CTBOAMK 8—12 cm, BHU3Y
OKPYFAbIV UAM CAaBOCA@BAEHHbIN, BBEPXY YNAOLLEHHbIN,
NOCTENEHHO NEPEXOAMT B LUMPOKOE NAOCKOE PEOPO NAACTUHBI.
AaHHbIN BUA BYpbiX BOAOPOCAEN MPOM3pacTaeT B BOAAX
Kutas, AnoHunn, Kopewn, a Takxe CLLA, BeankobpuTtaHuu,
®paHumn, Utaamn, McnaHmm, ApreHTuHbl, ABCTpaAun U
HoBo# 3enaHAMKU. PacTeT Ha AUTOpaAU U B cybAUTOpann
Ha raybuHax 0,5-6,0 M, Ha CKaAMCTOM U KaMEHUCTOM
dYHTax y OTKPbITbIX NMPUOOMHBLIX y4acTKOB Nobepexbs.
06pasyeT HeBOAbLLIME 3aPOCAK MEXAY KPYMHBIMW KaMHAMM
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“ BaAyHamu. BeTpeyaetcsi B coobluectBax ¢ 6ypbiMU BOAO-
POCAAIMU U MOPCKUMU TPaBaMMU, IBASIETCS 06 bEKTOM KyAb-
TMBMpPOBaHMA B cTpaHax Foro-BoctouHon A3mun. Buiomacca
COCTaBAAET AO 2 KI/M?, MAOTHOCTb noceaeHuns — 1-10 ak3/m?,
mMacca opHoro croesuia — Ao 0,4 kr [15].

loAyyeHue CBEPXKPUTUYECKOIO 3KCTpaKTa. JKC-
Tpakumio CO, B CBEPXKPUTUUYECKOM COCTOAHWUW MpO-
BOAMAM C UCNoAb3oBaHUEM cuctembl TharSCF SFE-500
(Waters, Pittsburgh, CLLA). CKopoCTb NOTOKa COCTaBASIAG
10 ma/muH arst xuakoro CO, 1 1,0 MA/MUH AAS 9TAHOAA. AAA
3KCTPaKLMM UCMOAb30BaAK 06pa3Lbl 28 I cyxoro TarroMa
6ypoi Bopopocaun U. pinnatifida. UcnioAb3yeMoe AaBAEHWE
- 300 6ap, BpeMs akcTpaKkumm - 60 MUH, Temneparypa
npouecca - 60 °C.

CopepxaHue KapoTMHOMAOB OMPEAEASIAM CNEKTPODOTO-
METPUUECKMM METOAOM. MTUrMEHTHbIA KOMNAEKC BbIAEASIAW
100%-m aueToHoM. fTomoreHaTt GUALTPOBAAKN YEPE3 GUALTP
LLloTTa npv noMoLM BOAOCTPYMHOTO Hacoca. AASt MOAHOTHI
M3BAEYEHMA KAPOTUHOMAOB OCTATOK C GUALTPA NEPEHOCHUAU
B CTYNKY AASl MOBTOPHOM 3KCTPaKLUMK ellle 5 MA aLeToHa.
OcTaToK Ha GUALTPE NPOMbIBAAK aLlETOHOM A0 obecLBe-
UMBaHWS pacTBOPUTEAR. KapoTMHOMABI MEPEBOAUAK B
rekcaH, CMellnMBas B AEAUTEAbHON BOPOHKE 0ObeAMHEHHbIE
aLETOHOBbIE 3KCTPaKTbl C 5 MA rekcaHa M OCTOPOXHO
pobaBasa 150 ma 5%-ro BopHoro pactBopa NaCl aaa
pa3peNeHUss TEKCAHOBOIO M BOAHOIO CAOEB. JKCTPaKT
NPOMbIBaAK HEBOAbLLIMM KOAMYECTBOM AUCTUAAUPOBAHHOW
BoAbl (20—30 MA) AAS YAGAEHWA CAEAOB aLleTOHa, MOCAE YEro
CYLUMAM B TeUeHME CYTOK 6E3BOAHBIM CyAbdaTOM HaTpwS.
K aAMKBOTE CMMPTOBOrO pactBopa NPUAMBaAW paBHOE
KoanyecTBo 5%-ro pactsopa NaOH B aTaHOAE U CTAaBUAU B
TEMHOE MecCTO Ha 12 u. KapoTMHOMABI pE3KCTParnpoBam
reKCaHoM, KOTOPbIXM NMPOMbIBAaAW BOAOW AAS YAQAEHUS
CAEAOB LLLIEAOYM U BbICYLLIMBAAM HE3BOAHBIM CyAbGATOM
HaTpua. KoAnyecTBEHHOE COAEPXaHWE KapOTMHOMAOB
onpeAeninv CnekTpPodOTOMETPUYECKM Ha CKAHUPYHOLLLEM
cnektpopoTomeTpe UV-1800 (Shimadzu, AnoHusA) B aLe-
TOHOBOW BbITSXKE MPU AAMHE BOAHBbI 450 HM [16].

KauecTBEHHbIM COCTaB KApOTUMHOMAOB aHAaAM3UPOBaAN
meToaoM BIXKX ¢ McnoAb30BaHWEM XUAKOCTHOIO XpOMa-
Torpada Bbicokoro pAaaeHus LC-20A (Shimadzu, AnoHus),
CHabXeHHOro KonoHKol Zorbax ODS (4,6x250 Mm), CKO-
pocTb nopaun antoeHTta — 0,8 MA/MUH. KoanuecTBeHHas
OLIEHKA COAEPXaHWA MUIMEHTOB NPOBOAMAACH C UCMOAb30-
BaHWEM CMEKTPOB MOTAOLLEHUS B MOTOKE, MOAYYEHHbIX Ha
petekTope SPD-M20A (Shimadzu, SinoHMs) co BCTPOEHHOM
doTOAMOAHOWM MaTpuuen. AAS aHaAM3a NOASPHbIX CBO-
60AHbIX KAPOTUHOMAOB BblAa UCMOAL30BAHA CAEAYHOLLAA
cuctema: Bopa—aueToHUTpuA 50-50, 0-30 MWUH - AUHEWHBI
rpaaneHT Ao 100% auetoHuTpuaa; 30—50 MuH - 100%
ALETOHUTPUA.

XXMPHOKMUCAOTHBIM aHaAM3 MPOBOAMAM C MOMOLLIbIO
MKX-macc-cnektpometpa (Hewlett-Packard, CLUA). Avnuabl
13 0bpasLa aKCTparpoBaAk CMeCho XAOPOGOPM—METAHOA
(2:1). XnopodopMeHHYHo dpasy ynapusBann 1 obpabaTbiBanm
1%-M meTMAaTOM HaTpua Npu Temnepatype 56 °C B TeueHue
20 MUH. MeTnAoBbIe 3DUPbI XUPHBIX KUCAOT SKCTparu-
poBaAK XAOPOGOPMOM U aHaAU3upoBanm [17, 18].

CoaepxaHue pEeHOAbHbIX BELLECTB M MaHHMTa. AAA
OMNPEeAENEHNST CYMMAaPHOro copepxXaHus GeHOAbHbIX
COEAMHEHWM UCMOAb30BaH CNeKTPOGOTOMETPUYECKUNN
mMeToA ¢ peaktnBom donnHa-Yokantey. MeTop OCHOBaH
Ha BOCCTAaHOBAEHUU cMecKn GOCHOPHOBOAbGPAMOBOM U

https://vuzbiochemi.elpub.ru/jour

$0CHOPHOMOAMOAEHOBOIM KUCAOT B LLIEAOYHON cpeae U
ABAAETCA OCHOBHbIM METOAOM AASI ONPEAEAEHUS 06LLErO
COAEPXaHWA GEHONOB B AEKaPCTBEHHOM PACTUTEABHOM
Cbipbe W MULLEBLIX NPOAYKTaxt. MCnoAb30BaACS CKaHU-
pytowmi cnektpopotometp UV-1800 (Shimadzu, AnoHwus).
KoanuecTBeHHOE onpeaeneHne CyMMbl GEHOAbHbIX COe-
AVHEHWI NPOBEAEHO B MepecyeTe Ha raAAOBYO KMCAOTY.

OnpeaeneHne CoAepXaHUA MaHHUTa NPOBOAMAM
CMEKTPOPOTOMETPUUYECKUM METOAOM, OCHOBAHHbLIM Ha
06pa3oBaHMM MEAHbIX KOMMAEKCOB MPU NePUOAATHOM
OKWUCAEHUI?,

NaeHTOUKaLMa GeHOAbHbIX COEAMHEHWUI MPOBOAMAACH
C UcnoAb3oBaHnemM B3)KX Ha XXMAKOCTHOM xpomaTorpade
BbICOKOro AaBAeHMA LC-20A (Shimadzu, AnoHus) npu TeM-
nepatype 30 °C Ha obpaTHOPa3HOM KOAOHKe Phenomenex
RPC18 250%4,6 mm, 5 mkm (Phenomenex, CLLA). 3kc-
TpaKTbl Nnponyckaaun yepes ouastp 0,45 mkm (Millipore,
CLUA) nepea nHbekuuei B BOXXX. ObLuee Bpems BbINOA-
HEHWUA COCTaBMAO OKOAO 50 MUWH MpW CKOPOCTU MOTOKA
0,6 MA/MUH. MoABUXHOW Gpa3oin HBbiA MeTaHOA (6): Boaa (a)
¢ 0,2%-1 yKcycHOM KMcAoTom (65:35, B/B). [papneHTHoE
3AMPOBaHKE NPOBOAUAK CAEAYHOLLIMM 06pa3om: 0—2 MUH,
5% 6 n3okpaTMyeckunin; 2-10 MUH, AUHENHBIN TPAANEHT
5-25% 6; 10—20 MWH, AMHEWHbIN rpaaneHT 25-40% B;
20-30 MWH, AMHEeRHbIN rpaaneHT 40-50% B; 30—40 MuH,
AMHENHbIN rpapneHT 50-100% B; 40—-45 muH, 100% B
M30KpaTUYecknn n 45-55 MUH, AMHEWHbIN FPaAMEHT
100-5% B. MHAMBUMAYaAbHbIE GEHOAbHBIE COEAMHEHKS
MAEHTUOMLMPOBAAU MYTEM CPABHUBAHUA UX BPEMEHU yAEP-
XUBaHUA C TEM Xe AAA NMOAAMHHbBIX CTaHAAPTOB (Sigma,
CLUA) ¢ ncnonb3oBaHuem Tex xe ycAoBuit. OAHOBPEMEHHbIN
KOHTPOAb AAMHBI BOAHbI 0BHapYXeHUs BblA YCTAHOBAEH
Ha 324 HM AAA XAOPOreHOBOW, KODENHOW, 2,5-AUTUAPOK-
c1beH30MHON, KyMapoBOM, GepyrOBOM M CaAAULIMAOBOWM
KUCAOT M 277 HM AAS FrannaTa anuranokatexumHa (IrKkr),
anukatexuHa (3K), raanata anvkatexuHa (AKI) u cuprHroson
KMCAOTbIl. KOAMYECTBEHHAA OLEHKa KaXXAOr0 COEANHEHMS
6blAa ONpeAereHa Ha OCHOBaHUW U3MEPEHUIM NMUKOBOM
MAOLLL@AM C UICMOAB30BaHUEM FPaAAYMPOBOYHOIO rpaduka
AAS KAXXAOTO COEAMHEHMSA.

Bce nccaepoBaHmnsi NPOBOAUAM B 3-KpaTHOM NOBTOP-
HOCTU. DKCNepUMEHTaAbHble AaHHble MPEACTaBAEHbI B
Buae M+m. Ctatuctuueckyto ob6paboTky NpOBOAMAM C
MCMOAb30BaHMEM NAKETOB NMPUKAAAHbBIX CTAaTUCTUUYECKMX
nporpamm Excel. AOCTOBEPHOCTb pa3AnMUMii OLEHUBAAK
no kputeputo CtbtopeHTa npm 95%-m ypoBHE 3HAUMMOCTH.

OBCY)XAEHUE PE3YABTATOB

MepBOHAYaAbHO MOAYYEHHbIA CBEPXKPUTUUECKMI
3KCTPaKT Bypor BopopocAan U. pinnatifida 6biA npoaHa-
AM3VMPOBaH Ha NPEAMET COAEPXKAHUSA OCHOBHbIX COEAM-
HEHWI W rPynn COEAMHEHWI, XapaKTePHbIX AASl COCTaBa
6ypbIX BOAOPOCAEN. [ToAyUeHHble AaHHbIE MPEACTABAEHbI
B TabA. 1. CopepxxaHue BUOAOrMUECKU aKTUBHbIX BELLECTB
B Bypoi BopopocAun U. pinnatifida npeacTaBA€HO B MI/T
CYyXOro Beca BOAOPOCAM MO pPe3yAbTaTaM 3KCTPaKLUK
TPAQAMLUMOHHBIMW ~ OPraHUYECKUMW  PaCTBOPUTEASIMHU
[4, 19]. Bbixoa CO,-akcTpakTta coctasua 0,77%. Bbixoa ot
MCXOAHOTO COAEPXaAHUSA B BOAOPOCAM, % OTH., paccumTaH
KaK COOTHOLLIEHME COAEPXXAHUS B UCXOAHOW BOAOPOCAM,
MT/I CyXOro Beca BOAOPOCAM, K COAEPXAHUIO B 3KCTPaKTe,
nepecYMTaHHOM B MI/T CyXOro Beca BOAOPOCAM.

MpeacTaBAEHHbIE B TabA. 1 AaHHbIE AEMOHCTPHPYIOT,
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Tabauua 1. CopepxaHue 61OAOrMUECKM aKTUBHbIX BELLEeCTB B Bypoit BoAOpocAK U. pinnatifida v CBEpXKPUTUUECKOM IKCTPaKTe

Table 1. Content of biologically active substances in brown algae U. pinnatifida and supercritical extract

[pynna coepAnHeHUM, CoaepxxaHue B UCXOAHOM

CoaepxaHue B aKcTpakTe, Mr/T
cyxoro Beca CO,-aKcTpakTa

Bbixoa OT MCcxoaHOTO copep-
XaHuA B BOAOPOCAU, % OTH.

COEeANHEHUS BOAOPOCAM, Mr/T CyXoro Beca
XnpHbIe KUCAOTbI 12,30+0,52
MoAndeHoAbI 140,62+6,17
MaHHUT 53,75+2,40
Xnopoduan 0,30+0,01
KapoTtnHouabl 0,08+0,03

22,41+0,98 68,70+3,10
25,31+1,09 8,3+0,31

6,50+0,25 5,61+0,20
0,01+0,00 1,55+0,03
0,05+0,00 28,99+1,26

uTo MpuMeHeHue cBepxkpuThueckoi CO-aKCTpaKLmK
NMO3BOASET AOCTATOUYHO 3QEKTUBHO U3BAEKATL XUPHbIE
KUCAOTbI, KAPOTUHOUADI, PEHOAbHbIE COEAMHEHUA U MAHHWT.
Heob6X0AMMO OTMETWUTb CYLLECTBEHHO BbLICOKWI BbIXOA
XMPHbIX KUCAOT (0kOAO 70% OTH.), UTO, BEPOSITHO, 06bAC-
HsieTca Bbonee 3DDEKTUBHOM PACTBOPUMOCTBIO AAHHBIX
coeanHeruit B CO,, YeM B TPAAULMOHHBIX OPraHUUECKHX
pacTBOPUTEASIX. BbIXOA APYTHX AMNODUABHBIX COEANMHEHWI
- KapPOTMHOMAOB — TaKXe ABAAETCS AOCTATOUYHO BbICOKUM
(okono 30% OTH.), UTO NO3BOASIET YTBEPXKAATL O NEPCMNEK-
TUBHOCTW MCMNOAb30BaHUS CBEPXKPUTUUECKOW IKCTPaKLMK
B KaYeCTBE METOAA AN MOAYUYEHHWSA IKCTPAKTOB C BbICOKUM
COAEPXaHMEM KapOTUHOMAOB.

NcecaepoBaHUe  KapOTMHOWMAHOTO MPOOUAA  MOAY-
YEHHOro CBEPXKPUTUUECKOTrO KCTPaKTa Bypori BOAOPOCAU
U. pinnatifida n03BOAMAO YCTAHOBWTb, YTO OH XapaKkTepu-
3yeTcA npucyTcTBuem 14 npeactaBUTENEN: O U B-KapOTUHbI,
bYKOKCaHTUH, GYKOKCAHTUHOA, 3€aKCaHTUH, HEOKCAHTUH,
9-LMC-HEOKCAHTUH, BUOAGKCAHTHH, AKOTEWH, AMGTOKCAHTHH,
ANAAUTOKCAHTUH, KAHTAKCaAHTUH, aHTEPOKCAHTUH, acTak-
CaHTUH. 0 KOAUYECTBEHHOMY COAEPXKAHMIO MCCAEAOBaHHbIE
KapOTUHOMABI MOXHO paspeAnTb Ha 2 rpynmnbl — MUHOPHbIE
(copepxxaHue MmeHee 1%) u MaxopHble (6oree 1%). Koan-
YEeCTBEHHbIV COCTaB MUHOPHbIX KAPOTUHOMAOB CBEPXKPU-
TUYECKOro aKcTpakta bypoir Bopopocan U. pinnatifida
npeaAcTaBAeH Ha puc. 1.

MpeacTaBAEHHbIE Ha pUC. 1 AQHHbBIE AEMOHCTPUPYIOT,
YTO MaKCMMaAbHO NPEACTABAEHHbBIMWU MUHOPHbLIMW Kapo-
TUHOMAGMMU ABASIKOTCA 3-KAPOTUH U KAHTAKCaHTUH, MUHK-
MaAbHOE COAEPXAHWE ONPEAENEHO AASl aHTEPOKCAHTUHA.
NIOTEUH, O-KapOTUH, 9-LMC-HEOKCAHTUH U acTakKCaHTUH
XapaKTepu3yrTCs NPOMEXYTOUHbIM COAEPXKaHUEM.

KoAMYECTBEHHbBI COCTAB MaXXOPHbIX KApOTUHOMAOB
CBEPXKPUTUUECKOTO  3KCTpakTa Oypoit  BOAOPOCAM
U. pinnatifida npepcTaBAeH Ha puc. 2.

MaKcuMManbHO NPEACTAaBAEHHBIMU B UCCAEAOBAHHOM
CBEPXKPUTUUECKOM IKCTPaKTe bypoi Bopopocam U. pinnatifida
Ma>OPHbIMU KapOTUHOMAGMU ABASIOTCA QYKOKCAHTUH
(58,1% OT cymMMbl KQpPOTMHOMAOB), 3eakcaHTuH (12,6%
OT CYyMMbl KAPOTUHOMAOB) U NPOM3BOAHOE GYKOKCAHTUHA —
byKoKCaHTUHOA (14,5% oT cyMMbl KapoTUHOUAOB). Copep-
XaHWe AMATOKCaHTMHA M AMAAMTOKCAHTMHa ABASETCA
MUWHUMaAbHbIM (1,8 1 1,3% OT CyMMbl KapOTMHOMAOB
COOTBETCTBEHHO). BUOAGKCAHTUH U HEOKCAHTUH Xapak-
TEPU3YIOTCH HEBBLICOKMM copepxaHunem (4,6 n 6,5% ot
CYMMbl KapOTMHOMAOB COOTBETCTBEHHO). CopepxaHue
HEUAEHTUOULMPOBAHHBIX KAPOTMHOMAOB cocTaBmAO 1,8%
OT CYMMbl KAPOTUHOMAOB.

ToAyYeHHbIE AaHHbBIE COTAACOBBIBAKOTCA C Pe3yAbTaTamMu

MCCAEAOBAHMSA KapOTMHOMAHOIO COCTaBa ApPYrux 6ypbix
BoaopocAaen [20, 21].

Kpome KapoTMHOMAOB, B CBEPXKPUTUUECKOM IKCTPaKTE
NPUCYTCTBYIOT Pa3AUUHbIE XUPHbIE KMCAOTbI. CopepxaHue
MWHOPHbIX (MeHee 1% OT CyMMbl) XXMPHbIX KUCAOT B CBEPX-
KPUTUUYECKOM aKCTpakTe Bypon Bopopocan U. pinnatifida
NPeACTaBAEHO Ha puc. 3.

CoraacHoO nNpeACTaBAEHHbIM Ha pUC. 3 AAHHbBIM, XKUP-
HOKMCAOTHbIM NPOGUAL CBEPXKPUTUUECKOTO 3KCTPaKTa
6ypoit Bopopocan U. pinnatifida onpeaensieTcs npucyT-
ctBeM 10 MUHOPHbIX NPEeACTaBUTEAEN: MEHTAAELMAOBOM,
LmMc-9-rekcapeleHoBOM (W5 M W7), renTapeLeHOBOW, LMC,-
umce,umc-9,12,15-oKkTapekaTpMEHOBON (G-AMHOAEBOM), 3MKO-
3aHOBOW (apaxnHOBOM), 3MKO30AMEHOBOW, 3MKO30TETPAE-
HOBOW, FrEH3MKO30TETPAEHOBON, FTEH3MKO30MNEHTAaEHOBOM
KMUCAOT. MaKCHManbHbIM COAEPXaHUEM XapaKTepuayroTcs
3 MUHOPHbIX XUPHbIX KUCAOTbI - 16:1, 20:2, 20:4, MUHU-
ManbHbIM - 15:0 1 16:1 (05). CopepxxaHne XUPHbIX KUCAOT
17:1, 18:3, 20:0, 21:4 n 21:5 MOXHO OXapaKTepn3oBaTb
KaK CpeAHee cpear MUHOPHbBIX KUCAOT.

CoaepxaHue MaxopHbIX XUPHbIX KUCAOT (boree 1%
OT CYMMbl BCEX XMUPHbIX KUCAOT) B CBEPXKPUTUYECKOM
3KcTpakTe 6ypor Bopopocau U. pinnatifida npeacTaBAeHO
Ha puc. 4.

Cpean MaxXopHbIX XUPHBIX KUCAOT, COTAGCHO A@HHbIM
puc. 4, BbIAEAAIOTCA CAEAYIOLLME KUCAOTbI: TEKCaAEKa-
HOBas (NAaAbMUTUHOBAA), LMC-9-0KTapeLeHoBasA (ONEN-
HoBasl), ymc-5,8,11,14-3Mko30TeTpaeHOBanA (apaxmpo-
HoBas), umc,umc,umc-8,11,14,17-anko3ateTpaeHoBas
n 5,8,11,14,17-3nMKo30MNeHTaeHOBas, UX COAEpPXaHne
He meHee 10% OT CyMMbl BCEX XMUPHbIX KUCAOT. Makcu-
MaAbHOE COAEpPXaHWe OMpPeAeNeHO AAS OAEUHOBOW 1
NaAbMUTUHOBOW KMCAOT, OAHAKO HEOBXOAMMO OTMETUTL
CYLLECTBEHHO BbICOKOE copepxaHue (13,1%) aiko3oneHTa-
€HOBOM KUCAOTbI. [Opa3A0 MEHbLIMM COAEPXaHWEM XapaK-
TepuaytoTca yuc,umc,umc-11,14,17-arkosatpneHoBas,
umc,umc,umc-6,9,12-okTapekaTpueHoBas (raMma AMHOAE-
HOBas), UMC,unc-9,12-okTapekapmeHoBas (AMHoAEBaAS),
cTeapuMHoBas U MUPUCTUHOBASA KUCAOThI.

HemanoBaxHOM xapakTePUCTUKON XMPHOKUCAOTHOIO
npoouAst 06bekTa ABASETCS HE TOAbKO KOAMYECTBEHHOE
COAEPXaHWE OTAEAbHbIX XMPHbIX KUCAOT, HO U COAEpP-
XaHWe OTAEAbHbIX TPYMn U CEMENCTB XMPHbIX KMCAOT
(HacblweHHbIX — HXK, MOHOHeHachbIweHHbIX — MHXK,
noAMHeHacbiweHHbIX — MHXK). Ha puc. 5 npeactaBareHO
cooTHoweHne HXK, MHXK n MHXK, a Takxe omera-3 u
oMera-6 XUPHbIX KUCAOT B CBEPXKPUTUUYECKOM SKCTPAKTE
6ypoit Bopopocaun U. pinnatifida.

BusyaansnpoBaHHble Ha puc. 5 AaHHble AEMOH-
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Puc. 1. CopepxaHne MUMHOPHbIX KAPOTMHOMAOB B CBEPXKPUTUUECKOM 3KCTpaKTe bypor Bopopocan U. pinnatifida
Fig. 1. Minor carotenoids content in the brown algae U. pinnatifida supercritical extract
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Puc. 2. CopepxaHne MaxopHbIX KapPOTMHOMAOB B CBEPXKPUTUUECKOM 3KCTpakTe Bypoi Boaopocan U. pinnatifida
Fig. 2. Major carotenoids content in the brown algae U. pinnatifida supercritical extract
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Puc. 3. CoaepxaHre MUHOPHBIX XMPHbIX KUCAOT B CBEPXKPUTUUECKOM 3KCTpakTe Bypoit Boaopocan U. pinnatifida
Fig. 3. Minor FAs content in the brown algae U. pinnatifida supercritical extract
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Puc. 4. CoaepxxaHne MaxopHbIX XMPHbIX KUCAOT B CBEPXKPUTUUYECKOM 3KCTpakTe Bypoi Boaopocaun U. pinnatifida

Fig. 4. Major FAs content in the brown algae U. pinnatifida supercritical extract
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Fig. 5. Content of individual groups and families of FAs in the brown algae U. pinnatifida supercritical extract

CTpupytoT, uto KAacc MNMHXK aBaseTcs npeobaapatomm
B COCTaBE CBEPXKPUTUUECKOrO IKCTPaKTa Bypoit BOAOPOCAK
U. pinnatifida. Copepxxanne HXK n MHXK HecyuiecTtBeHHO
OTAMYaETCs APYr OT Apyra. OTAEAbHO HEOOXOAMMO OTMETUTb
NPaKTUYECKN OAMHAKOBOE COAEPXAHUE XMUPHbIX KUCAOT
CeMENCTB -6 1 (-3, UTO XxapaKTepPU3yeT UCCAEAYEMbIN
9KCTPAKT Kak MePCNeKTUBHbIN C TOYKKU 3peHnss BUOAOTU-
YEeCKOM aKTMBHOCTM, NPOSIBAAEMOW 3CCEHUMAAbHbIMU
XWPHBIMWU KUCAOTaMMU.

