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Tepmuueckoe pacluMpeHue U UOHHaA NPOBOAUMOCTb
KsPbo sZr; 5(M00,).

E.B. KoeTyHeu™, T.C. CnupupoHoBa, H0.A. TyluMHoOBa,
A.B. NorBuHoBa, LI.T. bazapoBa, b.l. basapos

barikaAbCKWi MHCTUTYT NprpoAonoab3oBaHus CO PAH, YaaH-YA3, Poccurickas ®eaepaums

AHHOTaumA. LleAblo MPEeACTaBAEHHOro MCCAeAOBaHMS SBASAOCHL [OAyYEHME HOBOro TPOMHOro MoAnbaata
KsPbosZr15(M00,)s, n30CTpyKTYpHOIo KsPby sHf; 5(M00,)s, METOAOM HanpaBAEHHOIo0 CUHTE3a 0 TBEPAOPA3HOM peaKkLmnm
B nHTEPBane Temneparyp ot 350 a0 550 °C B reueHne 100 4. CoepAMHEHUE KPUCTAAAMIYETCS B TDUrOHaAbLHOM CUHIOHUU
C MPOCTPaHCTBEHHOM rpynnoii R3 ¢ napameTpamu aneMeHTapHoM aqeiiku a = 10,6604(2) A, ¢ = 37,9769(9) A,
V=3737,6(2) A3, CTpyKTypa yTouHEHa METOAOM PutBeAbAa. [10AOXKEHUS aTOMOB YTOYHEHbI B M30TPOMHOM MPUOAU-
KEHUU C «MATKUMM» OrpaHUYeHUsIMU Ha paccTossHuss Mo-0 u yrabl cBsizert O-Mo-0. Kpuctasamyeckasi CTPYKTypa
npeacTaBAsieT cob0M TDEXMEPHbIN Kapkac, 0bpasyroLLmniicsa n3 oktasapos PbOg n ZrOg v TeTpasapoB MoQ,, coeanHs-
FOLLIMXCS MEXAY COBOK MOCPEACTBOM 0OLLNX KUCAOPOAHBIX BEPLUMH. Tepmuyeckoe paclumperme KsPby sZr; s(M0o0,)s
ncecaeAoBaHO METOAOM BbICOKOTEMMEPATYPHOM MOPOLUKOBOM PEHTreHorpadmm. BoluncAeHHbIe 3HaYEHUSI KO3PPULIU-
€HTOB TEPMUUECKOr0 PacLLUMPEHUs] BAOAb 060MX KPUCTAAAOrPaPUUECKMX OCEHM OCTAKTCS MOAOXKMUTEAbHbBIMIU BO BCEM
TemnepaTtypHoOM AmManal3oHe, Mpn 3TOM 3Ha4YEeHME &, OCTAETCSA NOCTOSHHbIM, B TO BPEMS KakK 3HaYeHME O, C POCTOM
Temmneparypbl Bo3pactaer. [ToAyYeHHbIN TPOMHON MOAMBAAT OTHOCUTCS] K MaTeprasaM C BbICOKMM TENAOBLIM PaCLUM-
peHnem (o, = 60x%10° °C?). BHaunTeAbHasi aHM30TPOMUS B KPUCTAAAOrPadMuecKoM HanpaBAeHUM ¢ 00yCAOBAEHA
«MATKUMU» AETKO Aepopmupyrolimmmncs csasamm K-0 u Pb-O. 9aekTponpoBoAHOCTb KsPbysZr; s(M00,)s nccae-
AOBaHa MeTOAOM MMMNEAAHCHOM CreKTpockonuu B uHTepBane temneparyp 30-500 °C; npu 500 °C 3HavyeHue
npoBoaumocTu pocturaetr 0,7x10“ Cm/cm ¢ E, = 0,59 3B.

KaroueBble caoBa: TPOHHOM MOAMBAAT, TBEPAODA3HbIM CUHTE3, CTPYKTypa, TEPMHUYECKOE PACLLUMPEHUE, MPOBOAU-
MOCTb, BbICOKOTEMIEPATYPHAA PEHTrEHOrpapus

BraroaapHOCTHU. PeHTreHO(pa30BbI aHaAM3, BbICOKOTEMEPATypPHask PEHTIEeHOrpadus n MU3MepPEHUsI IAEKTPOIMPOBO-
AHOCTU BbIMOAHEHbI C UCMIOAb30BaHMEM PECYPCOB LIEHTPa KOAEKTUBHOIO MOAbL30BaHUSI MCCAEAOBATEALCKOI0 060pY-
AOBaHus balikaAbCKOro MHCTUTYTa npupoAonoAb3oBaHust CO PAH (. YaaH-YA3).

PuHaHcupoBaHMe. PaboTa BbINOAHEHA MPU MOAAEPXKKE PoCChickoro HayyHoro goHaa (rpaHt 23-29-00327).
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Thermal expansion and ionic conductivity
of KsPb, sZr; 5(M00,)s

Evgeniy V. Kovtunets™, Tatyana S. Spiridonova, Yunna L. Tushinova,
Alexandra V. Logvinova, Tsyrendyzhit T. Bazarova, Bair G. Bazarov

Baikal Institute of Nature Management SB RAS, Ulan-Ude, Russian Federation

Abstract. The present study is aimed at the directed synthesis of a new ternary molybdate KsPbysZr;5(M00Q,)s
isostructural to KsPb, sHf;.5(M00Q,)s by solid-phase reaction within the temperature range of 350-550 °C (for 100 h).
The compound crystallizes in the rhombohedral system with the space group R3 and unit cell parameters of
a=10.6604(2) A, c = 37.9769(9) A, and V = 3737.6(2) A%. The structure was refined using the Rietveld method. The
atomic positions were refined in the isotropic approximation, with soft constraints on Mo-0 distances and O-Mo-0
bond angles. The crystal structure constitutes a 3D scaffold comprising PbOg and ZrOg octahedrons and MoO, tetra-
hedrons sharing oxygen vertices. The thermal expansion of KsPb, sZr, s(M00Q,)s was studied via high-temperature X-ray
powder diffraction. The calculated thermal expansion coefficients along both crystallographic axes remain positive
over the entire temperature range. In this case, the value of &, remains constant, while that of o, increases with rising
temperature. The obtained ternary molybdate belongs to materials with high thermal expansion (&, = 60x10° °C%).
The significant anisotropy in the crystallographic direction ¢ can be attributed to the soft K-0 and Pb-0O bonds. The
electrical conductivity of KsPb, sZr, s(M00,)s was studied via impedance spectroscopy within the temperature range
of 30-500 °C; at 500 °C, the conductivity amounted to 0.7x10“ S/cm, with E, = 0.59 eV.

Keywords: ternary molybdate, solid-phase synthesis, structure, thermal expansion, conductivity, high-temperature
X-ray diffraction

Acknowledgements. X-ray phase analysis, high-temperature radiography and electrical conductivity measurements
were performed using the resources of the Center for Collective Use of Research Equipment of the Baikal Institute
of Nature Management SB RAS (Ulan-Ude).

Funding. The Russian Science Foundation supported this work (grant 23-29-00327).

For citation: Kovtunets E.V., Spiridonova T.S., Tushinova Yu.L., Logvinova A.V., Bazarova T.T., Bazarov B.G. Thermal
expansion and ionic conductivity of KsPbosZr, 5(M00,)s. Proceedings of Universities. Applied Chemistry and Biotech-

nology. 2024;14(4):444-452. (In Russian). DOI: 10.21285/achb.939. EDN: GWYOKH.

BBEAEHUE

TpoiHble MOAMBAATBI, B COCTAaBE KOTOPbIX MMeeTcs
TPWU KaTMOHa W TETPA3APUUYECKMI @aHMOH, OTHOCATCH K
HeopraHMYeCKOMY KAACCy CAOXKHOOKCUAHbIX COEAMHEHUN
C YHUKaAbHbIMWU GUBUKO-XMMUYECKUMM XapaKTEPUCTUKAMM.
Braropaps LWMPOKMM BO3MOXHOCTSIM BapbWMpOBaHMWSA
KaTMOHHOIO COCTaBa U KapKacHOMY CTPOEHMIO CAOXHbIE
MOAMBAATLI 06AAAAIOT YHUKAABHBIMUY TEPMUYECKUMU [1-4],
MOHONPOBOAALLMMU [5-9], AOMUHECUEHTHbIMK [10-16]
W APYTMMU BaXXHbIMKW cBOWCTBamMu [17-21].

PaHee 6biAn ccaepoBaHbl cuctembl K.Mo0,-AMoO, -
Hf(Mo00,), (A = Ca, Sr, Ba, Pb) B cybconmaycHol obaacTu.
CucteMbl XapakTepusytoTca o0b6pasoBaHUEM TPOMHbIX
MoAnbaaToB cocTaBa KsAgsHf1 5(M00,)s [22].

B AaHHoOI paboTe METOAOM HanpaBAEHHOro CUHTE3a
(M30KATMOHHOE 3aMelLLEHNE) MOAYYEH HOBbIW YAEH CEMENCTBA
TPOMHBIX MOAMBAATOB KsPbg 5211 5(M00,)s. MpoBeaeHa nep-
BWYHasA xapakTepmsauus. Metopom PUTBEAbAA YTOUHEHA
KpUCTaAAMYECKas CTPYKTYpa. M3yueHbl MOHONPOBOASLLME
CBOWCTBA, M BnepBble AAa ceMeicTBa KsM'y sM"Y; 5(M00,)s
(M"= Ca, Sr, Ba, Pb; M" = Zr, Hf) Ha npumepe pAaHHOW da3bl
paccunTaHbl KO3GOULMEHTBI TEPMUUYECKOTO PacLUMPEHUs.

https://vuzbiochemi.elpub.ru/jour

SKCNEPUMEHTAABHAA YACTb

TBepaopasHbit CUHTE3. AAA MOAYYEHUA TPOWMHOIO
moambaaTa KsPbg sZr; 5(M00,)s MeToAOM TBEPAODAE3HbBIX
peaKkuui UCNOAb30BAAM B KAYECTBE MCXOAHBIX KOMMOHEHTOB
K.Mo0, (x.u.), PbMoO, (oc.u.) U npeaBapUTEAbHO CHUHTE-
3upoBaHHbIi Zr(Mo0,),. Zr(Mo0,), NoAyyaAn No peakuuu
ZrO, (oc.u.) + 2Mo0O; (x.4.) = Zr(M00Q,),. [TOArTOTOBAEHHYHO
CMEeCb OKCMAOB OTXMUIrann B MydeAbHOW NeYn CTyneH4YaTo B
nHTepBane Temnepatyp 450-750 °C (50-60 u). TporiHoM
MOAMBAAT KsPbg sZr; 5(M00,)s ObIA MOAYUYEH CTyMEHYATBIM
OTXMIOM WCXOAHOM CMECH MPOCTbIX MOAMBAATOB B MHTEPBAAE
Temnepatyp 350-550 °C B TeueHne 100 u. B npouecce
cuHTE3a obpasel, HEOAHOKPATHO MEPETUPanU B Cpeae
3TMAOBOro cnupTta. ®as3oBasn YMCTOTa NOAYUYEHHbIX COe-
AMHEHUI BblAa MOATBEPXAEHA METOAOM MOPOLLKOBOM
PEHTFEHOBCKOM ANdPaKLMK.

YTOYHEHUE CTPYKTYPbI M TEPMUYECKOE PaCLLUMPEHME.
MaccuB aKCnepUMEHTaAbHbIX PEHTrEHOrPadUUECKMX AAHHbIX
CUMHTE3NPOBAHHOIO 06pasLa NoAyYeH Ha MOPOLLIKOBOM
amopakTomeTpe Bruker AXS D8 Advance (Bruker, lep-
MaHus, AeTekTop Vantec-1) ¢ ICNOAb30BaAHWEM FreOMETPUN
bparra - bpeHtaHo 1 n3ayyeHmem CuKy, ,. M3mepenus
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NPOBOAMAMCH B YCAOBMSIX OKPYXXatOLLEN CPEAbI C LUArom
0,02079° 1 BpemeHem cbopa AaHHbIX 15 c/war. Tepmo-
PEHTrEHOBCKOE UCCAEAOBaHWE NPOBOAWAM B BaKyyMe C
MCMNOAb30BaHWEM BbICOKOTEMMNEPATYPHON kamepbl HTK16
(Anton Paar, ABcTtpusa). ObpaseL, roTOBMAW Ha MAGTUHOBOWM
NMOAAOXKE M3 CIMPTOBOM CYCNEH3UN U UCCAEAOBAAM B AMa-
nasoHe 30-500 °C npu cpeaHEN CKOPOCTH HarpeBaHus
50 °C/u, nHTEpBaNA YrAOB AudpakLmm cocTaBAsaA 5-60°,
CKOPOCTb CbeMkH — 3 ¢/wuar. 06paboTKy aKcnepUMeHTaAbHbIX
AQHHbIX M YTOUHEHWE KPUCTAAAMYECKOWN CTPYKTYPbI MOAY-
YEeHHOro COEAMHEHWS BbINMOAHAAM METOAOM PUTBEABAA C
MCMNOAb30BaHMEM MOAXOAA GYHAAMEHTAAbHbIX TAPaMETPOB
B nporpamme TOPAS 4.2 [23]. Busyaansaumsa u pacyet
KO3OOULMEHTOB TEPMUUYECKOTO PACLUMPEHMS BbIMOAHAAUCH
€ nomMoulbto naketa nporpamm TTT [24]. TemnepaTypHas
3aBUCHMOCTb NAPaMeTPOB IAEMEHTAPHOW SUENKM annpok-
CMMMpPOBaAACh NOAMHOMaMM NePBOW U BTOPOK cTeneHu. Mo
MOAYUYEHHbBIM AAHHBLIM BbIAM paccuMTaHbl KOIGOULMEHTDI
TEPMUYECKOr0 PACLLUMPEHHUS 1 MOCTPOEHbI CeYeHns GUrypsbl
KO9PPULMEHTOB TENAOBOIO PaCLLUMPEHUS.

U3MepeHUe aINeKTPONPOBOAHOCTU. N3MepeHne anek-
TPOMPOBOAHOCTU NMPOBOAUAM B MHTEPBAAE Temnepartyp
200-500 °C ¢ nomoLubto nmnepaHcmeTpa Z-1500J («<IanHe»,
Poccus) B pexnumax HarpeBaHus 1 OXAaXAEHUS (2°/MUH)
B AManasoHe yactot 1 Iy - 1 Mlu. Kepamunueckne AUCKK
KsPbg 5211 5(M00,)s AN U3YUYEHUA MOHOMPOBOASALLMX CBOWUCTB
6bIAW NPUTOTOBAEHbI NPeccoBaHWeEM nopoLlka npu 1 kbap
n cnekaHuem npu 500 °C B TeueHne 4 u. AUCKU UMEAU
AmameTp 9,1 MM 1 ToAWMHY 1 MM. TlyTeM BXuraHusa B
TeyeHre 1 4 KOAAOMAHOM MAATUHbI Ha MOBEPXHOCTb Kepa-
MWYECKUX AUCKOB BbIAM HAHECEHbI AAEKTPOABI.

OBCY)XAEHUE PE3YNbTATOB

YTOUHEeHHWe 1 onucaHne KPUCTaAAMYECKOM CTPYKTYPbI
KsPbo,sZr1 s(M00,)s. Bce nuku, kpome HEOGOABLLMX MPUMECHBIX
MUKOB B cOeANHEHWU KsPbg sZr; 5(M00,)s, ObIAM MPOUHAEK-
CUPOBaHbl B TPUrOHAAbHOM AYeinKe (NPoCcTpaHCTBEHHasA
rpynna R3) ¢ napamertpamu, 6An3kumu k KsPbo sHF1 5(M00,)s

[25], UbM NapamMeTPbl IAEMEHTAPHOW YENKKU U MOAOXKEHUS
aTOMOB MCMOAb30BAAUCh B KAYECTBE CTapTOBON MOAEAU
AN YTOUHEHMA CTPYKTYPbl METOAOM PutBeAbpa. AASt Onu-
caHuA GOPMbl MUKOB UCMOAB30BAACH NMOAXOA GYHABMEH-
TaAbHbIX NapamMmeTpoB [26]. [TOAOKEHMA aTOMOB YTOUHEHDI
B M30TPOMHOM MPUOAUXKEHWUM C «MSTKUMU» OrPAHUUYEHUAMMU
Ha pacctosHuss Mo-0 u yrabl cBsidet O-Mo-0. YTouHeHune
NPOBOAMAOCH MyTEM MOCTENEHHOrO AOBABAEHUSI yTOU-
HSIEMbIX MapamMeTpoB C OAHOBPEMEHHbLIM rpadruyeckmnm
MOAeAnpoBaHueM GoHa. C LLeAblo COKpaLLEeHUs KOAMYEeCTBa
YTOUHSAAEMbIX NapaMeTPOB AASI BCEX aTOMOB OAHOIO copTa
napamMmeTpbl U30TPOMHOrO CMeLLEHUA Big, NPUHUMAAUCH
9KBMBAAEHTHBIMW. YTOUHEHWE BbIAO CTaBUABHBIM Y AGBAAO
HU3KNE R-GakTopbl, PE3YALTATbl YTOUHEHUS, MOAYUYEHHbIE
A KsPbgsZr; 5(M00,)s, MpeAcTaBAEHbI B TabA. 1, koop-
AMHATbl aTOMOB W NapameTpbl U30TPOMNHOIO CMELLEHNUS —
B TabA. 2, pacyeTHas U 3KCNepPUMEHTaAAbHAA PEHTIeHO-
rpaMMbl C Pa3HOCTHOM KPUBOM NoKa3aHbl Ha puc. 1.

Tabauua 1. Kpuctannorpadpmyeckue xapakTepucTuku
1 napameTpbl yTOUHEHUA CTPYKTYPbl KsPbg sZr; 5(M00,)s

Table 1. Main parameters of processing and refinement
of the KsPby 5Zr, s(M00,)s sample

XapakTepucTuku Pesynbtat
MpocTpaHcTBEHHAA rpynna TpuroHanbHas, R3
a, A 10,6604(2)
c, A 37,9769(9)
v, A 3737,6(2)
V4 6
206-nHTEpPBAA, rpaA. 5-70
Rupr % 4,01
R, % 2,91
Rexpr % 1,60
X2 2,51
Rs, % 2,26

Tabauua 2. OTHOCUTEABHBIE KOOPAMHATBI U M3OTPOMHbIE NapaMeTpbl aTOMHOMO cMeLLeHNs KsPbg sZr; 5(M00,)s, Az

Table 2. Fractional atomic coordinates and isotropic displacement parameters of KsPbgsZr, 5(M00Q,)s, A2

Atom X y z Biso
Mol 0,9866(2) 0,6216(2) 0,13196(6) ,3(3)
Mo2 0,3532(2) 0,2808(2) 0,03023(7) ,3(3)
Pb1 0 0 0,5 3 2(3)
zr1 0 0 0 6(2)
7r2 0 0 0,7492(5) 6(2)
K1 0 0 0,8503(5) ,8(3)
K2 0 0 0,6265(6) ,8(3)
K3 0,261(1) -0,046(1) 0,0834(5) ,8(3)
01 0,9873(7) 0,2858(6) 0,1590(3) ,6(4)
02 0,9751(7) 0,7576(7) 0,1084(2) 2 6(4)
03 1,141(2) 0,6431(8) 0,1277(2) 2 6(4)
04 0,8561(7) 0,4466(6) 0,1150(2) ,6(4)
05 0,4096(6) 0,3334(7) -0,0117(3) ,6(4)
06 0,3455(6) 0,4228(8) 0,0527(2) 2 6(4)
o7 0,1730(7) 0,1188(7) 0,0301(2) ,6(4)
08 0,4774(7) 0,2409(6) 0,0518(2) 2 6(4)
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Puc. 1. SkcnepumeHTanbHas (KPy>XKu), BbIYMCAEHHAA (AMHKUSA),
pa3HOCTHanA U LWTPUXPEHTreHorpammbl KsPbg sZri s(M0O,)s

Fig. 1. Difference Rietveld plot of the KsPbgsZr,5(Mo0,)s
sample

B ctpyktype KsPbgsZrs 5(M00,4)s aTombl Pb 1 Zrl pac-
NMOAOXEHbI B YaCTHOM NO3MLIMK (HA MHBEPCUOHHOWM OCH 3)
N HaxoAATCS B NPaBWAbHbIX OKTasapax. 0ba atoma Mo
3aHKUMAIOT B AYeiKe 06LLME NOAOXKEHNS U XapaKTepU3yoTCs
UCKaXeHHOM TETPAsIAPUUECKON KOOpAMHALMEN. ATOMbI K
3aHMMatoT NycToThbl. KpUCTaAAMUECKas CTPYKTypa NpeA-
cTaBAsieT cob0M TPEXMEPHbI Kapkac, 06pa3syoLunincs ns
okTasapoB PbOg 1 ZrOg 1 TeTpasapoB MoQ,, COeAnHSIO-
LLLMXCSt MEXAY COBOWM MOCPEACTBOM 0B6LLIMX KMCAOPOAHBIX
BEPLUKH (pUc. 2, b).

a b

Puc. 2. ConoctaBneHUe ceveHnsa durypbl KO3GOULMEHTOB
TEMNAOBOTO PacLUMPEHUS (a) C KPUCTAaAAMUYECKOW CTPYKTYPOW
KsPbosZr15(M00,)s (b) (wTpuxosas avHua - O °C,
cnaowHas - 500 °C)

Fig. 2. Comparison of the section figure of thermal expansion
coefficients (a) and crystal structure of KsPbgsZr,5(M00,)s (b)
(dashed line - O °C, solid line - 500 °C)

TonoAOrMUYECKUI aHAAM3 TPOMHbIX MOAMBAATOB M30-
GOPMYAbHBIX @aHAAOroB [27] NOKa3aA, UTO HU3KasA NAOT-
HoCcTb MT-KapKkacoB B CTPYKTypax | TMna, a Takxe HaaMume
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LLIMPOKMX KAHAAOB U MOAOCTEN, 3aHATLIX BHEKAPKACHbIMMU
A-KaTMOHaMMU, NMO3BOASAIOT PaCCMaTPMBaTh 3T MaTEPUaAbI
KaK POACTBEHHbIE LIEOAUTAM.

Tepmuyeckoe pactumpeHrme CTpyKTypbl KsPbg sZrs s(M00,)e.
TemnepaTypHble 3aBUCMMOCTH NApaMeTpOB TPUTOHAAbHOM
3NEMEHTAPHOM SUENKM (pUC. 3) MOKa3blBaKOT, UTO paCLUK-
pPEeHUE CTPYKTYPbl BAOAb OCK @ B HECKOAbKO pa3 MeHbLLE
pacLIMpeHns BAOAb OCH C.
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Puc. 3. NMapameTpbl 1 06beEM TPUTOHAABHON AYEVKM
KsPbosZr, 5(M00,)s Npu pa3Hoi Temnepartype

Fig. 3. Temperature dependences of the unit cell parameters
of KsPbosZr;5(M00,)s

3aBUCUMOCTM NapamMeTpoB U 06beMa AUENKU OT TEM-
nepaTypbl annpoOKCUMUPOBAAM NMOAMHOMAMKU NEPBON U
BTOPOW cTeneHu (Taba. 3).

C MCNoAb30BaHWEM ypaBHEHMI annpoKcMMaLmMK napa-
MeTPOB ObIAU BblYMCAEHBI KOIDDULMEHTLI TEPMUUYECKOTO
pacLIMpeHns Npu pa3Hoi Temnepatype. 13 Taba. 4 BUAHO,
YTO 3HAUYEHUSA KOIPOULMEHTOB BAOAb 0OOMX OCEN OCTAETCS
NMOAOXWTEABHBIM BO BCEM TEMMNEPATYPHOM AMana3oHe, npu
paclIMpeHUU BAOAb @ OCTAETCS MOCTOAHHbIM, B TO BpeMs
Kak B HarnpaBAEHUW C C POCTOM TEMMEPATYPbl BO3PACTaET.

CeueHune pUrypbl KO3GOULMEHTOB TEMAOBOIO PaCLLM-
PEeHMA CONOCTABAEHO CO CTPYKTYPOM Ha pucC. 2, a. BuaHo,
YTO 3HAUYMTEAbHASA @aHM30TPOMMA B HANPaBAEHUK C 0by-
CAOBAEHA «MATKUMM» AEFKO AEDPOPMUPYIOLLMMMUCA CBASAMM
K-0 1 Pb-0, a He3HaUMTEABHOE U NPAKTUUYECKU HE MEHS-
toLeecs ¢ poCToM TeMnepaTypbl TENAOBOE pacLUMpeHne
B MAOCKOCTU ab 06yCAOBAEHO «“KECTKOCTbIO» cBsider Mo-0
n Hf-0. MoAyyeHHble pedyabTaThl (o, = 60x10° °C* npu
500 °C) no3BoAfAoT oTHeCTH KsPbg sZr; 5(M00,)s K MaTe-
puanam ¢ BbICOKMM TEPMUUYECKUM paclunpeHnem [28].

MoHonposoasitme cBorcTsa KsPbg sZrq 5(M00,)s. Tem-
nepaTtypHasi 3aBUCUMOCTb S3AEKTPOMPOBOAUMOCTH (LLMKA
«HarpeBaHWe — OXAaXAEHME») MPU PA3AUYHbIX YacToTax
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Tabauua 3. KoaddOULMEHTbI MOAMHOMOB: ¥ = Do + Py XX + poXX2

Table 3. Coefficients of polynomials: y = po + p1Xx + p,xx?

MapameTpbl o o 3 2 6 2
3AEMEHTapHOM SUENKU T °C | T °C | on Po proxx10 p2x2x10 R
a 30,0 500,0 | 1 10,65741(43) 0,1209(15) - 1,00000
c 30,0 500,0 | 2 37,9677(70) 0,621(70) 0,81(14) 0,99751
v 30,0 500,0 | 1 3731,0(1,2) 189,1(4,1) - 1,00000
Tabauua 4. KoaddULMEHTbI TEH30PA TEPMUUECKOTO paclimperus (x10°€ °C?)
Table 4. Thermal expansion coefficients (x10° °C?)
KoadpduumeHt T,°C
TepmmHectoro 0 100 200 300 400 500
pacluMpeHus
o, 11,4(1) 11,3(1) 11,3(1) 11,3(1) 11,3(1) 11,3(1)
o, 16(2) 21(1) 24,8(6) 29,0(6) 33(1) 37(2)
oy 39(1) 43(1) 47(1) 51,6(1) 55,7(1) 59,8(1)
K,Pb, Zr, (MoO,), |
A4
e 100y 3)(105' .
A 1kly
s Son * 10 kly 1.0x10* e
L 2 ! Peg, -
3 @ggg‘!’\?"l@ 5 2x10° - “00 20x10°  40x10'  6.0x10" 5.0x10"
;: o%\iggégt ()
b 3 e%e& Qé‘ g X L; M:L“ 5.0x10° 1.0x10*
= 77 %, & N
D 58Eas T =200°C
o 100Ty Og i T 1x10°-
A 1My éé,\xﬁ X
2 o]
4 10 kly, é
14 16 18 20 22 0] ; ; .l
0 1x10° 2x10° 3x10°

10007, K"

Puc. 4. TemnepartypHas 3aBUCUMOCTb NPOBOAUMOCTH
KsPbosZr1,5(M004)s

Fig. 4. Temperature dependence of KsPbgsZri5(M00,)s
electrical conductivity

npeAcTaBAeHbl Ha puc. 4. MpoBOAMMOCTb MOHOTOHHO yBe-
AMUMBAETCSH ¢ pocToM Temnepatypbl oT 108 po 10 Cwm/cwm,
€eABa 3aMeTeH TemnepaTtypHbIi ructepesuc npu 350 °C,
a 3atem npoBOAMMOCTb KsPbgsZri 5(M00O,)s AOCTUIAET
3HayeHui 0,7x10* Cm/cm (500 °C) npu E, = 0,59 3B.
MoAyYeHHble 3HauYeHus (1,6x10° Cm/cm (400 °C)) cono-
CTaBUMbI C AUTEPATYPHBIMU AQHHBIMUW M30POPMYAbHbBIX
M BAM3KUX CTPYKTYPHbIX aHanoroB KsAgsZris(MoO,)s
(A =Mg (1x10° Cm/cm), Mn (1,2x10° Cm/cm), Zn (1,8%x10°
Cm/cm), Cd (2x10° Cm/cm) [29]), KsMggsHF1 5(M00,)s
(4,2x10° Cm/cm [30]). Ha puc. 5 npuBepeHbl NOAY-
YeHHble B3aMMO0O3aBMCUMOCTU aKTUBHOW U PEaKTUBHOM
COCTaBASIIOLLMX INEKTPUYECKOTO MMMeAaHCa AAA 3TOrO
COEAMHEHUA NPU PasAMYHbIX TeMNepaTtypax, KoTopble
ABASIOTCS TUMUYHBIMU AASl MIOHHbIX MPOBOAHWKOB C BAO-
KUPYIOLLMMU SAEKTPOAAMM.

3AKAKOYEHUE

MetopomMm TBEpPAOPA3HOro CUHTE3A MOAYYEHO
HOBO€ coeanHeHne KsPbg sZr; 5(M00,)s, AONOAHSAOLLEE
paHee OTKPbITOE CEMENCTBO M30CTPYKTYPHbIX TPOMHbIX
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Z',0m

Puc. 5. foporpadbl umnepaHca KsPbosZry 5(M00,)s

Fig. 5. Impedance spectroscopy diagrams
of KsPhg 5Zr15(M00,)s

MoAnBAaTOB cocTaBa KsAg sHf1 5(M00,)s. Bnepsbie nccae-
AOBaHO TepMmuyeckoe paclumpeHmne KsPbosZr; s(Mo0,)s
METOAOM BbICOKOTEMMEPATYPHON PEHTreHoda30BOM
AMbpaKkunK. BbIAO NMOKaszaHO, YTO 3TO COEAMHEHUE
OTHOCMUTCS K CUMAbHO PaCLUMPSIOLWMMCA BELLECTBAM
npv nNOBbIWEHUU Temnepartypbl. Kpuctanamueckas
cTpyKTypa KsPbg sZr; 5(M00,)s yTOUHEHA METOAOM PUT-
BEAbAA, MOAYYEHHOE COEAMHEHNE KPUCTAAAUIYIOTCA B
NPOCTPaAHCTBEHHOW rpynne R3 W CO CTPYKTYPHbIMU
aHanoramu M'sM", sMY, 5(M0o0O,)s (rae M' = K, Rb, TI;
M" = Ni, Mg, Cu, Zn, Co, Mn, Cd, Sr, Ca, Pb; M" = Zr, Hf)
OTHOCUTCSH K LLEOAUTOMNOAODHbBIM TPOWHbLIM MOAMBAATAM,
MHOI1e U3 KoTopbix 06AaAaOT 3aMETHOM MOHHOM NPO-
BOAMMOCTbIO MPKW MOBbIWEHHbIX TemMnepaTtypax. AAs
KsPbosZr; 5(M00O,)s 3TO NOATBEPXAEHO 3KCMEPUMEH-
TaAbHO, NOKa3aHo, uto npu 500 °C 3HaueHne NpoBo-
AMMoOcCTH pocTuraet 0,7x10* Cm/cm npu E, = 0,59 3B.
lMoAyuyeHHble pe3yAbTaTbl ONpaBAbIBAOT MOMCK HOBbIX
npeAcTaBUTEAEN AQHHOM rpynnbl ¢as v CTUMYAUPYIOT Hac
K AAAbHEWLLIEMY MCCAEAOBAHUIO UX MOHOMPOBOAALLMX
CBOMWCTB.
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Synthesis and antimicrobial activity
of functionally substituted 1,3-dioxacycloalkanes

Yulianna G. Borisova*>, Audar K.Bulgakov**, Nailya S. Khusnutdinova**,
Gul'nara Z. Raskildina*, Semen S. Zlotsky*, Augul’ A. Bulgakova**,
Svetlana A. Meshcheryakova**, Rimma M. Sultanova*

*Ufa State Petroleum Technological University, Ufa, Russia
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Abstract. One of the directions in the development of organic chemistry is the synthesis of biologically active
compounds, including those with bactericidal activity, based on available petrochemical raw materials. In order to
expand the library of bioactive compounds containing a 1,3-dioxacyclane fragment, the synthesis of derivatives
of 5-acyl-5-isopropyl-1,3-dioxane - 1-(5-isopropyl-1,3-dioxane-5-yl)ethanol and (5-isopropyl-1,3-dioxane-5-yl)ethyl
phenyl carbamate was carried out. The effect of synthesized compounds containing a 1,3-dioxacyclane fragment on
the growth of strains of gram-negative and gram-positive bacteria, lower fungi Candida albicans was studied. It was
found that 2-methyl-2-ethyl-4-chloromethyl-1,3-dioxolane, containing a chloromethyl group, has an antimicrobial effect
against gram-positive and gram-negative test cultures and weak antifungal activity (minimum inhibitory concentration
is 100 ug/mL) against lower fungi Candida albicans. 1-(5-Isopropyl-1,3-dioxan-5-yl)ethanol exhibits antifungal activity
(minimum inhibitory concentration is 2 ug/mL) and sharply reduces antimicrobial activity against Klebsiella pneumonia,
Staphylococcus aureus, Enterobacter aerogenes (minimum inhibitory concentration is 100 ug/mL), in contrast to the
structurally similar 2-methyl-2-ethyl-4-hydroxymethyl-1,3-dioxolane, which did not show similar properties. 5-Acyl-5-
isopropyl-1,3-dioxane, containing a carbonyl group in its structure, showed antimicrobial activity (minimum inhibitory
concentration is 25 ug/mL) against gram-negative test cultures, with the exception of Pseudomonas aeruginosa.
Heterocycles (2-methyl-2-ethyl-4-chloromethyl-, 2-isobutyl-2,4-dimethyl-, 2-methyl-2-isobutyl-4-chloromethyl- and
2-methyl-2-isobutyl-4-hydroxymethyl-1,3-dioxolane) at concentrations up to 100 ug/mL did not inhibit the vital activity
of the studied bacteria and lower fungi. The results obtained show the prospect of continuing the search for new
antimicrobial and antifungal drugs of the series of 1,3-dioxacycloalkanes, the structure of which is fundamentally
different from the known antibacterial drugs.

Keywords: polyols, condensation, 1,3-dioxacycloalkanes, antimicrobial activity, antifungal activity
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CUHTE3 U aHTUMUKPOOHAA aKTUBHOCTb
PYHKUMUOHAABHO 3aMeLleHHbIX 1,3-AMOKCaLUKAOAAKAHOB

O.I. Bopucosa*™, A.K. byarako**, H.C. XycHyTAMHOBa**, .3. PacKuabAuHa*,
C.C. 3notckun*, A.A. byarakoBa**, C.A. MewepsakoBa**, P.M. CyxraHoBa*

*YOUMCKMI rocypapCTBEHHbIN HEPTAHON TEXHOAOTMUYECKUI YHUBEPCUTET, Ya, Poccrs
**BallKMpPCKMI rocypapCTBEHHbINM MEAWLIMHCKWI yHUBEPCHUTET, Yda, Poccus

AHHoTauuA. OAHUM M3 HanpaBAEHWI Pa3BUTUS OPraHUYECKOM XMMUKU SBASIETCS CUMHTE3 BMOAOTMYECKM aKTUBHbIX
COEAMHEHUI, B TOM YnCAe 0bAaaaroLLmX baKTepULIMAHON aKTUBHOCTbIO, HA OCHOBE AOCTYMHOIr0 HEPTEXMMUYECKOIO
cbipbs. C LeAbto paclumpeHns: BMbANOTEKM BMOAKTUBHbIX COEAMHEHMI, COAEPXALLMX 1,3-AMOKCALMKAGHOBBIN GparMeHT,
OCYLLIECTBAEH CUHTE3 NMPOM3BOAHbIX 5-aumnA-5-uzonponun-1,3-amokcaHa - 1-(5-n3onponua-1,3-AMoKcaH-5-mr)ataHora m
(1-(5-n3onponuna-1,3-AnokcaH-5-1a)aturpeHmnrkapbamara. M3ydeHo BAUSHUE QYHKLMOHAAbHO 2,2,4-Tpu3aMelLeHHbIX
1,3-AMOKCOAGHOB M CUHTE3MPOBAHHbIX COEAMHEHMH, coAepX)aLLumMX 1,3-AMOKCaHOBbIM GparMeHT, Ha pOCT LUTaMMOB
rpamMoTpuLIaTeAbHbIX M FPAaMITOAOXHUTEAbHbIX BaKTepui, HU3LLMX rpmbos Candida albicans. MccaeaoBaHUSI CTPYKTYPbI U
aKTUBHOCTH 0Ka3aAM, Uto 2-MeTUA-2-3THA-4-XAOPMETHA-1,3-AMOKCOAAH, COAEPXXALLIMI XAOPMETUABHYH rpyny, obrasaet
MPOTMBOMMKPOOHbLIM AEHCTBMEM B OTHOLLEHUU rPaMIOAOKUTEAbHBIX M FPAaMOTPHLATEAbHbIX TECT-KYABTYP U CAabOM
MpOTUBOrPUOKOBOM aKTUBHOCTBHO (MUHUMaAbHasi MHIMbupyroLLas KoHueHTpauus 100 MKr/MA) B OTHOLLUEHUU boAree
HM3kux rpubos Candida Albicans. 1-(5-U3onponua-1,3-AMoKcaH-5-1A)aTaHOA NPOSIBASIET MPOTUBOrPHUOKOBYH aKTUB-
HOCTb (MMHMMaAbHas MHIMOUPYHOLLAsh KOHLEHTPaLMS 2 MKI/MA) 1 PE3KO CHUXAET aHTUMMUKPOOHYH aKTUBHOCTb MPOTUB
Klebsiella pneumonia, Staphylococcus aureus, Enterobacter aerogenes (MMHUMaAbHas MHMMOMPYHOLLLAS KOHLEH-
Tpaumnsa 100 MKI/MA), B OTAMYME OT CXOAHOIO M0 CTPOEHMIO 2-METUA-2-3THUA-4-TMAPOKCUMETHA-1,3-AMOKCOAGHa, HE
MPOSIBUBLLIErO @aHaAOrMYHbIX CBOMCTB. 5-ALMA-5-n30nponua-1,3-AnM0KcaH, CoAepXaLLmMi B CTPYKTYPE KapOOHUAbHYHO
rpymnny, nposiBUA aHTUMUKPOOHYH aKTUBHOCTb (MUHMMaAbHas MHIMOUpPYoLLas KOHUEHTpaLUMUs 25 MKI/MA) B OTHOLLIEHUM
rpamoTpuLaTeAbHbIX TECT-KYABTYP, 3@ UCKAOUeHMeM Pseudomonas aeruginosa. [eTepounkibl (2-MeTUA-2-3TUA-4-
XAOPMETUA-, 2-U300YTUA-2,4-AUMETUA-, 2-METUA-2-U300Y TUA-4-XAOPMETUA- 1 2-METHA-2-U300YTUA-4-rUAPOKCUMETUA-
1,3-aM0KCOAaHbI) B KOHLUEHTpauusax Ao 100 MKI/MA HE MHMMOMPOBaAN XUIHEAEATEABHOCTb M3YYEHHbIX BaKTepui
W HU3LLMX TPU6OB. [loAyUEeHHbIE Pe3YAbTaTbl MOKa3bIBAKOT MEPCNEKTUBHOCTb MPOAOAXKEHMS MOMCKA HOBbIX aHTUMMU-
KPOOHbIX U MPOTMBOrpMbKOBLIX NpenapatoB pssa 1,3-An0KcaLUMKAOaAKaHOB, CTPYKTypa KOTOPbIX MPUHLMITMAABHO
OTAMYAETCS OT M3BECTHbIX aHTUOAKTEPUAAbHBIX MPENaAPaToOB.

KaroueBble cAOBa: MOAMOAbI, KOHAEHcauUmMd, 1,3-AMOKCaLMKAOAAKaHbI, MPOTUBOMMUKPOOBHAA aKTMBHOCTb, MPOTHMBO-
rpubkoBoe aelicTBUe

®uHaHcupoBaHHue. PaboTa BbIMoAHEHA B paMKax rocdasaHms MuHobpHayku Poccum B cpepe HayHdHON AEATEAbBHOCTU
FEUR-2023-0006 «Pa3paboTka 1 co3aaHne MaAOTOHHaXHbIX MPOAYKTOB W peareHToB (MHrMOUTOPbI KOPPO3UM 1 COAEDT-
NOXEHMS, aHTUOKCHAAHTbI, BUOLIMABI, MPUCAAKM U AP.) AASI TPOLIECCOB HEGTEra3oXMMmm U OUYUCTKM BOAHbIX CPEA OT
3arpsi3HEHUH, 3aMeLLaroLLIMX MMITOPTHbIE BELLIECTBA M MaTepuanbl. TEOPETUHYECKMUE U IKCIEPUMEHTAAbHbIE MOAXOAbI».

Aas uutnpoBaHua: bopucosa H0.I., byarakos A.K., XycHyTamHoBa H.C., PackuabamnHa I.3., 3notckuit C.C., byarakosa A.A.
M Ap.]. CUHTE3 1 @aHTUMUKPOOHAsA aKTUBHOCTb GYHKLIMOHAABHO 3aMeLLeHHbIX 1,3-AMoKcaLmMKAOanKkaHoB // U3BecTuA
BY30B. MpukAapHas xumnsa u buotexHororus. 2024. T. 14. N 4. C. 453-461. DOI: 10.21285/achb.954. EDN: OTYUUO.

INTRODUCTION

It is known that during the processing of plant raw
materials, various cyclic acetals are formed, which are
used as components and additives to motor fuels [1-6].
The use of substituted 1,3-dioxolanes for the synthesis of
pharmaceutical or polymer products is also described [7].
2-(2-Beta-bromoethyl)-1,3-dioxolane is used to obtain
substances exhibiting anti-cancer properties [8]. Hydroxy-
acetals - “sol-ketal” and a mixture of 4-hydroxymeth-
yl-1,3-dioxane and 4-hydroxymethyl-1,3-dioxolane have

proven to be effective additives to repellents [9], and dia-
cetals of diglycerol or dipentaerythritol are proposed as
components for polymeric materials [10]. Like molecules
containing cycloacetal moiety are important intermediates
that can be modified into more complex structures exhib-
iting a broad spectrum of biological activity [11]. Thus,
derivatives of 2,2-dissubstituted-1,3-dioxolanes exhibit
antiviral, antiplatelet, anticoagulant, fungicidal, herbicidal
activity, and can also be used to produce pheromones
[12-20]. In addition, it is known that the introduction of
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the acetal fragment enhances the antibacterial activity
of the compounds due to an increase in the lipophilicity
of the molecule [21].

In the present work, the synthesis of 5,5-disubsti-
tuted 1,3-dioxanes was carried out and the antimicrobial
activity of substituted 5- and 6-membered cyclic acetals
was studied.

MATERIALS AND METHODS

All reagents and starting materials were obtained from
commercial sources and used as received. All solvents
were dried according to standard literature procedures.
All reactions were performed under an atmosphere of
argon unless indicated otherwise. *H NMR, and *3C NMR
spectra were recorded on a Bruker Avance-Ill 500 MHz
spectrometer with chemical shift values in parts per million
(ppm) relative to TMS (8, 0.00 and &; 0.0) or residual
chloroform (0, 7.28 and . 77.2) as standard. Proton and
carbon assignments are based on two-dimensional HSQC,
HMBC, COSY and DEPT experiments. Mass spectra were
obtained using Thermo Finnigan MAT 95 XP spectrometer.
Melting points were measured on a micro melting point
apparatus.

2,2,4-Trisubstituted 1,3-dioxolanes 1-6 were prepared
according to the previously described procedure [22].

Synthesis of 5-acyl-5-isopropyl-1,3-dioxane 7. A mixture
of 6.3 mL (0.05 mol) of 4-methyl-2-pentanone, 0.225
g (0.075 mol) of paraformaldehyde, 80 mL of benzene,
and 0.4 mL of concentrated sulfuric acid (d = 1.84 g/
mL) and was stirred at 80 °C until the calculated amount
of water was released. Then the mixture was cooled to
room temperature, washed with water, dried over calcium
chloride, filtered and evaporated. The product was isolated
by vacuum distillation.

Yield 80%, colorless liquid, bp 129-131 °C (3 mmHg).
THNMR(500 MHz, CDCls), 9, ppm (J, Hz): 0.90 d (3H, J =
7.0,CHCH,); 1.00d (3H, J = 7.0,CHCH;); 1.63 m (1H, CHCH,);
2.27 s (3H, CH;C0); 3.48 d (2H,J=11.5, 4-CH,); 4.34 d
(2H,J=11.4,6-CH,); 4.62 d (1H, J = 6.0 2-CH,?); 4.98 d
(1H, J = 6.0,2-CH,"). 3C NMR (125 MHz, CDCls), 8, ppm:
16.0 (2CH3CH); 26.9 (CH5CO); 29.3 (CHCH,); 51.2 (C-5);
71.8 (C-4, C-6); 94.1 (C-2); 209.9 (C=0). Mass spectrum
(El, 70 eV), m/z (¢, %): 158 (2) [M]+, 12 (50), 110 (20),
99 (30), 86 (70), 83 (80), 71 (20), 57 (40), 43 (100).

The procedure for the hydrogenation of ketones 7. The
Pd/C catalyst (CAS 7440-05-3, TU 2172-013-94509069-
200, palladium content 5%) was ground in a mortar before
use, sieved, and kept in a desiccator. For hydrogenation,
a flow-through catalytic apparatus Catakon was used,
consisting of a metal reactor with a heating jacket, a
burette for feeding raw materials, an automatic pump,
and a control unit. Operating parameters of the apparatus
are volume of the reaction zone - 15 cm?, temperature
range - 50-600 °C, pressure up to 100 atm. An acti-
vated Pd/C catalyst was put into a flow reactor. At a given
temperature (250 °C) at a rate of 0.27 mL/min, 15 mL
of ketone 7 (0.01 mol), hydrogen were fed at a rate of
0.23 mL/min, and the pressure was about 8 kg/cm. The
obtained catalyzate was filtered off and evaporated.

Yield 85%, colorless liquid, bp 131-132 °C (2 mmHg). *H
NMR (500 MHz, CDCls), 6 ppm (J, Hz): 0.90 s (6H, CH5CH);
1.00d (3H, J =7, CHs); 1.73-1.81 m (1H, CHCH); 3.09
s (br OH); 3.72 dd (2H, J = 6.0, J = 11.0,4-CH,); 4.00 d
(1H,J=11.6,CH); 4.12dd (2H, J=6.6,J = 11.5, 6-CH,);
4.67 d (1H, J=5.8, 2-CH,?); 4.88 d (1H, J = 5.8, 2-CH,").
13C NMR (125 MHz, CDCl), 8, ppm: 16.0 (2CH;CH); 19.3
(CHCH3;); 26.9 (CH5CO); 39.2 (C-5); 68.4 (CHOH); 72.4
(C-4); 72.7 (C-6); 94.1 (C-2). Mass spectrum (El, 70 eV),
M/z (l,e, %): 160 (2) [M]+, 72 2 (60), 57 (50), 45 (30), 43
(70), 39 (20), 32 (100).

Synthesis of 1-(5-isopropyl-1,3-dioxane-5-yl)ethylcar-
bamate 9. To a mixture of 8.7 g (0.05 mol) of alcohol 8
in 15 mL of hexane was added 3 g (0.025 mol) of phenyl
isocyanate in 5 mL of hexane. Then reaction mass was
heated with stirring to 30 °C. Upon completion of the
reaction (TLC monitoring), the mixture was cooled to room
temperature, the precipitated crystals were filtered off
on a Buchner funnel, washed with water, separated from
hexane, dried in air, and recrystallized from isopropanol.

Yield 92%. White powder, mp = 101-103 °C *H NMR
(500 MHz, CDCls), 6, ppm (J, Hz): 0.90 s (6H, CHsCH);
1.11, 1.28 d (3H, J = 7, CH5); 1.91-1.95 m (1H, CHCHy);
3.67-4.01 m (5H, 4-CH,, 6-CH,, CH(CH;)0); 4.88 d (1H,
J=6.6, 2-CH,?); 5.12 d (1H, J = 6.6, 2-CH,"); 7.00-7.50
m (5H); 9.49, 9.67 s (1H, NH). *C NMR (125 MHz, CDCls),
0, ppm: 15.8 (CH3CH); 21.4 (CH5;CH); 21.4 (CH3CH); 29.4
(CHCH3); 68.2 (C-4); 71.4 (C-6); 72.3 (CH(CH,)0); 91.1
(C-2); 127.9 (Ph); 128.5 (Ph); 138.9 (Ph); 163.7 (CO,).

Antimicrobial activity. Antibacterial and antifungal
activities of 1,3-dioxolane and 1,3-dioxane derivatives
were analyzed using the agar diffusion and the twofold
broth (pH 7.2-7.4) dilution methods?. Microbial strains
of the department of Microbiology and Virology, Bashkir
State Medical University deposited at L.A. Tarasevich State
Institute of Standardization and Control of Biomedical
Preparations, the Ministry of Health of the Russian Fed-
eration were used as test organisms: Escherichia coli,
Proteus vulgaris, Klebsiella pneumoniae, Staphylococcus
aureus, Enterobacter aerogenes, Pseudomonas aeru-
ginosa, Enterobacter cloacae, Streptococcus pyogenes
and lower fungi Candida albicans. Ceftriaxone (“Biokhimik”,
Russia), pimafucin (natamycin, Astellas, Netherlands) were
taken as reference standards. Test compounds (100 mg)
and reference standards were dissolved in 1 mL of dimethyl
sulfoxide (DMSO). These solutions were diluted in beef
extract broth to achieve a final concentration of 10 mg/mL
(stock solution). The nutrient broth inoculated with
2.0x10° colony forming units (c.f.u)/mL, was used.
The cultures were incubated for 72 h at 37 °C and for
48 h at 25 °C, then the growth was monitored visually.
The lowest concentration (highest dilution) required to
arrest the growth of bacteria was regarded as minimum
inhibitory concentration (MIC).

RESULTS AND DISCUSSION

In the work we studied 2,2,4-trisubstituted 1,3-dioxolanes
1-6, which were synthesized by us earlier (Fig. 1) [22], as
well as novel 5,5-dialkyl substituted-1,3-dioxanes (Fig. 2)

1 PyKOBOACTBO MO MPOBEAEHWUIO AOKAMHUUYECKMX UCCAEAOBAHWUI AEKAPCTBEHHbLIX CpeAcTB. YacTb nepsas / pea.: A.H. M1poHoB,
H.A. ByHaTtaH, A.H. Bacunbes, O.A. BepctakoBa, M.B. XypaBaesa, B.K. PamH AenaxuH. M.: Tpud u K, 2012. 944 c. EDN: SDEWMP.
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Me CH,CI CH,0H
o__0O o. 0O o_ O
Et)< Me Et)< Me Et)< Me
1 2 3
Me CH,CI CH,OH
o__ 0O o__ 0 o__ 0
i-Bu)<Me i-Bu><Me i-Bu)<Me
4 5 6

Fig. 1. 2,2,4-Trisubstituted 1,3-dioxolanes 1-6

Puc. 1. CtpyKrypbl 2,2,4-TpU3aMeLLEHHbIX
1,2-pmokconaHoB 1-6

Dioxane 7 was prepared by reaction of ' BuCOMe with
paraformaldehyde in presence of sulfuric acid (CsHg, 80 °C)
(path a) [23]. Subsequent hydrogenation of dioxane 7 in
the presence of metal-containing catalysts (Pt/Re, Pd/C,
Ni/kieselguhr, and Ni/Mo) led to target product 8 with
60-90% yield (path b) [24]. Dioxane 8 reacted smoothly with
phenyl isocyanate in hexane at 30 °C degrees to form the
corresponding carbamate 9 (path ¢) in 90% yield (see Fig. 2).

. o)
'Pr.
o} Me p
L * CHO —= . —
Bu Me O\/O

7

Carbamate 9 is formed as a mixture of two isomers
due to inversion of nitrogen atoms. The *H and *3C NMR
spectra show a doubled set of signals of hydrogen and
carbon atoms, respectively (Fig. 3).

In the *H NMR spectrum (see Fig. 3) of carbamate 9
recorded in solution of DMSO0-d6, there are signals
characteristic for two double signals of 1,3-dioxane
cycle which are registered in weak field in interval
0 H 3.67 to 4.01 ppm. Protons at C(2) carbon atom
is also manifested by two doublets in the weak field
04 4.88-5.12 ppm with spin-spin coupling constant
6.6 Hz. Additionally, we note that the protons of the
phenyl group are manifested by complexes in the area
0y 7.00-7.50 ppm, and protons of secondary NH group
from two isomers as expanded synthetics at §, 9.49
and 9.67 ppm respectively.

All synthesized functionally substituted 1,3-dioxacyclanes
1-9 were tested for antimicrobial activity. The results of
the screening demonstrated that 1,3-dioxacycloalkanes 2
and 8 exhibited pronounced antimicrobial activity against
the most of the studied test cultures, the MIC values were
2-8 ug/mL, while 1,3-dioxane 9 at a concentration of
100 pg/mL did not suppress the growth of the studied
microbial strains as shown in Table.

OH ) Me O
. |P
Pr Me _C rP<\o)j\”—i>h
o._©0 0. ©
8 9

Fig. 2. Scheme for the preparation of (1-(5-isopropyl-1,3-dioxan-5-yl)ethyl phenyl carbamate 9
Puc. 2. Cxema nonayueHus (1-(5-n3onponua-1,3-AMokcaH-5-1a)atuadeHmarkapbamara 9

Fig. 3. *H NMR Spectrum of (1-(5-isopropyl-1,3-dioxan-5-yl)ethyl phenyl carbamate 9 in dimethyl sulfoxide-d6

Puc. 3. Cnektp AMP *H (1-(5-u3onponua-1,3-AnokcaH-5-a)aTuadeHnAkapbamaTta 9 B AMMETUACYAbGOKCHAE-0G
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Antibacterial and antifungal activities of new 1,3-dioxolane and 1,3-dioxane derivatives

AHTMﬁaKTepVIa/\bHaH n I'IpOTI/IBOFpVIﬁKOBaH AKTMBHOCTb HOBbIX NPOM3BOAHBIX 1,3-AMOKCOAaHa 1 1,3-AMoKcaHa

Minimum inhibitory concentrations, ug/mL

Compound |Escherichia| Proteus | Klebsiella |Staphylococcus|Enterobacter| Pseudomonas |Enterobacter|Streptococcus|Candida

coli vulgaris |pneunoniae aureus aerogenes aeruginosa cloacae pyogenes |albicans
1 1 >100 >100 >100 >100 >100 >100 >100 >100 >100
2 2 2 2 2 8 2 8 2 8 100
3 3 >100 >100 >100 >100 >100 >100 >100 >100 >100
4 4 >100 >100 >100 >100 >100 >100 >100 >100 >100
5 5 >100 >100 >100 >100 >100 >100 >100 >100 >100
6 6 >100 >100 >100 >100 >100 >100 >100 >100 >100
7 7 25 25 25 100 25 100 25 100 100
8 8 8 8 100 100 100 8 8 100 2
10 9 >100 >100 >100 >100 >100 >100 >100 >100 >100
11 | Ceftriaxone 0,1 0,1 0,1 1 0,1 10 0,5 0,5 -
12 | Pimafucin - - - - - - - - 1

The structure-activity studies showed that 1,3-dioxolane 4,
containing chloromethyl group in the ethyl fragment,
had an antimicrobial effect against gram-positive and
gram-negative test cultures and a weak antifungal activity
(MIC 100 pg/mL) against lower fungi C. albicans. Unlike
1,3-dioxolane 5 containing a hydroxymethyl group in
the 4 position, 1-(5-isopropyl-1,3-dioxan-5-yl)ethanol 10
exhibits antifungal activity MIC 2 ug/mL and a sharp
decrease in antimicrobial activity against K. pneumonia,
St. aureus, E. aerogenes MIC 100 ug/mL. Similarly
5-acyl-5-isopropyl-1,3-dioxane 7, containing carbonyl
group in the structure, showed antimicrobial activity
(MIC 25 pg/mL) against gram-negative test cultures
except of Ps. aeruginosa. An interesting result was that
the introduction of the isocyanate fragment into the
1,3-dioxane molecule(compound 9) reduces the antibacterial
and antifungal activities.

1,3-Dioxolanes 1, 3-6 at concentrations up to 100 ug/mL
did not inhibit the vital activity of the studied bacteria
and lower fungi (see Table).

The obtained results show that it is promising to
continue the search for new antimicrobial and antifungal

drugs in the series of 1,3-dioxacycloalkanes, the structure
of which is fundamentally different from the known
antibacterial drugs.

CONCLUSIONS

Nine functionally substituted 1,3-dioxacycloalkanes
have been synthesized and tested as anti-microbial and
antifungal agents. Among the synthesized substances, the
leading compounds were found to be: 2-methyl-2-ethyl-
4-chloromethyl-1,3-dioxolane had antimicrobial effect
against Gram-positive and Gram-negative test cultures,
5-acyl-5-isopropyl-1,3-dioxane showed antimicrobial
activity (MIC 25 pg/mL) against Gram-negative test
cultures except of Ps. Aeruginosa, and 1-(5-isopropyl-
1,3-dioxan-5-yl)ethanol exhibits antifungal activity
MIC 2 ug/mL and a sharp decrease in antimicrobial
activity against K. pneumonia, St. aureus, E. aerogenes
MIC 100 ug/mL. In summary, the results obtained show
that the search for new antimicrobial and antifungal drugs in
the series of functionally substituted 1,3-dioxacycloalkanes
is promising, since their structure is fundamentally different
from the known antibacterial drugs.
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Evaluation of antifungal and antioxidant activities
of extracts prepared from earthworm (Perionyx excavatus)
using different solvents
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Abstract. This study evaluated the antifungal and antioxidant activities of earthworm (Perionyx excavatus) powder extracts
using different solvents including 80% ethanol, 50% ethanol, and distilled water. The extraction efficiencies ranged
from 18.5 to 21.2%, while total protein contents ranged from 64.8 to 67.5%. Notably, the aqueous extract exhibited the
highest values in both extraction efficiency and total protein content. Thin-layer chromatography analysis revealed the
presence of amino acids and peptides with R;values ranging from 0.42 to 0.65. Fourier-transform infrared spectroscopy
spectra displayed characteristic peaks associated with protein structures. Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis indicated protein compositions primarily below 50 kDa molecular weight in the extracts, particularly with
the 80% ethanol extract predominantly consisting of proteins below 30 kDa. Antifungal tests against Candida albicans
demonstrated the highest efficacy with 80% ethanol extract, exhibiting an inhibition zone diameter of 13.3 mm and a
minimum inhibitory concentration of 75 mg/mL. Additionally, the extracts showed DPPH and ABTS radical scavenging
activities, with 80% ethanol extract displaying the highest antioxidant potential with ICs, values of 231.3 ug/mL for
DPPH assay and 208.9 ug/mL for ABTS assay. In conclusion, earthworm powder extracts exhibited significant biological
activities, rendering them promising candidates for pharmaceutical and cosmetic applications.
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Bkarovas 80%-1 ataHOA, 50%-1 aTaHOA U AUCTUAAMPOBAHHYH BOAY. IPOEKTUBHOCTb IKCTPAKLMMN BapbMpPOBAaAaCh
o1 18,5 A0 21,2%, B TO BpeMsi Kak coAepxaHue obLuero 6eaka konebaroch ot 64,8 Ao 67,5%. [NMpumedyaTeAbHO, YTO
BOAHbIV 3KCTPAKT MPOAEMOHCTPUPOBAA HaUBbICLLUNE 3HAYEHUS KaK M0 3PPEKTUBHOCTU SKCTPAKLMM, TaK M 110 COAEp-
XaHuto b6eaka. AHaAM3 METOAOM TOHKOCAOKHOM XpomMatorpapum BbiSBUA NPUCYTCTBUE aMUHOKWUCAOT U NMENTUAOB C
Rr3HaueHusmu ot 0,42 po 0,65. CrneKkTpbl MHYpPaKpacHOM CrneKTPOCKoNuM ¢ npeobpasoBaHnem Oypbe rnokasarm
XapaKTepHbIE MMKU, CBSI3aHHbIE CO CTPYKTYPOI BEAKOB. SAEKTPOPOPE3 B NOAMAKPUAGMUAHOM FeAe C AOAELIMACYAb-
daTom HaTpusi ykasa Ha Harmume 6eAKOB MPEeUMYLLLECTBEHHO C MOAEKYASPHOM Maccok Huxe 50 kAa B aKCTpakTax,
0C06eHHO B aKcTpakTe ¢ 80%-M 3TaHOAOM, KOTOPbIN B OCHOBHOM COAEPXaA BEAKM C MOAEKYASIPHOM MacCoM HUXE
30 kAa. lNpotusorprnbkoBbie TecTbl npotus Candida albicans noka3aan HauBbICLLYH 3GPEKTUBHOCTb Yy IKCTPAKTa C
80%-M 3TaHOAOM C AMAMETPOM 30HbI MHMMOUPoBaHMUs 13.3 MM U MUHUMAaAbHON MHIMOUPYIOLLIEN KOHLIEHTPALIMEN
75 Mr/MA. Kpome TOro, aKCTpaKTbl MPOAEMOHCTPUMPOBaAN aKTUBHOCTb B OTHOLLEHUM yAaBAMBaHUSA paankaroB DPPH
n ABTS, npuuem akcTpakT ¢ 80%-M 3TaHOAOM MoKa3aA HamBbICLLIMM @HTUOKCUAGHTHbIHM NOTEHLMaA CO 3HaYEeHMAMMU
ICs0 231,3 MKI/MA Anst DPPH 1 208,9 mkir/MA anst ABTS. B 3akAroueHue He0ObX0AMMO OTMETUTb, YTO SKCTPAaKThbl M3
MOPOLLKa AOKAEBOIro YepBs NPOSABUAN 3HAUYNTEALHYHO BUOAOrMUYECKYHO aKTUBHOCTb, UTO AEAAET UX NePCneKTUBHbIMMU
KaHAMAaTaMun AAST IPUMEHEHUS B papMaLieBTUKE U KOCMETOAOT M.