Kpome nccaepoBaHHbIX AUMOGUABHBIX COEAMHEHWN,
B CBEPXKPUTUYECKOM 3KCTpakTe Oypoil BOAOPOCAM
U. pinnatifida onpepeneHo obliee copepxaHne GeHOAbHbIX
COeAUHEHUN, koTopoe coctaBuno 13,45+0,43 Mr raArOBOM
KMCAOTbI/T. CopepXaHUE OCHOBHbIX GEHOAbHbBIX COEAMHEHUH,
MAEHTUOUUMPOBAHHBIX B CBEPXKPUTUUECKOM 3KCTPaKTe
6ypoi Bopopocau U. pinnatifida, npeacTaBAeHO B TabA. 2.

MpeacTaBAEHHbIE B TabA. 2 AaHHbIE AEMOHCTPUPYIOT,

UTO B COCTaBE CBEPXKPUTUUECKOTO IKCTPaKTa Bypor BoAO-
pocau U. pinnatifida npucyTtctByeT 9 GEHOAbHbIX COEAUHEHWIA.
MepBbIM U3 GEHOAbHBIX COEAMHEHWI AAOMPYET FraAAaT 3MK-
rannokatexvmHa. MaxopHbiMu GEHOAbHBIMKY COEAMHEHWUAMU B
IKCTPAKTE ABASIOTCA AMUKATEXMH, FAAAAT ANUraAAOKaTEXMHA,
CUPWHIoBas, KymapoBasi, GepyAoBas 1 CaAULMAOBAs KUCAOTbI.
MuHMMaAbHOE CopepXaHWe ONPEAEAEHO AAA TAAAAT 3MK-
KaTexuHa 1 2,5-AUrMAPOKCUBEH30MHON KUCAOTbI.

3AKAKOYEHUE

MoAyYeHHble pe3yAbTaTbl MPOBEAEHHbIX UCCAEAOBAHUI
NO3BOAAIOT CAEAATb CAEAYIOLLME BbIBOABI: CBEPXKPUTUUECKASA
akcTpakuus CO, ¢ NOASIPHBIM MOAUPUKATOPOM STAHOAOM
6ypoit Bopopocam U. pinnatifida xapaktepuayeTcsi BbICOKOM
3PPEKTUBHOCTBIO B UYACTU M3BAEUYEHMUS XMUPHBIX KUCAOT,
KapOTUHOMAOB U GEHOAbHBIX COEAUHEHWI. KApOTUHOMAHBIW
NPOGUAL NMOAYYEHHOTO CBEPXKPUTUUECKOrO SKCTPaKTa Bypon
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Tabauua 2. CopepxaHne 0OCHOBHbIX GEHOAbHbBIX COEANHEHWH, MAEHTUOULMPOBAHHbIX B CBEPXKPUTUUECKOM 3KCTPaKTe Bypoit

BopopocAau U. pinnatifida

Table 2. Content of the main phenolic compounds identified in the brown alga U. pinnatifida supercritical extract

CoeanHeHUe AAMHaA Rt, MuH CoaepxaHue, Mr/r
BOAHbI, HM
KodelHas kucaoTa 10,49 2,30+0,11
2,5-AUrMAPOKCUBEH30MHas KUCAOTa 17,43 0,89+0,03
KymapoBasi Kucaota 324 20,56 8,04+0,31
depynoBas KUCAOTa 24,19 14,88+0,53
CanmMumnaoBas KUCAOTa 44,92 4,90+0,22
[annat anurannokatexnHa 8,13 7,02+0,28
AnuKaTexmH 277 10,11 36,40+1,61
[annaT anukatexvHa 13,00 0,52+0,01
CupuHroBas KMcAOTa 14,78 41,28+2,06

BoaopocAn U. pinnatifida xapaktepusyetca npucytcrevem 14
NpeACTaBUTENEN, MAKCHMAAbHO NMPEACTABAEHbI GYKOKCAHTUH
(58,1% oT cyMmMbl KAPOTUHOWUAOB), 3eakCaHTUH (12,6% ot
CYMMbl KAPOTUHOMAOB) U GYKOKCAHTUHOA (14,5% 0T cyMMbl
KapOTUHOMAOB). )KUPHOKMCAOTHbIM COCTAB CBEPXKPUTUYE-
CKOro 3KcTpakTa bypoin Bopopocan U. pinnatifida onpepe-
AseTcsa npucytetBrem 20 NnpeAcTaBUTEAEN, OCHOBHbBIMU U3
KOTOPbIX ABAAIOTCA NaAbMWTUHOBAsA, OAEMHOBAS, apaxu-

AOHOBas U 3KO30MEeHTaeHOBas XUPHbIE KUCAOTbI. Knacc
MHXK aBasieTca npeodbaapatoLMmM, COAEPXaHUE XUPHbIX
KMCAOT CEMENCTB -6 M (-3 pasAnyaeTcsi HeCyLECTBEHHO.
YCTaHOBAEHO, UTO 06LLiee coaep)aHne GEHOAbHbIX COEAM-
HeHun cocTaBaseT 13,45+0,43 mMr/r B nepepacuyete Ha
raANOBYHO KUCAOTY, HaMbonee NpeACTaBAEHbI 3MUKATEXMH,
ranAaT anurannoKaTexmHa, CUpUHIroBasi, KymapoBas, Gepy-
AOBast M CaAMLIMAOBAst KUCAOTbI.
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K BOMNpPoOCy 0 MUKPOCaATEANUTHDBIX accouUnalUAX Ky/\bTypHOﬁ cou
AMprKOﬁ 06AaCTU C CeAbCKOX03AUCTBEHHbIMMU NMPU3HAKaMHU

0.H. BoHpapeHko , M.A. TumkuH, A.E. UBaueHko, A.A. BaAnHoBa, A.A. MeH3uH

BcepoccHickmuii Hay4yHO-MCCAEAOBATEABCKUI MHCTUTYT CoM, I. baaroBelleHck, Poccurickasa ®eaepaums

AHHOTauMA. B MCCAEAOBAHUM BbIMOAHSIACA MOMCK M OLEHKA CHAbI KOPPEALMU MEXAY AMHOM MUKPOCATEAMMUTHBIX
NOKYCOB M XO35MCTBEHHO-LIEHHbIMW NPU3HaKaMu. B onbiTe no MapkupoBaHUIO reHETUYECKNX cucTeM copToB com AHK
BbIAEASIAM C MOMOLLbKO FOTOBOr0 KOMMEPYECKOro Habopa, NpoBOAUAM CTaHAapTHYH TLIP Ha roToBo# peaKLMOHHOM
cvecn. lpoaHarnaupoBaHbl 18 copToB cenekumn BcepoCccuickoro HayyHO-UCCAEAOBATEAbCKOrO MHCTUTYTa COM C
ncrnoAb3oBaHmeMm 15 nap nparimMepoB, M3 KOTOPbIX Hanboaee creunduyHo cebsi MPOSBUAM M MOAHOCTLIO MPUIOAHbI AAS
MAEHTUOUKaALIMK 1 nacrnopTrudaummn UMERLLIMXCS reHoTunoB com 8 (Sattl, Satt2, Satth, Satt9, Soyhspl176, Satt681,
Satt141, Satt181) n 1 yactmuHo (Sat_263). KoppeArsiuMOHHbIN aHaAn3 MPOBOAMACS MyTEM pacyera KoapdrumeHTa
B3aMMHOM COMPSKEHHOCTH [TMpPCOoHa. AAST OLEHKU BO3MOXHOIO BAMSIHUSI Ha XO35MCTBEHHO-LIEHHbIE NPHU3HaKKU B basax
AaHHbIX NCBI n soybase npoBeAu MoMCK accoumaLmi npoCTbiX MOCAEAOBATEAbHbIX MOBTOPOB (SSRS) ¢ AOKycaMu KoAmye-
CTBEHHbIX rpn3HakoB (QTLS). B pe3yrbTate KOpPEASLMOHHOIro aHaAn3a OTMETHAM MPSIMYHO B3aMMOCBS3b AAMH AOKYCOB
Satts, Sat_263, Satt181 u obparHyto y Satt2 ¢ BbICOTON pacTeHHS: CPEAHEE 3HAYEHNE KOIYPULIMEHTa KOPPENSLMM
(r) paBHo 0,485; 0,55; 0,435 1 -0,422 cootBETCTBEHHO. [1psiMas 3aBMCMMOCTb yCTaHOBAEHa Mexay Satt1(r= 0,561)
n Satt2 (r= 0,562) u macco# ceMsiH pacTeHui, obpatHas — mexay Satt9 (r=-0,453), Satt681 (r=-0,527) u maccos
ceMsiH. C npu3HaKoM MoTeHLUMaAbLHOM ypOoxXarHOCTH 0bHapyxeHa cAabasi obpaTHas koppeasuums y Satt2 (r=-0,321).
3T0 CBUAETEABLCTBYET O TOM, UTO MUKPOCATEAMUTBI MOTYT MPOSIBASITL CEBS Kak MapKep OrNPeAeAeHHOro Np13Haka.

KnaroueBnble cnoBa: cos, SSR-aHanms, AHK-mapkepbl, MMKPOCATEAMMTHBIE AOKYCbl, MOAEKYASIPHO-TEHETUYECKAS NacrnopTM3aLms

Ans untupoBaHus: boHpapeHko O.H., TumkuH MM.A., UBaueHko A.E., BanHoBa A.A., NeH3uH A.A. K BOnNpocy 0 MUKPO-
CaTeAAUTHBIX aCCOLMALMAX KYABTYPHOM COM AMYPCKOM 0OAACTM C CEAbCKOXO3SAMCTBEHHbIMM NpU3Hakamu // N3BecTus
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2023-13-3-425-433. EDN: BMAWTK.
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To the question of microsatellite associations of cultivated soybean
of the Amur Oblast with agricultural traits

Ol'ga N. Bondarenko", Pavel D. Timkin, Lyubov E. Ivachenko,
Anastasia A. Blinova, Andrey A. Penzin

All-Russian Research Institute of Soybean, Blagoveshchensk, Russian Federation

Abstract. This prospecting study evaluated the correlation strength between the length of microsatellite loci
and valuable agricultural traits. For labeling the genetic systems of soybean varieties, DNA was isolated using a
ready-made kit followed by subjecting the manufactured reaction mixture to standard PCR. In total, 15 primer
pairs were used to analyze 18 varieties of the All-Russian Soybean Research Institute selection. Eight samples
(Sattl, Satt2, Satts, Satt9, Soyhsp176, Satt681, Satt141 and Satt181) were the most specific and fully suitable
for the identification and certification of available soybean genotypes; however, sample Sat_263 was only partially
applicable. The possible influence of loci on agricultural traits was determined by searching for associations of
simple sequence repeats (SSRs) with quantitative trait loci (QTLs) in the NCBI and soybase databases. To identify
the statistical relationship between different attributes and loci lengths, a correlation analysis was performed by
calculating Pearson’s coefficient. This analysis revealed a direct relationship between the length of Satt5, Sat_263
and Satt181 loci and plant height, with an inverse relationship being observed in the case of Satt2. The mean value
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of the correlation coefficient (r) comprised 0.485, 0.55, 0.435 and -0.422, respectively. Samples Satt1(r = 0.561)
and Satt2 (r = 0.562) indicate a direct correlation between their length and plant seed weight, while an inverse
correlation was established in the case of Satt9 (r=-0.453) and Satt681 (r=-0.527). A weak inverse correlation
was found with the trait of potential yield with Satt2 (r =-0.321). This indicates the ability of microsatellites to act
as a marker of a particular trait.

Keywords: soybean, SSR-analysis, DNA markers, microsatellite loci, molecular genetic certification
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BBEAEHUE

Cpean BO3AEABIBAEMbIX CEAbCKOXO3ANCTBEHHbIX KYALTYP
BBUAY BbICOKOM MUTATEAbHOMW LIEHHOCTM COSA ABASIETCA
OAHOW M3 caMblx BOCTPeOOBAHHbIX KYAbTYP, YTO AeAaeT
ee BaXHbIM 06bEKTOM AAS UICCAEAOBAHWI U 0OBSACHAET
He0b6X0AMMOCTb NOCTOSIHHOTO €€ YAYULLEHUS U BbIBEAEHUS
HOBbIX COPTOB, 4YTO, B CBOKO OYEPEAb, HAaMpPaBAEHO Ha
obecneueHune notpebHOCTEN HaceAeHMs. B nocaeaHue
rOAbl Ha MOMOLLLb CEAEKLIMOHEPAM NPHULLAG BUOTEXHOAOTUSA,
UTO 3HAUYUTEAbHO YNPOLLAET U YCKOPSET CEAEKLMOHHbIN
NPOLLECC U, KaK UTOT, MOXET NPUBECTU K 3HAUMTEABHOMY
YBEAMUYEHUIO TEMMOB MPUPOCTa XO3NCTBEHHO-LIEHHbIX
npusHakos [1-3].

HecMmoTpsi Ha aKTUBHOE U3yYeHNE MOAEKYAAPHBIX Map-
KEPOB COU, FeHETUYECKNE 0COOEHHOCTU COPTOB aMypPCKOW
CEeAEKLMUN U3yYeHbl HEAOCTATOUHO. AAA MX @aHAAM3a MCMOAb-
3YHOTCA AOKYCbl KOAMYECTBEHHbIX Npu3HakoB (QTLS) m
AOKYCbI NPOCTbIX MOCAEAOBATEABHbIX MOBTOPOB (SSRS).
AHanns QTLs MoxeT 0CHOBbIBATbCH Ha M3yYeHUU GEHO-
TUNMUUYECKNUX NPOABAEHUI. B cayuae SSRs AOCTOBEPHO
HEW3BECTHO MX BAUSIHWE Ha Kako-AMbo npusHak. Yalue
BCEro OHM MCMOAB3YITCH AAS KapTUPOBaHUS reHoMa,
onpeaeneHuna poactea uam AHK-nacnopTtnsaumm coptos
CEAbCKOX03AMCTBEHHbIX PACTEHMI, UTO HA CErOAHALLHUI
AEeHb siBASieTCA Hanbonee 3G GEKTUBHBLIM CNOCOOOM KX
MAEHTUOUKALMK C LEABIO 3aLLUTHI aBTOPCKMX MPaB Cenek-
LMOHEPOB M CBEAEHMIO K MUHUMYMY GarbCUPUKaLMK Ha
pbiHKe cemsH [4, B].

HekoTopble MUKpOCaTEAAUTHbIE AOKYCbI UTPaKOT POAb
B UMTOOMU3MOAOTMKN 3YKAPMUOT, UM OTBOAMTCS OYHKLMA
PEryAITOPHBIX YYaCTKOB, KOHTPOAMPYHOLLMX SKCNPECCHUIO
reHoB. M3BeCTHO, 4To SSRS-AOKYChl B Npeapenax reHoma
ABAAIOTCS CBOE0OPa3HbIMU METKAMM TOFO MAU MHOTO NPU-
3Haka. ITO CBOMCTBO 0OBACHAETCA TEM, UTO AAA BOAb-
LUMHCTBA NOAOOHbIX MOCAEAOBATEABHOCTEN XapaKTePHO
pacrnoAoXeHWe PAAOM C reHOM, KOTOpbIM onocpeayeTt
CBSA3aHHbIN NPU3HaK, YTO 0COBEHHO YAOBHO AAA KaPTU-
pOBaHUA TEHOMOB Pa3AMUHbIX COPTOB. /\OKYCbl, OTBE-
yawline 3a NPoABAEHWE KOAMUYECTBEHHOMO NPU3HaKa,
Ha3biBatoTcA QTLs. OHK, Kak NpPaBKUAO, M aCCOLIMMPOBAHbI
¢ SSRs-AOKyCamu, YTO AG€T BO3MOXHOCTb MPEANOAOXUTb
HaAMuMe B3aMMOCBSA3M MEXAY NOCAEAOBATEABHOCTAMM
MWKPOCATEAAUTOB U CAMUM reHOM. AaHHbIX O BAUSTHWUM
SSRS-AOKYCOB COM Ha PEryAfLIMIO TEHOB W, KAK CAEACTBHE,
Ha GEHOTMM Ha A@HHbIA MOMEHT HeT [6-8].

Mowuck accoumamnin SSR-AOKYCOB € NOAE3HbIMU MpPU-
3HaKaMu ABAAETCA BaXHOM 3apayel reHOMMUKKU, MOCKOAbKY
3TW AOKYCbl MO3BOASIIOT OTCAEXMBATb CLEENAEHHbIE C HUMMU
reHbl. AASI CAOXHbIX MPU3HAKOB YacTbiM SIBAEHWEM CTa-
HOBMTCA NOAMIEHHANA NPEACTABAEHHOCTb B reHoMe. AAA
ynpoLleHua npotecca otbopa oLEeHUBAOT UMEHHO CaMM

MUKPOCATEAAUTHbIE MapKepbl Kak Hanbonee ypobOHblE
AAS peTekumn [9, 10].

Takrm 06pa3om, NPOCTbie NOBTOPSOLWMECA NOCAE-
AOBATEABHOCTU MOTYT UCMOAb30BATbCA HE TOAbKO AAA
nacnopTM3aunn U MAEHTUOUKaLMK Pa3AUYHbBIX COPTOB, HO
N KaK CaMOCTOATEAbHbIE MapPKePbl AN CEAEKLMOHHOIO
oTbopa, B cAyyae ecAn BYAYT BbIACHEHbI KOHKPETHbIE
MexaHM3Mbl accolmaLnmn ¢ NPOABAEHUMEM XO3SUCTBEH-
HO-LLEHHbIX MPU3HaKOB.

He cyuiecTtByeT OAHO3HAYHOrO OTBETA O HAAM4YUU
B3aMMOCBSA3U MEXAY AAMHOW UAM MOCAEAOBATEABHOCTBIO
HYKAEOTUAOB B SSR-AOKyCax M NPOSIBAEHUEM TOTO MAK
MHOro npusHaka. Kak npaBuao, AAMHa SSR-AOKyca He
BAMSIET HANPAMYIO Ha NPOSIBAEHWE NPU3HAKOB Y PACTEHU.
OAHaKo BO3MOXHO, YTO AAMHA SSR-AOKyCa MOXET BAUSTb
Ha peaAn3aLmnio CAOXHbIX MPU3HAKOB NOCPEACTBOM MOAB-
AEHWSI HOBbIX CaTOB CBSA3bIBAHWUA TPAHCKPUMLMOHHbIX
$aKTOpOB, MHAYLIMPOBAHHbLIX MHCEPLMAMU U AEAELUAMU
[11-16].

Llenb nccAepOBaHMM — MOUCK U OLEHKa CUAbI KOP-
PeAALMN MEXAY AAMHON MUKPOCATEAAUTHBIX AOKYCOB U
X03AWCTBEHHO-LEHHbIMU NPU3HaKaMMU.

AKCNEPUMEHTAABHAA YACTb

O6bLEKTOM WMCCAEAOBAHMA MOCAYXMAM 18 copToB
cenekLmn BcepoccuMcKoro HayuHO-MCCAEAOBATEABCKOTO
MHCTUTYTa cou: KpyxeBHuua, YMKa, Auans, BepeTelika,
Aaypus, 3oayika, AadypHas, Tonas, CeHTabpuHKa, [pai,
BHUWC-18, AaneTpa, 3oA0THULUA, Annc, AyuncTasn, Tucew,
MeneanHa, Yapopeika.

AASi MPOBEAEHUS ONbITa N0 MapKUPOBAHUIO FeHETU-
YECKMX CUCTEM COPTOB KYAbTYPHOM COM CEMEHa NepBO-
HayanbHO npopalumBanm coraacHo FTOCT 12044-93 B
PYAOHaX GUABTPOBAAbLHOM Bymaru B TeUeHWE CEMU CYTOK
NP1 KOMHaTHOW Temnepatype. MPOPOCTKM COM XPaHWUAM NP
Temneparype M1Hyc 18 °C A0 NpOBEAEHUSI UCCAEAOBAHUMN.
BblaeneHWe 1 ouncTka cymmapHoi AHK 6bIAM BbINOAHEHDI
C “cnoAb3oBaHWeM Habopa peareHToB AAA «AHK-IKCTpaH»
(000 «CwuHTOA», POCCKA) C LEABIO BbIAEAEHWUA TEHOMHOM
AHK 13 pacTteHuit. KoHueHTpauum aAByxuenovevHon AHK
namepsaan Ha earoopumetpe MAXLIFE (OO0 «MBM-Aua-
FHOCTUK», POCCcKA) COrAaCHO MHCTPYKLMKW MO MPUMEHEHMIO
K Habopy Test dsDNA-100. Mo pe3yAbTaTam AaHHOrO 3Tana
nepea nNpoBeAEHUMEM aMMAMOUKALMU  KOHLEHTPALIMIO
06pa3LoB BbiaereHHON AHK pa3baBasan Ao 100 HI/MKA.

AA amnAnduKaummn BbiaeaneHHoM AHK npumensiam 15
nap SSR-npaimepoB, NPEANOXEHHbIX paHee aBTopamMu U3
®rBHY ®OHL, «<BcepoCccHMCKM HayuHO-MCCAEAOBATEABCKMIA
MHCTUTYT MaCAMUYHbIX KYABTYP» B KaueCTBe MapKepHOM
CUCTEMbI AN UAEHTMOMKALMKW 1 MACNOPTU3aLMM COPTOB
KyAbTYpHOW count. MLP npoBeaeHa B 3-X aHAAUTUUECKUX
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NoOBTOpPax C UCMOAb30BaHWEM MpPeACTaBAEHHbIX 15 nap
SSR-npanmepos [17].

MLUP ocyLecTBASIAV B GUHAABHOM 06 beME PEAKLIMOHHOW
cmecu 25 MKA, KoTopast BKAoUYana B cebs 12,5 MKA rotoBo
peakunoHHon cMmeck «brnoMactep» HS-Taq MLP-Color (2x)
(000 «bronabmukce», Poccus), copepxatiern 100 MM Tpuc-HCl,
pH=8,5 (npun 25 °C), 100 mM KCl, 0,4 MM Ka)XXAOro Ae30k-
CUHYKAEO03UATPUdOCHaTa, 4 MM MgCI?, 0,06 ea. akT/MKA
Tag AHK-noanmepassbl, 0,2% Tween 20, ctabuaM3aTopsl
HS-Tag AHK-noAnmepasbl 1 kpacutean; 10 Hr obpasLia Bbiae-
AeHHor AHK; no 10 nM npsimoro 1 obpatHoOro npanvepos;
9,5 MKA CTEPUABHOM BOAbI. AMNANPUKALNIO BbIAEAEHHbIX
dparmeHToB AHK cov NpoBOAUAM C MOMOLLLIO aMNAUGU-
kaTtopa CFX96 (Real-time) (Bio-Rad laboratories Inc., CLLA)
NpU CAEAYHOLLMX TEMMEPATYPHbIX PEXMMaX: HavyaAbHas
AeHatypaums - npu 96 °C B TeueHre 2 MUH, 3atem 32
LUMKA@ NPW TEMNepaTypHO-BPEMEHHOM pPeXUMe: AeHaTy-
pauus - npu 94 °C B TeueHune 30 cek, OTXUT nparimepa
npuv Temnepatype 45-60 °C (B 3aBUCMMOCTHM OT Npanmepa)
B TeueHue 40 cek, anoHraums - npu remneparype 70 °C B
TeyeHue 1 MUH; GUHaAAbHas SNOHraUMs — NPKU TeMnepaType
70 °C B TeueHue 2 MUH. AN KaXAOM 13 NPEACTABAEHHbIX
nap npavimepoB bbina paccuMTaHa TeMnepaTtypa oTxura
(B BE6-Bepcun nporpammbl PrimerBLAST)? [18] u bbina
NpoBEAEHA NX ONTUMMU3aLMA SKCNEPUMEHTAABHBIM NyTEM.
AASi 3TOrO C KaXAov napor npanmepos nposoanau MLUP, rae
AHK 06pasLoB cov amnAMGULIMPOBAAK MO YCTAHOBAEHHOMY
NPOTOKOAY, UBMEHSAA TEMMNEPATYPY OTXKMIa B KaXKAOM OMbITe
Ha 3-5 °C. Bbibop oNTMMaAbHOro 3HauYeHWa TemnepaTypbl
OTXMra OCHOBbIBAACS Ha MOAYYEHUM YETKMX, XOPOLLIO Pa3AK-
YUMbIX aMNAUOULMPOBAHHBIX GParMeHTOB B XapakTEPHOM
AASI KAXXAOTO AOKyCa AMana3oHe KOAUMYECTBA M.H.

MPOAYKTbI peakumn 6biAM PaspeAeHbl METOAOM 3AEK-
Tpodopesa B 2%-M arapo3HOM rene, okpalleHHoM 6po-
MUCTbIM 3THAMEM, B O,5XTBE ¢ ncnonb3oBaHMEM Kamepbl
ANl TOPU3OHTAALHOTO aAekTpodopesa SE-1 (000 «KomnaHma
XennkoH», Poccusi) B TeueHue 1,5-2 4 npu cuae Toka 50 MA
1 HanpshxeHun 90-100 B. Buayanmsaums ocyLlecTBAEHA
nyTem 0BAyYEHUS rens yAbTPadUOAETOM C UCMOAb30BAHUEM
renb-AOKyMeHTUpytoLLen cuctembl GelDoc EZ (Bio-Rad
laboratories Inc., CLUA). MaeHTUdPMKaLMIO 1 onpepeneHre
pa3mMepoB anAeAeV MUKPOCATEAAMUTHBIX AOKYCOB MPOBOAWAM
C UCMNoAb30BaHWeM nporpamMmel Image Lab Version 6.0.14
Standard Edition. BbisBAEHHbIE MO KAXXAOMY AOKYCY aAAEAU
0603HauaAK LMdpamm Yepes 3anaTyto: aAAeAb C MaKCUMaAbHbIM
3HaYeHMEM MONEKYASIPHOM Macchl 0603HauYann uudpon 1,
AANEE MO MePE ero yMeHblUeHUs — umbpamu 2, 3, 4.

Mounck accounmnpoBaHHbIX ¢ SSRS-Mapkepamu reHoB
QTLs npoBoaMAK No 6a3am AaHHbIX soybase®, NCBI* ¢
nomoLbto MHCTpyMeHTapus List of QTL, List of Traits, BLAST.

AHaAM3 B3aMMOCBA3N AAMH AOKYCOB W XO35IMCTBEH-
HO-LIEHHbIX MPU3HAKOB OCYLLIECTBASIAM C MOMOLLIbIO pacyeTa
KO3hPULMEHTA B3AaUMHOW conpsixeHHOoCTH MupcoHa [19].
AN MHTEPMIPETaLMK PE3YALTATOB KOPPEASILIMOHHOTO aHaAM3a
BOCNOAb30BaAUCh TabauLen Yeppoka (Taba. 1).

Tabaunua 1. Crina KOPPEASLIMOHHOM CBA3K

Table 1. Strength of the correlation

TecHoTa (cuna)
ABCOAIOTHOE 3HaueHue r o
Xy KOPPEAALIMOHHON CBA3M
meHee 0,3 cnabas
o1 0,3 000,5 yMepeHHas
ot 0,5 00,7 3ameTHas
o1 0,7 p0 0,9 BblCOKas
6onee 0,9 BeCbMa BbICOKas
OBCY>XAEHUE PE3YN\bTATOB

M3 nccaepyembix 15 nap npanmepos Te, UTo GAaHKK-
poBaAu AOKyCbl Soyprpl, Soygy2, Sat_1, Sat_43,Sat_36 1
138c¢t04, He rmbpuan3npoBanmch ¢ MaTpuuHon AHK (Taba. 2).

HeBO3MOXHOCTb TMOPUAM3ALIMIM HEKOTOPbLIX NPaiMepoB
C UX MULLEHAMU 0OBACHAETCA HETOYHOCTBIO U1 yCTapeBLlnUM
NPOTOKOAOM AASI MPEAOCTABAEHHbIX MParlMepPOB B AUTE-
patypel no cpaBHEHWIO ¢ HoAee COBPEMEHHbIMU 13 Soybase
AASt @aHAAOTMUHbIX AOKYCOB (Taba. 3).

Taknm 06pasom, U3 15 MUKPOCATEAAUTHBIX AOKYCOB MOA-
HOCTbIO MPUIOAHBIMU AASt UAEHTUOMKALIMK U MAcMoPTU3aLMM
UMERLLIUXCA FTeEHOTUNMOB CON OKa3aAUCb TOAbKO 8 1 1 yacTnyHo
(Sat_263). Ha ocHoBaHWM 61OMHGOPMALIMOHHOTO aHaAK3a H6a3
AaHHbIX NCBI 1 soybase ncnonb3oBaH1e AOKYCOB Soygy2 Ha
AGHHbI MOMEHT HE PEKOMEHAOBAHO C LIEABIO NAcMopTU3aLmm
BBWAY OTCYTCTBMA KX anpobaLmu ¢ BonHpopmaTtuieckunx a3
AGHHbIX M MOAYUYEHMS NPOTUBOPEUMNBBIX PE3YALTATOB. MapKepbl
138ct04, Sat_263 CTOUT NPUMEHSITb C OCTOPOXHOCTLIO BBUAY
HU3KOM BaAMAQLNN (])AaHKVIpyIOLLI,VIX Y4aCTKOB AAA ATUX AOKYCOB.
Mcnonb3oBaHWe MapkepoB TvNa Satl/Sat43 pekomeHayeTcs
C y4eTOM 0BOHOBAEHHbIX BEPCUIA MPaMEPOB N0 AUTEPATYPHbLIM
WCTOYHWKaM, UMEIOLLMMCS Ha Soybase. Ha pucyHKe nokasaHa
aneKTpodoperpaMmma pesyAsTatoB amnAndrkaumnm AHK Heko-
TODbIX CODTOB COM MO AOKVCV Satt9.
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AnekTpodoperpamma nNpoAykTos amnandukaumm AHK coptos
cou no Aokycy Satt9. Aopoxkn 2-21 - dparmeHTsl AHK coptoB
(2-5 - KpyxeBHuua, 6-9 - Ymka, 10-13 - Aupus,

14-17 - BepeTteika, 18-21 -Aaypus); 22-23 - oTpULATEAbHbIN
KOHTPOAb (-AHK); 1, 24 - mapkep MOAEKYASIPHBIX BECOB

(DNA Ladder, 100+ bp)

Electrophoregram of DNA amplification products of soybean
varieties at the Satt9 locus. Lanes 2-21 are DNA fragments of
varieties (2-5 - Lacemaker, 6-9 - Umka, 10-13 - Lydia,

14-17 - Vereteyka, 18-21 - Dauria); 22-23 - negative control
(-DNA); 1, 24 - molecular weight marker (DNA Ladder, 100+ bp)

‘PamasaHoBa C.A. NaeHTUdUKaLUsA COPTOB COU C UCMOAb30OBAHUEM MOAEKYAAPHO-TEHETUUECKUX METOAOB: AUC. ... KaHA. 61OA.

HayK. KpacHopap, 2008. 107 c. EDN: NQFMYT.

2Finding primers specific to your PCR template (using Primer3 and BLAST) // National Library of Medicine [9neKTpoHHbIN pecypc].
URL: https://www.ncbi.nlm.nih.gov/tools/primer-blast/ (06.07.2023).
3SoyBase. Integrating Genetics and Genomics to Advance Soybean Research [9aekTpoHHbIN pecypc]. URL: https://soybase.org/

(06.07.2023).

“National Library of Medicine [9aekTpoHHbIi pecypc]. URL: https://www.ncbi.nim.nih.gov/ (06.07.2023).
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Tabanua 2. AAMHbBI MMKPOCATEAAUTOB PasAUUHbIX COPTOB

Table 2. Microsatellites lengths of different varieties

HavmeHoBaHuWe AOKyca, pa3mMep NPOAYKTOB aMnAnPUKaLLMK (N.H.)

HanumeHoBaHue o - - - -

o N 9 o 3 © S Y ®

Pt 5 3 5 3 g 5 o 5 5

UO) [9)] (%) () (%)
KpyxeBHuuLa 137 154 150 206 115 244 135 148 225
YmKa 137 154 136 159 115 244 135 187 225
Avansa 137 154 150 186 115 244 135 187 208
Beperteiika 137 154 150 212 115 244 135 187 225
Aaypusi 145 154 150 168 115 244 135 187 218
3onaywka 154 154 160 176 115 244 135 210 208
NasypHas 145 154 150 154 115 244 135 210 185
Tonas 145 154 136 138 115 244 135 210 170
CeHTsi6pUHKa 145 154 136 200 115 244 135 210 208
pan 137 146 160 186 115 244 165 210 218
BHWNC-18 145 146 160 186 115 244 156 210 208
Annetpa 145 146 160 186 115 244 165 210 208
30A0THMLA 137 154 160 212 115 244 156 210 170
Anuc 125 154 160 212 115 244 156 210 208
Nyuncran 125 146 160 212 120 244 156 210 208
Tucen 125 146 160 206 115 244 180 210 208
MeneavHa 137 154 160 168 115 244 156 210 208
Yapoaerika 154 163 160 186 115 200 165 210 208

Tabauua 3. XapakTrepucTnka UCCAeAOBaHHbIX MUKPOCATEAAUTHBIX AOKYCOB

Table 3. Characteristics of the studied microsatellite loci

nOCl\eAOBaTe/\bHOCTb MCMOAb30BaAHHbIX o
NOKyCbI o lNocnepoBaTEABHOCTL NPAMMeEPOB MO soybase
npavimMepoB B AUTepaType

f-CTGGTGGACTATTGATACGACC f-GCGGATACGACCAAAAATTGTT

Sat_1
r-AACTGCGAAGATACTACCCTCC r-GCGAACTGCGAAGATACTACCC

sat 4 f-AAATTCTGTTCATTGTCCGTC f-GCGGTCCGTCAATGAATATTAAATTAAAA

at_43

r-CATTTTAATATCCCGAGTAGG r-GCGAAAGCGGCAGAGAGAGAAAGGT

Soyay2 f-AAAATTGAAAGTGTCACACCCC B AaHHbI MOMEHT OTCYTCTBYET B 6a3ax AaHHbIXx SSRs (soybase),
r-TTAAAATCGATTAATTGGCATGA nucleotide (NCBI)

138¢t04 f-ACAATTTATTATTGTGCACGC Mmeetcs kak SSR-mapkep, HO He NpeAOCTaBAEHbl Npanimepsl
r-ATTGTGCGCGTGTATGCG (soybase)

Sat 263 f-GCGGTCGATCGTTTCAATTAGTATG UmeeTcs kak SSR-Mapkep, HO He NPEAOCTABAEHbI NpaiMepbl

- r-GCGCTGGCAGCCCTTTATTATC (soybase)

f-CGAAGAGCTACGTGCCAAATT f-CGTGCCAAATTACATCA

Soyprpl
r-GTTAGAAAACTCCGCCCACAC r-TGATGGGAACAAGTACATAA
f-AAAGTCATAACTGGCACTCCAAGTTT f-GCGACTCCAAGTTTTTTTTGTTT

Sat_36
r-GAACATAACAATAATAAATATAGCTC r-GCGGGAGTTAGAGGAAGAGAACA
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Tabauua 4. Nokycbl SSRs 1 nx accounaumu ¢ QTL (MccaepyeMble NPU3HAKU COM NOAYEPKHYTHI)

Table 4. Loci of SSRs and their associations with QTL (soybean traits studied are underlined)

NoKycC AccouumnpoBaHHble QTLs NoKycC AccouumnpoBaHHble QTLs
Seed oil 37-10
Sattl Seed protein 33-3 Hypocotyl weight 1-2
Seed yield 29-1 Pubescence density 1-2
Pubescence density 3-2
Canopy wilt 1-3 Pubescence length 1-2
Seed height 1-8 Seed daidzein 2-2
Seed Leu 1-3 Satt181 Seed genistein 2-6
Seed linoleic 6-6 Seed glycitein 2-8
Satt2 Seed Met plus Cys 1-1 Seed isoflavone 1-3
Seed weight 18-2 Seed set 5-27
Seed weight 49-10 Seed tocopherol, alpha 3-3
Seed vield 21-6 Seed tocopherol, total 3-5
Seed vield 5-2 Seed weight 34-4
Lodging 27-5
Phytoph 6-2 Canopy width 1-2
Plant height 35-5 Plant height 11-3
Satts . Soyhspl76 )
Pod maturity 28-1 Plant height 7-2
Seed oil 38-3 Seed abortion 1-3
Seed yield 28-10
Fe effic 3-4 Ha aAaHHbI MOMEHT 3TOMY AOKYCY
Flower number 1-2 Soyprpl He MPUCBOEHO HaAUUME KaKUX-AMBO
Japanese beetle resistance 1-8 accouuaumi
Phytoph 14-5
Sclero 2-21
Sclero 3-15
Satto Sclero 4-9
Sclero 5-13
Sclero 6-10 Satt681 Canopy wilt 3-6
Seed isoflavone 4-2 Seed glycinin 2-4
Seed linolenic 14-6
Seed oil 24-5
Seed oil 39-14
Seed stearic 8-5
Corn earworm 9-1
First flower 13-3 Ha Aa@HHbI MOMEHT 3TOMY AOKYCY
Satt141 Internode length 2-9 Sat_263 He MPUCBOEHO HaAMUKUE KaKUX-AMBO
Leaflet shape 6-5 accoumaumi
Pod wall to Pod weight ratio 1-3
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Tabauua 5. X035MCTBEHHO-LEHHbIE NPU3HaKN NCCAEAYEMbBIX COPTOB

Table 5. Economically valuable traits of the studied varieties

HasBaHue copTa BbicoTa pacTteHui, cm Macca 1000 cemsiH, r yggxzigimoi?:?f/?a
KpyxeBHuLa 62-68 115-145 2,93
CeHTAbpUHKaA 52-61 132-157 3,15
Bepereiika 66-79 123-140 2,95
Avpmns 57-90 158-168 3,05
YMKa 65-95 170-198 3,84
Aaypus 50-80 182-214 3,64
3onylika 71-81 151-177 3,28
NasypHas 60-90 163-203 3,64
Tonas 44-62 140-177 2,63
Mpan 76-91 142-145 3,42
BHNNC-18 72-87 133-145 4,02
AAneTpa 65-85 153-156 2,92
30A0THULA 56-63 145-170 3,02
Anuc 62-81 145-165 3,05
Nyunctas 72-85 125-149 3,12
Tucein 82-104 134-144 3,45
MeneanHa 59-68 142-154 3,28
Yapoaerika 70-88 179-217 2,89

Tabauua 6. Koppeasuma Mmexay NPU3HaKOM U AAMHOM AOKyca

Table 6. Correlation between trait and locus length

HanmeHoBaHue AOKyca, pa3Mep NPOAYKTOB aMnAnduKaLmm (n.H.)
HanmeHoBaHWe g - 8 - -
npu3Haka by & 2 2 3 S I 3 2
© © © S 2 = o b B
n n %) n N © I IS ©
Q n n 2 %2}
w
BbicoTa pacTeHui, cMm -0,255 -0,422 0,485 0,204 0,153 -0,165 0,551 0,147 0,435
Macca 1000 cemsH, © 0,561 0,562 0,028 -0,453 -0,222 -0,527 -0,114 0,202 -0,281
floTeHumManbHas 0,009 | -0,321 | 0,035 | -0,233 | -0,080 | 0,236 | 0015 | 0067 | 0,278
YPOXaWHOCTb

BruonHdopmaTUUEeCKMIM MOUCK accoumaumni ykasaa,
YTO NPMBEAEHHBIE MapKepbl MOTYT OblTb UCMIOAb30BaHbI
AASI TEHOTUMMPOBAHKA ONPEAEAEHHbIX KAY€eCTB, KOTOPbIE
CUENAEHbl C HAXOASLLMMUCA PAAOM YYaCTKaM#u, Tak Ha3bl-
BaeMbIiMu QTLs (Taba. 4).

CaeayrowiMm warom 6biAv 0TOOpaHbl XO35MCTBEH-
HO-LEHHbIE MPU3HaKKU, C KOTOpbIMU nMeeTca QTL-ac-
coumaLms uccAnepoBaHHbIX SSR-AOKYCOB. B pesyabtate
aHaAM3a 6bIA0 0TOO6PaHO 3 NpU3HaKa: BbicOTa PacTeHWH,
macca 1000 cemsiH, moTeHUMaAbHAA YPOXaMHOCTb
(taba. 5) [20].

Mocae TOro kak ObiAM OTOOGpPaHbl MOAXOASLLME
X03AMCTBEHHO-LIEHHbIE NPU3HAKK, ObIA NPOBEAEH KOP-
PEASILMOHHBIA aHaAU3 MEXAY AAMHAMMK aMNAMKOHOB,

noAyYeHHbIx nocAe npoBepeHus MLP, n nokazateasimu
X03SMCTBEHHO-LEHHbIX MPU3HAKOB (TabA. 6).

Bbina BbiIiBAEHA Npsivas B3aMMOCBSA3b BbICOTbl pac-
TEHWM ¢ AoKycamm Satth (ymepeHHas), Satt181 (ymepeHHas),
Sat_263 (3ameTHas), a Takxe obpaTHas 3aBUCUMOCTb C
Satt2 (ymepenHasn). Macca 1000 cemsaH umena npsimyto Kop-
peasumto ¢ Sattl (3ameTHasn), Satt2 (3ameTHan) U 0bpaTHyto
KoppeAsaumto ¢ Satt9 (ymepeHHasn) n Satt681 (3ameTHas).
MoTeHLUMaNbHANA YPOXANHOCTb MMeAa 0BPaTHYIO KOPPEAALIMIO
¢ Satt2 (ymepeHHas). PasHoHanpaBAeHHass KOPPEASILMK
Satt2 ¢ pa3HbIMK NpU3HaKaMK 0ObSACHAETCA TEM, UTO YPO-
)KaMHOCTb M BbICOTA PACTEHWI MOTYT ObITb B3aUMOMWCKAIO-
YarLWKUMK NokasaTeAIMu, NPW BbICOKOW YPOXaMHOCTH U
BbICOTE pacTeHMs TepsieTcss Macca CeEMSIH.
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SAKAKOYEHUE

B pesyabtate NpoBEAEHHOr0 UCCAEAOBAHUA ObIAO
obHapyxeHo, uto Sattl, Satt2, Satth, Satt9, Satt681,
Sat_263, Satt181 uMmetoT HEKOTOPYHO CBSA3b C KAKUM-AMBO
npusHakom, Satt2 xe nmeet cBA3b cpasy C TpeMs, Noka-
3blBasA NPAMYIO KOPPEAALMIO C MACcCOM CEMSIH U OTpU-
LaTeAbHYIO C BbICOTOW PACTEHMS U YPOXANHOCTbIO. ITO

CBMAETEALCTBYET O TOM, UTO MWKPOCATEAAUTbI MOTYT
NPOSIBASITb CeEBA Kak MapKep ONpeAeAeHHOro Np13HaKa
MAM XE OHU MMEIOT HEKYHD PETYASITOPHYH GYHKLMIO W
cnocobHbl yBEAMUMBATb MAM YMEHbLIATb 3KCMPECCUIO
ONMpPEAENEHHbIX TEHOB, AASI TOATBEPXAEHNUSA UAWU ONPOBEP-
XeHusi uero Tpebyetcs boree AeTanbHbIN U TPYAOEMKUI
WX aHaAM3 C NOMOLLbIO chip-Seq-TEXHOAOTUMN.
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MoBbiLEHKE YCTOMUUBOCTU KYABTYPbI KAETOK Arabidopsis thaliana
K $TOpUAY HaTpUA 3a cYET KOHCTUTYTUBHOMU 3Kcnpeccun HSP101

E.A. Top6bineBa*™, M.A. CapoHoBa**, A.B. CtenaHoB*, E.l. PuxgaHoB*

*CUOHMPCKUHI MHCTUTYT UIMOAOrUU 1 Buoxmumum pacteHuii CO PAH, r. MpkyTck, Poccuiickas ®eaepaums

**barikaAbCKM ryMaHUTapHbIM MHCTUTYT, I. UpKyTCK, Poccurickas @eaepaums

AHHoTauus. OTop SBASETCS OAHMM M3 TOKCUYECKMX KOMIOHEHTOB BbIOPOCOB MPOMbILLIAEHHbIX MPEANPUSATUIA. [T0BbILLIEHHOE
coaepxaHue ¢pTopa B aTMocpepe, MouBe MAU BOAE HEraTMBHO BAUAIET HA POCT U Pa3BUTHUE PACTEHUH, @ TaK)Ke CHUXaeT
YCTOMYMBOCTb K Pa3AMYHbIM CTPECCOBbLIM paKTOpaM OKPYXXaroLLEN CPEeAbI. YBEAUYEHWE TeMepaTypbl OKPYKaroLLem
CpeAbl BbI3bIBAET y BCEX OPraHM3MOB 3aLLUMTHbIN OTBET B BUAE CMHTE3a BEAKOB TEMAOBOIO LLOKA. Y pacTeHUI MMEETCA
cneunpuyeckmin 6enok HSP101, KOTOpbIk BbIMOAHAET GYHKLMIO 3aLLMTbI KAETOK OT TENAOBBIX MOBPEXAEHMI U TaKXe
SIBASIETCS OTBETCTBEHHbIM 38 MHAYLIMPYEMYH TEPMOTOAEPAHTHOCTb — CTOCOBHOCTb OPraHM3MOB BbIAEPXUBATL BO3AEH-
CTBME XECTKOIo TENAOBOIO LLIOKa, ByAyun NpeABapUTEAbHO MOABEPrHYTbIMMW AEMCTBMIO MSITKOrO TEMAOBOIO CTPEcca,
B pe3yAbTaTe KOTOPOro MHAYLMPYHTCS BEAKMU TEMAOBOrO LLOKa. M3BECTHO, UTO BEAKM TEMAOBOIO LLIOKa Y4acTBYHT B
3alUMTE HE TOALKO OT MOBbLILEHHbIX TEMIEparyp, HO U OT APYTMX PasAMYHbIX CTPECCOBLIX GaKTopoB. B HacTosLwen
pabore 6bIA0 U3YHEHO BAMSHME 06pabOoTKM GTOPMAOM HaTPHS Ha XU3HECTTOCOOHOCTb KYALTYPbI KAETOK Arabidopsis
thaliana, akcrpeccuro n cMHTE3 BEAKOB TEMAOBOIO LLOKA, a TakxXe poAb beaka TenroBoro woka HSP101 B ycToryu-
BOCTH K pTOPY. [ToKa3aHo, UTo GTOPUA HATPUS 3HAYUTEABHO CHUXAET XM3HECTOCOBHOCTb KAETOK A. thaliana, noaaBasiet
akTnBaumto akcnpeccmm reHa HSP101 npu noBbilieHUM TeMneparypsbl. B 10 xe Bpems amHus A. thaliana ¢ KOHCTUTY-
TMBHOM aKcnpeccuer reHa HSP101 oka3anack 60Aee yCToMYMBa K TOKCMUHOMY AEHCTBUIO pTOpUAE HATPHS.

KaroueBbie croBa: ¢propua HaTpusi, Arabidopsis thaliana, 6eAkn TENAOBOrO LLOKa, KyAbTYPa KAETOK, TEMAOBOM CTPECC

BraroaapHoCTHU. ABTOPbI BbipaxatoT bAaroAapHOCTb BeayLemy uHxeHepy T.M. PycareBori 3a NOMOLLb B BbIAEAEHUU
6eAka 1 NPOBEAEHUU UMMYHOBAOTTUHIa C aHTUTeAaMM, a Takxe npopeccopy E. BuepanHry un pooktopy M. Sckobapy
(YHuBepcutet ApmusoHsl, CLLIA) 3a npeaocTaBAeHHbIE aHTUTeAa kK Hsp101 u Hspl7.6 (kaacc | n 1l). Pabota BbinoAHEHA
C MCMOAb30BAHUEM KOAAEKLIMM LIeHTpa KOAAEKTMBHOIO noAb3oBaHus (LIKI) «bruopecypCHbIn LEHTP» M 060pyAOBaHMS
LKIT «brnoaHaruTrKa» CUOUMPCKOro MHCTUTYTa QU3noAorum u bruoxummm pacteHui CO PAH (. MpKyTck).

Ans uutupoBaHus: Topbbinesa E.A., CadpoHoBa M.A., CTenaHoB A.B., PuxsaHoB E.I. [oBblILLEHWE YCTONUMBOCTU KYALTYPbI
KAETOK Arabidopsis thaliana K ¢TOopMAy HaTPMA 3@ CUET KOHCTUTYTUBHOM akcnpeccun HSP101 // U3BecTus By30B.
MpuknapHasa xumus n BuotexHonorns. 2023. T. 13. N 3. C. 434-441. https://doi.org/10.21285/2227-2925-2023-
13-3-434-441. EDN: PQNFQN.
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Increased Arabidopsis thaliana cell culture resistance to sodium
fluoride by constitutive expression of HSP101

Elena L. Gorbyleva*™, Mariya A. Safonova**, Alexey V. Stepanov*, Evgenii G. Rikhvanov*

*Siberian Institute of Plant Physiology and Biochemistry, SB RAS, Irkutsk, Russian Federation
**Baikal Humanitarian Institute, Irkutsk, Russian Federation

Abstract. Fluorine is one of the toxic elemental components of industrial emissions. Increased fluoride content
in the atmosphere, soil or water negatively affects the growth and development of plants, as well as reducing
resistance to various environmental stressors. An increase in ambient temperature causes a protective response in
all organisms taking the form heat shock protein synthesis. The specific protein HSP101, which performs the function
of protecting plant cells from heat damage, is also responsible for inducible thermotolerance, representing the
ability of organisms to withstand the effects of severe heat shock that were previously exposed to mild heat stress,
as a result of which heat shock proteins are induced. Heat shock proteins are involved in protecting not only against
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elevated temperatures, but also various other stress factors. In this work, the effect of sodium fluoride treatment on
the viability of Arabidopsis thaliana cell culture, expression and synthesis of heat shock proteins was studied along
with the role of heat shock protein HSP101 in providing resistance to fluoride. Sodium fluoride has been shown to
significantly reduce the viability of A. thaliana cells by suppressing the activation of HSP101 gene expression with
an increase in temperature. At the same time, the A. thaliana line, which has constitutive expression of the HSP101
gene, proved to be more resistant to the toxic effects of sodium fluoride.