KaroueBble cAoBa: A0XAEBOM YepBb, Perionyx excavatus, Candida albicans, DPPH, ABTS

®uHaHcupoBaHHue. PaboTa BbinoAHEHA NPK GUHAHCOBOM NMOAAEPXKKE AenapTaMeHTa HayKu 1 TEXHOAOMMH I, XOLUMMUHa,
BbetHam (npoekt Ne 05/2023/HD-QKHCN).

Ans untupoBaHua: AyHr HT., CoHn ®.X., Tounb HT.H., Txao B.H.T,, Ty B.A.K., AyaH A.K. [1 Ap.]. OueHKa NpoTMBOrpmo-
KOBOW M @aHTMOKCMA@HTHOM aKTMBHOCTM SKCTPAKTOB, MOAYYEHHbIX U3 AOXAEBOIO YepBs (Perionyx excavatus) ¢ UCMOAb-
30BaHWEM pa3AMUHbIX pactBopuTenen // U3BecTus By30B. MpUKAaaHas xuMus u buotexHonorms. 2024. T. 14. N 4.

C. 462-471. DOI: 10.21285/achb.953. EDN: HZYTZA.

INTRODUCTION

In Vietnam, a rich diversity of flora and fauna has
long been utilized in traditional medicine to treat various
ailments, owing to their inherent therapeutic properties! [1].
Despite remarkable advancements in modern healthcare,
a significant portion of the population continues to
rely on traditional remedies derived from plants and
animals* [2]. As interest grows in integrating traditional
and modern medicine, there is a burgeoning trend in
exploring the beneficial properties of natural products.
Many natural sources have demonstrated significant
biological activities, including antimicrobial and antioxidant
properties, crucial for combating infectious diseases and
oxidative stress-related disorders [3]. Moreover, natural
products often exhibit fewer adverse effects compared
to synthetic alternatives [4]. Of particular interest is the
study of earthworms, a traditional medicinal resource in
Vietnam, which has garnered attention for its potential
therapeutic applications.

Earthworms are invertebrates that have been widely
used medicinally in traditional medicine for centuries [5].
Extraction and utilization of bioactive compounds from
earthworms have been practiced globally, particularly
in Asian countries such as India, South Korea, China,
and Vietnam [5, 6]. Earthworms are believed to enhance
health and prevent various diseases. Earthworm proteins
possess high nutritional value and can serve as high-
quality animal-origin protein supplements for nutrition
enrichment [7, 8]. Furthermore, earthworm species such
as Lampito, Eudrilus, Perionyx, Eisenia, and Metaphire
have demonstrated various preventive and therapeutic
effects. Numerous studies have indicated that earthworm
extracts contain a plethora of bioactive molecules exhibiting
diverse biological functions, including antimicrobial [9-13],
wound healing promotion [14, 15], anti-inflammatory

[16-18], and antioxidant activities [19-21]. They have
shown inhibitory effects on cancer cells such as MCF-7
breast cancer cells, prostate cancer cells, and colorectal
cancer cells [22-25].

Perionyx excavatus is one of the most common
earthworm species in Vietnam, particularly in southern
provinces such as Ho Chi Minh City, Dong Nai, and Ninh
Thuan [26]. This species possesses both nutritional value
and high biological activity [27]. However, research on the
antimicrobial and antioxidant activities of this earthworm
species in Vietnam remains relatively limited. Therefore,
in this study, we conducted extractions from P. excavatus
using different solvents and evaluated their antifungal
and antioxidant activities, laying the groundwork for the
application of earthworms in the pharmaceutical and
cosmetic industries.

MATERIALS AND METHODS

Earthworm samples. Living earthworms (P. excavatus),
aged 7-8 weeks, were collected from a farm located in
Cu Chi district, Ho Chi Minh City, Vietnam. Upon collection,
they were promptly transported to the Biotechnology Center
of Ho Chi Minh City, Vietnam. The earthworms underwent
processing following the method outlined by Azmi et al.
[28], with some modifications. Initially, the earthworms
were washed under running water to clean the dirt from
the body surface. Subsequently, they were immersed in
1.0% NaCl solution for 15 min, followed by a 0.3% citric
acid solution for 20 min. Following this treatment, the
earthworms were freeze-dried to yield earthworm powder,
which was then stored at 40 °C.

Preparation of ethanol extract (ES0 and E50). 30 g of
earthworm powder was placed into a 500 mL beaker and
mixed with either 300 mL of 80% ethanol (E80) or 50%
ethanol (E50) at a 1:10 (w/v). The mixture was stirred at

Nguyen D.N.V., Nguyen T. An overview of the use of plants and animals in traditional medicine systems in Viet Nam: a Traffic
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room temperature for 8 h and filtered through the Whatman
filter paper. The ethanol solvent was then evaporated.
The resulting solutions were combined with 400 mL of
hexane and stirred for 60 min at room temperature. The
hexane solvent was removed, and the mixture was filtered
through a 0.22 um membrane, and then freeze-dried to
obtain the extract powder (ES0 and E5O0).

Preparation of aqueous extract (W). 20 g of earthworm
powder was placed into a 500 mL beaker and mixed with
200 mL of distilled water. The mixture was shaken vigorously
and broken using an ultrasonic device (Sonicator-Q700)
with intensity fluctuating at 50% for 10 min. Subsequently,
the sample was heated to boiling for 60 min on a stirrer
and filtered using Whatman filter paper. The resulting
filtrate was combined with 300 mL of hexane solvent and
stirred for an additional 60 min. After removing the hexane,
the solution was filtered through a 0.22 ym membrane.
The filtered solution was then freeze-dried to obtain the
extract powder (W).

Determination of extraction efficiency. The extraction
efficiency EE of each earthworm extract (E80, E50, and W)
was calculated based on the formula: % EE = W,/W,x100,
where W, is the weight of the obtained extract powder, g,
and W, is the weight of the sample initial, g.

Determination of protein content. The total protein
content in the earthworm extracts was assessed using
the Kjeldahl method [29]. 1 g of each earthworm extract
(E80, E50, and W) was added to a Kjeldahl digestion
flask containing 25 mL of concentrated H,S0,, along
with a catalyst (9 g of K,SO, and 1 g of CuSQO,*5H,0).
After 2.5 h of digestion in a unit with electrical heat and
fume removal, the mixture was allowed to cool to room
temperature. Subsequently, 80 mL of NaOH base was
added to the flask. Following distillation, the collected
ammonia underwent titration with a standardized solution
of HCl to determine its concentration. The nitrogen content
in the sample was then calculated based on the volume
and concentration of the acid used in the titration. Since
proteins typically contain about 16% nitrogen by weight,
the total protein content of the sample was calculated
using a conversion factor of 6.25.

Thin-layer chromatography analysis. The earthworm
extracts (E80, E50, and W) were subjected to thin-layer
chromatography (TLC) analysis by dissolving them in
ethanol and applying them onto a TLC plate measuring
7x10 cm, coated with silica gel 60 F254 (Merck, Darmstadt,
Germany). A mobile phase consisting of a mixture of
n-butanol, acetic acid, and water in the ratio 5:1:4 was
used for chromatographic separation. Subsequently, the
TLC plate was sprayed with a solution of ninhydrin (1.5 g
ninhydrin in 100 mL ethanol) and then dried at 45 °C
for 10 min. Observation of the resulting chromatogram
allowed for the determination of both the color and the
migration coefficient R; of the substance traces.

Fourier-transform infrared spectroscopy analysis.
Fourier-transform infrared spectroscopy (FTIR) analysis was
conducted using a method outlined by Ramya et al. [30].
A mixture comprising 10 mg of earthworm extracts (E80,
E50, and W) and 100 mg of dried potassium bromide (KBr)
was prepared. This mixture was then pelletized under
compression at a diameter of 3 mm and a thickness
of 1 mm. Subsequently, the absorbance spectra were
obtained using a Bio-Rad FTIR-40-model spectrometer
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from the USA. FTIR analysis relies on the principle that
different components within the sample absorb infrared
radiation at distinct frequencies.

Sodium dodecyl sulfate - polyacrylamide gel
electrophoresis analysis. The molecular weights of
earthworm proteins were determined using sodium
dodecyl sulfate - polyacrylamide gel electrophoresis
(SDS-PAGE) according to the method outlined by Hua et
al. [31]. Initially, the earthworm protein samples (ESO, E50,
and W) were dissolved in a buffer solution consisting of
20 mM Tris-HCl pH 8.0, 8 M urea, 2% sodium dodecyl sulfate
(SDS), and 2% 2-mercaptoethanol. Following dissolution,
the samples underwent centrifugation at 5000 rpm for
5 min. Subsequently, the protein sample was mixed in a 1:1
ratio (v/v) with a buffer solution containing 0.5 M Tris-HCI
pH 6.8, 10% SDS, glycerol at 100%, bromophenol blue, and
2% 2-mercaptoethanol. This mixture was then boiled for
5 min to denature the proteins and ensure uniform binding
of SDS. For the electrophoretic separation of proteins, a
16% polyacrylamide resolving gel was prepared, topped
by a 5% stacking gel. The prepared protein samples were
loaded onto the gel and subjected to electrophoresis
under denaturing conditions. Following electrophoresis,
the gel was stained with Coomassie Brilliant Blue R-250,
allowing visualization of the separated protein bands.
Excessive stain was removed by destaining the gel in a
solution containing 7% acetic acid and 25% methanol
until protein bands became clearly visible against the
destained background.

Antifungal assay. The antifungal activity of earthworm
extracts (E80, E50, and W) against Candida albicans
ATCC 10231 was assessed using the agar well diffusion
method, as described by Bhorgin and Uma [12], with some
modifications. C. albicans ATCC 10231 was provided by
the Biotechnology Center of Ho Chi Minh City, Vietnam.
Initially, C. albicans were inoculated onto Mueller-Hinton
Agar (MHA) plates with a concentration of 10° CFU/mL, and
incubated at 37 °C for 48 h. Diluted earthworm extracts
were dispensed into wells on the agar plates. Distilled
water served as the negative control, while gentamicin
was employed as the positive control. Following incubation
at 37 °Cfor 24 h, the inhibition zones were measured to
evaluate antifungal activity.

Furthermore, the minimum inhibitory concentration
(MIC) of the earthworm extracts (E80, E50, and W) was
determined by a broth microdilution assay using sterile
96-well flat-bottom microtiter plates as described by Thin
et al. [32]. Initially, C. albicans was cultured in Tryptic Soy
Broth (TSB) at 37 °C for 24 h. Subsequently, the culture was
diluted to a concentration of 10° CFU/mL using Mueller-
Hinton Broth (MHB) via the McFarland method. 50 uL of
the earthworm extracts at varying concentrations were
mixed with an equal volume of fungal suspension in each
well and incubated at 35 °C for 24 h. Following this, 30 uL
of 0.02% resazurin was added to each well and further
incubated at 35 °C for 30 min. The MIC was determined
as the lowest concentration of the extract at which the
resazurin reagent did not turn pink, indicating inhibition
of fungal growth.

Antioxidant assay. The antioxidant activity of earthworm
extracts (E80, E50, and W) was assessed through DPPH
and ABTS methods, following established protocols
[33, 34]. For the DPPH assay, various concentrations of
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earthworm extracts were prepared in methanol. Each sample
(0.9 mL) was mixed with 4 mL of 0.1 mM DPPH solution
in methanol, followed by incubation at 25 °C for 30 min
in the dark. Absorbances were then measured at 517 nm
using a microplate reader (VersaMax, Molecular Devices).
Vitamin C served as a positive control. The percentage of
DPPH radical-scavenging activity was calculated using the
formula: % inhibition = (1-A;/A¢)x100, where A represents
the absorbance of the control sample and A; represents
the absorbance of the test samples.

In the ABTS assay, the ABTS radical cation was
prepared by reacting ABTS solution (7 mM) in methanol
with potassium persulfate (2.45 mM) at a 1:1 ratio. The
resulting ABTS stock was left in the dark at 24 °C for
16 h before use. This stock solution was then diluted with
methanol to achieve an absorbance of 0.70 (+0.02) at
734 nm. Earthworm extracts, dissolved in methanol at
various concentrations, were mixed with the ABTS stock
solution (5 mL) and incubated in the dark for 15 min.
Absorbance was measured at 734 nm using a microplate
reader (VersaMax, Molecular Devices). Vitamin C was
used as the positive control. The percentage of ABTS
radical scavenging activity was calculated similarly to the
DPPH assay.

The ICs, value, representing the concentration of the
sample causing a 50% reduction in the initial DPPH or ABTS
concentration, was determined from the concentration curve
of the test extract against the percentage of radical scavenging
inhibition obtained through linear regression analysis.

Statistical analysis. All analyses were carried out in
triplicate, and the results were calculated as the mean
+ standard deviation (SD) using Microsoft Excel 2016.

RESULTS

Extraction efficiency and total protein content of
earthworm extracts. The extraction efficiency and total
protein content of earthworm powder extracts using
different solvents were evaluated. As shown in Table 1,
the extraction efficiencies of the three samples ranged
from 18.5 to 21.2%, while the total protein contents ranged
from 64.8 to 67.5%. The highest extraction efficiency was
observed with an aqueous extract, yielding 21.2%, while
the lowest efficiency was obtained with 80% ethanol extract
at 18.5%. Similarly, regarding protein content, the highest
percentage was detected in the aqueous extract (67.5%),
followed closely by the 50% ethanol extract (64.8%), and the
lowest was observed in the 80% ethanol extract (66.8%).

Table 1. Extraction efficiency and total protein content
of extracts prepared from earthworm (Perionyx excavatus)
using different solvents

Tabamua 1. 3PPEKTUBHOCTb IKCTPAKLIMK U obLee
copepxaHue Benka B IKCTpaKTax, NPUroTOBAEHHbIX
13 AOXAEBOro uepBsa (Perionyx excavatus)

C UCNOAb30BAHWEM Pa3AMUHbIX PAaCTBOPUTENEN

Sample Extraction efficiency, % | Total protein content, %
extract
E80 18.5+1.7 66.8+0.35
E50 19.7+¢1.1 64.8+0.91
w 21.2+1.2 67.5+0.66

Note. Results are means of three measurements + standard
deviation (£SD).
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E80 E50 w

Fig. 1. Thin-layer chromatography of extracts prepared
from earthworm (Perionyx excavatus) using different solvents

Puc. 1. ToHKoCAOMHas xpomaTtorpadusa aKCTPaKTOB,
MOAYYEHHbIX U3 AOXAEBOIO YepBs (Perionyx excavatus)
C UCMOAb30BaHWEM Pa3AMYHbIX PAaCTBOPUTENEN

TLC analysis of earthworm extracts. TLC results of
earthworm powder extracts using different solvents are
presented in Fig. 1. Pinkish-purple spots with R; values
ranging from 0.42 to 0.65 on the TLC plate indicated the
presence of amino acids and peptides.

Fourier-transform infrared spectroscopy analysis
of earthworm extracts. FTIR spectroscopy analysis of
earthworm powder extracts using different solvents
revealed distinctive peaks associated with proteins
(Fig. 2). These included characteristic absorption bands
corresponding to various protein functional groups.
Notably, peaks at 3400 cm™ were attributed to NH
group valence oscillations, indicative of peptide bonds.
The presence of proteinaceous materials was further
supported by the absorption band at 1643 cm™, cor-
responding to amide | oscillation. Oscillations within
the amide Il region (1407-1514 cm™) were primarily
attributed to valence oscillations of C-N and C=0 groups,
along with contributions from other functional groups
such as C=N and CCN. The spectra also revealed
the presence of amide Il within the range of 1049-
1218 cm?, indicating protein structures through N-H
bending oscillations and deformations of C-H bonds.
Additionally, absorption bands at 513-649 cm?
were attributed to C=0 bend oscillations outside the
plane, further supporting the presence of protein compo-
nents. Overall, the FTIR spectra confirmed the presence
of characteristic peaks associated with protein amides
I, Il, and Ill in the earthworm powder extracts.

Sodium dodecyl sulfate - polyacrylamide gel
electrophoresis analysis of earthworm extracts. Based on
the SDS-PAGE analysis of proteins in earthworm powder
extract using different solvents, the results revealed
distinct patterns in the protein composition (Fig. 3). In
general, proteins present in extracts from earthworm
powder mainly included fractions with molecular weights
below 50 kDa. In particular, the extraction process using
80% ethanol solvent mainly resulted in proteins with
molecular weights below 30 kDa.
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Fig. 2. Fourier-transform infrared spectra of extracts prepared
from earthworm (Perionyx excavatus) using different solvents

Puc. 2. UHdpakpacHble Oypbe-CneKTpbl IKCTPaKTOB,
MOAYYEHHbIX U3 AOXKAEBOIO YepBs (Perionyx excavatus)
C UCMOAB30BAHWEM Pa3AUUYHBIX PACTBOPUTENEN

kDa Ladder 1 2 3

120 — &=
S

20 —

Fig. 3. Sodium dodecyl sulfate - polyacrylamide gel
electrophoresis analysis of extracts prepared from
earthworm (Perionyx excavatus) using different solvents:
1 - 50% ethanol extract; 2 - aqueous extract;

3 - 80% ethanol extract

Puc. 3. BbINOAHEHHbI MPU NOMOLLUM IAEKTpOdPOopesa

B MOAMAKPUAAMUAHOM Fene C AOAELMACYAbGATOM HaTpUSA
aHaAM3 3KCTPAKTOB, MOAYYEHHbIX U3 AOXKAEBOIO YepBS
(Perionyx excavatus) ¢ ICNMOAb30BaHUEM PA3AMYHbIX
pactBoputenei: 1 - 50%-1 3KCTPAKT 3TAHOA;

2 - BOAHbIV 3KCTpaKT; 3 — 80%-1 3KCTPaKT aTaHoAa

Antifungal activity of earthworm extracts. The anti-
fungal activity of earthworm powder extracts using different
solvents against C. albicans is presented in Table 2. For
the agar well diffusion assay, the 80% ethanol extract
exhibited the highest efficacy, producing a maximum inhi-
bition zone diameter of 13.3+1.50 mm. Following this,
the 50% ethanol extract showed moderate activity with
a maximum inhibition zone diameter of 6.3+0.28 mm,
while the aqueous extract exhibited the lowest efficacy
with a maximum inhibition zone diameter of 5.3£0.25 mm
(Fig. 4). Additionally, the MIC data revealed the inhibitory
effect of earthworm powder extracts on C. albicans growth,
with MIC values of 75 mg/mL for 80% ethanol extract,
150 mg/mL for 50% ethanol extract, and 250 mg/mL
for aqueous extract (see Table 2).
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Table 2. Antifungal activity of extracts prepared
from earthworm (Perionyx excavatus) using different solvents

Tabauua 2. MpoTuBorpubKoBas akTUBHOCTb IKCTPAKTOB,
NOAYYEHHbBIX U3 AOXKAEBOrO YepBs (Perionyx excavatus)
C UCMOAb30BaHUEM PA3AUYHBIX PACTBOPUTENEN

Fungal E80 E50 w Gentamicin
strain
Diameter of inhibition zones, mm
_|13.3+1.50] 6.3+0.28 | 5.3+0.25 | 20.6+2.08
Candida — —
. Value of the minimum inhibitory
albicans )
concentration, mg/mL
75 | 150 | 250 | -

Note. Results are means of three measurements +SD

Fig. 4. Antifungal effect of extracts prepared from earthworm
(Perionyx excavatus) against Candida albicans using the agar
well diffusion method

Puc. 4. MNpotnBorpMbkKoBas akTMBHOCTb 3KCTPAKTOB,
NPUrOTOBAEHHbIX U3 AOXKAEBOIo uepBs (Perionyx excavatus),
no oTHoweHuto Kk Candida albicans, BbIiBAEHHAst METOAOM
AYHOUYHOW AMdOY3uKn B arape

1000
mDPPH
mABTS
800
E
600
w
3
3
& 400
200
0
vitaminC  E80 E50 %

Fig. 5. Antioxidant activity (DPPH and ABTS)

of extracts prepared from earthworm (Perionyx excavatus)
using different solvents (results are means

of three measurements +SD)

Puc. 5. AHTMOKCHMA@HTHas akTuBHocTb (DPPH 1 ABTS)
3KCTPAKTOB, MPUIrOTOBAEHHbIX M3 AOXKAEBOIO YepBs (Perionyx
excavatus) ¢ UICNOAb30BaHWEM Pa3AMUHbIX PacTBOPUTENEN
(pe3yAbTaTbl NPEeACTaBASIOT COO0M cpeaHee 3HaYeHue

Tpex namepeHun +SD)

Antioxidant activity of earthworm extracts. The results
of the DPPH and ABTS scavenging activity of earthworm
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powder extracts using different solvents are shown in
Fig. 5. The ICs, values for inhibiting the DPPH radical
were found to be 231.3+15.1 ug/mL for the 80% ethanol
extract, 597.1+14.9 ug/mL for the 50% ethanol extract,
and 838.7+11.6 ug/mL for the aqueous extract. In
terms of ABTS free radical scavenging activity, the 80%
ethanol extract showed an ICs, value of 208.94+9.6 ug mL,
while the aqueous extract exhibited an ICs, value of
864.5+10.6 ug/mL, which was higher than the ICs, value of
705.5+16.5 ug/mL observed for the 50% ethanol extract.
As a positive control, Vitamin C demonstrated significant
antioxidant activity with ICs, values of 6.1+0.3 ug/mL
for the DPPH assay and 11.7+2.6 ug/mL for the ABTS assay.

DISCUSSION

In recent years, there has been significant attention
on researching the biological activity of natural products
for potential applications across various fields [4]. This
interest stems from the recognition of the vast chemical
diversity present in natural sources, offering a rich
repository of potentially bioactive compounds [35]. In this
study, we focused on extracting earthworm (P. excavatus)
using different solvents: 80% ethanol, 50% ethanol, and
distilled water. Our results indicate that distilled water
as a solvent yielded the highest extraction efficiency at
21.2% (see Table 1). This may be because water is a
polar solvent, which facilitates the dissolution of polar
compounds present in earthworm powders [36]. Many
bioactive compounds, such as phenolics, flavonoids, and
polysaccharides, are hydrophilic and thus more readily
soluble in water. On the other hand, ethanol, while also
capable of dissolving polar compounds, may not be as
efficient as water due to its partial non-polar nature [37].
This observation underscores the importance of solvent
selection in optimizing extraction protocols for natural
products. Previous studies have similarly demonstrated
that extraction efficiency is influenced by various factors,
among which the solvent plays a critical role [38, 39].
Factors such as solvent polarity, viscosity, and ability
to disrupt cellular structures can all impact extraction
efficiency [37].

Earthworms are known to be rich sources of protein,
making their quantification crucial for evaluating their
nutritional composition and assessing their suitability for
different purposes [7]. In this study, we found that the total
protein content of earthworm extracts varied depending
on the solvent used for extraction, ranging from 64.8
to 67.5% (see Table 1). This variability underscores the
importance of solvent selection in maximizing protein yield
from earthworm tissues. Moreover, our results indicate
that aqueous extraction yielded the highest total protein
content (67.5%) among the solvents tested. As emphasized
above, the higher protein content obtained with distilled
water as a solvent can be since water is a polar solvent,
which is particularly effective in the extraction of polar and
hydrophilic compounds such as proteins [36]. The affinity
of water molecules for protein molecules facilitates their
solubilization and extraction from earthworm tissues. In
contrast, ethanol, while capable of extracting proteins,
may not be as efficient due to differences in solubility and
selectivity [37]. Particularly at higher concentrations, ethanol
may precipitate proteins or interfere with their solubility,
resulting in lower overall protein extraction efficiency [37].
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Solvent effects on the total protein content of extracts
have also been reported previously [40, 41].

The combination of TLC, FTIR, and SDS-PAGE analyses
provided comprehensive confirmation of the presence
of proteins in the earthworm extracts obtained using
different solvents. TLC analysis revealed pinkish-purple
spots with R, values ranging from 0.42 to 0.65, indicative
of the presence of amino acids and peptides, fundamental
components of proteins (see Fig. 1). This aligns with previous
studies demonstrating that R; values in the range of 0.2
to 0.8 correspond to amino acids and peptides [42]. FTIR
spectroscopy further supported protein identification by
showing characteristic peaks corresponding to amides
I, Il, and lll in the earthworm extracts (see Fig. 2). These
amide peaks are well-established indicators of protein
presence in FTIR spectra, closely related to protein structure
and conformation [30, 43]. Moreover, SDS-PAGE analysis
confirmed the presence of proteins in the earthworm
extracts and provided insights into their molecular
weights. Specifically, proteins with molecular weights
less than 50 kDa were observed, with the 80% ethanol
extract predominantly containing proteins with molecular
weights below 30 kDa (see Fig. 3). The predominance
of low molecular weight proteins (<30 kDa) in the 80%
ethanol extract can be due to ethanol, particularly at higher
concentrations, which may preferentially solubilize smaller
proteins or peptide fragments over larger ones [37, 44].
This selective solubilization could result from differences
in protein denaturation, solubility, and interactions with
the solvent environment. Moreover, the presence of low
molecular weight proteins in earthworm extracts aligns
with findings from Tram et al. [45], who documented protein
molecular weights spanning from 14.4 kDa to 116 kDa in
earthworms, with only proteins below 30 kDa persisting
after hydrolysis. This suggests that earthworms inherently
contain a significant proportion of low molecular weight
proteins, which may be more readily extracted with certain
solvents such as 80% ethanol.

The experiment evaluating the antifungal activity
against C. albicans revealed varying inhibition zone
diameters and MIC for earthworm extracts obtained using
different solvents, ranging from 5.3 to 13.3 mm and
75 to 250 mg/mL, respectively (see Table 2). While the
antifungal activities of extracts from various earthworm
species have been reported [9-13], information on the
antifungal activity of extracts from P. excavatus in Vietnam
remains limited, potentially making this report the first
of its kind. Notably, the 80% ethanol extract exhibited
the strongest antifungal activity against C. albicans, with
an inhibition zone diameter of 13.3 mm and an MIC of
75 mg/mL. This potency could be attributed to several
factors, including the composition of the extract and
its underlying mechanism of action. The observation
that the 80% ethanol extract predominantly contains
low molecular weight proteins (<30 kDa) suggests a
possible correlation between protein content and antifungal
activity. These low molecular weight proteins may possess
specific bioactive peptides or compounds with potent
antifungal properties, enhancing the extract’s efficacy
against C. albicans [46]. Additionally, the mechanism of
action of earthworm extracts against C. albicans may
involve multiple pathways. One potential mechanism
is the disruption of fungal cell membranes by bioactive
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compounds present in the extract [47]. This disruption
can lead to leakage of intracellular contents, loss of
membrane integrity, and ultimately, fungal cell death.
Certain bioactive peptides or proteins within the extract
may interfere with essential fungal processes such as
cell wall synthesis, protein synthesis, or DNA replication,
thereby inhibiting fungal growth and proliferation [48]. In
addition, the presence of secondary metabolites, such
as phenolic compounds or alkaloids, in the earthworm
extract could contribute to its antifungal activity by
exerting oxidative stress on fungal cells or interfering
with key cellular pathways [47]. In conclusion, the strong
antifungal activity of the 80% ethanol extract against C.
albicans underscores the potential therapeutic value of
earthworm extracts as natural antifungal agents.

The DPPH and ABTS assays were employed to assess
the antioxidant activity of earthworm extracts. Results
revealed ICs, values ranging from 231.3 to 838.7 ug/mL
for the DPPH assay and 208.9 to 864.5 ug/mL for the
ABTS assay, indicating varied antioxidant potency across
extracts obtained using different solvents (see Fig. 5). The
antioxidant activity from extracts of other earthworms
has been reported [19-21]. However, limited information
exists regarding the antioxidant activity of extracts from
P. excavatus, a species of earthworm found in Vietnam,
making this study potentially the first to report on this
aspect. Notably, the 80% ethanol extract exhibited the
highest antioxidant activity in both the DPPH and ABTS
assays, with ICs, values of 231.3 and 208.9 ug/mL,
respectively. The superior antioxidant activity of the 80%
ethanol extract in both DPPH and ABTS assays can be
attributed to several factors, primarily the presence of low
molecular weight proteins (<30 kDa) within the extract. Low
molecular weight proteins are known to possess potent
antioxidant properties due to their ability to donate hydrogen
atoms or electrons to neutralize free radicals [49-51].
This donation process interrupts the free radical chain

reaction, thus mitigating oxidative stress. Additionally,
80% ethanol as a solvent might efficiently extract these
low molecular weight proteins along with other bioactive
compounds, enhancing the overall antioxidant activity
of the extract [37]. This finding highlights the potential
therapeutic benefits of earthworm extracts, especially
those obtained using 80% ethanol, in combating oxidative
stress-related disorders.

CONCLUSIONS

In conclusion, the study demonstrated that the
choice of solvent significantly impacts the extraction
efficiency and composition of proteinaceous materials
from earthworm powder. Aqueous extraction proved
to be the most effective method, yielding the highest
extraction efficiency and protein content. This was
supported by TLC results showing the presence of amino
acids and peptides in the extracts. Additionally, FTIR
spectroscopy confirmed the presence of characteristic
peaks associated with protein structures in all extracts.
SDS-PAGE analysis revealed distinct patterns in protein
composition, with proteins primarily below 50 kDa and
especially proteins below 30 kDa when 80% ethanol
extraction was used. Furthermore, the antifungal activity
against C. albicans varied among extracts, with the 80%
ethanol extract exhibiting the highest efficacy. In addition,
earthworm powder extracts showed antioxidant activity,
with the 80% ethanol extract demonstrating the highest
scavenging activity against DPPH and ABTS radicals. These
findings underscore the potential of earthworm powder
extracts as sources of bioactive compounds with diverse
applications in pharmaceutical and cosmetic industries.
Further research exploring the bioactive components
responsible for these activities and their mechanisms
of action is warranted to fully harness the therapeutic
potential of earthworm-derived products.
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MoAMMepHble KOHbloraThbl LedpoTakcuma
U KUHETUKa ero BbicBo60)XXAeHUA

T.I. TiopuHa, T.B. Kptok, H.O. LLieBuyk™

UHCTUTYT HU3MKO-0praHnYeCKON XMMUKU U YIAexumun nm. A.M. AUTBUHEHKO,
AoHeuk, AoHeukasi HapoaHas Pecnybanka, Poccurickas ®eaepaums

AHHOTaUMA. Llerbto MPOBEAEHHOIO MCCAEAOBaHMS SABASIAOCH M3YYEHUE MPOAYKTOB B3aMMOAEHCTBHSA B PacTBOpeE
aHTMOMOTUKA LiepoTaKCHuMa C SIHTaPHbIM aHIMAPUAOM, COMOAMMEDPOM MAAEUHOBOIO aHrMAPUAa U AMaAbAErMAHOM
$opMO¥ NWeHNYHOro kpaxmana. lokazaHo, YTO B pe3yAbTare peakuuu Ledotakcuma ¢ SSHTapHbIM aHIMAPUAOM
06pasyeTcs CyKUMHaMMA; AASI COMOAUMEPA MAaAEMHOBOI0 aHrMAPHAa BEPOSITHO CBS3bIBaHWe LedoTakcuma rno TUny
HEKOBaAEHTHOI0 MEXMOAEKYASIPHOIo B3aumoaeHncTBus. ObHapy)xeHo obpa3oBaHMe a30METUMHOBOIO MPOM3BOAHOIO
OKUCAEHHOTO roAMcaxapmaa ¢ LedpoTakCUMOM, MOAbHOE COOTHOLLIEHNE UCXOAHBIX TAFOKO3MAHbIX 3BEHBEB Kpaxmaia, AMaib-
AETMAHbIX HenpopearnpoBaBLLMX 1 CBSI3aHHbIX C LiepOoTakCUMOM a30MeTMHOBOM cBs3bto cocTaBasieT 0,204:0,606:0,19.
N3yueHO BbICBOBOXAEHWE AEKAPCTBEHHOIO BELLECTBA U3 MOAYYEHHON MaTPUYHOM pOpMbl B pasAuyHbIX bropene-
BaHTHbIX cpeaax (puspactBop, pocoatHbiri bypep, bydep Tpmc-HCI). YcTaHOBAEHO, YTO KOAMUECTBO BbICBOOOAMB-
werocs uepatokcuma npubamxaetcs k 100% 3a 10 4, npouecc ero BbICBOBOXAEHHMS NPOTEKAET N0 ABYM pasam. B
TeueHue nepBo pasbl (1-2 4) B pacTBop BbixoanT oT 70 (pH 7,4-8,0) A0 35% (pH 7,14) AekapCTBEHHOI0 BELLECTBa,
M1OCAE YEro CKOPOCTb MPOLIECCa CyLLIECTBEHHO CHXaeTcs. 06paboTka KUHETUYECKUX AAHHbIX 10 ypaBHEHUSM MEPBOro
rnopsiaka v Xuryum nokasana CooTBETCTBME 00EUM MOAENSM. HaliAeHHbIe KOHCTaHTbl CKOPOCTM BO3paCTaroT MPonopLU-
OHaAbHO BeAndnHe pH pactBopa. lpeanosaraetcs, 4to nepBoHaYaAbHO MPOTEKAET T’MAPOAM3 a30METUHOBOH CBSA3M C
OTLLEMAEHUEM MOAEKYA LLIEPOTaKCHMa OT MOAUMEPHOM MAaTPULIbl, 3aTEM PACTBOPEHUE HAXOASILLMXCS Ha MOBEPXHOCTU
MaKpOMOAEKYA OKUCAEHHOIO Kpaxmana, BCAEACTBME MOBbILLIEHNS BA3KOCTM CAOSI PAcTBOPa, OKPYXXaroLLEro YacTuLy
KOHBbIOraTa, CKOpPOCTb MMAPOAM3a CHUXAETCA. B LileAOM BbICBOOOXAEHHE LiepoTakcuma 13 KOHbrorata npoTeKaeT Kak
peakuusi MCeBAONEPBOro rnopsiAka, COMPOBOXAALLASACSA BKAGAOM ANPPY3MOHHbIX MPOLIECCOB.

KnroueBble cnoBa: KOHLHOrart, Lie¢poTakcum, FIHTaprIl;I aHruaApuA, COnoAnMMep MaremHOBOro aHrmapuAaa, OKMCAEHHbIV
Kpaxman, BbICBOOOXAEHME

®uHaHcupoBaHHe. PaboTa BbINoOAHEHA B paMkax roc3apaHus MuHUcTepcTBa obpa3oBaHus U Hayku Poccuiickon
Q®epepaummn, npoekt FRES-2023-0002.

Ana uutupoBanusa: TropuHa 1.1, Kptok T.B., LeBuyk H.O. loAnMepHble KOHbloraThl LedoTakcMmMa U KUHETUKA ero BbICBO-
60xAeHUnA // U3BecTus By30B. MpukAaapHas xumusa u buotexHonorua. 2024. T. 14. N 4. C. 472-481. DOI: 10.21285/
achb.952. EDN: YSVNQA.

PHYSICOCHEMICAL BIOLOGY
Original article

Polymeric conjugates of cefotaxime
and its release kinetics

Tatyana G. Tyurina, Tatyana V. Kryuk, Natalia O. Shevchuk™

L.M. Litvinenko Institute of Physical Organic and Coal Chemistry,
Donetsk, Donetsk People’s Republic, Russian Federation

Abstract. The present study examines reaction products in the solution of antibiotic cefotaxime with succinic anhydride,
maleic anhydride copolymer, and dialdehyde wheat starch. The reaction of cefotaxime with succinic anhydride is shown
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to produce succinamide; to maleic anhydride copolymer, cefotaxime is likely to bind via noncovalent intermolecular
interactions. An azomethine derivative of oxidized polysaccharide with cefotaxime was found to form; the molar ratio of
initial glucosidic units in starch, unreacted dialdehyde units, and those bonded to cefotaxime through the azomethine
linkage is 0.204:0.606:0.19. Drug release from the obtained matrix form was studied in different biorelevant media
(saline, phosphate buffer, and Tris-HCI buffer). The amount of cefotaxime released in ten hours was found to approach
100%. Its release proceeds in two phases. In the first phase (1-2 h), 35 (pH 7.14) to 70% (pH 7.4-8.0) of the drug
substance is released into the solution, followed by a significant decrease in the release rate. The processing of kinetic
data using the first-order and Higuchi equations revealed consistency with both models. The obtained rate constants
increase in proportion to the solution pH. It is assumed that first, the azomethine bond hydrolysis occurs with the
release of cefotaxime molecules from the polymer matrix; then, the macromolecules of oxidized starch residing on
the surface are dissolved; due to an increase in the viscosity of the solution layer surrounding the conjugate particle,
the hydrolysis rate decreases. In general, cefotaxime release from the conjugate proceeds as a pseudo-first-order
reaction accompanied by diffusion processes.

Keywords: conjugate, cefotaxime, succinic anhydride, maleic anhydride copolymer, oxidized starch, release
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BBEAEHUE

KoHbtoratbl MOAMMEP — AEKapPCTBO CUMTAtOTCA 3dhEK-
TUBHbIMW GapMaLEeBTUYECKMMU CpeACcTBaMmM baaropaps
BO3MOXHOCTM aAPECHOM AOCTaBKM, KOHTPOAMPYEMOrO
BbICBOOOXAEHMS U CHUXEHMUA TOKCUYHOCTU AEKAPCTBEHHbIX
npenapatoB. AaHHbIM BUA MOAUMEPHOW Tepanun akTUBHO
pasBuBaeTcs nocnepHme 40 AeT, B pe3yAbTaTte Yero Ha
PbIHKE MOABUACA PSA KOHbBIOratoB noAMmep - dpapma-
LEBTUYECKUI areHT 1 NoAuMep - 6enoK; Takxe BoAbLLOE
KOAMYECTBO MOAOOHBLIX CUCTEM MPOXOAUT KAUHUUYECKME
UCnblTaHWsA B HacTosLlee Bpems [1].

TeM He MeHee CyLLecTByeT elle MHOro npobaem,
KOTOPblEe OTKPbIBAKOT BO3MOXHOCTU AASI AQAbHENLLEro
pasBWUTUS UCCAEAOBAHMWKM, HaMpaBAEHHbIX Ha paspa-
60TKY HOBbIX MOAMMEPHbIX KOHbIOraToB. B yacTtHOCTH,
npodbAemMon ABAAETCS MOoBbllEeHUE HEe3ahGGEKTUBHOCTH
CYLLLECTBYHOLLErO apceHana aHTMOMOTUKOB B pe3yAbTaTe
3BOAOLMK NATOr€HOB C AeKAPCTBEHHOMN YCTONYMBOCTLIO
M3-3a MaccoBOro ynotpebAeHns aHTUMUKPOOHbIX npe-
napatoB [2]. [TOCKOAbKY OTKPbITUE HOBbIX KAACCOB aHTU-
6MOTMKOB C MHHOBALIMOHHBIM MEXaHU3MOM AENCTBUS —
npoLecc BECbMa AAMTEAbHbIN U AOPOTrOCTOSALLIMIK, OAHOM
U3 cTpaTerni peleHns 0603HaueHHOM NPoBAEMbI MOXET
6bITb NPUMEHEHUE U3BECTHbIX BELLECTB, 06AaAAOLLMX
aHTMbaKTepPUaAAbHON aKTUBHOCTbIO, CBA3AHHbIX C MOAU-
MepPHbIM HocHUTeAeM. [ToAMMepbl ¢ COBCTBEHHbLIMUW aHTH-
MWKPOOHBIMW CBOMCTBAMU MAM CNOCOOHBIE KOHBIOTUPO-
BaTbCA C YXE CYLLECTBYHOLLMMU aHTUOUMOTUKAMM CO3AQIOT
BO3MOXHOCTb Kak AASl UX HEMOCPEACTBEHHOIO NpuUMe-
HEHWSA B KQUECTBE AEKaAPCTB, Tak U AAA MMMNAAHTaLWK B
MEAMULIMHCKKUE yCTPoWcTBa AA 60pbbbl C MHbEKLMeN [3].

B KauecTBe NOAMMEPHOW OCHOBbI KOHBIOTaTOB BO3-
MOXHO WMCMOAb30BaHWE BbICOKOMOAEKYASIPHBIX COe-
AVHEHWW Pa3AMYHOW MPUPOAbI MPU YCAOBUMU, UTO OHM
oTBeYatoT psay TpeboBaHWil, OCHOBHbIE U3 KOTOPbIX —
61M0COBMECTUMOCTb, 6UOpa3raraemMocTb U MMHUMaAbHas
TOKCMYHOCTb [4]. Cpean CUHTETUYECKMX MOAMMEPOB, CNO-
COBHbIX K 6MOPa3N0XEHUIO U 0OAAAAIOLLIMX UMMYHOTEH-
HOCTbIO, B CUCTEMAX AOCTABKM AEKAPCTB PEKOMEHAYIOT
MCMOAb30BaTb O-TMAPOKCUKUCAOTbI, MOAMAHTUAPUADI,

noAn(amuAbl), NOAU(dbMPaMUABI), NOAU(AAKMALMAHOA-
Kpuaatbl) U Ap. [5]. NoAMmepsbl, NOAYYEHHbIE U3 BO3-
06HOBASIEMbIX PECYPCOB, B YaCTHOCTW MOAMCAXapPUAbI,
Takxe 06AaAatOT OFPOMHbBIM MOTEHLUMAAOM AASI CO3AAHUS
cUCcTeM AOCTaBKK BAaaropaps CBoen rMAPOGUABHOCTH,
BbICOKOM CTabUAbHOCTM, 6€30MacHOCTU, OTCYTCTBUIO
TOKCUMYHOCTU U BUopasnaraemocT [6B].

Llenbto HacToslen paboTbl 6bIAO MOAYUYEHWE MOAU-
MEPHbIX KOHBIOraToB, NMPOSIBAAIOLINX aHTUMUKPOOHOE
AEWNCTBUE, B KOTOPbIX aHTUOAKTEPUAAbHBIM areHTOM
ABASieTCS LedOoTakCcuM, NOAMMEPOM — COMOAMMEP Mane-
MHOBOTO aHrMAPMAA C BUHMAALLETATOM UAM OKUCAEHHDIW
Kpaxman. Bbibop B kauecTBe aHTUBMOTHKa LedoTakcMma
06yCAOBAEH TEM, UTO OH 0OAAAQET LMPOKMUM CNEKTPOM
6aKTEPULUMAHOM aKTUBHOCTU U BbICOKOM 3G DEKTUBHOCTBIO -
o1 75 po 100% npu Ha3HaY€HMUM rOCNUTAAU3UPOBAHHbBIM
nauMeHTaM ¢ MHGEKLUMAMU CPEAHEN U TAXEAON CTENEHN?.
ConoAvMepbl MaAeMHOBOrO aHIMAPUAA SABASIOTCS GU3K-
OAOTMYECKWU aKTMBHbIMU, BUOCOBMECTUMbIMMU, XOPOLLO
pacTBOPUMbIMU B BOAE, 0OAAAQIOT HU3KOW LIUTOTOKCUY-
HOCTbIO U COOCTBEHHON aHTUMUKPOOHON aKTUBHOCTbIO;
HaAMUYME @HTUAPMAHOM Fpynnbl NO3BOASIET BBOAWUTbL B
COCTaB COMOAMMEpPA AEKAPCTBEHHbIE BELLECTBA, UMEIOLLME
aMMWHO- U TUAPOKCUAbHbIE Tpynnbl [7, 8]. KoHblorauuto
AEKapCTBEHHbIX CyOCTaHUMIM C NOAKCaxaprAaMK Yalle
BCEro NPOBOAAT NOCcAe GYHKLMOHAAM3ALMK UX MAKPOMO-
AEKYA, PA3HOBUAHOCTbIO KOTOPOM ABAAETCS OKUCAEHUE
AVOABHBIX TPYNN FAKOKO3HbIX CTPYKTYp [9, 10]. Ananb-
AETUAHBIV KpaxMaa, MoAyYaeMbli NepUOAATHbIM OKMUC-
AEHUEM MOoAMCaxapuAa, NPOSBAAET aHTUOKCUAAHTHYHO
M @aHTUMWKPOOBHYO akKTUBHOCTb [11], NO3TOMY MMEHHO
AAHHbIA BUA MOAMULMPOBAHHOIO Kpaxmana bbiA BbiOpaH
HaMU AASI IOAYUYEHMSA KOHbIOTaTa.

OKCNEPUMEHTAABHAA YACTb

B pabote 1cnoAb30BaAk KOMMEPUYECKUE MPOAYKTbI:
LuedoTakCcUM B BUAE HATPUEBOM COAM (<BroxuMMK», Poccus),
MNWeHUYHbIN, KapTodeAbHbIN Kpaxman («[1AeLleeBCKUiA Kpax-
MaAbHbIV 3aBOA», Poccust), sHTapHbIM aHrnapua (Hangzhou
Keying Chem Co., Kutai). ConoaMmep CUHTE3MPOBaAK NO

1Padda I.S, Nagalli S. Cefotaxime // Ncbi.nlm.nih.gov. Pexum poctyna: https://www.ncbi.nim.nih.gov/books/NBK560653/ (aaTa

obpalteHuns: 21.05.2024).
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Puc. 1. AAHTapHbIN aHrMapuA (1), conoanmep (2), OKUCAEHHbIN Kpaxman (3), uedotakcum (4)

Fig. 1. Succinic anhydride (1), copolymer of maleic anhydride with vinyl acetate (2), oxidized starch (3), and cefotaxime (4)

cxeme, onucaHHow B pabote [12]. CTPyKTypbl MCXOAHBIX
BELLECTB NPeACTaBAEHbI Ha puc. 1.

Bo Bcex cMHTE3ax COOTHOLLEHME 3BEHA MOAMMEpPA U
uedotakcMma coctaBASIAO 1:1 MOAb/MOAb.

loAyyeHue KoHbrorata conoAmmep — uedoTakchm.
MpeaBapuTEABHO LedoTakcum B Gopme HAaTPMEBOMN COAK
nepesoavAr B H*-dpopmy, kak onucaHo B pabote [13].
Peakumto mexay conoammepom (0,1850 r) n uedotakcumom
(0,4575 r) npoBopuAaK nipu Temnepatype 50+0,5 °C B
TeueHue 2 4 B pactBope 1,4-pnokcaHa (4 MA). B kauecTtse
ocaauTenst ucnonb3oanm CH,Cl,, BbIAEAEHHbINM MPOAYKT
CYLUMAW B BaKyyMHOM CyLUMAbHOM Wwkady npu 40+1 °C
AO MOCTOSAHHOM Maccbl. AHAAOTMYHO NMPOBOAUAW PEAKLMIO
mexay 0,4595 r uedporakcuma n 0,1000 r gHTapHOro
aHrMapuaa.

MonyyeHne KoHbroraTa OKUCAEHHbIM Kpaxmana — Ledo-
TaKcum. Kpaxman OKMCASIAM 1 @aHaAU3MPOBaAK, Kak ONMcaHo
B paborte [14]. 06pa3oBaH1e aAbAETMAHOIO MPOU3BOAHOIO
MOATBEPXAEHO NOABAEHMEM B MHOpaKpacHbIx (MK) cnekTpax
XapaKTePUCTUUECKOW MOAOCHI BAAEHTHbIX KOAeDaHUI Kap-
60HMAa rpynnbl -CHO (1730 cm?), koTopas oTcyTCTBYET
B CNEKTPE MCXOAHOrO Kpaxmana. CTeneHb OKUCAEHUA B
NPOAYKTax peakLmun coctaBasira oT 69 po 80 macc.%, BbiXoa
OKMCAEHHOro Kpaxmana - oT 71 po 88 macc.% (N = 6).
K cycneHnaumn 0,1610 r OKMCAEHHOTO Kpaxmaaa B 1,5 MA
6UMAMCTUANATA NPUAMBAAK PACTBOP LiedOoTakCcMMa HaTpuUs
(0,4775 r B 1,5 MA BUAUCTUAAATA), AOBABASIAU 2 MA SIHTaP-
HO-KUCAOTHO-60paTHOro BydepHoro pacteopa (pH 5,2) 1
BblAEpXMBaAK npu Temnepatype 50+0,5 °C B TeueHue
2 y. MoAyYeHHy0 XereobpasHyto Maccy BbiCaXAanu B
aueToH K BbicylwmBaan npm 50-60 °C.

Mpu KomHaTHOM TemnepaTtype B obractu 4000-
600 cm? ¢ nomoubto Dypbe-cnekTpomeTpa Tensor 27
(Bruker, Tepmanusa) peructpuposaan WK-cnekTpobl
nopoLwKoobpasHbIXx 06pa3LLOB OKMCAEHHOTO Kpaxmaaa, ¢
nomouibto cnektpopotometpa Specord 75IR (Carl Zeiss,

lepmaHus) - B TabaeTkax B KBr. YabTpaduonetoBbie (YO)
CNEKTPbI PacTBOPOB B OUOPEAEBAHTHBIX CPEAAX PEFUCTPU-
poBaAuK Ha cnektpodoTomeTpe Helios Gamma (Thermo
Electron Corporation, CLLUA) B KBapLEBbIX KIOBETaX C
TOALLMHOW NOrAOLWAtoLWEro cA0s 1 cM, CNeKTpbl AAEPHOro
MarHUTHOro pesoHaHca (AMP) *H - Ha cnekTpomeTpe
Bruker Avance Il (Bruker, lfepmanus, 400 Mlu) B cpeae
DMSO0-dg 1 D,0.

OTHeceHWe cUrHanoB NPOTOHOB B CNEKTPE LiedoTakcHMa
NPOBOAMAM, COMOCTABASISI MOAOXKEHWE, COOTHOLLEHWNE UHTE-
rPaAbHbIX MHTEHCUBHOCTEN CUTHAAOB M PE3YALTATOB TEO-
PETUYECKOro MOAEAMPOBAHUA C NPUMEHEHUEM NakeTa
nporpamv ACDLABS?.

BbicBOHOXAEHUE LiehOTakCMMa U3 MaTPUUHOM GOPMbI
NUCCAEAOBaAM NO METOAMKE, ONUCAHHOM B pabote [14], B
oduspacTteope (pH 7,14), dochatHom bydepe (pH 7,4) n
bydepe Tpuc-HCI (pH 8,02); bydepHble pacTBOPbI FOTOBUAK
no cxemam, onMcaHHbIM B [oCyaapCTBEHHOM dapmakoneun
Poccuiickoin ®epepaunn® 1 CnpaBouHUKE BUOXMMKKA
P. AocoHa u aAp.*.

06paboTKy AaHHbIX Mpouecca BbICBOOOXAEHUS NPO-
BOAWAM C UCMOAb30BAHUEM KMHETUUYECKUX MOAEAEN NEPBOTO
nopsiaka (1) n Xuryum (2) [15]:

M

In(1-21 = i xt, @
M ”

m=kﬂx\/€! (2)

rae t — Bpemsa BbiIcBOOOXAEHMSA, U; M/M.,, - poAs Ledo-
TakcMMa, BbICBOOOAMBLUASICA B MOMEHT BPEMEHW t;
K - KUHETUYeCKast KOHCTaHTa.

CTaTMCTUUECKUI aHaAN3 PE3YALTATOB BbICBOOOXAEHUSA
NPOBOAMACSA C MNOMOLLbIO Mporpammbl  Statgraphics
Centurion 18%. MUcnonb3oBancsi OAHOGAKTOPHbLIA AMUC-
nepcuoHHbIK aHaan3 (One-Way ANOVA), ypoBEHb 3HaUK-
MOCTU 95%, KOAMYECTBO NapaAAEAbHbIX SKCMEPUMEHTOB 3.

2Bhal S. Multi-technique, vendor-neutral analytical data handling for chemists // Acdlabs.com. Pexum aoctyna: https://www.

acdlabs.com/wp-content/uploads/download/app/spectrus/appnote_spectrusproc_multitechnique.pdf

12.04.2024).

(AaTa  obpalueHusn:

3TocynapctBeHHas dapmakonen Poccuiickon ®eapepaumnn. M.: MuHsapas Poccuu, 2018. 1807 c.
4 NocoH P., 9aamoT A., InanoT Y., AxoHc K. CnpaBoyHKK Broxumuka / nep. ¢ aHra. M.: Mup, 1991. 543 c.
5 Statgraphics Centurion 18 // Statgraphics.com. Pexum poctyna: https://www.statgraphics.com/centurion-xviii (aaTa

obpalteHuns: 12.04.2024).
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OBCY)XAEHUE PE3YNAbBTATOB

CTpyKTypa 1 cOCTaB KOHbIOraToB HbIAM U3YUYEHbI C NPU-
MeHeHueM meToaa *H AMP-cneKTpoCKoNnuK, pe3yAbTaThbl
OTHECEHUWS CUrHaAOB MPOTOHOB UCXOAHOTO LiedoTakcuma u
ero (])paFMeHTOB B COCTaBe MNOAYYEHHbIX MPOAYKTOB MPEA-
CTaBAeHbI B TabA. 1.

Tabauua 1. Xrumuueckre cABurn (0) MPOTOHOB LiedoTakcnma
1 ero ¢pparMeHTa B MpoAyKTax MOAUOUKaLMU SHTAPHOTO
aHrMAPUAA M COMOANMMEPA MAaAEUMHOBOMO aHITMAPUAG

¢ BMHUAaueTatom (DMSO-dg)

Table 1. Chemical shifts (0) of protons of cefotaxime and its
fragment in products of modification of succinic anhydride
and poly(maleic anhydride-co-vinyl acetate) (DMSO-dg)

0, M.A. AnanasoH 0, M.A.
Homep H SIHTAPHbIN LedoTakcum;
(puc. 1) | uedoTakcum | aHrMAPUA - conoaumep -
uedorakcum Ledotakcum
1,3H 2,02¢ 2,03 ¢ 2,03
nepeKpbiBaHWE C CUTHAAOM BOAbI
2,2H 35854 (3,2-3,8 M.A.)
3, 3H 3,83¢c 3,88¢c 3,83¢; 3,81-3,94
4. 9H 4,69 p 4,817 4,68 p; 4,62-4,65;
’ 4,96 A 4,99 p 4,98 p; 5,02-5,05
5, 1H 5,157 5,16 A 5,14 p; 5,15-5,21
6, 1H 5,78 pa 5,83 aa 5,78 pp; 5,81-5,86
7, 1H 6,74 c 7,35 ¢ 6,74 c; -
8, 2H 7,24 c - 7,23 yuu.c; 7,29-7,38
9, 1H 9,62 p 9,71 a 9,62 p; 9,67-9,76

AR aHaAM3a NpeAnoAaraeMoro NoOAMMEPHOTO KOHb-
torata ConoAnMMep - LedoTakcum NpeABapuUTEALHO PaccMo-
TPEAU CNEKTPbI MPOAYKTa B3aMMOAENCTBUA LedoTakcuma
C HW3KOMOAEKYASIPHOW MOAEABIO 3BEHA MaAeMHOBOIO
aHrMApPUAA — SSHTaPHbIM @aHTMAPUAOM.

Ha obpa3oBaHre HOBOro COEAMHEHMSt — amMuAa Ledo-
TakcMMa - yKasblBaeT u3aMeHeHue Buaa MK-cnektpa npo-
AYKTa M0 CPaBHEHUIO C UCXOAHBIMUW peareHTamu (puc. 2).
OTHeceHHe NoAOC B creKkTpe LedoTakCrma OCAOXHAETCSH
HaAnuMeM BOAbLLOTO KOAMUYECTBA GYHKLMOHAABHBIX FPyN,
MOrAOLLAIOLLIMX B OAHKX U TEX Xe 0BAacTsaX (nepBHUYHas, BTO-
pUYHas aMUHOTPyNMbl, aMUAHAA, CAOXHOIUPHAA rpynna,
CH B apomatnueckux CTpykTypax). Tem He MeHee OTYETAUBO
BMAHbI U3MEHEHUSA B 00AACTW BaneHTHbIX konebanuii C=0: B
CneKTpe NPoAYyKTa SHTAPHOro aHrMAPHUAA C LepoTakCMOoM
OTCYTCTBYIOT XapakTePUCTUUECKME ANSI AHTUAPMAG MOAOCHI
npu 1865 1 1790 cMm™, HO NOSABAAKOTCA NOAOCHI Npn 1779,
1726 cM?, COOTBETCTBYHOLLME BKAIOUEHWIO B COCTAB NPOAYKTa
rpynnbl CH,-COOH (B cBo60AHOM 1 H-cBA3aHHOM dopme),
nepekpbIBatoLLME NMPUCYTCTBYIOLLME B CNIEKTPE LedoTakcuma
noaocbl npu 1745, 1711 cm™ (CAOXHO3GMPHAA rpynna).
Monoca vs C=0 amupa (NH-C=0) npu 1530 cm?, yxe umeto-
Lascsa B cnekTpe LedoTakcMma, CyLLeCTBEHHO yLIMPSAETCS
B CMEKTPE NPOAYKTa AHTAPHbIM aHIMAPUA — LedDOTaKCUM.

B obnacTn konebaHUM Vg_y BUA CNEKTPA Takxe n3me-
HseTcA: BMecTo nonoc npu 3460 1 3310 cv? (v NH, 1 NH) n
cepum nonoc B 06aact 3110-3000 cm? paq LedoTakcuma
BMAMM OAHY LLUMPOKYH MHTEHCUBHYIO NMOAOCY B 06AaCTH
3660-3050 cm?, ckopee Bcero, 3a CUeT HaAUuusa B3anMo-
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AHTapHbBIA aHTMAPHA —— Lledporakcum —— CyKumMHamua uedotakcuma

4000 3500 3000 2500 2000 1é00 1000 500
v, cm!
Puc. 2. UK-cneKTpbl AHTApPHOro aHrMAprAa, Ledotakcuma,
CyKUMHaMKAa LedoTakcrma (B Tabaetkax KBr)

Fig. 2. IR spectra of succinic anhydride, cefotaxime,
succinamide of cefotaxime (in KBr tablets)

AencTBua no Tuny H-ceasen mexay rpynnamu COOH aByx
MoAnekyA nan COOH 1 noasipHbIMM rpynnamMmun ¢parMeHTa
uedpoTakcuma B COCTaBE MOAEKYAbI CYKLIMHAMMAA.

C 60AbLLEN AOCTOBEPHOCTLIO 06pa3oBaH1e CyKLMHaMKUAA
LedoTakcrMa AoKa3blBatoT pedyastatbl AMP-CNeKTpocKonuu.
B AMP-cnekTpe BbIAEAEHHOT0 NMPOAYKTa NPOSIBASIETCS TPU
Habopa curHanoB: LedoTakCcMMa, BOLLEALLErO B COCTaB
CYKLMHaMKAA (cM. TabA. 1), HenpopearnpoBLUKX SHTAPHOIO
aHrMaApuAa v Ledotakcmuma.

Ob6pasoBaHWe amMupa MOATBEPXKAAETCS B MEPBYHO
oYyepepb OTCYTCTBMEM B CNEKTPE NPOAYKTA B3aMMOAEN-
CTBMS LepOoTakCUMMa C SHTapHbIM aHIMAPUAOM pe3oHaHca
NPOTOHOB aMUHOrpynbl Ledotakcnma (8) 1 cmeLeHnem
curHana 7 npotoHoB rpynnbl CH TMa30AbHOIr0O KoAbLLa Liedo-
Takcuma B obaacTb crnaboro noast — ¢ 6,74 po 7,35 m.A.
(puc. 3) Npu NOCTOSHCTBE MOAOXEHUA BCEX OCTAAbHbIX
curHanoB (1-6, 9) cBoboAHOrO LiedpoTakcrma. Kpome Toro,
B CMEKTPE NOABAAETCA YLIMPEHHBIA CUHTAET C LLEHTPOM NpK
12,53 M.A. (CM. puc. 3), HaAMuKe KOTOPOro 06yCAOBAEHO
HaAOXeHWeM pe3oHaHcoB NpoToHoB rpynn COOH Bo ¢par-
MEHTE SSHTAapPHOM KMCAOTbI U NH BTOPUUYHOM aMWHOTpynnbl
CyKUMHaMMUAQA, a TakXe MYALTUNAET Npu 2,55-2,65 M.A.,
OoTHOCAWMICA K npoToHam rpynnbl —CH,-CH,- ¢parmeHTa
AHTAPHOM KMUCAOTbI. B Lieaom paHHble *H AMP-cnekTpo-
CKOMWKW NO3BOASIOT FOBOPUTb O KOBAAEHTHOM CBSI3bIBaHWUU
AHTAPHOTO @aHrMAPUAA U LedoTaKCcHMa; KOAMYECTBO 0bpa-
30BaBLUErocs ammaa coctaBmnao ~ 55 macc.%.

AAS NPOAYKTa B3aMMOAEWCTBUS AHTAPHOIO aHrMAPMAA
C LedOTaKCUMOM XapaKTEPHO CyLLECTBEHHOE U3MEHEHUE
BMAa YD-cnekTpa B 06AacT 250-320 HM Mo CpaBHEHUIO
CO CMEKTPOM AEKapCTBEHHOrO BellecTBa (puc. 4), uto
AOMOAHUTEABHO MOATBEPXAAET 00pa30BaHNe CyKLUMHAMMUAA.

B *H AAMP-cnekTpe npoAykTa MOAUGUKALIMK COMOAUMEPA
AHTUOMOTUKOM TaKXe MPOSIBAAIOTCS TPWU PAa3HOBMAHOCTH
CUrHaAOB. B nepBoW rpynne OHW MOAHOCTBIO COBNAaAatoT no
MYABMAETHOCTU M MOAOXEHUIO, @ TaKXXe N0 COOTHOLLEHWIO
WMHTEHCMBHOCTEN C cMrHaAnaMmn 1-9 NPOTOHOB MCXOAHOTO
LepoTakcuMma; BO BTOPOK rpynne - ¢ CUrHanamu NpPOTOHOB
conoAMmepa. B TpeTbto rpynny BXOASIT MAAOUHTEHCHBHbIE
YLWMPEHHbIE CUTHAAbI, HAXOASILLIMECA PAAOM C CUTHAAAMMU
MCXOAHOrO LedoTakcnma (puc. 3). MoXHO noAaratb, UTo
OHM OTHOCATCA K NPOTOHAaM MOAEKYA LiedaTOKCMMa, HEKO-
BaAEHTHO CBA3aHHOIO C COMOAMMEPOM (CM. TabA. 1).
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9 7 DMSO
| kLT

MA 128 124 9,6 9,2 8,8 84 8,0 76 72 6,8 2,8 2,4

Puc. 3. ®parmeHtbl *H AMP-crnektpa uedpotakcuma (a)

M NPOAYKTOB €ro B3aMMOAEMCTBUA C SIHTAPHbIM aHrMapraom (b),
conoanmepom (c) (DMSO-dg)

Fig. 3. Fragment of *H NMR spectrum of cefotaxime (a)

and products of its interaction with succinic anhydride (b),
and poly(maleic anhydride-co-vinyl acetate) (c) (DMSO-dg)

A

1,5

Lledorakcmum

1 OKWUCAEHHBIN Kpaxman

—— Cwmecb uedoTakcuma

1 OKMCAEHHOTO Kpaxmana
KOHbBIOraT OKMCAEHHbIN Kpaxman —
uedpotakcum

CyKumMHaMuA Ledpotakcnuma

05

200 250 300

Puc. 4. DAeKTPOHHbIE CNEKTPbI PACTBOPOB LedoTakcnma,
OKMCAEHHOrO Kpaxmana, CMecH LepoTakcuma U OKUCAEHHOTo
KpaxmMana, KOHblorata OKUCAEHHbIN Kpaxman — LuedoTtakcum,
cyKUMHaMuaa Ledpotakcuma B pochatHom bydepe (pH 7,4)
(uedotakcum, Monb/A — 1,25%x10%; OKUCAEHHbIN Kpaxman,
OCHOBO-MOAb/A - 2,5%x10%)

Fig. 4. Electronic spectra of cefotaxime solutions, oxidized
wheat starch, mixture of cefotaxime and oxidized starch,
oxidized starch-cefotaxime conjugate, and succinamide

of cefotaxime in a phosphate buffer (pH 7.4)

(cefotaxime, mol/I - 1,25x10%; oxidized wheat starch,
base-mol/I - 2,5x10%)

Taknm 06pa3oM, B3aMMOAENCTBUE MEXAY LehOTakCUMOM
N COMOAMMEPOM MaAEUHOBOIO aHTMAPUAA, B OTAUYME OT
€ro HU3KOMOAEKYAAPHOW MOAEAU — STHTAPHOIO aHIMAPUAA,
NnpoTeKaeT He ¢ 06pa3oBaHNeEM aMWAHOM CBSI3W MO 3BEHY
MAaAEMHOBOIO aHTMAPUAA, 8, MPEANOADKMUTEABHO, KaK BKALO-
YeHWe AeKapCTBEHHOIO BELLLECTBA B MOAVMMEPHYHO MaTpuLy
3a CUYEeT KOMMNAEKCO0bpa3oBaHWA C yYacTUeEM aMUHO- U
KapOOKCUABHbIX Fpynn LedoTakcMMa (Ha UTO yKasblBaeT
Haanure B AMP criekTpe CUrHaAOB NPOTOHOB AaHHbIX rpynn).

MpeaBapuUTEABHBINM pacuyeT metopomM AM1 nokasaa,
4yTo peakuusa uedoTakcMma CO 3BEHOM MaAeMHOBOIO
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aHrMApMAa B COOTHOLWEHUN 1:1 HeBO3MOXHa M3-3a Npo-
CTPAHCTBEHHbIX 3aTPYAHEHWIN: MOAEKYAA LedoTakcuma
3HAUMTEABHO BOABLLIE 3BEHA COMOAMMEPA, LieMb CONOAUMEPA
He AMHEelNHa, UMeeT HOAbLLOE KOAMYECTBO KUCAOPOACOAEP-
XaLLMX rpynn B 3BEHbAX KAK MAAEMHOBOIO aHIMAPUAA, Tak
1 BUHWAALETaTa. BeaeacTBHE 0COOEHHOCTEN KOHOUIYpaLMK
MOAEKYAbI LiedpOTakcMMma 3HepreTuyeckn bonee npeamnou-
TUTEABHBIM IBASIETCA HE MOAXOA CO CTOPOHbI @MUHOIPYNMbI
LedpoTakcUma K 3BEHY MAaAEMHOBOIO aHrMapuAa, Heobxo-
AMMOMY AAS 06pa30BaHKWA aMUAHOW CBA3K, @ B3aUMOAEN-
cTBME No TMny H-cBA3K € y4acTMEM HECKOAbKMX aToMoB H
uedortakcuma ¢ rpynnamu C=0 3BEHLEB BUHUAALETATA U
MaAEMHOBOIO aHrMAprAa.

KoAMYeCcTBO NPOAYKTa, BEIAEAEHHOIO MOCAE peaKkunm
conoAMmMepa ¢ LueporakcMmMom, CoctaBuAO ~ 5 Macc.%.
HW3kuni BbIxoA U pedyabTaTbl AMP-cneKkTpockonuu noka-
3bIBAtOT, YTO NPAMOE aMUAMPOBaHWE CONOAMMEPA ABASETCA
HeadHEKTUBHBIM CMNOCOOOM MOAYUYEHWUA aHTUMUKPOOHOIO
KOHbtorata. AAA NOBbIWEHWUA PE3YALTATUBHOCTU HEOD-
XOAMMO NPOBOAWTL akTuBaumto rpynnbl COOH (Hanpumep,
KapboAMMMUAOM [16]), UTO YCAOXKHAET MNPOLECC CUHTE3A
1 AenaeT ero 6oaee AOPOroCTOALLMM U HEIKOAOTUYHbIM.
C yueTom aTmx 06CTOATEABCTB AGAEE UCCAEAOBAHMA KOHb-
torata ueporakcmma He NPOBOAUAUCH.

B*H AMP-cneKkTpe NpoAyKTa B3aMMOAENCTBMS Ledo-
TaKCMMa C OKUCAEHHbBIM MWEHWUYHBIM KPaXMaAOM MOATBEPX-
AEHWEM BXOXAEHMA LuedoTakCcuMa B COCTaB noAMmepa
ABAsieTcs 6oaee Wupokas dopmMa CUrHaAOB MPOTOHOB
CBA3AHHOMO ¢ MaTpuuen LedoTakcrma No CPaBHEHMWIO
C CMrHaAaMu MpPOTOHOB HeMnpopearMpoBaBLLEro AeKap-
CTBEHHOro BellecTBa. PaHee metopom UK-cnekTpockonuu
6bIAO MOKa3aHO, YTO O NMPUCOEAMHEHUMU LedOoTakCMMa K
MaTpULLE OKUCAEHHOIO KpaxMana CBMAETEABCTBYET U3Me-
HeHne GOopPMbl, YILMPEHUE U CMELLLEHWE NMOAOC N FPYMN
COOH n C=0 B-rakTamMHOro KoAbLa aHTMbMoTMKa (¢ 1630
A0 1600 cm™ n ¢ 1745 po 1760 cM™ cOOTBETCTBEHHO);
3HAYUTEABHOE YMEHbLLEHWE MHTEHCUBHOCTH Nonockl COH
rpynmnbl OKUCAEHHOTO Kpaxmaaa (1730 cm™) [14]. AocTaTouHo
AOKa3aTeNbHbIMU ABASIOTCA TaKXe pe3yabraTbl YO-cnek-
Tpockomnuu (cM. puc. 4). U3yueHne aneKTPOHHbIX CNEKTPOB
MCXOAHbIX BELLECTB U MPOAYKTa NOKA3aA0, YTO OKUCAEHHBI
Kpaxmana Becbma crabo noraowaet B YP-ob6aacTH, CnekTpsbl
LedoTakcrma 1 ero CMecu ¢ OKUCAEHHbIM MOAUCAXapPUAOM
NPaKTUYECKM HAaKAaAbIBAKOTCA APYT Ha Apyra, TOrAa Kak
MOrAOLLLEHME KOHBbIOrata MeHee MHTEHCUMBHO, NPWU 3TOM
BWA €ro CrneKTpa OTAMYaEeTCA OT UCXOAHbIX. Habatopaemas
KapTMHa aHaAOrMYHa MOAYYEHHOM AAS CMEKTPOB KOHb-
torata uedortakcnuma ¢ kaptodenbHbIM Kpaxmanom [14],
UTO BMOAHE OXMAAEMO U B 060MX CAyUasiX CBUAETEALCTBYET
0 NPUCOEAMHEHUN LedOTaKCMMa K NOAMMEPHON MaTpuLE,
XOTS U B Pa3HbIX COOTHOLLEHUSAX.

AAsi pacueTa KOAMYECTBA AeKapPCTBEHHOMO BELLECTBA,
BOLLEALLErO B COCTaB NOAMMEPHOM Lienu, bbina M3yyeHa
3aBMCUMOCTb ONTUUYECKOW NMAOTHOCTM A NMPU AAUHE BOAHbI
234 HM OT KoHUEeHTpauuu Ledotakcuma [LIOT], B pesyasTate
aHaAM3a KOTOPOW MOAYUMAM KAaAMBPOBOYHOE ypaBHEHWE
C BbICOKMM KO3OOULMEHTOM KOPPEALMn R?:

A =18180x[J®T] + 0,0164; R? = 0,9998.

CornacHo pesyAbTaTaM MOAOMETPUUYECKOTO TUTPOBAHMSA U
1H AMP-cnekTpockonuu, MOAbHOE COOTHOLLEHNE MCXOAHbBIX
FAFOKO3UAHbIX 3BEHbEB Kpaxmana, AMaAbAETMAHBIX HEMPO-
pearMpoBaBLUMX U CBA3AHHbIX C LehOTaKCMMOM a3oMe-
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TMHOBOW CBA3bto, cocTaBAsieT 0,204:0,606:0,19. Ucxoan
M3 AAHHbIX O COCTaBe KOHblOraTta, ero KOHLEHTpaLm1 B
pacTBope (paccunTaHHOM NO Macce HaBECKM) U BEAUUMHE
ONTUYECKOM NAOTHOCTU C YYETOM NPUBEAEHHOTO KaAMbpo-
BOUYHOIO YpaBHEHWSI YCTAHOBAEHO, YTO B 3TOM MPOAYKTE
COAEPXMTCH Kak KOHBIOTMPOBAHHbIN (CBA3AHHbIN), Tak
M acCoLMMPOBaHHbIN LePOTAaKCUM B COOTHOLLIEHUM 2:1.
BbIX0A KOHBlOraTa OKUCAEHHbIV Kpaxman — LedoTakcum
AOCTATOYHO BbICOKUI - 67 Macc.%, 4TO MO3BOASIET FTOBOPUTh
06 3pPEKTUBHOCTUN MPOBEAEHHOTO CMHTE3A.

B panbHeriwiem metopoM YO-CneKTpocKonumn nayyanm
BbICBOOOXAEHUE LedoTakcuma in vitro. MNpu aTom oka-
3aA0Cb, YTO CYKLMHAMUA LepoTakcMma BECbMa YCTOMUMB:
ero YO-cnekTp npu BblAepXKe B cpepe pocdaTtHoro bydepa
B TEYEHMWE CYTOK HE U3MEHSIETCS, UTO YKa3blBAET Ha OTCYT-
CTBWE TMAPOAN3a aMUAHOW CBA3MK.

PesyabTaTbl Bbix0Aa LiedpoTakcMma M3 NoAMCaxapuAHOM
MaTprUuHOM GOPMbI C yYETOM BblUYeTa XMMUUYECKHM HE CBS-
3aHHOTO C MOAMMEPHOM LIEMNbO AEKAPCTBEHHOTO BELWECTBA
WUAAKOCTPUPYET pUC. 5. Kak MOXHO BWAETb, BblAEAEHWE
uedoTakcMma BO Bcex BopeAneBaHTHbIX Cpepax UMeeT
HEAMHEVHbIN XapaKTep; MOXHO BbIAEAUTb ABE da3sbl 3TOr0
npouecca: bbICTPYH, NPOAOAXKUTEABHOCTBIO 1-2 U, 1 MeA-
AEHHYI0, MPUBAMXKAIOLLYIOCA K PaBHOBECHOM. B LieAnouHom
cpeae (bocdatHbil bydep, bydep Tpuc-HCI) Ha nepBoi
CTapMM B pactBop nepexoauT 6onee 70 macc.% uedo-
Takcuma, B dpudpactBope - ~ 35 macc.%, BTopas cTaaus
NMPOUCXOAWT C TOPa3A0 MEHbLLIEN CKOPOCTbIO, MPU 3TOM
yepe3s 10 4 BO BceX CpeAax KOAMUECTBO BbICBOOOAUBLLErOCS
AEKaAPCTBEHHOTrO BeLLECTBa AOCTUraeT npaktnyeckn 100%.
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Puc. 5. Mpoduran BbICBOBOXAEHUSA LiedoTakcma
13 NOAMCaxapMAHOM MaTpULbI

Fig. 5. Release profiles of cefotaxime
from the polysaccharide matrix

MoArMep B NpoLecce BbICBOHOXAEHMSA LiedpoTakcuma
nocTeneHHo HabyxaeT U HAXOAUTCSI B TaKOM COCTOSIHUM B
TeueHue HabAtopaemoro neproaa (10 u); NoAHoe pacTBo-
peHne NnoAMcaxapuaa NPOUCXOAUT MO UCTEYEHUU HEAEAU
BbIAEPXKM B MOAEABHOW CPEAE, MPU 3TOM paspbiBa NOAU-
MEpPHOM Lienun He NPOUCXOAUT. 06 3TOM CBUMAETEALCTBYET
H AMP-cnekTp KOHbIOrata OKUCAEHHbIN KpaxmMan — Ledo-

TaKCUM, 3anncaHHbIM NOCAE ero AAMTEAbHOM (7-10 AHEN)
BbIAEPXKKU B Boae. B obaactn 3,2-5,5 M.A., B KOTOPOM
NPOABASIOTCS XMMUUYECKME CABUIM MPOTOHOB aHIMAPOTAO-
KO3HOr0 3BEHa AMAAbAETMAHOM GOpPMbl Kpaxmana [17, 18],
06HapyXM1BAOTCA YLUMPEHHbIE CUTHAABI (BbIAEAEHbI NMYH-
KTMPOM Ha puc. 6). OTCyTCTBUE XapaKTEPHbIX AAS MOHO-
N AMCaxapUAOB Y3KMX CUFHAAOB, Hanpumep AYOAETHbIX
M TPUNAETHbIX PE30HAHCOB B 06AacTn ~ 5,4 u 3,4 M.A.
COOTBETCTBEHHO®, MOATBEPXASET BbICOKOMOAEKYAAPHYIO
npupoAy BellecTsa.

56 52 4,4 4,0 3,6 32 ma

Puc. 6. ®parmeHTbl 'H AMP-cnekTpa koHblorata
OKMCMEeHHbIV Kpaxman — uedoTtakcum (D,0)

Fig. 6. Fragments of '"H NMR spectrum of the oxidized
starch — cefotaxime conjugate (D,0O)

M3BECTHO, UYTO B KOHDBKOTMPOBAHHbIX MOAMMEPHbIX
cuUCTEMAX AOCTaBKM BbICBODOXAEHME AEeKapPCTBEHHbIX
CPEACTB BKAKOUAET 3Tarbl pa3pbiBa KOBAAEHTHbIX CBA3EN
1 AddY3nM CBOBOAHO ABUXKYLLIMXCS YACTULL AEKAPCTBEHHOTO
BellecTBa [19]. 06paboTka aKCNePUMEHTAAbHbIX AGHHbIX B
KOOpAMHaTax ypaBHEHWI NepPBOro Nopsaka v Xmuryuum noa-
TBEPXAAET ABYXCTAAWMMHBIA XapakTep BbICBOOOXAEHUS
uedoTakcuma 13 KoHbtorata (puc. 7). Ha nepson ctapmu
BbICBOOOXAEHMSA MOAEAL XWTYUK, KOTOpas ONMCbiBaeT AUGD-
dY3MOHHbBIN XapaKTep TPaHcNopTa BLIAGAEHHOTO U3 MaTpULbI
BellecTBa [20], AeMOHCTPUPYET TaKYHO XXE XOPOLLYHO KOp-
PEASILMIO, KaK 1 MOAEAb NePBOro nopsiaka (Taba. 2). 3To
rOBOPUT O BKAGAE B MPOLIECC Kak rTMAPOAN3a a30METUHOBOW
CBSI3U, TaK U AU dY3UK BbICBOOOAMBLLIEFOCSH LiepOoTaKcHMa.

KoHcTaHTbl 060U1X NpoLeccoB bbiCTpor cTaann kq 1 Kk,
NPOMNOPUMOHAABHO YBEAMUYMBALOTCA C POCTOM pH (k0ad-
durumeHT koppeasumnmn 0,95 n 0,81 COOTBETCTBEHHO). 3TO
MO3BOAAET MPEANOAOXUTb, YTO AMMUTUPYHOLLLYO POAb Ha
paccmaTtpMBaeMoOM 3Tane WMrpaeT He MacConepeHoc
uedoTakcuma, a ero OTLLEeNAEHWE OT MOAUMEPHON Lenu
B pe3yAbTaTe pacnapa KOBAAEHTHbIX CBSA3EW, KOTOPbIN
KaTaAM3MPYETCS TMAPOKCUABHBLIMM FpynnamMmu.

Mpouncxoasllee panee peskoe NOHUXKEHME CKOPOCTU
BbICBOOOXAEHWS, 0OUEBUAHO, CBSI3AHO C YMEHbLUEHWEM KaK
KOAMYECTBa MAPOAUIYIOLLMXCA TPYNM, Tak U MOABUXHOCTH
MOAEKYA HU3KOMOAEKYASIPHOTO BellecTsa. 06 3ToM cBuAe-
TeAbCTBYET CHUXEHWE B 2,8-5,5 pa3a 3HaUeHUI KOHCTaHTbI
nepBoro nopsiaka (k'y B TabA. 2) U CHUXEHUE KOIGDULIMEHTA
KOPPEAAILIMM AASI MOAEAM XUTYUM (CM. TabA. 2) COOTBETCTBEHHO.
AAS1 3TOM CTapAMM Takke HanAeHa AMHerHasa 3aBUCUMOCTb
k', oT pH (R? 0,94) npu oTCyTCTBMMU NOAOOHOM KOPPEAaLMK
AASL Ky, UTO YKa3blBaeT Ha OCHOBHYH POAb TMAPOAM3a a30-
METMHOBOM CBSI3W Ha NMPOTSHXXEHUM BCErO Npouecca.

CyMMUPYSA BblLLEU3NOXEHHOE, Mbl MPEANOAAraem cae-
AYHOLIUIA MeXaHW3M BbICBOOOXAEHUA LedoTakcuma 13

6 Toykau ®. Cnekrtpockonua AMP B UcCAeAOBaHWUM MPUPOAHBIX YIAEBOAOB. MAAKOCTPATUBHbIE MaTepuanbl K 0630pHON AEKLMK //
Toukach.ru. Pexum poctyna: http://toukach.ru/rus/nmrglyco.htm (aata ob6paiieHus: 12.06.2024).
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Puc. 7. KuHeTMuyeckre KpuBble BbICBOOOXAEHMA LedOTakCUMa U3 KOHbOraTa OKUCAEHHbIN Kpaxman — LepoTakcum,
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Fig. 7. Kinetic curves approximation of cefotaxime release from the oxidized starch - cefotaxime conjugate

using mathematical models of first-order (a) and Higuchi (b)

Tabauua 2. Matematnueckoe onucaHune npoduAei BbICBOBOXAEHUS LedOTakCMMa U3 KOHbloraTa

OKMCAEHHbIV KpaxMan — LedoTakCUm

Table 2. Mathematical description of the release profiles of cefotaxime from the oxidized starch - cefotaxime conjugate

KuHeTnueckasa MoAeNb pH 7,14 pH 7,4 pH 8,02
ti, u 0-1 0-4 0-1
My/M., 0-0,34 0-0,96 0-0,72
Ky, ut 0,39+0,04 0,83+0,06 1,27+0,02
MepBoro nopsipka R? 0,980 0,979 0,999
(ypaBHeHue (1)) to, u 1-5 4-9,5 1-10
My/M., 0,34-0,61 0,96-0,99 0,72-0,99
Ky, ut 0,14+0,03 0,15+0,03 0,33+0,06
R2 0,961 0,873 0,945
ti, v 0-10 0-2 0-1
My/M., 0-0,96 0-0,87 0-0,72
Ky, u*/? 0,30+0,02 0,59+0,07 0,72+0,04
Xuryuu R? 0,985 0,971 0,992
(ypaBHeHue (2)) to, 4 2-9,5 1-10
My/M., 0,87-0,99 0,72-0,99
Ky, w2 h 0,07+0,02 0,11+0,02
R2 0,752 0,937
€ro KoHbtorata ¢ OKMCAEHHbIM KpaxmaAoMm. B pesyabtate 3AKAKOYEHUE

KOHTaKTa KOHbtorata ¢ 6GMoOpeneBaHTHON CPeAOM Npouc-
XOAWT TMAPOAK3 @30METHHOBOM CBA3M B 3BEHBAX KPaxmana,
HaxOAfALLMXCA Ha NOBEPXHOCTH MaKpPOUYaCTULLbl MOPOLLIKa
KOHblOraTa; obpasoBaBlUMECS CBOOOAHbIE MOAEKYAbI
LedoTakcMMa HauMHatoT AuddyHAMPOBATL B 06bEM pac-
TBOpa. Yepes HekoTopoe BpeMs, OTBEYatOLLEE NEPEAOMY
Ha KMHETUUYECKUX KPUBBIX, HabyxaHWe U pacTBOpeHue
noAMMepa NPUBOAMUT K NOBBbILLEHUIO BASKOCTU pacTBopa
BOKPYT YaCTULLbl KOHblOraTa U, Kak CAEACTBUE, 3aTPyA-
HEeHWIO AocTyna K Hemy uMoHoB OH-, yyacTBylOLMX B
TMAPOAM3E KOBAAEHTHbIX CBA3EN OKUCAEHHOTO Kpaxmana -
uedoTtakcuma. MNpoTekaHne 3TUX NPOLLECCOB CHUXAaET
MacconepeHoc LuedoTakcuma ¢ NOBEPXHOCTHOIO CAOSA
MaTpuLbl. B LEAOM TaKyto KMHETUKY BbICBOOOXAEHUS
MOXHO Ha3BaTb CMELLUAHHOW U OTHECTU €€ K peakuun
nceBAONEPBOro NOPSAAKE, OCAOXKHEHHOW BKAAAOM AWG-
®Y3MOHHBIX NPOLLECCOB.

PesyAbTaThl NPOBEAEHHOTO UCCAEAOBAHMUS MOKA3bIBaLOT,
YTO peaKkUusi B pacTBope MexXAyY LiedOTakCUMOM 1 COoMo-
AMMEPOM MaAEMHOBOTO aHTMAPUAA HE MPUBOAMT K MOAY-
YEHUIO aHTUMUKPOOHOTO KOHblorata. MatpuuHaa dopma
LuedatokcMma, B KOTOPOM MOAMMEPOM-HOCUTEAEM SIBASIETCS
6uopasnaraemblii NPUPOAHbBIV MOAUCAXaPUA, MOXET pac-
CMaTpMBaTbCS KaK MOTEHLMAaAbHAA CUCTEMA AOCTaBKM
aHTMONOTUKA C NMPOAOHTMPOBAHHbBIM BbICBOOOXAEHUEM.
BbiaeneHUe LedoTakcMa U3 KOHbOrata NPOUCXOAMT 3a
CU€eT TMAPOAM3a a30METUHOBOW CBSI3W, CBSI3bIBAOLLEN
AHTUBMOTUK C AMAABAETMAOM Kpaxmana, OAHAKO TakXe
3aBUCUT OT rpaanreHTa Anddy3nn AeKapCTBEHHOTO BeLLecTBa
C NOBEPXHOCTM NOAMMEpPA B pacTBop. BbicBobOXAEHUE
NPOTEKAET C BbICOKON CKOPOCTHIO AO TEX NMOP, NOKa Ha HEro
He HauMHaEeT okasbiBaTb TOPMO3SILLEE AEMCTBUE HabyxaHue
M pacTBopeHue MaTpulbl. KMHETUKA BbICBOOOXAEHMSA
OMUCbIBAETCA peakLUMen NCeBAONEPBOro MOPSAKA.
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AMYAbCUOHHbIE MUKPO- U HAHOKAINCYAbl B CUCTEME
KOHLLeHTPAT AaKTOTA006yAMHA / NEKTUH € 3PUPHBIM
MacAOM AaBaHAbI Lavandula angustifolia,
CTabUAU3MpPOBaAHHDbIE YABTPA3BYKOM
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AHHoOTaumA. B nocreAHUE roabl CTPEMUTEABHO PACTET UHTEPEC K MPUMEHEHUIO BUOAKTUBHbIX COEAMHEHMM, BbIAGAEHHbIX
M3 PacTUTEAbHbIX UICTOYHMKOB, B KAYECTBE UHIPEANEHTOB AASI QYHKLIMOHAABbHbIX MULLIEBbIX MPOAYKTOB U papMaLeB-
TUYECKMX NMpenapaToB. M3BECTHO, YTO NuiLieBast MaTpuLa, pa3mMep MOAEKYAbI, BHELLIHUE paKTOPbl U CPEAA XEAYAOY-
HO-KMLLIEYHOro TpakTa MOryT npensiTcTBoBaTb GUMOAOCTYNHOCTU M abcopbumm 3Tnx GUOAKTUBHbLIX COEAMHEHWI B
opraHuame. 3alumTa AaHHbIX COEAMHEHMI C MOMOLLIbIO TEXHOAOMMU HAaHOMHKAMCYASILMM MOXET NMOBbICUTb MX CTabUAb-
HocTb. lpeacTaBAeHHasa paboTa NocBsALLEeHa UCCAEAOBAHMIO MPUMEHEHUS CUCTEMbI AOCTABKU Ha OCHOBE 3MYAbCU-
OHHbIX MUKPO- U HAHOKAMNCYA AASI 3aLLUNTbI OMOAKTUBHbIX COEAMHEHUI (SPUPHBIX MACEA) M U3YUEHMIO YABTPA3BYKOBOIO
BAMSIHUSI PA3AMYHOM aMAUTYAbI Ha CTaOUAbHOCTb AMYAbCUOHHbIX MUKPOKAaMNCyA B CUCTEME BEAOK / MEKTHH C 3PUPHBIM
MacAOM. BbiAn BbIYUCAEHBI: COEAHMH pa3Mep NMoAyYeHHbIX MUKPOKAICYA, A3ETa-MOTEHLMAA, YAEAbHAS MTOBEPXHOCTb
4acTuL M BA3KOCTb AMCIIEPCHOMN CUCTEMBI. [T0Ka3aHo, UTo AENCTBUE YAbTPA3BYKa MHULIMMPYET 06pa3oBaHMe NEKTU-
HOBOI0 CAOSI C Pa3HOoM MAOTHOCTbIO 3apsiaa Ha MOBEPXHOCTH YaCTHL, SMYAbCUM B 3@aBUCUMOCTH OT MPUAOXKEHHOM CHAbI
YAbTPa3ByKa. HariaeHO onTuMaAbHOE 3HauYeHMe aMiAUTYAbl YAbTPA3BYyKa, CocobCTBYOLLEE GOPMUPOBAHMIO YACTHL]
CO CPEAHUM Pa3MepOM M C BbICOKOM YAEAbHOM MOBEPXHOCTbIO 32967 cM? Ha 1 MA aMYyAbCHM. [IOAYYEHHbIE HAHO- 1
MUKPOYaCTHULbI C 3PUPHBLIM MACAOM MOKa3aAM XOPOLLYH aHTUMUKPOOHYH, aHTUIPUOKOBYH M aHTUBUPYCHYH aKTUB-
HOCTb. Pa3paboTaHHbIE CUCTEMbI AOCTABKM Ha OCHOBE MMULLIEBLIX BUOMOAMMEPOB C BbiIIBAEHHbIMU XapaKTepucTukamm
BIMOAHE MOryT COOTBETCTBOBATL TPEOOBAHUAIM PbiHKA aHTHbaKTepraAbHbIX NpenapaToB 1 HaNTH CBOE MPUMEHEHUE
B 06AacTU co3AaHMA GYHKLMOHAAbHbIX MPOAYKTOB.

KaroueBble cAoBa: HaHO- M MUKPOIMYAbCHS, 3PUPHOE MAaCAO, MEKTHUH, KOHLIEHTPAT AGKTOrA06yAMHa, YAbTPA3BYK,
pasmep yactul

Ana uutupoBanus: Anvesa LU.P., Koanposa A., Leposa 3.Y., YemaHoBa C.P., MyxnanHoB 3.K. SMyAbCHOHHbIE MUKPO-
M HAHOKAanMCyAbl B CUCTEME KOHLIEHTPAT AAKTOTAOBYAMHA / NEKTUH ¢ 3OUPHBIM MAcAOM AaBaHAbI Lavandula angustifolia,
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C. 482-494. DOI: 10.21285/achb.944. EDN: FQLQAT.
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Emulsion micro- and nanocapsules of the lactoglobulin
concentrate / pectin system with essential oil
of Lavandula angustifolia stabilized by ultrasound
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Abstract. Recent years have seen a rapidly growing interest in the use of plant-isolated bioactive compounds as
ingredients in functional food and pharmaceuticals. It is known that food matrix, molecular size, external factors, and
gastrointestinal environment can interfere with the bioavailability and absorption of such bioactive compounds in
the body. The protection of specified compounds via nanoencapsulation technology can improve their stability. The
present work is aimed at studying the application of a delivery system based on emulsion micro- and nanocapsules
in the protection of bioactive compounds (essential oils), as well as examining the effect of ultrasound of different
amplitudes on the stability of emulsion microcapsules in the protein/pectin system with essential oil. The following
parameters were determined: average size of obtained microcapsules, zeta potential, specific surface area of the
particles, and viscosity of the disperse system. Ultrasound is shown to initiate the formation of a pectin layer, with
the charge density varying on the surface of emulsion particles depending on the applied ultrasonic force. The article
presents the optimal ultrasound amplitude for the formation of medium-sized particles having a high specific surface
area of 32967 cm? per 1 mL of the emulsion. The obtained nano- and microparticles with essential oil exhibit good
antimicrobial, antifungal, and antiviral activities. The developed delivery systems based on food biopolymers with
identified characteristics may well meet the requirements of the antibacterial drugs market and find their application
in the field of functional food development.

Keywords: nano- and microemulsion, essential oil, pectin, lactoglobulin concentrate, ultrasound, particle size

For citation: Alieva Sh.R., Qodirova G.A., Sherova Z.U., Usmanova S.R., Muhidinov Z.K. Emulsion micro- and nanocap-
sules of the lactoglobulin concentrate / pectin system with essential oil of Lavandula angustifolia stabilized by
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BBEAEHUE

B HacToslLee BpeMsa UCCAEAOBATEAU COCPEAOTOUEHDI
Ha BaXHOCTM BUOAKTUBHbIX COEAMHEHUI MPUPOAHOTO NPOo-
UCXOXAEHUSA, KOTOpblE NPEACTaBASAIOT COO0M BTOPUYUHBIE
MeTaGOAMTbI, MOAyYEHHbIE U3 CEMAH, MPOAYKTOB NUTAHUA U
NPOAYKTOB MeTaboAM3Ma Ha OCHOBE depMeHTaLuun. Pactet
MHTEPEC K UCMOAb30BaHWIO BUOAKTUBHbBIX KOMMOHEHTOB,
BbIAEAEHHbIX U3 PACTUTEAbHbIX UCTOUHMKOB, B KAuecTBe
MHIPEAMEHTOB AAA GYHKLIMOHAABHBIX MULLEBbIX MPOAYKTOB U1
dapmaLeBTMYEeCKMX NpenapaTos [1-3]. YTBepxaaeTcs, uto
MHOIMe U3 aTnX BUOaKTUBHbIX (])VITOXVIMVILIGCKVIX BELLECTB
Cnoco6CTBYOT 3A0POBbLIO M BAGrONOAYUMO YUEAOBEKA, YAYULLIAS
ero GU3nUYECKyo UAU YMCTBEHHYIO paboTocnocobHOCTb.
Kpome TOro, OHM XOPOLLO WM3BECTHbI CBOMM LLUMPOKUM
CMEKTPOM MOAE3HbIX AEUCTBUI, BKAHOUAS aHTUOKCUMAGHTHOE,
NPOTMBOBOCMNAAUTEABHOE, aHTUMUKPOOHOE, MPOTUBOPa-
KOBO€, MPOTUBOBUPYCHOE U PaHO3aXUBAAOLLEE, MOTOMY
MOTYT CTaTb KOMNOHEHTaMKN (])YHKU,VIOHa/\beIX MULLLEBBLIX
pobaBok [1-6].

B 10 Xe BpemMa MHOrme 6MoaKTUBHbIE COEAMHEHUN
HEepacTBOPKMbI B BOAE U OYEHb YyBCTBUTEAbHbI K pas-

https://vuzbiochemi.elpub.ru/jour

AMYHBIM CTPECCOBbIM daKTopam OKpY>XatoLeW CpeAbl,
BO3AEMCTBYIOLLMM Ha HUX BO Bpems 06paboTku U xpa-
HEHUS MULLEBbIX MPOAYKTOB, TaKUM Kak TEMAO, CBET W
KMCAOPOA BO3AYXA, UTO OrPaHUYMBaET UX NPUMEHEHUE B
KauecTBe HyTpreHToB. OTMeuvaeTcs, YTo AEMCTBUE YKa-
3aHHbIX GaKTOPOB M CBA3b C XXEAYAOUHO-KULLEYHON CPEAOM
MOTYT NPenaTcTBoBaTbh 6BUOAOCTYNHOCTH M abCOPOLMM ITHUX
6MOaKTUBHbIX COEAMHEHUI B CUCTEMAX KAETOK-XO3AEB U
Ha NMOBPEXAEHHbIX yYacTKax opraHuama [3, 7-9].
Kpowme Toro, cyliectByeT MHOXECTBO NpobAaeM, CBS-
3aHHbIX C pa3paboTKoW HOBbIX M Bonee 3PDEKTUBHBIX
OYHKLMOHAABHBIX MULLEBbLIX MPOAYKTOB, 060rallleHHbIX
UMCTbIMU BUOAOTUUYECKM aKTUBHBIMWM COEAMHEHUAMMU B B1O-
AOTMYECKMX COCTaBaX, 13-3a MX 0COObIX XapaKTEPUCTHK, TO
€CTb MAOXOM BMOAOCTYMHOCTH, HEMPUATHOTO BKYCa, MAOXOM
PacTBOPUMOCTH, CAAOOM GUINUECKON U XMMUUECKON CTa-
BUABHOCTH, 0BHapyXMBatoLLENCA NPy 06pabOoTKe U XpaHEHWUM
MULLEBLIX MPOAYKTOB. AASI MPEOAOAEHUST 3TUX NPOBAEM
CYLLECTBYIOT HOBbIE CUCTEMbI MHKAMNCYASILLMM M AOCTABKM
C UCMOAb30BaHWEM AUMUAHBIX 060AOUYEK, IMYABCUOHHbIE
HaHO- U MUKPOKamNCyAbl Ha OCHOBE BMOMNOAMEPOB W GU3K-
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YecKre METOAbI, HanpumMep pacnbiAUTEAbHANA CYLUMAKA,
INEKTPONPSAAEHME (BAEKTPOCTINHUHT) [3, 10-13].

B yka3aHHOM nAaHe noteHuMan 6eAKoBO-MoAMCaxa-
PUAHOTO KOMIMAEKCA KakK MULLIEBOrO CPEACTBA MHKaMCy-
AALMW M AOCTABKM BUOAKTUBHbIX COEAMHEHWI, MUTATEAbHbIX
BELLECTB U AEKaPCTB NPUBAEK HOAbLLOE BHUMAHWE B 06AACTH
MULLEBOM, KOCMETUYECKOW 1 dapMaLeBTUYECKON NPOMbILL-
AeHHocTH [10-14]. MoArcaxaprAbl LUIMPOKOAOCTYMHbI ¥ UMEIOT
Pa3AUUYHYHO CTPYKTYPY C Pa3AMUHbIMU NPEeUMyLLECTBAMMU, B
TOM YMCAE HU3KOM TOKCUUYHOCTbLO, AETKOYyCBOSiIEMbI, 6UOCO-
BMECTUMbI U MOTYT OCTaBaTbCsA CTabUAbHbIMW B LLMPOKOM
AnanasoHe pH u Temnepatyp. M3BecTHO, uTo B6eAKM Mo
CBOEN NpUPoAE SABASIIOTCS MOBEPXHOCTHO-aKTUBHbLIMM
BellecTBaMu 1 Baaropaps cBoen amondUAbLHOM NPUPOAE
AEVICTBYHOT KaK 3MYAbraTopbl, TOrAQ Kak NOAMCaxXapuAbl C
rMAPODUABHOM NPUPOAOM MOTYT AEMCTBOBATb Kak 3ary-
CTUTEAM U cTabuAn3aTopbl [12-16]. BsaumopencTere Mexay
6eAkaMun U MOAMCaAXapUAAMU SIBASIETCS €CTECTBEHHBIM
ABAEHMEM B MULLEBbIX CUCTEMAX AAST YAYYULLIEHWSA TEKCTYPbI,
CTabUABHOCTU 1 KaueCTBa LLIMPOKOrO CrekTpa KOAAOUAHBIX
CUCTEM, BKAKOUAA AMYAbCUW, FTEAU, AUCMIEPCUN, MEHDI U UX
CcMellaHHble BapuaHThbl [14].

benkoBo-noAncaxapuaHble HAHOCTPYKTYPbl 0ObIYHO
cospatoTes B HaHoMaclutabe (meHee 1000 HM) U MOTYT
UMETb pa3HoobpasHble MOPGOAOTUIO U CBOMCTBA B 3aBU-
CMMOCTH OT MaTeprana, MICNOAb3YEMOIO B UX KOHCTPYKLMK.
Heb0AbLLIOK pasmep 3TUX HAHOCTPYKTYP AAET PasAUUHbIE
NpeMMyLLECTBA MO CPABHEHMIO C 0BbIYHBIMU CUCTEMAMU
AOCTaBKM Baaropapst 6onee BbICOKOMY COOTHOLLUEHMIO
MAOLLAAM MOBEPXHOCTU M 06beMA, a TAKXe TOUHOMY Liene-
HanpaBAEHHOMY Y KOHTPOAMPYEMOMY BbICBOOOXAEHUIO
3arpyXeHHbIX BUOAKTUBHBIX COEAMHEHWI 1 APYTUX aKTUBHbIX
areHToB B KMLLEYHOM npocTpaHcTee [3-5, 10-18]. HaHo-
CTPYKTYPbI MOTYT yAYYLLIATh HEKOTOPbIE OPraHOAENTUUYECKUE
CBOMCTBA (HanpuMep, MacKWpOBaTb HeXeAaTeAbHble
3anaxu), noBsbilath BMOAOCTYMHOCTb, NPEAOCTBpPALLATb
OKUCAUTEABHbIE PEaKLMKU, COXPaHsTb BMOAOTMUECKYHO
AKTUBHOCTb U KOHTPOAMPOBATb BbICBOOOXAEHWE BUOAOTU-
YECKM aKTUBHbIX BELLLECTB AW AAXE MOBbILLIATb UX KAUECTBO
M CTabUABHOCTb, @ TakXe NoBbILIaTh UX BUOAOTMUECKYHD
aKTMBHOCTb 3@ CUET CHUXEHMSA pa3MepoB MaTePUanoB B
HaHomacwTabe [3-5, 11, 15].

AVNO®UAbHbIE BUOAOTMUYECKU aKTUBHbIE COEAUHEHWS
(3dUpHBIE MacAa, XUPHbIE KUCAOTbI, KAPOTUHOWABI U AP.) B
MULLEBbLIX NMPOAYKTaX TakXe YyBCTBUTEAbHbI K AerpasaLmm
NMoA BO3AEMCTBUEM Pa3ApaxXMTEAEN OKPYXatOLLEN CPEAbI,
BO BpeMsi 06paboTKK, XpaHEHMA U NMPOXOXAEHMA Yepe3
XKEAYAOUHO-KMULLEYHbIN TPaKT. IPUPHbIE MacAa MMEOT
OY€Hb CAOXHbIN XMMUUYECKMIM COCTaB, KOTOPbIM BKAOYAET
NPEeUMYLLLECTBEHHO TEPMEHbI, TEPNEHOUABI U GEHUANPO-
NaHOWAbI — 3TU OCHOBHbIE KOMMOHEHTbI 3GUPHbIX MaceA
cocTaBAAOT npumepHo 70% ero coctaBa. OctaBluanca
YaCTb COAEPXMUT MHOXECTBO APYTMX COEAMHEHWUM, TAKUX
KaK XMPHbIE KUCAOTbI, OKCUAbI M MPOMU3BOAHBIE CEPbI, aAb-
AErnAbl U NoAMdeHOAbI [2, 19]. U3BECTHO, UTO 3allMTHas
AKTUBHOCTb 3OUPHOr0 MacAa AW €ro KOMMNOHEHTOB CBA3aHa
C COXpaHeHWeM aHTUOKCUAGHTHOMN, aHTUMUKPOBHOW 1 Npo-
TUBOBOCMAAUTEABHOM aKTUBHOCTU [19-24].

B MHAYCTPUM apomaTi3aTopOB M OTAYLLEK HabAtOAGACS
3HAUMTEAbHbIM POCT MPOAAX HEKOTOPbIX HATYPaAbHbIX MaTe-
puanoB BO BPEMS BCMbIWKKU KOPOHABUPYCHOW MHOEKLMU
COVID-19. 3¢umpHbIE MacAa NOKa3aAu pasAMUHyo dap-
MaKOAOTMUYECKYHD aKTUBHOCTb, B TOM UMCAE U MPOTUBO-
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BMPYCHYHO, MO3TOMY NPEANOAaraeTcsi, UTo OHM obrapatoT
NOTEHUMAAbHOM MPOAYKTUBHOCTbIO NpoTuB SARS-CoV-2. B
pabote [25] 0TMeueHO, 4To BAaropaps CBOEN AMOGUABHOCTH
3dUPHbIE MacAa MOTYT AETKO MPOHUKATb YepPe3 BUPYCHYHO
060A0UKY U BbI3bIBaTb €€ Pa3pbIB.

ABTOpamu paboTbl [26] NpoBEPEHbI MHIMBUPYIOLLIME
cBoicTBa 538 06pa3LoB IGUPHbLIX MACEA, aPOMATUUYECKMX
3KCTPAKTOB U UX GPaKLMii B OTHOLLEHUW ABYX OUEHb XOPOLLIO
oxapaKktepusoBaHHbIX npoteas (MP™) u (PLP™), koTopble
ABASIIOTCA MULUEHAMM AAS AEKAPCTBEHHbIX CPEACTB U
UrPatoT KAKOUEBYIO POAb B PEMAUKALIMW U TPAHCKPUMLUK
Bupyca SARS-CoV-2. SdupHbIe Macna € BbICOKUM COAEP-
XaHWeM MOHOTEPMNEHOB U MOHOTEPNEHOMAOB NMPOSIBUAK
HWU3KYI0 UHITMBUPYIOLLYHO aKTUBHOCTb. OHU 0BHapPYXUAK
UeTKME pPasAMuus, Hanpumep, Mexay 3GMpHbLIMU MacAaMm
KOPHSI U AMCTbEB PaCTEHUM, FAE NepBOe NposBAsieT boree
BbICOKYH MHIMOMPYHOLLYHO aKTUBHOCTb B OTHOLLEHWU YKa-
3aHHbIX npoTtea3 SARS-CoV-2 [26].

3awmTa 3dUPHbLIX Macen ¢ NOMOLLbIO TEXHOAOT UK
HaHOUHKAMNCYASILMM MOXET NMOBbICUTb UX CTAOUABHOCTb.
TeXHOAOTUSI HAHOMHKANCYASILMKM 0becrneynBaeT KOHTPO-
AMPYEMOE BbICBOBOXAEHUE aKTUBHbBIX KOMMOHEHTOB 6Aa-
ropaps HabyxaHuo UAK AerpapaLmumn NoAMCaxapUAHOM
060A0UKU. ITO CNOCOOCTBYET YCUAEHUIO aHTUBAKTEPU-
aAbHbIX CBONCTB 3QUPHbBIX MACeA, CHUXEHUIO UX UyB-
CTBUTEABHOCTU K PA3AMUYHbIM GaKTopam OKpYyXatoLLen
CpeAbl, a TAKXE YMEHbLUEHWIO UX BAUSHUS Ha BKYC MULLM.
CnepoBaTEAbHO, MPUMEHEHUE CUCTEMbI AOCTaBKM Ha
OCHOBE KOAAOMAOB MOXET NOBbILLIATL PACTBOPUMOCTb,
CTabUABHOCTb M BUOAOCTYMHOCTb 3TUX AMMOGUAbHbIX
6MO0aKTUBHbBIX COEAUHEHUNA.

LleAbto npoBeAeHHON paboTbl ABAAAOCH MOAyYEHME
CTabUAbHbIX HaHO- U MUKPOKamNcyA 3QUPHbIX MaceA Ha
OCHOBe HEAKOBO-MOAMCAXapPUAHOIO KOMMAEKCA MOCPEA-
CTBOM W3YyUYEHUs] BAUSIHUSI YABTPA3BYKOBOW BOAHbI Pas-
AMYHON aMMAUTYAbI Ha pasmep yacTul, U cTabUAbBHOCTb
3MYAbCUOHHbIX MUKPOKAMCYA.

OKCNEPUMEHTAABHASA YACTb

Martepuanbl nccaesoBaHms. dUpHble Macaa ObIAK
MOAYYEHbI U3 PACTEHWA A@BaHAbI Y3KOAMCTHOM (Lavandula
angustifolia), BbIpalLlEHHON Ha SKCNEPUMEHTAAbHbIX yYacTKax
MHcTUTyTa 60TaHUKK, GU3UOAOTUM U TEHETUKM PaCTEHUI
HaunoHanbHOM akapemMum Hayk TapxukuctaHa (MBOTP
HAHT) 1 MHCTUTYTa 300A0TMK M NapasuToAorun Haumo-
HaAbHOW akapeMUK Hayk TapxmkucTaHa (M3 HAHT). Aas
NOAyYEHUA U CTabUAM3ALMY MUKPO- U HAHO3MYAbCUI B
AaHHON paboTe 6bIAK MCMOAb30BaHbI: HU3KOMETUAUPO-
BaHHbIA NEKTWUH, MOAYYEHHbIN U3 SOAOUHbLIX BbIXXMMOK,
C COAEPXaHWEM ranakTypOHOBOM KMCAOTbI 58,6%, cTe-
neHbto atepudukaumm 38,0% 1 MOAEKYASIPHOW MaCCOM
M,, 119 kAa (panee 0603HAUEHHbIN KaK HU3KOMETUAUPO-
BaHHbIV A6A0YHBIN NeKTUH (HMA)) [27], a Takxe KOHUEHTpaT
AakTornobyanHa (LgC), BbIAEAEHHbIN U3 MOAOYHOW ChIBO-
poTku [28], copepxawmin 37,35% B-LgA, 52,9% B-LgB u
9,7% a-LgA. PacTBOpbl NeKTUHA U AAKTOrAOBYAMHA Nepea
MCMOAb30BaHWEM OUMLLLAAM Ha AaBOPaTOPHON YABTPADUAL-
TPaUMOHHON cucteme (MembpaHHasa cuctema KrossFlow,
CLUA) B pexunme AnyAbTpadUALTPaALMK C MPUMEHEHUEM
COOTBETCTBYHOLLIMX MeMOpaH.

Bce pacTBOpUTEAM M peareHTbl, ICMOAb30BaHHbIE B
3TUX IKCMIEPUMEHTAX, TaKMe Kak XAOPHA HaTpwus, BydepHble
COAM, 3TAHOA U AP., BbIAU XUMUUYECKM UNCTBIMMU.

https://vuzbiochemi.elpub.ru/jour
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[MonyyeHne HaHO- U MMKPOKArCyA B CUCTEME KOHLEHTpaT
AGKTOMOBYAMHA / HU3KOMETUAMPOBAHHbIM SIOAOYHbIMN
MEKTUH C 3PUPHBIM MACAOM AaBaHAbl. IMYAbCUOHHbIE
HaHO- U MWKPOKAaNCyAbl MOAyYaAu NO METOAMKE, OMu-
caHHoOM B paboTte [29], C HEKOTOPbIMU U3MEHEHUAMU: B
€MKOCTb, Pa3MeLLEHHYIO Ha BOAAHON BaHe npu Temne-
patype 60°C, BHOCUAK 1-2 MA 3OUPHOIO MacAa AaBaHAbI,
NpeABapUTEABHO Pa3BEAEHHOMO B 2-3 MA MOACOAHEYHOTO
machaa (<«OnerHa», Poccus), U npu nepemellmBaHnn Ha
umMdpoBom romoreHusatope IKA T-25 (Ultra Turrax,
IKA-Werke GmbH & Co.KG, lepmaHus) npu CKOPOCTU
12 tbic. 06/MuH pobaBAAAK 10 MA 0,4%-ro BOAHOTO pacTBopa
KOHLLEHTpaTa AaKTOrnobyAMHa MOAOYHOM CbIBOPOTKU. Mocae
15 MUH, He npepbiBan NnepemMellMBaHne, MeAAEHHO (Mo
Kanaam) A0baBASIAM paccUMTaHHoOe KoAMuecTBo 0,2%-ro
pactBopa A6A0YHOro NeKTuHa, pactesopeHHoro B 0,1 M
NaCl AAq noAyYeHMA BTOPUYHOW 3MYABCUM, M TPOAOAXKMAK
nepemMelunBaHue eule 20 MUH.

YAbTpa3BykoBasi 06paboTka. Aanee NOAyUYEHHAS SIMYAbCHUS
6blAa NOABEPrHyTa AEMCTBUIO YAbTPa3Byka (EW-04714-53
Cole Parmer, CLLA) ¢ pabouei yactoTon 20 Kl U MOLL-
HocTbto 130 BT B TeueHune 5-10 MUH NyTeM NOrpyxXeHus
YAbTPA3BYKOBOIO MPOO6HMKA B AMYALCUM NPU PA3AUYHBIX
amnAnTypax yabtpaseyka (30, 50 u 70%). Mepea 06paboTkom
YABTP@3BYKOM 3MYAbCUOHHbIE MUKPOKaMCYAbl MPeABapU-
TEAbHO CMELUMBAAN B XMMUYECKOM CTakaHe C MOMOLLLbHO
MarHuTHOW MeLanku. MOLLHOCTb YABTPAa3BYKOBOW BOAHBI
6blna onpeaeneHa NapanAeAbHO KOAOPUMETPUUYECKH NPK
noBsbilWeHnn Temnepatypbl o1 20 oo 60 °C. Bece akcnepu-
MEHTbI MPOBOAMAMCH TPUXAbBI C MCMOAB30BAHUEM CBEXE-
NPUIrOTOBAEHHbIX 3MYAbCUM, Pe3yAbTaTbl MPEACTABAEHDI
Kak CpeAHe-CTaHAAPTHO BbIYMCAEHHbIE.

XapaKTepuCTka amMyAbCMOHHbIX MUKPOYACTUL. IMYABCUM
XPaHUAK NPU KOMHATHOM TeMnepaType B TeueHue 24 y,
3aTeM NPOBOAMAM OLEHKY YCTOMUYMBOCTH NO 06bEMY, KOAU-
4yecTBY MMKpPOKancyA B 1 MA, pa3amepy v pacnpeaeneHuto
YacTUL, MMKPOCKOMUYECKMM METOAOM. KOAMYECTBO YacTuL,
M UX pa3Mepbl ONPEAEAAANCH C MOMOLLBIO MUKPOCKONa
Olympus BX53 (Olympus U-TR30-2, AnoHus). AAA BblUMUC-
AEHUSI 3HAYEHUW CPEAHWUX AMAMETPOB O3, U dy 3, Xapak-
TEPU3YHOLLMX CPEAHEB3BELLEHHbIE pa3Mepbl N0 Macce
M 06bEMY 3MYAbCUOHHbIX YaCTULL, UCMIOAb30BaAAACh NPO-
rpamma MS Excel. Bce namepeHusa npoBOAMAUCH Ha TPeEX
CBEXenpuroToBAEHHbIX 06pasLiax, AaHHble NPEACTaBAEHbI
B BUAE CPEAHUX 3HAYEHUMN.

YpenbHas NOBEPXHOCTb KaneAb MaceA B aMyAbCUAX YT,
cMm?xr?, KoTopasa NpeACTaBASeT coO0M NAOLLLAAb NOBEPX-
HOCTM pa3aena MacAo — BOAA HA EAMHMLY MacCbl MacAa,
6blAa paccunTaHa ¢ UCMOAb30BAHNEM CAEAYHOLLETO Bbipa-
xenus [30]:

YI1=6/(po x ds3),
A€ Po — MAOTHOCTb MACAAHOW asbl, rXcM3; ds, — Cpea-
HEB3BELUEHHbIN AMAMETP KamnAu, MKM.

OnpeaeneHne A3eTa-rnoTeHumana Mmkpodyactul. Ase-
Ta-noTeHuMan U3MepsiAv No NPUHLMNY dAeKTpodopesa ¢
MCMOAb30BaHMEM 3AeKTpodopeTuueckom auerku (ISCO,
CLUA) ¢ KannAAAPOM U3 CTEKAA, MOKPbITbIM MOAMAUMETUA-
CUAOKCaHOM (CAOEM TOALLIMHOM 250 MKM), 1 pacCUUTbIBaAU
Ha ocHoBe Mopenn CmonyxoBckoro [31]. Mepea BBEAEHMEM
MCCAEAYEMOrO pacTBOpa B annapar MUKPOKaHaAbHYH SYENKY
M BCKO AMHMIO PAaCTBOPOB MPOMbIBAAK B ABYX HaNpaBAEHWAX
61-AMCTUAAMPOBAHHON BOAOKM HECKOABKO pa3 AASl YAAAEHUS
AOBbIX 3arpsA3HEHNUI (TAKMX Kak S3AEKTPOAWTbI, OCTaBLUKECS
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NnocAe NPEAbIAYLLMX 3KCNepPUMEHTOB). MocAe 3Toro BbIA
MHULMMPOBAH BTOPON 15-MWHYTHbIN LMKA MPOMBIBKK C
MCMOAb30BaHMEM Pabounx 3MyAbCUIA. [PO3PaYHOCTb MOBEPX-
HOCTel MUKPOKaHaAOB MO3BOASIAA BU3YaAbHO OCMaTpKBaTh
KaHaA, uUTobbl y6eAnTbCS, UTO BCE My3blpbKKM yAaAeHbl. Bce
obpasLbl nepes aHaAM3oM pasbaBaann 5 MM dochaTHbIM
bydepom (pH = 7,0) 1 nepemelLMBanm ¢ UCNOAb30BAHUEM
MarHuTHon melanku npu 300 06/MUH B TeueHne 1 MUH
npy KOMHaTHOWM TeMnepaTtype, UTobbl n3bexatb addeKToB
MHOFOKPaTHOro paccesiHus. AASi pa3peneHnsa B Aveike
6bIAO yCTaHOBAEHO HanpsixeHue (400 B) Ha Bpems He
6onee 1 MUH, MOCAE YETO OTKAKOUAAKN MUTAHWE W U3BAEKAAK
3INEKTPOADBI M3 MUKPOKaHaAbHOM iUerku. Bce akcneprmeHThl
MOBTOPSAM B TPEXKPATHOM MOBTOPHOCTM U MPOBOAUAM MPU
KOMHaTHoM Temnepatype 25 °C.

OnpeaeneHue BA3KOCTU AMYAbCUM. U3MepeHns CABK-
roBOM BSI3KOCTU MPOBOAMAUCH C UCMOAb30BaAHUEM PEO-
mMeTpa (umdppoBoi BuckoanmeTp Brookfield HBDE-V, CLLA),
OCHaleHHoro UL-apantepom, 1 npu CKOPOCTU CABUTa B
AvanasoHe ot 0,1 po 100 ¢ npu Temnepatype 25,0+0,1 °C.

OueHka CcTabUAbHOCTM 3MYAbCUM. QA U3YUYeHUs
KUHETWMKM Ga30BOro pasaeneHus cpasy nocae AoobaBaeHUA
BCEX KOMMOHEHTOB aMyAbCHK (18+0,5 MA) pasanBanuch B
rpaAyMpoBaHHbIE CTEKASIHHbIE MTPOOUPKU 06 BEMOM 25 MA.
MpPo6UPKKU 3aKPbIBAAUCH LIAMGOBAHHBIMU KPbILLKAMK K
XPaHUAMCb NPU KOMHaTHOM TeMnepaTtype. O6beM Kaxy-
Lenca cTabuAbHOM 3MyAbCUM BE3 CAOSI TYCTOrO Kpema
KOHTPOAMPOBAACSH EXEAHEBHO B TEUEHUE 2 HEAEAD.

CTaTucTMYeCKmii aHaan3 AaHHbIX. Bce akcnepruMeHThbl
NPOBOAWAM C UCTIOAb30BAHWEM TPEX CBEXENPUIOTOBAEHHbIX
06pasLoB. MoAyueHHble pe3yAbTaTbl NPEACTABAAIOT COOOM
CpeAHWe 3HaUYEHUS U CTAHAAPTHbIE OTKAOHEHUS, KOTOPbIE
ObIAM paccunTaHbl C UCMOAb30BaHUEM t-kpuTepus CTbOAEHTa
AN HE3aBUCUMbIX BbIOOPOK B nporpamme Microsoft Excel.

OBCY>XAEHUE PE3YABTATOB

AdupHble Macha U3 pacteHun L. Angustifolia akcTpa-
rMPOBaAU TMAPOAUCTUAAALLMOHHBIM METOAOM C MCMOAb-
30BaHWeM annaparta KneeeHpxepa B TeueHne 90 MuH.
AdupHbIe MacAa pacTeHui L. Angustifolia npeacTaBAsOT
OAEAHO-KEATYIO XMAKOCTb CO CNeLUPUUECKNM 3anaxoM.
Bbixoa adUPHBIX MaceA (B NPOLEHTax 0T MacCbl BO3AYLU-
HO-CYXOro Cblpbsl) U OCHOBHblE dU3MYECKME CBOMCTBA
MOAYYEHHbIX MaceA 13 ABYX UCTOUHWKOB MPEACTABAEHDI
B TabA. 1.