Keywords: sodium fluoride, Arabidopsis thaliana, heat shock proteins, cell culture, heat stress

Acknowledgements. The authors are grateful leading ingeneer T.M. Rusaleva for the help in isolation protein fractions
and immunoblotting with antibodies, and also to Dr. M. Escobar and Professor E. Vierling (University of Arizona, USA)
for the gift of antibodies to Hsp101 and Hsp17.6 (class | and Il). The study was carried out using the collection of the
Central Collective Use Center “Bioresource Center” and the equipment of the “Bioanalytics Center” of the Siberian
Institute of Plant Physiology and Biochemistry SB RAS (Irkutsk).

For citation: Gorbyleva E.L., Safonova M.A., Stepanov A.V., Rikhvanov E.G. Increased Arabidopsis thaliana cell culture
resistance to sodium fluoride by constitutive expression of HSP101. Izvestiya Vuzov. Prikladnaya Khimiya i Biotekh-
nologiya = Proceedings of Universities. Applied Chemistry and Biotechnology. 2023;13(3):434-441. (In Russian).

https://doi.org/10.21285/2227-2925-2023-13-3-434-441. EDN: PQNFQN.

BBEAEHUE

OTOP - 3TO ABYXaTOMHbIV HECLBETHbIN a3 ¢ pe3kum
3anaxom, OAMH M3 OCHOBHbIX 3AEMEHTOB aTMOCPEPHbIX
BbIOPOCOB MPOMbILIAEHHBIX MPEANPUATHUI, KOTOPbIE crneuua-
AM3WPYIOTCS Ha NPOM3BOACTBE aAtOMUHUS, MUHEPAAbHbIX U
dochopHbIX yA0BpeHU. DTOP ABASETCSH OAHUM M3 FAGBHbIX
3arpasHuTeneit B npupoae [1, 2]. 1op He sBASETCA HEOOXO0-
AWMbIM NUTATEAbHBIM KOMMOHEHTOM AASt POCTa U Pa3BUTUS
pacTeHUM, MO3TOMY OH GUTOTOKCHUYEH [3]. TOKCMUYHOCTb
dTOpa Takxe 0bYCAOBAEHA €ro BbICOKOM peaKLMOHHOM
CnocobHOCTbLIO, YTO NO3BOASIET eMY 06pa30BbIBaThb Coe-
AMHEHUS C OYEHb MHOTMMW 3AEMEHTaMK NEPUOANYECKON
cuctembl. OTOP - OYEHb CUAbHbI OKMCAUTEAL, OH yua-
cTByeT B 06pa3oBaHUK CBOOOAHBIX PAAMKAAOB, TAKMX Kak
rapokeuA paaukan (OH'), cynepokeua aHuoH paankan (0,7),
B 06pa3oBaHUKM NEPOKCUAA BOAOPOAA (H,0,), nosiBAEHWE
KOTOPbIX MPUBOAUT K KAETOUHbBIM NOBPEXAeHUAM [1, 2].

B pacteHuns ¢Top nonapaet uepes atmochepy MAK yepes
nousy. Mpu aToM GTOPUABI 0OBIYHO AUCCOLIMMPYHOT, U MOHbI
dTOpa TPAHCMOPTUPYHOTCS B BEPXYLLKY Nobera v 3anacatoLme
OpraHbl, HakanAMBasCh aBHbIM 06Pa30M B AUCTbSIX [2-4].

Y pacTeHui, NoABEPXEHHbIX BO3AENCTBUIO GTOPUAOB,
B uacTHocTM NaF, HabAtopaeTcss pa3HOOOpPa3HbIN CNeKTP
MOBPEXAEHUI: yTHETEHWE POCTa, anMKaAbHbIM HEKPO3, XAOPO3,
noKpacHeHve, Aedopmauma 1 yBaAaHUE AUCTLEB, BNAOTb AO
Ux cOpacbiBaHUsi U MOAHOM rMBeAr YyBCTBUTEAbHbIX BUAOB.
OTOPUABI BbI3bIBAAU CHUXEHUE XAOPODUANOB a, b 1 Kapo-
TMHOWAOB, YBEAUUYEHME COAEPXAHNS aHToUMaHoB [2, 4-8].
06paboTkn GTOPUAGMM NPUBOAUAN TAKXKE K YBEAUUEHUIO
AKTMBHOCTU aHTUOKCUAAHTHbIX GEPMEHTOB (CYyNepPOKCHA-
AMCMYyTa3bl, KaTanasbl), UBMEHEHUIO B YPOBHE GAGBOHOB,
GEHONOB, YBEAWUEHHMIO COAEPXKAHMS aCKOPOUHOBOM KUCAOTHI,
rayTaThoHa [2, 4, 9, 10]. ®Top paxe B HEOOABLLMX KOAMYECTBAX
MOXET HapyLLlaTb FOMeOoCTa3 PacTeHWI, He Bbi3biBas Mpu
3TOM BUAMMBbIX NoBpexaeHui [11]. NokasaHo, uTo 3arpss-
HeHre GTOPOM MOXET CHUXKATb YCTOMUMBOCTb PACTEHUM K
pPa3AMYHOro poAa CTpeccoBbiM dpakTopam [12].

Hapsiay ¢ aHTpoOnoreHHbIM 3arpsi3HEHUEM OKpPYXatoLLew
cpeAbl XMMUYECKMMU BELLECTBAMMU, B YaCTHOCTU GTOPOM,
B HacTosLLee BPEMS NPOUCXOAUT TAobaAbHOEe NoTenAeHue
KAMMaTa. 3acyxa v NoBbllEHWE CPEAHETOAOBOM TEMIE-
paTypbl SBASIHOTCSH OAHUM M3 TA@BHbIX GAaKTOPOB CHUXEHMS
ypoxasi. B cBsian ¢ 3TMM BO3HWKAET BOMPOC, Kak CKaxeTcs
noTenAeH1e KAMMaTa Ha yCTOMUMBOCTU PACTEHWI B YCAOBHSIX
3arpsA3HEHNA OKpyXatoLLen cpeabl dTopuaamu.

435  o—————————————————————————

Mpw NOBbILWEHWN TEMIEPATYPbI OKPYXatoLLEN CpeAbl
Y BCEX XMBbIX OPraHU3MOB HaUMHAETCA CUHTE3 BEAKOB
TennoBoro woka (BTLU) Al 3alUMTbl KAETOK OT AaAb-
HeWlero TEMAOBOrO MOBPEXAEHWA. Y pacTeHui 3Ty
dyHKUMIO BbiNoAHsieT 6enok HSP101 [13, 14]. NokasaHo
TakXxe, YTo NoBbllLleHUe Koarmyectsa bTLL npoucxoauT B
OTBET Ha AEMCTBME Pa3AMYHbIX CTPECCOBbLIX GaKTOPOB,
He CBAA3aHHbIX C TEMNepaTypoun.

Ha oCHOBaHMU BhbILLENEPEYNCAEHHbBIX AAHHbIX ObIAO
NPEANOAOXEHO, YTO YBEeAUYEeHUe KoauvecTBa BTLL npusepeTt
K NOBbILLEHWIO YCTOMUYMBOCTU PacTEHUI K GTOpY. MoaTomy
LEeAblO paﬁOTbI ABAAAOCb N3YyYEHNE TOKCUYHOCTH NaF v ero
apdeKTta Ha cuHTe3 bTLU y Arabidopsis thaliana, a Takxe ¢
MCNOAb30BAHWEM AMHUKU C KOHCTUTYTUBHOM 3KCNPECCHEN
HSP101 oueHKa TOro, Kak UCKYCCTBEHHOE MOBbILLEHUE
koAnuyecTBa HSP101 noBAMSIET Ha YCTOMYMBOCTb KAETOK
A. thaliana k dTOpUA-MOHAM.

SKCNEPUMEHTAABHAA YACTb

B pabote 6biAM MCMOAL30BaHbI TPU KYABTYPbl KAETOK
Arabidopsis thaliana L. (Heyn): knetku akotuna Columbia
13 14-pAHEBHbIX NPOPOCTKOB, ABE TPAHCTEHHbIE MO CUHTE3Y
6enka HSP101 kyabTypbl apabuponcuca packbl Nossern,
npepocTaBAeHHble E. BuepAnHrom (YHUBEPCUTET APU3OHBI,
CLUA): AvHus, rae HSP101 cuHTE3npyeTca KOHCTUTYTUBHO
(S), n AMHUS, TpaHCHOPMUPOBAHHAA MYCTbIM BEKTOPOM
(V). KynbTypbl KAETOK BblpallMBanM 8 AHEW B TEMHOTE
npu Temneparype 26 °C B cpeae Mypacure-Ckyra ¢ 3%
caxapo3sbl, 0,5 MI/MA MMpPUAOKCHHA, 0,5 MI/MA TUaMKUHA
n 0,1 Mi/A 2,4-pXnOPOEHOKCUYKCYCHOM KUCAOTBI (2,4-A).
B TpaHcreHHbIX AMHMSX No cuHTe3y HSP101 nocaepoBaTEABHOCTL
KAHK reHa HSP101 A. thaliana akotnna Columbia HaxoanTcs
NoA KOHTpoAeM 35S npomoTopa BUpyca MO3anKu1 LIBETHOM
KanycTbl B CMbICAOBOM M @aHTUCMbICAOBOM Op1eHTaumu [15].

XuMHUeckyto 06paboTKy KAETOK MPOBOAWAU MYTEM
AoBaBAEHMS KOHLEHTPUPOBaHHOro pacTeopa NaF. KaeTtku
BMECTE C KYAbTYPaAbHOM CpeAor MHKYBMpOBaAK B Npo-
bvpkax 3, 6 1 24 4 Ha MuHUTEpMoLLeikepe TS-100 (BioSan,
NatBu1A) UAK B KOADax Ha BOASIHOM Tepmolleikepe Elpan
357 (Elpan, MNoabLua).

BbixnBaemocTb KAeTOK apabuaoncuca akotuna Columbia
OMpeAEniAnM MO BOCCTAHOBAEHUIO 2,3,5-TPUGEHUATET-
pa3onni xaopupa (TTX). KyabTypy KAETOK pecycneHAu-
poBaAu B pocoatHom bydepe 1 okpalumnanm 0,05%-m TTX
B TeueHuMe 3 Y Npu KOMHATHOM TeMnepaType B TEMHOTE.
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dopmasaH akcTparmpoanm 95%-m aTaHOAOM B TeUEHUE
15 muH npu Temnepatype 60 °C. Aaree pacTBop dop-
Ma3aHa GpOTOMETPUPOBAAU NPU AAMHE BOAHBbI 490 HM Ha
doTtoanekTpokoropumetpe KOK-2-YXA 4.2 (AO «3aropckuii
ONTUKO-MeXaHWUYeCKMI1 3aBOA», POccUst), IKCTUHKLMIO pac-
cuuTbiBaAM Ha 1 r cbiporo Beca [16].

OT-TNLP-aHaAn3 BbIA BbIMOAHEH CAEAYHOLLMM 06pa3om:
BbIAEASIAV cyMMapHyto PHK ¢ ucnoab3oBaHuem Habopa
SV Total RNA Isolation System (Promega, CLUA). CuHTes
nepson uenn kKAHK npoBoanan ¢ 1 mMkr TotanbHoM PHK,
20 pM npaiimepa oligo(dT),, u Habopa REVERTA (dpupma
«AMnanCeHe»r, Poceus). Aanee 50 Hr KAHK B kauecTBe MaTpuLbl
1 10 pM KaxAoro 13 reHocneumoUUHbIX NPanMepoB aMmnAm-
duLMpPOBaAK ¢ noMoLLbto Habopa AmpliSense-200-1 (dupma
«AmnanCeHc», Poceus) Ha amnandurkatope Mastercycler gra-
dient thermocycler (Eppendorf, lepmanus). Mpanmepbl ArS
HSP101 (At1g74310), HSP60 (At3g23990), HSP17.6C-ClI
(At5g56120) n ACT2 (At3g18780) BblbUpPaAn C MOMOLLbHO
nporpammbl VectorNTl, ncrnoassys KAHK nocaepoBaTeAbHOCTH
HY>HbIX reHoB!. CxeMa aMNAVGUKALMK: NPeABaPUTEAbHBbI
nporpes 3 MuH npu Temnepartype 95 °C, umkabl (95 °C - 40 ¢,
58 °C -60c¢, 72 °C - 90 c) 1 KoHeuHbIM nporpes 10 MUH
npu Temnepatype 72 °C. KoAMYeCTBO LIMKAOB nopbupanm
no pesyabtatam amnamdukaumm KAHK kaxaoro reHa Ans
ONPEeAENeHUst AMHEMHOM 0BAACTU YBEAMYEHWS KOHLIEHTPALIMM
npoaykta amnandukaumu. NMUP-npoaykTsl pazaensan B 1,5%-m
arapo3HOM rene. PesyasTtaTbl AOKYMEHTUPOBAAM C MOMOLLHO
Y®-tpaHcuantomuHatopa ChemiDocXRS+ (Bio-Rad, CLLA).

BbiaeneHWe Benka NPOBOAMAM MyTEM pPecycrneHAMPOBaHUA
KAETOK B 6ydepe ¢ pH 7,4-7,6 carepytolero coctasa: 0,1 M
Tpuc-HCI, 1 MM B-mepkanToataHoA, 3 MM AOAELMACYAbOAT
HaTpus (ACH), nocpeAcTBOM GUKCHPOBAHUS XUAKUM a30TOM
M U3MEABYEHUS B CTYMKE C KBApLLEBbIM MECKOM. KAETOUHbIE
KOMMOHEHTbI yAaAAAK LeHTpUyrnpoBanmnem (15 000 g,
15 MuH), 6en0oK 0Caxpanm 3-KpaTHbIM 06bEMOM aLleToHa.
Ocapok 6enka TPUXAbI MPOMbIBAAW aLETOHOM 1 PaCTBOPSIAK
B Bydepe ara obpasua (0,625 M Tpuc-HCI, 8 MM ACH,
0,1 M B-mepkanTtoataHoA, 10% ravuepuH, 0,001% 6pom-
beHoNoBbIN cUHUI, pH 6,8). KoHueHTpauuto 6eaka onpe-
penanm no metoay 0.X. Aoypu ¢ coaBtopamu [17]. Mocae
pasaenennsa 6enkoB nytem ACH-anekTpodopesa B 14%-m
NMOAMAKPUAAMUAHOM FreAe MPOBOAUAN UMMYHOBAOTTUHT C
aHtTUTeramu npotne HSPBO (SPA-807; StressGen, CLLA),
HSP101 n HSP17.6 (06a npepocTaBAeHbl E. BuepAnHrom,
YHuBepcutet ApuaoHbl, CLLA).

MUWKPOCKOMUUYECKWI aHaAU3 KAETOK apabuaorncuca pachbl
NOssern npoBOAMAK C MCMOAb30BAHNEM UHBEPTUPOBAHHOMO
dayopecueHTHOro Mukpockona AxioObserver Z1 (Zeiss,
lfepmaHus) ¢ umMdpPoBO MOHOXPOMHOM Kamepoin AxioCam
MRm3 (Carl Zeiss Microlmaging, fepmaHuns) 1 naketom
nporpaMmMHoro obecnevyeHus AAA 3axBaTa M aHaAu3a
n3obpaxeHuii AxioVision Rel.4.6. KOAMUECTBO XMBbIX U
MEePTBbIX KAETOK OLlEHUBAAM C MOMOLLbHO GAYOPECLIEHTHBIX
Kpacutenen: 50 MKM dayopecuenH avauetata (FDA) u
5 MKI/MA nponnani oamaa (Pl) cootBeTCTBEHHO. Kpacuteau
AODABASIAM B CPEAY K KAETKAM CYCMEH3UOHHOM KYALTYPbI 1
MHKYBMpPOBaAK B TeUeHMEe 3 MUH NPW KOMHATHOM Temne-
patype. Aaree UCCAeAOBaAM C MOMOLLBLIO GAYOPECLLEHTHOMO
MUKpOcKona. AAS CTaTUCTUYECKOro obcueTa AaHHbIX NPOU3-
BOAVAM MUHUMYM 10 CHUMKOB KaXXAOM Npobbl. Pe3dyabTaTbl
Bblpa)aAu B OTHOCUTEAbHbIX EAMHULAX.

Bce akcneprMeHTbl NpoBeAeHbl B 3-8 HB1OAOTMUYECKUX
NOBTOPHOCTAX. MOAyUYEHHbIE AQHHbIE MOABEPraAu CTaTUCTH-
UECKOMY aHaAM3y: paccuiTaHbl CpeaHue apudmeTUieckue
3HAUYEHMSA U UX CTAHAAPTHbIE OTKAOHEHMUS.

OBCY>XAEHUE PE3YABTATOB

YCTOMUMBOCTb PACTEHMI K TOPUAAM OUEHb Pa3HOOOpa3Ha
[3, 18]. HekoTtopble pacTeHusi MOryT BbIAEASATb GTOP B BUAE
¢dTOpaLeTaTa u BUHUADTOPMAQ, @ TaKUe pacTEHUS, Kak Yai,
LUMMHAT, KarnycTa, caaT, ABASIOTCH rMNepakkyMyAaTopamm
dTOpa 1 MoryT HakanAMBaTb 6e3 Bpepa AAs cebsa oo 20-30
pa3 BoAbLLWE KOHLEHTPALIMK GTOpa, YUeM Apyrue pacteHus [4].
fanoduT Salicornia brachiata Roxb. 0THOCUTEABHO YCTOMYMB K
NaF B koHueHTpaumn 50-100 MM [19]. B 10 xe Bpems 2,5 MM
NaF noaaBAsiA POCT KaAAyCa AUCTBEHHULbI cbupckoi [20].
CTOMT Takxe OTMETUTb, UTO HU3KUE KOHLLEHTPaLMK GTopuaa
HaTpu1si CTUMYAMPOBAAW POCT KOPHeW M noberos. Tak, 1. MaHT
n . BxrpaBamypTh nokasanu, 4to B otBeT Ha 1 MM NaF npo-
MCXOAMAO YBEAMUEHUE POCTA KOPHEN MLeHMLbI M Noberos
ropumLbl, @ y HyTa — 060X 3TUX NokasaTenen. NpumeHeHue
60Aee BbICOKMX KOHLEHTPALIMI GTOPMAA HAaTPKSI BbI3bIBANO
YyrHeTeHWe pocTa NoberoB U KOPHEN Yy BCEX U3YUEHHbIX B
AaHHOW paboTe BUAOB [18].

B HacTosLel paboTe U3yyann BAUSIHUE GTOPUAA HATPKS
B KOHLeHTpaumn 20 MM Ha BbIXXMBAEMOCTb KYALTYPbI KAETOK
A. thaliana. KneTkn apabuponcuca akotuna Columbia
MHKybupoBaan ¢ NaF B TeueHue O, 3, 6 1 24 u, 3atem
OMNPEeAEAIAU XN3HECTOCOOHOCTb N0 BOCCTAHOBAEHMIO TTX.
MpucytcTBue NaF nprBEAO K CHUXEHWIO XM3HECTIOCOOHOCTH
KAETOK B 3aBUCHMOCTHM OT BpeMeHW 06paboTku. MHKybauus
KAETOK B TeueHune 24 4 ¢ 20 MM NaF cHu3nAa KoAMuecTBo
XUBbIX KAETOK A0 34% OTHOCUTEABHO KOHTPOAS (puc. 1).

120 1

100 { —

Boccranoenerue TTX(OMM g5/Mr Chiporo
Beca), % OT KOHTOpNSA
[o)]
o

0 3 6 24
Bpemsa, 4

Puc. 1. BAnsiHue NaF Ha XM13HecnocobHOCTb KyAbTYPbl KAETOK
A. thaliana. KynbTypy KAeTOK MHKyOupoBaaum ¢ 20 mM NaF.
BoccraHoBAEHWE TPUDEHUATETPA3OAUI XAOPHAA ONPEAEAAAN
yepe3 O (KOHTPOAbHBIE 06pas3Lpl), 3, 6 U 24 4 UHKybaLuK
npv Temnepatype 26 °C. AaHHble BbIpaXeHbl B MPOLEHTax ot
KOHTPOASA

Fig. 1. NaF effect on viability of A. thaliana cell culture. Cell
culture was incubated with 20 mM NaF. Reduction of TTC was
measured immediately (control samples) and after incubation
for 3,6 and 24 h at 26 °C Data are expressed as percentage
relative to the control samples

1The Arabidopsis Information Resource [9nekTpoHHbIM pecypc]. URL: https://www.arabidopsis.org/ (28.08.2023).
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Takum obpasom, obpaboTka B KOHUEHTpauun NaF
20 MM NPUBOAMT K CUABHOMY CHUXEHMIO XXM3HECMOCO6-
HOCTU KAETOK A. thaliana. 3T paHHble NMOATBEPXAAOT
paHee NoAyYeHHble pesyabTaThbl [21], rae 6bIAO NOKa3aHo,
yTo MHKYbaumsa ¢ 10 MM NaF nprMBoAMAa K NOAGBAEHUIO
pocTa, OAHAKO Ha XM3HECMOCOOHOCTb MPAKTUUECKU HE
BAMSAIAG, @ YBEAMUYEHWE KOHLEHTPaUun A0 20 MM Np1MBOAMAO
K rnbenn KyabTypbl KAETOK A. thaliana. Yto kacaeTcs Apyrnx
BMAOB pacTeHWI, 6bIAO MOKa3aHO, YTO KOHLEHTPALMK 5 1
10 MM NaF Takxe BbI3blBaAW 3HAUYUTEAbHOE UHTUOUPO-
BaHWe pocTa NoberoB U KOPHEN TaKMX PACTEHUI, KaK HYT,
AYMEHb, PEAUC, POXb, MLLEHWULA, AFOMMUH, MOACOAHEUHWK,
orypedu, AtouepHa 1 tomar [8].

B eCTeCTBEHHbIX YCAOBUSAX 0BUTaHWS pacTeHMsa 3a4acTyto
OAHOBPEMEHHO MOABEPratoTCA HE OAHOMY CTPECCOBOMY
daKTopy, a AByM 1 bonee. Aanee 6bIAO N3YUEHO BAUAHWUE
Ha akcnpeccuto BTLL coBMECTHOrO AEMCTBUSA NOBbILLIEHHON
Temnepatypbl u NaF. BTLU cuHTE3MpytoTCA Npyu MArKOM
TENAOBOM CTPECCE W 3alUMLLAKOT KAETKM OT HOAEE BBICOKMX
noBpexXAatoLmxX Temnepatyp. Y pacteHuin 6eanky HSP101
NPUHAANEXWT OAHA U3 TA@BHbIX POAEN B Pa3BUTUM TEPMO-
ToAepaHTHOCTM [13, 14]. Noka3aHa 3alUnTHasa POAb CUH-
Teanpyembix BTLL npu BO3AENCTBUM TaKMX CTPECCOBbIX
$aKTopoB, Kak aHOKcKA [22], OKUCAUTEABHBIN CTpecc,
TAXeAble MeTaAAbl [23]. TakxXe WUCKYCCTBEHHOE U3Me-
HeHue ypoBHSA BTLL ycuaMBan0 yCTOMUMBOCTb pacTeHum
K 3aCOAEHMNI0, OCMOTHMYECKOMY cTpeccy [24] n K MHGEeKLMM
naToreHHbIMM MUKPOOPraHnamamu [22, 23, 25].

Ans TennoBon MHAYKUMK BTLL pocTaTtouHO KpaTKoBpe-
MEHHOTO MHKYOMPOBAHKS KAETOK B YCAOBHSIX NMOBbILLIEHHOM
Temnepatypbl [13], NO3TOMY AASi TOrO YTO6bI M3YUWTb
BAMAHWE PTOPMAE HATPUS Ha aKcnpeccuto reHoB BTLL,
KAETKU A. thaliana nHkybuposaaun ¢ 20 MM NaF npwu Tem-
nepatypax 26 n 37 °C B TeueHue 2 4 1 otTbupanm npobsbl
Ans OT-TLLP-aHaamsa (puc. 2).

26 °C 37 °C

K NaF K NaF

HSP101

HSP17.6-Cll

HSP60

ACT2

Puc. 2. Bananune NaF Ha akcnpeccuto reHoB 6eAkoB
TEMAOBOTO LLOKa B KAeTKax A. thaliana B yCAOBUSIX MSATKOTO
TenAoBoro cTpecca. lMpeacrtaBaeHbl pe3yastatol OT-MLLP reHoB
HSP101, HSP60 n HSP17.6-Cll. KAeTKM MHKYBUpOBaAK NpK
Temneparypax 26 n 37 °C 2 4 B OTCYTCTBMU (KOHTPOAb) MAU B
npucytcteun 20 mM NaF

Fig 2. Effect of NaF on A. thaliana cells HSPs gene
expression at mild heat stress. Results of RT-PCR HSP101,
HSP60 and HSP17.6-Cll genes are shown. Cells were incu-
bated at 26 or 37 °C 2 h in the absence (control) or presence
of 20 mM NaF
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Kak BUAHO U3 puc. 2, npu Temnepatype 26 °C akcnpeccus
reHoB HSP101 n HSP17.6-Cll 6bira HE3HAUMTEABHON UAK
BoObLLIe He HabAtopanack. 06paboTka NaF He BAUAAG Ha
akcnpeccuto reHoB BTLL npu Temnepatype 26 °C. OaHako
MATKKUI TenAoBow cTpecc (37 °C) 3aMeTHO MHAYLIMPOBaA
3KCNPECCU0 BCEX MCCAEAYEMBIX TEHOB, KpoMme HSP6EO0.
NaF B yCAOBMSIX TEMAOBOIO CTPECCa NOAABASIA TEMAOBYHO
MHAYKUMIO reHa HSP101, HO He BAMSAIA HA YBEAUUEHUE
3Kcnpeccum HU3koMonekyaapHoro BT HSP17.6-Cll. Skc-
Nnpeccus KOHTPOAbBHOIO reHa «AoMallHero xo3sncTea» ACT2
He MeHsiIAaCb BO BCex npobax.

AN NPOBEPKM MPEANOAOXKEHUST O 3aALLMTHOM POAM
HSP101 npu penctBumn NaF MCNOAb30BaAM KAETKM AMKOTO
™Mna pacbl Columbia (WT), a TakXxe TpaHCreHHOW AUHWUK
apabuaoncuca (paca Nossern), TpaHCOOPMUPOBAHHOM
BEKTOPOM ¢ reHom HSP101 A. thaliana (AMHUA S), U AMHWM,
TPaHCHOPMMPOBAHHOW MYCTbIM BEKTOPOM (AMHMSA V).
HeobXx0aAMMO 6bIAO MOATBEPANTD, UTO B AUHUKU S CUHTES
6enka HSP101 nporCXOAWUT KOHCTUTYTUBHO W HE 3aBUCUT
OT TeNAoBOM 06paboTKK. BAMSIHE TENAOBOIO CTpecca Ha
KYABTYPbI KAETOK @aHaAM3MPOBaAW C MOMOLLbIO BECTEPH-BAOT-
TUHra ¢ aHtutenamu npotne HSP101, HSP60, HSP17.6-ClI.
KAeTKM MHKYBMpOBaAW B TeUEeHUe 2 4 Npu TeMnepaTypax
26 1 37°C 1 otbrpanu Npobbl AAS BbIAEAEHWA BeAka U
MOCAEAYHOLLErO MMMYHOBAOTTUHra (puUC. 3).

WT S \%
ZWC 26°C 37°C 26°C 37°C
HSP101 T e e —
HSP17.6-Cll  — — «ww T - ——
HSP60 P e —c
Sons pramm—

Puc. 3. CHTE3 HEAKOB TEMAOBOIO LLOKA B KAETKAaX
TPaHCreHHbIX AMHUI A. thaliana B yCAOBUAX MSIFKOTO
TenAoBoro ctpecca. MpeactaBAeH UMMYHOOAOTTUHT C
aHTuTeramu npotmue HSP101, HSPG0 n HSP17.6 (kaacc Il).
KAeTKM MHKYBUpOBaAK Npu Temnepatypax 26 uamn 37 °C B
TeuyeHne 2 4. WT - KAETKM AUKOTO TUNa; S — KAETKU AUHUK
C KOHCTUTYTUBHbIM CHHTE30M HSP101; V - KAETKU AUHUH,
TpaHCHOPMUPOBAHHOM MYCTbIM BEKTOPOM

Fig. 3. A. thaliana transgenic cell lines HSPs synthesis at mild
heat stress. Immunoblots with antibodies against HSP101,
HSP60 and HSP17.6 (class Il) are shown. Cells were
incubated at 26 or 37 °C for 2 h. WT - wild type cells;

S - cells with constitutive HSP101 level; V - cells trans-
formed with empty vector

PesyabTaTbl Nokasanu 3HauyMTEAbHOE MNOBbILEHUE
ypoBHSA BTLL B KyAbTYpe KAETOK AMKOro Tuna A. thaliana
(WT) B yCAOBUMAX MATKOro TENAOBOIO cTpecca. BansHue
TEMAOBOrO CTPECCa Ha KAETKM, COAEPXKALLME KOHTPOAbHbIN
BEKTOP (AMHKA V), ObIAO B TOYHOCTU TaKUM Xe, Kak U Y
AMKOTO TMMa. Kak n 0XXMAaAOCh, B AMHUW S B OTCYTCTBUM
TENAOBOTO BO3AEWCTBMA HAOAOAAACS 3HAUMTEAbHbIN
ypoBeHb cnHTe3a HSP101 B KOHTPOABHbIX YCAOBUSIX, @ NPU
MAFKOM TENAOBOM CTPECCE OH HECKOABKO YBEAMUMBAACS
3a CcUeT UHAYKLMK CUHTE3a cOBCTBEHHOrO Henka. CUHTE3
HSPBO npakTUyeckn He MEHSACS Npu ADObIX YCAOBUAX
akcnepumenTa. CuHtes HSP17.6-Cll yBeanunBancs npm

https://vuzbiochemi.elpub.ru/jour
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Puc. 4. BAusiHWE KOHCTUTYTUBHOTO CMHTE3a HSP101 Ha XM13HecnocobHOCTb KAETOK A. thaliana npu obpabotke NaF. Kaetku
TPaHCTEHHbIX AMHWI MHKYBMpoBaan ¢ 20 MM NaF npu Temnepatype 26 °C B TeueHue 24 4. S - KAETKU AMHUW C KOHCTUTYTUBHBIM
cuHTE30M HSP101; V - KAETKM AUHWK, TPAHCHOPMUPOBAHHOM MyCTbIM BEKTOPOM. XKM3HECTIOCOOHOCTb ONPEAEASIA C MOMOLLILHO
BoccTaHoBAeHMA TTX (a), okpawumaHus FDA (b) u PJ (c). AaHHble BblpaxeHbl B MPOLEHTaxX OT KOHTPOARA MO KaXAOWM AMHWUW OTAEAbHO

Fig. 4. Effect of HSP101 constitutive synthesis on A. thaliana cells viability. Transgenic cell lines were incubated with 20 mM
NaF at 26 °C for 24 h. S - cells with constitutive HSP101 level, V - cells transformed with empty vector. Viability of cells was
measured by reduction of TTC (a), FDA (b) and PJ staining (c). Data are expressed as percentage relative to the control samples

separately for each line

UHKy6auun npu Temnepatype 37°C Kak B TPAHCTEeHHbIX
AMHUSAX, TaK U B KYABTYPE KAETOK AMKOIO TUMa.

MoATBEPAMB HAaAUUKE KOHCTUTYTUBHOMO CUHTE3a Benka
HSP101 B AvHMK S, a TakXe YOEeAUBLUUCH B TOM, UTO AMHUA
V no cuHTE3y 3T0ro 6eAka aHaAOrMYHa AMKOMY TUMY U MOXET
6bITb UCMOAb30BaHA B KQUeCTBE KOHTPOABHOM, HEOBXOANMO
6bINO BbISICHWUTb, KAK KOHCTUTYTUBHAA 3KCMPECCHs reHa
HSP101 noBAMSiET Ha yCTOMUMBOCTb A. thaliana K AeNCTBUIO
dTopunaa Hatpua. AAS 3TOFO AUHWK, TPAHCHOPMUPOBAHHbIE
HSP101 (S) n nyctbim BekTopom (V), MHKYBMpOBaAK C
20 MM NaF B TeueHue 24 4 1 onpepeninm MepTBbIE U
XMU3HECTIOCOOHbIE KAETKU (pUC. 4).

B 3aBMCMMOCTH OT pa3MepOB KAETOUHbIX arperaToB 1
AN BOAEE MOAHON AOCTOBEPHOCTH PE3YALTATOB OMNpeAe-
AEHUWE XM3HECNOCOBHOCTM MPOBOANAM C UCTIOAb30OBaAHWUEM
3-X METOAOB. BbXXMBAEMOCTb arperMpoBaHHOM KYAbTYPbI
A. thaliana yctaHaBAMBaAM MO CNOCOBHOCTU XUBbIX KAETOK
BOCcCcTaHaBAMBaTb TTX (puc. 4, a). )Xn3HecrnocobHOCTb MeA-
KOKAETOUHbIX TP@HCIEHHbIX KYABTYP KAETOK OMPEAEASIAM
MO OKPALUMBAHUIO XUBbIX KAETOK GAYOPECLLEHTHBIM Kpa-
cutenem dayopecuenH anauetatom (FDA) (puc. 4, b) n no
OKpaLLK1BaHUIO MePTBbIX KAETOK C MOMOLLLBIO GAYOPECLLEHTOrO
KpacuTenst nponuanii noamnaa (Pl) (puc. 4, ¢). Kak BUAHO U3
puc. 4, a, Npy¥ UCNOAb30BaAHUN METOAA BOCCTAHOBAEHMS
TTX NPOLEHT XMBbIX KAETOK Yy BCEX TPAHCTEHHbIX AMHUI
CHWxancsa npu pencteum NaF. OAHaKo XU3HeCnocobHOCTb
Yy AMHUK V CHWXaAacb ropa3po cuabHee (Ha 98%), uem
Yy AMHUK S (Ha 64%). OkpawurBaHue knetok FDA pano
CXOAHble pe3yAbTaTbl. XXM3HECNOCOBHOCTb KAETOK AUHWMU S
npu o6pabotke NaF cHu3mMaach Ha 45%, a AMHUK V - Ha
93%. OkpalumBaHWe MepPTBbIX KAETOK C nomolLlbio Pl
nokasano, YTo B AMHWK V NMPOLEHT MEPTBbIX KAETOK Mpu
obpabotke NaF yBeanunacs ¢ 11 po 80%. Toraa Kak B
AMHWUU S OTHOCHUTEABHOE KOAMYECTBO HEXM3HECTOCOOHbIX
KAeTOK cocTaBmao 40%.

Takum 06pa3oM, KOHCTUTYTUBHAs SKCMPECCUA reHa
HSP101 B kneTkax cnocobCTBYET NOBbILEHMIO UX XU3-
HecrnocobHOCTM nout Ha 50% npu AenNcTBUMKM dTOopMAA
HaTpus. Pe3yabTaTbl, CBMAETEALCTBYIOLWLME O TOM, YTO
nosbiweHne KoamyectBa HSP101 yBeAMUMBAET XMU3HE-
cnocobHoCTb KAETOK A. thaliana, cornacytotcsi ¢ AaHHbIMM,
NOAYYEHHBIMU NMPU UCMOAB30BAHWUK KYABTYPbI KAETOK Tabaka,
Ha KOTOPbIX KOHCTUTYTUBHas akcnpeccusi reHa HSP101 A.
thaliana noBbllana yCTOMUMBOCTb K pTOPUAY Kanua [26].

3AKAKOYEHUE

B pesyabtate paHHOM paboThl NokasaHo, 4to 06paboTka
GTOPUAOM HaTpPUA B KOHUEHTpaumm 20 MM NpUBOAUT K
3HAUUTEABHOMY CHUXEHUIO XU3HECMOCOOHOCTH Y KYALTYPbI
KAETOK A. thaliana. B oTBeT Ha 06paboTky 20 MM NaF He
6bIAO BbIIBAEHO MHAYKLIMK aKcnpeccumn BTLL npu HopmanbHO M
TemnepaTtype MHKYOMPOBaHWS, a TakXe B YCAOBUSIX MATKOrO
TEMNAOBOrO CTPecca HabAOAANOCh CHUXEHWE 3KCMPECCHM
reHa HSP101. KOHCTUTYTUBHbIN CUHTE3 AQHHOTO 6eAKa B
KAETKax cnocobCcTByeT NOBbILLEHWIO UX XU3HECTOCOOHOCTH
M YCTOMUMBOCTU K AEUCTBUIO dTOpMAA HaTpus. [opaBAeHHe
akcnpeccun BTLU ¢TopnAOM HaTPUA NPU MATKOM TENAOBOM
CTpecce 03HaYaeT, UTo B eCTECTBEHHOMN cpeae 0OUTaHUs B
YCAOBWSX NMOTEMAEHUSI KAMMaTa OTPULLATEAbHOE BO3AENCTBME
AHTPOMOreHHOro 3arpsisHeHNss GTOPOM Ha pacTeHus byaeT
YBEAUUMBATLCA, MOCKOAbKY GTOP MOAABASET 3aLUUTHbIE
peakumnn pacTeHus.

MoAyyeHHblE AAHHbIE CBUAETEALCTBYIOT O BaXHOW
poAan HSP101 B yCTOMUMBOCTU HE TOABKO K TEMAOBOMY
CTpeccy, HO U K XMMUYECKMM BeLLLeCcTBaM. MICKyCCTBEHHOE
nosblleHne koamyectsa HSP101 meTopaMK FrEHETUKHU U
CEeNEKLMU OTKPbIBAET LUMPOKUE NEPCMNEKTUBbI MCMOAb30-
BaHWUA TAaKMX PACTEHUIW B CAHUTAPHO-3aLMTHbIX 30HaX B
parioHax ¢ BbICOKUM 3arpsisHeHneM GToprAaMHU, a Takxe
B KauecTBe GUTOPEMEANAHTOB.
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N3yueHne akTUBHOCTU aHTUOKCUAAHTHbIX GEPMEHTOB
Yy COMaKAOHaAbHbIX BAPUaHTOB KapTodpeas AN UCNOAb30BaHUA
B CeAeKLLUOHHOM oTOOope Ha YCTOMUMBOCTb K BUpYycy PVS

W.B. Kuprusosa*™, E.A. KanawHukoBa*, A.M. lapxumypapoBa**, A.B. CunaeB* **,
P.M. TypnaHoBa**** C.b. )KaHrasuH****
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AHHOTaums. B cTaTtbe NpeACTaBAEHbI PE3YAbTaTbl M0 MCCAEAOBaHMIO aKTUBHOCTU @aHTMOKCHUAAHTHOM CUCTEMbI KapTOPEAS
B OTBET Ha UHPULIMPOBaHue PVS-Bupycom. Bupyc PVS Lumpoko pacrnpoctpaHeH Ha Tepputopumn OMcKon obaactu. Lieab
MCCAEAOBaHUSA — U3yYeHUEe aKTUBHOCTM @HTUOKCUAGHTHbBIX QEPMEHTOB y COMaKAOHaAbHbIX BapUaHTOB KapTopeAs rnpu
MHOULUMPOBaHNU BUPYCOM PVS AAS MOAYYEHUS LIEHHbBIX COPTOBbLIX MPU3HAKOB C LEABIO MCMTOAL30BAHUSA B CEAEKLMU-
OHHOM 0TOOpE. B KauecTBe 06bEKTOB UCCAEAOBAHMS BbiAM 0TOBPaHbI copTa KapTopeass Epmak, AAeHa v Xo3sitoLLKa
cenekummn O®IbHY «OMCKuUE arpapHbIf Hay4YHbIM LEeHTP». M3yyasm pa3amynsi B yCTOMYUBOCTM K BUPYCHON MHGEKLUU
Y pasHbIX N0 BOCAPUUMYMBOCTM COPTOB M MOAYHEHHbBIX COMAKAOHOB Ha NpUMepe M3MEHEHUST aKTMBHOCTU M30peEpP-
MEHTHOI0 COCTaBa aHTMOKCUAGHTHbIX PepPMEHTOB. Pe3yAbTaTbl MoKa3anm, 4to y comaknoHa EC1, moay4eHHOro ot Bocnpu-
MMyMBOro copta Epmak, npy MHeUUMPoBaHUM BGbIAO 06HaPYXXEHO ABa AOMOAHUTEALHBIX U30PEPMEHTa U OTMEYEHO
MOBbILLIEHNE aKTUBHOCTU M30MEPOKCUAA3 MO CPABHEHUIO C KOHTPOAEM. Y 06pa3LioB, MOAYYEHHbIX OT YCTOMYMBOro
XC94 n ymepeHHOo BocripunmynBoro copta AC91, KoAM4ecTBO M30NEPOKCHAA3 HE YBEANYUBAAOCH, HO OTMEYaAOCH
MOBbILLUEHNE UX aKTUBHOCTU. Y MHPULIMPOBAHHbLIX PACTEHUI MPOUCXOAMT aKTMBALMS AOMOAHUTEAbHbIX 3-X N30POPM
KaTaAasbl, OTHOCUTEAbHO KOHTPOAS — 1 M3opopma, npuyemM y CoMakAoHaAbHOro obpasua EC1 6bira o6HapyxeHa 4-5
n3opopma Katarasbl. [1pn M3ydeHUn CEKTPOB CYNEPOKCUAAMCMYTa3bl Y KOHTPOAbLHOM rpymmbi NPOSBASIAGCh aKTHB-
HocTb Mn-COA v Fe-COA, B To BpeEMS KaK y COMaKAOHaAbHbIX 06pa3iioB XC94, AC91 u EC1 6biAv BbiSIBAEHbI ABE
dopmbl pepmeHTa: Fe- u Cu/Zn-COA, KOTOpble UrparoT 3HAYUTEALHYHO POAb MPU HEMTPaAM3aLIMK CYNEPOKCHA-PaANKaAa.

KaroueBblie croBa: Solanum tuberosum L., aHTMOKCUAGHTHbIE pEPMEHTHI, BUPYC KapTopers PVS, kaTara3a, nepok-
cupasa, CyrnepoKCUAAMCMYTasa
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Abstract. The article presents the results of a study into the activity of the antioxidant system of potatoes in response
to infection with the PVS virus. The PVS virus is widespread in the Omsk region. The work set out to study the activity
of antioxidant enzymes in somaclonal potato variants when infected with PVS virus to obtain valuable varietal
characteristics for use in breeding selection. Potato varieties Yermak, Alena and the Khozyayushka were selected
from the Omsk Agrarian Scientific Centre breeding lines as objects of research. Differences in resistance to viral
infection in varieties of different susceptibility and obtained somaclones were studied using the example of changes
in the activity of the isoenzyme composition of antioxidant enzymes. The results showed that somaclone EC1, which
was derived from the susceptible Yermak variety, had two additional isoenzymes upon infection and an increase
in isoperoxidase activity compared to the control. Although the number of isoperoxidases did not increase in the
samples obtained from the stable HC94 and the moderately susceptible AC91 variety, an increase in their activity
was noted. Activation occurs in infected plants of the additional 3rd isoforms of catalase compared to the control - 1
isoform, while the 4th isoform of catalase was detected in the EC1 somaclonal sample. When studying the superoxide
dismutase spectra, the control group showed the activity of Mp-SOD and Fe-SOD, while two forms of the enzyme
were identified in the HC94, AC91 and EC1 somaclonal samples: Fe- and Cu/Zn-SOD. These forms play a significant
role in the neutralisation of the superoxide radical.

Keywords: Solanum tuberosum L., antioxidant enzymes, Potato Virus S, catalase, peroxidase, superoxide dismutase

For citation: Kirgizova 1.V., Kalashnikova E.A., Gadzhimyradova A.M., Silaev D.V., Turpanova R.M., Zhangazin S.B. Study
of the activity of antioxidant enzymes in somaclonal potato variants for use in selection for resistance to the PVS virus.
Izvestiya Vuzov. Prikladnaya Khimiya i Biotekhnologiya = Proceedings of Universities. Applied Chemistry and Biotech-
nology. 2023;13(3):442-453. (In Russian). https://doi.org/10.21285/2227-2925-2023-13-3-442-453. EDN: NSIUEC.

BBEAEHUE

B oTBET Ha HeratMBHOE BAUSIHWME HAKTOPOB OKPYXatoLLEN
cpeAbl, B TOM YMCAE U UHOULMPOBAHUE BUPYCaMM, pac-
TeHWs BbIpaboTaAu MexaHW3M 3aLUMTbl, KOTOPbIM OCHOBaH
Ha NOBbILLIEHWM YPOBHS aKTUBHbIX GOPM KUcAopoaa (ADK)
[1]. Monaekynbl ADK 06pa3sytoTca MOCTOSIHHO M SIBASIOTCS
HEOOXOAMMbBIMU AAR MHAKTMBALUMKM NaTOreHoB, CMHTE3a
AUTHWHA, 3amnycka NpoLeccoB CTapeHHS], NEPEAAUN CUTHANOB,
MeTaboAr3Ma GUTOrOPMOHOB U APYTMX PeakLMii B KAETKaX
pacTeHuii. B KAeTKax 1 TKaHsIX MOCTOAHHO MOAAEPXXMBAETCS
6anaHc 06pa3oBaHKsA 1 pa3pyLLEeHUs MOAEKYA aKTUBHbIX GOpM
KUcAOpoAa. MNpu BbipalwmBaHUM pacTeHWin B HOPMaAbHbIX
YCAOBMAX OKPYXatOLLLEEN CPEABI MOAEKYAbI @KTUBHbIX GOPM
KMCAOPOAA He CMOCOOHbI MPUUMHUTL Kako-AMbo BpeA pac-
TEHUSIM, T.K. OHWU NOCTOAHHO MHAKTUBMPYIOTCS C MOMOLLbHO
pPsiA@ @HTMOKUCAUTEABHBIX MeXaHn3MOoB [2, 3]. OapHako npu
BO3AENCTBMM CTPECCOPOB YpoBeHb ADK MOXET 3HaUUTEABHO
MOBbILLATLCS, UTO BEAET K 06pA30BaHUIO U HAKOMAEHUIO
paankanos *0,7, *OH, NO, KoTopble MOTYT NMPUBOAUTL K
NMOBPEXAEHUSAM KAETOUHbIX CTPYKTYP PaCTEHUM, TaKMX Kak
6EAKH, AUMUABI, HYKAEUHOBbIE KUCAOTbI. B GOAbLUMHCTBE
CAyYaeB Hanboaee NoTeHLMaAbHO onacHbIM 3GGEKTOM OT
HakonAeHua ADK aBAsieTcA TO, YTO MPU BbICOKMX KOHLEH-
TpaLMsAX OHM BbI3biBatOT anonTo3 [4]. AAsi Toro utobbl NPEAOT-
BPaTUTb MOBPEXAEHNE KAETOUYHbIX KOMIMOHEHTOB OT MOAEKYA
A®K, pacteHusi BbipaboTanm CAOXKHYH aHTUOKCUAAHTHYHO
CUCTEMY 3aLLMThI, KOTOPasi NO3BOAAET PacTeHUsIM aAanTUPO-
BaTbCS K Pa3AMYHbIM CTPECCOBbIM GaKTOpam OKpYXatoLLewn
cpeabl [5-7]. OCHOBHbIE KOMMOHEHTbI aHTMOKCUMAAHTHOM
CUCTEMbI PACTUTEABbHBIX KAETOK U TKAHEN NPeACTaBAEHbI
HedepMeEHTATMBHOM YaCTbO: KAPOTMHOWABI, ackopbaTbl,
TAYTaTHOHbI M TOKODEPOABI, aCKOPOMHOBAsS KUCAOTA U APYTHE,
a TaKkxxe GepMeHTaTUBHOW YaCTbtO: CyNepOKCMAAMCMYTAa3a,
KaTanasa, rMyTaTMOHNEPOKCMAA3a, NEPOKCHMAA3a, acKop-
6atnepokcraasa [8, 9.

M3yyeHnto aKTMBHOCTU @HTUOKCUAAHTHBIX GEPMEHTOB Yy
pacTeHWi B OTBET Ha BO3AENCTBUA aDUOTUUECKUX U OBUOTK-
yecknx GaKTopoB CpeAbl MOCBSALLEHO MHOMO Hay4YHO-UCCAE-
AOBATEAbCKMX paboT. Tak, HanpumMep, CyLLECTBYHOT AQHHbIE,
AEMOHCTPUPYIOLLME PA3ANUUS B aKTUBHOCTH GEPMEHTOB
AHTMOKCMAGHTHOM CUCTEMbI Y Pa3HbIX MO BOCMPUUMUYMUBOCTU
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COPTOB KapTOodeAs Npu BO3AENCTBMM Ha pacTeHUss BUOTH-
yeckmx U abrotnueckmx ctpeccopos [10-12].

Bupycbl kapToderss SIBASIHOTCH OAHUM M3 Haubonee
LUMPOKO pPacnpOCTPaHEHHbIX CTPECCOPOB, KOTOPbIE OKa-
3bIBAKOT HEraTMBHOE BAMSAHWME Ha KauyecTBO M ypOxaw
KapTodens, NPUBOAS K 3HAUUTEABHBIM 3KOHOMUYECKUM
notepsm. B HacTosLLee BpeMS YCTaHOBAEHO, UTO KOAUYECTBO
PETMOHOB, B KOTOPbIX 3adUKCUPOBAHO PacnpocTpaHeHne
BMPYCHbIX 60AE3HEN KapTOdEAS], NOCTOSHHO YBEAUUMBAETCS.
3TO NPOUCXOAMT 3@ CUET PACLLUMPEHMSA Kpyra pacTeHn 13
Pa3AMYHbIX CEMEWNCTB, NOPaXaeMblX BUPYCHBIMU MHOEK-
LMAMM, U NOABAEHUSA HOBbIX, PaHee HEM3BECTHbIX BUPYCOB
MAM Mx Boaee onacHbIX WTaMMOB. [puMeHsseMble XUMU-
UECKME CPEACTBA 3aLLMTbl PACTEHWI OT BUPYCHbIX HOAE3HEN
MaN03IOPEKTUBHBI B CUAY MPOHUKHOBEHWUSA U PA3MHOXEHUSA
BMPYCOB B ME30OUAAE Y AAABHENLLIETO PACMPOCTPAHEHNS
no pacTeHuto. Kpome Toro, B CAyYae BCMbILWEK BUPYCHbIX
MHOEKUMIN NMPUMEHSIHOT MHCEKTULMABI, YTOObl CBECTU K
MWHUMYMY KOAMYECTBO HACEKOMbIX, CAYXKALLUMX NEPEHO-
CUMKAMM BUPYCHbBIX MHOEKLIMIA. AAS TOTO UTOObI YMEHbLLINUTb
XMMUYECKYHO Harpy3Ky Ha pacTeHUs U NouBy, HEOOXOANMO
M3yyaTb €CTECTBEHHbIE MEXaHM3Mbl 3aLlUUTbl PACTEHWUI U
CO3AaBaTb KOMMAEKCHO YCTOMYMBBIE COpTa.