Ta6auua 1. Bbixoa 1 dU3MYECKME CBOMCTBA IGUPHbIX MaCeA,
NMOAYYEHHbIX U3 ABYX MCTOUHUKOB pacteHui Lavandula
Angustifolia, nponspacrtatoLmx B TapAXUKUCTaHe

Table 1. Yield and characteristic of essential oils obtained
from two sources of Lavandula Angustifolia plants growing
in Tajikistan

HasBaHue 1 Bbixoa [MAOTHOCTb, Koabguumen

WUCTOYHWK pacTeHus Macha, r/cm® MIPEAOMACHIA
% ceeta npun 20 °C

AdunpHOEe macno
AaBaHAbI 0,82 0,873 1,459
MBOIP HAHT, 2020 .
AdupHOE Macao
AaBaHAbI 1,18 0,879 1,464
M3M HAHT, 2020 1.
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M3 paHHBbIX TabA. 1 cAeAyeT, UTO BbIXOA 3OMPHOro
MacAa AaBaHAbl, MOAYYEHHOIO Ha SKCNEPUMEHTAAbHOM
yuyactke M3M HAHT, 6oablie (1,18%) no cpaBHEHUIO C
BbIXOAOM MacAa, MOAyYEHHOT0 Ha yyactke MBOIP HAHT,
XOTS OHW UMEAM NOUTH OAMHAKOBbIE GU3NUECKME CBOWCTBA
NoO NAOTHOCTU U KOIPPUUMEHTY NMPEAOMAEHUA CBETA. B
AAAbHENLLMX SKCNEPUMEHTaxX NO MOAYUYEHUIO IMYAbCUM
6bIAM MCMOAB30BaHbl 06pa3Lbl MacAa NEPBOro yyacTka.

Mo HaWKUM HeonybAMKOBaHHbIM A@HHbLIM, B COCTaBe
06pa3uoB ¢ yyactkoB UBOIP HAHT n U3M HAHT o6Ha-
pyXeHbl 64 1 98 AeTyunx COeAMHEHWI COOTBETCTBEHHO.
B coctaBe adpupHoro macna UBOIP HAHT HalaeHbl:
AMHAAOOA (33,27%), AtvHanmAauetat (21,01%), (-)-4-tep-
nUHeOA (6,89%), a-TepnnHeoA (6,62%), 4-rekceH-1-on
(4,91%), repaHunauetaT n ero nsomep (4,32%), ayka-
AMNTOA (1,88%), a Takxe TpaHc-B-ounmeH (2,24%). Coctas
a¢upHoro macna N3N HAHT otanuancs coaepXxaHnem B
HeM OKCUAa kapnoduareHa (3,54%), naBaHaynona (3,97%)
N PSIA@ HOBbIX COEAMHEHWN.

CornacHo AaHHbIM  paboTbl [32], B pacTeHUH
L. Angustifolia, npouspactatoLiem B TapXMKUCTaHe, BbIAO
UAEHTUGULIMPOBAHO 59 COEAMHEHUI - B OCHOBHOM AMHAAOOA
(31,44%), nmHanmaaueTat (31,78%), a-teprnvHeon (8,43%),
AaBaHAYNOA (5,24%), aykaamnTon (1,48%) v b-dappHeceH
(1,35%).

Mo AaHHBIM ApPYyroro McTouHuka [33], B pacteHuu
L. Angustifolia, npouspactatowiem B Erunte, 6bIAO MAEHTH-
OULMPOBAHO 28 COEAMHEHUI B PA3AMYHBIX MPONOPLMSIX.
XUMUUECKUI cocTaB aGUMPHOro MacAa, ONMCaHHOrO B A@HHOM
paboTe, 6bIA CPaBHEH C COCTaBOM MacAa B UCTOUHUKE
[32] v copepxan: AaMHaNo0A (31,1%), AMHaAMAGHTPaAHUAST
(16,8%), 6eH3unnauetaT (12,9%) n 1,8-umHeon (10,1%).
Apyrme KOMMOHeHTbl BbIAV MAEHTUOMLMPOBAHbLI B NPO-
MEXYTOUHbIX MPOMNOPLMAX, BKAIOUAS aLeTaT o-TeprnuHeona
(4,92%), o-TepnunHeon (3,89%), Tepn-4-on (3,15%), &-NUHEH
(2,85%), aurnapokapseon (2,34%), AUTMAPOMMPLEHOA
(1,81%), AMMOHeH (1,04%); ocTaAbHbIE KOMMOHEHTbI MPU-
CYTCTBOBaAAW B HE3HAUMTEABHbIX KOAMYECTBAX.

Kak 6bIA0 OTMEUEHO BbilLe, MHKANCyAUPOBaHUE 3OUPHbIX
MaceA MOXET YAyyllaTb OpraHoAenTUYEeCKne CBOMCTBA,
NoBbILWaTh BMOAOCTYNHOCTb, NPEAOTBPALLATb OKUCAUTEABHbBIE
peakLmMK, COXPaHsATb BUOAOTMUYECKYH aKTUBHOCTb M KOH-
TPOAMPOBATb BbICBOOOXAEHUE BUONOTMUECKM aKTUBHbIX
BeLLEeCTB. B AaHHOM 1ccaep0BaHUM BbIAM MCMOAb30BaHbI
pa3paboTaHHble HaMK CUCTEMbI AOCTaBKM A€KaPCTBEHHbIX
BELLECTB U NULLEBbIX UHTPEAMEHTOB HA OCHOBE 3MYAbCUU
T!MNa MacAO B BOAE CTAaBWMAM3UPOBaHHbIMU BEAKOM W NEK-
TMHOM [18].

HaHo- U MUKpOKancyAbl 3$HUpPHBLIX MaceA, CTabUAU3UPO-
BaHHble AOCTYMHbIMU 6UONOAMMEPAMU (KOHLEEHTPAT AaK-
TOrAOBYAMHA MOAOYHOW CbIBOPOTKM 1 SOAOYHOTO NEKTUHA),
NoAyYaAr METOAOM ABYXCTAAMMHOIO GOpMMPOBaHMA B
3MYAbCHM THMA MACAO B BOAE B MPWCYTCTBUM NPOTHBOMOHOB
HaTpus, Kak onucaHo B pabotax [18, 29]. B oaHHoi paboTe
Mbl UCMOAb30BAAU 3IMYAbCUOHHBIE cucTembl ¢ LgC/HMSA,
TaK Kak HaHO- U MMKPOKanMCyAbl C HU3KOMETUAMPOBAHHbIM
NEKTUHOM MMEAN HECKOABKO BbICOKMIM 3axBaT MacAa no
CPaBHEHWIO C BbICOKOMETUAUPOBAHHBIMW NEKTUHAMU U3
LIMTPYCOBbIX, MOACOAHEUHWKA U A6A0K [18].

Takrm 06pa3om, HaMK BbIAU HAWAEHbI ONTUMaAbHbIE
YCAOBUS NOAYYEHUSI CTAOUABHBIX HAHO- U MUKPOKAMCYyA
B 9MYAbCMOHHOW CUCTEME MAaCAO/BOAA NMPU Pa3AMUHbIX
cooTHoweHusx LgC n HMA ¢ MUHMMaAbHbBIM pa3MepomMm,
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3OPEKTMBHO 3axBaTblBatoOLLME MaCASiHble yacTuubl. B
CBSI3W C 3TUM AASI MHKAMNCYAMPOBaHWA 3GUPHbIX Macea
B A@HHOW pabote bbina BbibpaHa cuctema LgC/HMA ¢
MOABHbIM COOTHOLLEeHMEM 40:1.

CTabUAbHOCTb 3MYALCUM NPOTUB arperaumnmn Kaneab,
MOKPbITbIX 6EAKOM, MOXHO YAYULLIUTL NyTeM A0BABAEHUS
OAHOIO MAM HECKOABbKMX MOAMCaxapUAOB AAA MOKPbITUSA
NPOTEMHOBOTO CAOSI U YBEAUUYEHUS MX CTaBUABHOCTH. Kpome
TOrO, AASI YAYULLEHWUSA CTABUABHOCTU 3MYAbCUU CYLLLECTBYIOT
pa3AMUHbIE GUINYECKME METOABI: MYABCUPYHOLLEE SAEKTPU-
yeckoe none [34], yabtpassyk [35, 36] u ap. PesyastaThl
3TUX UCCAEAOBAHMI MOKa3aAu, YTo AEUCTBUE MYAbCUPY-
FOLLLErO AAEKTPMUUECKOTO MOAA U YABTPA3BYKOBOW BOAHbI
NPU HaMAEHHbIX ONTUMAAbHbIX YCAOBMSX crocobceTByeT
PacKPbITUIO CTPYKTYPbl 6eAka M 06pa3oBaHuno Hoaee MEAKMX
arperaTtoB, TeM CambIM MPEAOTBPALLAET arperaumio Kanenb
N UX KOAAECLEHLIMIO U/UAU GAOKYASILIMIO.

Hamu n3yuyeHo BAUAHWE aMNAUTYAbI yAbTPa3BYKa Ha
CcTabUAbHOCTb HAHO- U MUKPOKAMCYA, pa3Mep YacTuL, 1
UX pacnpeapeneHne B 06beme aMyAbCUW. AASI MOAYUYEHUS
MHbOPMaLMK 0 pa3mepe YacTul, NpoBeAeHa kaanbpoBka
NOAYYEHHOW Ha MUKpPOCcKone obAacTv n3obpaxeHns OAHOWM
KanAu pasbaBAEHHON 3MYAbCUWU. KOAMUYECTBO MUKPO-
YacTULL U UX pasmepbl ObIAM ONPEAEAEHbl C MOMOLLbIO
KomnbloTepHOM NporpaMmmbl Olympus cellSens Standard.
Ha ocHOBe NOAYUYEHHbIX AQHHBIX O pa3mepax U obbeme
yactu, 6bIAK NMOCTPOEHbI KPUBbIE PacnpeAEAEHUs YacTuL,
MUKPOKaMCyA.

Ha puc. 1 npeacTaBAEHbI KPUBbIE pacripeAeneHns (3aBu-
CMMOCTb 06bEMHOM AOAM MUKPOUACTML, OT UX pa3mepa) B
3MYAbCUOHHOW cucteme LgC/HMA mukpoyactuu, coaep-
Xalmx aUpHOE MacAO AaBaHAbI, MOA AEMCTBUEM YALT-
pasByka pa3anyHon amnantyabl: 30, 50 1 70%. Pasmepbl
YacTUL, MOAYYEHHbIX 3MYAbCHI HAXOAMAMCH B NPeAeAax oT
450 Hm a0 10,5 MKM.

OBbemHan [ons MykpodacTu V, %
N
o

0 1 2 3 4 5 6 7 8
CpefHuit AUameTp dy 3, MKM

—o—30% —==—50% ——T0%

Puc. 1. Kpuble pacnpeseneHns B 3MyAbCUOHHOM
CUCTEME KOHLIEHTPAT A@KTOrAOBYANHA / ABAOUHbBIN NEKTUH
MUKPOYaCTULL, COAEPXALLMX IGUPHOE MACAO AaBaHAbI,
NoA AEVCTBUEM YAbTPa3Byka aMnantyabl 30, 50 n 70%

Fig. 1. Distribution curves of microparticles in the emulsion
system of lactoglobulins concentrate / apple pectin
containing lavender essential oil under the influence

of ultrasound of amplitudes 30, 50 and 70%

M3 KpMBbIX pacnpeAeneHnst B AMYAbCUOHHON CUCTEME
LgC/HMA MmukpouacTul, coaepxallmx adupHoe Mmacro
AaBaHAbIl, BUAHO, UTO MOAYUYEHHbIE AMYABCUU NOA AEMCTBUMEM
CWAbI YABTP@3BYKa C MOBbILUIEHUEM aMMAUTYAbI MPOSBASAIOT
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6UMOA@ABHOE pacnpeAeneHUe YacTuLl, NAaBHO Nepexo-
Afllllee B MOHOMOAAAbHOE C BO3pacTaHMeM aMNAUTYAbI
yAbTpasByka A0 50 1 70%. Mpn 3TOM MakCUMaAbHbI 06bEM
YacT1L, C MUHUMAAbHBIM Pa3MepPOM 2-3 MKM NpK AEACTBUM
YAbTPa3BYyKa CTaHOBMUTCS npeobrapatoLmm (CMm. puc. 1).
Ha puc. 2 npeactaBAeH CpeaHWi AMaMeTp MUKPO-
KancyA ds 3 B 3aBUCUMOCTU OT MPUAOXKEHHON aMMAUTYAbI
ynbTpasByka 30, 50 n 70%. Kak BUAHO U3 pUC. 2, C BO3-
pacTaHMeM CUAbl YABTPa3ByKa pa3Mepbl 3MYAbCUOHHbIX
4acTuL, MAABHO YMEHbLUAITCH, 8 MUHUMAaAbHOE 3HaYEHUE d, 3
MOXHO AOCTUYb NPU 70%-1 aMMNAUTYAE YABTPA3BYKOBOIO
BO3AEWCTBUSA HA 3MYAbCUOHHbIE MUKPOYACTULbI. AdAb-
Helillee yBEAUUYEHWE aMNAUTYAbI YAbTPa3BYyKa ObIAO HeLle-
Aec006pa3HO C TOUKM 3PEHMA PACXOAA SHEPTUN.

CpefHWi AvameTp MUKpOKancyn dys, MKM
N

30 50 70
Amnnutyga ynsTpassyka, %

Puc. 2. 3aB1CMMOCTb CPEAHETD AMaMeETPa MUKPOKaNCyA
OT NMPUAOXEHHOM aMNAUTYAbI yAbTpa3Byka 30, 50 n 70%

Fig. 2. Relationship between the average diameter
of microcapsules and applied ultrasound amplitude
30, 50 and 70%

ApcopbrpoBaHHble 6EAKOBbLIE MOAEKYAbI CTAOUAU3UPYIOT
3MYAbCUOHHYHO CUCTEMY 3@ CUET IANEKTPOCTATUUECKOTO U/UAK
CTEPUUYECKOr0 OTTaAKMBAHMUS, UTO, B CBOK OUYEPEAb, NPEAOT-
BpaLLaEeT arperaumnio u KoareCLEeHLNIO kKaneab [3-5, 18].
C Apyror CToOpoHbl, MOAMCaxapUAbl AEMCTBYIOT Kak cTa-
6MAM3ATOPbI AMYABCUU B LLMPOKOM AMAna3oHe YCAOBUI
OKpYXaloLLLEer CpeAbl, BKAOUAA MOHHYIO CUAY, TEMMEPATYpY,
pH 1 1.A. AobaBAeHWE NOAUCAXaPUAOB B SMYAbCUIO AAXe
peryAupyeT peoAormo AMCNepPCHoOM dasbl, BAUASA Ha CTa-
6UABHOCTb 3MYALCHM U CBOMCTBa NeHoobpas3oBaHua [37].

AASt OLEHKKM 3TUX GaKTOPOB Mbl MCCAEAOBAAK MAOT-
HOCTb 3apsfAa Ha NOBEPXHOCTU YaCTUL, NyTeEM ONnpeAEeneHNA
3HaAYEHUs A3eTa-NOTEHLIMAAA MOAYUEHHBIX IMYABCUIA AO U
NMoCAE AEWCTBUS YABTPA3BYKOBOW BOAHbI. COrAaCcHO TEOpUM

ABOWMHOI0 3AEKTPHUUYECKOIO CAOS, A3ETa-NMOTEHLMAA — 3TO
pPa3HOCTb NOTEHLMANOB AMCIEPCUOHHOW CPEABI M HEMOA-
BMXXHOMO CAOSI XKMAKOCTH, OKPY)XaHOLLLEr0 MUKPOYACTULLY.

A3eTa-noTeHuMan rpaHuLbl pa3aena TBEPAOE TEAO —
XUAKOCTb ABASIETCSA BAXHOW BEAMUMHON, XapaKTepH3yHoLLEN
MOBEPXHOCTb HAHO- M MWKPOYaCTWL, Npu paspaboTke
6MOMEANLIMHCKUX MOAMMEPHbIX CPEACTB W YCTPOMCTB.
B AaHHOM WCCAeAOBaHWKM MPUMEHEHA 3KCMepUMeEH-
TaAbHasi METOAMKA M3MEPEHUA A3ETa-MOTEHUMANOB {
MAOCKMX NOBEPXHOCTEN C UCMOAb30BAHUEM YPaBHEHUSA
CMOAYXOBCKOTO C U3BMEPEHHBIM HAKAOHOM 3aBUCUMOCTH
TOKa OT BPEMEHM B INEKTPOOCMOTUYECKOM MOTOKE, MPEA-
cTaBAeHHas B pabote [31].

(=

u*slope*L

STXSOXEZZ *Across(Ap2—2p1) ’

rAe U — aneKTpodopeTnyeckan NoABMXHOCTb IMYAbCHN;
E - HanpsXXeHHOCTb 3AEKTPUUECKOrO MOAS; L - AAMHa
KanuAAsipa.

ITOT METOA ABASIETCA MPOCTHIM Y TOYHBIM MO CPABHEHWIO
C TPAAMLUMOHHBIMU METOAAMM MPOTOYHOrO MOTEHUMaAa
n anekTpopopesa. OUEBUAHO, UTO U3MEPEHME MOAHOIO
3AEKTPUYECKOTO TOKA B IAEKTPOOCMOTUYECKOM MOTOKE
MPOBOAMTCA OTHOCUTEABHO NPOCTO M AETKO MO CPABHEHWUIO
C U3MEPEHUSIMU B METOAAX INEKTPODOPE3A M NOTEHLMAAA
TeyeHus.

A3eTa-noteHuman onpeAeAseT CTENEHb U xapakTep B3au-
MOAEMNCTBUSA MEXAY YaCTULLA@MM AUCTIEPCHON CUCTEMbI. AAS
YacTULL, KOTOPblE OTHOCMUTEABHO MaAbl, BbICOKOE 3HaYeHne
noTeHUMana o3HavaeT cTabUAbHOCTb, TO €CTb AUCTIEPCHAS
cucTeMa ByaeT ycTonuKBa K arperaumm v koaryasumu. Koraa
Xe A3eTa-noTeHUMan HU3KUI (BAM3OK K HYAID), MPUTAXEHUE
NnpeBbllaeT OTTaAKMBaAHWE U YCTOMUYMBOCTb AUCMEPCUI
6yAeT HapyLlaTbes.

B 1abA. 2 npeacTaBAEHbl Pe3yAbTaThl ONPEAEAEHUS
CpeAHero 3HauyeHusi 06beMHOro AMaMeTpa YacTuL, d, s
U AMamMeTpa MOBEPXHOCTU Ds 5, YAEABHOWM MOBEPXHOCTH,
A3eTa-noteHUMana v BA3KOCTU 3MYAbCUOHHBIX HAHO- U
MUKPOYaCTHUL, HAMAEHHbIX B XOAE MPOBEAEHHOI0 UCCAE-
AOBaHWA, B 3@aBUCMMOCTM OT NMPUAOXKEHHOW aMMAUTYAbI
yAbTPa3BYKa.

MeKTMHOBbIE OBMOMNOAMMEpPBLI MOTYT HECTU OoTpuua-
TEAbHbIN 3apsiA Ha OCTaTKax raAakTypPOHOBOM KWUCAOTbI
CO CBOOOAHBIMU KapbBOKCHUAbHBIMKU Tpynnamu npu C-6
MMPaHO3HOrO LIMKAA, YTO BAMSIET HA UX PYHKLUMOHAABHbIE
cBoMcTBa. [INOTHOCTb OTPMLATEABHOTO 3apsiAa NEKTUHOBBIX
MWUKPOMOAEKYA 3aBUCUT OT CTENEHU aTepudurKaumm n pH
OKpyXatolLern aucrnepcHor pasbl [38]. CornacHo AaHHbIM
pabot [18, 39], PU3UKO-XUMUUYECKME NapaMETPbl NEKTUHA,

Tabauua 2. 3HaueHun CpeAHero 06bEMHOro AMaMeTpa Yactul, U AnamMmeTpa NoBEPXHOCTH, yAe/\bHOVI NMOBEPXHOCTH,
A3€Ta-NMoTeHUnana U BA3SKOCTU SMYAbCUOHHbLIX HAHO- N MUKPOYaCTUL, B 3aBUCUMOCTU OT aMIMAUTYAbI YABTPa3BYyKa

Table 2. Average volume diameter of particle and surface diameter, specific surface area, zeta potential and viscosity
of emulsion’s nano- and microparticles depending on the ultrasound’s amplitude

CpeAHU 06beMHbIN

Amnautypa
AMaMETP YacTuL,

YAbTPa3ByKa, %

Avawmetp
NMOBEPXHOCTU, MKM

YaenbHas
NMOBEPXHOCTb, CM2xrt

A3eTa-

BsiskocTb, MPaxc
noteHuman, mB

MKM
30 3,48 3,43 19678 21,3 2,9
50 2,53 2,36 27027 -25,7 2,2
70 2,07 2,01 32967 -29,6 1,8
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B YACTHOCTM CTeMNeHb aTepUOUKALMK, U UX pacnpepereHmne
onpeAeAstoT cnocobHOCTb 06pa3oBaHUS KOMMAEKCA MEXAY
NEKTUHOM W 6eAKoM. BbiCOKasi MAOTHOCTb 3apaAa HU3-
KOMETUAMPOBAHHBIX NEKTUHOB NO3BOAAET GOPMUPOBATL
KOMMAEKCbI NMPWY BbICOKOM MOHHON CUAE MO CPaBHEHUIO
C BbICOKOMETUAMPOBAHHbLIMU NEKTUHAMM, UMELLMMHU
HU3KYIO AOKaAAbHYIO MAOTHOCTb 3apsAAa, UTO BbIAO YUTEHO
BO Bpems A06aBAEHWUA SIAEKTPOAUTA NPU GOPMUPOBAHUK
BTOPUYHOIO CAOSA SMYABCUOHHbBIX YaCTUL,.

BBu1AY BbilLeCKa3aHHOr0 MOXHO CAEAATb BbIBOA, YTO
A3EeTa-NoTEHLUMAA NEKTUHA Ha BHELLIHEW dal3e HaHOo- M
MWKPOYaCTUL, 3MYAbCUU CUABHO 3aBMCMUT OT HaAMUMS
CBOBOAHON KapbOKCUAbHOW rpynrbl. M3 TabA. 2 BUAHO,
YTO MOLLHOCTb YAbTPa3ByKa (aMMNAUTYAA NMPUAOXKEHHOIO
YABTPa3BYKa) UMEET TEHAEHLMIO BCTPanBaTb NEKTUHOBLIE
LLlenu Ha NOBEPXHOCTH YaCTHUL, SMYAbCHU, KOTOPbIe 06pasytoT
6oAee oTpULATeAbHYHO MAOTHOCTb 3apsiAa Ha MOBEPXHOCTU
HaHO- 1 MUKPOYaCTHLL.

Kak BUAHO M3 A@HHbIX TabA. 2, npu 30%-1 aMnAUTyAE
NAOTHOCTb 3apsiA@ Ha NMOBEPXHOCTU YaCTUL, COCTaBASIET
-21,3 MB, npu 50%-11 amnanMTyae OHa paBHsaeTcs -25,7 mB,
npu 70%- aMNAUTYAE Xe OHa Bo3pacTaeT A0 -29,6 MB,
4YTO NO3BOASIET GOPMMPOBATb YaCTULbl C HAUMEHbLLUM
cpepHUM pasmepoM (2,07 MKM). AeMCcTBUE YAbTPa3BYKa
UHULMKMPYET 06pa3oBaHWe Ha NOBEPXHOCTH YaCTHL, SMYAbCUM
NEKTUHOBOIO CAOS C Pa3HOM MAOTHOCTbIO 3apsiAa B 3aBU-
CMMOCTHM OT NPUAOXEHHOW CUABI YAbTPa3ByKa. HanaeHHoe
ONTUManbHOE 3HauyeHWe aMMAUTYAbl YALTPasByka Cho-
cobcTByeT GOPMUPOBAHUIO YaCTUL, UMEIOLLIMX CPEAHWUI
pasmep NoBepPXHOCTU D3, U BbICOKUE YAEABHbIE MOBEPX-
HOCTU (32967 cM? Ha 1 MA 3MyAbCUK).

drokyAsiLMA Bbina MAEHTUOMLMPOBAHA Kak OCHOBHOE
ABAEHWE AecTabuAM3aLMM B 3MYAbCUSIX, CTaBUAU3UPO-
BaHHbIX MEKTUHOBbLIMU MUKPOMOAEKYAGMU NOCPEACTBOM
NPUAMMNAHUA HU3KO3aPSAAHbIX YaCTUL, Ha YTO yKa3biBaeT
1 BABKOCTb 3MYAbCHMW: BUAHO, YTO YEM MEHbLLE BA3KOCTb,
TeM 60AbLLE YAEAbHAst MOBEPXHOCTb U A3ETA-MOTEHLMAA.

Moka3aHo, YTo AIMYAbCUU, CTaBUAU3UPOBaHHbIE HMA,
npw AONMOAHUTEAbHOM 06PabOoTKe YALTPA3BYKOM C aMMAK-
Typaon 70% ocTaBaAMCb OTHOCUTEABHO CTABWAbHBLIMU B
TeueHue 14 pHel xpaHeHua nNpu pabouern TemnepaTtype
10-20 °C. Mpr 3TOM MOXHO KOHCTaTUPOBATb, YTO HAAUUUE
CcBOOOAHBIX KAPOOKCUABHBIX IPyNM B CTPYKTYpPE NeKTUHa
Ha NOBEPXHOCTM BEAKOBOrO AEMO3MTa U MACASHbIX KaneAb
NPUBOAMT K 6OAee CTaOUABbHBIM 3MYALCUSIM C HAWMEHbBLLIMMMU
pasmepamu yacTuL,.

Takvm 06pa3om, NPMMEHEHWE METOAA YAbTPA3BYyKa
NMO3BOASIET CTAOUAM3UMPOBATb AMYAbCUIO C MOAYYEHUEM
YacTuL, HaMMeEHbLLEro AnameTpa ¢ MOHOMOAAAbHbBIM pac-
npeaereHuem. MUHUMaAbHOE 3HaYeHUe d, 3 AOCTUraeTCA
npu 70%- aMNAUTYAE YABTPA3BYKOBOIO BO3AENCTBUSA Ha
3MYAbCHOHHbIE MUKPOYACTULbI. AaAbHENLIEE YBEAUYEHUE
aMMAWUTYAbI YAbTPA3BYKa HEXEAATEABHO C TOUKM 3pEeHUS
3HEepreTMUYECKHMX 3aTpar.

CeroaHs AeKapCTBEHHbIX NpenapaToB Ha OCHOBE TOAbKO
3UPHbIX MaceA AaBaHAbI HacuMTbiBaeTcst boaee AecsiTKa
HanmeHoBaHW [40, 41]. 3TOT aKT CBUAETEALCTBYET 00

aKTyaAbHOCTWM UCCAEAOBAHWI B AGHHOM HanpaBAEHUU U
BO3MOXHOCTM pacLLUMPEHUS aCCOPTUMEHTA AEKAaPCTBEHHbIX
CPEeACTB C ad1pHbIMK MacAaMU. LLInpokoe pacnpocTtpa-
HeHWe YyCTOMUMBOCTU K aHTUOMOTHKAM CPEAM NATOrEHHbIX
M YCAOBHO-NATOreHHbIX MMKPOOPraHM3MOB AEAAET aKTy-
aAbHbIM M3yUYeHUe aHTUMUKPOOHbIX CBOMCTB NpenapaTtos
NPUPOAHOIO NMPOUCXOXAEHMSA. BUOAKTUBHbIE COEANHEHWS,
B TOM YMCAE U 3OUPHbIE MACAA A€KAPCTBEHHbIX PACTEHUH,
MOTYT BbITb 3G GEKTUBHBLIM AONOAHEHUEM B KOMMNAEKCHOM
Tepanun MHOrMX MHOEKLMOHHbIX 3aD0oAeBaHUN.

CoraacHo oTueTy BceMupHoi opraHnsaummn 3apaBoox-
paHeHus (BO3) o AekapCTBEHHOM YCTOMUMBOCTM 3a 2022
roal, Hambonee cepbesHyto 03abOUEHHOCTb NOPOXAAET
PE3UCTEHTHOCTb  MWKPOOHBLIX WTamMmoB  Klebsiella
pneumoniae K uedarocnopmvHam TPeTbero NOKOAEHUs U
kapbaneHemawm, Escherichia coli - K uedanocnopmHam
TPETLErO NOKOAEHUSA U PTOPXMHOAOHAM, Staphylococcus
aureus - K METULUMAAMHY, Streptococcus pneumoniae - K
NeHUUMAAMHY, Salmonella sp. - K $TOpxMHOAOHaM. Cpeau
rpnbKoBbIX MHOEKLMIA Hanboaee pacnpocTpaHeHHON Npo-
6AEMO IBAAIETCA KAHAMAO3, Bbl3blIBA€MbIA B OCHOBHOM
Candida albicans n pexe C. glabrata w C. parapsilosis,
npuyem 6onee 20 BuAOB Candida MOryT ABAATLCS NPK-
UMHOM MHOULMPOBAHMA YenoBeka. Kak oTmevaeTtcs B
HoBOM oTueTe BO32, B MMpe Noka elle He paspaboTaHbl
KpaiHe abdeKTnBHbIe aHTUOaKTEPHUAAbHbIE NPenaparthl,
AENCTBUE KOTOPbIX BbINO Obl AOCTATOUHbLIM B YCAOBMAX
pacTyLLLEro 0CO3HaHUA CEPbE3HON 1 HEMOCPEACTBEHHOM
Yrpo3bl aHTUOUOTUKOPE3UCTEHTHOCTK. o AaHHBbIM BO3,
HU OAWH M3 43 aHTUOMOTUKOB, HAXOAALLMXCA B HAcTOALLEE
BPEMSA Ha CTaAMM KAMHUUYECKOW pa3paboTku, He peluaeT
B AOCTATOUYHOW CTENEHU NPOBAEMY YCTONUMBOCTM CaMblX
onacHbIX B MUpe BakTePUIt K AeKapCTBEHHbIM CPEACTBaM.
B aTOM nAaHe yBeAnyeHue pA03bl aHTUOMOTUKOB HexeAa-
TeAbHO, TaK Kak OHO OTpMLATEABHO BAUSET HA MUKPODAOPY
KULIEYHMKA M NPUBOAMT K AucbakTeprosy. B 1o xe Bpems
ncnonb3oBaHe 6onee 6e3BpPeAHbIX AHTUMUKPOOHbIX
CPEACTB PaCTUTEABHOIO NMPOUCXOXAEHMA MOXET PELUUTb
A@HHYIO 3apauy.

AdMpHOE MACNO AaBaHAbI TaKXe ABAAETCA NPOTUBO-
MWUKPOOHbLIM CPEACTBOM, OAHAKO €ro MCMOAb30BaHWE B
MULLEBbIX MPOAYKTaX OrpaHUYEeHO BCAEACTBME NMAOXOW pac-
TBOPMMOCTM B BOAE M BbICOKOM AeTy4yecTu. Hanpumep,
KUTANCKUE YUEHble BKAKOUMAN 9OPUPHOE MACAO AaBaHAbI
B MMKPOMOPbI LMKAOAEKCTPUHA. 3a CYET NMPUMEHEHUS
HOCUTEAS] ULMKAOAEKCTPUHA aHTUMUKPOOHAA aKTUBHOCTb
3OMPHOro MacAa AaBaHAbl BO3pOCAa B Tpu pasa [42].

B pAaHHOI pabote Hamu ObIAM U3yUeHbl BaKTEPULMAHBIE
CBOWCTBA 3OMPHOro MacAa AaBaHAbl U MHKANCyAMPOBAHHOIO
3OMPHOro MacAa AaBaHAbl B 3MYAbCMOHHbIX HAHO- W
Mukpokancyrax (LgC/HMA-OMA). Cuctemy AOCTaBKM
LgC/HMA-OMA ucnbITbiBaAK Ha NATU MUKPOOHbIX NpeA-
ctaButensx: Staphylococcus Epidermidis, Staphylococcus
Aureus, Escherichia coli, Klebsiella v pApoxxeBble rpubbl.
BakTepuuMAHbIE CBOMCTBA M3y4YaAu MyTEM U3MEPEHMUS
30Hbl 3aAEPXKN pocTa MUKPOHOB B 1 MM Npu BHECEHUU
npenaparta B CpeAy COOTBETCTBYHOLUMX WUTAMMOB. Haanune

1 9nupHaA30p 3a YCTOMUMBOCTBIO K MPOTMBOMMUKPOOHBIM mpenapatam B EBpone, paHHble 2022 1. // BcemupHasi opraHu-

3auUMs  3ApaBoOXpaHeHus. Pexum  poctyna:
pdf?sequence=1 (pata obpalleHus: 29.11.2023).

https://iris.who.int/bitstream/handle/10665/376900/9789289060844-rus.

2World Health Organization. Global database for the tripartite antimicrobial resistance country self-assessment survey. Geneva:
WHO, 2024. Available at: https://amrcountryprogress.org/ (aata obpaieHus 03.12.2024).
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pocTa BOKpYr npenapata roBoput 06 yCTONUMBOCTH AAHHOTO
MWKpoba K npenaparty (Taba. 3).

Tabauua 3. baktepuuMAHbIE AEMCTBUS 3GUPHOro Macaa
A@BaHAbl M 3MYAbCUMOHHbIX MUKPOKamNCyA A@aBaHAbI CUCTEME
KOHLIEHTPAT A@KTOrAOBYAMHA / AOAOUHbBIV NEKTUH Ha
MUKPOOHbIE LITAMMbl U APOXKEBbLIE FPUOBI

Table 3. Bactericidal effects of lavender essential oil and
emulsion microcapsules of lactoglobulins concentrate /
apple pectin on microbial strains and yeast fungi

30Ha 3aAepPXKHK
pocTta MUKPObHOB, MM
[2) 2] =
S| 3 S o
HaumeHoBaHve 8s |8 © | & | 3
S=|o e & T |23
npenapara S 1S S 3 S 3 §é o
- - —
z8|z3 g |¢g|s®
T R T i =
(%) (%) w
3MA-H,0 6 0 2 7 5
LgC/HMA-IMA (1:50) 11 7 10 | 13 | 16

Kak BMAHO M3 NPEeACTaBAEHHbIX B TabA. 3 AaHHbIX,
3pUPHOE MACAO AaBaHAbl Y3KOAMCTHOM B YMCTOM BUAE
cAabo 1AM BoObLLE He OKa3biBaeT HakTEPULIMAHBIX CBOMCTB
Ha npeacTaButenen Staph. Aureus n crnabo AeicTByeT Ha
Klebsiella, Staph. Epidermidis n wtammbl APOXXEBbIX
rpnboB. B 10 e Bpema KancyAMpoBaHHOE 3GUPHOE MacAo0 B
BMAE HaHO- ¥ MMKPO3MYAbCUI OKa3aA0Ch YyBCTBUTEABHbLIM
KO BCEM BMAAM M3YUeHHbIX BakTepuit. CornacHo AaHHbIM
Taba. 3, npenapat LgC/HMA-IMA npu pazbasaeHum (1:50)
OKa3blBaeT bakTepULMAHbIE CBOICTBA Ha Klebsiella, Staph.
Epidermidis. LLTaMmMbl APOXXEBbIX FPUBOB TakXe OKa-
3aAUCb YYBCTBUTEABHBIMU K 3MYABCUOHHBIM MUKPOKaNCyAam
3GUPHOro MacAa AaBaHAbI.

SAKAKOYEHUE

M3 aHanm3a 0630pa HayuHbIX PaboT CTAHOBUTCS Oue-
BMAHbIM, UTO BHUMAHWE UCCAEAOBATEAEN HALEAeHO Ha
pa3paboTKy KOAOMAHbBIX CUCTEM AOCTABKM AASI UHKAMCYAU-
POBaHUA GUTOXMMMUUYECKHMX BELLLECTB C LIEAbIO YAYYLLIEHWS
UX AUCTIEPTUPYEMOCTU B BOAE, XMMUUECKOW CTAaBUABHOCTH,
NPooUAS BbICBOOOXAEHMSA U BUOAOTMUECKON IDHEKTUB-
HOCTW. AAS UICTOAb30BaHUSI B KQUECTBE GUTOXMMUYECKMUX

nepopanbHbIX CUCTEM AOCTAaBKU AOCTYMEH LUMPOKUIA CNEKTP
Pa3AUYHbIX BUAOB CUCTEM, BKAKOUAS MULIEAABI, IMYABCUH,
TBEPAbIE AUMIMAHBIE HAHOYACTHULbI, AMTIOCOMbI 1 BUOMOAK-
MepHble MUKPOreAn. YenellHas AOCTaBKa BUOaKTUBHbIX
GUTOXMMUYECKMX BELLEECTB MEPOPAAbHBIM MyTEM COMPSXEHA
C PAAOM NPENnSTCTBUN. Kaxaan U3 3TUX CUCTEM AOCTABKM
UMEET CBOM NPENMYLLECTBA U HEAOCTATKM AAS KOHKPETHOTO
npumeHeHnsi. CAep0BaTEAbHO, MPOU3BOAUTEAb AOAXKEH
OnpeAeAnTb U ONTUMU3UPOBATL HanboAee MOAXOARLLLYHO
KOAAOMAHYHO CUCTEMY AOCTABKU GUTOXMMUUECKUX COEAM-
HEHWI AN KOMMEPUECKOTO MPOAYKTA.

B paHHOM paboTe HaMU U3yUEHO BAUSIHWE aMMAUTYADI
YAbTPa3BYyKa Ha CTabWAbHOCTb HAHO- U MUKPOKAMCYA,
pa3mepa YacTul, U UX pacrnpepaeneHrst B 06bemMe IMYAbCUM.
BbluMCAEHbI CPEAHUI Ppa3Mep NMOAYUEHHbIX MUKPOKATCYA,
A3€eTa-NoTeHLMan, yAeAbHasi NOBEPXHOCTb YacTuL, U BA3-
KOCTb AUCNIEPCHOM CUCTEMBI. [TOKa3aHO, UTO AEMCTBHE YAb-
TpasByka MHUUMKMPYET 0bpa3oBaHWe NEKTUHOBOIO CAOS
C pa3HOM NAOTHOCTbLI 3apsAa Ha MOBEPXHOCTM YacTul,
3MYABCUW B 3aBUCUMOCTU OT NMPUAOXKEHHON CUAbI YALT-
pa3Byka. HanpeHO onTMManbHOE 3HaYeHWe aMMAUTYAbI
yAbTPa3BYyKa, cnocobCcTBytoLLEE GOPMUPOBAHUIO YaCTML,
CO CPEAHUM pa3MepPOM U C BbICOKOM YAEAbLHOM NMOBEpPX-
HOCTbto 32967 cM? Ha 1 MA 3MYAbCHU. TTOAYYEHHbIE HAHO- 1
MWKPOYACTHLbI C 3PUPHBIM MACAOM NOKa3aAn XOPOLLIYH
AHTUMUKPOOHYIO MU aHTUTPUOKOBYHO aKTUBHOCTMW.

CocTaB, pa3mep, 3apsaA U XapakKTEPUCTUKKN 3arpy3Ku
KOAAOUAHBIX YaCTUL, AOAXHbI ObITb BbIOPaHbl Takum 06pas3om,
ytobbl OHM ObIAU COBMECTMMbI CO CPEAOM MaTpuLbl
KOHEUHOro npoAykTa — pH, MOHHOM CUAOI, B3aUMOAEN-
CTBUMEM WMHIPEAMEHTOB, MEXAHUYECKUMUW Harpy3kamu 1
TEPMUYECKON CTaBUABHOCTbIO.

B paccMoTpeHHOM nAaHe paspaboTaHHble Hamu
CUCTEMbI AOCTABKWM Ha OCHOBE NULLIEBLIX BONOAUMEPOB
C BbIABAEHHbIMW XapaKTePUCTUKaAMM BMOAHE MOTYT COOT-
BETCTBOBATb 3TUM TPeOOBAHUAM M HANTU MPUMEHEHWE
B 06AACTU CO3AAHUA OYHKLUMOHAABHBIX MPOAYKTOB AAS
NPOOUAAKTUUECKMX LieAer. AN BHEAPEHUSA STUX CUCTEM
B NepPBYO 0UEPEAb BaXHO YCTAHOBWUTb KOAUUYECTBO U AO3Y
6MO0aKTUBHbIX COEAMHEHWUI, KOTOPblIE HEOOXOAUMbI AAS
xenaemoro addekTa, a Takxe Mx 6e3onacHble U HETOK-
CUYHbIE AO3bI C MOMOLLLbIO UCCAEAOBAHWI in Vvitro w in vivo.
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PocT KOpHeH TpaHCreHHbIX pacTeHuHn Tabaka
CO CBepxaKcnpeccueu reHa
KCUAOTAIOKaAH3HAOTPAHCIAMKO3UAA3bI
PtrXTH1 B ycnoBUAAX abuoTuueckoro crpecca

3.A. bepexHesa, X.I. MycuH, B.P. Kynyes™

WHCTUTYT BUOXUMMM M TEHETUKU YPUMCKOIro peaeparbHOro MCCAEAOBATEABCKOIO LieHTpa PAH,
Yoa, Poccus

AHHOTaUMA. KCUAOIAOKaHIHAOTPAHCIAMKO3MAA3bI MPEACTaBAAIOT COO0M MMAPOAUTUUECKHE GEPMEHTbI KAETOUHbIX CTEHOK,
KOTOPbI€ yuacTBYIOT B PErYyAALMM 1 0BECTIeUeHn pocTa pacTeHui. CBEPX3KCNPECCHS FTEHOB KCUAOTAKOKAH3HAOTPaHCI-
AMKO3MAA3 MOXET MO3UTUBHO BAUSITb HA POCT M CTPECCOYCTOMYMBOCTb TPAHCTEHHbIX PACTEHHH, OAHAKO MEXaHU3MbI
TaKoro BAMSIHUSI OCTAKTCA MaAOM3YyUEeHHbIMU. LIeAbto AaHHOM paboTbl IBASAOCH CO3AaHME TPAHCreHHbIX pacTeHUI
Tabaka CO CBEPX3KCIMPECCUEN reHa KCUAOTAOKaH3HAOTPaHCIAMKO3MAa3bl OCUHbI PtrXTH1, a Takxe Mopdopu3mnono-
rMYeCKUi aHaam3 X KOPHEN B YCAOBUSIX AEMCTBUSI abMOTUHECKMX CTPECC-PpaKkTopoB. TpaHCreHHbIe pacTeHus Tabaka
XapakTepu3oBaAnCh YBEAWYEHHOW AAMHOM KOPHEH MO CPABHEHUIO C PACTEHUSIMM AMKOIO THMa Kak rnpm onTMMabHbIX
YCAOBHSIX, TaK U MIPU 3aCOAEHNN (AEMCTBUE XAOPUAA HATpus1 B KOHLUEHTpaumnn 100 mM), runotepmum (12 °C) v 3arpss-
HEHUU KaAMMEM (AeHCTBUE aueTaTa KaaMus B KOHUeHTpaumn 200 MkM). MAoLlLasb KAETOK MapeHXmMMbl KOPHEN y
TPaHCreHHbIX pacTeHui Tabaka 6biAa 6OAbLLE MO CPABHEHUKD C PACTEHMSMU AMKOIO TUMa TOAbKO MpU AEUCTBUU
auertata KaAMKS, TOrAa Kak npu HOPME, rMnoTePMMM U 3aCOAEHUM pa3HiLa B pa3MepPe KAETOK He 0OHapyX1BaAachb.
CBepxakcnpeccus reHa PtrXTH1 cnocobcTBOBaAa YBEAMUEHMIO B KOPHSAX 0OLLEH aHTMOKCUAAHTHOM CNOCOBHOCTH,
COAEPXXaHMS MPOAMHA, BOAOPAaCTBOPHMbIX CaxapoB, OKMCAEHHOIo M BOCCTAHOBAEHHOIO rayTatroHa npu AeNCTBUM
BCEX TPeX CTpeccoBbiX pakTopoB. Taknm obpa3om, TpaHcreH PtrXTH1 oka3biBaeT CTUMYAMPYHOLLEE AEHCTBUE Ha POCT
KOpHel Tabaka rnpu HopMe M AEHCTBHUM abHOTMUECKMUX CTPECC-GaKTOPOB, YTO COMPOBOXAAETCS MOAOXKHUTEAbHBIMM
M3MEHEHUSIMM B aHTMOKCUAAHTHOM CHUCTEME.

KaroueBble cnoBa: Nicotiana tabacum, aHTUOKCUAAHTHAS CUCTEMA, TMIOTEPMMUS], 3aCOAEHME, KAAMMH, POCT KOPHEH,
TPaHCreHHbIE PAaCTEHUS

duHaHcupoBaHue. ViccareaoBaHMeE BbIMOAHEHO B paMKax roc3apaHmnsa 122030200143-8.

Ans untupoBaHus: bepexHea 3.A., MycuH X.I., Kyayes B.P. POCT KOpHeW TpaHCreHHbIX pacTeHUI Tabaka Co CBEPXIKC-
npeccuer reHa KCUAOTAKOKAH3HAOTPAHCTAMKO3MAA3bl PtrXTH1 B ycAoBUsIX abUOTUMUECKOro cTpecca // U3BecTusi By30B.
MpuknapHas Xumusa U buotexHonorus. 2024. T. 14. N 4. C. 495-503. DOI: 10.21285/achb.945. EDN: VEHRVM.

PHYSICOCHEMICAL BIOLOGY
Original article

Root growth in transgenic tobacco plants
with overexpression of the PtrXTH1 gene encoding
xyloglucan endotransglycosylase under abiotic stress

Zoya A. Berezhneva, Khalit G. Musin, Bulat R. Kuluev**

Institute of Biochemistry and Genetics, Ufa Federal Research Center RAS, Ufa, Russian Federation

Abstract. Xyloglucan endotransglycosylases are hydrolytic cell wall enzymes that are involved in the regulation and
promotion of plant growth. Overexpression of genes encoding xyloglucan endotransglycosylases can have a positive
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effect on the growth and stress tolerance of transgenic plants; however, the mechanisms of such influence remain
poorly understood. This study was aimed at creating transgenic tobacco plants with overexpression of the PtrXTH1
gene encoding aspen xyloglucan endotransglycosylase, as well as conducting a morphophysiological analysis of
their roots under abiotic stress. The transgenic tobacco plants were characterized by an increased root length as
compared to wild plants, both under optimal conditions and in response to salinity (100 mM sodium chloride), low
temperature (12 °C), and cadmium contamination (200 uM cadmium acetate). The area of root parenchyma cells in
transgenic tobacco plants is larger as compared to wild plants only under the effect of cadmium acetate, whereas
under normal conditions and under low-temperature and salinity stress, no difference in cell size was observed.
The PtrXTH1 gene overexpression contributed to the increased total antioxidant capacity in the roots, as well as a
higher content of proline, water-soluble sugars, and oxidized and reduced glutathione, in the context of the three
stress factors. Thus, the PtrXTH1 transgene stimulates the growth of tobacco roots under normal and abiotic stress
conditions, which is accompanied by positive changes in the antioxidant system.

Keywords: Nicotiana tabacum, antioxidant system, low temperature, salinity, cadmium, root growth, transgenic plants
Funding. This study was supported by state assignment 12203020014 3-8.

For citation: Berezhneva Z.A., Musin K.G., Kuluev B.R. Root growth in transgenic tobacco plants with overexpression
of the PtrXTH1 gene encoding xyloglucan endotransglycosylase under abiotic stress. Proceedings of Universities.
Applied Chemistry and Biotechnology. 2024;14(4):495-503. (In Russian). DOI: 10.21285/achb.945. EDN: VEHRVM.

BBEAEHUE

KCHUAOTAKOKaH3IHAOTPAHCIAMKO3UAA3bl NPEACTABAAIOT
cobol anonAacTMYecKUe TMAPOAUTUUYECKME GEPMEHTHI,
KOTOPbIE OCYLLECTBAAIOT peakLMmn TPaHCIAMKO3UAMPOBAHMUS
W pacLLenAeHNs CBA3YHOLLMX IMKaHOB, crnocobcTBys pas-
PLIXAEHUIO KAETOUHOM CTEHKM, YTO HEOBXOAMMO AASI pOCTa
KAETOK [1]. [eHbl KCUAOTAKOKAH3HAOTPAHCIAMKO3MAA3 UrpatoT
BaXKHYt0 pOAb B 06ecrneveHnn pocta pacTeHui Npu Bos-
AEVCTBUKN abnoTUUECKMX CTpecc-GakTopoB. K npumepy,
KOHCTUTYTUBHasa akcnpeccus reHa CaXTH3 Capsicum
annuum B TPaHCreHHbIX pacteHuax Arabidopsis thaliana
MoBbILWAAa UX YCTOMUMBOCTb K 3acyXe U 3aCOAeHMUto [2].
Mpy BO3AEUCTBUM TMNOTEPMUM MPOUCXOAMAO MOHUXKEHME
YPOBHS akcnpeccun reHa DkXTH6 v NOBbILLEHWE YPOBHSA
TpaHckpunToB reHa DkXTH7 xypwmbl B A. thaliana [3].
Csepxakcnpeccus reHa DkKXTH1 xypMbl B TPAHCIEHHbIX
pacteHusax A. thaliana noBbllwana WX TOAEPaAHTHOCTb K 3aC0-
AEHWUI0, 3acyXe U BO3AENCTBUIO abCLM30BOM KMCAOThI, a
TaKXXe MO3UTUBHO BAMSIAG HA POCT KOPHEN U AUCTbEB [4].
YpoBeHb TpaHcKpKUNTOB reHa NtEXGT Tabaka yBeAnunBancs
B YCAOBUSIX 3aCOAEHUSA, 3aCYXM U HUBKMUX MOAOXKMUTEAbHbIX
TeMneparyp, a TpaHcreHHble pacteHns 35S:NtEXGT nmenan
yBEAMUYEHHbIE Pa3Mepbl OpraHoB Npu BO3AENCTBUM abuo-
TUUYECKUX cTpecc-pakTopoB [D]. TpaHCreHHble pacTeHus
CO CBepxakcnpeccuern reHa PnXTH1 xapakTeprM3oBaAUCh
YyBEAMYEHHbIMW pa3MepamMu opraHoB nobera npu BO3-
AEVCTBMW 3aCOAEHUS MO CPAaBHEHWID C PACTEHWUAMM
AMKoro tuna [6]. Ceepxakcnpeccus reHa PeXTH Populus
euphratica B TpaHCreHHbIX pacTeHUsIX Tabaka noBbIlLaAa
COAEYCTOMUYMBOCTb [7]. Qrcnpeccua reHoB AtXTH19 u
AtXTH23 B pacteHusx A. thaliana noBbillaAacb Noa AeK-
CTBMEM COAEBOrO CTpecca. HEKOTOPbIE FreHbl KCUAOTAKO-
KaH3HAOTPAHCIAMKO3MAA3bl KUTANCKOW KanycTbl (Brassica
rapa L.) akTuBMpoBaAmnCb Npu TENAOBOM cTpecce [8], a reH
OsXET9 pvca MHAYUMPOBAACA Npu XOAOA0BOM cTpecce [9].
AnddepeHuManbHan akcnpeccus reHoB NtXTHS Tabaka
HabAOAaAaCh MPU Pa3AMYHbIX CTPECCOBbIX YCAOBUAX, U
akcnpeccus noutn Becex NtXTHS Obina noBbilleHa npu
AEVCTBUU Pa3AMUHbIX CTPECCOBbLIX GaKTOPOB, TAKUX Kak
3aCoAeHue, 3alllenaunBaHue, 3acyxa u runorepmus [10].

Tak1um 06pa3oM, reHbl KCUAOTAKOKAH3HAOTPAHCTAMKO-
3MAa3 MOryT 6bITb MCMNOAL30BaHbI B TEHHON UHXEHEPUU
ANS| YBEAMYEHUS YCTOMUMBOCTM PACTEHUI K aBUOTUUYECKUM

cTpecc-pakTtopam, OAHAKO MeXaHU3Mbl MO3UTUBHOIO
BAMSIHUSA KCUAOTAKOKAH3HAOTPAHCIAMKO3MAA3 Ha CTPECCO-
YCTOMUYMBOCTb OCTAlOTCA MaAOU3yyYeHHbIMKU. Boaee Toro,
6OI\bUJVIHCTBO VICCAeAOBaHI/IVI KOHCTMTyTMBHOVI JKCnpeccuun
reHOB KCMAOTAIOKAH3HAOTPAHCIAMKO3MAG3 MPOBEAEHO Ha
opraHax nobera [6-8], a 0 POAK 3TUX GEPMEHTOB NPU POCTE
KOPHEW B CTPECCOBbIX YCAOBUSIX CBEAEHWI MOKA HEMHOTO.
Mcxoan M3 3TOro, LEeAbtd AQHHOTO UCCAEAOBaAHMA ObIAO
NOAyY€EHUWE TPAHCTEHHbIX pacTeHM Tabaka CO CBEPX3KC-
npeccuen reHa PtrXTH1 ocuHbl, NpoBeAEHE MOPhOME-
TPUYECKOTO U MMKPOCKOMMUUYECKOrO aHaAm3a, a Takxe
OLeHKa COCTOSIHUA aHTMOKCUAQHTHOM CUCTEMbI KOPHEN
3TUX PACTEHMI B YCAOBUAX aBUOTUUECKMX CTPECCOB, TAKMUX
KaK 3aCOAEHWE, TMMOTEPMUSI U BO3AENCTBUE KaAMKS.

SKCNEPUMEHTAABHAA YACTb

lMoAyueHue, 0T60P U aHaAM3 TPAHCTEHHbIX PACTEHMMA.
AAS reHeThyeckorn TpaHchopmMaLumm Tabaka MCNOAb30BaAK
KOHCTPYKLMIO FreHa KCUAOTAFOK@HIHAOTPAHCIAMKO3UAA3bI
PtrXTH1 ocutbl (Populus tremula L.) B GMHapHOM BEKTOPE
pCambial301 ¢ 35S CaMV npomMoTOopOoM, KOTOPYHO NMOAYYaAK,
Kak onucaHo paHee [6]. AAS KAOHMPOBaAHUA M aHaAU3a
METOAOM NMOAVMEPA3HON LieNMHON peakumnn 6akTepuanbHbIX
KAOHOB U1 TPAHCTEHHbIX PACTEHWI UCMOAb30BaAK MPanMepsbl,
nopobpaHHble paHee K OPTOAOTMUHOMY reHy PtXTH1 Populus
trichocarpa (XM_006385804) [6]. TpaHCreHHble pacTeHus
Tabaka Nicotiana tabacum L. copta Petit Havana asuHun SR1
CO cBepxakcnpeccuen reHa PtrXTH1 noayyanu METOAOM
arpobakTepuanbHOM TpaHCHOPMAaLMKU AUCTOBbLIX AUCKOB.
OT60p TPAHCrEHHbIX PAcTEHWI NPOBOAWAM MO pe3yAbTaTam
aHaAM3a METOAOM MOAMMEPA3HOW LENHOW peakumn Ha
HaAnumne reHa PtrXTHL, rucTOXMMUYECKOro aHaAM3a Ha
AKTMBHOCTb B-TAtOKYPOHMAA3bI M @aHaAU3a YCTOMUMBOCTH K
CENEKTUBHOMY aHTUOUOTUKY FTMIPOMULIMHY. [TOAPOOHOCTH
noAy4YeHusi, oTbopa 1 aHaAM3a TPaHCreHHbIX pacTeHui Tabaka
onucaHbl Hamu paHee [6]. MopdoMETPHUUECKUIA aHAAN3
NPOBOAMACS HA TPAHCTEHHbIX PACTEHUAX BTOPOIO NOKOAEHHMS
(T,), BbIpaLLEHHbIX Ha CEAeKTUBHOM cpeae Mypacure -
Ckyra (MC) ¢ poobaBAeHMEM @aHTUOMOTMKA TMIPOMULMHA
ANA SAMMUWHaAUMU HETPaHCIreHHbIX ceAaHLUeB. TOTaAbHy}O
PHK 13 KOpHeW nccAepyEMbIX pacTeHUI Tabaka BbIAEASIAU
METOAOM TPU3O0A-XAOPODOPMHOMN IKCTPaKLMK, NEPBYIO Lienb
kAHK cTtpoman npu nomolum oanro(dT) npanmepa u MMuLV-
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pesepTtasbl (NEB, CLLA). KoAnuyecTBeHHOE onpeaeneHne
copepxanus MPHK (nocae koHBepcumn B KAHK) reHa PtrXTH1
NPOBOAMAM METOAOM NMOAMMEPA3HOW LIEMHOM peakumn B
peXumMe peanbHOro BpEMEHW B NPUCYTCTBUU UHTEPKAAUPY-
towero kpacutena SYBR Green | Ha Tepmoumkaepe Rotor-
Gene™ 6000 (Corbett Research, ABcTpanusi). B kauectse
CTaHpapTa ucnoab3osan MPHK dakTtopa anoHraumm EF-1a
(AF120093.1), ypoBEHb 3KCNPECCHM KOTOPOro NPUHUMaAK
3a 100%. MNocaepoBaTEABHOCTU UCMOAB30BAHHbIX NMpan-
MEPOB AASl BbIABAEHHbIX METOAOM MOAMMEPA3HOM LEMHON
peakuumn ¢ obpaTHoW TpaHcKpunuuen reHoB PtrXTH1 n
EF-1o Takxe 6biAv onybaMkoBaHbl paHee [6]. B wtore
AAS AQABHEWLLMX 3KCMEPUMEHTOB HaMM B3SITbl YeTbIpe
AMHWW TPAHCreHHbIX pacTeHWin Tabaka, KOTopble Xapak-
Tepu3oBaAMCb Hanbonee BbICOKUM YPOBHEM COAEPXAHUS
TPaAHCKPUNTOB reHa PtrXTH1 B KOpHAX: AMHMA 3 — 166%,
AMHUA 17 - 181%, AHnsa 25 - 154%, aHna 28 - 122%.
B ocTanbHbIX AMHUAX TPAHCrEHHbIX PACTEHUI YPOBEHb
COAEPXaHUA TPaHCKPUNTOB reHa PtrXTH1 B KOpHAX He
npesbiwan 100%.

OueHka napameTpoB POCTa KOPHEH TPaHCreHHbIX pac-
TeHur Tabaka rnpu AeNCTBMM abHUOTMYECKMX CTPECCOB.
TpaHCcreHHble pacTeHWs CO CBEPX3KCMPECCUMEN reHa
PtrXTH1 nokoneHua T, npopallmMBann B kKamepax pocra
Binder (fepmanus) npu Temneparype 25 °C, 0CBELLEHHOCTH
140 MKMOAb/(M?C) U poTonepuope 16/8 u (cBeT/TemMHoTa)
Ha nuTatenbHou cpeae MC. Yepes 10 pAHel npopallmBaHus
Ha CEAEKTMBHOW CpeAe C MTMIPOMMLMHOM NMPOPOCTKK C
OAMHAKOBbIMW pa3mMepamMu KOpHeN NepeHoCUAK Ha BEPTU-
KaAbHO-OPUEHTUPOBAHHbIE Yallku MeTpu co cpeaoit MC.
Mocne 10 AHeM BblpaluMBaHMA OMPEAEASIAU MPUPOCT
KOPHEW (M3BMEHEHME AAUHbI) NPU HOPME (KOHTPOAb), NMPK
pencteun xnopupaa Hatpua (NaCl) B koHUeHTpaumm 50 m
100 MM, npu Bo3AENCTBUM runotepmumn (12 °C) 1 npu
BAMSAHWUK aueTata kapmus (CdAc) B KoHueHTpauuax 200
1 400 MkM [11]. M3mepeHne AAMHBI KOPHEN MPOBOAMAM
nepea HauanoM akcnepumeHTa u nocae 10 pAHel onbiTa.
IMpu OLEHKe PE3YALTaTOB 3KCNEPUMEHTA YUUTLIBAACSH TOABKO
NPUPOCT KopHeW 3a 3T 10 pAHeNn. B KauecTBe KOHTPOASA
(AMKKIA TMN) UCMIOAB30BAAUCH pacTeHnsa Tabaka N. tabacum
copTa Petit Havana anHumM SR1 amkoro tvna. Beibopka
cocTaBuAa 100 pacTeHnin AASt KaXAOW AMHWU. Pe3yabTaThbl
MCCAEAOBaAHMI MPEACTABASAM B BUMAE TMCTOrpamMm CO
CPeAHUMM 3HaUYeHUSAMU BbIBOPKK. Bapamun 0603HauaAm
CTaHAAPTHYHO OLLIMOKY cpepHero. AOCTOBEPHOCTb PasAMUMit
BO BCEX IKCNEepUMEHTax OLEeHMBaAK MO TecTy AyHKaHa
(P<0,05)[12].