ANA KapTodenst OAHUM M3 OMacHbIX M MOBCEMECTHO pac-
NPOCTPaAHEHHbIX BUPYCOB ABASIETCS MO3aWYHbIi BUpYC PVS,
CUMMTOMbI OT UHOULMPOBAHUA KOTOPbLIM MPAKTUYECKK HE NPO-
ABAAOTCA HA PaCTEHWU, HO MPUBOAAT K YXYALLEHWUIO KauecTBa
1 CHUXXEHUIO YpOXKasi, 0COBEHHO NpK 3apaXKeHUU pacTeHWs
COBMECTHO eLLle U APYrMMU MO3anyHbIMU BUpycamu [13].

Mcxoast M3 BbILLEM3AOXKEHHOTO, LIEABIO PaboThl ABAAAOCH
U3yYeHUEe aKTMBHOCTH aHTUOKCUAAHTHBIX GEPMEHTOB Y COMa-
KAOHAAbHbIX BapUaHTOB KapTodeAsd Npu MHOULMPOBAHUN
BUPYCOM PVS AASl MOAYYEHUS HOBbIX LlEHHbIX COPTOBbIX
NPU3HAKOB MNPV UCMOAb30BaHUW B CEAEKLIMOHHOM oTbope.

SKCNEPUMEHTAABHAA YACTb

06bEKTaMM UCCAEAOBAHUS CAYXMAU COpTa KapTodeas
OTEeYeCTBEHHOW cenekummn AneHa, Epmak, Xo3atoLUKa, noay-
ueHHble cneupasmctaMmu CUBUMPCKOro Hay4YHO-UCCAEAOBa-
TEAbCKOrO MHCTUTYTa CEAbCKOTO xo3sincTBa (PrbHY «Omckumi
arpapHblivi Hay4YHbIM LeHTp»). CopTa OTAMYaAUCH MO BOCMPU-
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MMYMBOCTU K BUPYCHBIM MHPEKLMAM: X035t0LLKa — YMEPEHHO
YCTOMUMBBIN COPT; AAeHa — YMEPEHHO BOCMPUUMUMBBIN
copT; EpMak — BOCNPUUMUMBBIV COPT. AaHHble copTa BbiAK
MCMOAb30BaHbI B KaUeCTBE 0OBLEKTOB AASt TPOBEAEHUSA paboT
Mo UHAYKLIMW KAAAYCHOM TKaHMW.

lMonyyeHmne KaaAyCHOW KYAbTypbl, NaccupoBaHue U
MHAYKUMST cTeBAEBOro opraHoreHesa. KAybHU CTEPUAK-
30BaAv 96%-M 3TMAOBBIM CIMPTOM 15 CeK C MOCAEAYIOLLMM
3-KpaTHbIM NPOMbIBAHWEM AUCTUAAMPOBAHHOM BOAOW U
nomewlanm B TepmocTtar (22+2 °C) (TC-1/80 CIY, Poccus)
Ha 30-45 cyTok AAA MHMUMaumMK 0bpa3oBaHusA Noberos
AAMHOM 1-2 cM. MoAyUeHHble noberv Hapesaan Ha CErMeHTbl
pa3amepom 4-6 MM 1 M30AMPOBAAU AUCTOBbIE MAACTUHKM AASI
NMOAYUYEHUSI KAAAYCHOM KYABTYpPbl. PaCcTUTEAbHBIN MaTepuan
CTEPUAN30BaAU B 4%-M pacTBOpe MMOXAOpPUTa HaTpUA
(Omera, Poccus) 10 muH, 3atem 70%-m cnnptoMm 1 MUH ¢
NOCAEAYHOLLEN MPOMbIBKOV CTEPUABHOW AUCTUAAMPOBAHHOWM
BOAOM [14]. KanAyCHYHO TKaHb MOAyYaAW Ha MUTATEAbHOM
cpeae Mypacure-Ckyra (MC) c pobaBaeHneM 2,4-AUXA0pP-
bEHOKCUYKCYCHOM KUCAOTBI (2,4-A) (Sigma-Aldrich, CLLA) B
KOHUEHTpauun 1-5 mi/a, 6-dypdypraaMUHONYypUHa (KUHETUHA)
(Sigma-Aldrich, CLLIA) 0,05-0,25 mr/a, caxapo3bl 30 /A,
arapa 7 r/A. QKCnAaHTbl 6bIAM Pa3AeAeHbl Ha ABE TPynnbl:
nepByto rpynny KyAbTUBMPOBAAM B Yallkax 1eTpu B TeueHune
2 HeAeAb B YCAOBUSIX TEMHOTBI B TepMocTaTe (2612 °C),
BTOPYHO rPynny KyAbTUBMPOBAAKW B YCAOBUSAX OCBELLLEHHOCTH
5000 Ak npu ToM xe Temnepatype. B kauectBe KOHTPOAS
MCMOAb30BaAM NMUTATEABHYHO cpeay 6e3 ropMoHOB. accupo-
BaHWe NpoBoAUAK Kaxable 30-35 cyTok. COMakAOHaAbHble
06pa3sLbl NOAyYaAr U3 KaAAyCHOM TKaHu Ha 1, 7 u 19-m
naccaxe U3 akTMBHO PacTYLLEro Kaanyca, MAEHTUYHOrO No
beHOTUNUYECKMM NoKa3aTeAsIM.

PereHepalims pacteHui in vitro v BbipalliMBaH1e MUKPO-
KAOHOB B MOYBEHHbIX YCAOBUSAX. PereHepaumio pacTeHni ns
KaAAYCHOM TKaHM NPOBOAMAM Ha cpeae MC ¢ MHAOAMA-3-YK-
cycHon kucnotor (MYK) (Sigma-Aldrich, CLUA) (0,1 mr/a),
donmeBont kucnoton (0,5 mr/a), ratokosort (10000 mr/n),
caxapo3sor (30 r/a) u arapom (7 1/a). KyabTBMpOBaHWE
OCYLLECTBAAIAM B CBETOBOW KOMHaTe npu Temneparype
2212 °C v 0CBELLEHUU BEAbIMU AFOMUHECLLEHTHBIMU AaMMamu
(Ledvance, lfepmaHusa) ¢ MHTEHCMBHOCTLIO 5000 AK.

MoAyYeHHbIE pacTeHUSA-PEreHePaHThbl NocAe 4-X MecsiLEB
KYABTUBMPOBAHNA NepecaxX1MBaau B roOPLLOYKN CO CMECHIO
Topda 1 necka B cooTHoweHun 3:1 ¢ nocaeayroLen nepe-
CaAKOM B TEMAMLY Ha paccTosiHumn 15-20 cm APYr OT Apyra
B PSAY, Ha 4 CYyTKM NPOU3BOAMAM MOAMB PacTBOPOM KHona.
MpeaBaputenbHO NouBy obpabatbiBanu 0,1%-M nepmaH-
raHaToM Kaausl 1 npenapatom «dOyHaa3on» (BAO «ABrycT,
Poccusi) AN UCKAOUEHUS TPMOHOM MHOEKLIMU. KAyOHU NepBoit
PENPOAYKLIMM pacTeHUM kapTodeAs, NOAyYEHHble Yepes
AATEABHO KYABTUBMPYEMYIO KaAAYCHYHO TKaHb, OTOMpPaAK
MO OTAMUYMAM B LBETE MAKOTU U OKPACKe KOXYpPbl KAYOHEN
OT KOHTPOABbHbIX COPTOB KapTodensi. Aanee oTobpaHHble
06pasLibl UCMOAb30BaAU AASI TOAYYEHUSA KAYOHEN BTOPOM
penpoaykumun. OT6op 06pa3LOB NPOBOAMACA BO BPEMS LiBE-
TEHUSI pacTeHUI KapTodpeas BCAEACTBME TOr0, YTO UMEHHO
B 3TOT Nepuop Hanbonee YETKO MPOSIBASIOTCSA BHELLUHWE
COPTOOTAMYUTEABHbBIE MPU3HAKK HE TOABKO MO OKPaCKE, HO
M No $opmMe KyCTOB U AUCTbEB, HAAMYMIO MUTMEHTOB Ha
ctebae u Ap.

MoaeanpoBaHue buoTnueckoro ctpecca (Bupyc PVS°,
DSMZ PV-0838). AnA 3apaxeHns UCMOAb30BaAW pac-
TEHUSA-pEreHepaHTbl B BO3pacTe 4-x HepAeAb B CTPOrOM
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COOTBETCTBMM C GEHOTUMUUYECKUMU NPU3HAKaMK copTa:
BereTatMBHasi Macca, BbICOTa pacTeHui, dopma 1 pasmep
AUCTOBbIX NMAGCTUHOK, GOPMa M OKpacka KAYOHs. Y pacTeHui
MHOKYAMPOBAAW ABE AUCTOBbIE MAACTUHKK NPU MUKPOMO-
BPEXAEHUN KapbopaHAYMOM CO CBEXENPUroTOBAEHHOM
CMECbI0 BUPYCHbIX YacTuL (5 Hi/MA) 1 10 MM docdaTHoro
bydepa, pH=7,0 B 06beme no 100 MKA Ha OAHY AUCTOBYHO
MAACTUHY. PacTeHUss KOHTPOABHOW FPYMMbl U UCKYCCTBEHHO
3apaxeHHble pacTeHns kapTodens BbipallMBani B TENAULE
B KOHTPOAMPYEMbIX YCAOBUSIX.

AnarHocTrnka pacteHui kapTopens Ha Haanyme Mo3a-
MYHbIX BUPYyCcoB MmeToaamu MOA u UXA. AMarHoCcTuKy pac-
TEHUIN ocywecTBASIAM MeTopoM DAS-ELISA Ha nMmmyHo-
depMeHTHOM aHaAu3aTope Labsystems Multiskan Plus,
duabtp 405 HM (Thermo Scientific, CLLA) ¢ ncnoab3oBaHnem
TecT-cuctem Ha Bupycol PVY, PVX, PVM, PVS, PLRV (Bioreba
AG, Lsenuapus).

ArekTpopope3 berkoB. CyMMapHbIN IAEKTpodopes
6EeAKOB PacTEHWI NMPOBOAMAM METOAOM HATUBHOMO IAEK-
Tpodopesa B NOAMAKPUAGMUAHOM rene (7,5%) [15]. Auctba
ncecnaeayeMbix 06pasLoB KapTodens roMoreHn3nMpoBaHb!
B $apdopoBbIX CTyNKax Ha Abay ¢ AOBABAEHMEM MpeA-
BApPUTEABHO OXAAXAEHHOTO 3KCTpaKUMOHHOIO bydepa.
COOTHOLLIEHWE PacTUTEAbHOIrO MaTteprana u bydepa AAs
IKCTPaKUMKM — 1:2. SKCTPaAKLUMOHHBIN Bydep COCTosA 13
250 MM TRIS-HCI (pH=7,5), 250 MM caxapo3sbl, 0,05 uM
MoAmbaaTa Hatpus, 1 MM (EDTA), 4 MM 1,4-AuTroTpenTona
(DTT), 5 MM L-uuctemnHa, 0,001 mM anpotuHuHa, 0,1 MM
deHnametTuacynbpoHnadToprpa (PMSF) n 0,001 mM
nencraTuHa.

MocAe romoreHn3aLmm Bce obpasLibl LEHTPUOYTMPOBaAK
(15000 06/MuH, 4 °C, 15 MuH). CynepHaTaHT NepeHoCUAr
B HOBble NMPOBUPKKN BO M3bexaHue 3arpa3HeHns renst B
06AaCTU 3arpy304HbIX AYHOK. INEKTPOdOpe3 MPOBOANAK
OT UCcToYHMKa Toka npm 110 B 1 50 MA B TeueHue 2-x u.

OnpepeneHue aKTMBHOCTM M30PEPMEHTOB KaTaAasbl
NPOBOAMAM C NPUMEHEHNEM 2-KOMMOHEHTHOr0 cybcTpata
¢ MoAndUKaumMamMm MeToaa [16]. Tenb TPUXABI MPOMbIBaAU
B AMCTMAAMPOBAHHON Boae (15 MUWH), MHKYOUpPOBaAW B
100 ma 0,03% H,0, (10 M1H) Npu nokaunBaHUM Ha Leinkepe
(80 06/MuH). OKpaluMBaHKWe renert 0CHOBbIBAAOCh Ha BOCCTa-
HoBAeHWH rekcaumarodeppara (Ill) kaans (K,(Fe(CN),) H,0,
Ao rekcauunarodeppara (Il) kaauns (K, (Fe(CN),)) u peakumu
rexkcaunaHodeppara (1) kaans ¢ xropuaom xeaesa (1) (FeCl,)
¢ obpasoBaHMeM BEPAMHCKOM Aa3ypu. feAn oKkpallMBaAu
B CMECH NepBOoro 1 BTOPOro cybcTpaToB AO NPOABAEHUS
6ecLBETHbIX MOAOC HA OKPALLEHHOM B TEMHO-3EAEHbBIN UAW
CUHe-3eneHbIN LBET $pOHE, T.K. kaTarasa pasnaraet H,0,, T
OKpaLUVBaHWE He MPOUCXOAUAO B MECTAX €€ PACMOAOKEHMS.
lMocae rean CkaHMpoBaAW, MHBEPTUPOBAAM U aHaAU3MPOBAAK
C NMOMOLLLbIO NMporpaMmmHoro obecneveHus Image J.

OnpeaeneHne n30GepMEHTOB NEPOKCUAA3LI MPOBOAUAK C
NOMOLLbIO cybcTpaTa, copepxallero 50 ma 50 MM avueTaTHoro
bydepa (pH=5,5), 100 mMkA 3% H,0,, 20 mr 3,37,5,5 -1pu-
METUABEH3UANHA. INEKTPOPOPES NMPOBOAUAK B MOAUDH-
LUMpoBaHHOM cucteme no AHAEPCOH, Bopr n MukaaabCoH
[17]. Tenb MHKYOUPOBaAK B aLeTaTHOM Bydepe B TeueHue
10 muH, 3aTeM bydep CAMBAAKM 1 BHOCHAM PacTBOp beH3WAMHA
(0,005 M, 20 muH). Aanee renb NpoMbIBaAM AUCTUAAMPO-
BaHHOW BOAOW v nometaan B 0,015% H,0, Ao noseaeHnA
XapaKTepHbIX NOAOC HMPHO30BOro LBETA Ha NPO3PaYHOM
doHe reas (1-2 muH). Ara drMKcaumm 30H NEPOKCUAA3HOM
AKTUBHOCTU reab npomMbiBanr 10%-1 yKCYyCHOM KMCAOTOM.
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OnpeaeneHmne 3o0depMEHTOB pasAUUHbIX POPM CYNEPOK-
CUAAMCMYTa3bl MPOBOAWMAM COMAACHO NPOTOKOAY bowam Y.X.
1 ®purposuny K. ¢ HeboabLLMMK MoadUKaLmamu [18]. Tenb
NPOMbIBaAU TPUXABI B AUCTUAAMPOBAHHOM Boae (5 MUH),
panee MHkybuposann B 0,1%-M pacTBOpe HUTPOCWMHENO
TetTpasonma NBT (15 MuH) ¢ BHECEHUEM 4%-r0 3TaHOAa
npu NnokaumMBaHuW Ha Lenkepe (80 06/MUH) B YCAOBMAX
MOAHOM TEMHOTbI. [TocAe reAb MPOMbIBaAU 1 MHKYOUPOBaAK
B 50 MM HaTpuin-dochatHoMm bydepe (pH=7,8) c 28 MM
pubodraBuHa, 28 MM TEMED, 0,25 mM NBT. 3atem reab
npombiBaAu B BydepHOM pacTBoOpe U UAAKOMUHUPOBAAK
B reAbAOKyMeHTUpytoLlen cucteme (Fusion-FX6-XT-820.
WL/M) noa YO-06ayueHrnem (30-45 MuH, Temnepatypa
20-25 °C) A0 NosiBAeHUSI 6eCLBETHbIX MOAOC CYNEPOKCUA-
AMCMYyTa3bl Ha TEMHO-PUOAETOBOM POHe renst. MaeHTndu-
kauuto popm COA npoBoanAK nyTeM 06paboTKK renen B
pactBopax uHruéutopos, 3 MM KCN nan 5 MM H,0, 3a
30 MHH A0 okpalumBaHusa. Popma Mn-COA ycTonumBa K
0601M MHrMbuTopam, Fe-COA yctoiumsa k KCN, HO uyBCTBU-
TeAbHa k H,0,, Toraa kak popma Cu/Zn-COA uyBCTBUTEABHA
K 060UM MHIMOUTOPaM.

MonAekyAsipHble MaccCbl GepMEeHTOB MOAyYEHbl B
pe3yAbTaTe 06paboTKKN AINEKTPOGOPErPAMMbI C MOMOLLLbIO
nporpammsbl BioCapt (npu paspewweHnn 800 dpi) (Vilber
Lourmat). CTatucTUueckyto 06paboTKy AaHHbIX OCYLLECT-
BASIAM C NOMOLLbIO Nporpamm MS Excel 2018, GraphPad
Prism (v. 6.01) (GraphPad Prism User Guide, 2019). Aaf
BbIABAEHUSA PA3AUUMIA MEXAY NapaMu BblIBOPOK UCMOAb-
30BanCsl 2-BaA€HTHbIW HeMapHbIN t-kputepuit CTbloAeHTa
(HepaBHas aucnepcua 2-x BbIOOPOK). IKCMEPUMEHTbI
NPOBOAUAW B 4-KpaTHOM BUOAOrMUECKONM MOBTOPHOCTH U
2-3-X aHaAUTUUYECKUX MOBTOPHOCTAX. AaHHble ¢ 4-X He3a-
BMCHMbIX NOBTOPOB 6biAM Npeobpa3oBaHbl B YNCAOBLIE
3HaueHus (£SD) npm nomMoLLu rpadUUecKkoro pepakTopa
Image J, ctatnctuueckuin aHaans (One-Way Annova test)
NPOBEAEH NMOCPEACTBOM MPOrpamMMHOro obecreyeHus
GraphPad Prism (v. 6.01). AaHHble NpeACTaBAEHbI B OTHO-
CUTEAbHbIX EAMHULLAX.

OBCY>XAEHUE PE3YN\bTATOB

AHaAM3 COBPEMEHHbIX HAayYHbIX UCTOYHUKOB NOKa3aA, uto
Hanbonee addEeKTUBHBIM METOAOM CEAEKLIMM NPK NMOAYUEHUM
HOBbIX AUHUIA KapTOdEAs MOXET BbICTYNaTb CIOHTaHHbIN
MyTareHes, KOTopblii MOXeET ObITb Bbl3BaH akTMBaLMEN
TPaHCMO30HOB, MPUBOASLLMX K USMEHEHUIO SKCMPECCHUM
COOCTBEHHbIX FEHOB PaCTeHMs, U NOSBAEHUEM TOYEUHbIX
MyTaLuit. IPUMEHEHNE KAETOUHBIX KYABTYP in vitro no3BoAsieT
MOAyYaTb HOBblE AMHUW PACTEHUI, XapaKTEPU3YIOLLUXCA
HOBbIMW XO3IMCTBEHHO-LEHHbIMW MPU3HaKaMu, U MOXET
6bITb UCMOAB30BAHO AAA CO3AAHWMS KOMMAEKCHO-YCTOM-
UMBbIX PacTeEHUI KapTodens. BbicTynatolme B kKauecTse
06BHEKTOB COMaKAOHAABHOW M3MEHUMBOCTU KaAAYCHbIE
TKaHW KapTodenss B YCAOBUAX in Vitro AMLLIEHbI TOHKOM
cbanaHCHPOBAHHOM PEryAsiLyK, NPUCYLLLEN LEAOCTHOMY
pacTeHWIo KapTodeAs, B CBA3M C 3TUM Ha CTabBUAbHOCTb U
M3MEHUYMBOCTb KAAAYCHOW KYABTYPbl OKa3blBaeT BAUAHWUE
AAMTEABHOCTb NPEBbIBAHUS KAAAYCHOM TKaHW B CTAAMM
HeopraHn3oBaHHOIo POCTa, BbIGOP NEPBUYHOIO SKCNAAHTA
M TOPMOHAABHOMO COCTaBa NUTaTeAbHOM Cpeablt.

B pabote comaknoHaAbHble BapuWaHTbl KapTodeas
ObIAU MOAYYEHbI U3 KAAAYCHOWM KYALTYPbI. YCTAHOBAEHO, UTO
AMCTOBbIE 3KCMAAHTbI 06AaAatOT 6OAbLLEN CNOCOOHOCTLIO
06pa3oBbiBaTb KAAAYChI MO CPABHEHUIO CO CTEOAEBLIMMU
3KCMAAHTAMK Yy BCEX M3yyaeMblx COPTOB KapTodeas.
MoaToMy B AaAbHeMLLeR paboTe MCNOAb30BaAAU KAAAyC,
NMOAYUYEHHbIV TOABKO U3 AMCTOBbIX 3KCMAAHTOB Ha PasHbIX
naccaxax. dKCnepuMeHTaAbHO YCTaHOBAEHO, UTO Hanbonee
MHTEHCUBHbINA KaAAyCOreHe3 Ha AUCTOBbIX 3KCMAAHTaX
HabAoAaAM Ha 7-9 cyTkM Ha cpepe MC ¢ BHeceHueMm
5 mi/a (2,4-A) 1 0,25 mr/A KUHETMHa. CAepyeT OTMETUTD,
uTo0 06pPa30BaHME KAAAYCOB NMPOUCXOAMAO BOAEE aKTUBHO
B YCAOBMSIX MOAHOM TEMHOTbI, @ NPU BblpalLMBAHWUM KaA-
AYCOB NpW 0CBeLLEHNWU HabAtopaAn 0bpa3oBaHne Henoro
HaAeTa Ha MOBEPXHOCTU U MEAKUX FAOBYASPHBIX CTPYKTYP
no nepudepun KaAryCHoM TkaHu (pu1c. 1), uto coraacyetcs
C AaHHbIMK Xanadanna M.M., dnanum K.I. n ppyrux [19].

Puc. 1. KannycHast TkaHb ¢ 06pa3oBaHWeM rOBYAPHbIX
CTPYKTYp
Fig. 1. Callus Tissue with the formation of globular structures

OTMeueHo, UTo Ha nuTaTenbHoM cpeae MC ¢ BHeceHnem
2,4-7\ v KKHETMHA NPOUCXOANAO GOPMUPOBAHME KAAAYCHOW
TKaHU cpeAHeﬁ NAOTHOCTU CBETAO-XEATOIO LiBETA C Mepun-
cTemMaTtuyeCKMMU y4aCtkamMu, U3 KOTOpbIX B AaAbHeVILueM
NnoAyYaAu pacTeHUsi-pereHepaHTbl (puc. 2).

B panbHerweM M3 MOPPOreHHbIX KaAAYCHBIX KYABTYP
6bIA0 NoAyYeHo 150 pacTeHU-pereHepaHToB, KOTOpble
6bIAM NPOaHaAM3MpPOBaHbl MeTopoM MDA Ha oTcyTCcTBUE
MO3au4yHbIX BUPYCOB kapTodensa (puc. 3).

YcTaHOBAEHO, UTo 98,7% pacTeHU UMEAN HOPMaAbHYHO
MOPGHOAOTUIO U BBICOKYHO XM3HECTIOCOOHOCTb, AASt OCTAAbHbIX
pacTeHun (1,3%) oTmeyeHo GOPMUPOBaHUE YKOPOUEHHbIX
MeXA0Y3AniA. CTabuAbHbIM NPU3HAKOM OKa3anach OKpacka
LIBETKOB, UTO COrAaCyeTCs C pe3yAbTaTaMu APyrnx aBTopoB,
KOTOPbIE MOKa3aAW, UTO MMEHHO LIBETOK XapPaKTEpPU3YyETCA
0YeHb craboi M3MEHYNBOCTbHO, T.K. OH OTHOCUTCA K HAWN-
6oAee KOHCepPBaTMBHbLIM OpraHam y Kaptodean?.