Mpn HOpMaAbHbIX YCAOBUSIX AOCTOBEPHOE YBEAUUYEHUE
AAMHBI KOPHEN NO CPAaBHEHMIO C PaCTEHUSIMM AMKOTO TMNa
BbISIBAEHO Yy AMHUI 3, 17 1 25 (puc. 1, a). OueHka npupocTa
KOPHEN TpaHCreHHbIX pacTeHWit Tabaka nNpu AeNCTBUM TEM-
nepatypbl 12 °C nokasana, YTo AAMHA MO CPABHEHUIO C
AMKUM TUMNOM YBEAUUMBAETCS Y BCEX MCCAEAYEMbIX AMHUI
(puc. 1, b). Mpu BbipawmBaHMm pacteHui Ha cpeae MC ¢
pobaBnaeHrem 50 MM NaCl yBeAnyeHWe AAMHBI KOPHEN Mo
CPaBHEHUIO C AUKMM TUMOM O0BHaPYXEHO Yy AUHWIA 3 1 17
(puc. 1, ¢). Mpu penctarm 100 MM NaCl 60AbLLWI NPUPOCT
KOPHEW, Yem y AUKOTO TUNa, HabAAaACA Y AUHWI 3, 17 1 25
(puc. 1, d). Mpw BblpalLMBaHUK pacTeHui Ha cpeae MC ¢
pobaBneHneM CdAcC B koHUeHTpaumi 200 MKM NoBbILEHHbIE
rnokasaTteAmr NPUPOCTa KOPHEW NO CPABHEHUIO C AUKUM
TUMNOM BbISIBA€HbI Y BCEX M3YYaeMblX AMHWUIA TPAHCTEHHbIX
pacTteHui Tabaka (puc 1, e). Mpu aencteBun 400 MKM
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CdAc 6onee bbICTPbIMKU TEMNAMK POCTa KOPHEN No cpaB-
HEHMIO C AMKMM TUTIOM XapaKTeprn3oBaAUCb AMHWUK 3 1 28
TPaHCreHHbIX pacTeHun (puc. 1, f).
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Puc. 1. MpupocT KOpHEN TpaHCreHHbIX pacTeHni Tabaka

CO cBepxaKkcnpeccuer reHa PtrXTH1 3a 10 apHew:

a - HopMaAbHble ycnoBust; b — Bo3aencteue 12 °C;

¢ - BamsHne 50 mM NaCl; d - BansHre 100 mM NaCl;

e - BamsHue 200 mkM CdAc; f - BanaHue 400 mkM CdAc

(WT - AMKWI TUN; uMdpamm no ocu abeumce oTMeyeHbl Homepa
AVMHWIM TP@HCreHHbIX pacteHni; * — P < 0,05 coraacHo Tecty

AyHkaHa)

Fig. 1. Roots growth of transgenic tobacco plants

with overexpression of the PtrXTH1 gene for 10 days:

a - normal conditions; b - the effect of 12 °C;

¢ - the effect of 50 mM NaCl; d - the effect of 2100 mM NaCl;
e - the effect of 200 uM CdAc; f - the effect of 400 uM CdAc
(WT - wild-type; the numbers on the x-axis indicate the line
numbers of transgenic plants; * - P < 0.05 according

to the Duncan test)

@uKcaumsi U MUKPOCKOMMYECKUI aHaAn3 KOpHeHr. Ouk-
cauuto KopHew Tabaka NPoBOAUAK B 4%-M popManvHe Ha
docdatHom bydepe (pH 7,2) B TeueHue 4 U npu KOMHATHOM
Temnepatype. 3aTeM KOPHWU nepeHocuAn B 30%-1 ran-
LLEPUH, MPUrOTOBAEHHbIN Ha 2%-M AMMETUACYAbDOKCHAE,
1 BblaepxmBanm 30 MUH NPU KOMHATHOM TeMnepaType.
[OTOBMAM «TPOCBETASIOLLMIM PACTBOP» CAEAYHOLLETO COCTaBa:
3,7 M Klun 12,5 MM Na,S,05 B 100 MA 2%-r0 AMMETUACYAb-
dokcurpa. NoToM KOpHM NEPEHOCUAM B «MPOCBETASIHOLLAN
pacTBop» AAA NOAFOTOBKM K MPOCMOTPY NpenapaTtoB NoA
MWKPOCKONOM. 3atem 35 MA «lPOCBETAAIOLLENO pacTBopa»
cMelumnBanm ¢ 65 Ma 100%-ro ranuepuHa. KopHu Tabakos
BbIAEPXXMBAAM B «MPOCBETASIOLLEM PACTBOPE» HE MEHbLLE
1,5 4, nocae Yero rotoBUAM BpeMeHHble npenapatbl B 50%-m
ravuepuHe [13]. Paamep KAETOK KOpHEN U3yYanu B Bapu-
aHTax: ONTMMaAnbHble YCAOBUSA POCTa, POCT NPKU 3aCOANEHUU
50 mM NaCl, npv BO3AENCTBUN HU3KOW MOAOXUTEABHOM
Temnepatypbl 12 °C u npu aencteun 200 mkM CdAc.
Kaxpaasn NoBTOPHOCTb BKAOUYaAa B cebs no 10 KopHel Ha
KaXAbl BapuaHT onbiTa (n = 10). U3mepeHusa pasmepos
KAETOK NapeHXMMbl KOPHEW MPOBOAMAM B 30HE BCAChI-
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BaHUWA. Pazmep 1 naolasb KAETOK aHaAM3UpOBaAW Ha
dAyopecLeHTHOM MUKpockone Biozero BZ-8100 (Keyence,
AnoHus). Mo pesyAbTaTamMm aKCNEPUMEHTOB NpoaHaAn3u-
poBaHO No 150 KAETOK Ha KaXAyto Bapuauuio onbiTa
MCCAEAOBaHHbIX pacTteHur (n = 150). AHaAM3 1 duKkcauus
KAETOK NPOBOAMAUCH Yepe3 10 AHEN NOCAe NMOCAAKKU Ha
BEPTUKAAbHO-OPUEHTMPOBAaHHbIE Yallku Metpu. dopma
KAETOK KOPHeW BblAa UMAMHAPUYECKAs, BbITAHYTan Npu
BCEX BapuaLMsx onbiTa, kKak y Tabaka AMKOro TMna, Tak 1
Y TPAHCTEHHbIX PacTeHWU (purc. 2).

Puc. 2. Pazvepsbl 1 dopMa KAETOK KOpHel Tabaka AMKOro TMna
M TPAHCIreHHbIX PAaCTEHUI CO CBEPX3aKcnpeccuen reHa PtrXTH1:
a - KOpHWU Tabaka AMKOro TMna npu HOPMaAbHbIX YCAOBHSX;

b - KOpHW TpaHCreHHOro Tabaka NPU HOPMaAbHbIX YCAOBUSX;

C - KOpHU Tabaka AnKoro Tina npu Bo3aenctann 50 mM NacCl;
d - KOpHU TpaHcreHHoro Tabaka npu BosaencTanm 50 mM NaCl;
e - KOpHW Tabaka AMKOro Tvna npu runotepmumn 12 °C;

f - KopHM TpaHcreHHoro Tabaka npu runotepmmn 12 °C;

g - KOpHW Tabaka AMKOro Tvna npu Bosaenctenn 200 MKM CdAc;
h - KOpHM TpaHcreHHoro Tabaka npu Bosaerctenn 200 MkM CdAc
(yBeAnueHue 160x, macwwtab 50 Mkm)

Fig. 2. Size and shape of the cells of wild-type tobacco and
transgenic plants roots with overexpression of the PtrXTH1 gene:
a - wild-type tobacco roots under normal conditions;

b - transgenic tobacco roots under normal conditions;

¢ - wild-type tobacco roots exposed to 50 mM NaCl;

d - transgenic tobacco roots exposed to 50 mM NaCl;

e - wild-type tobacco roots exposed to 12 °C;

f - transgenic tobacco roots exposed to 12 °C;

g - wild-type tobacco roots exposed to 200 uM CdAc;

h - roots of transgenic tobacco exposed to 200 uM CdAc
(magnification 160x, scale 50 ym)

Mpu Bo3aercTBuM 200 MkM CdAc pa3mepbl KAETOK
Y TP@HCIreHHbIX pacTeHWl Tabaka co CBEPXIKCMNPeCCHUeEn
n3yyaemoro reHa 6biAM BOAbLLIE MO CPABHEHUIO C pac-
TeHUAMK Tabaka AMKOro Tuna (Tabaunua). Mpu AeNCTBUK
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3aCOAEHUS U TUNOTEPMUKU pPasHULA B pa3Mepax KAETOK
MEXAY TPAHCTEHHBIMU PACTEHUSIMU 1 PACTEHUAMM AUKOTO
TMNa He obHapyXMBaAach.

MAoLLLaAb KAETOK KOPHEN pacTeHuii Tabaka AMKOro Tuna
W TP@HCTEHHbIX PACTEHMIM CO CBEPX3aKCNpPECcCHen reHa
PtrXTH1 npv HOpMaAbHbIX YCAOBUSAX M NPU BO3AEUCTBUK
pa3AMYHbIX aBUOTUUYECKKX CTPECC-GaKTOPOB

Area of tobacco root cells of wild-type and transgenic plants
with overexpression of the PtrXTH1 gene under normal
conditions and under the influence of various abiotic stress
factors

TpaHcreHHble

YcnoBua npoBeAeHUs AVKWI TUN, pacTteHus
aKCNepUMeHTa MKM? 358::PtrXTH1,
MKM?

HopmanbHble ycroBusa | 2836,8+873,3 | 2777,41662,2

3aconeHune

(50 Mt Nl 2669,3+1080,2 | 2537,2+677,2
Tmnotepmusa (12 °C) 2743,2+797,4 | 2685,7+744,3
SarpAsHeRe KAAMMEM | )59 147552 | 3930,3+1077,7*

(200 mkM CdAc)
lMpumeuarHue. * - P < 0,05.

AHaAu3 copepxaHusi 6erka M KOMIMOHEHTOB aHTHOK-
CUAGHTHOM CUCTEMbI TPAHCTEHHbIX pacTeHur Tabaka B
YCAOBMSIX abMOTUYECKMX CTPECCOB. AASI OMpPEAENeHUs
aKTUBHOCTU pepMeHTa CynepoKCUAAMCMYTa3bl MCMOAb-
30BaAM METOA, onucaHHbIM C. YeBapu ¢ coaBTopamu [14].
AKTUBHOCTb rBasiKOANEPOKCHAA3 OMNPEAEASIAU MO CMOCOob-
HOCTM MOAMMEPU3aLMK FBasiKoAa AO TeTpareasikona [15].
AKTMBHOCTb ackopbaTnepokcrMaas onpeaessnacb Mo
meToay C. Bepma u P.C. Aybu [16]. CopepxaHne BoAO-
pPacTBOPUMbIX CaxapoB OMNPEAEASIAU MO METOAUKE, OMNK-
caHHow M. Atobya ¢ coaBTopamu [17] AKTUBHOCTb KaTanas
onpeAensiAv MO CKOPOCTH Aerpapaumm MoaekyA H,O, [18].
AKTUBHOCTb TAYTaTUOH-S-TpaHChepPas3 OnpeAeAsiAu Mo
CKOPOCTU 06pa30oBaHUA yTaTUOH-S-KOHbIOraToB, 0bpa-
30BaBLUMXCA MEXAY BOCCTAHOBAEHHbIM TAYyTAaTUOHOM M
1-xnop-2,4-puHnuTpobeH3onom [19]. KoAnuecTBO OKMC-
AEHHOTO0 M BOCCT@HOBAEHHOIO FAyTaTMOHA OMNPEeAEAAU
no metoanke H.B. Lanbiro u ap. [20]. CopepxaHue mano-
HOBOIO AMaAbAErMAA U3MEPSAAM C UCTOAb30BAHUEM THOO-
apbUTypOBOI KMCAOTbI MO METOAY, ONMCAHHOMY B pabote
H.A. Teinopa 1 A.X. Muanapa [21]. MeToarKa onpepeneHus
KOAMYECTBaA NPOAMHa B3ATa U3 paboTbl A.C. BaiTtca u Ap.
[22] ¢ moandukaumammn AX.A. Xeapa v ap. [23]. OueHKy
o6L1en aHTMOKCUAAHTHON CNOCOBHOCTM MPOBOAWMAM Ha
MeTaHOAbHbIX (80%) 3aKCTpakTax Mo BOCCTAHOBAEHWIO
MoAanbaeHa (VI) oo moanbaeHa (V) B KUCAOM cpepe [24].
CoaepxaHue KoamyecTBa 06Lero pactBopumMoro 6enka
namepsann no metopay M.M. Bpaadopaa [25].

Mo pesyabTaTaM OLEHKM COAEPXaHMS Benka (puc. 3, a)
BbISIBAEHO, YTO B KOPHAX TPAHCTEHHbIX PACTEHMI NPOUCXOANT
60AbLLEE €70 HAKOMAEHUE NPWU AEMCTBUN aBUOTUUYECKMX
CTPECCOB, YEM Yy pacTeHWUN AMKOro Tuna, B TO BpeMms
KaK NpW HOPMAaAbHbIX YCAOBUSIX COAEPXaHUe benka B
TPaAHCreHHbIX PACTEHUSIX HAXOAUTCS Ha YPOBHE pacTeHUI
AVMKOrO TUNa. B KOpHSIX TpaHcreHHoro Tabaka obHapyxeHa
NOBbILLEHHAs MO CPaABHEHUIO C AUKMM TUMOM oblias
AHTUOKCHMAAHTHAsA CMOCOBHOCTb Kak NP HOPMaAbHbIX
YCAOBMSAX, TaK U NPU BO3AEMCTBUM 3aCOAEHUS, TUMOTEPMUK

https://vuzbiochemi.elpub.ru/jour


https://vuzbiochemi.elpub.ru/jour

BepexxHeBa 3.A., MycuH X.I., KyayeB b.P. PocT kopHel TpaHCreHHbIX pacTeHui Tabaka co cBepXaKcnpeccHue...
Berezhneva Z.A., Musin K.G., Kuluev B.R. Root growth in transgenic tobacco plants with overexpression...

W TSXKEAbIX MEeTaAAOB (puc. 3, b). CopepXxaHue NPOAUHa
(p1c. 3, ¢) 6bIAO BbIlLE B TPAHCTEHHbIX PACTEHUAX CO
cBepxakcnpeccuen reHa PtrXTH1 kak npyv HOPMaAbHbIX
YCAOBMUSIX, TaK U MPU BO3AEMCTBUM TMNOTEPMUK U 3aCO-
AEHUWS N0 CPABHEHMIO ¢ AMKUM TUNoM. Mpu paevicTBumn CdAc
COAEPXaHWe NPOAMHA B KOPHAX TPAHCTEHHbIX PaCTEHUI
CYLLLECTBEHHO HE OTAMYAAOCH OT AMKOro Tuna. [Mpu Hop-
MaAbHbIX YCAOBUAX COAEPXaHWE BOAOPACTBOPUMbIX Caxapos
(puc. 3, d) B TpaHCreHHbIX pacTeHusx Tabaka BbIA0 MEHbLLE
N0 CPaBHEHUIO C PaCTEHUAMU AUKOTO TuNa. MNpu BAUAHUK
3aCOAEHUA U TUNOTEPMUU COAEPXKAHNE BOAOPACTBOPUMBIX
caxapoB B TPAHCIEHHbIX PACTEHUAX CTAHOBUAOChH BblilLE
Mo CPaBHEHUIO ¢ AMKMM Tunom. Mpu pericterum CdAc npo-
MCXOAMAO MOBbILLEHWE COAEPXKAHUSA BOAOPACTBOPUMbIX
caxapoB B AMKOM TUME, HO B TPAHCIEHHbIX PACTEHUSAX
KOAMYECTBO BOAOPACTBOPUMbIX CaxapoB YMeEHbLUIAAOCh
MO CPaBHEHUIO C HOPMaAbHbIMU YCAOBUAMUK. CoaepxaHme
MaAOHOBOIO AMAAbAETMAA (PUC. 3, €) MPU HOPMAAbHbIX
YCAOBUSIX ObIAO B 4 pa3a BOAbLLE B KOPHSIX TPAHCTEHHbIX
pacTeHui Tabaka No CpaBHEHWIO C AUKUM TUMOM. [pu
BO3AENCTBUKN CTPECCOBbLIX GAKTOPOB COAEPXKAHWE MAAO-
HOBOIO AMAAbAETMAA B TPAQHCTEHHbIX PaCTEHUAX CTaHO-
BUAOCb MEHbLLE, YEM MPU HOPMAAbHbIX YCAOBUSX, HO B
TO X€e BpPeMs OCTaBaAOCb Bbllle MoKazaTenel AMKOro
TMNa Npu TEX Xe CTPECCOBbLIX YCAOBUSAX.
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Puc. 3. CopepxaHune 6enka 1 BOAOPaACTBOPUMbIX Caxapos,
a TakXXe aHaAM3 KOMMOHEHTOB aHTUOKCUA@HTHOM CUCTEMbI
B KOPHSIX pacTeHuit Tabaka AMKOro TMMNa M TPaHCreHHbIX
pacTeEHUI CO CBepXaKcnpeccuen reHa PtrXTH1 npu
HOpPMaAbHbIX YCAOBUSAX (normal), npu Bo3aenctemun 50 mM
NaCl, 12 °C, 200 mkM CdAc: a - coaepxaHue benka;

b - obL1an aHTMOKCUAAHTHAA CNOCOOHOCTb; C — COAEPXaHUe
NpoAnHa; d - COAepPXaHWe BOAOPACTBOPUMbIX Caxapos;

e - coAepXaHMe MaAOHOBOI0o AMaAbAerMaa; f — akTMBHOCTb
Katanas; 1 - AUKWMI TUN, 2 — TPaHCTEHHbIE PacTeHUs

(*- P < 0,05 cornacHo Tecty A\yHkaHa)

Fig. 3. Content of protein, water-soluble sugars and analysis
of the antioxidant system in the roots of wild-type tobacco
and transgenic plants with overexpression of the PtrXTH1
gene under normal conditions (normal), in response

to 50 mM NaCl, 12 °C, 200 uM CdAc: a - protein content;

b - total antioxidant capacity; ¢ - proline content;

d - water-soluble sugars content; e - malondialdehyde content;
f - catalase activity; 1 - wild-type, 2 - transgenic plants

(* - P<0.05 according to the Duncan test)
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Mpn HOpMaAbHbIX YCAOBUSAX KaTaAa3Hasi akTUBHOCTb
6blAa Bbllle Y TPAHCTEHHbIX PACTEHUI MO CPAaBHEHUIO C
AVNKUM TUMOM, HO NPU BO3AEWCTBUMU 3aCOAEHUS U TUNO-
TEPMUU Y TPAHCTEHHbIX PACTEHWUI CO CBEPX3KCMNPECCHEN
reHa PtrXTH1 aKTMBHOCTb KaTana3 Oblna CyLLECTBEHHO
HWXe, YeM Yy AMKOro Tmna (puc. 3, f). MNpn BO3AENCTBUM
KaAMUA pasHUUbl MEXAY PaCTEHUSIMM AMKOrO Tvna M
TPaHCreHHbIMW PACTEHUAMU HE BbISIBAEHO.

AKTMBHOCTb ackopbatnepokcupas (puc. 4, a) bbina
60AbLLE B TPAHCTEHHbIX PACTEHWMAX NPW HOPMaAbHbIX
YCAOBMSIX MO CPaBHEHWIO C PacTEHMAMU AMKOrO Tvna,
npv BO3AENCTBUMU CTPECC-GaKTOPOB UX aKTUBHOCTb CHU-
3MAACb M YMEHbBLUIMAGCH MO CPABHEHUIO C AUKUM TUMOM.
AKTUMBHOCTb TAYTaTUOH-S-TpaHcdepas (puc. 4, b) n rea-
AKOAMEPOKCHAA3 (puc. 4, C) B TPAHCTEHHbIX PACTEHUAX
Tabaka npu HOPMaAbHbIX YCAOBUAX HE OTAMYAAACH OT AMKOTO
Tna. MNpu Bo3AeNCTBUM abUOTUUECKMX CTPECC-GaKTOPOB
Y TP@HCreHHbIX PacTEHMM aKTUBHOCTb A@HHbIX GEPMEHTOB
OblAa CYLLLECTBEHHO HUXE, YUEM Y pacTEHWUIA AMKOTO TUNa, Y
KOTOPbIX HAaBAOAAAOCH MOBLILEHNE aKTUBHOCTU GEPMEHTOB
Npv BO3AEMCTBUM KaXAOMO U3 TPEX CTPeCC-GaKToOPOB.

B HOpMaAbHbIX YCAOBMAX COAEPXaHWEe BOCCTaHOB-
AEHHOrO (puc. 4, d) n OKUCAEHHOIO rAyTatMoHa (puc. 4, )
B TP@HCTEeHHbIX PACTEHUSIX ObIAO HAMHOIO BbILLE, YEM Y
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Puc. 4. AHaAU3 KOMMOHEHTOB @aHTUOKCUAAHTHOW CUCTEMBI
B KOPHSIX pacTeHWI Tabaka AMKOrO TUNa W TPAHCTEHHbIX
pacTeHuii co ceepxakcnpeccuen reHa PtrXTH1 npu HOpMaAbHbIX
ycnaoBusix (normal), npu Bosaencteum 50 mM NaCl, 12 °C,
200 mkM CdAc: a - aKTMUBHOCTb ackopbaTnepoKcHUaas;
b - aKTMBHOCTb MyTaTUOH-S-TpaHchepas; C — aKTMBHOCTb
rBaskoANEPOKCHAa3; d — COAePXKaHWe BOCCTAHOBAEHHOTO
TAYTaTMOHA; € — COAEPKAHME OKUCAEHHOIO TYTaTUOHa;
f — aKTUBHOCTb CynepoKCMAAMCMYTa3bl; 1 — AUKWIA TUM,
2 - TpaHCreHHble PacTeHWs CO CBEPXIKCNpeccHen reHa
PtrXTH1 (* - P < 0,05 cornacHo Tecty AyHkaHa)

Fig. 4. Analysis of the antioxidant system in wild-type tobacco
roots and transgenic plants with overexpression of the
PtrXTH1 gene under normal conditions, under the influence
of 50 mM NaCl, 12 °C, 200 uM CdAc: a - ascorbate
peroxidases activity; b - glutathione-S-transferases activity;

¢ - guaiacol peroxidases activity; d - content of reduced
glutathione; e - content of oxidized glutathione;

f - superoxide dismutase activity; 1 - wild-type,

2 - transgenic plants with overexpression of the PtrXTH1
gene (* - P < 0.05 according to the Duncan test)
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pacTeHW AMKOTO TUNa. MNpu 3aCOAEHWM Y paCTEHWUI AMKOTO
T1Na NPOMCXOAMAO Pe3Koe yBeAnUueHre obenx Gopm ray-
TaTUOHa, TOTA@ KaK Y TPAHCTEHHbIX PACTEHMIW COAEPXAHWE
rAyTaTMOHa OCTaBaAOCb Ha TOM Xe€ YPOBHE WAU Aaxe
HEMHOI0 yMeHbLLaAoCb (CM. puc. 4, d). NMpu apencTBum
rMNOTEPMUU U KAAMUS Mbl OOHAPYXMAK BOAbLLIEE COAEP-
XaHne BOCCTAHOBAEHHOIO U OKMCAEHHOrO FAyTaTMOHa Y
TPAHCreHHbIX PACTEHUIM MO CPABHEHUIO C AUKUM TUMOM.
AKTUBHOCTb EPMEHTA CYyNEPOKCUAANCMYTa3bl ObiAa MEHbLLIE
Y TP@HCTEHHbIX pacTeHW Tabaka No CPaBHEHUIO C AUKUM
TUNOM Kak NPU HOPMaAbHbIX YCAOBUSIX, TaK U MPU AEWCTBUM
abunoTnueckmx ctpecc-Gaktopos (puc. 4, ).

OBCY)XAEHUE PE3YAbTATOB

KopHu npu cBepxakcnpeccun reHa PtrXTH1 pocan
6bICTpee, a MUKPOCKOMMUYECKWUI aHaAK3 NOoKa3an, uTo pasmepbl
KAETOK KOPHEN Yy TPaHCreHHbIX PacTEHWUI KpymnHee, Yem
Yy PacTeHUN AMKOrO TWMa, TOAbKO MPU AEWCTBUU KapaMUS.
3T0 03HauaeT, UTo CBepxakcnpeccus reHa PtrXTH1 cno-
cobCTBOBaAA YAYULLIEHWIO POCTA KOPHEN 3a CUET HE TOABKO
CTUMYASILMM POCTA KAETOK PaCTSXXEHMEM, HO M KAETOYHOIO
AENEHWS, UTO COOTHOCWTCS C HALUMMU NPEABIAYLLIUMU AGHHBIMM
no reHy NtEXGT. CBepxakcnpeccus reHa PtrXTH1 cnocob-
CTBOBaAA YBEAMUEHWIO COAEPXAHUA BEAKa, MPOAKHA, 06enx
bopmM rayTaTMoHa, BOAOPACTBOPMMbIX CaxapoB. ITO FOBOPUT
0 NMO3UTKUBHbIX UBMEHEHWAX B @aHTUOKCUAAHTHOM CUCTEME,
uTO, B CBOO OUEPEAD, ABASETCA HEOOXOANMOWM NMPEANOCHIAKON
ANl @KTMBHOIO poCcTa pacteHus. PaHee He coobuianoch 0
NO3UTUBHOM BAMSIHUM FEHOB KCUAOTAFOKAH3HAOTPAHCIAM-
KO3WMA@3 Ha MyTaTUOHOBBIN NMYA U COAEPXAHWE MPOAMHA U
BOAOPACTBOPHMbIX CaxapoB B pacTeHuax. MexaH1u3m AaHHOTO
ABAEHUSI MOKa OCTaeTcs HesAICHbIM. B auTepatype npucyT-
CTBYET 60AbLLOE KOAUYECTBO CTATEN O BAUSHUM Pa3AMUHbIX
abMOTUUYECKHMX CTPECCOB Ha MYTaTMOHOBbIV MyA U MPOAMH
Pa3AMYHbIX pacTeHuit [26], HO HET paboT, B KOTOPbIX UCMOAb-
30BaAMCb TPAHCTEHHbIE PACTEHUSI CO CBEPX3KCMPECCHEN
KCUAOTAFOKAH3HAOTPAHCTAMKO3UAA3. TakuM 06pa3omM, Hamu
obHapyXeH MexaHW3M OTBETa pacTeEHUS Ha BO3AEMCTBUE
abUOTUUECKMX GAKTOPOB NPKU BbICOKOM YPOBHE SKCNPECCUM
reHa KCUAOTAKOKAH3IHAOTPAHCIAMKO3UAA3. OBHapyXeHHoe
HaMu NoBblILLEHWE 06LLIEN aHTUOKCUAAHTHOM CNOCOBHOCTH
COOTHOCUTCA C YBEAMYEHMEM KOAMYECTBA NPOAMHA U TAyTa-
TUOHa. YBEAUUYEHWNE COAEPXAHMSA MPOAMHA B TPAHCTEHHbIX
pacTeHUsIX CO CBEPXIKCTNPECCHEN FreHOB KCUAOTAOKAH3HAO-
TPaHCTAMKO3MAA3 B OTBET Ha BO3AEWCTBHE KaAMUSA BbISBAEHO
B paHee NMPOBOAMMOM HaMU UCCAepOBaHUK [27]. Coaep-
XaHue cBOBOAHOIO NMPOAMHA MHOTOKPATHO MOBbILLIAETCA
B KAETKAx PacTeHWI B OTBET HA BAUSIHWME aBUOTUUECKUX
CTPECcCOoB, YTO NOKa3blBAET UyBCTBUTEABHOCTb PACTEHUI K
Aa@HHbIM CTpeccaM. AT AaHHbIE MOTYT FOBOPUTL O HAAUUMK
3alUMTHOrO addPeKTa KCUAOTAKOKAHIHAOTPAHCIAMKO3MAG3
npu AENCTBUM abUOTUUECKUX CTPecc-GakTopoB (TaKMx
KaK 3aCOANEHWE U TMNOTEPMMUS), KOTOPbIN peanm3yeTcsa He
TOABKO Yepe3 CTUMYAALMIO POCTa, HO M 3@ CUET BAMSAHMSA
Ha KOMMOHEHTbl aHTUOKCUAGHTHOW CUCTEMBI.

MpY NOBbLILEHUN 3SKCMPECCHUU KCUAOTAFOKAHIHAO-
TPaHCIAMKO3MAA3 NPOMUCXOAUT YCUAEHHOE pacLLenAeHne
KCUAOTAKOKAHOB, YTO AQET CUTHAA AAST POCTa pacTeHus [1].
AaHHbIN CUTHAA CTUMYAMPYET pa3MsryeHne KAETOYHOM
CTEHKM, UTO BEAET K POCTY KAETOUHOW CTEHKM U KOPHSA B
LenoM. PacTeHune pacTeT 3a CYET YyBEAMUEHHMA IKCMPECCUU
MHOTOYUCAEHHBIX FEHOB - PEryASTOPOB POCTa, MPOUCXOAUT
OAHOBpPEMEHHasi aKTUBaLMS AEAEHUS] KAETOK M pacTa-

XEHWUSI KAETOUHBIX CTEHOK pacTeHWI. [py 3TOM pacTeHuto
Ba)XHO, 4TOObI NPY UHTEHCUBHOM POCTE HE NPOUCXOAUAO
OOABLLIOr0 HakanAMBaHUA aKTUBHbIX GOPM KUCAOPOAQ,
KOTOPbIE YrHETAIOT Ero XM3HeAesTEAbHOCTb. B cBA3KM ¢
BbllLleCKa3aHHbIM pacTteHne - BUAMMO, B 3TOT NEPUOA —
MOBbILLAET CBOM aHTUOKCUAAHTHbIN CTATYC, MPEXAE BCEro
3a CUET YBEAMYEHUA COAEPXAaHMS MPOAMHA, TyTaTMOHa
W, BOBMOXHO, APYTMX KOMMOHEHTOB @aHTMOKCUAAHTHOM
CUCTEMbI, TaK Kak 0bLasi aHTMOKCUMAAHTHAA CNOCOHBHOCTb
Y TP@HCTEHHbIX PACTEHWI MMEAA BbICOKME 3HAUYEHUS, UTO
B LEAOM ABAAETCA NOKa3aTeAeM NOBbILLEHHOIO aHTUOKCHU-
AAHTHOIO CTaTyca. Takxe ANA CTa6VIAVI3aLI,VIVI BHYTPUKAE-
TOUHbIX CTPYKTYP Ba)XHOE 3HAaYE€HWE MMEET HAKOMAEHUE
3alUMTHbIX BELLIECTB, TAKMX Kak BOAOPACTBOPUMbIE caxapa,
KOTOPbIE MCMOAb3YHTCS PACTEHUAMU AAA YNPOUHEHMSA
CBA3EN MexXAy 6enkaMu, AMNUAaMKU U XAOPOPUAAOM. B
TO Xe BPEMS B TPAHCTEHHbIX PACTEHUAX 3aPUKCUPOBAHO
yMeHbLLEHWE aKTUBHOCTEN KaTanas, ackopbaTnepokcruaassl,
rBasKOANEPOKCMAA3bI, TAYyTaTUOH-S-TpaHCcdhepasbl U cyne-
POKCUAAMCMYTA3bl. BEpOSATHO, KCUAOTAKOKAHIHAOTPAHCIAN-
KO3MAa3bl OKa3blBAOT 3aLMUTHbIN 3GDEKT Ha PacTEHUS B
YCAOBMAX aBUOTUUECKMX CTPECCOB, B TOM UncAe baaropaps
BAUAHUIO Ha COAEPXaHWe NPOAMHAE, BOAOPaCTBOPUMbIX
caxapoB, rAyTaTMoHa. B utore TpaHCreHHble pacTeHus
MOTYT HE HYXXAATbCSl B CTOAb BbICOKOW @aKTUBHOCTU HEKO-
TOPbIX aHTUOKCUAAHTHbIX GepMeHTOB. Taknum obpasom,
B OTBET HA Pa3MArYeHne KAETOUHbIX CTEHOK MPOUCXOAUT
aKTMBALIMA POCTa U AEAEHUSI KAETOK KOPHEN. Mpu AENCTBUK
CTPECCOBbIX GAKTOPOB KAETKM KOPHEW TPAHCTEHHbIX pac-
TEHWI CO cBepXakcnpeccuen reHa PtrXTH1 MoryT pAOAbLLe
He OCTaHaBAMBATb CBOM POCT, HEXEAW PACTEHWUS AUKOTO
TMNa, BEPOATHO, BAaropapa Hoaee PbIXAOMY COCTOSHWUIO
KAETOUHbIX CTEHOK. [pW BO3AENCTBMM abUOTUUECKMX
cTpecc-GpakTopoB B PaCTEHUU MPOUCXOAAT HEraTUBHbIE
OKUCAUTEAbHbIE NPOLECCHI, B TOM YACAE B PE3YAbTATE UHTEH-
CUBHOTIO ¢OTOCVIHTe3a, AblXaHWA U pOCTa, YTO, BO3SMOXHO,
ABASIETCS MPUUMHOW BbISBAEHHOTO HaMKW 6OAEE BbICOKOTO
COAEPXaHWUA MAaAOHOBOIO AMAAbAErMAA Y TPAHCFEHHbIX
pacTeHun. AAS MPOTUBOAENCTBUSA 3TOMY, BEPOSITHO, aKTU-
BMPYHOTCS NPOAMH, BOAOPACTBOPUMbIE Caxapa M ryTaTUOH.
OAHaKO MeXaHN3Mbl MPAMOIro BAUAHUA KCUAOTAKOKAHIH-
AOTPAHCIAMKO3UAA3 Ha UX 6VIOCVIHT€3 N aKTUBHOCTb NOKa
HeunsBecTHbl. CAeAYET OTMETHTb, UTO B CTPECCOBbIX YCAOBMAX
MAAOHOBbIV AMAAbAETMA B TPAHCTEHHbIX PACTEHUSAX Bbipa-
6aTbiBaACs BCE Xe MEHEee aKTMBHO, YeM B HOPMaAbHbIX
YCAOBMSAX, YTO €Lle pa3 MOXET CBUAETEALCTBOBATL O MPO-
TEKTOPHOM 3ddeKkTe reHa PtrXTH1. [oBbILLEHHOE COAEP-
XaHue 6enKa B KOPHSIX TPAHCTEHHbIX PACTEHUIA MOXET ObITb
006yCAOBAEHO TakXe HaAMUYMEM aKTHBHO PACTYLLMX KAETOK,
KOTOPble 06bIYHO CUHTE3NPYIOT BOAbLLIE Benka. C Apyroin
CTOPOHbI, NOBbILLIEHHOE COAEPXAHUE NMPOAMHA, FAyTaTUOHa
1 BOAOPACTBOPUMbIX CaxapoB, BUAMMO, 3aLLUMLLAET BEAKM
OT pa3pyLeHns, YTo TakXe MOXeT cnocobcTBOBaTh yBe-
AMYEHNIO NX COAEPXAHUA B KOPHAX.

3AKAKQYEHUE

KOHCTUTYTUBHAas akcnpeccus reHa PtrXTH1 yayywiaet
POCT KOPHEN 3a CUET CTUMYAALMU AEAEHUSI U PACTAXKEHNS
KAETOK M MOBbILIAET yCTOMUMBOCTb PACTEHMI K 3aCONEHMUIO,
TMNOTEPMUMN U KAAMUIO. ITOT MOAOXKUTEAbHBIV 3G EKT 06b-
ACHSIETCSH KOMMAEKCHbIM AEMCTBMEM NPOAYKTA reHa KCu-
AOTAOK@H3HAOTPAHCIAMKO3MAA3bl PtrXTH1 Ha KAETOUHbIE
CTEHKM U @aHTUOKCUAAHTHYIO CUCTEMY.
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OU3UKO-XUMUYECKAA BUOAOTUA
HayuHas ctaTtbf —
EDN: PZKEDW
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BuoTexHoNOTrMUeCcKaAa TpaHchopmauua 6uomaccobl
MUCKaHTYCa rMraHTCKoro B 6aKkrepuanbHyl0 HaHOL,EAAIONO3Y

H.A. WaBbipkuHa***, E.K. Mapabiiesa*, A.A. 3eHkoBa* **, E.A. CKuba*™

*UHCTUTYT NPOBAEM XUMMUKO-IHEPreTudeckux TexHororuii CO PAH, burick, Poccuiickasa ®eaepaums
**BUNCKUI TEXHOAOTMYECKNI MHCTUTYT (puAmnan) AATariCKoro rocyAapCTBeHHOro TEXHUYECKOro
yHuBepcuTeta nm. M.W. NoasyHoBa, burick, Poccurickas ®eaepaums

AHHoOTaumsA. bruotexHorormueckas TpaHcHopMaLms PaCTUTEAbHOIO CbipbS IBASIETCS OAHUM M3 HanboAee rnepcrnex-
TUBHbIX MPOMbILUAEHHbIX MPOLLECCOB MOAYYEHMS BbICOKOLEHHbIX MPOAYKTOB M3 HEAOPOIrOro pacTUTeAbHOIO ChlpPbS.
LleAbto MpoBeAEHHOM pPaboTbl IBASIACS aHaAn3 GUOTpaHCHOPMaLMU MUCKAHTYCa r’MraHTCKOro B BbICOKOLIEHHYHO
b6akTeprarbHyt HaHOLIEAAOAO3Y OT UCXOAHOIO ChIPbsi AO KOHEYHOIO MPOAYKTa, TO ECThb MPEACTABAEHME MOAHOIO LIMKAG
nepepaboTKku PacTUTEALHOIO Chbipbs. M3HayaAbHO bbiA OMPEAEAEH XMMUUYECKUI cocTaB BMOMacChl MUCKaHTyCa rMraHT-
CKOro, COAEPXXaHUE LIEAAOAO3bI B HEl cocTaBMAO 54%. Aaree ocyLuecTBASIAM BUOTpaHChopMaLMIo B TpM 3Tana: Ha
nepBom arane 61omMaccy MMCKaHTyca rmraHTCKOro noABepran npeABap1TeAbHON 06paboTke ueTbipbMs crnocobamu;
Aanee MoAyyeHHble cybcTpartbl MoABeprarm GepMeHTatnBHOMY rMAPOAM3Y B OAMHAKOBbIX YCAOBHSAX M MOAyYaAn
YIAEBOAHbIE NMUTATEAbHbIE CPEAbI; Ha 3aBepLLUaroLLLEM 3Tarne NPoBOAUAN BUOCUHTE3 baKTepuarbHOM HAHOLIEAAKOAO3bI
Ha MOAYYEHHbIX NMUTATEAbHbIX CpEAaX MOCPEACTBOM CUMOMOTMYECKOM KYAbTYpPbl Medusomyces gisevii Sa-12. B
pesyAbTate 6bIA0 BbISBAEHO, UTO XUMMUECKas MpeAobpaboTka ¢ MOMOLLbI pa3baBAEHHbIX PACTBOPOB a30THOM KUCAOTbI
M TMAPOKCUAQ HaTPMs SIBASIETCS Upe3Bbl4aliHO 3GEKTUBHOM U MO3BOASIET MOBLICUTL PEAKLIMOHHYH CTOCOBHOCTb
K pepMeHTaTMBHOMY rMAPOAM3y B 28-31 pa3 1o cpaBHEHMUIO C HATUBHbIM MHUCKaHTYyCoM. OAHO3Ha4YHO MoKa3aHo,
YTO B TEXHOAOIMM MOAYYEHMS BaKTEPUAAbHOM HaHOLLEAAOAO3bl M3 MUCKaHTyCa MMraHTCKOro rnpeABapUTEAbHYIO
06paboTKy bruomacchl HEOOXOAMMO MPOBOANTL B OAHY CTaAuKo pa3baBAEHHbIM PacTBOPOM a30THOM KMCAOTbI. B
3TOM cAydae BbiXoA cybcTpata M3 MCXOAHOIO Chipbsi AASI TOCAEAYHOLLErO rMAPOAM3a cocTaBAsieT 50%, usredeHue
peAyuMpyoLLMX caxapoB M3 BUoMacchl MUCKaAHTYCca MakCUMaAbHO (65,2%) u Bbixos 6akTepmnarbHON HaHOLEA-
AOA03bI B 1,1-1,3 pa3a Bbille, YeM Mpu TPEX APYTMX criocobax npesobpaboTkm buomacchsl.

KAroueBble CAOBa: MUCKaHTYC TMraHTCKWE, 6uoTpaHcoopmMaLms, bakTepuarbHas HaHOLEAAOA03a, XMMUUYECKas
npeaBapuTesbHasi 06paboTka
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ru/project/22-13-00107/.
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biomass into bacterial nanocellulose
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Abstract. Biotechnological transformation of plant materials constitutes one of the most promising industrial processes
for obtaining high-value products from inexpensive plant materials. The article analyzes the biotransformation
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of giant miscanthus (Miscanthus x giganteus) into high-value bacterial nanocellulose from the feedstock to the
final product, i.e., presents the complete cycle of plant material processing. First, the chemical composition of giant
miscanthus biomass was determined, and the content of cellulose was found to be 54%. After that, biotransformation
was performed in three stages: in the first stage, the giant miscanthus biomass was pretreated using four methods;
then, the obtained substrates were subjected to enzymatic hydrolysis under the same conditions, and carbohydrate
growth media were obtained; in the final stage, bacterial nanocellulose was biosynthesized in the obtained growth
media using Medusomyces gisevii Sa-12 symbiotic culture. The chemical pretreatment with dilute solutions of nitric
acid and sodium hydroxide was found to be extremely effective and increase the reactivity to enzymatic hydrolysis
by 28-31 times as compared to native miscanthus. It is shown that for the production of bacterial nanocellulose
from giant miscanthus, biomass should undergo one-stage pretreatment with a dilute nitric acid solution. In this
case, the substrate yield from the feedstock (for subsequent hydrolysis) amounts to 50%, the extraction of reducing
sugars from miscanthus biomass is maximum (65.2%), and the yield of bacterial nanocellulose is 1.1-1.3 times
higher than for the other three biomass pretreatment methods.

Keywords: Miscanthus x giganteus, biotransformation, bacterial nanocellulose, chemical pretreatment
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BBEAEHUE

bakTepuanbHas HaHoueAAono3a (BHL) - yHUKaAbHbIV
MUKPOOBHbIM MOAMMEP, KOTOPbIN BAaropaps HaHopasmep-
HOCTU M XMMWUYECKOW 4YMCTOTE OBAapaEeT CBOMCTBAMM,
OTAMYHbIMM OT AHOObIX PACTUTEABHBIX LEAAOAO3, U UMEET
OFPOMHbIV CNEKTP NPUMEHEHWI. B ¢BA3K ¢ 0COBEHHOCTAMMU
meTaboan3ma npoayLeHToB BHLL, ee BbixoA HEBbICOK, a
cebecToMMOCTb 3HAaUUTEABHA, MO3TOMY OAHUM U3 NyTEN
CHUXEHMS cebeCcTOMMOCTU SIBASIETCA WMCMOAb30BaHWE
AELLEBOrO Cbipbs. B CBA3M C 3TMM BO BCEM MUPE aKTUBHO
pa3BMBAETCS KOHLENUMA TpaHCHOPMALIMK AELLIEBOTO LieA-
AHONO30COAEPXKALLENO Cbipbs B Aoporyto bHLL [1-3].

0cobeHHO 3HAUNMbIM AQHHOE HanpaBAEHUE SBASIETCA
AAS CEBEPHbIX CTPaH, B KOTOPbIX BEreTaLMOHHbIV MEPUoA
OYeHb KOPOTOK, B TeUeHWE HEro HEBO3MOXHO MOAYYUTb
ypoXan caxapucToro pacTUTEAbHOTO CbIPbS M A@XeE MOAY-
YeHue ypoxasi KpaxmMaAMUCTOro Cbipbs NoA BOMpocom. B
TaKUX YCAOBMAX C y4ETOM IAOBaAbHOM MOBECTKM HEAONY-
CTUMa KOHKYPEHLMA 3a NULLEBOE CbliPbe MEXAY AKOABMU U
NPOMBbILUAEHHBIMW NPEANPUATUAMMU, MOITOMY KOHLEMUMS
TpaHcHOPMaLMK AELLEBOIO LIEAAFOAO30COAEPXKALLLETO ChIPbS
B BbICOKOMapPXXMHaAbHbIE MPOAYKTbl UMEET HE TOAbKO 3Ha-
YUMOCTb B paMKax LMPKYASPHOM 3KOHOMUKM, HO U OCTPYHO
COLMAAbHYH 3HAYMMOCTb [1-6].

BaxHbIM acnekToM SIBASIETCA aAeKBaTHbIN BbIOOP LeA-
AHOAO30COAEPXKALLETO Cbipbs. MUCKAHTYC TMraHTCKUN —
3HepreTnyeckas KyabTypa, 3aHMMaroLLas OAHY U3 BEAYLLMX
MUWPOBBIX MO3WULMI CPEAN LLIEAAIOAO3OCOAEPXKALLLETO ChIPbS.
Braroaaps BbICOKOM CKOPOCTU POCTa, COAEPXKAHUIO LIEA-
AKOAO3bl, NPEBbLILIAKLLEMY €r0 COAEPXKAHUE B ADEBECUHE
(50-55% npotnB 35-50%), AelLeBU3HE BO3AEAbIBAHNUA
06beM NOCaAAOK MUCKAHTyCa eXeropHo yBeAMYMBaeTcs
BO BCceM MUpe. M1UcKaHTyc nepepabaTtbiBaetcsi B bymary,
KapToOH, 6MOBETOH, XMMUYECKME NPONU3BOAHbIE LIEAAKOAO3bI,
NMPOAYKTbl MMKPOBUOAOTMUECKOTO CUHTE3A [7-9].

Kak 1 AtoBOM APYrov BUA LEAAFOAO30COAEPXKALLErO
CbIPbS, MMCKAHTYC COCTOMUT U3 LLEAAFOAO3bI, TEMULLEAAIOAOS,
AWMTHUHA, XMPOBOCKOBOM GpakLmMU U MUHEPAAbHBIX KOM-
MOHEHTOB, MPOYHO COEAMHEHHbIX MeXAY COB0M B KOMMO-
3UTHYIO MaTpuuy. Mo eAMHOAYLLHOMY MHEHWIO MUPOBbIX
3KCMNepToB, NpepobpaboTka LEAAOAO30COAEPXKALLErO
Cblpbfl — 3TO KAKOUEBas CTapuA, KOTopas onpepensieT

https://vuzbiochemi.elpub.ru/jour

ycrex NOCAEAYHOLUMX CTaAu GepMEHTATUBHOIO MTMAPOAU3a
M MMKPOBUOAOTMUYECKOTO BUOCUHTE3A AHOObIX MPOAYKTOB
6uoTeXHOAOrMUEeCKOM TpaHchopmauun [10-12].

B AaHHOI paboTe BrnepBble NPUBOAUTCA PacUeT BbIXOAA
NMOAYNPOAYKTOB M LLEAEBOI0 NPOAYKTa NPU UCMOAb30BaHUK
yeTbipex cnocoboB XMMUYECKON NPeABaPUTEABHON 0bpa-
60TKM MUCKaHTYCa 1 oLeHWBaeTca 3GHGEKTUBHOCTb MOAHOTO
UMKAa BuocuHTesa BHL, n3 MuUckaHTyca rmraHTckoro ot
CbIpbs AO LLEAEBOI0 MPOAYKTa.

3KCNEPUMEHTAABHAA YACTb

MuCKaHTyC ruraHTCkuMr copta Kammc pocCHMCKOWM
ceneKLMM BbIA BbipallleH B AepeBHe MapyLikiMHO MOCKOBCKOM
obnracTm B 2021 roay, cobpaH B dpeBpane 2022 ropa U
AtobesHo npepocTtaBaeH 000 «Mactep bpaHa», . MockBa.

B aaHHOM paboTe MccAepoBaHO ueTbipe crnocoba
npeAobpaboTkM MUCKaHTyCa C MOMOLLbIO pa3baBAEHHbIX
4 macc.% pactBopoB HNO; 1 NaOH npu atmochepHom
AABAEHWU, MPOLLECCHI MPOBEAEHbI B AaOOPATOPHbIX YCAOBHSIX.
MoApOHHO METOAMKM M3AOXKEHDBI B paboTax [11, 12]. 310
aBTOpPCKNE METOAUKU, MHOTOKPATHO BOCNPOU3BEAEHHbIE
B AabopaToOpHbIX M MUAOTHbIX YCAOBUSAX HA TaKUX BUAAX
CbIpbsi, KaK LLUeAyxa OBCa U MUCKaAHTYC caxapOLBETHbIN
copta CopaHOBCKMI. Ycnex nepepaboTkn MUCKaHTyca
TMrAHTCKOrO ObIA AOCTUIHYT TOABKO MOCAE OCYLLLECTBAEHMWS
TLLLATEABHOM NPOOOMNOATOTOBKM, KOTOPAsA 3aKAOUYaAach B
NATUKPATHOM U3MEABYEHNUN C MOMOLLLbKO KOPMOU3MEADb-
yutens KP-02 (r. Muacc, Poccus) A0 dpakumum pasmepom He
6onee 12 mm, npu 3ToM 50% Cblipbs ObIAO UBMEABYEHO AO
dpakumnm pasmepom He Boree 4 MM. KOMMNOHEHTHBbIV COCTaB
CbIPbA M NAAbMOB ONPEAEAEH CTaHAAPTHBIMU «MOKPbIMM»
MeToAaMU U NPUBEAEH B NEpecUYeTe Ha Cyxoe BELLECTBO,
METOAbI On1caHbl B paboTte [13].

MoAy4eHHble cybCcTpaThl NOABEPTHYTHI GEPMEHTATUBHOMY
TMAPOAM3Y C MOMOLLBIO LEAAOAOAUTUYECKUX GEPMEHTHBIX
npenapatoB Lleanontokc-A («Cubbuodapm», Poccus) u «Yab-
Tpadnao Kope» (Novozymes A/S, AaHns) COrAaCHO METOAMKE,
onucaHHow B pabote [11]. OcobeHHOCTbLIO B AAHHOM paboTte
cTano mcnoab3zoBaHue 0,05 M auertatHoro bydepa, Tak
Kak HaMu BbINO YCTAHOBAEHO, UTO 3Ta KOHLEHTpaLus bAa-
rONPUSATHO BAMSIET Ha XOA GEPMEHTATUBHOMO FTMAPOAU3A U
He BbI3blBaeT MHIMOMpPOBaHUS BocuHTe3a BHL,
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MoAyyeHHblE GEPMEHTATUBHbIE TMAPOAM3ATbI ObIAW CTaH-
AapPTM30BaHbl No peayumnpyrowmm caxapam (PC) (20 r/a)
N 3KCTPAKTMBHbIM BellecTBamM yepHoro yas (1,6 r/a) u
MCMOAb30BaHbI B KQUECTBE NUTATEABHON CpeAbl AAA BU1O-
cuHTe3a BHLL ¢ momMoLblo CUMOUOTUUYECKOW KYABTYpPbI
Medusomyces gisevii Sa-12, npuobpeTeHHOM Bo Bcepoc-
CUNCKON KOAAEKLIMM NPOMbILLAEHHbIX MMKPOOPraHW3MOB.
MoceBHOM MaTepuan NPeABapUTEABHO aKTUBUPOBAAK B
TeYeHue 7 CyTOK B ONTUMaAbHbIX YCAOBUSAX [14] 1 BHOCKAK
B F’MAPOAM3HbIE Ccpeabl B konnyectBe 10 06.%, B UHOKYAATE
obllee KOAUYECTBO APOXXKen — 12,9-13,2 MAH KAETOK B
1 cm3, obliee KOAMUYECTBO YKCYCHOKUCAbIX BakTepui —
1,6-2,2 MAH KAeTOK B 1 cm3. B kauecTBe KOHTPOASA UCMOAb-
30Banacb CUHTETUMYECKAS TAOKO3HAsA Cpeaa, CoAepxalLas
20 r/A TAHOKO3bI U 1,6 I/A 3KCTPaKTUBHbBIX BELLLECTB YEPHOTO
yan [15]. buocrHTes BHLL npoBoAMAK B paHee BbISIBAEHHbIX
ONTUMaAbHbIX YCAOBUAX [16]: CTauMOHapHbIE YCAOBUS, TEM-
neparypa 27 °C. KyabTUBMPOBaHMUE NPOBOANAWN B KAUMA-
Tnyeckon kamepe (Binder, fepmaHus), NPOAOAKUTEABHOCTb
KYABTUBMPOBaHUA cocTtaBuaa 11 cyToK.

[MocAe OKOHYaHUA KYABTUBUMPOBaHUSA reAb-nAeHKy bHLL
CHMMaAM C MOBEPXHOCTU MUTATEABHOM CPEAbl U MPOMbIBAAM
OT KOMMOHEHTOB NUTATEAbHOM CPEAbI M KAETOK MO3TanHOM
obpaboTtkoit 2 macc.% NaOH u 0,25 macc.% HCI ¢ nocae-
AYHOLLIEV NPOMbIBKON AUCTUAAMPOBAHHON BOAOW AO HEN-
TpaAbHOM peakuuu. MoayueHHble NnaeHkr BHL, noaBepranm
cybAMMaLMOHHON cyllke B AModuansatope HR7000-M
(Harvest Right LLC, Salt Lake City, CLLUA) A0 noCTOAHHOM
mMacchbl.

Bbixoa BbicylieHHoM BHLL paccunTbiBank no caepytoLLen
dopmyae:

W =—"——x 100%,

T Ccxvx0,9

rae W - Bbixop BHLU, %; m - macca obpasua BHL B
nepecyeTe Ha abCOAKOTHO Cyxoe BELLECTBO, I; C — KOHLEH-
Tpauma PeAyLMpYIOLLIMX BELLECTB B CPeAe B nepecueTe
Ha TAOKO3Yy, I/A; V - HauyaAbHbli 06bEM CpeAbl, A;
0,9 - KO3DPULMEHT NepecUeTa, 00YCAOBAEHHbIN OTLLENAEHUEM
MOAEKYAbI BOAbI MPY NMOAUMEPU3ALINM TAHOKO3bI B LIEAAOAOSY.

Bce peakTtuBbl nprobpeteHsl B AO «BekToH» (r. CaHKT-le-
Tepbypr, Poccus).

MwuckaHTyc

1,7

22,8

M Llenntono3sa no KiopLuxepy

7.4

83,0

M [MeHTO3aHbI

CreneHb noAvmMepusaLmmn obpasuos BHL, onpeaeasinach
BUCKO3MMETPUYECKUM METOAOM [17] C UICMOAB30BaAHUEM
B KaueCTBe PacCTBOPUTEAR KaAOKCEHA (3TMAEHAMAMUH,
perucTpaunoHHbii Homep CAS 107-15-3, «/\eHpeaKTuB»,
r. CaHkT-lMeTepbypr, Poccus; OKCHMA KapAMUs, perncTpaum-
OHHbIN Homep CAS 1306-19-0, «\eHpeaKTuB», . CaHkT-le-
Tepbypr, Poccus).

AKcnepuMeHTaAbHbIE pe3yAbTaTbl MOAYYEHbI B TPEX-
KpaTHbIX MOBTOPHOCTSIX, CTAaTUCTUUYECKM 0BpaboTaHbl ¢
NPYMEHEHWEM CTaHAAPTHbIX METOAOB C MOMOLLBIO NPO-
rpammbl Microsoft Office Excel 2019.

PaboTa BbINOAHEHA NPU UCMOAb30BaHUK 060PYAOBAHMS
BUItCKOro perMoHaAbHOro LEHTPa KOAAEKTUBHOMO NMOAb30-
BaHusi CO PAH (MHCTUTYT NPOBAEM XUMUKO-9HEPrETUUECKUX
TexHonornn CO PAH, r. buiick, Poccus).

OBCY)XAEHUE PE3YNbLTATOB

Ha nepBom 3tane U3y4ynanm KOMMNOHEHTHbIN cocTaB 61o-
Maccbl MMCKaHTyCa rMraHTCKOro M MPOAYKTOB, MOAYYEHHbIX
13 HEro C UCMNOAb30BaHMEM UEThIPEX aBTOPCKKX CNocoboB
npepobpaboTkun. PesyabTaThl NPeACTaBAEHbI Ha puc. 1.

MpepobpaboTka a30THOM KUCAOTOM NMPUBOAUT K NOBbI-
LLIEHWIO MaCCOBOW AOAM LIEAAOAO3bI B MPOAYKTE a30THO-
Kucnoi 06pabotku (MAO) no cpaBHeHUHO ¢ CbipbeM B 1,5 pasa
(83,0% npotmB 54,0%), K CHUXKEHUIO COAEPXKAHUSA HELLEA-
AFOAO3HBIX KOMMOHEHTOB: NeHTo3aHoB B 3,1 pasa (7,4%
npotmB 22,8%), AMuriuHa B 2,8 pa3sa (7,5% npotus 21,0%),
npv 3TOM AOAS MWHEPAAbHOM COCTaBASIIOLLLEN YBEAMUMBAETCS
¢ 1,7 pno 2,1%, uto ABAAETCA 0COOEHHOCTbIO a30THOKUCAOM
obpabotku [13, 14].

MpepobpaboTka rMAPOKCMAOM HATPUS B A@HHOM paboTe
MCMOAb3YETCA B KauecTBe apbUTpaXHOro MeToAa, Tak Kak
B MMPOBOM COOOLLECTBE NPUHATO, UTO 3TO KAGCCUYECKUN
cnocob npepobpaboTKn HEAPEBECHOTO LEAAFOAO30COAEP-
xawero cbipbsi [10-12]. CopepxaHue LEANOAO3bI B MPO-
AYKTE LWEAOYHON peAnrHudmKkaumm (MLLA) noBbiwaeTtcs B
1,6 pa3a (86,3% npotms 54,0%). 3T0T cnocob no3BoAsieT
3OOEKTUBHO YAAAWUTb NEHTO3aHbI: UX KOAUYECTBO CHIXAETCA
B 5,1 pasa (4,5% npotus 22,8%). OcTaTouHOE CoAEpPXaHME
AMTHWHA cocTaBuAo 9,0%, uto B 2,3 pasa HUXe, YEM B
MCXOAHOM Cbipbe. CoaepXaHMe 30AbHbIX KOMMOHEHTOB

JvrHuH M 3ona

LAC LMLLC
25 05 53 06

96,9

Puc. 1. KOMNOHEHTHbIM COCTaB MUCKaHTYCa MMraHTCKOro U MPOAYKTOB NpeABapUTEAbHOM 06paboTKu
Fig. 1. Composition of Miscanthus x giganteus and pre-treatment products

506

https://vuzbiochemi.elpub.ru/jour


https://vuzbiochemi.elpub.ru/jour

LllaBbipkuHa H.A., ThaabiweBa E.K., 3eHkoBa A.A. U aop. BUOTexHOANOrMYeCcKas TpaHcpopmaumsa 6uomaccsl...
Shavyrkina N.A., Gladysheva E.K., Zenkova A.A. et al. Biotechnological transformation of giant mis-canthus...

npw LWEAOYHON AeAUTHUUKaLMK CHUXaeTcs B 8,9 pasa
(0,19% npotuns 1,7%).

MpeaobpaboTka a30THOM KUCAOTOM Ha NEPBON CTaAnU
M TMAPOKCUAOM HaTpusa Ha BTOPOM CTAAMM MPUBOAWT K
MOAYYEHMIO XMMUUYECKM YMCTOrO cybcTpaTa — LEAAOAO3bI,
NMOAYYEHHOW a30THOKUCALIM cniocobom (LLAC), a UMeHHo:
MaccoBasi AOAS LEAAKOAO3bI MO CPABHEHUIO C CbipbeM
yBeanumnBaetcs B 1,8 pasa (96,9% npotus 54,0%), mac-
coBasi AOASI MEHTO3aHOB CHUXaeTcs B 8,4 pasa (2,5%
npotmB 21,0%), maccoBass AOA AMFHUHA CHWXaeTcs
B 42 pasa (0,5% npotns 21,0%), 30AbHOCTb CHMUXAETCA
B 17 pa3 (0,1% npotmB 1,7%). 310 0YeHb 3GHEKTUBHbIN
cnocob BbIAEAEHUS LEAAIOAOSbI.

MpepobpaboTka TMAPOKCMAOM HATPUS Ha MepBOK
CTaAMM M @30THOM KMCAOTOM Ha BTOPOM CTaAMM MPUBOAMT K
NMOAYUYEHUIO LLEAAFOAO3bl MOAUOULMPOBAHHbBIM LLLEAOYHbBIM
cnocobom (LUMLLIC) - cybeTpaTta ¢ HU3KOM 30AbHOCTBIO U
HW3KUM COAEPXXaHWEM AMTHUHA, HO MPWU 3TOM COoXpaHsAeTcs
OCTaToOYyHOE COAEPXaHWE MEHTO3aHOB Ha ypoBHE 5,3%.
JTO HEAb3A cuMTaTb HEAOCTATKOM, eCAM cybCcTpaT npea-
Ha3HaueH AAA Tnapoamnsa Ao PC.