B pesynbTate AanbHENLIEro KYAbTUBMPOBAHUSA pac-
TEHWI B TeueHne 3-4 naccaxen NPOMUCXOAMAO NOSIBAEHWE
6OAbLLEr0 KOAMYECTBA @aHOMAABbHbIX PACTEHUI: GOPMUPO-
BaAUCb YKOPOYEHHbIE MEXAOY3AUA, UBMEHANACDH (])OpMa

1KanawHrkoBa E.A. KAeTOuHasa UHXEHEPUS pacTeHUIA: yUeBHMK U MPaKTUKYM AAA By30B. M.: KOpaiit, 2020. C. 270-272.
2NeoHoBa H.C. M3MeHUMBOCTb B KyAbType Kaptodeas (Solanum tuberosum L.) in vitro 1 BO3MOXHOCTM €€ UCMOAb30BaHWUA B
CEeAEKLMUW U CEMEHOBOACTBE: AWC. ... A-pa BUOA. HayK. YAaH-Yaa: BCITY, 2010. 209 c.
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Puc. 2. UHAYKUMS Kanayco0bpa3oBaHma y CTEOAEBBIX IKCNAAHTOB KapTodens: 1 — MopdoreHHasi KaanycHasi TKaHb C yYacTKamu
MAOTHOW NapPEHXUMHON 1 MEPUCTEMATUUECKOM TKaHU; 2 — KaAAyCHAsi TKaHb CPEAHEN MAOTHOCTM CBETAO-KEATOrO LIBETA C

MepucteMmatnyeCckKMmMmmn 30HamMu

Fig. 2. Induction of callus formation in potato stem explants: 1 - morphogenic callus tissue with areas of dense parenchymal
and meristematic tissue; 2 - medium-density callus tissue of light yellow color with meristematic zones

Puc. 3. PacTteHuns-pereHepaHTbl KapTopeasi, MOAYYEHHbIE U3 MEPUCTEMATUUECKON KAaAAYCHOM TKaHM

Fig. 3. Potato regenerated plants obtained from meristematic callus tissue

Puc. 4. HdMumMpoBaHHble pacTeHust Kaptodenst ¢ OTCYTCTBUEM MPOABAEHUS NPU3HAKOB pa3BuUTMA MHoeKkumun: V1 - copt Epmak,
V2 - copt AneHa, V3 - copT Xosatoluka; EC1, AC91, XC94 - comakAOHaAbHble 06pasLpbl kapTodeas

Fig. 4. Infected potato plants with no signs of infection development: V1 - Ermak variety, V2 - Alena variety, V3 - Khozyayushka

variety; EC1, AC91, XC94 - somaclonal potato samples

AMCTOBOM MAACTUHKMK, KpOME TOro, HabAropanacb rmbenb
npu nepecapke B MOYBEHHblEe YCAOBMS. B pesyabtate
UCCAEAOBaHUSI MocAe 4-X MecsLeB KyAbTUBWPOBaAHMSA
6bIA0 NOAYUYEHO 1915 pacTeHuii-pereHepaHToB, KOTOpble
6bIAVM NEPEHECEHDI B NMOYBEHHbIE YCAOBUS, U K KOHLLY BETe-
Taumm noayvyeHo 8618 KAyOHen NepBOn PENPOAYKLIMK.
Bce nonyueHHble KAyOHM BbiAM OLEHEHDI MO LBETY MSAKOTH
M OKpacke KoXypbl. Mo pe3yabtatam MopdOAOrMYECKOro
aHaAK3a 6biAM 0TOO6paHbl 06pa3Libl, Pa3AUyatoLLMECH MEXAY

CcO60M 1 OT KOHTPOABHOIO BapuaHTa no aTUM MPU3HaKaMm.
Tak, Hanpumep, B KOHTPOAE LIBET MAKOTH KAYBHS y copTa
AneHa 6bIA 6eAbli, B TO BPEMS Kak B COMaKAOHaAbHbIX
obpasuax - BAEAHO-KEATbIN U XEATbIN, Y 06pa3LIOoB, MOAY-
UEHHbIX Yepe3 KaANYCHYIO TKaHb OT copTa Epmak, uBet
MSIKOTH ObIA BEAbIN, HO OTCYTCTBOBAAM KPACHbIE BKAKOUEHUS.
HanboAbLLMI MHTEPEC NPEACTABASIAM COMAKAOHAAbHbIE
06pa3supbl KapTodPens, NoAydeHHble oT copta Epmak - EC1,
oT copTa AneHa - AC91 1 oT copTa Xo3sawwka - XC94,
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KOTOPbIE OTAMYAAUCH OT MCXOAHBIX AMHWIA PaCTEHUK MO
COAepXaHuto benka u kpaxmana [20].

PacTteHus kapTopens BTOPOM penpoayKLmmn copToB Epmak,
AneHa, X031t0LLIKa 1 COMaKAOHaAbHble BapuaHTbl EC1, AC91
1 XC94, MHOMLMPOBAHHbIE BUpYcoM PVSP, He nposiBASIAK
BHELLHWE NPU3HAKK Pa3BUTHSA BUPYCHOM MHOEKLMM (pHC. 4).

Pe3yAbTaTbl yCnewHoro MHGUUMPOBAHUS pacTeHUM
KapTodens BUPYCOM ObiAK MOATBEPXKAEHBI METOAOM DA
(tabaunua).

TecTpoBaHue copToobpa3LOoB KapTopens Ha Hanuuue
BUPYCHOM MHOEKLMK C UCMOAB30BaHWEM Habopa TECTEPOB K
BUpycam metopom MOA

Testing potato varieties for the presence of a viral infection
using a set of testers for viruses by ELISA

() = =
c:'sé © 3 2 % | % .|
83 38| &8 8| & & | e
sg | EE58| £ £ | 8 Z | (/)
2o EZF s @ = @
S S 5 =
T | o
PVX
Epmak 0,053 0,788 0,058 -
AneHa 0,054 0,788 0,058 -
XosstoLwka 0,052 0,788 0,058 -
EC1 0,067 0,788 0,058 -
XC-94 0,024 0,788 0,058 -
AC-91 0,073 0,788 0,058 -
PVY
Epmak 0,095 0,987 0,054 -
AneHa 0,057 0,987 0,054 -
Xosstowka 0,083 0,987 0,054 -
EC-1 0,033 0,987 0,054 -
XC-94 0,048 0,987 0,054 -
AC-91 0,055 0,987 0,054 -
PVS
Epmak 0,821 0,993 0,051 +
AneHa 0,793 0,993 0,051 +
Xosstowka 0,837 0,993 0,051 +
EC-1 0,994 0,993 0,051 +
XC-94 0,892 0,993 0,051 +
AC-91 0,796 0,993 0,051 +
PVM
Epmak 0,110 0,789 0,044 -
AneHa 0,071 0,789 0,044 -
XosftoLwka 0,196 0,789 0,044 -
EC-1 0,102 0,789 0,044 -
XC-94 0,097 0,789 0,044 -
AC-91 0,065 0,789 0,044 -
PLRV
Epmak 0,053 0,827 0,038 -
AneHa 0,066 0,827 0,038 -
Xossirowka 0,051 0,827 0,038 -
EC1 0,055 0,827 0,038 -
XC-94 0,064 0,827 0,038 -
AC-91 0,043 0,827 0,038 -

Mpn M3yuyeHMn CNEKTPOB MEPOKCHMAA3 Y KapTodens
ObIAM NMOAYUYEHbI CAEAYIOLLIME PE3YALTATbI: Y KOHTPOABHOM
rpynnbl PacCTEHUI BbISBAEHA aKTUBHOCTb 4-X M30GOpPM Y
copTa kaptodens Epmak, 5 nsodopm - y copra AreHa
M 6 n30hopm - y copta Xo3AwLKa, B TO BPEMS KaK Y
MHOULMPOBAHHBIX BUPYCOM COMaKAOHAAbHbIX 06pa3L0oB
kapTodens obHapyxeHo 5 usodpopm y obpasua AC9I1,
NMOAYYEHHOr0 OT copTa AAeHa, U 6 30bopM y 06pa3LIoB
EC1 n XC94, noAyueHHbIX OT copToB Epmak 1 Xo3sitolka
(puc. B).

vl XCo4 V2 AC91 V3 EC1

+ 52
I — 48

| ) p—
41
39
24
1

Puc. 5. Onpepenenune in gel akTUBHOCTU M30MNEPOKCUAAS B
AUCTBAX KapTodens, rae V1 - Xosswowka, V2 - AneHa,

V3 - Epmak - 06pasubl, 3KCTparupoBaHHbIE U3 KOHTPOABHOM
rpynnbl; XC94, AC91, EC1 - 06pasLbl, 3KCTparmpoBaHHble
M3 COMaKAOHaAbHbIX 06Pa3LOB KapTodens.

MoAeKyAsipHbIE MacChl MOAYY€EHbI B pe3yAstaTte 06paboTkm
ANeKTpopoperpammbl ¢ NOMOLLLIO Nporpammbl BioCapt
(Vilber Lourmat)

Fig. 5. Determination of in gel activity of isoperoxidases in
potato leaves, where V1 is Hostess, V2 is Alena, V3 is Ermak
are samples extracted from the control group; XC94, AC91,
EC1 are samples extracted from somaclonal potato samples.
Molecular masses were obtained by processing the electro-
phoregram using the BioCapt program (Vilber Lourmat)

Y MukpoknoHa EC1, noay4eHHOro ot BOCNPUUMUYMBOTO
copta Epmak, MHOMUMPOBAHHOIO BMPYCOM, BbIAO 0OHa-
PYXEHO ABa AOMOAHUTEABHbIX M303UMa MO CPABHEHUIO C
KOHTpOAEM - V3, CAeAYET OTMETUTb, UTO aKTUBHOCTb U30-
NEepPOKCMAa3 Yy AAHHOrO COMaKAOHa yBEAMYMBaAACh Mpu
3apaxeHnun BUPYyCOM, KOTopasi NPOABAAAACH B MHTEHCUOU-
KaLMK OKpaLlMBaHWS MOAOC MO CPABHEHMIO C KOHTPOAbHbIM
o6pasLoM.

AAf ymepeHHo ycTonumBoro copta AneHa (V2) 1 ero
COMaKAOHaAbHOro obpasua AC91 KOAMYECTBO M303MMOB
He U3MeHANOCb. CAeAyET OTMETUTb, YTO Y YCTOMUMBOTO CopTa
kapTodensa Xossatowka (V1) v noay4yeHHOro COMakAOHaAbHOTO
o6pa3sia X94 KOAMUYECTBO M30MEPOKCMAA3 HEe YBEAUUMBANOCH,
HO 0TMeuanocb 6oAee UHTEHCHBHOE OKpaLLMBaHWE NOAOC Y
MHOULMPOBAHHOIO 06pa3Lia Mo CPaBHEHWIO C KOHTPOAEM, UTO
CBUAETEABCTBOBAAO 00 YBEAMUYEHWI aKTUBHOCTU M303MMOB.
[MpeanoAaraetcs, Yto pasHuLa B akTUBHOCTU U30HEPMEHTHOIO
CneKTpa oTMeYeHa MeXAY YCTOMUMBLIM M BOCTPUUMUYUBBLIM
copTamu Kaptodeas U NOAYYEHHbIMU OT A@HHbIX COPTOB
COMaKAOHaAbHbIMK 06pa3uamu, 3Ta pasHULLA BO3MOXHA
3a cueT BpeMeHW HapaboTku depMeHTa M KOAMYEeCTBa
Konu pepmeHTa. Bo3aMOXHO, Y BOCMPUMMUMBOro copTa
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V1 V2 V3

AC91

XC94

EC1

Catl
Cat2

Cat3
Catd

Pt

Puc. 6. Onpepenerue in gel akTMBHOCTM M30OPM KaTanalbl B AUCTbAX kapTodeas, rae V1 - Xossowka, V2 - AneHa, V3 - Epmak
- 06pas3Lbl, IKCTPArMpoBaHHbIe U3 KOHTPOALHOM rpynnbl; XC94, AC91, EC1 - obpasLbl, 9KCTParMpoBaHHbIe U3 COMaKAOHAAbHbIX

06pasuoB kaptodenst; Catl-Cat 4 - usodepmeHTbl Katanasbl

Fig. 6. Determination of in gel activity of catalase isoforms in potato leaves, where V1 is Hostess, V2 is Alena, V3 is Ermak are
samples extracted from the control group; XC94, AC91, EC1 - samples extracted from somaclonal potato samples; Cat1-Cat

4 - catalase isoenzymes

M NMOAYYEHHOTO comakAoHa EC1 pepMeHT CUHTE3NPOBAACS
MEAANEHHEE, B OTAMYME OT YCTOMYMBOIO U YMEPEHHO YCTOW-
YMBOrO COPTOB. Pe3yAbTathl, MOAYYEHHbIE HAMW NPU UCCAE-
AOBaHWW U3MEHEHWA aKTUBHOCTH U CNEKTPOB NEPOKCHUAASHI
y pacTeHui kaptodeaa npu MHOULMPOBAHUM MO3aUYHbIM
BMPYCOM KapTOdEAs, COrAacytoTCs C MCCAEAOBAHUSMMU,
nposoauMbIMKM U.A. TpackoBor [21]. Y ycTorMunBOro copta
Xo3sitoLLKa 1 ero CoMakAOHaAbHOIro obpasLa NPOUCXOAWAG
aKTMBaLMA U30NEPOKCUAA3S, U Ha rene HabAtOAAAM MHTEH-
CUOUKALMIO OKPACKK MOAOC, UTO CBMAETEALCTBOBAAO 06
YBEAMYEHWUN aKTUBHOCTU GEPMEHTA, a TaKkXe 0 AaAbHENLIEM
CBOEBPEMEHHOM 3anyCKe CUrHaAbHbIX MEXaHU3MOB. BTo
BPEMSI KaK Y YyBCTBUTEABHOIO copTa kKapTodens Epmak 1
ero comaknoHa EC1 tpeboBanoch Horee AAUTEABHOE BPEMS
AAST GOPMMPOBAHUSI UMMYHHOTO 0TBeTa. CAEAYET OTMETHUTD,
uto y o6pasua EC1 HabAoAaACA CUHTES 2-X AOMIOAHUTEABHbIX
n3odpopm GepmeHTa, YTO BO3MOXHO CBSI3AHO C COMaKAO-
HaAbHOM U3MEHUNBOCTbIO Y NOAYYEHHOT0 COMaKAOHaAbHOIoO
obpasLa KapTodes U UCXOAHOTo copTa Epmak.

MMpKn 3yyeHUn CNEKTPOB KaTanasbl y COPTOB AreHa, Epmak
1 Xossolwka HabAoAaAM aKTUBHOCTb OAHOM M30GOPMblI
KaTanasbl, 0603HaveHHoW Catl. Y coMmakAOHOB KapTodenst
AC91 1 XC91, MHGULMPOBAHHbBIX BUPYCOM AOMOAHUTEABHO K
n3opopme Catl, obHapyxeHHOM B 06pasLax KOHTPOAbHOWM
rpynnbl pacTeHWM, NPOU30LLAG aKTUBALIMSA AOTIOAHUTEABHBbIX

Vi V2 V3

Mn-50D

Fe-50D

n30$opM, KoTopble bbiav 0603HauUeHbl kak Cat2, Cat4. Y
COMaKAOHaAbHOro obpasua EC1 oTMeueHa akTUBHOCTb 4-i
dopmbl kKaTanasbl Cat3, koTopasn oTcyTCTBOBaAa y 06pa3LoB
AC91 n XC94 (puc. 6).

BepxHsas nonoca ¢ MOAEKYASIPHOM Maccoi 78 kKAa bbina
YCAOBHO 0603Ha4eHa kak Catl. CpeAHO NOAOCY C BOAbLLEN
AKTMBHOCTbIO M MEHbLLIEN MOAEKYASIDHOM Maccon 58 kAa
o0603HaunAK kak Cat2. MU3odpopma Cat3 numena MOAEKy-
ASIPHYIO Maccy He 6onee 55 kAa. CAeAyeT OTMETUTb, UTO Ha
aneKTpodoperpaMmme y UHOULMPOBAHHbIX PacTEHUI Oblra
obHapyxeHa yeTBepTas n3odopmMa Katarasbl, YCAOBHO
0603HaueHHas kak Catd, MOAeKyAsipHasi Macca KOTOpoW
cocTaBAsiAa OKOAO 48 KAa. PesyasTtathbl, MOAYyYEHHbIE HAMMU,
NnoKa3anu yBeAMYeHUEe aKTUBHOCTH KaTanasbl Y BCEX U3y-
YaeMblXx COMaKAOHAAbHbIX 06pa3LOB OTHOCUTEABHO KOHTPOAS.
OAHaKO MpKW 3TOM HaBAOAAACS CUHTE3 AOMOAHUTEABHOWM
n3odopmbl depmeHta (Cat3, 54kAa), uto, BO3MOXHO,
CBA3aHO C COMaKAOHAAbHOM U3MEHUYUBOCTbIO Y NOAYYEHHOI0
COMaKAOHaAbHOro 06pasLia KapTopeAsi U UCXOAHOTO copTa.
MoAyYeHHble AaHHbIE MOKa3bIBALOT, UTO B OTBET Ha MOBbI-
LUEHHYIO aKKYMYASILMIO MEPEKMUCU BOAOPOAA NPU BUPYCHOM
nHbekumnn PVS BO BCeX M3yuyaeMblx COPTax KapTopeas npo-
MCXOAMAO MOBbILLEHWE aKTUBHOCTU KaTanasbl. [py pAeTekumnm
depmeHTa B HAaTUBHOM rene bbina 0OHapyxeHa akTMBaLms
AOTOAHUTEABHBIX M30POPM, KOTOPbIE HE ObIAM OTMEUEHbI B

XC-94 AC9]

EC-1

- Fe-50D
= Cu-Zn-50D

< Cu-£n-50D

Puc. 7. OnpepeneHune G¢opm cynepoKCUAAMCMYTasbl B AUCTbAX KapTodens, rae V1 - Xosatouwka, V2 - AreHa, V3 - Epmak -
06pasLibl, IKCTparMpoBaHHbIe U3 KOHTPOAbHOM rpynnbl; XC94, AC91, EC1 - 06pasLibl, SKCTparMpoBaHHbIe 13 COMaKAOHAAbHbIX

06pasLoB KapTodeas

Fig. 7. Determination of superoxide dismutase forms in potato leaves, where V1 is Hostess, V2 is Alena, V3 is Ermak are
samples extracted from the control group; XC94, AC91, EC1 - samples extracted from somaclonal potato samples
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KCN
3 MM

Ha0n
MM

Puc. 8. OnpepeneHue in gel akTMBHOCTH GOPM CYNEPOKCUAAUCMYTa3bl B AUCTbSIX KapTodeast ¢ uHrbrutopamu 3 MM KCN 1 5 mM H202

Fig. 8. Determination of in gel activity of superoxide dismutase forms in potato leaves with inhibitors 3 mM KCN and 5 mM H,0,

rene KOHTPOAbHOIO BapuaHTa. HaAnume HECKOAbKUX M30GpOpM
KaTanasbl ObINO OTMEUYEHO APYTMMUK aBTOPaAMU AASI TAKMX
pacTeHui, Kak Tabak, GacoAb, KyKypy3a, KAELLIEBIUHA, XAOTIOK,
cocHa, apabuaoncuc 1 becuBeTHUK [22].

[Mpu N3y4eHnn CNEKTPOB CYNEPOKCUAAMCMYTa3bl Y KAETOK
pacTeHui kapTodens BblAK NOAYUYEHbI CAEAYIOLLME PE3YALTATHI:
BbIIBAEHbI B MMKPOKAOHaxX ABE dopMbl dbepmeHTa - Fe- 1
Cu/Zn-COA, KoTopble UrpatoT Hanbonee 3HaUMMYO POAb
npv HENTpaAU3aLMK PAAUKANOB (pUC. 7).

MN3odpopma S1 (puc. 8), koTopas He MHTMbUpoBaAachb
KCN u H202, oTHeceHa K Mn-COA. Y KOHTPOAbHbIX 1 cOMa-
KAOHaAbHbIX 06pa3L0OB PaCcTeHUM aKTUBHOCTb M30GOPMbI
S1 6blAa HE3HAUMTEABHOM, YTO COrAaCyeTCsi C AaHHbIMU MO
OnpeAeAeHnto akTuBHoCTU dopm COA npu HMU3KOTEMNEPa-
TYPHOW apanTauMu U CONEBOM CTpecce kaptodens [23].

dopma S2 uHrnbruposansach H,0, 1 6biAa OTHECEHA K
nzopopmam Fe-COA. CaepyeT OTMETUTb, UTO aKTUBHOCTb
Fe-COA y MHOULMPOBAHHbIX COMaKAOHAAbHbIX 06pa3L0oB
6blIAa BbiLLE MO CPABHEHUIO C KOHTPOABHBIMUW PACTEHUAMM,
OHa NpPoABASIAACb Ha rene BoAree MHTEHCHUBHOW OKPaCcKowm
noAoc. Kpome Toro, y COMakAOHOB KapTodeAst, 3apaxeHHbIX
BUPYCHOM MHOEKLMEN, HAOAIOAAAN NOSIBAEHHE 2-X U30DOPM
cynepokcuaanMcmyTasbl — S3 1 S4, KoTopble OblAM OTHECEHbI
K Cu/Zn-COA. ®opmbl S3 1 S4 NposBAAAM UHTEHCUBHYHO
OKpacky Ha reae, 4to CBUAETEALCTBOBAAO 06 UX aKTUBHOCTM.
M3 noAyUYeHHbIX A@HHbIX ObIAO YCTAHOBAEHO, YTO B pe3yAbTaTe
CTPECCOBOro0 BO3AENCTBUA BUPYCHOM MHOEKUMU OTMe-
Yyanacb aKTUBHOCTb 2-Xx dopm depmeHTa: Fe- n Cu/Zn-COA,
KOTOpble UrpatoT Hanboaee 3HaUMMYH POAb NPKU GOPMH-
POBaHUM aHTUOKCUAGHTHOW CUCTEMbBI U UMMYHUTETa pac-
TEHWUI, X POAb B OTBETHbIX PEAKLIMSAX PACTEHMI Ha CTPece
NOATBEPXAAETCA NOBbILLIEHHOW aKTUBHOCTBIO B YCAOBMSIX
AEVCTBUS pasHbIX CTPECCopoB [24-26].

Y coptoB AneHa, Epmak 1 Xo3satolwKa npocAexXuBanach
aKTMBHOCTb Mn- 1 Fe-COA. Pe3yAbTathl, MOAYUEHHbIE B XOAE
MCCAEAOBaHUSA, CBUAETEABCTBYIOT O PA3HOW aKTUBHOCTHU

AHTUOKCUAAHTHBIX PEPMEHTOB Y M3yvyaeMblX FeHOTUNOB
KapTO(])e/\Fl, a TakXe OT MOAYYEHHbIX COMaKAOHAAbHbIX
06Da3LI,OB. HOBbIUJeHHyIO AdKTMBHOCTb aHTUOKCUAAHTHbIX
$bepMeHTOB OTMEeYaAMn Y YCTOMUMBOIO K BMpycam copTa
Xo3ssitolwKa M ero coMakaoHaAbHoro obpasua. Mpume-
yaTeAbHO, 4YTO Yy coMaknoHa EC1, noAyyeHHOro ot BoC-
NPUMMUYMBOrO copTa Kaptodenst Epmak, bbina oTmeueHa
NoBbIlWEeHHaA aKTUBHOCTb U BbIABAEHbI AONMOAHUTEAbHbIE
n30pOpPMbl Y NEPOKCUAA3HI U KaTaAasbl, YUTO MOXET ObiTb
CBSI3@aHO C COMaKAOHAAbHOM M3MEHYMBOCTbIO BCAEACTBUE
AAMTEABHO KYABTUBUPYEMOWM KAAAYCHOM TKaHU U FreHeTU-
yeckmnx ocobeHHocTel copTa.