XUMHyeckue coctaBbl CcybCTpaToB, MOAyYEHHbIE U3
MWCKaHTyCa r’MraHTCKOro B XOA€ NPOBEAEHHOTO UCCAEAO-
BaHUsA, OUeHb BAU3KM K XMMUUYECKUM cOCTaBaM CybCTpaTos,
MOAYYEHHbIX U3 MUCKaHTyCa caxapoLBETHOro B pabote
[13]. Bocnpomn3BOAMMOCTb PE3YALTaTOB CBMAETEALCTBYET
0 CTabUAbHOM PaboTe NCNOAb3YEMbIX aBTOPCKMX METOAOB
npepodbpaboTKM HEAPEBECHOIO LIEAAFOAO30COAEPXKALLLETO
Cbipbsl U NOATBEPXAAET UX 3PPEKTMBHOCTb. Ha puc. 2
npeacTaBAeHa 3aBUCMMOCTb KOHLUeHTpauun PC ot npo-
AOAXKWUTEABHOCTU BUOKATAAUTUUECKOTO TMAPOAU3A MOAY-
YeHHbIX 06pa3LOB.

KoHuexTpauusa
pefyLvpyioLmMX caxapos, r/n

0 10 20 30 40 50 60 70 80
MpogomKknTensHOCTL G1oKaTanMTMYecKkoro rmaponuaa, 4

—@- A0 —A— A UAC —@— LMuC

Puc. 2. 3aBUCMMOCTb KOHLEHTPALMK PEAYLIMPYIOLLIMX CaxapoB
OT MPOAOAKMUTEABHOCTU BUOKATAAUTUUECKOIO TMAPOAU3A

Fig. 2. Dependence of reducing sugar concentration
on the duration of biocatalytic hydrolysis

BbIsiBAEHO, UTO BCe 06pasLibl UMEAU CXOXYH peak-
LIMOHHYO CMOCOBHOCTb K GEPMEHTATUBHOMY FTMAPOAM3Y.
KoHueHTpaums PC uepes 72 v coctaBuaa 20,8-21,5 1/A.
Bbixop PC ot Macchl cybcTpata AAA MOAYYEHHbIX MPOAYKTOB
Bapbuposanca ot 63,0% (ans MLA) po 65,2% (ansa MAO).
MoAyYeHHblE AAHHbIE HUXE, YEM AAHHbIE, MPEACTABAEHHbIE
B @HaAOTMUYHbIX MICCAEAOBaAHMAX AN MUCKaHTYCa caxapo-
uBeTtkoBoro [11].

B taba. 1 npeactaBAeHbl 0000LLEHHbIE AQHHbIE MO
BbIxoAy PC B pesynbtrate GepMeHTaTMBHOIO rMApOAn3a
ueTbipex NPOAYKTOB NpepobpaboTkn BuoMacchl MUCKaHTyca
TMraHTCKOrO, @ TaKXe Mo pe3yAbTaTam rMAPOAK3a HAaTUBHOM
6uomacchl.

Bce BuAbI NpepobpaboTok okasaAUCh Upe3BblYaiHO
3OHEKTUBHBIMU B OTHOLLEHWU MUCKAHTYCa TMraHTCKOro, Tak
Kak NPUBEAU K MOBbILLIEHWUIO PeaKLMOHHOM COCOBHOCTU
K GepMEHTaTUBHOMY TMAPOAU3Y TMAPOAU3YEMbBIX KOMIO-
HEHTOB Cy6CTPaTOB (CYMMbI LIEAAKOAO3bI U TEMULIEANONO3
(neHTo3aHOB)) B 28-31 pa3 no cpaBHEHUIO C HATUBHbLIM
CblpbeM, a UMeHHO Bbixop PC coctaBua o1 63,4 po 71,4%
AR cyBeTpaToB NpoTHB 2,3% AAA HATUBHOIO MUCKaHTYCa.
B anTepatype npepobpaboTtka cuMTaeTcs yenewHomn, ecAmn
OHa NPUBOAMT K NOBbILLEHWIO PeaKLMOHHOM CNOCOBHOCTU
cybcTpata no cpaBHEHWULO € CbipbeM B 5 1 6oaee pas [10],
TaknM 06pa3oM, pesyAbTaTbl MPUMEHEHHBIX NPeA0bpaboToK
MOXHO CUMTaTb BbIAGIOLLUMUCS.

B 10 Xe Bpemsl B CTPEMAEHWUU K HAy4YHON OObEKTUB-
HOCTM HEOBXOAMMO 06PaTUTb BHUMAHWE Ha YpEe3BblYaiiHyo
YCTOMYMBOCTb K EPMEHTATUBHOMY TMAPOAN3Y HATUBHOMO
MUCKaHTyCca ruraHTckoro: Bbixop PC coctasasieT Bcero 2,3%
OT CYMMbI TMAPOAM3YEMbIX KOMMOHEHTOB, UTO B 7,4 pa3a
HUXeE, YEM TUAPOAM3YEMOCTb HATMBHOIO MMUCKaHTyCa
CcaxapouBETKOBOro, AAS KOTOPOTo BbIxoA PC cocTtaBAasieT
17% [13]. AaHHbIN PaKT MOXHO 0ObACHWUTb OCOBEHHO-
CTAMU MOPDOAOTUM MUCKAHTYCA MMraHTCKoro. MUCKaHTyC
TMFaHTCKUI - 3TO MOLLHOE, MPOUYHOE, KPEMKOE pacTeHue,
BbICOTa KOTOPOro B 2 pa3a NPeBOCXOAWT BbICOTY MUCKaHTYyCa
caxapoLBETHOrO, a TOALLMHA cTebAs - B 2-3 pa3a 6onblle
TOALLLMHBI CTEOASt yKa3aHHOTo B1Aa. OCO6EHHOCTM MopdO-
AOTUU NMOBAUSIAV M Ha NOBeAeHWe cybCcTpaToB B Npolecce
bEepMEHTATUBHOIO MMAPOAK3A: HECMOTPS Ha TO, UTO peak-
LMOHHasA CrnoCobHOCTb K GEepPMEHTATUBHOMY FMAPOAU3Y
3HAUMTEAbHO MOBbILLAETCA NOcAe NPEA0BPaBbOTKM, OHA AAS
cybCcTPaToOB M3 MUCKAHTYCA FMraHTCKoro Ha 13-25% Huxe,
uem AAA cybCTPaToOB M3 MUCKAHTYCa CaxapoLBETHOr0. 3T0
OuY€eHb BaxxHoe 06CTOATEALCTBO. MOAYUYEHHbIE PE3YALTATHI
XOPOLLIO CorAacytoTcsl ¢ Hdopmaumen, NpuBeAEHHON B
MCcToUYHMKax [18, 19], rae oTMeuyeHa UCKAKOUMTEAbHAS YCTOM-

Tabauua 1. DepmMeHTaTUBHbIN TMAPOAU3 MAABMOB M3 MUCKAHTYCa M’MraHTCKOro

Table 1. Enzymatic hydrolysis of Miscanthus x giganteus pulps

Cnocob npepobpaboTkn MUCKaHTyca
lNokasaTenb HatuBHbIN
MAO MLA LIAC UMLLC MUCKaHTYG

KOHUEHTpaLmMa peayLMpYOLNX CaxapoB B ruppoansate, i/a | 21,5+0,2 | 20,8+0,2 | 21,0+0,2 | 21,0+0,2 0,6+0,1
Bbixoa peayumpyrowmx E:axapos OT CyMMbl MacCOBOW AOAK 71,4403 | 68,6403 | 63,440.3 | 671403 2.30,2
LIEAAOAO3bI M MACCOBOM AOAM NEHTO3aHOB B cybeTpate, %
KoHUEHTpaumsa KCUAO3bl B TMAPOAM3ATE, /A 2,0+0,1 1,4+0,1 0,5+0,1 1,3+0,1 0,0
BbIx0A KCMAO3bl OT MAcCOBOM AOAM NEHTO3AHOB 80,0£0,2 | 93.0:0,2 | 62,5402 | 72,2402 0.0
B cybecTpate, %
Bknaa KCV:)/\O3bI B obLlee copepXKaHUe PEAYLMPYHOLLMX 9.3+0,2 6.7+0,2 2.4+0,2 6.2+0,2 0.0
caxapos, %
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Puc. 3. MNokasatenr 6uocrHTE3a HaKTepUaAbHOM HAHOLEAAIOAO3bI: @ — KOAMUYECTBO APOXIKEN U YKCYCHOKUCABIX BakTepuin; b - pH;
C - peayuupytolme caxapa; d - BbIXop 6akTeprUanbHOM HAHOLEAAOAO3bI

Fig. 3. Indicators of bacterial nanocellulose biosynthesis: a - the number of yeast and acetic acid bacteria; b - pH;

¢ - reducing sugars; d - yield of bacterial nanocellulose

UMBOCTb MUCKaHTYCa K GepMeHTAaTUBHOMY T’MAPOAKM3Y, a
MOBEAEHME NPU GEPMEHTATUBHOM TMAPOAU3E HE MOAEABHbIX,
a NPUPOAHbBIX CybCTPaTOB 0ObACHAETCS B NEPBYIO 0UEPEAb
Mopdonormen cybetparta [19].

Cy6cTpaThl M3 MUCKaHTYCa TMraHTCKOrO XapakTepuaykoTes
AOCTATOUYHO BbICOKON 3QHEKTUBHOCTBIO TMAPOAN3A FEMU-
LIeAAKOAO3. BbIXOA KCHAO3bI OT MAaCcCOBOW AOAW NMEHTO3aHOB B
cybctpatax coctaBaseT o1 62,5 A0 93,0% (cM. Taba. 1). Mpu
3TOM BKA@A KCMAO3bI B 06LLee copepxaHne PC cocTaBAasieT
Bcero 2,4-9,3%, Taknum 06pa3om, NoAyUYeHbl Mpenmylie-
CTBEHHO IAKOKO3HbIE TMAPOAU3ATHI.

Ha TpeTbeM atane akcnepuMeHTa NPOBOAMAK BUOCHHTES
BHLL Ha ueTbipex noAy4yeHHbIX rMApoAn3aTax. Ha puc. 3
OTpaXKeHbl OCHOBHbIE NapamMeTpbl npoLecca bMoCUHTE3a.

MPOAYLIEHT, UCMOABL3YEMBIN B paboTe, NpeAcTaBASEeT
€060 KOHCOPLIMYM Pa3AMUYHbIX BUAOB M POAOB APOXKEN
M YKCYCHOKMUCAbIX BakTepuit. M3 AntepaTypHbIX AaHHbIX
M3BECTHO, YTO APOXKM CUHTE3UPYIOT ATAHOA AAST CTUMYASILIMK
pocTa KOAMYECTBa YKCYCHOKMUCAbIX OakTepuil, a Te B
CBOM o4epeAb CUHTE3UPYHOT BHL, AAR 3aLUUTBI APOXIKEN
OT BAMSAHUS OKpyxatollen cpeabl [20]. B cBs3u ¢ aTUM
KOAMYECTBO APOXKEN MPEBbILIAET KOAMYECTBO YKCYCHOKUCABIX
6akTepuit. CAeAyET OTMETUTD, UTO COAEPXKAHME APOXIKEN U
YKCYCHOKMCAbIX BaKTEPUIA Ha Pa3HbIX MUTATEAbHbIX CPeAaX
He3HauUMTEeAbHO OTAMYAETCH MexXAy cobol (cM. puc. 3, a).
CHuxeHure pH B npouecce KyAbTUBMPOBAHMSA (CM. puc. 3, b)
NMPOUCXOANT B PE3YAbTATE aKTUBHOM XU3HEAEATEABHOCTU
YKCYCHOKMCAbIX 6aKTepuii M 06pa3oBaHus Takmx METabBOAMTOB,
KaK YKCyCHas, AHTapHas, FAOKOHOBasi KUCAOTa M Ap. [21].

3T0 co3paeT bBAAronpUATHbIE YCAOBUS XXMU3HEAEATEABHOCTU
MPOAYLIEHTA M CHUXAET PUCK KOHTaMMHALLMW MOCTOPOHHEN
MuKkpodAaopor. OctatouHas kKoHUeHTpauma PC Ha 11-e cyTKu
KYABTUBUPOBHUSI BbIA8 MMHUMAAbBHOM Ha CUHTETUYECKOM
nUTaTEABHOM CPEAE (KOHTPOAL) U COCTaBMAA MeHee 1 I/A.
KoHueHTpauus PC Ha nuTaTtenbHbIX cpeaax GepMeHTaTUBHbIX
rmapoanzatos MAO, LLAC n LUMLLC coctaBuaa ot 3,2 A0
5,2 r/A. HanboabLuaa ocTaTouHas KOHUEHTPaLUS PeAyLIU-
pyroLLMX BellecTB Habatopanach Ha cpeae MLLA - 8 1/A. Ha
3TON Xe NUTaTeAbHOM CcpeAe HabAOAAAOCh CaMOe HU3Koe
COAEpPXaHWe APOXKEN M YKCYCHOKMUCAbIX BaKTepUn, Uuto
00bACHAETCS HEraTMBHbIM BAMSAHWMEM WMOHOB HaTpWA Ha
npouecc buocuHTesa BHLL [22].

Hanbonee 3HauMMbIM nokasaTenem 3dGEKTUBHOCTH
NpPOLECCOB ABASIETCA BbIXOA LIEAEBOI0O NPOAYKTa. ECAm
peub MaeT o BHL, To ecTb ABa HarasiaAHbIX crniocoba
NPeACTaBAEHUA pes3yAbTaToB: pacyeT Bbixopa BHL, B
nepecuyete Ha PC n B nepecyete Ha UCXOAHOE CbIpbe.
Ha pucyHke 3, d npuBeaeHbl AaHHbIE Mo BbixoAy BHL ot
cymmbl PC. Hanboablume Bbixopbl BHLL 6bIAM NOAYUEHbI
Ha NMTaTeAbHbIX Cpepax GepPMEHTaTUBHbIX TMAPOAU3ATOB
LUAC n UMLC (10,7 n 10,4% COOTBETCTBEHHO) — OHMU
CconocTaBuMbl C KOHTpoAeM (11,8%), AAA rTMApPOAM3aTa
MAOQ BbIxoA 6bIA cpeaHnM (8,7%), HAUMEHbLLWI Xe BbIXOA
BHL, noayyeH Ha cpepe MWA (7,8%). B aHanormyHom
UCCAEAOBAHMU NPU UCNOAL30BaHUU B KAYECTBE NPOAYLIEHTA
Kombucha Original Bio Bbixoa BHL, coctaBua o1 1 A0 4%,
yto B 3,0-7,8 pasa Huxe, ueM BbixoAbl BHLL, noayyeHHble
B AQHHOM MCCAepOBaHMM [23].
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Tabauua 2. Pacuert Bbixoaa MOAYMPOAYKTOB U 6aKTepMa/\bHOI71 HaHOUEAAKAO3bl N3 MUCKaHTYCa NrMMraHTCKoro

Table 2. Calculation of the yield of semi-finished products and bacterial nanocellulose from Miscanthus x giganteus

Mokasarens Cnocob npepobpaboTkn MUCKaHTyca
MAO MwA LAC LMLLC
BbIxoA naAbn oT Maccbl MUCKaHTyca 50+2 48+2 3212 3812
BbIXoA peAyLMpyOLMX caxapoB OT Macchl cybcTpaTta, % 65,2+0,3 63,0+0,3 | 63,6+0,3 | 63,6+0,3
Bbixoa 6aKkTepuanbHOM HAHOLEAAOAO3bI OT PEAYLIMPYIOLLUX caxapoB, % 8,7+0,1 7,8+0,1 10,74¢0,1 | 10,4+0,1
Bbixoa 6aKkTepuanbHOM HAHOLEAAOAO3bI OT MacChl MUCKaHTyca, % 2,84+0,05 | 2,36+0,05 |2,18+0,05 | 2,51+0,05

B 1aba. 2 0606LlieHbl AaHHbIE pacyeTa BbIXOAA
NoAYnpoAyKToB v BHLL M3 MUCKaHTyca rMraHTckoro. AaHHbIN
pacueT ABASIETCA TEXHOAOTMYECKMM, MO3TOMY AASl CTAAWUMU
bepMeHTaTMBHOIO NTMAPOAM3a NPUBOAUTCS BbIxoa PC He
OT CYMMbl TMAPOAM3YEMbIX KOMMOHEHTOB, @ OT MaccChl
cybctparta, Utobbl 06bEKTUBHO OLIEHUTb, KAKOB BYAET BbIXOA
NPOAYKTa Ha peaAbHOM NMPOU3BOACTBE. Takxe NPUBOAMTCS
BbIxoA BHLL 0T 061X, a He 0T yTUAM3UPOBaHHbIX PC, uTobbI
nsbexarb MaTeMaTMYECKOrO 3aBblLLEHUS BbIXxOAA. ABTOPbI
COBPEMEHHbIX paboT No nccaepoBaHuto 6rocuHTe3a bHL,
4yacTo MaTeEMaTUYECKM 3aBbllLatoT BbIXOA [24, 25] B 0TAMUKE
OT aBTOPOB KAACCHMUECKKX paboT, KOTopble NPUAEPKMBAKOTCS
peaAbHbIX pacyeToB [26, 27].

AHanna TabA. 2 nokasbiBaeT, uTo Hanboaee CyLLLECTBEHHbIN
BKAAA OKa3blBaeT BbIXOA CyOCTPATOB OT MacChl MUCKaHTyca.
JT0 KAKYEBasA CTapMss TEXHOAOTMM, OKasblBaloLLas
HanboAbLLee BAUSAHME Ha Bbixoa BHLL B Leaom. Ha ctaamm
bepMeHTaATUBHOIO TMAPOAK3a MOAYUYEHbI MPUMEPHO PaBHble
BbIxoAbl PC 0T Macchl cybeTpaTa, «Bbinan» AULLb cybcTpar,
MOAYYEHHbIM 06pabOTKOM TMAPOKCUMAOM HaTpUsi. TOAbKO
COBOKYMHbIM aHaAW3 NO3BOAMA ONPEAEAUTb AMaepa. OUEBMAHO,
4TO Hambonee adpdHEKTUBHON OKaszanacb NpepobpaboTka
C MOMOLLbIO a30THOM KUCAOTbI, NMO3BOAMBLLAA MOAYYUTb
BbIXOA abCOAOTHO cyxoi BHLL 2,84% ot Mmacchl MUCKaHTyca,
yto B 1,1-1,3 pasa Bbille, YEM MPU APYrUX crocobax
npeao6bpaboTKu.

B xoae MpOBEAEHHOTO UCCAEAOBAHMS TaKXe OMPEeAEAAK
cTeneHb NOAMMEPU3aLIMKM MOAYUYEHHbIX 06pa3uoB BHLL.
OHa cocTaBuA@: AA CUHTETUUYECKOW NUTATEABHOW CPEAbI
(koHTpOAB) - 2500; ana MAO - 2830, ans MLLA - 2600, ars
LAC - 3050, ana UMLLC - 3000. MNMoAyyeHHble 3HaYeHuA
ABASIOTCA OAMBKUMU MEXAY COBOM U AOBOABHO BbICOKUMMU.
ABTOpPbI paboTbl [28] nccaepoBanM noAydeHue BHL, ¢
NPUMEHEHWEM aAbTEPHATUBHbIX YTAEPOAHbIX CybCTpaToB,
a UMEHHO OTXOAOB M NOBOYHbIX MPOAYKTOB BUOAMIEABHOM
N KOHAMTEPCKOM MPOMbILUAEHHOCTU (CbIPOTO FAMLEPUHA,
TMAPOAU3ATOB MOACOAHEYHOrO LWpoTa, TMAPOAM3ATOB
OTXOAOB MYUHbIX U3AE€AUHI). [TOAyUEHHbIE UMK 06pa3Lbl
BHLL nmeAn cTeneHb noAMMepU3auuM B MNpepesax
1889,1-2672,8, uTo HUXE, YEM B AaHHOW paboTe. Mpu
6uocuHTe3e bHL, Ha cpepax ¢ MCNOAb30BaHMEM B KauecTBe
MCTOYHMKA YTAepOAa Pa3AMUHbIX YNCTbIX caxapoB [29],
4YTO MOXHO CcuMTaTb MAEAAbHbIMU YCAOBWMSIMU, CaMble
BbICOKME 3HaUYeHMA CTENEHN NOAUMEPU3ALLIUN OTMEYEHDI
AR CPEA C TAHOKO30M M ManbTo30W (4350-4400), a camble
HU3KUE — AASI CPEA C MaHHO30M (2340). Takum 0b6pasom,
o6pasupbl BHLL, noAyyeHHble Ha TMAPOAU3HBIX CPEAAX U3
MWUCKaHTyCa rMraHTCKoro, MMetoT BNOAHE COMOCTaBUMble
3HAUYEHUs CTEMEHU NOAMMEPU3ALUU MO CPABHEHUIO C
obpasuamu BHL,, NoAy4EHHBIMU KaK Ha YMCTbIX CaxapHbIX
CpeAax, Tak U Ha CpeAax C aAbTEPHATUBHBIMU UCTOYHUKAMU
YyrAepoAa.
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o cpaBHEHMIO C AUTEPATYPHbIMU AAHHBIMU BbIXOA
BHLL 13 muckaHTtyca ruraHTckoro B 1,6-1,8 pasa BbillLE,
yeMm BbIxoa BHL, 3 muckaHTyca caxapougeTtHoro [14]. Tak
Kak B 060MX CAyYasx NPUMEHSAAUCH MAEHTUYHbBIE METOAbI
M NMOAXOAbI, OTAUYUS BBIXOAOB CBSA3aHbl C 0COOEHHOCTAMM
Cblpbs. XUMUUYECKUI COCTAB MUCKAHTYCa FMraHTCKOro M
MUCKaHTyCca caxapOoLBETHOr0 0UYeHb BAU30K, HO BO3MOXHO,
B MUCKaHTyCe CaxapOLBETHOM COAEPXATCA MWUHOPHbIE
KOMMOHEHTbI, OTBevYarollmMe 3a ero 3MMOCTOMKOCTb U
YCTOMYMBOCTb K BHELUHWM GaKTopaMm, 1 OHU Xe ABAAIOTCS
MHrMbuTopamu 6uocuHTesa BHLL. M3BeCTHO, UTO NPOAYLIEHTHI
BHL, uyBCTBUTEABHbBI K MHTMBWUTOPAM M TPebOoBaTEAbHbI K
cocTtaBy nuTateAbHbiX cpea [1, 2, 30]. BaxHbIM acnektom
SBASIETCS BOCMPOWU3BOAMMOCTb PE3YALTATOB: M B pabote [14],
1 B AAHHOW paboTe MaKcHManbHbIN Bbixoa BHLL poocTuraetca
npv OAHOCTAAMMHON NpeABapUTEAbHOM 06paboTke Bromacchl
MWUCKaHTyCa C NOMOLLbHO a30THOM KUCAOTbI.

B pabote [31] MUCKaHTyC (BUA HE MPUBOAUTCA) ObIA
NOABEPrHYT TMAPOTEPMUUYECKOV 06paboTKe B MPUCYTCBUK
CEPHOWM KUCAOTbI, 3aTEM MOAYUYEHHBIV NaAbn ObiA TOABEPTHYT
bepMeHTaTMBHOMY TMAPOAKM3Y C MOMOLLBIO GEPMEHTHOMO
komnaekca Celic CTec2 (Novozymes, barceepa, AaHus),
rMAPOAM3AT BblA cTaHAapTM30BaH no PC (50 r/A), Takxe
6bIAM A0BABAEHBI MUTATEABHBIE COAM U BUTAMMHBI, AGAEE C
nomoubto Gluconacetobacter xylinus ATCC 53524 6bina
cuHTe3npoBaHa bHLL, ee npoayKTMBHOCTL cocTaBuAa 16,7 1/A.
Takum obpasom, cTapmMa BUOcHHTE3a OCyLLECTBAEHA C
BbICOKMM BbIXOAOM (37% OT KoHueHTpauun PC), HO, K
COXaAeHWI0, aBTOPbl HE MPUBOAAT MaTepUanbHbI BanaHc
noayyeHua BHLL n3 MuckaHTyca, N0aTOMy CPaBHUTL BbIXOAbI
He NPeACTaBASIETCS BO3MOXHbIM.

3AKAKOUYEHUE

B pe3yAabTate NpoBEAEHHOIO MCCAEAOBAHUS NOKa3aHa
NPUHUMNMAAbHAsA BO3MOXHOCTb BMOCHMHTE3A BbICOKO-
LeHHoM BHLL n3 AoCTynHOro LEeAAOAO30COAEPKALLETO
Cbipbsi - 6BIOMACChl MUCKAHTyCa M’MraHTCKOTO POCCUIACKOW
cenekLmMn. TpaHchopmMaLmMsa MUCKaAHTYCa OCYLLLECTBAAAACH
B TPU 3Tana. Ha nepBom atane npoBeAeHa XMMUYecKas
npepobpaboTka ¢ NOMOLLbI pa3baBAEHHbIX PaCTBOPOB
a30THOM KUCAOTbI U TMAPOKCHMAA HaTpua. Ha BTOpoM
CTaAMM OCYLLLECTBAEH EePMEHTATUBHbIN TMAPOAU3 MOAY-
UeHHbIX cybCcTpaToB, Ha TPETbEN CTAAMM OCYLLLECTBAEH
61ocuHTe3 BHL, ¢ noMoLbl0 CUMBUOTUUECKON KYALTYPbI
Medusomyces gisevii Sa-12. BTopas v TpeTbsA CTapun
NPOBEAEHbI MAEHTUUYHO AASl BCEX BapUaHTOB npepobpa-
60TKW. YCTAaHOBAEHO, YTO HATUBHbIA MUCKAHTYC YCTOMUMB K
bepMeHTaTUBHOMY TMAPOAK3Y. BbISIBAEHO, UTO XMMUYECKan
npepobpaboTka ¢ NOMOLLbIO pa3baBAEHHbIX PaCTBOPOB
A30THOM KUCAOTbI U TMAPOKCHAA HATPUS IBASIETCS Upes-
BblYaHO 3QOEKTUBHON U MO3BOAAET NOBbICUTb PEAKLIM-
OHHYO0 CNOCOBHOCTb K GepMEHTaTUBHOMY TMAPOAU3Y B
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28-31 pa3 no cpaBHEHUIO C HATUBHbIM MUCKAHTYCOM.
Hanbonee adpdeKTUBHBLIM cnocobom npepobpaboTku
MWCKaHTyCa TUraHTCKOro SIBASIeTCA OAHOCTaAMMHasRA
npeaBaputenbHas o6paboTka C NMOMOLLbIO a30THOM
KUCAOTbI, NpKU 3TOM BbIXOA BHL, 0T macchl MuckaHTyca

coctaBuUA 2,84%. MpenmyLLecTBOM AaHHOW paboThl
ABASETCA OCYLLECTBAEHWE MOAHOrO LMKAA TpaHchop-
Mauuu MUCKaHTyca B BHL,, noAHOro pacuyeta Bbixoaa
NMOAYNPOAYKTOB M LLEAEBOI0 MPOAYKTa OT MacChbl CbIPbS.
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BAUsiHUE NOBbILLIEHHOW 3KCNPEeCcCUU reHa MUTOXOHAPUAABHOM
anbTepHaTuBHOM BHewHen NADH-aeruaporeHasbl
Arabidopsis thaliana Ha ypoBeHb reHepauuu aKTUBHbIX
dopm Kucnopoaa B AMcTbAX Tabaka Nicotiana tabacum
npu HU3KOMU Temnepartype

I.6. BopoBckui, E.A. lop6bineBa, A.WU. Katbiwes, H.E. KopoTaesa,
E.A. Moaskosa, A.B. Matpukac, A.B. CtenaHos, U.B. depoceesa™, A.M. LLuraposa

CUBUPCKUK UHCTUTYT pU3MoAOrm n buoxummum pacteHuii CO PAH, Upkytck, Poccurickasa ®eaepaums

AHHOTauMA. Hu3kasa temnepatypa SBASIETCA OAHMM M3 BaXHbIX GaKTopoB, AMMUTUPYIOLLMX KXM3HECTOCOBHOCTb M
MPOAYKTMBHOCTb pacTeHui. lpu MHOrMx cTpeccax, B TOM YUCAE U NPU HU3KOK TeMNepaType, B KAETKE MPOMUCXOAUT
YBEAMUYEHNE reHepaLmm aKkTUBHbIX GOPM KMCAOPOAA, KOTOPbIE ABASIKOTCH CUrHAaAbHbIMM MOAEKYAGMM U B TO Xe BpeMS
BPEASIT KAETKE, MOBPEXAAS €€ KOMIMOHEHTbI. B CBOK 0uepeAb, MUTOXOHAPUM NPEACTABASOT COO0M 0AHY M3 OCHOBHbIX
MMULLIEHEN OKMCAMTEABHOIO MOBPEXAECHMS NPU CTPEecce, a KPOME TOro, 3Ha4YUTEAbHbIM UCTOYHUK aKTUBHbIX QOPM
KucAopoaa. MUTOXOHAPMM pacTeHUI UMET BOAbLLOE KOAMYECTBO GepMEHTOB aAbTepHATUBHbIX MyTek TpaHcrnopTa
IAEKTPOHOB, MHOIME U3 KOTOPbIX aKTUBHbI MpU CTpecce. LieAb NpoBEAEHHOI0 NCCAEAOBaHUA 3aKAOHaAaCh B OLEHKE
BAMSIHWS HU3KOK MOAOXKHUTEABHOM TEMMEPaTypbl W NMOBbILLIEHHOM 3KCNPeCccHmu reteporornyHoro reHa NDB2 (anbTepHa-
TMBHas BHelwHASA NADH-aervuaporeHa3a MUTOXOHAPUI) Ha reHepaLmio akTUMBHbLIX POPM KMCAOPOAA, paboTy aabTep-
HaTUBHOM AbIXaTeAbHOM e B MUTOXOHAPHSIX M 3KCIIPECCHIO CTPECCOBbIX BEAKOB B YCAOBMSIX OCBELLEHUS B AUCTbSIX
Tabaka Nicotiana tabacum. YcTaHOBAEHO, UTO B AUCTbSIX pacTeHuH Tabaka ¢ noBbILLEHHOM aKcnpeccuer reHa NDB2
Arabidopsis thaliana rnpoucxoAnA0 CHUXEHMUE MPOAYKLUMU aKTUBHbIX GOPM KMCAOPOAA B KOHTPOAbHbLIX YCAOBUSX U B
YCAOBMSIX MOHUXXEHHOM TeMnepatypbl B CPAaBHEHNN C PACTEHUAMM AMKOrO TUna. [ToAyYeHHbIE pe3yAbTaTbl CBUAETEAb-
CTBYHOT, UTO retepororuyHbivi reH NDB2 Arabidopsis thaliana yyacTByeT B yBeAMUEHUM aKTUBHOCTHU aAbTE€PHATUBHOM
3AEKTPOH-TPAHCMOPTHOM LIENM B MUTOXOHAPHSAX PacTeHMI Tabaka, CHUXAET YPOBEHb reHepaLumnm akTMBHbIX GOpM
KMCAOPOAA M BAUSIET HA COAEPXaHME CTPECCOBbLIX BEAKOB KaK B KOHTPOAbHbIX YCAOBUSIX, TAK U B YCAOBUSX HU3KOTEM-
nepaTypHOro BO3AEHCTBHS.

KAaroueBble cnoBa: Tabak, akTUBHbIE pOPMbl KUICAOPOAA, HU3Kasi TeMnepartypa, arbTepHaTuBHas BHelHsss NADH-
AerupporeHasa, NDB2, MUTOXOHAPUM

BaaroaapHocTu. AASl BbIMOAHEHUS] paboTbl 6bIAO MCMIOAb30BaHO 060pyAOBaHMeE LIeHTpa KOAAEKTUBHOIO MOAb30BaHMS
«brnoaHannTnka» CUBUPCKOro MHCTUTYTa pU3MOAOTUM M Broxummm pacteHuit CO PAH (. UpKyTCK).
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Effect of increased gene expression of alternative external
NADH dehydrogenase of mitochondria of Arabidopsis thaliana
on the generation of reactive oxygen in Nicotiana tabacum
tobacco leaves at low temperatures

Gennadii B. Borovskii, Elena L. Gorbyleva, Alexander I. Katyshey,
Natalia E. Korotaeva, Elizaveta A. Polyakova, Darya V. Pyatrikas,
Alexey V. Stepanov, Irina V. Fedoseeva™, Anastasiya M. Shigarova

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

Abstract. Low temperature is an important factor limiting plant viability and productivity. Along with other stresses,
low temperatures increase the generation of reactive oxygen species, which are signaling molecules that can
damage cell components. As well as representing one of the main targets of oxidative damage during stress,
mitochondria represent a significant source of reactive oxygen species. Plant mitochondria have a large number
of enzymes providing alternative electron transport pathways, many of which are activated under stress. Our
aim was to assess the effect of low positive temperatures and increased expression of the heterologous gene
NDB2 (alternative external NADH dehydrogenase of mitochondria) on the generation of reactive oxygen species,
which involve an alternative respiratory chain in mitochondria and the expression of stress proteins under lighting
conditions in Nicotiana tabacum tobacco leaves. In the leaves of tobacco plants with increased expression of
the Arabidopsis thaliana NDB2 (AtNDB2) gene, a decrease in reactive oxygen species production was observed
under normal and low temperature conditions. The results indicate that the heterologous Arabidopsis thaliana
NDB2 gene is involved in increasing the activity of the alternative electron transport chain in mitochondria, which
reduces the level of reactive oxygen species generation and affects the content of stress proteins under normal
and low-temperature exposure.

Keywords: tobacco, reactive oxygen species, low temperature, alternative outer NADH-dehydrogenase, NDB2,
mitochondria
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BBEAEHUE

PacTeHunsi nepMoaAnYeCcKr NoABEPratoTCA Pa3AMYHbIM
HebAaronpUsATHbIM BO3AEMCTBUAM, YacTb U3 KOTOPbIX NPU-
BOAMT K CcTpeccy. [Tpn MHOTMX cTpeccax B KAETKE Npouc-
XOAWT YyBEAUUYEHWE FEHEPaALMM aKTUBHbIX GOPM KUCAOPOAA
(ADK), KoTOpble ABAAIOTCS CUTHAAbHBIMW MOAEKYAAMU U B
TO X€ BPEeMSA BPEAAT KAETKE, MOBPEXAAIOT €€ KOMMOHEHTbI
[1]. MUTOXOHAPUM SIBAAKOTCS MULLEHBKD OKUCAMTEABHOIO
NOBPEXAEHMA NPU CTPecce. ITO BaXHbIM MCTOUHMK ADK,
a KPOME TOro, PEryAaTOpHbIN y3eA KAETOUHOro MeTabo-
AM3Ma [2, 3]. B MUTOXOHAPHAX KAETOK PACTEHWM 1 XMBOTHbBIX
OCHOBHbIMUW canTaMu reHepaumn AOK SBAAKOTCS KOMMAEKCHI
[ n lIl pbixaTenbHOM Lenw. Mpu 3ToM NepeBOCCTaHOBAEHWE
SNEKTPOH-TPAHCMOPTHOM LLENU MUTOXOHAPUI MPUBOAMT K
CyLLEeCTBEHHOMY POCTy reHepaumn AOK [4].

https://vuzbiochemi.elpub.ru/jour

MUWTOXOHAPUU PaCTEHWIA UMEIOT BOAbLLIOE KOAUYECTBO
GEPMEHTOB aAbTEPHATUBHbBIX MyTEW TpaHCMOpTa 3AEK-
TPOHOB, MHOIMEe 13 KOTOPbIX aKTUBHbI Npu cTpecce [5]. Y
Arabidopsis thaliana aTn ¢epMeHTbl KOAUPYIOT 7 TEHOB
NAD(P)H-aernaporenas tvna Il (NDIl: NDB1-4, NDA1-2,
NDC1)n 5 reHOB anbTepHaTUBHOM okcuaasbl (AOX1a-d,
AOX2) [6]. Hanbonee 13yyeHHbIMU MO UX GYHKLUMOHAABHOM
POAM M aKTMBHOCTU MpKU cTpecce saBAAtoTcs reH AOX1a
N KOAMPYEMbIN UM GEPMEHT aAbTEPHATUBHAsS OKCMAa3a.
@OyHKuMoHMpoBaHMe AOX nNpensatcTByeT HEKOHTPOAMPY-
€MOMY YBEeAMYEHUIO KoAamyecTBa ADK npu yrHeteHuu
AbIXaTEAbHOM LIEMN B YCAOBUSAX CTPECCa MAM NepeBOCCTa-
HOBAEHMS NyAa yOUXMHOHOB. Kpome Toro, AOX peryampyet
MeTaboAU3M U 3KCMPECCUIO MHOTMX FEHOB B YCAOBUSX
cTpecca [7, 8]. Pabota 1 dyHKUMK ansTepHaTUBHbIX NAD(P)
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H-pernaporeHas B CTPECCOBbIX YCAOBUAX UCCAEAOBAHDI
HEeAOCTaTOUYHO. B cayyae mepekAroUeHUs MUTOXOHAPWIA
Ha anbTepHaTMBHYHO akTMBHOCTbL NAD(P)H okucasietcs
HECKOABKMMU GePMEHTaMM, NOKAAU3OBAHHLIMWU Ha BHY-
TPEHHEN MWUTOXOHAPUAAbHON MembpaHe. YCTaHOBAEHaA
AOKaAM3auma AaHHbIX depmeHToB: NDB1-NDB4 asastoTca
BHELUHUMM (PACMOAOXEHbI HA HapPY>XHOW CTOPOHE BHY-
TPeHHel mMembpaHbl MUTOXOHAPWIA), @ NDA1-NDA2 u
NDC1 - BHYTpeHHWUMM (0BpaLLeHbl K MUTOXOHAPUAABHOMY
maTtpukcey) [9]. Okasanochb, UTO IKCMPECCHUA KOAMPYHOLLLMX
UX rEHOB YBEAMYMBAETCHA B YCAOBUAX CTPECCA CKOOPAM-
HUPOBaAHHbIM 06PA30M C reHamu, Koaupyowumm AOX
[10, 11]. Npu oAHOBPEMEHHOW paboTe BHELLHEN U (MAK)
BHyTpeHHeln NDII 1 anbTepHaTUBHOM OKCUAA3bI KAETKa CBO-
60AHO okucasieT yacTb NAD(P)H, npeBpalliaa XMMUUYEeCKyHo
9HEPTUIO B TEMAOBYHO, UTO NMO3BOASIET PETYAUPOBATL OKMUC-
AMTEABHO-BOCCTaHOBUTEABHOE cocTosiHWE nyaa NAD(P)H m
KOMMOHEHTOB 3AEKTPOH-TPAHCMOPTHOM LEEMU MUTOXOHAPUIA
B KAETKE PacTEHWI U «0OXOAUTb» CalThbl reHepaunn AOK B
MUTOXOHAPUSX. TaKoe AbIXaHWE, KOTOPOE Ha3bliBatoOT HECO-
NPSXEHHbIM UAW «CBOOOAHBIM», BOBAEYEHO BO MHOTME
npoLecchl, CBA3aHHbIE ¢ HEOBXOAMMOCTbLIO OrpaHUuKnBaTh
M36bITOUHYIO reHepaunto AOK B pacteHuax [12].

Mpn MHOMX BUAAX CTPecca, HanpuMep 3acyxe, Npak-
TUUYECKM BCE FeHbl, KOAMPYOLLME BEAKM anbTEPHATUBHBIX
nyTen MUTOXOHAPMAABHOIO TPAHCMOPTa SAEKTPOHOB, yya-
CTBYIOT B CTPECCOBOM peaKkLUMn pacTeHni 1 apantauum [13].
BbIAnO MOKa3aHO, YTO aKTMBHOCTb reHa NDB2 urpaet poAb
B YCTOMYMBOCTM apabuaoncuca K 3acyxe npu M3bbITO4YHOM
ocBeLleHun [14], a yCTOMUMBbLIN K 3aCyxe COPT COM AEMOH-
CTPUPOBAA 3HAUUTEABHO BOAEE BbICOKYHO aKcnpeccuto NDB2
(kaK v psiaa APYrMX reHOB aAbTEPHATUBHBIX NyTEN AblXaHWs),
HEeXeAN YyBCTBUTEAbHbIE K AGHHOMY CTPECCOBOMY dakTopy
pacteHusa [15]. B 10 xe Bpems NpAMbIX 9KCNEPUMEHTOB,
yKasbIBatoLLMX Ha poAb NDB2 B yCAOBUSIX MOHWUXXEHHOM
Temnepatypsbl, paHee NPOBEAEHO He ObIAO.

B KauecTtBe MOAEALHOIO 06bEKTA AGHHOTO MCCAEAO-
BaHUsi ObIAM MUCMOAb30BaHbl pacTeHUs Tabaka AMKOro
™mna (wt) (Nicotiana tabacum L., cv. Petit Havana SR1) n
pacTeHus ¢ NoBblLEHHON aKcnpeccuen reHa A. thaliana
NDB2 (AvmHust 13S), NOAyYEHHbIE HAMW B PE3yAbTaTE Mpe-
AbIAYLLMX UCCAEAOBAHMUI [16].

PaHee Hamu 6bIAO MOKa3aHO, YTO MHIMOUPOBaHKE
AblXaHWA POTEHOHOM B AMUCTbSIX Tabaka C NOBbILLEHHON
akcnpeccueln reHa AtNDB2 6bINO CYLLECTBEHHO HUXE,
YyeM B AUCTbAX PACTEHWI AUKOTO TWMA, YTO MOATBEPXKAANO
BbICOKYIO QYHKLMOHAAbHYIO akTUBHOCTb 6enka NDB2 B
AMHMK 13S [17]. AbIxaTeAbHas akTUBHOCTb U30AMPOBAHHbIX
MWUTOXOHAPHI U3 AWHUK 13S BbiAa BbilLe NPU UCMOAb30BaHKK
MaAarta, cykunHaTta 1 NADH (Ho He NADPH) B kauecTtBe
cybcTpata AbixaHusi. CKOPOCTb MOTAOLLEHWUA KMCAOPOAA
MUTOXOHAPUAMM NPU BAOKMPOBAHUM LIUTOXPOMHOIO NyTH
AbIXaHUA TakXe OblAa 3HAUMTEABHO Bbille, YEM Y MUTO-
XOHAPWI U3 pacTeHui Tabaka aAMkoro Tvna [17]. B ueaom
0COBEHHOCTU MUTOXOHAPUAABHOTO AbIXaHWSA U Pe3yAbTaThl
WUHIMBUTOPHOIO aHaAM3a NO3BOAUAM NMPEAMNOAOXUTL yBE-
AMYEHME 3KCNpeccun U akTMBHOCTM AOX, HapyXHOW u
BHyTpeHHen NADH-aervaporeHassl Tvna ll B pacteHusx ¢
NOBbILIEHHOW 3Kcnpeccuen reHa AtNDB2. Takum 06pa3om,
NMOAyYEHHbIE PE3yAbTaTbl MOATBEPAUAN BbICOKYHO aKTMB-
HocTb 6enka NDB2 1 ¢popM1MpoBaHUE aAbTEPHATUBHOM
HedOCHOPUAMPYIOLLLEW ABIXATEABHON LIEMU B MUTOXOHAPHAX
B PaCTEHMSIX C MOBbILLIEHHOW aKkcnpeccuen reHa AtNDB2,

MpPW 3TOM YCTOMUYMBOCTb PacTeHWUM AMHUKU 13S B yCAOBUSIX
MOHWXEHHbIX TEMMNEePaTyp He NOBbILWAAACh B CPaBHEHWM
C pacTeHMAMM AMKOro Tuna [17].

B onucaHHbIX BblLLIE 3KCNEPUMEHTAX HE ONPEAEASAU
ypoBeHb reHepaumm AOK B yCAOBUSIX HU3KOTEMMEpPA-
TYpPHOro cTpecca 1 KoMPOopTHOM TemnepaType. Mexay
TEM pPOCT reHepaunn AOK aBasieTca AAA TENAOAOUBbBIX
pacTeHui B YCAOBMAX MOHMXKEHHbIX TemnepaTyp Kak
BaXHbIM 3BEHOM CUIHAAAMHIA, TaK U CYLLECTBEHHbIM
nospexaatowmm G¢aktopom. Lieab nccaepoBaHUSA 3aKAKO-
yanachb B OLEHKE BAWAHMUS HU3KOM MOAOXMUTEABHON TEMME-
paTypbl ¥ NOBbILIEHHOW 3KCMPECCHUM FETEPOAOTMUYHOTO reHa
NDB2 (anbtepHaTvBHas BHelwHsa NADH-aernaporeHasa
MWUTOXOHAPUI) Ha reHepaumnto AOK, paboTty anbTepHa-
TUBHOW AbIXaTEAbHOW LLeMU B MUTOXOHAPUSIX U KCMPECCHUIO
CTPeCccoBbIx 6EAKOB B YCAOBUSAX OCBELLEHNA B AUCTbAX
Nicotiana tabacum.

SKCNEPUMEHTAABHAA YACTb

OnpeaeneHue ypoBHS reHepaLmn AOK B AUCTbAX Tabaka
C NOBbILIEHHOW 3Kcnpeccuen reHa AtNDB2 B cpaBHEHWH
C AMKMM TUMOM MPOBOAMAM MO COAEPXAHUIO NEPOKCUAA
BOAOPOA@. PacTeHns Tabaka BblpalluyBaAn B MOYBOCMECH
B KAMMaTUUeckon kamepe (Binder, lepmaHus) npu ocee-
weHnn 140 MkM/(m2xc), poToneproae 16/8 peHb/HOUb
n Temnepatype 25 °C poo Bo3pacTta 6 HeaeAb C MOMEHTA
yKOpeHeHusi B nouse. Micnoab3oBann 3 Bruonormueckme
NMOBTOPHOCTU MO 4-5 pacTteHnt Anst AHUK 13S 1 AAS pac-
TEHWI AMKOro TUNa. Bo3aencTBre NOHWXEHHOM TeMnepa-
Typor 10 °C npoBOAMAM B TEX XE YCAOBUSAX OCBELLEHUSA B
TeyeHue 7 CyTOK. AUCTbA AAS ONMPEAEAEHNS YPOBHS reHe-
paunn A®K 1 ypoBHSA aKCNpeccun CTpeccoBbix 6enkoB
0oTOUpPaAM HEMOCPEACTBEHHO Nepes HauanOM HU3KOTEM-
nepaTypHOro BO3AEWCTBUSA, a Takxe nocae 1 u 7 cyTok
pencteusa Temnepatypbl 10 °C.

Onpeaenenune copepxanns H,O, B AUCTbSIX MPOBOANAK
no MeTOAY, ONUCAHHOMY B UCTOYHUKeE [18], B HaLLEW MOAK-
duKauun. PactuTenbHyto TkaHb (250 Mr) 3amopaxMBanu
B XXMAKOM a30T€ U FOMOreHW3MPOBaAM B CTYNKe Mpu
4 °C ¢ bydepom, copepxawnm 0,1% TPUXAOPYKCYCHOM
KUCAOTbI (pH 7,5) B 06beme 2,5 MA. [omoreHaT LeHTpK-
dyrnposanun npu 12000 g B TeueHune 15 muH npu 4 °C.
AAst onpepenenHnsa copepxanmns H,0, McnoAb30BaAu cynep-
HaTaHT B 06beme 100 MkA, poobaBasaan 400 MK 0,1%-#
TPUXAOPYKCYCHOM KMCAOTbl, 500 MKA peareHTa (0,5 MM
FeS0O,°(NH,4),S0,4°6H,0, 0,5% (v/v) H,SO4 200 MkM
KCMAEHOAOBOro opanxeBoro (AppliChem, TepmaHus)),
200 MM copbutona (Gerbu, fepmanua). CMmechb BCTpS-
XMBaAM Ha BOpTEKCE U MHKYBHpoBaAK B TeueHne 30 MUH
npv KOMHaTHOM Temnepatype. ONpeAensiAu NOTAOLLEHME
KOHEYHOr0 NPOAYKTa CnekTpodoToMeTprYeckm (SmartSpec
Plus, Bio-Rad, CLLUA) npu aAArHE BOAHbI 560 HM. KOHLEH-
Tpauuto H,0, paccuntbiBaAn No KAAMBPOBOUYHON KPUBOW
1 BbipaxaAu B MKM/T cbiporo Beca. KOHTpOAbHaA KlOBETa
copepxana 500 mMKA 0,1%-# TPUXAOPYKCYCHOM KUCAOTbI
1 500 mA peareHTa.

MoAyyeHHbIe pe3yAbTaTbl MOKAa3aAK, UTO B KOHTPOABHbIX
ycnoBusix (25 °C) ypoBeHb coaepxanns AOK B AMCTbAX
pacTeHUM C MOBbIWEHHOW akcnpeccuen reHa AtNDB2
(13S) 6bIA HUXE B CPAaBHEHWUU C AUKUM TUNOM (Wt), yBe-
AMUMBAACH B YCAOBUAX NOHMXEHHOM TemnepaTtypbl (10 °C)
y 060MX TUNOB PacTeHW, HO OCTABAACA 3HAUMMO HUXE
B AMCTbSIX pacTeHuh AMHUK 13S (puc. 1). MNpu 3TOM CHK-
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XeHuWe YpoBHA NPOAYKLMU ADK coxpaHsinOCh B TeueHue
AAUTEABHOTO BPEMEHM (A0 7 CYTOK) AGMCTBUSA MOHUKEHHOM
Temneparypbl.

0,8
Ewt @ 13s

Coaepxanue H,0, B AUCTbAX, MKM/T Cbiporo Beca

25°C 10°C, 1 cyTkn 10°C, 7 cytok
Puc. 1. I3meHeHne copepxaHmsa NepoKkcnaa BOAOPOAA

B AUCTbsAX Tabaka AMKOrO TUNa (Wt) U AMHKWK 13S B yCAOBHUSAX
NoHWxeHHoM Temnepatypbl 10 °C B TeueHue 1 1 7 cyTok.
PasHble bykBeHHble 0603HaYEHUSI MOKA3bIBAKOT 3HAYUMYHO
pasHuLy Mexay cpepHnmun (M+SD, n = 4. ANOVA Fisher LSD
method, P < 0,05)

Fig. 1. Changes in hydrogen peroxide content in the leaves
of wild-type (wt) and 13S tobacco line under low temperature
conditions of 10 °C for one and seven days. Different letter
designations indicate a significant difference between the
means (M+SD, n = 4. ANOVA Fisher LSD method, P < 0.05)

CopepxaHue CTPeccoBbix OEAKOB B 3KCMEPUMEH-
TaAbHbIX PACTEHUSIX aHAAM3MPOBAAM C UCMOAL30BAHWEM
3INEKTPOOOPE3a M UMMYHOBAOTTUHIA, KaK ONMcaHo paHee
[17]. AmMcTba 3aMOpaxunBanu B XXMAKOM a30Te U pacTUpanu
C KBapLEBbLIM NeckoM B 2,5 MA Bydepa, copepXallero
100 mM Tpuc-HCI (pH 7,4), 0,1% aoaeumnacyabdata HaTpus,
12 MM B-mepkantoataHona, 0,5 MM GeHUAMETUACYAbDO-
HUAdAOOPUAE M 50 MI HEPACTBOPUMOTO NOAMBUHWUAMMUP-
poanpoHa. MNocae ueHtpudyruposarmsa (18000 g, 10 MuH)
6eA0K U3 cynepHaTaHTa 0CaxAaAu NATUKPATHbIM 06bEMOM
OXAaXAEHHOro A0 MuHyc 20 °C auetoHa (8500 g, 10 MuH).
[MoAyueHHbINM 0capoK pacTBopAAK B Bydepe ana obpasua, v
OnpeAensiau copepxaHre benka ¢ peakTuBom bpaadopaa
(Bio-Rad, CLLA). Mo 10-30 MKr 6eAka 13 KaxxAoM Npobbl
pas3aeninn INeKTpodopeTUUECKU B 12%-M NOAMAKPUAA-
MWAHOM reAe B MPUCYTCTBUM AOAELMACYAbdATa HaTpmA U
NepPeHOCUAM Ha HUTPOLIEAAIOAO3HYIO MeMOBpPaHy B cuctemMe
miniProtean Il (BioRad, CLLUA) B COOTBETCTBUU C NpUAa-
raeMon MHCTPYKUMEN. AAS MAEHTUOMKALMM BEAKOB UCMOAbL-
30BaAM NepBUYHbIE aHTUTeAa npotuB HSP70, HSP17,6
n HSP101 (Agrisera, LLBeuns) n BTOPUUHbIE aHTUTEAQ,
KOHBIOTMPOBAHHbIE C WEAOUYHOW dochaTason (Sigma, CLLA).
Busyannsaumto aHTUTEA NPOBOAUAM C UCMIOAB30BAHUEM
xpomoreHos BCIP (5-bromo-6-chloro-3-indolylphosphate-
p-toluidine salt, Gerbu, fepmanua) u NBT (nitrotetrazolium
blue chloride, AppliChem, fepmanus).

MoAyueHHble pe3yAbTaTbl MOKa3aAM, UTO COAEPXKAHWNE
HSP101 B AMCTbAX PaCTEHMM AMKOFO TUMa B YCAOBUAX
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KompopTHON TemnepaTypbl 25 °C ObIAO Bbille, YEM Y
pacteHunit AvHuM 13S (puc. 2). Cnycta 1 CyTKM BO3AEN-
CTBUA NOHWXEHHOM TemnepaTtypon 10 °C copepxaHue
HSP101 Bo3pacTano B AUCTbSIX PACTEHWUI C NMOBbILLEHHOM
akcnpeccuen reHa AtNDB2, a nocae 7 CyTOK HU3KOTEM-
nepaTtypHOro ctTpecca atoT 6eA0K NPaKTUUYECKU HE Peru-
CTpUpOBaACA (CM. puUC. 2).

25°C 10°C, 1 cyTkn 10°C, 7 cyToK

wt 13s wt 13s wt 13s

HSP101

— — — — — o HSPTO
|
-- e e

HSP17,6

Puc. 2. BAuaHue komdopTtHot (25 °C) 1 NOHUXEHHOM

(10 °C, 1 1 7 cyTOoK) Temnepatypbl Ha COAEPXaHWe
CTPECCOBbIX 6EAKOB B AUCTbAX PACTEHUI AUKOTO TUNA (Wt)

W pacTeHuii ¢ NoBbILLEHHON akcnpeccuel reHa AtNDB2 (13S).
MpvBeaeHbl GoTorpadrm TUNUYHBIX UMMYHOOAOTOB

Fig. 2. Effect of comfortable (25 °C) and low (10 °C,

1 and 7 days) temperature on the content of stress proteins
in the leaves of wild-type plants (wt) and plants

with increased expression of the AtNDB2 (13S) gene.
Photographs of typical immunoblots are shown

Copepxanue HSP70 Bo Bcex npobax 6bIA0 NPUMEPHO
OAMHaKOBbIM (CM. puC. 2). HSP17,6 6bIA0 60AbLLE B AUCTbSX
AMHUK 13S, 33 UCKAOUEeHHeM Npobbl, 0TOBPaHHON NocAe
7 CYTOK MHKYbaLIMK B YCAOBUSIX MOHUXEHHOW TeMNepaTypbl
10 °C. MoAy4eHHble pe3yAbTaTbl MOKa3biBakOT, UTO bonee
BbICOKMM ypoBeHb HSP101 nocae 1 CyTOK B YCAOBMSAX
AevictBus TeMmnepatypbl 10 °C HaxoAMTCA B 06paTHOM
3aBMCHMOCTH C YPOBHEM COAEPXaHUA NEePOKCUAA B AUCTbSX
pacTeHuit Tabaka AMKOro Tuna u AMHMK 13S (cm. puc. 1),
OAHAKO MPAMOV KOPPEASILUKM MEXAY YPOBHEM COAEPXKAHMS
nepokKcnaa BOAOPOAA M KOAMYECTBOM 3TOrO M APYTUX CTPEC-
COBbIX 6EAKOB HE 0OHapYXeHO.

MpeaBapUTEAbHbIA aHAAU3 U3MEHEHWI IKCNPECCUN
CTPECCOBbIX FEHOB MOKa3aA, 4YTO CHUXEHWE KOAW-
yectBa 6eAKOB TenAoBoOro wwoka HSP101 u HW3KOMO-
AEKYASIPHbIX BEAKOB TEMAOBOIO LLIOKA COMPOBOXAAAOCh
CHUXEHMEM  KOAMYECTBA TPAHCKPWUMTOB  COOTBET-
ctBytowmx reHos (Nitab4.5_0001485g0200 - optonor
hsp101, Nitab4.5_0000312g0130 - opTtonor hsp23.6,
Nitab4.5_0000286g0060 - optonor hsp17.6A). Ikcnpeccus
reHoB-opTonoroB  hsp70 (Nitab4.5_0002290g0030,
Nitab4.5_0001579g0060, Nitab4.5_0005771g0020),
KoAMpytoLmx 6enkn HSP70 pasanyHO KAETOUHOWM AOKaAW-
3aUun, UIBMEHSANACh B MEHbLLEN CTENEHW; NPU 3TOM 00LLIEN
HabAOAQEMOW TEHAEHLIMEN AN BCEX TEHOB, KOAMPYHOLLIMX
cTpeccoBble 6EAKM, ABASINOCb CHUXEHWE KOAMYECTBA
MaTPUUHbIX PUOOHYKAEUHOBBIX KUCAOT B AUCTbAX pac-
TEHWN AMKOTO TMNa B YCAOBMAX MPOAOAKUTEABHOIO XOAO-
AoBoro Bo3aencteusa 10 °C B TeUeHUe 7 CYTOK (A@HHbIE MO
N3MEHEHUIO SKCMPECCUMN HE NPEACTaBAEHbI). [ToAyUYEHHbIE
npeABapUTEAbHbIE AAHHbIE 06 M3MEHEHUM KOAMUYECTBA
MaTPUYHBIX PUOOHYKAEUHOBbBIX KMCAOT, KOAMPYHOLLIMX CTPEC-
coBble 6eAKU, B LEAOM COOTBETCTBOBAAU HabAOAGEMOMY
HaMK copepxxaHuto 6enkoB HSP B AUCTbSIX (CM. pUC. 2).
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OBCY)XAEHUE PE3YNAbBTATOB

MoAyueHHble pe3yabTaTbl (CM. puc. 1) nokasbiBatoT,
yTo reHepaumnss AOK B AUCTbAX pacTeHui Tabaka ¢ yBe-
AMUYEeHHOW akcnpeccuen AtNDB2 HWXe B CpaBHEHWUU
C AMKMM TUNOM KakK B KOMGOPTHbIX YCAOBUSAX, Tak U B
YCAOBMSIX MOHUXEHHOW TemnepaTypbl. B AUCTbAX Hau-
60Aee BaXHbIM UCTOUHUKOM ADK B CTPECCOBbLIX YCAOBUSIX
ABAAOTCA XAoponAacTbl [1]. AAs $OTOaBTOTPODHbLIX KAETOK
pacTeHU HEOOXOAMMO NOAAEPXKAHME PABHOBECHA MEXAY
3HEepruen, yrnaBanBaemMon GOTOXMMUUYECKUMI PeaKLMAMM,
W 3HEpPruen, NCNoAb3yeEMOM B XoAe MeTaboArM3Ma, pocTa
M pa3BuUTUSA. B yCAOBUSIX HU3KOW TeMnepaTypbl CKOPOCTb
rnepeHoca aNeKTPOHOB MOXET ObITb M3BLITOUHON MO cpaB-
HEHWIO CO CKOPOCTHIO PEePMEHTATUBHbIX PeaKLMi LMKAG
KanbBKMHa. Bo3HUKaOLLMIA AMCHANaHC MEXAY NOCTyNatoLLen
N UCNOAb3YEMOW 3HEPTMEN NPUBOAMT K MEPEBOCCTAHOB-
AEHHOMY COCTOSIHUIO KOMMOHEHTOB GOTOCMCTEM U POCTY
reHepaumn AOK B poToCcHHTE3MPYOLWMX KneTKax [19, 20].
Takan cuTyaums MOXET NPUBECTU K MOBPEXAEHMUIO XAO-
POMNAaCTOB M APYTMX YacTen KAETOK W, B CBOKO OUYepeAb,
TpebyeT yuacTra MUTOXOHAPWI U NyTEN aAbTEPHATUBHOMO
9NEKTPOHHOIO TPaHCNOPTa B NOAAEPXKAHUW YITOMSIHYTOIO
BbiWwe paBHoBecuA [1, 12, 21, 22].