3AKAKOYEHUE

MoAyueHHble pe3yAbTaTbl MPEACTABASIIOT UHTEPEC AAS
NPUBAEYEHNS OTEUECTBEHHBIX COPTOB KApTOHEAS B CEAEK-
LIMOHHBIM NPOLECC NPU Pas3BUTUK arponpOMbILLUAEHHOTO
komnaekca r. OMcka n OMCKOM 06AaCcTH Kak BbICOKOYPO-
XaMHbIX Y YCTOMUMBBIX K KAMMATUYE€CKUM 0COBEHHOCTAM
pervoHa. AAA AaAbHENLLIEr0 BbIBEAEHUSI HOBbIX COPTOB
KapTodenss ¢ KOMMNAEKCOM XO3AMCTBEHHO-LEHHbIX MpPK-
3HAKOB, TAKMX Kak YCTOMYMBOCTb K BUPYCaM WM MPOAOA-
XWUTEAbHOCTb XPaHEHUSI, BaXHO MMETb Ppa3HO0bpa3HbIN
MCXOAHbIM MaTtepuan ¢ boraton reHeTUYECKON OCHOBOM.
Taknum 06pa3om, A 3ODEKTUBHOIO NMOAYUEHUS U UCTIOAb-
30BaHWUSI TEHETUYECKUX PECYPCOB U peaansaLmm Mopopo-
reHeTHYECKOro NoTeHLMana AN MOAYYEHWS HOBbIX LIEHHbIX
COPTOBbIX NPU3HAKOB KapTodeAs HEOOXOAMMO NPOBEAEHUE
MCCAEAOBaHWI, HanpaBAEHHbIX Ha U3yYeHUe aKTUBHOCTH
AHTMOKCUAAHTHBIX GEpPMEHTOB MpU MHOULMPOBAHMM
Bupycom PVS. U3yueHne aHTUOKCUAAHTHON CUCTEMBI Y
KapTodens ABASIETCA OAHWMM M3 BaXKHbIX HanpaBAEHWN
CEeNeKLUMU U KAETOUHOM MHXEHEPUM PACTEHUIN KaK AAA
dYyHAAMEHTAAbHbIX, TaK U AAST TPUKAGAHBIX MCCAEAOBAHMM.
Ocoboe 3HaueHne OHO NpPHoBpPETaET NPU KYALTUBMPOBAHUH
KaAAYCHbIX TKAHEN KapTodeas in vitro.
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AHHOTauums. HaHouacTuLbl Ha 0CHOBe bropa3raraeMbiX MOAMMEPOB HAX0AST MHOXECTBO NMPUMEHEHMI B MEAMLIMHE KaK
CpeACTBa BHYTPUKAETOUHOM AOCTaBKM A€KaPCTBEHHbIX npenapartoB. OAHUMM U3 CaMbIX NEPCNEKTUBHBIX MOAUMEPOB
AMMUAHOMN PUPOABI ABASIOTCS MOAW-3-rMAPOKCHUAAKAHOATbI, MOAyYaeMble BUOCUHTETUYECKUM MyTeM. Hanboaee LmMpoKo
MPUMEHSIFOTCS MOAMTUAPOKCUOYTHUPAT U MOAUIUAPOKCUBAAEPAT (SCl-NoAU-3-TMAPOKCHAAKaHOATbI), KOTOPbIE PACTBOPUMbI
TOABKO B XAOPOPraHUYeCKUX pacTBOPUTEASIX. MCMOAb30BaHUE XAOPOPraHUYECKUX PACTBOPUTEAEN COMNPSKEHO C PSAOM
TPYAHOCTEV, T.K. OHM OKa3blBaOT KaHLIEPOreHHOE AEHUCTBHE Ha opraHuam yeroBeka. OAHAKO MOAU-3-TMAPOKCHaAKa-
HoarTbl, COCTOSLLUME M3 OCTAaTKOB MMAPOKCHMXMPHBIX KUCAOT ¢ 6—14 aTomMamu yraepoaa B rAaBHOM Liernu (mcl-noamn-3-
rMAPOKCHAAKaHOaThbl), PaCTBOPUMbI HE TOABKO B XAOPOPOPME UAN AMXAOPMETAHE, HO U B MPEAEAbHbIX YIAEBOAOPOAAX.
YrAeBoAOPOAbI (HanpumMmep, H-rekcaH) Aerko OTAGASIIOTCS OT BOAHbIX pacTBOPOB M HE 0O6AaAaIOT BbICOKOM LIMTOTOK-
CUUYHOCTbI0. CAEAOBATEABHO, UCMTOAL30BAHUE MCI-MOAU-3-TMAPOKCHMAAKAHOATOB MO3BOASIET UICKAKOUYUTL BO3MOXHOCTb
3arpsi3HEHUs1 rOTOBOM AEKaPCTBEHHOMW POPMbI XAOPOPraHUYECKUMMU COEAMHEHMAMMU. [TPEANOXEHA METOAMKE CHHTE3a
HaHo4acTUL MCl-noAn-3-ruppoKCUarkaHoOaToB, CTabUAM3MPOBaHHbIX HEMOHOreHHbIM AeTepreHTom Tween 80. OnTumu-
31MPOBaHO COOTHOLLIEHNE MEXAY KOHLIEHTPALIMEH NOAU-3-TUAPOKCHaAKaHoaTa M AeTepreHTa. loka3aHo, YTo noAyyaemble
yacTuibl umeroT cpeaHuni pasamep 200190 HM U SAEKTPOKUHETUYECKMI NOTEHUMAA -17+5 MB. M3yueHa cTabuAbHOCTb
pactBopa yactuL npu temnepatype 4 °C. YcTaHOBAEHO, UTO HaHOUYacCTULIbl HE UBMEHSIKOT Pa3MepP M IAEKTPOKUHETU-
yeckuni noteHuman B reyerHmne 90 aHew npu Temnepatype 4 °C. MeTtoAoM GAyOpeCLEHTHOU MUKPOCKOMMM oKa3aHa
BO3MOXHOCTb UX AOCTaBKM B KAETKM AMHMW BHK-21 B TeueHune 2 4. [pu koHUeHTpaumm Ao 200 MKI/MA noAyHaeMble
HaHOYaCTULIbl HE OKa3bIBatOT TOKCMYECKOro AENCTBUSI Ha KAETKM BHK-21.

KAroueBblie cAoBa: MOAMIUAPOKCHaAKaHoaTkl, HaHodYacTuLbl, Tween 80, BHK-21, UMTOTOKCMYHOCTb

®uHaHcupoBaHue. PaboTta BbIMOAHEHA NPY PUHAHCOBOM MOAAEPXKKE rpaHTa POCCHMIACKOro Hay4yHoro ¢poHAa (MpoexkT
23-25-00165).
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Abstract. Nanoparticles based on biodegradable polymers find numerous applications in medicine as substances
for intracellular drug delivery. Biosynthetically produced poly-3-hydroxyalkanoates (P3HAs) are among the most
promising polymers of a lipid nature. In particular, polyhydroxybutyrate and polyhydroxyvalerate (scl-poly-3-hy-
droxyalkanoates) are widely used compounds, which are soluble only in organochlorine solvents. The use of
organochlorine solvents faces several obstacles, since such chemicals may exhibit carcinogenic effects on
the human body. However, the P3Has compounds consisting of hydroxybutyric acid residues with 6-14 carbon
atoms in the main chain (mcl-poly-3-hydroxyalkanoates) are soluble not only in CHCI, or CH,CI, but also in
paraffins. These hydrocarbons, such as n-hexane, can be easily separated from aqueous solutions and are not
known to exhibit high cytotoxicity. Consequently, the application of mcl-poly-3-hydroxyalkanoates can prevent
the contamination of prepared dosage forms with organochlorine compounds. To this end, a methodology for
the synthesis of mcl-P3HA nanoparticles stabilized with the Tween 80 nonionic surfactant was proposed. The
ratio between the concentration of P3HA and the detergent was optimized. The present study revealed that the
obtained particles have an average size of 200+90 nm and a zeta potential of -17+5 mV. Upon investigating
the stability of the particle solution at 4 °C, it was found that the nanoparticles did not alter their size and zeta
potential for 90 days. The fluorescence microscopy method showed that they could be delivered into BHK-21
cells within 2 h. In addition, the nanoparticles synthesized had no toxic effect on BHK-21 cells at a concen-
tration of up to 200 ug/mL.
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BBEAEHUE

HaHouacTuubl, coctosiume U3 6BuopasnaraeMbix
NOAMMEPOB, C KaXAbIM FOAOM BCE LUMPE NPUMEHSIOTCA
B KauyeCTBe CPEACTB AOCTaBKU AEKAPCTBEHHbLIX MNpena-
paTtoB [1]. AAA NOAyYEHUSA HAHOYACTULL UCMOAB3YIOT Pas-
AMYHbIE MPUPOAHBIE U CUHTETUYECKNE NOAUMEPDI, TaKUe
kak 6enkr (Hanpumep, anbbyMUH 1 xeAaTuH [2]), noAuca-
XapuAabl (XUTO3aH, LEAAOAO3Y UAM KpaxMan [3]), a Takxe
NPOAYKTbI KOHAEHCALUMK OPraHUUYECKUX KUCAOT — MOAUTAK-
KOAWMA, MOAMAAKTUA U NOAU-3-TUAPOKCHankaHoar (MTA) [4].
B oTAMumMe oT noArcaxapmnaOB M MOAMNENTUAOB, MOAUMEPBI
AMMUAHOM NMPUPOABI CNOCOBHbI 06Pa30BbIBaTb KOMMAEKCHI
C rMAPOGOBHBIMM AEKAPCTBEHHBIMU MPenapaTaMu, TakMK
KaK AOKCOPYOULMH [5], panamuumH [6] n azatronpuH [7].
OAHUM 13 Hanboaee NEPCMNEKTUBHbIX MaTepPUanoB AAS
CO3AaHMA CPEACTB AOCTABKU AEKaPCTBEHHbBIX NpenapaTos
Ha OCHOBE MOAMMEPHbIX HaHouacTuu, aeasetca MIA [8].
MTA perpaampyeT B opraHuMame YenoBeKa ¢ 06pa3oBaHUEM
HETOKCUUHBIX MPOAYKTOB — 3-TMAPOKCUXMPHBIX KUCAOT [9].
B 3aBMCMMOCTM OT YMCA@ aTOMOB YIrAEpPOAa@ B MABHOM
uenn mMoHomepos [N npuHATO KaaccudUUMpoBaTb
Ha KopoTKouenoyeyHble (scl-MMA, cocToAT 13 0CTaTKoB
r’MAPOKCUBYTUPaTa U rMApoKcuBaneparta), MIA co cpeaHel
AAMHOW MOHOMEPHbIX 3B€HbEB (MCI-MTA, C-C, ) 1 AAMHO-
uenoyeuHsble (Icl-NMA) ¢ 15 n 6oree aToMamu yrAepoaa B
rAnaBHOM Lenu moHomepos [10]. Hanbonee n3yyeHHbIMM
aaatoTca scl-MNMA v yacTmubl Ha Ux ocHOBE [8]. ThAaBHbIM
HepoctatkoM scl-MNMA aBaseTcs crnabas pacTBOPUMOCTb
B HEXAOPMPOBAHHbIX OPraHUyYecKmx pacTBoputensx [11].
Mpn noayuyeHmn yactuu, scl-MNrA pactBopsAroT B xAOpodopme
WAV AUXAOPMETAHE, KOTOPbIE OKa3biBaKOT KaHLEPOreHHOoe
AEVCTBUE Ha OpraH13m yenoBeka [12]. B oTanume ot scl-
MrA, mcl-MNrA xopoLwo pacTBOPUMbI B YIAEBOAOPOAAX,
KOTOpble He 06AaAaIOT 3HAUMMOW TOKCUUHOCTBIO U AETKO
OTAEASIHOTCS| OT BOAHBIX pacTBOpoB [13]. AAA cTabuAn3aumm
HaHOYaCTWL, COCTOSLLMX U3 TMAPOGDOOHbLIX MOAUMEPOB,
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MCMOAb3YIOT HETOKCUYHbIE MOBEPXHOCTHO-aKTUBHbIE
BELLECTBA, TAKNE KaK MOAMITUAEHTAUKOAD [8], NOAMBUHMK-
Aauertar [14] v noancopbar (Hanpumep, Tween 80) [15]. B
OTAMYME OT MHOTMX MOAMMEPHbIX cTabuAandaTopos, Tween 80
6bICTPO BbIBOAUTCA M3 OPraHnU3Ma YeAOBEKA W AOMYLLEH
K MPUMEHEHUIO B COCTaBe BakLMH [16].

LleAbto npeacTaBAeHHON paboTbl Hbina paspaboTtka
MeTOAA CUHTE3a cTabuananpoBaHHbix Tween 80 HaHO-
yactuu mcl-MNrA, a Takxe n3yyeHne nx AOCTaBKM BHYTPb
KAETOK 3yKapWOT U LLUTOTOKCUUYHOCTM.

SKCNEPUMEHTAABHAA YACTb

McnoAab3oBaHHble B paboTe opraHuyeckue pac-
TBOpUTEAU, Tween 80 1 BOAA MMEAU CTENEHb YNCTOThI
analytical grade (Merck, lfepmanus). O6pasen, mcl-MNra
ObIA MOAYYEH BUOCUHTETUUECKMM NYyTEM C NMOMOLLbIO
Pseudomonas helmanticensis P1 cornacHO METOAUKE
[17]. BblpeAeHHbI coraacHo meToamke [18] obpasel,
NoAMMEpPa COCTOSAA M3 OCTATKOB M’MAPOKCUIeKcaHoata
(6%), ruppokcnokTaHoata (49%), ruApoKcMaeKaHoaTa
(26%) v rmppokcupoaekaHoata (24%), UMeA cpeaHeBe-
COBYIO MOAEKYASipHYLO Maccy 100 kAa 1 CpeAHEUYNCAOBYHO
MOAEKYASIPHYIO Maccy 67 KAa.

B paboTte MCnoAb30BaAK NEPEBUBAEMYHO KYAbTYPY
knetok BHK-21 (pubpobaactbl MOYKM CUPUNCKOTO
XOMSAUKA), MOAYYEHHYIO U3 BaHKa KAETOYHbIX KYAbTYP
ATCC (AMepUKaHCKasa TMNoBasa KOAAEKLMUA KAETOUYHbIX
KyabTyp, CLUA). KAeTKM BHK-21 KyAbTUBMPOBaAK Ha nuta-
TeAbHOM cpepe MEM (Gibco, CLUA) ¢ poobaBaeHuem 4 MM
L-raytamnua n 10% FBS (Gibco, CLLUA). Bce akcnepu-
MEHTbI MPOBOAUAK 6€3 pobaBAEHUA aHTUOMOTUKOB. AAA
NPOBEAEHMUA 3KCNEPUMEHTOB UCMOAb30BAAW CYTOYHbIN
MOHOCAOW. Bce KAETOUHblE KYAbTYPbl MOAAEPXMBAAK
npu temnepatype 37 °C u 5% CO,,.

AAS noAyveHua HaHouacTuy 20 MKA 2%-ro pac-
TBOpa lA B H-rekcaHe cmewmrBanm ¢ 20 MKA BOAHOTO
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pactBopa Tween 80 ¢ koHueHTpauunen 0,02-0,4% u
noABeEpPraAn CMecb BO3AEWCTBUIO YAbTPA3BYKa B AUC-
nepratope (22 klu, 150 BT) B TeueHre 5 MUH. BOAHbIN
cAOM 0TBMpanu 1 pasbaBadaan Bopon B 10 pas. K 50 MKA
pa3baBAEHHOro pacTBOpa YacTul, AAS UYyUYeHUs Npo-
HUKHOBEHMA B KAETKM 3yKapuoT AoBaBAsiAM 2,5 MKA
pacTBopa HUAbCKOIO KpacHOro B auetoHe (40 MKI/MA).
PacnpeaeneHune yactuy, no pasmepy U SINEKTPOKUHETU-
YeCKMIW NOTEHLMANA U3MEPAAN METOAOM AMHAMUYECKOTO
paccefiHUA cBeTa Ha ycTaHOBKe Zetasizer Nano (Malvern
Instruments, BeAnkobpuTaHus).

AASi M3yyeHWUs AOCTaBKM MOAYYEHHbIX 4acTul, 3a
AEHb AO 3KcMepuMeHTa kaeTku BHK-21 paccenBanu B
96-AyYHOUHbIE NMAAHLETh B KoAMuecTBe 1,5x10% Ha AYHKY
AARA pocTxeHnsa 80-90% MOHOCAOSI B AEHb 3KCNEpPU-
MeHTa. K knetkam BHK-21 pobaBAAAM NPUTOTOBAEHHbIN
pacTBOp YacTUL, HEMOCPEACTBEHHO B POCTOBYHO CpeAY
¢ 10% FBS B 06beme 10 MKA Ha AYHKY 96-AYHOUYHOrO
nAaHlWeTa U UHKY6MpoBaAW B TeueHue 2 4. KAeTKH
NPOMbIBaAU M30TOHUYECKUM docdaTHbIM BydepHbIM
pacTBOpPOM M OKpawmBaan Kpacuteasmun NucBlue™
Live ReadyProbes™ Reagent (Thermo Fisher Scientific,
CLLA) u CellMask™ Plasma Membrane Stains (Thermo
Fisher Scientific, CLUA) anst BUByanu3aLmn AAEPHBIX U
MeMO6paHHbIX CTPYKTYP COFAaCHO METOAUKE MPOW3BO-
AnTEAs. DayopecleHTHblIE MUKPOdOTOrpadrum KAETOUHbIX
KYAbTYp noAyyanmn ¢ nomoulbto Cytell Imaging System
(Image Solutions, BeAnkobputaHus).

AASt U3yUYEHUSA LMTOTOKCUYHOCTU METaboANYECKYHO
aKTUBHOCTb KAeTok BHK-21 nocae p06aBAEHUS MOAYUEHHBIX
YyacTul, U3MEPSIAM C MOMOLLBID KOAOPUMETPUUECKOTO
MTS-tecta (CellTiter 96 AQueous One Solution Cell
Proliferation Assay (MTS), Promega, CLUA) cornacHo
WHCTPYKUMK npondBoanTenst. Knetkn BHK-21 paccenBanm
B 96-AYHOUHbIN NAAHLWET B KoandectBe 1,5%10%/AyHKyY
AN AOCTUXEHUSt 90% CYyTOUHOTrO MOHOCAOS. AOBABASIAK
10 MKA pacTBOpa 4YacTuL, B PaCCUMTaHHbIX KOHLLEHTPaLMAX
M KYABTUBMPOBAAM B TeueHne 24 4 npu Temneparype
37 °C 1 5% CO,. Mocae MHKYGUPOBAHHSA B KaXAYHO AYHKY
po6aBAsiAM o 20 MKA pactBopa MTS U npoaoAxXanu
UHKybauuto B TeuyeHue 2 4. ONTUYECKYK MAOTHOCTb
pacTtBopoB npu 490 HM U3MEPSAN C MOMOLLbIO NAAH-
wetHoro cnekTpopoTometpa CLARIOstar (BMG Labtech,
fepMaHus). MeTaboAMUECKyto aKTUBHOCTb KAETOK onpe-
AEASIAU 1O dOopMyAe:

_ O0Dp, — 0Dg
" 0Dp_— 0Dy

rae m.a. - Metaboanyeckasa akTMBHOCTb KAeTOK BHK-21;
OD,, - noraoLEeH1e AYHKH, COAepXaLLieit 06paboTaHHble
uactuuamu mel-MrA kaetkn BHK-21; OD,, - noraoileHne
AYHKM, copepxallen knetkn BHK-21 6e3 p06aBAeHMS yacTuL,
OD, - $OHOBOE NMOTAOLLEHWE AYHKM C PACTBOPUTEAEM.

m.a -100%

OBCY)XAEHUE PE3YNbBTATOB

3aBMCUMOCTb pa3mMepa 4acTuL, U UX INEKTPOKUHE-
TMUYECKOro NoTEeHUMaAa OT KoHUeHTpaumun Tween 80 B
peakLMOHHONM cpeae npeacTaBAaeHa B Tabauue. Hau-
MEHbLLWIA TMAPOAMHAMUYECKUI AnameTp YacTul, (200 Hm)
HabAtopaEeTCA MPU COOTHOLIEHUM KOHUeHTpauun MrA
n Tween 80 20:1. Mpu yBEAMYEHUN KOHLEHTPALUU
Tween 80 B pactBope HabApaeTcsi POCT CPeEAHEro
AMamMeTpa YyacTuL, Bbl3biBaEMbIM, MO BCEN BUAMMOCTH,

06pas3oBaHUEM MHOFOCAOMHbIX CTPYKTYP [19]. MpH KOH-
ueHTpauuax Tween 80 0,04 n 0,02% aAnameTp YacTuy,
TaKXe NoBbIAETCA: BEPOSiTHEE BCETO, 3T0 00YCAOBAEHO
HU3KOM CTAaBUABHOCTbIO YacTUL, U UX arperaunen ns-3a
HepocTaTKa peTeprenTa. Takum obpasom, 0,1% Tween
80 cnocobcTByeT 06pa3oBaHM0 YaCcTHL, HAUMEHbLLIETo
AMaMeTpa, KOTopble AyUdllie MPOHUKAOT BHYTPb KAETKM
[20]. CHMXEHME INEKTPOKMHETUYECKOIrO MOTEHLUMAAA
MO CPaBHEHMIO C KOHTPOAbHbIM 06pa3LLOM, BEPOSITHO,
06yCAOBAEHO HaAMuMeM B MoAekyAax MMIA oTpuuaTeAbHO
3apsKEHHbIX KOHLEBbIX KAPOOKCHUAbHbIX Tpynm.

CpeaHUIN AMaMETP YacTUL, U UX IANEKTPOKMHETUYECKUI
noTeHuMan, UsMepeHHble METOAOM AMHAMMUYECKOTO
cBeTopaccenaHus. AoBepUTENbHbIE MHTEPBAAbI
paccumnTaHbl ¢ nomMoLLbio t-kputepms CTotopeHTa. Tween -
KoHueHTpauma Tween 80 (%), PHA/Tween - COOTHOLLIEHWE
KOoHUeHTpaumm MrA n Tween 80, d - AMameTp YacTuL, (Hm),
{ - AINEKTPOKUHETUYECKHMI NOTeHUMaN (MB), KOHTPOAb —
KOHTPOAbHbIV 06pasel, (0,1% BoaHbIV pacTBop Tween 80)

Mean diameter of the particles and their electrokinetic
potential measured by dynamic light scattering. Confidence
intervals are calculated using the Student t-test. Tween -
Tween 80 concentration (%),

PHA/Tween - ratio between PHA and Tween 80
concentrations, d - diameter of the particles (nm);

(- electrokinetic potential (mV); Control - control sample
(0,1% aqueous Tween 80)

Tween, % PHA/Tween d, Hm {, MB
0,4 5 340 + 180 -151+6
0,2 10 270 + 140 -14+6
0,1 20 200 + 90 -1745

0,04 50 460 + 200 -1016
0,02 100 850 + 300 -8+7
KoHTpoAb 130+ 20 -5+3

MokasaHo, UTo Npu xpaHeHuu B TeueHne 90 AHen
(4 °C) pacTBOpa HaHO4YaCTUL, B KOTOPbIX COOTHOLLIEHHKE
MNrA kK Tween 80 cocTtaBageT 20:1, He HabaopaeTcA
M3MEHEHWUSI MX pasmMepa U INEKTPOKMHETUUYECKOTO
noteHuunana. Takum obpasom, Tween 80 obecneunBaet
BbICOKYIO arperatuBHY yCTOMYMBOCTb HaHouacTuu, MTA,
AeNasi UX MEPCNEKTUBHBIMMU C TOYKKU 3PEHUSA TEXHOAOTUM
NPOM3BOACTBA.

Ha puc. 1 npeactaBreHa GayopecLeHTHas MUKpodoTo-
rpadus knetok BHK-21, MHKybMpoBaHHbIX C OKpaLLlEeHHbIMU
HUABCKMM KPacCHbIM YacTuLamMu (OpaHXeBO-KpacHoe
cBeyeHue). MNoraroweHne YyacTuy, KAETKaMu NPOUCXOAUT
B TeueHue 2 4, a HabAalopAaeMoe YBEAUUEHUE UX METa-
60AMUECKON aKTUBHOCTU (PUC. 2) NPU KOHLIEHTPaLUK
MrA po 200 MKI/MA cBA3aHO, MO BCENM BUAMMOCTH, C
pacuienaeHnem MMA aHAOreHHbIMKU AMNa3amMu U UCNOAb3O-
BaHWEM 3-TMAPOKCUXMPHBIX KUCAOT B KQYECTBE UCTOYHUKA
yraepoaa v aHepruu. MNMpu koHueHtpaumm MrA 400 MKr/MA
MeTaboAnUyeckas akTUBHOCTb KAETOK CHUXAaeTcs, uTo
MOXET 6bITb 06YCAOBAEHO TOKCUUHOCTbIO Tween 80 (ero
KOHUEeHTpauua coctaBaneT 20 MKr/MA) [21].
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Puc. 1. dayopecueHTHaa MUKpodoTorpadpusa KAETOK

BHK-21, 06paboTaHHbIX OKpaLlEHHbIMU HUABCKMM KPaCHbIM
Yactmuamu. KpacHbli — Yyactuubl NOAM-3-TMAPOKCHUaNKaHoaTa,
XEATbIi — MembpaHbl, FOAy6on — AAPO

Fig. 1. Fluorescent microphotograph of BHK-21 cells
incubated with the nile red stained particles. Red, PHA
particles; yellow, membranes; blue, nucleus

BbIBOAbDI

MpeANOXeHA METOAMKA NMOAYUYEHNS CTaBUAU3UPOBAHHbIX
Tween 80 HaHouacTuu, mcl-MNTMA 6e3 NCNOAb30BaHUS XAO-
pOpraHnYecKmnx pacTBopmUTEANEN. YCTAHOBAEHO, YTO COOT-
HoLLleHWe KoHLeHTpaumi MNIA n Tween 80 20:1 obecne-
ynBaeT obpa3oBaHKe YacTWL, HaMMEHbLLErO AMaMeTpa.

60 -_I_I_I-l"'l'l'l'l_l_l_l-l'l'l'l'l'l_l_l_l-l'l'l'l'l'l
1 10 100 1000
PHA

Puc. 2. 3aB1cHMOCTb MeTabOAMUECKON aKTUBHOCTH

knetok BHK-21 (m.a.) ot KoHueHTpaumm yactul, (PHA,
MKI/MA), U3MepeHHasn Ha GOHe KOHTPOAbHOIO obpasLia.
AoBepuUTeAbHbIE MHTEPBAAbI pacCcymUTaHbl C UCMOAb30BaHUEM
t-kputepusa CTbropeHTa

Fig. 2. Dependence of BHK-21 cells metabolic activity (m. a.)
on particles concentration (PHA, pyg/mL) measured against
control. Confidence intervals are calculated using the
Student t-test

MoAyyaeMmbli pacTBOP HAHOYACTUL, MOXET XPaHUTbCA AO
3 mecsaues npu Temnepatype 4 °C. [lokazaHo, UTo NOAy-
yaemble YacTuLbl CNOCOBHbI MPOHUKATb BHYTPb KAETOK
AMHUKM BHK-21 1 npu KoHueHTpaunn Ao 200 MKI/MA He
06AapatoT 3HAUMMOW LIMTOTOKCUYHOCTbHO.
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