BoccTtaHOBAEHHbIE 3KBMBAAEHTbI M3 XAOPOMAACTOB
nepeaaroTCs B MUTOXOHAPUM C y4aCTUEM MaAaT-OKCano-
aueTaTHoro LwatTAa. Tak, B pabote [23] ycTaHOBAEHO, UTO
y MyTaHTOB no reHy AOX1a napaeT akTMBHOCTb KAKOUEBbIX
bepMeHTOB ManaT-OKCaAOaLETaTHOrO WaTtTAa U pactet
oTHoweHne NADPH/NADP* B cTpome. B 6oaee nospHel
pabote [24] 6biAK 3adUKCUPOBAHbI CUHXPOHHbIE M3Me-
HEHUA B aKTMBHOCTU MaAaT-OKCaAOALLETATHOrO LWaTTAa U
akTMBHOCTM AOX C yBEAMYEHUEM MHTEHCMBHOCTU CBETA
KaK B KOMOPTHbIX YCAOBMSAX, TaK U B YCAOBUAX AEMCTBUS
MOHWXEHHOW TeMNepaTypbl, IPUYeM OAHOBPEMEHHO € 3TUM
6bIAM 3adUrKcUpoBaHbl pocT reHepaunn AOK 1 HrMbupo-
BaHWe dotocuHTe3a. AaHHble GaKTbl yka3blBalOT Kak Ha
CYLLECTBEHHYIO POAb aALTEPHATUBHOIO MYTU AbIXaHWS B
MUTOXOHAPMAX B MpoLiecce GOTOCHHTESA, TaK U Ha yuacTue
B KaueCTBe CBA3YIOLLEro 3BeHa MEeXAY XAOPONAacTamu
M MUTOXOHAPUSAMU ManaT-OKCaAOaLLETaTHOro waTtTtaa. B
AMTEpATYpE ONUCaHbl 1 APYrme pesyastathl, yKadblBatoLme
Ha TO, UTO aKTMBHOCTb AOX cnocobHa 3aLimLiLaTh GOTOCHH-
TETUUYECKMIA annapart oT $OTOMHIMOMPOBAHMS B CTPECCOBbIX
yCAOBUSX [8, 22, 25]. 3TU AaHHbIE MO3BOAUAM NPEATOAOXKMTD,
yto akcnpeccus reHoB NDB 1 AOX 'y pacteHui B3aumoc-
Bsi3aHa. Tak, ypoBeHb akcnpeccumn AOX1a y A. thaliana
onpeApensieT ypoBeHb akcnpeccumn reHa AtNDB2 B KOH-
TPOAE U B YCAOBMSX MOBbILEHHOrO YALTPAaOUOAETOBOIO
06AyUeHUA [26]. IKCNPECCUst ITUX FTEHOB NPOUCXOAUT CHH-
XPOHHO B OTBET Ha pa3AUyHble abUOTUUYECKME CTPECChI, UTO
npeanoAaraeT COBMECTHYH PeryAsiumio obwmumm npomo-
TOPHbLIMW 3AEMEHTaMW. B TpaHCreHHbIX pacTeHusx Tabaka
N. sylvestris ¢ runepakcnpeccuen reHa StNDB1 kaptodens
(Solanum tuberosum L.) HabAlOAAAU NOBbILLEHWE aKTUB-
HocTK cobcTBEHHOTO reHa AOX Tabaka [27]. Akecnpeccus
reHOB APYron «BHYTPEeHHeN» anbTepHaTnBHOM NADH-pe-
ruaporeHasbl NDA oka3anacb CBsid3aHa € yCneLwHbIM Npo-
XOXAEHWEM CTpecca, CoXxpaHeHWeM GOTOCUHTETUUYECKON
CUCTEMbI U yMeHbLleHWeM reHepaumnn AQK [28]. Cxoxui
3 PEKT aKTBaLUU IKCNPECCUN PA3HbLIX TEHOB aAbTEP-
HaTUBHbIX SAEKTPOH-TPAHCMOPTHbIX LEMNen MUTOXOHAPHI
npu BbICOKOW aKcnpeccun NDB2 HabAopana B pacTEHUAX
Tabaka v Hala rpynna [29], UTo NOATBEPXAAET NPEANO-

AOXEHWE O B3aMMHON KOPPEASILIMM YPOBHS 3KCMPECCUM
BCEX FEHOB aAbTEPHATUBHbIX Llenei MUTOXOHAPUAABHOTO
3NEKTPOHHOrO TpaHcnopta. OAHMM M3 BO3MOXHbIX NyTEN,
00bEAMHAIOLLMX IKCMPECCUIO TEHOB aAbTePHATMBHOM
3AEKTPOH-TPAHCMOPTHOM LEMK, ABASETCA PETPOrPaAHbIN
CUFHAAMHT, MPU KOTOPOM PEAOKC-CUIHAAbI MUTOXOHAPUI
MHAYLMPYOT akcnpeccuto AOX, NDA2, NDB2 w UCP1b
BMeECTE C reHaM1 aHTMOKCUMA@HTHbIX cuctem [8].

KoopanHupoBaHHas akcnpeccusi reHo NDB (1/van NDA)
n AOX, a TakxXe coBMecTHaa paboTa KOAUPYEMbIX UMK
b6enkoB obecneurBaeT GYHKUMOHMPOBAHWE HECONpPS-
XEHHOr0 AbIXaHUsl, OrpaHUUYMBaIOLLErO U3OLITOUHYIO reHe-
paumto AOK B pacteHusix [12]. B uccaep0BaHHbIX HaMK
pacteHusx Tabaka ¢ NoBbllLIEHHOW aKkcnpeccuein AtNDB2
HabAtoAaAaCh aKTUBALMA AbIXaHUS Yepes3 aAbTEPHATUBHbIE
nyTW aAEKTPOHHOro TpaHcnopTta: NDB2-Q/QH2-A0X npwu
ncnonb3oBaHun NADH B kauecTBe cybcTpaTta AblXxaHus;
NDA-Q/QH2-A0X ¢ ncnonb3oBaHWEM MaAaTa B KauecTBe
cybetpata AblxaHus [17]. BepoaTHO, 3TO NOBbILIEHWE CKO-
POCTW aALTEPHATUBHOIO AbIXaHUS M ONPEAEASIET CHUXEHUE
ypoBHA ADK B AUCTbAX TPAHCTEHHBIX PACTEHWIA: C MOMOLLBIO
nepeaayr n3bbITOYHbIX BOCCTAHOBAEHHbIX 3KBUBAAEHTOB
M3 XAOPOMAACTOB B MUTOXOHAPUK, @ AAAee Yepes MNyTb,
MCMOAb3YIOLLMIN  aAbTEPHATUBHYIKO AblXaTEAbHYIO LEMb
MWTOXOHAPUI.

YBeAnueHHast reHepaums AOK 1 Apyrx NoBpexAatoLLmxX
$aKTOPOB B YCAOBUSIX CTPECCA MOXET MPUBOAUTb K CUHTESY
CTPeCcCoBbIX BEAKOB, KOTOPbIE IBAAIOTCSA U MapKepamu
CcTpecca, W 4acTbio 3alMUTHbIX cucTteM KaeTok [30, 31].
Akcnpeccus reteporornyHoro reHa AtNDB2 He Bbi3biBana
nosblWweHns copepxanmsa H,O, (cM. puc. 1) u cTpeccoBoro
6enka HSP101 B ycAOBUSIX KOMGDOPTHOM Temnepatypsbl
25 °C B AUCTbsIX Tabaka AnHKUK 13S (cM. puc. 2). Hu3Kko-
TemnepatypHbii ctpecc 10 °C B TeueHne 1 cyTok npu-
BOAMA K YBEAMUEHUIO COAEPXKAHUS MEPOKCHAA BOAOPOAA
B AUCTbSIX Tabaka Kak AMKOro Tuna, Tak U AMHMK 13S
(cM. puc. 1). B pacTteHusix ¢ NOBbILEHHOW 3KCnpeccuen
reHa AtNDB2 nobllweHne copepxanua H,0, NpoOncxXoanAao B
MEHbLUEN CTENEHN B CPABHEHWM C PACTEHUAMMU AMKOTO TUNa
(cm. puc. 1), npu atom copepxaHne HSP101 yBeanuu-
BanoCb (CM. puc. 2). HSP101 - 0AMH M3 rA@BHbIX LIane-
POHOB, KOTOPbIN BbINOAHSIET BaXHENLLYHO QYHKLMIO N3BAE-
UyeHUst OYHKLMOHaAbHbIX BEAKOB M3 arperMpoBaHHOro
COCTOSIHUSA, @ TaKXXe UrPaeT KAHOUEBYHO POAb B PA3BUTUK
TEPMOTOAEPAHTHOCTU pacTeHUI [32] u Npu peakumu Ha
Apyrve ctpeccol [33]. Kak 1 apyrue 6eaku TenAoBoro
woka, HSP101 yuyactByeT B 3allMTe TPAHCAALMOHHOIO
annapata KAeTKU npu cTpecce [34]. MoM1umo 31oro, 6enku
TEMAOBOrO LLOKa Y4YacCTBYIOT B MPaBUAbHOW YKAGAKE BHOBb
CHHTE3NPOBaHHbIX BEAKOB 1 KOPPEKTHOM appecaLmm Ux
B XAoponAacTbl [35-38]. Takum 0bpa3om, Habatopaemoe
B Hawen paboTte o6Lee CHUXEHUE IKCMPECCUN HUBKO-
MOAEKYAAPHbIX BEAKOB TENAOBOro Wwoka 1 HSP101 npwu
NPOAOAXKUTEABHOM AEWCTBMM MOHUXKEHHON TeMMepaTypbl
CBUAETEABCTBYET O HoAEEe BbIpaXXeHHOM, YEM Y XOAOAO-
CTOMKMX pacTEHWI, NMOAABAEHWUU TPAHCASALMU BEAKOB Y
TENAOAKBUBOro pacTeHus Tabaka U BEPOATHOM CHUXEHWK
aKTMBHOCTU GOTOCHHTESA. [10-BUAUMOMY, 3TU U3MEHEHUA
KAETOUHOTO MeTaboAM3Ma ONPEAEAAIOT HADAIOAGEMbIN HAMK
He U3MEHSAIOLLMICA YPOBEeHb reHepauun AOK B AUCTbSIX B
YCAOBMSIX MPOAOAKUTEABHOTO BO3AENCTBUSA MOHWKEHHOM
Temnepatypbl 10 °C B TeueHue 7 cyTok (cM. puc. 1).
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3AKAKOYEHUE

MoAyueHHble pe3yAbTaTbl U PACCMOTPEHHbIE AUTEPA-
TYpPHbIE A@HHbIE CBUAETEABCTBYIOT O TOM, YTO B AUCTbSX
Tabaka aKTMBHOCTb reTepoAOrMyHoro reHa AtNDB2 v anb-

TEPHATUBHOWM SAEKTPOH-TPAHCMOPTHOM LEeNU MUTOXOHAPWHI
cnocobHa CHU3UTb YPOBEHb reHepauun AQK npu HU3KO-
TeMnepaTypHOM BO3AENCTBUU U BAUAET Ha COAEPXaHNE
CTPeccoBbIX OEAKOB.
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UccnepoBaHUe NPOAYKTUBHOCTU U CBOMCTB LUTaAMMa
Weizmannia coagulans, cnocobHOro cuHTe3upoBarb
L-MOAOUHYIO KUCAOTY

H.A. Eptuneukan™, A.A. CyxaHoBa, A.H. BoaHAWH,
A.A. Cepepa, C.H. Cbipuos, F0.A. Mpokonuyk

CubUPCKUM rocyAapCTBEHHbIN YHUBEPCUTET HAYKU U TEXHOAOrMI uM. M.®. PelueTHéBa,
KpacHospck, Poccurickas ®eaepaums

AHHOTaUMA. ViccrepoBaHUS MPOAYLIEHTOB L-MOAOYHOM KUCAOTbI Ha CErOAHSLLIHWUI AEHb MPEACTaBASIIOTCA BECbMa
aKTyaAbHbIMU B CBSI3U C LUMPOKUMU CHepamMm ee npuMeHeHUS. LIeAbro MPOBEAEHHOIO MCCAEAOBAHMS SIBASIACS MOABOD
napamMeTpoB KYAbTUBUPOBaHWS TEPMOPUABHOIO LUTaMMa-NPoAyLiEeHTa L-MmoaouHou kmucaoTel Weizmannia coagulans,
BbIAEAEHHOI0 M3 MOAOKa. B xoAe paboTbl BbISSBAEHO, YTO MPOAYKTUBHOCTb LUTAMMa 3aBUCUT OT TeMnepatypbl KyAbTH-
BMPOBaHMS, CKOPOCTHM rnepemeLnBaHusi, pH cpeabl, ICMOAb30BaHHOI0 HEUTPAaAU3YIOLLEro areHTa 1 KOHLeHTpaLmm
IOKO3bI. [10 pe3yAbTatamM KyAbTUBMPOBaHUS B KOABax 1 pepMeHTepPE YCTaHOBAEHO, YTO 3a 56 YacoB LTaMM crocobeH
npoayumpoBatb A0 80,4 /A MOAOYHOM KWMCAOTbI MPH COOTBETCTBYIOLLEN CPEAHEHM MPOAYKTMBHOCTW 1,44 r/(A%xy)
¢ KoHBepcuel nopsiaka 99%. CambiMu ONTUMAaAbHBIMM apamMeTpamMu AASl MOAYHEHMUS HaMBOAbLLMX roKa3aTenes
bbinn Temnepartypa 50 °C, pH cpeabl 6,5, nepemelunBaHue 150 06/MuH. [Toka3aHo, YTO A@HHbIH LTAMM HE UHIMMOU-
pyercsi BbICOKMMM KOHLEHTPALMSIMM TAKOKO3bI, a, HarnpoTuB, AEMOHCTPUPYET GOAbLLYH MPOAYKTUBHOCTb MPU KOHLEH-
Tpaumm rroko3bl B cpeae 100-120 r/a. CpeAn HEUTPAAUIYIOLLIMX areHTOB, MCMOAb3YEMbIX AASI KOPPEKTUPOBKU pH,
BblbpaH Ca(OH),, KOTOPbIN B HAUMEHbLLIEVN CTENEHM BAMSIET Ha Ppa3Mep KAETOK NPOAYLIEHTa B rpoLecce pepmeHTaLmm
M MO6OYHbIE MPOAYKTbI MCITOAb30BaHMS KOTOPOro HauMeHee TOKCUYHbI. [1oAyYeHHbIE Pe3YAbTaTbl MOKa3bIBaoT, YTO
A@HHbINA WTaMM TPebyeT AaAbHEHLLMX MCCAEAOBAHUI €ro 0COBEHHOCTEN MeTaboAn3Ma M reHETUHYECKON MOAUPU-
Kaumu AAST MOBBILLUEHUS MPOAYKTUBHOCTU, CHUXEHMST MHTMOUPYIOLLIEro 3pdeKTa LeAeBOro NpoAyKTa Ha MetaboAn3m
MPOoAYLEHTa M MOAYYEHMS MOBbILLEHHbIX TUTPOB MOAOYHOK KMCAOTbI 3@ KOPOTKOE BPeMsi pepMeHTaLmu.

KnroueBble cnoBa: Weizmannia coagulans, MOAOYHOKHUCAOE 6DO)K6HM6, L-MOAOYHas KUCAOTa, MEPUOAUHECKOE KYALTU-
BHUpoBaHue, 610TEXHOAOrMUECKOE noAy4YeHne opraHn4eCKnux KMCAoT

®uHaHcupoBaHHe. ViccaepoBaHME NOAAEPXKAHO MUHUCTEPCTBOM HayKK M BbicLiero obpasoBaHua Poccuitcknin deaepaLmm
B paMKax rocsapaHusi Ha BbINOAHEHWE UCCAEAOBAHUS MO TeMe «MccaepoBaHe 3aKOHOMEPHOCTEN XUMUKO-OUOTEXHO-
AOTMUYECKOTO CUHTE3a BMopasAaraemMbix NOAUMEpPOB» (NpoekT Ne FEFE-2024-0027).

Ans uutupoBanus: Eptuaeukasn H.A., CyxaHoBa A.A., BosiHavH A.H., Cepeaa A.A., Cbipuos C.H., Mpokonuyk KO.A. UccaepoBaHme
NMPOAYKTMBHOCTM M CBOMCTB LUTaMMa Weizmannia coagulans, cnocobHOro CMHTE3MPOBaTb L-MOAOUHYHO KUCAOTY // U3BecTuA
BY30B. lp1KkAaaHas xumus 1 brotexHonorus. 2024. T. 14. N 4. C. 525-536. DOI: 10.21285/achb.948. EDN: QWSTSZ.
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Original article

Productivity and properties of a Weizmannia coagulans strain
capable of synthesizing L-lactic acid

Natalya L. Ertiletskaya”™, Anna A. Sukhanova, Anatoly N. Boyandin,
Anna A. Sereda, Sergei N. Syrtsov, Yulia A. Prokopchuk

Reshetnev Siberian State University of Science and Technology, Krasnoyarsk, Russian Federation

Abstract. Studies on the producers of L-lactic acid are highly relevant at the moment due to the broad scope of its
applications. This study was aimed at selecting culture parameters for a milk-derived thermophilic strain of Weizmannia
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coagulans that is capable of producing L-lactic acid. It was found that the strain productivity depends on the culture
temperature, stirring rate, medium pH, used neutralizing agent, and glucose concentration. The culture in flasks
and a fermenter revealed that in 56 hours, the strain is capable of producing up to 80.4 g/L of lactic acid at a corre-
sponding average productivity of 1.44 g/(Lxh) with a conversion of about 99%. The most optimal parameters to
achieve the highest indicators were a temperature of 50 °C, medium pH of 6.5, and a stirring rate of 150 rpm. This
strain was shown to be uninhibited by high glucose concentrations; conversely, it exhibited higher productivity at
glucose concentrations of 100-120 g/L in the medium. Among the neutralizing agents used for pH adjustment, the
Ca(OH), agent was selected, which has the least effect on the size of producer cells during fermentation and whose
by-products are the least toxic. The obtained results indicate that further studies on the metabolic properties and
genetic modification of this strain are required in order to increase productivity, reduce the inhibitory effect of the
target product on the metabolism of the producer, and obtain elevated lactic acid titers in a short fermentation time.

Keywords: Weizmannia coagulans, lactic acid fermentation, L-lactic acid, batch culture, biotechnological production
of organic acids

Funding. The Ministry of Science and Higher Education of the Russian Federation supported this study within the
state assignment for the implementation of the project “Study of the common principles of chemico-biotechnological
synthesis of biodegradable polymers and development of an integrated technology for the production of engi-neering
composite materials with controlled biodegradation for industrial use” (project no. FEFE-2024-0027).
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BBEAEHUE

B HacTtosillee BpemMsi UCCAEAOBAHUS MPOAYLEHTOB
MOAQUYHOM KUCAOTbI CPEAM OTEUECTBEHHbIX U 3apyOeXHbIX
YUEHbIX ABASKOTCA BECbMa akTyaAbHbIMK [1-3], uT0, 6e3yc-
AOBHO, CBSI3@HO C LLMPOKMMU cHEpaMm ee NPUMEHEHUS B
NULLEBOW 1 HENULLEBOW NPOMBILLUAEHHOCTH, B TOM YMCAE B
KauecTBe MOHOMepa AAA CUHTE3a Bropa3naraeMbix NAACTUKOB
[4]. Kpome TOro, yBeAMUEHWE CNPOCca Ha TakoM MAACTHUK,
KaK MOAMAAKTMA, MOBbILLIAET U CMPOC HA MOAOUHYH KUCAOTY
3aBEAOMO HaAAEXALLEro KauecTBa — raBHbIM 06pa3om
3HAHTUOMEPHO YNCTYHO MOAOYHYH KUCAOTY, COAEPXKALLLYHO
L-n3omep [5]. B cBA3M C 3TMM BaXXHbIM HanpaBAeHWEM paboT
MO CMHTE3Y MOAOYHOW KUCAOTbI ABASIETCS BbIAEAEHWE HOBbIX
LUTAaMMOB W U3yuyeHue UXx BUOAOTMUECKHX CBOICTB, CEAEKLIUA
CYLLIECTBYHOLLIMX aKTUBHbIX LUTAMMOB-NPOAYLIEHTOB U FOMO-
bepmMeHTaTUBHbIX MOAOUHOKMUCAbIX BaKTEPUit, CMOCOOHbIX
CMHTE3UPOBATb MPEUMYLLECTBEHHO L-MOAOUYHYO KUCAOTY C
y4yeToM ONTUMK3aLMK NapaMeTpoB BUOCUHTESA.

Cpean NpoAyLEHTOB L-MOAOYHOM KUCAOTbI Hanbonee
yacto ynomuHatotca Lactococcus lactis, Lactococcus
paracasei, Lactobacillus rhamnosus, Lactobacillus pentosus,
Lactobacillus plantarum v psap APYrUx UCTUHHBIX MOAOUY-
HOKMCABIX 6akTepuit [6-11]. OpAHAKO, HECMOTPS Ha TO, UTO
NPOAYKTUBHOCTb A@HHbIX LLITAMMOB MOXET ObITb AOCTATOYHO
BbICOKOW (A0 7,5 I/(Axu)) [6], BCE OHM ABASIKOTCSE ME30DUAAMM
C BEPXHEN rpaHu1LIeN TeMNepaTypHOro onTMMymMa He bonee
42 °C. Mexay TEM CABWT rpaHULbl TEMMNEepPaTypHOro onTuMyma
B CTOPOHY HOAEE BbICOKWUX 3HAUEHWI NPAKTUUECKN CBOAWT
K HYAO PUCK KOHTAMWHaLMKW CTOPOHHEN MUKPOPAOPON,
UTO AABASIETCSI AOBOABHO PAcnpOCTpPaHeHHoW NpobAemon
B MUKPOBMOAOTMUYECKOM NPOM3BOACTBE. MIcnoAb3oBaHUE
TEPMOOUABHBIX MPOAYLIEHTOB NO3BOASIET COBMECTUTb MPOLIECC
MOAOUYHOKMCAOIO BPOXEHNA C 0CaxapUBaHUEM LIEAAFOAO30-
COAEPXALLETO CbIPbs, KOTOPOE, Kak NPaBMAO, MPOUCXOAUT
npu NOBbILLEHHbIX TeMnepartypax [12].

Cpean TepModUAbHBIX BUAOB BakTepuin Weizmannia
coagulans cnocobeH K roMopepPMeEHTAaTUBHOMY CUHTE3Y
MOAOYHOM KUCAOTbI MPY OTHOCUMTEABHO BbICOKMX 3HAYEHMAX
NPOAYKTUBHOCTM. ATOT BUA, PaHee M3BECTHbIN Kak Bacillus
coagulans, HepaBHO BbIA GUAOTEHETUYECKM PeKAACCUDU-
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LMPOBaH B OTAEAbHYHO MOHODUAETUUECKYHO TPyMny MOA
HasBaHWem Weizmannia [13]. W. coagulans - 310 rpamno-
NOXWUTEAbHAS HENaToreHHas cnopoobpasytollas baktepus,
NPOAYLMPYHOLLAA MOAOYHYH KMCAOTY [14]. U3BECTHO, uTO
A@HHBIN BUA MUKPOOPraHWM3MOB OTHOCUTCSA K MUKpOdAOpe
MOAOK@ M MOAOYHbIX MPOAYKTOB, NPUYEM OH ABASIETCS
OAHMM M3 TEX BUAOB, YTO OCTAOTCA AaXe MOCAE NacTepu-
3auuun. CyLLEeCTBYHOT CBEAEHMS, UTO AAHHbIV BUA 0buTaeT
B MoYBe, Ha NMOBEPXHOCTU OBOLLEN U GPYKTOB (06 3TOM
CBUAETEABCTBYET UX HAAMUME B MUKPODAOPE KOHCEPBUPO-
BaHHbIX MPOAYKTOB), B CUAOCHbIX iMax M HaBo3e [15, 16].

B AMTEpaTYpHbIX UCTOUYHUKAX NPEeACTaBAEHbI AHHbIE 00
MCMOAb30BaHWK pa3AnuHbIx WwrammoB W. coagulans ans
3QDEKTUBHOIO NOAYHYEHNSA MOAOYHOM KMCAOTbI U3 PA3AMUHbIX
YTAEPOAHBIX CyBCTPaTOB, B TOM YMCAE U3 TMAPOAM3ATOB pac-
TUTEAbHbIX OCTATKOB. B uacTHocTH, B pabote T. MUXEAbCOH
C COaBTOpaMM MokKagaHo, yto wramm W. coagulans SIM-7
cnocobeH pacTh Ha cpeaax, COAEPXaLLMX MEHEE CAOXKHbIM
MCTOYHUK a30Ta (APOXKEBOM aBTOAM3AT) MO CPABHEHUIO C
Lactobacillus delbrueckii subsp. lactis DSM 20073, 1 poaBaTb
BbICOKWUM TUTP MOAOYHOM KUCAOTbI [17]. OnTMym pocTa
W. coagulans npu temnepatypax 45-55 °C npaktuyecku
CBOAMT K HYAKO PUCK KOHTAMMHALIMKW KYABTYPbI W, KaK NOKa3aHo
B HEKOTOPbIX MCTOUYHKKAX, He TpebyeT NpeABapUTEABHON CTe-
PUAM3aLIMK NUTaTEABHOM cpeabl [18, 19]. B autepaType Heop-
HOKPaTHO OTMEYEHO 3HAUMTEABHOE MPENUMYLLECTBO AQHHOTO
LWTaMMa, @ UMEHHO TO, YTO OH NMPOAYLMPYET L-MOAOUHYHO
KUCAOTY C BbICOKOM CTEMEHbID 3HAHTUOMEPHOW UMCTOThI
(o1 97,2 po 99,6%) [19, 20]. Kpome Toro, C. YUxoy u aAp. B
CBOeM paboTe nokasaw, UTo 0AMH 13 Wtammos W. coagulans
(B. coagulans) obrapaeT TOAEPAHTHOCTLIO K BbICOKOM KOH-
LieHTPaLIMK TAHOKO3bI. [1pK1 NEPUOANYECKOM KYABTUBMPOBAHWM
NPOAYLEHT MOAHOCTBIO M3pacxopaoBan 240 1/A TAOKO3bl, U BbIXOA
L-MOAOUHOM KMCAOTbI 3@ 60 U KYABTUBMPOBAHMSA NPK 3TOM
coctaBuA 210 /A L-MOAOUHON KMCAOTbI NPU NMPOAYKTUBHOCTH
3,5 r/(Axu). B aT0M Xe paboTe OAHOBPEMEHHOE OCaxapuBaHWe
Kpaxmana 1 ¢epmeHTauma npu 50 °C 6e3 ctepuansaumm
cpeabl MO3BOAMAM AOCTMUL Bbixoaa 202,0 /A L-MoAouHOM
KMCAOTbI 3a 48 u [18]. 3TOT pe3yAbTaT MOXHO CYMTaTb BblAG-
FOLLMMCSI, MOCKOABKY AO 3TOrO BPEMEHM MpY TakoM crnocobe

https://vuzbiochemi.elpub.ru/jour


https://vuzbiochemi.elpub.ru/jour
https://doi.org/10.21285/achb.948
https://elibrary.ru/qwstsz

Eptuneukas H.A., CyxaHoBa A.A., bosaHauH A.H. u aAp. UccaneaoBaHne NPpoOAYKTUBHOCTU U CBOMCTB LUTAMMA...
Ertiletskaya N.L., Sukhanova A.A., Boyandin A.N. et al. Productivity and properties of a Weizmannia coagulans...

NOAYUYEHMSI MOAOYHOI KUCAOTbI YA@BAAOCh MOAYUaTb He bonee
55,99 /A MOAOUHOM KMCAOTbI 3a 49 U depMeHTaLuNn.

B Poccum nccaepoBaHni 0 KyasTuBMpoBaHun W. coagulans
He NPeACTaBAEHO: B OCHOBHOM OMUCAHO KYABTUBUMPOBaHWE
TaKMX NPOAYLIEHTOB MOAOUYHOM KUCAOTHI, Kak Lactobacillus
delbrueckii, Lactobacillus acidophilus, Lactobacillus paracase,
KOKKOBbIX $OpM Lactococcus 1 paHHbIE NEPCNEKTUBHOMO
LTaMMma APOXXKen Schizosaccharomyces pombe [21]. B
paboTe, onucbiBatoLLEN NPOBEAEHHbIE HAMU paHee UccAe-
AOBaHWA, 0TMeYeHo, 4To Wrammbl Lactobacillus delbrueckii
subsp. bulgaricus 19-11 v Lactobacillus acidophilus 5 Ac npo-
AYLMPYIOT pauemMuyeckyto (DL)-MOAOYHYIO KUCAOTY, @ LUTaMM
Lactococcus lactis subsp. lactis npoayUMpyeT MOAOUHYHO
KWUCAOTY C CoAepXaHueM L-nu3omepa 73% [22]. Takum 06pa3om,
BbIAEAEHWE HOBOTO LUTaMMa M NOCAEAYHOLLAS ONTUMU3aLIUS
€ro CBOWCTB ABAAETCA NEPCNEKTUBHbIM HanpaBAEHUEM B
MCCAEAOBaHMM NPOAYLIEHTOB MOAOUYHOM KUCAOTbI M TpebyeT
€ro TWaTEeAbHOIO M3yYeHMA AAS MOMOAHEHWA KOAAEKLMK
POCCUMCKMX LUTAMMOB-NPOAYLIEHTOB.

B paHHONM paboTe MccAepOBaHbl XapaKTEPUCTUKK U
NPOAYKTMBHOCTb TEPMODUABHOTO LUTAMMa-MPOAYLLEHTa
W. coagulans, BbIAEAEHHOTO M3 MOAOKA, AASt AQAbHEWLLIETO
€ro NPUMEHEHUA B BbICOKOIDDEKTUBHOM NPOLLECCE NOAY-
YeHMA MOANOYHON KUCAOTbI.

SKCNEPUMEHTAABbHAA YUACTb

B kauecTBe cybcTpaTa AASt BbIAEAEHUA MOAOYHOKMUCABIX
6aKTepui MICNoAb30BaAK MOAOKO nacTtepuaoBaHHoe 2,5%.
Ha nepBom aTane BbIAEAEHWSI B CTEPHUABHYHO KOABY 06beEMOM
250 MA acenTuyeckn BHOCUAM OkoAo 100 MA MOAOKa U
UHKYBMpOBaAK B TepmocTaTe npu temnepatype 45 °C B
TeueHue 24 u. Yepes 24 4 copepxrnmoe Konbbl UCMOAb30BAAK
ANSI TPUTOTOBAEHMA pa3BeAeHUi. MNoceBbl MHKYBMpPOBaAK
npv Temnepatype 45 °C B TeueHune 3 cyTok. 1o ucteueHmm
3 CyTOK YallkK ¢ noceBamMu OCMaTPUBAAW, BbIAEAAAW
OAHOPOAHbIE KOAOHUM W MEepPeceBaAn Ha CKOLLEHHbIN
arap Ae MaHa - Porosbl - Wapna (MRS) (Laboratorios
CONDA, UcnaHus), 3aTeM cHoBa MHKybupoBaAu npu 45 °C
B TeueHne 3 CyTOK. [oAyUYeHHble BblAEAEHHbIE YUCTbIE
KYABTYPbl MUKPOOPraHW3MOB UCMOAb30BaAU AN UCCAE-
AOBaHUM (MPOAYKLMSA MOAOUHOM KUCAOTbI, MUKPOCKOMUSA
M onpeAeneHne BUAOBOM NPUHAAANEXHOCTM HA MacC-Crek-
TpomeTpe 1 16S-PHK aHaAM30M). BbIAEAEHHYIO KYALTYPY
W. coagulans B panbHENLIEM NOAAEPXKMBAAKU Ha MOAYXHUAKOM
arape MRS, koTopblit roToBUAKM M3 ByaboHa MRS (HLLM
«Brokomnac-C», Poccus) ¢ pobasaeHnem 0,3% arapa.

B1AOBYHO NPpUHAAANEXHOCTb BbIAGAEHHOTO MPOAYLIEHTA
MOAOYHOM KMCAOTbl OMPEAEASIAU C MOMOLLBbIO aHaAM3a
16S-PHK B rabopaTtopun papmakoreHoMUKK UHCTUTYTa
XUMUYECKOM BUOAOTUM U GYHAGMEHTAABHON MEANLIMHBI
CO PAH (r. HoBocrbupck). OnpeaeneHHbln TEPMODUAbHBIN
wramm W. coagulans (He 3anateHTOBaH) COXpaHEH B
KauecTBe My3enHOM KyabTypbl OTaeAa BropasnaraeMbix
NOAMMEPHbIX MaTepranos CUBMPCKOro rocyAapCTBEHHOIO
YHMBEpPCHTETA HayKK U TEXHOAOTMI M. M.O®. PelueTHEBA.
AHaAM3 COOTHOLUEHUSA M3OMEPOB MOAOYHOM KUCAOTHI,
NPOAYLMPYEMOWN BbIAEAEHHBIM LUTAMMOM, OMPEAEASIAU
no MEeTOAUKE, ONUCAHHONM paHee B cTaTbe [22].

McecnepoBaHMe BAUSIHUA cOCTaBa CPeAbl Ha POCT M Npo-
AYKTMBHOCTb W. coagulans npoBoaWAK B konbax (n = 3),
copepxalinx 100 MA OAHOM U3 MUTaTEAbHbIX CpeA (ByAbOH
MRS, 6yaboH MC1, 6yaboH MC2 1 cpeaa ¢ KyKypy3HbIM
3KCTPaKTOM) B LIelikepe-uHKybatope ZQTY-70 (Shanghai
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Zhichu Instrument Co., Ltd., Kutai) npu 45, 50 uan 55 °C B
TeueHue 56 4 npu 150 06/muH. MocAe 3aceBa M BO Bpems
KYABTUBUPOBAHMWA U3 KOAD 0TOMPaAmK No 1 MA cpeabl AAS
MOACYETa KAETOK, ONPEAEAEHUS TALOKO3bl, MOAOYHOM KMCAOTbI
M ONTUUYECKON NAOTHOCTU PaHEE OMUCAHHbIMU METOAAMM
[22]. B kauecTBe HEMTPAAUSYIOLLLETO areHTa MCMOAb30BaAK
CaCO; B koanuectee 10% (10 r). Mo pesyasTatam KyAbTU-
BUPOBAHWUS ONPEAEAUAU N CPABHUAW CPEAHME 3HAUYEHMS
noTpebAeHus cybcTpaTa v NPOU3BOACTBA MOAOYHOM KUCAOTHI,
NPOAYKTMBHOCTb MPOLEecca 1 KOHBePCHIO. MPOAYKTUBHOCTb
KyABTUBMPOBaHWA Y, 3a MPOMEXYTOK BpEMEHU dt cumtanm
No cAeAytoLLEeN popMyAe:
dp
Y, = s
rae dP - npupOCT B KOHUEHTPALMKU MOAOUYHON KUCAOTbI,
IXA, 3@ BPEMEHHOM MPOMEXYTOK dt, u.
KoHBepcuto cybetpata Cs BbIUMCASIAM MO GOPMYAE:

Cs = 1> X 100%,

rae AS u AP - notpebaeHune cybeTpaTta U BbIXOA MOAOYHOW
KWUCAOTbI 3@ BCE BPEMS KYABTUBMPOBAHMKS.

AN KyabTMBUpPOBaHUA W. coagulans GbiAM UCMOAb-
30BaHbl CAEAYIOLLME CPEADI:

1. ByaboH MC1 (Ha 1000 MA AUCTUAAMPOBAHHOW BOAbI):
raoko3a - 50,0-70,0 r, TpunToH depmeHTaTUBHbIN - 5,0 T,
APOXKEBOM aKCTpakT - 1,0 r [23].

2. bynboH MC2 (Ha 1000 MA AMCTMAAMPOBAHHOM
BoAbI): TAtoko3a — 100,0 r, ApoxxeBor akeTpakT — 2,0,
aMMOHWIN CEPHOKKCAbIM — 1,7 T, aMMOHUI ochHOpPHO-
kucabiv — 1,0 1 [23].

3. Cpepa ¢ KyKypy3HbIM aKcTpakToM (Ha 1000 MA auc-
TUAAMPOBAHHOM BOABI): TAtoKo3a — 100,0 T, KyKypy3HbIit
aKeTpakT - 40,0 I, kaAuit GOCHOPHOKUCABIV 2-3aMeELLLEHHbIN
3-BOAHBIN — 6,25 T.

UccaepoBaHMe BAUSHUS TeMMepaTypbl Ha POCT U NPo-
AYKTUBHOCTb W. coagulans npoBoauAn B konbax (n = 3),
copepxalmx 100 M byaboHa MC1 B Lueikepe-nHKybaTope
npu 45, 50 uan 55 °C B TeueHune 56 u npu 150 06/MuH. Mocae
3aceBa v BO BPEMSI KYALTUBMPOBAHMUA U3 KOAD 0TBMpanm no
1 MA CcpeAbl AN MOACUHETA KAETOK, ONPEAEAEHNSA TAOKO3b,
MOAOYHOWM KMCAOTbI M ONTUUYECKOW NAOTHOCTM paHee onu-
CaHHbIMKW MeTopaMK [22]. B kKauecTBe HEMTPAAUIYIOLLETO
areHta ucnoan3osanm CaCO; B koanuectse 10% (10 ). Mo
pe3yAbTaTaM KYABTUBMPOBAHUA ONPEAEANAW U CPABHUAK
CpeAHwWe 3HaueHua notTpebaeHus cybcTpaTta M NPOM3BOACTBA
MOAOYHOW KMCAOTbI, MPOAYKTUBHOCTb NPOLIECCA U KOHBEPCHIO.

McecnepoBaHME BAUSTHUA CKOPOCTU NePEMELLIMBaAHNA Ha
POCT M NPOAYKTUBHOCTL W. coagulans npoBOAMAM MO aHaNo-
TMYHOM cXxeMe, Kak U NoABop TeMMepaTypbl, C COXPaHEHUEM
NOCTOSAHHOW TeMnepaTypbl epMmeHTaumn Ha yposHe 50 °C
B LLEKKepe-MHKybaTope Npu CKOPOCTU NepemMeLlMBaHu1s
100, 150, 250 nuan 300 06/MUH. KOAMYECTBO NapanAene,
NnepruoAMYHOCTL 0TBOPa NPO6 1 ONPEAEAEHNUS TApPaMETPOB
ObIAM TAKMMMU Xe, KaK YKa3aHo paHee.

McecaepoBaHMA NO BAMSIHUEO MCXOAHOWM KOHLLEHTpaUMn
rAOKO3bl Ha W. coagulans npoBOAMAM NO @HAAOTUYHOM
NPEABIAYLLMM 3KCNEPUMEHTAM CXEME C TEM OTAUUMEM,
YTO BO BCEX IKCMEPUMEHTAX TemnepaTypa depmMmeHTaumnm
M CKOPOCTb NepemMellrBaHns bbiAn NocTosaHHbIMK (50 °C
1 150 06/MUH COOTBETCTBEHHO), HO MEHSIAACh HAYaAbHas
KOHLUEHTpauua ralokosbl B cpeae - 20, 50, 70, 100 u
120 r/A. KoAMUEeCTBO Napanrenei, NeEPUOANUYHOCTb 0TOOPa
npob 1 onpeAereHnst NnapameTpoB BbIAU TE Xe.
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AAA MCCAEAOBAHUA BAMSIHUA LLLEAOYHOrO areHta Ha
W. coagulans 3aceB koAb co 100 MA cpeabl AAS KyAb-
TUBUMPOBAHWUS MPOU3BOAMAM AHAAOTUYHO MPEAbIAYLLUM
3KCMNepUMeHTamM ¢ A0BaBAEHMEM OAHOTO U3 LLEAOYHbIX
areHtoB (10%-1 pactBop rmapokcuaa Hatpus, 10%-i
pacTBOP M’MAPOKCHAE aMMOHUS MAM MOPOLLIOK TMAPOKCHAA
KaAbLys). BOAOPOAHBINM NOKa3aTeAb PEFYAUPOBAAU BPYUHYIO
npu Kaxaom otbope nNpob Ao 3HaueHun 6,5-6,7. KyabTu-
BUPOBaHWE NPOBOAWAM B TeueHne 56 4 npu 150 06/MuH
n temnepatype 50 °C. MNpu MUKpOCKONMpPOBaHUKM NPo6
pAenanv dotorpadum AAA AAAbHENMLLEro CpaBHEHUS pa3mepa
KAETOK M OLLEHKM BAUAHWUS LLLEAOYHOrO areHTa Ha Mop¢o-
AOTUIO KAETOK B pa3Hble Yacbl KyAbTUBMPOBaHMS.

OnTUManbHbIM PH AASt KYyABTUBMPOBAHKUSA HOBOTO WTaMMa
noabupann B pexume depmeHTauumn B buopeaktope
(Biocore, Kutait) obbemom 5 A (pabounit obbem 3 A) ¢
BO3MOXHOCTbIO aBTOMATUUYECKOro NOAAEPXaHMA pH. MHO-
KYASIT TOTOBUAWM BHECEHUEM pPaboUen KYAbTYpbl U3 Tpex
npPobUPOK ¢ MOAYXUAKOW cpepaot MRS 1 MHKybauuen B
konbe B Lelikepe-uHkybaTtope npu 50 °C un 150 06/MuH
24 4. Nanee MHOKYAST B 06beme 300 ma (10% ot pabouero
o6bema) ¢ KoHUEeHTpaLmen Kaetok (3,8-5,4)x108 KOE/MA
acenTMYyeckn BHOCUAM B 3apaHee NpoCTEPUAM30BAHHbIN
depmeHTEP C COOTBETCTBYHOLLIMM KOAUYECTBOM CPEAbI AAS
KyAbTUBMPOBaHUSA (2,7 A). Cpasy nocAae BHECEHUS 0TOUpanK
npobbl AASt MOACHETA KAETOK M ONPEAEAEHNS KOHLLEHTPaLWK
FAFOKO3bl M MOAOUYHOM KUCAOTbI. Aanee oTbop npob v onpe-
AEAEHWE TAOKO3bl U1 MOAOYHOM KUCAOTbI MPOU3BOAUAK 3
pasa B CYTKM, MOACUET KAETOK — 1 pa3 B CyTKU. AAUTENDL-
HOCTb KYABTMBMPOBaAHWA cocTaBuAaa 56 4. pH noppep-
XWBaAU aBTOMATUUYECKUM AobaBAeHneM 15%-ro pacTBopa
rTMAPOKCHAA KaAbLMS Ha ypoBHe 5,5, 6,0, 6,5 nam 7,0.
Mo pe3ynbTaTaM KYALTUBMPOBAHUS (N = 2) ONPEeAEAUAU
M CPaBHUAK CPEAHUE 3HaYeHUs NoTpebaeHus cybecTpaTa
M NPOM3BOACTBA MOAOYHOM KMUCAOTbI, MPOAYKTUBHOCTHM
npouecca 1 KOHBEPCUMU.

OBCY)XAEHUE PE3YNbTATOB

Mo pesyabtatam 16S-PHK aHanmsa poOkal3aHo, uTo
MOAYYEHHbIV MWKPOOPTraHU3M MPUHAAAEXMUT K BHAY
W. coagulans v COAEPXUT CAEAYIOLLYIO HYKAEOTUAHYLO
NoCAEAOBaTEAbHOCTb:

TACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTA
AAGCGCGCGCAGGCGGCTTCTTAAGTCTGATGTGAAATCTT
GCGGCTCAACCGCAAGCGGTCATTGGAAACTGGGAGGCTT
GAGTGCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGA
AATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGG
CTCTCTGGTCTGTAACTGACGCTGAGGCGCGAAAGCGTGGG
GAGCAAACAGG.

Mo pe3ynbTatam Xxpomatorpadryeckoro aHaan3a MeHTH-
AOBbIX 3GMPOB MOAOYHOM KUCAOTbI, COAEPXALLIEMCS B MUTa-
TeAbHOM CpeAe MOCAE NPEABAPUTEABHOTO KYABTUBUPOBAHWS
AaHHoro wramma B 10 MA Xumakon cpeabl MRS, ycTaHOBAEHO,
yto W. coagulans npoayumpyeT NpenmMyLLeCTBEHHO L-Mo-
NOYHYIO KMCAOTY C 3HAHTMOMEPHOM unctoton 95,4% (puc. 1).

BAvAHKWE cocTaBa cpeabl Ha POCT U MPOAYKTUBHOCTb
W. coagulans nccaepoBaHo Ha cpepax MRS, MC1, MC2
N CPeAe C KYKYPY3HbIM 3KCTPAKTOM. YCTAHOBAEHO, YTO
HanbOAbLLME 3HAYEHMSA BbIXOAQ MOAOYHOM KUCAOTbI MPKU
KyAbTBUpPOBaHUK W. coagulans nonyyeHsl Ha cpepax MRS
n MC1 (puc. 2).
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Puc. 1. Pe3ynbTatbl Xxpomatorpadpmuyueckoro aHanmsa
KYABTYPaAbHOW XMAKOCTM WwWTaMma Weizmannia coagulans
npw BbipalumBaHuu Ha cpepe MRS (nuk Ha 13,86 muH
COOTBETCTBYET AEPUBATHBY L-MOAOUYHOW KUCAOTbI)

Fig. 1. Results of GC-MS analysis of the culture broth

of Weizmannia coagulans new strain fermented on MRS
medium (the peak at 13.86 min corresponds to the L-lactic
acid derivative)

BbIX0A MOAQOYHOWM KUCAOTbI MPY NEPUOANYECKOM KYAb-
TMBUpPOBaHUK WwWtamma W. coagulans Ha cpepax MRS n
MC1 coctaBua 40 1 69 /A, COOTBETCTBYHOLLME 3HAYEHUA
NPOAYKTMBHOCTU cocTaBuAmn 0,71 1 1,23 r/(Axu) (TabA. 1).

Tabauua 1. Pe3yAbTaThl NEPUOANUYECKOTO KYABTUBMPOBAHMSA
wramma Weizmannia coagulans Ha pasAUUHbIX MUTATEAbHbIX
cpepax

Table 1. Results of batch fermentation of Weizmannia
coagulans new strain using various nutrient media

MutateAbHas cpeaa
MRS | MC1 | MC2 | K3*

[Nokasatenb

HauyanbHasa KoHLeHTpauus

kneTok, KOE/Max107 1071095 12 | 101

BbIxoa MOAOUHOW KucAoTbl, I/A | 40,0 | 69,0 | 4,2 4,5
MPOAYKTUBHOCTb, I/(AXY) 0,71 | 1,23 | 0,07 | 0,08
MoTtpebaeHue rArKo3bl, /A 41,1 | 79,2 | 45,3 | 45,5
KoHBepcus, % 97,3 | 87,0 | 9,3 9,9

MpumeyaHue. * - cpepa ¢ KyKypy3HbIM 3KCTPaKTOM.

KyaetuBmpoBaHua W. coagulans Ha cpeae MC2 v cpeae
C KYKYPY3HbIM 3KCTPaKTOM OKa3aAnCb HEIDHOEKTUBHBIMMU
13-3a KparHe HU3KMX 3HaUYEHUI NPOAYKTUBHOCTU MPU OTHO-
CUTEAbHO BbICOKOM 3HauYeHUK noTpebasiemoro cybetpara.
3T0 MOXHO 06BSCHUTb TEM, UTO B 3TUX CPEAAX OTCYTCTBYET
AOCTaTOYHOE KOAMUYECTBO aMUHOKMUCAOT, HEOOXOAUMBIX AAS
pOCTa U XU3HEAESTEAbHOCTH BaKTepurit, KOTopble 0ObIYHO
AOBABASIIOT B BUAE TPMUMTOHA MAM NENTOHA. MCnoAb3yeMblIi
APOXKEBOW 3KCTpaKT B cpeae MC2 no copepaHnio 6EAKOBbIX
$opMm a3oTa ycTynaeT rMApOAn3aTaM XMBOTHbIX TKAHEMN.
Kpowme Toro, npucyTcTBrE MUHEPAAbHbIX UCTOUHMKOB a3oTa
(conn ammoHusA) B cpepe MC2 AOMOAHUTEABHO YKa3biBaeT
Ha TO, YTO UMEHHO HEAOCTaTOK aMWHOKUCAOT HEraTUBHO
CKa3blBaeTC Ha XM3HEAESTEAbHOCTU OGaKTepranbHOM
KyAbTYpbl. Cpeabl MRS 1 MC1 B 60AbLLEN CTENEHU MOA-
XOAAT AAS KYABTUBMPOBAHMA AaHHOMO Wwtamma. OpHako,
HECMOTPS Ha HECKOAbKO CHUXXEHHOE 3HaYeHNe KOHBEPCHM
Ha cpeae MC1 no cpaBHEHMIO co cpeaoit MRS, 6bIA0 NPUHATO
peLleHre 3TUM NpeHebpeyb U3-3a Pa3HOCTH B CTOMMOCTH
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Puc. 2. Pe3yabtratbl NEPUOAUYECKOTO KYyABTUBUPOBaHMSA WTamma Weizmannia coagulans Ha nuTaTeAbHbIX CPEAAX:
a - MC1; b - MC2; ¢ - cpeaa € Kykypy3HbIM aKkcTpaktoM; d - MRS

Fig. 2. Results of batch fermentation of Weizmannia coagulans new strain using various nutrient media:
a - MM1; b - MM2; ¢ - corn steep liquor medium; d - MRS medium

AQHHbIX NUTaTEAbHBIX CpeA (B cpepe MRS 60AbLLE KOMMO-
HEHTOB, 3@ CUET Yero ee CTOMMOCTb 3a KUAOFPaMM BbILLE),
KOTOpas HUBEAUPYET Pa3HULLY B KOHBEPCUU. B nocaeaytoLLmnx
MCCAEAOBaHUSIX B KQUECTBE CPEABI AN KYABTUBMPOBAHUS
W. coagulans ncnonb3oBanu cpeay MC1.

BOAbLIMHCTBO MOAOUYHOKUCABIX BAKTEPUI OTHOCUTCS K
Me3oduaamM U pacTeT Npu yMepPEeHHbIX TemnepaTypax (0T
30 po 45 °C). Takor TeMmnepaTypHbIi PEXKUM, BEPOSITHO,
CBfi3aH C YCAOBWMSIMW €CTECTBEHHbIX CpeA 0OUTaHMs,
FA@BHON W3 KOTOPbIX ABASETCS XEAYAOUHO-KULLEYHbIN
TPaKT YeAOBEKA M APYTMX MAEKOMUTatoWmX. Kak 6bino
YyNOMSIHYTO BbllLIE€, YKa3aHHbIM TeMNepaTypHbIA pexXum
TpebyeT TWaTEAbHOTO COBAFOAEHUS CTEPUABHBIX YCAOBUNM,
YTO CO3AAET AOMOAHUTEABHbIE NPOBAEMbI NPU NPOMbILL-
AEHHOM KYAbTMBUPOBAHWU MOAOYHOKMUCAbIX BakTepuii. B
TaKoM cAyyae TepMOPUAbHbBIE MUKPOOPraHu3mMbl boree
NPeANOUTUTEAbHBI, MOCKOAbKY TEMMNEPATYPbl UX ONTUMYMa
pocTa He NMO3BOASAIOT pa3BMBaTbLCA CTOPOHHEN MUKPO-
dnope. OnpepeneHne onTMMyma pocTa MNPOAYLIEHTa
ABAAETCA OAHOW M3 MEPBOCTENEHHbIX 3apay Ha aTane
noapbopa BbICOKO3IDHEKTUBHOIO NPOAYLEEHTA MOAOYHOM
KWUCAOTbI, MOCKOABKY MMEHHO ONTUMaAbHasa Temneparypa
CUMTAETCH MAEAAbHOM CPEAON AN KAETOK U AASI CUHTE3A
UMK LLEAEBOIO NPOAYKTa [24].

Mpn unccaepOBaHUM BAMSIHUA TemnepaTtypbl MHKY-
6upoBaHuna Ha pocT WTamma W. coagulans 6bin0 ycTa-
HOBAEHO, YTO U3 UCCAEAOBAHHbIX 3HAYEHWI TeMnepaTypbl
Hanbonee ONTUMAAbHOW C TOUKM 3PEHUA KOHEUHOTO TUTPA
MOAOYHOM KMCAOTbI Bbina Temnepatypa 50 °C (Taba. 2).
BbIXxoA MOAOYHOM KMCAOTbI Uepe3 56 U KyAbTUBMPOBaHMS
coctaBua 80,4 1/n, NpoAYKTUBHOCTb — 1,44 1/(Axu). B 10
Xe BPeMS AAA TeMNepaTypHbIx pexrumoB 45 1 55 °C te

https://vuzbiochemi.elpub.ru/jour

Xe rnokasateau 6biAv Ha ypoBHe 47,9 u 63,3 /A 1 0,86
n 1,13 r/(AX4) cOOTBETCTBEHHO. pU 3TOM KOAMYECTBO
notpebasemMon ratoko3bl 6bIA0 Ha ypoBHe 58,8, 81,5 1
65,9 /A anst 45, 50 1 55 °C cooTBETCTBEHHO. HanboAbLas
KOHBEPCUS, COOTBETCTBEHHO, HABAOAAAACH MPU KYALTU-
BUpoBaHuK nNpu Temnepatype 50 °C.

Tabauua 2. Pe3ynbTaThl KyABTUBMPOBAHWA WITaMMa
Weizmannia coagulans npu pasaMyHbIX TemnepaTtypax

Table 2. Results of Weizmannia coagulans new strain
fermentation at different temperatures

Temnepatypa, °C
n

oKasaTenb 15 50 55
BbIXxOA MOAOYHOW KMCAOTHI, /A 47,89 | 80,44 (63,35
MpPOAYKTUBHOCTb, I/(AX4) 0,86 1,44| 1,13
MoTpebAeHne rAtoKo3bI, T/A 58,84 | 81,49 65,94
OTHOLWEHWE KOHUEHTPALMKN KAETOK
Ha 24-1 yac K HayaAbHOM 151,5 1190,8 |65,8
KOHLEHTPaLMU KAETOK
KoHnBepcus, % 81,4 | 98,7 |96,2

MoMWMO NPOYEro CTOMT OTMETUTb, UTO NPU TEMNEPATYPE
45 1 55 °C NnpoAyKUMA MOAOYHOM KMCAOTbI MPeKpaTUAaCh
yxe nocae 48 u, B T0 BpeMs kak depmeHTaumsa npu 50 °C
BCE €eLle MNPOAOAXKAAACH, XOTA U MPOAYKTUBHOCTb MEXAY
48 1 56 4 cHM3KUAachk 1 bbina Ha yposHe 0,13 r/(Axuy). Uto
KacaeTca M3MEHEHNS KOHLLEHTPALMKN KAETOK, TO YNCAEH-
HOCTb KAETOK B XOA€ KyAbTUBMpOBaHUA npu 50 °C BO3-
pocaa 6oaee uem B 190 pas, npu 45 °C - B 151 pas, npu
55 °C - B 66 pas.
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B rnabopaTopHOW MUKPOBMOAOTMUECKON NPaKTUKe ONTH-
MaAbHasa TemnepaTtypa pocTa NPOAYLEHTA, Kak NPaBuAO,
3HAUYUTEABHO BAMXKE K MAKCUMAAbHOM, YEM K MUHUMAAbHOM.
MMpu 3TOM TemnepaType NOAHOCTBIO MEHAETCSA peaKkLms pocTa
Ha U3MeHeHK1e TemnepaTypsbl, a GakTUUecKas CKOPOCTb POCcTa
npeAcTaBASieT cO60M KOMMPOMUCC MEXAY aKTUBUPYHOLLUM
U TOPMO3ALLMM AEMCTBUEM TemnepaTypbl. Takum obpasom,
KAETKM, BblpalleHHble NPU ONTUMAaAbHOM Temnepatype,
YK€ YaCTUYHO UHTMBKMPYLOTCS TeMnepaTtypoit. M3ameHeHne
TemnepaTypbl pocTa B CTOPOHY NOBbILLEHUSA, KaK MPaBUAO,
3HAUUTEABHO CHMUXXAET POCT KAETOK, TaK Kak NPOUCXOAUT
MHaKTUBaUMA 6OAbLLIEN YacTh GepPMeEHTOB BaKTEPUAAbHOM
KAETKU. Kpome Toro, B cAyuae cnopoobpasyromnx bak-
Tepui, K KoTopbliM oTHocuTcst W. coagulans, NoBbILWEHHbIE
TemnepaTypbl MOTyT MHAYLMPOBATb CropoobpasoBaHue.
MoHWXeHWe TemnepaTypbl BAUSIET TA@BHbIM 06pa3oM Ha
COCTOSIHWE KAETOYHOM MeMBpaHbl, CHUXan ee TeKYUeCTb,
YTO OTpaXaeTcs B HAPYLUEHUM TPAHCNOPTA BELLECTB MEXAY
KAETKOW M OKpyXatowen cpepor [24] U 3aKOHOMEPHOM
CHUXEHWU NMPOAYKTUBHOCTH, Kak BbIAO NOKa3aHOo B MpPo-
BEAEHHOM HaMu nccaepoBaHum npu 45 °C.

B pabotax Apyrvx aBTopoB, NOCBALLEHHbIX MCCAEAO-
BaHuto W. coagulans (B. coagulans), yka3aHbl Temnepa-
TypHble onTumMyMbl 50-52 °C [25-27], padAnuuuns B BbIXOAE
MOAOYHOM KUCAOTbI MPU KOTOPbIX, Kak NPaBWAO, HE3Ha-
ynTeAbHbl. OAHAKO NoKa3aHo, YTo MpU 6oAee BbICOKMX
Temnepatypax (57 °C) HabaopaeTcs 3HAUUTEABHOE CHU-
XEHME MPOAYKTUBHOCTH [23].

MepemellrBaHWe CpeAbl SBASETCS OAHWM U3 BaXHbIX
daKkTopoB depmeHTauun, obecrneunBatolLMM MaKCU-
MaAbHYH MPOAYKTMBHOCTb npouecca. MNepemelunBanme
B YCAOBMAX MHKYBATOPOB OCYLLECTBASETCS MOCPEACTBOM
CO3AQIOLLErO LEHTPOBEXHYO CUAY BpaLLEeHHUA NAaTGOPMbI
U MOXET BAMATb Ha MacCONEPEHOC M B HEKOTOPOW CTEMEHU
Ha aspaumio npouecca.

Mo pe3yabTaTam nopbopa CKOPOCTM NEPEMELLMBAHUSA
KYAbTYpPbI lWUTaMma W. coagulans 6bINO YCTAHOBAEHO, UTO
caMbIM ONTUMaAbHbIM ABASIETCS NepemMellnBaHue npu
150 06/MU1H, NPU KOTOPOM BbIXOA MOAOUYHOM KUCAOTbI 3a
56 4 coctaBuA 80,4 /A (TabA. 3). Mpu nepemelimBaHm co
ckopocTbto 100, 250 1 300 06/MWH BbIXOAbI MOAOYHOM
KMCAOTbI CHU3UAKUCBL M cocTaBuan 55,8, 47,1 n 40,6 /A
COOTBETCTBEHHO. [POAYKTMBHOCTb, COOTBETCTBEHHO, TaK
Xe 6blna pa3anuHon - 1,0, 1,44, 0,84 n 0,59 r/(Axu) no
BO3pacCTaHM0 CKOPOCTU NMepeMeLLNBaHMS.

Tabaunua 3. Pe3yabTatbl KYABTUBMPOBAHUS WITaMMa
Weizmannia coagulans npu pasaMyHbIX CKOPOCTAX
nepemeLLBaHua

Table 3. Results of Weizmannia coagulans new strain
fermentation at different stirring rates

MNepemelurBaHune, 06/MuUH
100 | 150 | 250 | 300

BbIX0A MOAOUYHOWM KMUCAOTBI, /A | 55,77 | 80,44 | 47,13 | 40,65
1,00 | 1,44 | 0,84 | 0,59
56,12 (81,49 63,68 | 66,60

[Nokasatenb

MpoAYKTUBHOCTb, I/(A%X4)
MoTtpebaeHne rArKo3bI, /A

OTHOLLEHWE KOHLEHTpaLIMK
KAETOK Ha 24-11 uac

. 36,0 [190,8| 95,2 |137,1
K HaYaAbHON KOHLEHTpaLuun
KNETOK
KoHBepcus, % 99,4 | 98,7 | 74,0 | 50,0

MN3MeHeHe KOHLEHTpaLUUKN KAETOK Yepes 24 4 3Ha-
YUTEABHO Pa3AMYaNOCh AN Pa3HbIX CKOPOCTEW nepeme-
lrBaHus. Mpu ckopocTy nepemelumanusa 100 06/MuH
KOHLEHTPaLMA KAETOK yepes 24 4 yBeanunnaach B 36 pas,
TOrA@ Kak 3TOT Xe nokasatenb yBeAnunacsa B 95, 137 u
6oree yem 190 pas npu cKOPOCTAX nepemelumBaHuna 250,
300 1 150 06/MWH cOOTBETCTBEHHO. HanboabLlas KOH-
Bepcus cybetpaTa Ha ypoBHe 98-99% Habatopanach npu
ckopocTsax nepemelumsaHmsa 100 1 150 06/MUH Npu TOM,
yTO NPU YBEAUUYEHUN 060POTOB OHa CHMXaAachb A0 50%.

MoAyuyeHHble pe3yAbTaTbl MOKa3bIBakOT, UTO CKOPOCTb
nepemewrBarnsa 150 06/MUH siBAsieTCst Hanboaee onTw-
MaAbHOM AASI AQHHOTO LUITaMMa, YTO OTPa3MAOCh B MOKa3a-
TeAsIX MPOAYKTUBHOCTU U UBMEHEHWUW YUCAEHHOCTH KAETOK.

MPOAYKLMS MOAOYHON KUCAOTbI FOMOGEPMEHTATUBHBIMMU
MOAOYHOKWUCABIMU  BaKTEPUAMU TMPOUCXOAUT MO MyTH
AmbaeHa - Maieproda - MNapHaca, B KOTOPOM UCXOAHbLIM
cybCcTpaTom ABASIETCS TAKOKO3a. [AHOKO3a MOXET nornaaaTh B
HaKTEPUANBHYIO KAETKY HanpaMYH U3 CPeAbl OCPEACTBOM
AMODY3NK uepes KAETOUHYIO MeMbpaHy AMBO ONOCPEAOBAHHO
B pe3yAbTate npeBpaLleHni Apyrux caxapoB (AaKTo3a,
MaAbTO3a, LeAnobrosa u Ap.) [28]. OaHaKo, HECMOTPS Ha
BO3MOXHOCTb MCNOAb30BaHWA CaMblX pa3Hbix cybCcTpaToB, B
UMCAE KOTOPbIX PACTUTEABHbIE OTXOABI CEABCKOrO X03AMCTBA,
B YCAOBMSIX MPOMbILUAEHHOIO MPOM3BOACTBA MAIOKO3a BCE
eLle OCTaeTcsi CaMblM YacTO UCMOAb3YEMbIM.

Pa3Hble BUABI NPOAYLIEHTOB MOAOYHOW KMCAOTbI 0BAaAaKOT
Pa3AMYHOMN TOAEPAHTHOCTBIO K KOHLEHTPALMAM TAKOKO3bI B
cpeae. Bo Bpemsi KyAbTHBMPOBaHWS NPOAYLIEHTOB MOAOYHOM
KUCAOTbl OCMOTHYECKOE AABAEHWE, BbI3BAHHOE IIOKO30M,
NOBbILIAETCH M3-3a U3OLITOYHbIX MCTOUHMKOB YIAEPOAA,
YTO MPUBOAMT K 3aAEPXKKE POCTa KAETOK M HU3KOM addek-
TMBHOCTM NPOM3BOACTBa [23, 29].

Mo pesynbTatam KyAbTUBMPOBaAHUA HOBOTMO LITaMMa
W. coagulans npu pa3AMyHbIX HauyaAbHbIX KOHLIEHTPALMSX
FAOKO3bl YCTAHOBAEHO, UTO MPU HaYaAbHbIX KOHLEHTPALMAX
ratoko3bl 20, 50, 70, 100 1 120 /A 3a 56 Y KyAbTUBUPO-
BaHWA CPeAHWE 3HAYeHUs] BbIXOAA MOAOYHOW KWUCAOTbI
HaXOAMAUCH B AranasoHe oT 54,1 po 67,1 /A (Taba. 4).

Tabauua 4. Pe3yabTathl KYALTUBMPOBAHUSA WUITaMMa
Weizmannia coagulans npu pa3aMyHblX Ha4aAbHbIX
KOHUEHTPaLMAX TAHOKO3bI

Table 4. Results of Weizmannia coagulans new strain
fermentation at different initial glucose concentrations

HauyanbHas KOHUEHTpaUms
TAKOKO3bl, T/A
20 | 50 | 70 | 100 | 120

MNoka3zaTtenb

BbIxoA MOAOUHOM
KUCAOTBI, /A
MpoaAyKTMBHOCTb, I/(Axy) | 0,97 | 1,03 (0,93 (1,20 | 1,11
MotpebaeHue raokossbl, /A |55,60|72,02(53,02(71,72({70,08
OTHOLLEHWE KOHLEHTpaLMK
KAETOK Ha 24-1 yac

K HaYaAbHOM
KOHLLEHTPALIMN KAETOK
KoHBepcus, % 97,2 | 79,7

54,07|57,43|52,12|67,10|62,21

96,8580 | 7,7 | 58 | 7,7

96,4 93,6 | 88,8

CymmapHoe notpebAeHKe IOKO3bl 33 BCE BPEMS KYALTH-
BMPOBaHUA OTAMYAAOCHh M COCTaBuAO 55,6, 72,0, 53,0, 71,7
n 70,1 /A TAHOKO3bI C KOHBepcuen 97,2, 79,7, 94,4, 93,6,
n 88,8% COOTBETCTBEHHO. KOHUEHTPALUMST KAETOK B Cpeae
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yepes 24 4 0T Hauana KYALTUBMPOBAHMS 3HAUYMTEABHO NOBbI-
cunack (B 60-100 pa3s) npu 6oaee HUBKKX KOHLIEHTPALMAX
rAOKO3bI (20 1 50 1/A), B TO BPEMS KaK NP KOHLEHTPaLMSIX
70, 100 1 120 /A 3TOT NOKa3aTeAb BbIPOC BCEro B 6-8 pas.

CTOUT OTMETUTD, UTO MPU KYABTUBUPOBAHUM C HAYaAbHbIMK
KOHUeHTpauusmu 20 1 50 /A no Mepe ucuepnaHus cyb-
cTpata BHOCUAM NMOAMUTKY (pacTBop rAoko3bl 700 r/a):
B CAy4yae HauyaAbHOM KoHuUeHTpaumn 20 /A - no 4 MA
pacTtBopa uepes 12 1 30 u OT Hauyana KyAbTUBMPOBAHWS,
B cayyae 50 1/a - 3 MA pacTBopa yepes 33 4 OT Hauana
KYABTUBMPOBaHMUS. [10 OKOHYAHUIO KYABTUBMPOBAHMWSA OCTa-
TOUYHOE COoAepPXaHWe cybcTpaTa B COOTBETCTBYIOLLIMX KOADAX
cocTtaBAsinO MeHee 10 1/A.

MoAyyeHHble pe3yAbTaTbl MOKA3bIBAKOT, UTO AAHHbLIN
wramm W. coagulans He MHrMbupyeTcs BbICOKMMMU KOH-
LEHTPaUMAMU TAOKO3bl, @, HanpotuB, AEMOHCTPUPYET
60AbLLYIO MPOAYKTMBHOCTb NMPW KOHLIEHTPALMKU FAIOKO3bI
B cpeae 100-120 r/a. bonee Toro, pepmMeHTaumsa B TaKMX
YCAOBWSIX NO3BOASIET 000MTUCH 6€3 AOMOAHUTEABHBIX MOAMMTOK
cybcTpaToMm, UTO CHWXKAET TPyAO3aTpaTHOCTL NpoLecca.

XapakTepHoOM 4epToln MOAOUYHOKUCAOTO OPOXEHMA
ABASIETCA 3HAYUTEABHOE MAAEHWE BOAOPOAHOIO NOKa3aTeAs
BCAEACTBME HAKOMAEHWS MOAOYHOM KUCAOTbI, KOTOPOE OTPa-
XKaEeTCs Ha XM3HEeAesATEAbHOCTM NPOAYLEHTa. B yactHoOCTH,
HM3KKE 3HaUYeHUsA pH cpeabl MPUBOAAT K CHUXEHWIO BHYTPH-
KAETOYHOr0 pH 1 noTepe akTUBHOCTU KAETOUHbIX GEPMEHTOB
3a CYET KX BbICOKOrO MPOTOHMPOBAHUA 1 M3MEHEHUA 3apsAAa,
YTO OTPAXaETCA B 3HAUMTEABHOM CHUXXEHWUW MPOAYKTUBHOCTU
NPOAYLIEHTa U MHIMBUpOBaHuK ero pocta [30].

Bbibop NOAXOASILLETO LLEAOYHOIO areHTa AAS MOA-
AepxaHua pH npouecca 3aBUCUT OT pa3HbiXx GakTOpOB,
B YaCTHOCTM OT KYAbTYPbI-MPOAYLEHTa, COCTaBa CPEAbI,
npeanoAaraemoro cnocoba AaAbHENLLEN OUNCTKU U AP.

B paHHOM paboTe Noabop ONTUMAaABHOTO LLEEAOYHOTO areHTa
NPOBOAMAM NyTEM depMeEHTaLMM Ha KOABaX Npu NepPUOAK-
UeCcKoM AODBABAEHMM LLIEAOYHOTO areHTa Yepes OonpeAeAeHHble
NPOMEXYTKM BpeMEHU Mnpu napeHnn pH Huxe 5,5

Mo pe3yAbTaTaM 3KCnepuMeHTa BbIAO YCTAaHOBAEHO, UTO
CPeAM UCCAEAOBAHHbIX LLLEAOYHbIX areHToB Hanbonee onTu-
MaAbHbIM B MAGHE BbIXOAA MOAOYHOW KUCAOTbI M BAUSIHWA
Ha Mopdororunto kKnetok W. coagulans ABASETCA TMAPOKCUA
KaAbLMs (TabA. 5). BbIXOA MOAOYHOW KMCAOTbI MPU UCTIOAb-
30BaHWM 3TOTO LWEAOUYHOrO areHTa 6biA B 2 pasa BbilLe Mo
CPaBHEHWIO C KYABTUBMPOBAHUSAAMM MPU UCMOAB30BaHUK
rTMAPOKCUAOB HaTpusa M aMMOHMUA.

Tabaunua 5. Pe3ynbTatbl KYABTUBMPOBAHUS LWITAaMMa
Weizmannia coagulans ¢ UCMOAb30BaHWEM pa3AUYHbIX
LLLEAOYHbIX areHTOB (HeperyasipHoe nopaepxaHue pH)

Table 5. Results of Weizmannia coagulans new strain
fermentation using different neutralizing agents (irregular
pH maintenance)

Mokasarens LLlenouHoW areHT
NaOH |NH,OH [Ca(OH),

BbIX0A MOAOUYHOWM KMCAOTHI, T/A 5,03 | 5,84 | 10,17
MpPOoAYKTUBHOCTb, I/(A%X4) 0,09 | 0,40 | 0,18
MoTpebaeHUe rAHKO3bI, /A 29,68 | 29,98 | 26,76
OTHOLLEHWE KOHLEHTPaLIMK

KAETOK Ha 24-i yac K HayanbHoM | 99,1 | 82,6 | 47,6
KOHLLEHTPaLMKN KAETOK

KoHBepcus, % 16,9 | 19,5 | 38,0

https://vuzbiochemi.elpub.ru/jour

YCTaHOBAEHO, UTO NPU KYABTUBMPOBAHWUMU C A0BaBAEHUEM
pPa3AMYHbIX LLEAOYHbIX areHTOB CPEAHMI pa3Mep KAETOK
uepes 24 v 48 4 KyAbTUBUPOBaHUA pa3AMyancs. B yacTHoOCTH,
NP KYyAbTUBMPOBaHUK C A0BaBAEHWEM TMAPOKCUAOB HATPHS
1 aMMOHMUSI CPEAHUI pasMep KAETOK Yepes 24 4 COCTaBASIA
29,6+21,3 1 41,5+15,3 MKM, yepe3 48 4y - 38,5114 u
43,0+16,9 MKM COOTBETCTBEHHO (puc. 3). Mpu pobaBs-
AEHUU TMAPOKCMAA KaAbLMA COOTBETCTBYHOLLEE 3HAYEHUE
yepes 24 n 48 y coctaBuno 80,6+28,7 n 73,3+4,8 MKM.
CpepHuit pasmep knetok W. coagulans B Hauane KyAbTU-
BMpoBaHuA cocTaBuA 130,7+95,0 MKMm.

Puc. 3. Knetkn Weizmannia coagulans npu KyAsTUBUPOBaHWUK
C UCMOAb30BaHMEM Pa3AMYHbIX LLEAOYHbIX areHToB:

a - A0 A0BaBAEHMA WEAOUHBIX areHToB (0 YacoB);

b - noalleraumMBaHue rMAPOKCUAOM HaTpus (24-i yac);

C - MNOALLEAAUYNBAHME TUAPOKCUMAOM aMMOHUSA (24-11 yac);

d - noalLeArauMBaHMe TMAPOKCUAOM KanbLMs (241 uac)
(yBeanueHune 400x, okpallMBaHUE reHUMaHBUOAETOM)

Fig. 3. Weizmannia coagulans cells fermented using
different neutralizing agents: a - before neutralization (O h);
b - neutralization with sodium hydroxide (24" h);

¢ - neutralization with ammonium hydroxide (24" h);

d - neutralization with calcium hydroxide (24" h)

(400x magnification, stained with gentian violet)

3TK pe3yAbTaTbl NOKA3bIBAOT, YTO MPU MCMOAL30BaAHNUN
TMAPOKCUAA KaAbLMA B KAYECTBE LLEAOYHOTO areHTa pasmep
KAETOK BOAbLLE, YeM NPK UCMOAb30OBAHUK TMAPOKCHAA HATPKS
M TMAPOKCHAE aMMOHUSA. BeposATHO, 3TO CBA3AHO C TEM,
YTO MO CPABHEHUIO C TMAPOKCMAGMM @aMMOHUSA U HATPUS,
KOTOpble MpW B3aUMOAENCTBMM C MOAOYHOM KMUCAOTOM
06pa3sytoT AaKTaTbl aMMOHUSA U HATPUA COOTBETCTBEHHO,
npv 6OAbLUIOM HaKOMAEHUMU B CPEAE Bbi3blBalOLIUE Y
NPOAYLEHTa ocMoTuueckui ctpecc, Ca(OH), ocaxaaet
MOAOUYHYIO KMCAOTY B BUAE AAKTaTa KaAbLMSA, TEM CaMblM
CHMXas ee TOKCMYHOE BAUSIHWE Ha POCT U MOPPOAOT IO
6akTepranbHOM KAETKM [31].

KyAbTMBMpPOBaAHWE MPOAYLEHTA MPU ONTUMAAbHOM
3HauyeHun pH No3BOASET NOAAEPXKMBATD XU3HEACATENDL-
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HOCTb NMPOAYLIEHTA Ha AOAXHOM YPOBHe 1 obecneunBaeT
cTabuAbHOE NPOTEKAHUE ero MeTaboAMYECKUX NPOLLECCOB,
YTO NOAOXMTEABHO CKa3blBAETCHA Ha €ro MPOAYKTUBHOCTH.
KyAbTMBMpPOBaHKE Npu 3HaUYeHUAX PH HUXE ONTUMaAbHbIX
006bIYHO NPUBOAMT K COKPALLEHUIO MAM MOAHOMY NPEKpa-
LLLEHMIO MPOAYKLIMM MOAOYHOM KUCAOTbI, MOCKOABKY B 3TOM
CAyYae U3MEHSETCS CTPYKTYPa KAETOUHOM MeMbpaHbl U,
KaK CAEACTBME, HapyLlaeTca pabota NepucTarbTUUECKUX
CUCTEM KAETKM, KOTOPble 06eCNeunBatoT BbIXOA MPOAYLIN-
pyeMbIX BELLLECTB BO BHELLHIOW cpeay [32]. Kpome Tor0,
NPW HU3KUX 3HAYEHUAX PH MOAEKYAbl CMHTE3WPYEMOM
MOAOYHOM KMCAOTbI OKa3blBalOTCS B CPEAE B MPOTOHU-
poBaHHOM (He3apsKeHHoW) dopme, YTO MO3BOASIET UM
6ecnpensTcTBEHHO BO3BpaLLaThea 0bpaTHo B baKTepu-
anbHYH KAETKY nyTeM Anddysun [31]. BHyTpeHHMe pecypcbl
KAETKM MpY 3TOM NepeHanpaBAAtOTCA Ha BbipaBHMUBaHWE
KUCAOTHO-LLEAOUYHOro BanaHca NOCPEACTBOM CMHTE3a coe-
AVMHEHWI CTOPOHHUX MeTabOoANUECKMX NyTEN. Ha HACTOSLLMIA
MOMEHT MeXxaHW3Mbl, obecneurBatoLne peryaAMpoBaHme
BHYTpUKAETOUHOrO pH W. coagulans, NOAHOCTBIO HE UCCAe-
AOBaHbl, OAHAKO €CTb CBEAEHMS, UTO B 3TOM y4yacTByeT
6enok MFS nytem TpaHCnopTUPOBKKU H+ ¢ BHYTPUKAETOUHOM
CTOPOHbI HAa BHEKAETOUHYIO CTOPOHY NPU TPAHCNOPTUPOBKE
ero cyberpata [33].

Mo pe3yAbTaTam Cepumn KYAbTUBMPOBAHWM YCTAHOBAEHO,
YTO ONTMMAAbHbIA AMANAa30H KYALTUBMPOBAHMSA HOBOIO
wramma W. coagulans coctaBasieT 6,0-7,0, npuyewm,
€CAM CpaBHMBATb KparHWe 3HauYeHWUa 3TOro AManasoHa
U cpeaHee 3HaueHue (pH 6,5), 0TAUUUS B BIXOAE MOAOUYHOM
KUCAOTbl HE3HAUUTEeAbHbI (TAbA. 6). B UacTHOCTH, BbIXOA
MOAQOYHOM KUCAOTbI NPU KYABTUBMPOBAHMM MPU 3HAUEHUSIX
pH AaHHOro AnanasoHa 6biA Ha ypoBHe 51,4-52,6 /A 3a
56 u. MNpn 3TOM NpK KyALTUBUPOBaHUK NMpu pH 5,5 BbIX0A
CHU3uAcA Ao 34,0 /A,

TOYHO TaK e NPOAYKTUBHOCTb ObiAa NPAKTUUECKM OAN-
HakKoBOM AASl 3HauveHu pH 6,0, 6,5 u 7,0, Toraa Kak npu
pH 5,5 oHa 6bina HUXe Ha 0,2-0,3 r/A. UHTepecHo, uTo
YMCAEHHOCTb KAETOK NMPU 3TOM 3HAUMTEABHO HE OTAMYAAACh.
3TO MOXET yKa3blBaTb Ha TO, YTO B CAyYae NOHWXEHHOro pH
BHYTPEHHWE PECYPCbl KAETOK 3aAEMCTBOBAHbI B apanTauum
K NOHMXEHHOMY pH B yLep6 NPOAYKLIMK MOAOYHOM KUCAOTBI.
. Y3Hb ¢ coaBTOpPaAMM MNPK NOMOLLU FEHOMHOIO MOAEAU-

TabAunua 6. Pe3ynbtaTbl KyALTUBMPOBaHMWSA LTaMMa
Weizmannia coagulans npu pasAnyHbIX 3HaueHuAx pH

Table 6. Results of Weizmannia coagulans new strain
fermentation at different pH

pH
5,5 6,0 6,5 7,0
Bbixoa MOAOYHOM KMCAOTHI, /A | 33,88 | 51,44 | 52,26 | 47,40
MpOAYKTUBHOCTb, I/(AX4) 0,60 | 0,92 | 0,93 | 0,85
MotpebaeHune ratokosbl, /A | 56,16 60,99 | 57,04 | 48,89
OTHOLEHME KOHLEHTPaLMK
KAETOK Ha 24-11 yac

lNokasartenb

. 17,2 | 12,4 | 26,7 | 14,0
K HAYaAbHOM KOHLEHTpaLun
KAETOK
KoHBepcus, % 60,3 | 84,3 | 91,6 | 97,0

poBaHWs OAHOrO U3 WwWrammos W. coagulans yCTaHOBUAM,
UTO FAMKOAUTUYECKME NMOTOKU, MPEACTABAEHHbIE PEAKLIMEN
obpasoBaHUsa GPyKT030-6-pocdaTta, yMeHbLIAAUCH NPU
pH 5,5, uTO OTPA3NAOCH B CHUXEHUM NOTPEBAEHUSA TAIOKO3bI.
[pn aTOM NOTOKM GOCHOKETONA3HOIO U aLleTaTKMHA3HOIO
nyTen, HaobopoT, CTUMYAUPOBAAUCH, UTO O3HAYAET, YTo
NOTOKM YrAepoAa BbiAK NepeHanpaBAEHbl B CTOPOHY NyTK
dochokeTonasbl. Mexay TEM LENb NEPEHOCA INEKTPOHOB
rnokasaAa noBblLIeHHble NOTOKM Npu pH 5,5 [34]. 3T1 AaHHbIE
03HauatoTt, uto W. coagulans MoXeT MCMOAb30BATb HECKOABKO
MEXaHW3MOB apanTauum K MOHWXEHHOMY pH.

3AKAKOUYEHUE

CornacHo pesyAbTataM NPOBEAEHHbIX 9KCMEPUMEHTOB,
HaWBOAbLUUIA AOCTUTHYTHINA BbIXOA MOAOYHOM KUCAOTHI B
XOAE KyAbTMBMPOBaHMA HOBOro WtaMma W. coagulans npu
onTMMaAbHbIX napameTtpax (50 °C, 150 06/MuH, pH 6,5,
HavyaAbHaA KOHUEHTPaumsa ratoko3dbl 100-120 r/A) 3a 56 v
coctaBua 80,4 r/A Npy COOTBETCTBYHOLLIEV CPEAHEN NMPOAYK-
TUBHOCTK 1,43 1/(A%u). lTOAyYEHHbIE PE3YAbTaThl MOKA3bIBAKOT,
UTO A@HHBbIN LWITaMM TpebyeT AAAbHENLLIMX UCCAEAOBAHMWNI
ero ocobeHHocTen metaboAM3mMa U FreHeTUUECKOW MOAN-
dUKaUuUn AAS MOBbILLEHWUST MPOAYKTUBHOCTU, CHUXEHMS
MHIrMOMpPYLoLLLEro addeKkTa LIeAeBOro NPOAYKTa Ha MeTa-
60AM3M MPOAYLIEHTA M MOAYYEHUS MOBbILLIEHHbIX TUTPOB
MOAOYHOM KUCAOTbI 3@ KOPOTKOE BpeMs GpepMeHTaLMK.
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Ucnonb3oBaHue BoaAHOU Ppa3bl npoLecca
rMAPOTEPMAaAbHOIo O)XXW)XeHUA KaK cybcTparta
ANl KYAbTUBUPOBaHUA MUKPOBOAOPOCAEHN

C.B. KnemeHTtbeB*™, E.A. ByaeHkoBa**, H0.B. KyaukoBa**, A.C. CUPOTKUH*
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AHHOTauMA. LleAb MPOBEAEHHOI0 MICCAEAOBAHMS 3aKAOHYaAach B M3y4YeHMM cnoCobHOCTM 9 LTaMMOB MUKPOBOAOPOCAEN
13 Koarekumm IPPAS UHcTutyTa dmamnororum pacteHmii um. K.A. TummpsizeBa PAH 1crnonb30BaTh B KauecTse cybcTpata
KOMIMOHEHTbI BOAHOH (a3bl npoLecca rmapoTepManbHOro OXMXEHUS M30bITOYHOro akTUBHOIO mAa. Aast oTbopa Hanboree
MepCrneKTUBHbIX KYAbTYP BbIAM MPOAaHaAN3NPOBaHbI MX POCTOBLIE XapaKTEPHUCTUKM, @ TakKe 3PPEKTUBHOCTb yAAAEHUS]
noHoB NH,*, PO,> n opraHnuyeckux coeamHeHmi. OTMEUEHO, Y4TO BCE M3yYaeMble KYAbTYPbl CTOCOOHbI MCMOAL30BaTh
KOMIMOHEHTbI BOAHOM (pa3bl B KaUeCTBe nuTaTeAbHOro cybetpara. HanboabLiuas yaeAbHas ckopocTs pocta 0,92 cyt.?
Habaroaarach y wtamma Chlorella sp. IPPAS C-1210. Mpu 3T0M 6bIA0 NOKa3aHO, 4T0 N0 3QGEKTUBHOCTU USBSTHUS MOAAKD-
TaHTOB M3 CPEAbI NePCNEKTUBHBIMU OKa3aAucCh LiTaMMbl Parachlorella kessleri IPPAS C-9 u Chlorella minutissima IPPAS
C-123: appexTuBHocTb accummaaumm NH, coctaBura 78 u 81%, a PO, — 89 n 91% cooTBeTCTBEHHO. MccaesoBaH
cocTtaB buomacchl KyaeTyp C-9 u C-123, 60AbLLYHO YaCTb KOTOPOM COCTaBASIIOT noAncaxapmabl — 41 n 44%, a Takxe
b6enku — 31 n 25% ot 0bLLes Macchl COOTBETCTBEHHO. KpOoMe TOro, B pe3yAbTaTe noCAEAOBATEAbLHOM ABYX3TarnHOM
OYNCTKU BOAHOM (pasbl C MCNOAb30BaHNEM MUKPOOPraHM3MOB-AECTPYKTOPOB (Paenarthrobacter nicotinovorans u
Comamonas testosteroni) 1 KyAbTyp MUKPOBOAOPOCAEH bbiAa AOCTHUTHYTa BbICOKasi CTENEeHb 06€3BPEXUBAHMS CPEAbI.
B teyeHune 17 cyTOK npoLiecca OYMCTKM KOHLIEHTPaLMUS MOHOB aMMOHUSA CHU3MUAACh ¢ 289,8+14,9 Ao 51,1+2,2 mi/amv3,
¢ocpatoB - ¢ 116,3+8,1 a0 11,3 Mr/aM3, 06111as 3pHEKTUBHOCTb MPOLIECCa YAAAEHHS] MOAAKOTAHTOB M3 BOAHOM (pasbl
cocraBasina 40 90%.

KaroueBble CA0Ba: MUKPOBOAOPOCAH, TMAPOTEPMAALHOE OXMXEHME, BOAHAS pasa, POCTOBbIE XapaKTEPUCTUKM

®uHaHcHpoBaHMe. PaboTa BbIMOAHEHA P MOAAEPXKKE POCCHMIICKOro Hay4yHoro goHAa (rpaHT POCCHIICKOro Hay4yHoro
¢oHAa 23-24-00064 «Pa3paboTka TEXHOAOTMH TMAPOTEPMAAbHOIO OXMKEHUS M3ObITOYHbIX MAOB M OCaAKOB NMEPBHUYHbBIX
OTCTOMHMKOB C yTHUAM3aLMern 06pa3yroLLmMXCS CTOYHbIX BOAY).
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Utilization of the aqueous phase
of the hydrothermal liquefaction process
as a substrate for microalgae cultivation
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Abstract. The article presents the culturing of nine microalgae strains from the IPPAS collection of IFR RAS using
components of the aqueous phase of the excessive activated sludge hydrothermal revitalization process as a substrate.
In order to select the most promising cultures, their growth characteristics and efficient removal of NH,* ions, PO,* and
organic compounds were studied. All the studied cultures are shown to be able to utilize components of the aqueous
phase as a nutrient substrate. The highest specific growth rate of 0.92 day* was observed in the strain Chlorella sp.
IPPAS C-1210. However, the Parachlorella kessleri IPPAS C-9 and Chlorella minutissima IPPAS C-123 strains were also
promising in terms of their efficiency of pollutant removal from the medium: efficiency of ammonium nitrogen assimilation
was 78 and 81%, while phosphate ion assimilation was 89 and 91%, respectively. The biomass composition of C-9 and
C-123 cultures was investigated, mainly consisting of polysaccharides - at 41 and 44% - and proteins - at 31 and 25%
of the total mass, respectively. A high degree of neutralization of the medium was additionally achieved as a result of
consecutive two-stage purification of the aqueous phase of the process of hydrothermal revitalization of excessive activated
sludge with the use of microorganisms-destructors (Paenarthrobacter nicotinovorans and Comamonas testosteroni)
and the studied microalgae cultures. During 17 days of the purification process, the concentration of ammonium ions
decreased from 289.8+14.9 to 51.1+2.2 mg/dm?, phosphates from 116.3+8.1 to 11.3 mg/dm?; the overall efficiency

of the process of pollutants removal from the aqueous phase was up to 90%.
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BBEAEHUE

M36bITOUHbI aKTUBHbIV MA — MOBOUHBIM NPOAYKT NpoLecca
6MONOTMUYECKOM OUYUCTKM CTOUHbIX BOA. EFro 0co6eHHOCTbI0
ABASIETCH BbICOKasA BAAXHOCTb (95-99%) n copepxanue
60ABLIOrO KOAMYECTBA TOKCUYHBIX OPraHUYECKUX COEAMHEHMI U
NaToreHHbIX MMKPOOPraHnamoB [1]. ECAv 0CaaKM CTOUHBIX BOA
He YTUAM3MPOBATb, TO CO BPEMEHEM OPraHUYECKMUI YTAEPOA
noA AEMCTBUEM Me30dHAbHbIX BakTepuii NpeobpasyeTcs A0
napHUKoBbIX ra3o. (CO,, CH,), koTopble BbibpacbiBatoTcs B
atMocoepy [2, 3]. Hanbonee pacnpocTpaHeHHbIMU METOAGMM
06paboTkK 1 06e3BPEXMBAHNA MYHULIMNAABHOTO OCaAKa
ABASIKOTCS aHa3pobHOe cOpaxmnBaHUe, KOMMNOCTUPOBaHWE U
3aX0pPOoHeHWe. KOMNOCTMPOBaHWUE 1 3aXOPOHEHME OTXOAOB
NMPUBOASIT K AOMOAHUTEABHOMY OTUYXXAEHUIO TEPPUTOPUI U
BbIOPOCY NAPHUKOBbIX ra30B B aTMOCHEpY, B TO BPEMSA Kak
cbpaxrBaH1e NO3BOASIET BOCCTaHOBUTL A0 50-60% yraepoaa
B BMAe 61orasa. TeM He MeHee HepaBHee UCCAeAOBaHUE
NMoKasano, 4To AaXe Ha OUMCTHbIX COOPYXXEHUAX C METaH-
TEHKaMW 3HAUMTEABHOE KOAMUYECTBO MeTaHa BblbpachiBaeTcs
B atmocoepy [4]. Takum 06pa3om, HEOOXOAUMO U3MEHUTb
MOAXOA K YTUAM3ALMU OCAAKOB CTOUHbIX BOA, ONMpPasiCh Ha
COBPEMEHHbIe TpeboBaHMWA.

MApPOTEPMAABHOE OXMXEHWE ABASETCH MHOroobe-
LWatoLLEeN TEXHOAOTUEN AAS YTUAM3ALMK BAGXKHbBIX OpraHu-
UEeCKUX OTXOAOB. B xoae NpoBeAeHMA AAHHOrO npouecca
6romacca M3BbITOYHOrO MAG HAXOAUTCA B CYOKPUTUUECKMX
yenosuax (T =250-450 °C, P = 4-25 MMa) [5]. Bo Bpems
TMAPOTEPMAABHOTO OXUXEHUA MPOUCXOAAT peaKLMU, BKAKO-
yatoLLMe Pa3AoXEHWUE U PENOAUMEPUIALLUIO OPraHUYECKHX
MaKpPOMOAEKYA, B pe3yAbTate KOTOpbIx 06pasyeTtcs 61o-
HedTb, TBEpPAASA da3a (bUOoyronb), razoBas pasa v BOAHAS
dasa (pacTBOpeHHbIE B BOAE XUMUUYECKME BELLECTBA).
K OCHOBHbIM NPenMyLLECTBAM FTMAPOTEPMAABHOTO OXMU-
XEHWSA MOXHO OTHECTU TO, UTO B XOAE 3TOrO NpoLecca He
TpeﬁyeTCH npeaABapuTeAbHanA Cyllka CbipbA U YCTaHOBKa,
MCNOAb3YHOLLAACA NPU AAHHON TEXHOAOTUK, 3aHUMaET
MEHbLLYO NAOLLAAL MO CPABHEHUIO C APYTUMU, KO BCEMY
npouyemy, Takum 06paszom MOXHO NOAYUUTb MPOAYKTbI C
A06aBAEHHON CTOMMOCTbIO [6]. TAaBHbIM HEAOCTATKOM
TAaKOM TEXHOAOIMU ABASieTC obpasoBaHMe OOAbLLOrO
KoAMYecTBa BOAHOM dadbl (A0 90% OT Macchl Cbipbs),
KOTOPYIO HEAb3A Hanpsimyto cOPOCUTb B NMPUPOAHbIE
BOAOEMbI M3-33 BbICOKOW KOHLEHTPALUU TOKCUYHbIX
COeAUHEHUN [6, 7.
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BoaHas dasa copepXMT B CBOEM COCTaBE BbICOKYHO
KOHLEHTPaLMIO BMOreHHbIX 3A\eMEHTOB (a30Ta, docdopa)
N MUKPOSAEMEHTOB, TEM CaMbIM €€ MOXHO MCMNOAb30BaTb
B KQUeCTBE OCHOBbI AASl TUTATEABHOW CPEAbI AAA KYALTH-
BMPOBaHUSA MUKPOBOAOPOCAEN [7]. B paae paboT Hbino
nokasaHo, YTO MCMOAb30BaHWE MWUTATEAbHbIX BELLECTB,
coAepXalumxcsi B BOAHOM dase, NPUBOAMT K MOBbILIEHWIO
3HepProadpGeKTUBHOCTU U IKOHOMUUECKON LEeAeC00BPa3HOCTH
npouecca rmppoTepmManbHoOro oxmxkeHns [8-11]. OueHka
XM3HEHHOTO LIMKAA MOKa3aAa, uTo 3a CYET UCMOAb30BaHUS
BOAHOW $a3bl TMAPOTEPMAABHOMO OXMXEHWS OKYNaeMocTb
WMHBECTMUMI B 3HEPTUIO Bbina yBeAnMueHa Ha 10-20% ¢
TOYKM 3PEHUSI AOBBLIUN HEDTU HA EAMHWMLLY SHEPTUM, NOAY-
UEHHOM B pesyAbTaTe MOBTOPHOIO POCTa MUKPOBOAOPOCAEN
C MCMOAb30BaHMeM BOAHOW ¢a3bl [12]. OpHaKo B BOAHOM
daze NOMMUMO BUOrEHHbIX IAEMEHTOB COAEPXATCA U TOK-
CUYHbIE COEAMHEHUS (@MUABI, apOMaTUUYECK1e COEAMHEHNS),
KOTOPblE MHIMBUPYIOT POCT MUKPOBOAOPOCAEN, BCAEACTBHE
yero HeobxoAMMO BOAbLLOE ee pa3BepeHHe Ao NpeaBa-
puTeAbHan 06paboTka ¢ UCMOAb30BaHWEM aAbTEPHATUBHbIX
METOAOB BMOAOTMUECKOW KOHBEPCUM [7]. K NepcneKkTUBHbIM
cnocobam 0b6e3BpexmnBaHna BOAHOM dasbl MOXHO OTHECTU
a3p06HYH KOHBEPCUIO C NPUMEHEHNEM MUKPOOPTraHm3-
MOB-AECTPYKTOPOB, KOTOPbIE CMOCOOHbI UCMIOAL30BAThb B
KayecTBe EAMHCTBEHHOIO MCTOYHMKA YTAEPOAA KOMMOHEHTbI
BOAHOW da3bl [13-15]. B NpeAbIAYLLMX UCCAEAOBAHUSX ObIAO
noKasaHo, YT0 MUKPOOPTraHWU3Mbl-AECTPYKTOPbI CMOCOOHbI
06e3BpexmBaTh B OCHOBHOM TOAbKO OpraH1yYeckue Coeam-
HeHUs, @ 3GPEKTUBHOCTb U3BATUS BUOTEHHbIX IAEMEHTOB
BapbupyeT B nHTepBane ot 10 po 30% [16]. MNocaepoBa-
TeAbHas 0YNCTKA CHavaAa MUMKPOOpraHM3Mamu, a mocAe
MUKPOBOAOPOCAAMM NMO3BOAWUT MOBbLICUTb 3QGEKTUBHOCTb
o06e3BpexnBaH1a BOAHON dasbl [8].

LleAb npeaCcTaBAEHHOr0 MCCAEAOBAHMA 3aKAKOUYaAach B
NPOBEAEHWM OLEHKN 3DDEKTUBHOCTH BMO0OE3BPEXMBAHNSA
BOAHOW ®a3sbl NOCAE TMAPOTEPMAABHOMO OXMXEHMSA BUO-
Maccbl U36bITOYHOIrO aKTUBHOIO MA@ C UCMOAb30OBaAHWEM
MWUKPOBOAOPOCAEN.

OKCMNEPUMEHTAABHAA YACTb

B xoae paboTtbl MccaepoBaAM BOAHYH $asdy rmapo-
TEPMAABHOIO OXMXEHWSA M3OLITOUHOrO aKTUBHOIO MA@
KOMMYHaAbHO-6bITOBbIX CTOUHbIX BOA . KaAMHUHIpaaa.
PUINKO-XMMUYECKME MOKa3aTeAU ObIAM CAEAYIOLLUMMU:
XMMUUeckoe notpebaeHne kucropoaa (XMK) - 17737+886
Mro/am®; NH,* - 948+47 am®, PO, - 472+24 am3;
pH =7,1+0,19.

AHann3MpoBanK 9 KyAbTYP MUKPOBOAOPOCAEN, B3ATbIX
U3 KOAAEKLMKU IPPAS? MHCTUTYTA GU3MOAOTUM paCTEHUN
nm. K.A. Tumnpsdesa PAH (r. MockBa) (Taba. 1).

Ta6auua 1. KyabTypbl UCCAEAOBAHHbIX MUKPOBOAOPOCAEN

Table 1. Cultures of microalgae discussed in the article

Wndpp wramma IPPAS Bua

C-1 Chlorella sorokiniana
C-2 Chlorella vulgaris

C-8 Chlorella ellipsoidea
C-9 Parachlorella kessleri
C-26 Chlorella pyrenoidosa
C-108 Chlorella zofingiensis
C-123 Chlorella minutissima
C-1210 Chlorella sp.

C-1509 Nannochoris sp.

Takxe usyyanu 6aktepuanbHble KYAbTYPbI-AECTPYKTOPbI
KOMMOHEHTOB BOAHOW $asbl Paenarthrobacter nicotinovorans
n Comamonas testosteroni, NOAy4EHHbIE U3 aKTUBHOIO
naa MAO «HuxHekamckHedTEXMM» (I. HUXKHEKAMCK) U
MAEHTUOUUMPOBAHHBIE C MOMOLLBIO CEKBEHWMPOBAHMS
reHa 16S pPHK.

POCT KyABTYPbI OLLlEHUBAAM MO U3MEPEHUIO ONTUYECKOM
nAOTHOCTM Ol;50 M NprpocTy Bruomaccsl [17]. OTobpaHHble
ANSI UBMEPEHUA CYXOM Macchl NPobbl 0CaXAaAK LEHTPUDY-
rMpoBaHUemMm B pochatHoOM Bydepe, NOAYUYEHHbIN 0CAAOK
BbICYLUMBAAW B MPEABAPUTEABHO B3BELLEHHbIX EMKOCTSX
B CyLUMAbHOM LwWKady 24 y npu 105 °C [17]. YaeAbHyO
CKOPOCTb POCTa M BbIYUCASIAU MO U3MEHEHUIO KOHLEH-
Tpaumm bBuomaccel No Gopmyne

Na
— Ln(N1)
H t2=ty’
rae N,y v N, - 6Bruomacca KyAbTypbl, U3MepeHHas BO BPEMS
t, nt, COOTBETCTBEHHO.
Bpems yaBoeHus 6uomacchl T, paccuuTbiBaru Mo
YAEAbHOM CKOPOCTK pocTa no GopmMyae
Ln(2)
Tone = .
yAB. P

KoHeuHblI# npupocT I, onpeAeAsiAm No Pa3HOCTH KOHLEH-
TpaLwWi GoMacchl B HaYaAEe U B KOHLIE KYABTUBMPOBaHUA [17].

b PEKTUBHOCTL 06€3BPEXMBAHNSA KOMMNOHEHTOB BOAHOM
$asbl OLUEHMBAAK MO M3MEHEHMIO NokasaTtener XMK, NH,*
1 PO,%>. ®UBUKO-XMMUUYECKME XapaKTEPUCTUKK MO OKOH-
YaHUU KYABTUBUPOBAHUA OMNPEAEAAAN MO CTAHAAPTHbLIM
MeToAMKaM. KoHueHTpaumto XIMK onpeaensiau TUTPOBaAHWEM
€ nomoLbto coan Mopa apbutpaxHbiM MeTopom?2. Copep-
XaHue B BOAHOW dpa3e MOHOB aMMOHKA U pochaT-MoHOB
M3MEPSAAM Ha CNEKTPODOTOMETPE COrAaCHO GpepepaTUBHBIM
NMPUPOAOOXPAHHbBIM HOPMATUBHbBIM AOKYMEHTaM>4,

! International Physical Protection Advisory Service (IPPAS) // International Atomic Energy Agency (IAEA). Pexum pocTyna:

https://www.iaea.org/services/review-missions/international-physical-protection-advisory-service-ippas

12.03.2024).
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CocTtaB 61omMacchl BOAOPOCAEN ONPEAEASIAM MO COAEP-
XaHuto benka, yrAeBOAOB, AUMMAOB W 30AbI.

B cTtaunoHapHoM ¢pase pocTta KyAbTYpPbl OTAEAAAU OT
BOAHOM $asbl, NPOMbIBAAU AEUOHWU3UPOBAHHON BOAOM.
Cyxyto 6uomaccy noayyaan nyTem BbICYLLUMBAHUA MOAY-
YEHHOro 0CaAka B NPeABaPUTEABHO B3BELLEHHbBIX EMKOCTAX
B CYLWMAbHOM LIKady B TeyeHne 24 4 npu 105 °C [17].
B cyxoit 6uomacce onpeAeniAv KOAMYECTBEHHBIN COCTaB.

KAeToUuHble OEeAKM 3KCTParMpoBaAM  COAHOOUAK-
3almMen ocaaka B M303AEKTPOdOKycUupytoleM bydepe
(7 M moueBuHa, 2 M THOMOUEBUHA, 2% Macc/06. 3-[3-xona-
MUAONPONUAAMMETUAAMMOHUKO]-1-NponaHcyAbdOHaTa
ruapat u 40 MM AUTUOTPENTOA). KAETOUHbIN AU3AT ABaXAbI
obpabaTbiBaAn Ha YALTPA3BYKOBOW YCTAHOBKE B TEUEHMWE
1 muH npu yactote 30 K. Ocapok LeHTPHUYTMPOBaAK B
TeueHne 1 MuH npu 10000 06/MK1H, CynepHaTaHT OTMbIBaAK
aLETOHOM B COOTHOLLEHMM CcynepHaTaHTa 1 auetoHa 1:4 u
UHKY6MpoBau npu 4 °C B TeueHne 20 MUH, NOCAE MOBTOPHO
LEHTPUOYrMpoBanr. KOHLEHTpaLIMIO BeAka ONpeaAensnn
MeToAOM Bpaadopaa B 96-AyHOUHBIX MUKpONAaHLeTax [18].

MoAncaxapuabl B BioMacce BOAOPOCAEH ONPEAEAIAK
C MOMOLLbIO aHTPOHOBOrO peaktusa. lNpeapBapUTEABHO
KAETKM BOAOPOCAEN HarpeBanu A0 95 °C B TeueHue
10 MuH. TMocae 03BYyUMBaAU KAETKMU (YCAOBUSA CM. BbiLLE),
CYCMEH3MI0 OCTYXXaAW U AOBaBASIAM @aHTPOHOBbIN PEAKTUB
B COOTHOLLEHMN 1:3, BbipAEpPXMBaAAK B TeueHne 20 MUH U
OMpPeAeNsiA KOHLEHTPaLmto. KOAMYeCcTBO NOAMCaxapuAOB
onpeaAensiAu B 96-AyHOUHbIX NAGHLLETaX NPU AAMHE BOAHbI
620 H™m [19].

AAS ONpeAENeHUst COAEPXAHUSA AUMTMAOB B KOABY, Copep-
Xallyto cyxyto buomaccy BOAOPOCAEN, AOBABAAAM CMECh
pacTBopuTEAS (TEKCaHa 1 XAOpodOpMa B COOTHOLLEHMMU
1:1 no o6beMy) B koamuectse 100 mA Ha 1 rpamm abco-
AKOTHO CyX0M BoMacChl. IKCTPAKLMIO Napamu pacTBOPUTEAR
OCYLLECTBASAIAY KUNAYEHUEM C 0BpPaTHbIM XOAOANMABHUKOM
B TeueHue 2 4. o NpoLecTBMM BPEMEHMU U3OLITOK pac-
TBOPUTEAS YAGASIAU H@ POTOPHOM McCnapuTene npu Tem-
nepatype 40 °C un paBreHumn 0,786 atm. [9].

30AbHOCTb ONPEAEAAAU NYTEM CXUraHUsi Cyxon 61o-
Maccbl BOAOPOCAEW B MydeabHOM neun npu 550 °C B
TeueHne 2 4 [9].

bakTepuranbHble KYABTYPbl KYABTUBMPOBAAW Ha BOAHOM
dasze rupApoTeEPManbHOIO OXMXEHUS N3ObITOYHOrO aKTUBHOTO
MA@ B KOHMUYECKUX KoADax B TeueHne 48 unpn T=37 °C
n nepemelimarmmn 120 06/MUH. KOAMYECTBO BHOCUMOTO
MHOKYASiTa cocTaBAsAano, KOE/MA: P. nicotinovorans - 3,8x108;
C. testosteroni - 5,7x10°. [0 UCTeUEHUU BPEMEHU KYALTU-
BMPOBaHUsI BaKTEPUAAbHbBIE KAETKWU YAAASIAW LIEHTPUDYTU-
poBaHuem npu 10000 06/MWH, MOAYUYEHHYIO BOAHYIO dasy
NMOAKMCASIAM AO PH = 7,0 1 BHOCHAM B HEE NPEABAPUTEABHO
aAaNTUPOBAHHbIA MHOKYASAT MUKPOBOAOPOCAEN.

06paboTka pe3yAbTaTOB IKCMEPUMEHTOB NPOBOAMAACH
C NOMOLLbIO NakeTa NPUKAAAHbIX nporpamm Microsoft
Excel 2019 v Origin 2019 Pro ¢ oueHKOM AOCTOBEPHOCTH
no Kputeputo CTbtopeHTa — Guiiepa. Mcnonb3oBanm napa-
MeTpUYeCKuii t-kputepuin CTetopeHTa. Pasanumne cuntanm
AOCTOBEPHbIM NPU YPOBHE 3HaunumocTn p < 0,05.

OBCY>XAEHUE PE3YNbBTATOB

[Mepuoandyeckoe KyAbTUBMPOBAHME MUKPOBOAO-
pocAeii Ha BOAHOM ¢ase. BoaHyto dasy npepsapu-
TeAbHO pasbaBaaan B 50 pas AUCTUAAMPOBAHHON BOAOW
AO KOHLEHTpaLMK PacTBOPEHHbIX BELLecTB, Mr/AMS:
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XMK - 354,7+12,3; NH," - 18,9+1,1; PO,* - 9,4+0,7.
Takasi KOHUEHTPaAUKUA BOAHOM dasbl, COrAaCHO AUTEpa-
TYPHbIM A@HHbIM, HE UHTMOUPYET POCT XAOPEAABI B NMPO-
Lecce nepnuoAMYecKoro KyAbTUBUpOBaHUA [7]. PesyabTtartsl
KYABTUBMPOBaHWS 9 LWITaMMOB MWKPOBOAOPOCAEN Ha
BOAHOM dase nokasaHbl Ha puc. 1.

B xope NepUOAMUYECKOTO KYABTUBMPOBAHMUSA ObIAO
NOKa3aHo, UTO M3yYyaeMble LUTaMMbl, 3@ UCKAKOUEHUEM
Nannochoris sp. IPPAS C-1509, cnoco6Hbl UICNOAb30BaTb
KOMMOHEHTbI BOAHOM dasbl B KauecTBe cybcTpara.

PocT KyAbTYp Ha BOAHOM dpa3e MOXHO OnMcaTb KAACCH-
YeCKOW CUrMOMAAABHOM KPMBOW pocTa. MOXHO OTMETUTS,
YTO Ha HaYyaAbHOM 3Tane KyAbTUBMPOBAHMA HEKOTOPbLIE
MWUKPOBOAOPOCAM aAaNTUPOBAAUCh K KOMMOHEHTaM BOAHOM
da3bl M HabAoAaNaCh MTPOAOAXMTEABHAS Aar-da3a, KoTopas
AAMAACH AO 3 cyTOK (KyabTypbl C. sorokiniana IPPAS C-1,
C. pyrenoidosa IPPAS C-26). Y wrtammoB C. vulgaris
IPPAS C-2, C. ellipsoidea IPPAS C-8, P. kessleri IPPAS C-9,
C. zofingiensis IPPAS C-108 akcnoHeHuManbHaa dasa
pocTa Hayanacb CO 2-X CyTOK — BEPOSITHO, 3TO CBA3AHO
C TeMm, YTo BoAHaA dasa AASI HUX MEHEE TOKCUYHA U UX
depmeHTaTMBHanA crctema BbICTPO apanTMPOBaAAACh MOA
yCAOBMSA cpepbl. MHTepecHas cutyauus Habatopanach y
KyAbTypbl C. minutissima IPPAS C-123: no pesyastatam
KYABTUBMPOBAHWS Y Hee 0TCyTCTBOBaAa Aar-¢asa. C 1-x CyTok
OTMeYancs CTPEMUTEAbHbIN POCT, Ha 2-e CYTKU KYAbTYpa
BbILUAA HA CTAUMOHaPHYH dasdy 1 AEAEHUE KAETOK PE3KO
CHU3UAOCb. TeM HE MEHee B NeproA ¢ 3-x Mo 5-e CyTku
CHOBa HbIA 3apPErncTpMpPOBaH 3KCMOHEHLIMAAbHbIN POCT:
MOXHO CKa3aTb, UTO B XOA€e ONWCaHUA KpVIBOVI pocCTa
wramma C. minutissima IPPAS C-123 Ha BoaAHOM da3ze
HabAOAAAACh AMAYKCUSI POCTA.

JKcnoHeHuUManbHan da3a 6OAbLUIMHCTBA MUKPOBOAO-
pPOCAEN HauMHaAaCh Ha 2-3 CyTKM 1 NPOAOAXAAACh B TeUeHWE
24-48 4. Ha 5-e CyTKM KyAbTUBMPOBaHUA NPaKTUYECKU
BCE KYAbTYPbI BbIWAW Ha CTauMoHapHy ¢asy pocra U
noTpebaeHune cybctpaTta CTano NOCTENEHHO CHUXATbCS.

Taknum 06pa3om, B XOAE NEPUOANUYECKOTO KYABTUBUPO-
BaHWS B TEUEHUE 7 CYTOK BCE M3yYaEMbIE KYAbTYPbI BbILLIAK
Ha CTaLuMOHapHYyto Gasdy pocTa, 3a UCKAIOUYEHUEM LUTaMMa
Nannochoris sp. IPPAS C-1509, y kotoporo Habatopancs
HeBOAbLLOM POCT Ha HAYaAbHOM 3Tane.

B 1abA. 2 oTpaxeHbl OCHOBHbIE NOKA3aTEAU KYALTUBK-
poBaHUA MUKPOBOAOPOCAEN HAa BOAHOM dase.

Tabauua 2. PocToBble XapaKTePUCTUKK U3ydaeMblX
KYABTYP MUKPOBOAOPOCAEN B NpoLecce NepUoAUYECKOro
KYABTUBMPOBaAHUA

Table 2. Growth characteristics of the studied microalgae
cultures in the process of periodic cultivation

Howmep YaenoHas Bpewms KoHeuHbIN
wramma CKOPOCTb YABOEHMUS npupocT,
IPPAS pocta, cyt.t | 6Momacchl, 4 /A

c1 0,30 55,34 0,19
C-2 0,49 33,71 0,41
C-8 0,51 32,83 0,49
C-9 0,62 26,57 0,69
C-26 0,48 34,19 0,48
C-108 0,79 20,80 0,44
C-123 0,92 17,91 0,77
C-1210 0,94 17,67 0,32
C-1509 0,27 61,40 0,04
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Fig. 1. Growth curves and specific growth rates of the strains studied

LLtamm Chlorella sp. IPPAS C-1210 umen OAMH K3
CaMblX BbICOKMX NOKa3aTenen yAeAbHOM CKOPOCTH pocTa,
a BpeMs YABOEHWS Bromacchl B 3KCMOHEHLMaAbHOW da3ze
cocTtaBuAO 17,67 4. OpAHAKO 3KCMOHEHUMaAbHas dpasa y
3TOrO LWTamMma AAMAACh 2 CYTOK M YXe B HauaAe CTaumo-
HapHoW $a3bl BPeEMS YABOEHUSI yBEAUUUAOCH A0 84,3 u.
KoHeuUHbIN NpUPOCT WTaMMa ObIA HUXE CPEAHWX 3HAUEHW
CpeAn UCCAEAYEMbIX LUTAMMOB U cocTaBuA 0,32 [/A.

Y wtammoB C. sorokiniana IPPAS C-1, C. vulgaris
IPPAS C-2, C. ellipsoidea IPPAS C-8, C. pyrenoidosa
IPPAS C-26, Nannochoris sp. IPPAS C-1509 3HaueHue
YAEAbHOM CKOPOCTW POCTa HAaxOAMAOCb B AManasoHe
0,27-0,49 cy1.%, UTO0 COOTBETCTBYET BPEMEHW YABOEHMS
6uomacchl 61,40-33,71 4. YpOXXaNHOCTb 3TUX KYABTYP
coctaBuaa 0,04-0,48 r/A. MOXHO OTMETUTb, UTO KyAbTYPa
Nannochoris sp. IPPAS C-1509 nmena camblii HU3KUI
NPUPOCT U MEHBLUYO YAEABHYKO CKOPOCTb POCTa Mo CpaB-
HEHUIO C M3yYaeMbIMU LLITaMMaMM.

Ltammebl P. kessleri IPPAS C-9, C. zofingiensis IPPAS
C-108, C. minutissima IPPAS C-123 umeAn caMble BbICOKHE
rnokasaTeAn YAEAbHOM CKOPOCTU POCTa (MOCAE KyALTYpbl
Chlorella sp. IPPAS C-1210) 0,62-0,92 cy1.* 1, cooT-
BETCTBEHHO, ObICTPYD CKOPOCTb YABOEHWSI Bromacchl
26,57-17,91 u. Kyabtypa C. zofingiensis IPPAS C-108 n3-3a
KOPOTKOM 3KCMOHEHLMAAbHOM da3bl POCTa UMeAa CPEAHUM
npupocT bruomaccsl, kotopblid coctaBua 0,44 r/A. MOXHO
OTMETUTb, YTO MO CPABHEHUIO C U3yYaeMbIMK LUITAMMaMu
KyAbTypbl P. kessleri IPPAS C-9 u C. minutissima IPPAS
C-123 oTAMYaAUCH BbICOKOW NMPOAYKTMBHOCTbIO 0,69 1
0,77 /A COOTBETCTBEHHO.

https://vuzbiochemi.elpub.ru/jour

YaaneHue 3arpsa3HSoLLMX BELLECTB BOAHOM ¢pasbl. 1o
MCTEYEHUN 7 CYTOK KYAbTUBMPOBAHMS OLEHWBAAM NOTpe-
6AeH1e MUKPOBOAOPOCAAMU 3arpssHstoLLmnx BellecTs (NH, ',
PO,%, XMNK). 3ddEKTUBHOCTb YAAAEHUA NOKa3aHa Ha puc. 2.

Bce n3yyaemble KyAbTYypbl B TOW MAM MHOW CTEMNEHU
NoTPeOASIAM MOHBI aMMOHKA U docdaTbl U3 BOAHOW Gasbl.
ApdekTnBHOCTL U3BATUA NH,* BapbupoBana ot 30 po 82%.
LWtammbl P. kessleri IPPAS C-9 n C. minutissima IPPAS
C-123 nokaszanu AyULLIMIK PE3YALTAT N0 YAAAEHWUIO aMMOHUS
13 BOAHOM da3bl. KOHLEHTpauma cHMxanach ¢ 18,9 po 4,1
n 3,8 Mr/am? pAna P. kessleri IPPAS C-9 u C. minutissima
IPPAS C-123 co0TBETCTBEHHO, 3QDEKTUBHOCTL COCTABASIAG
78 1 81%. MoxHO oTMeTuTb KyAbTYpbI C. vulgaris IPPAS C-2,
C. pyrenoidosa IPPAS C-26, C. zofingiensis IPPAS C-108,
KOTOPblE€ MEHEE aKTUBHO MCMNOAb30BaAM aMMOHWMHBbIN
a30T - CTeneHb U3bATUA cocTtaBuaa 71, 72 n 60% coor-
BETCTBEHHO. HU3Koe notpebreHne aMMOHUMHOMO a3oTa
6bIn0 0TMeueHo Yy C. sorokiniana IPPAS C-1, C. ellipsoidea
IPPAS C-8, Nannochoris sp. IPPAS C-1509 - BeposiTHee,
ANl POCTa U Pa3BUTUSI ATUX KYALTYP Boree HEOBXOAUM
a30T B HUTpaATHOM GOpMe, HEXEAM B aMMOHUIHOW. B TO
Xe Bpemsi aBTopamu BbIAO CKa3aHo, UTO HEKOTOPbIE BUADI
XAOPEAAbI MPEANOUUTAOT 30T B aMMOHUI dopme, Tak
KaK ero Aerue TpaHchOpPMMUPOBaTbL B @MUHHbIN AAA AAAb-
HelLwero cnuHTe3a cobCTBEHHbIX 6eAkoB [20].

YacTb a3oTa B BOAHOW dpa3e NpUCYTCTBYET B OpPraHu-
YeCKoW pacTBOpMMON GOpMe —MNO-BUAMMOMY, OH AETKO
accumuampyetcs kyabtypamu P. kessleri IPPAS C-9 u
C. minutissima IPPAS C-123, uTO CBMAETEABCTBYET O
cHMxXeHun XMNK Ha 41 n 48% cootBeTcTBEHHO. LLTamm
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Fig. 2. Efficiency of pollutant removal by microalgae: a - NH,*; b - PO,%; ¢ - chemical oxygen demand

Chlorella sp. IPPAS C-1210 ycBanBaA TOAbKO @30T B BUAE
aMMOHMSA, TaK Kak 3G HEKTUBHOCTb YAGAEHWNS COCTaBAAAA
56%, a AECTPYKLUSA OPraHNYecKknx coepmHeHuni no XMK -
TOABKO 7%, NOXOXas CUTyaLusi HAOAOAAAACH U Y KYAbTYPbl
Nannochoris sp. IPPAS C-1509. CteneHb ypaanenus XMKy
OCTaAbHbIX KyABTYP BapbipoBana oT 16 Ao 42%. Ncxoas
13 n3mepeHua nokasatens XMK B BopHOW dpase no ucte-
YeHUW BPEMEHU KYABTUBUPOBAHUSA, MOXHO CKa3aTb, UTO
n3y4yaemMble MMKPOBOAOPOCAU UMEKOT MUKCOTPOMHbII THN
NMUTaHWS U cNocobHbI YCBaMBaTb Kak HEOPraHUYEeCKUM,
Tak 1 OpraHnMYeckuin cybertpar.

LWramm C. minutissima IPPAS C-123 6biA cambiM
AKTMBHbIM MO CNOCOOHOCTU aCCHUMUAMPOBATL GOCHAT-UOHBI.
3a 7 CYyTOK KYABTUBUPOBAHMWA KOHLIEHTpauus ¢ 9,4 mr/am3
cHM3MAach A0 0,89 M/aAME, 3G EKTUBHOCTL AedochoTaLmUm
coctaBuAaa 91%. bbino 3aperMcTprpoBaHo, Yto, MOMUMO
C. minutissima IPPAS C-123, wtamm P. kessleri IPPAS
C-9 He ycTynan B adpdEeKTUBHOCTU ypaneHus docdopa m3
BOAHOM dasbl (89%). OcTanbHble U3yuyaeMble KYALTYPbI MO
cpaBHeHuto ¢ P. kessleri IPPAS C-9 u C. minutissima IPPAS
C-123 notpebaaan dochat-MoHbl MeHee akTUBHO. BO3MOXHO,
3TO CBA3@HO C TEM, UTO KYAbTYpbl P. kessleri IPPAS C-9 n
C. minutissima IPPAS C-123 Hanbonee apanTMpoBaHbl K
KOMMOHEHTaM BOAHOW da3bl TMAPOTEPMAABHOIO OXMXKEHWS
M36bITOYHOTO aKTUBHOTO MAA, O YEM FOBOPST BICOKUE MOKa-
3aTeAun npupocTta Bromacchl 1 CKOPOCTU PocTa.

Mcxoan U3 NPOBEAEHHOM CEPHM SKCIEPUMEHTOB MO Nepu-
OAMYECKOMY KYABTVBMPOBAHMIO MUKPOBOAOPOCAEN HA KOMIO-
HEeHTax BOAHOM Ga3bl M MOCAEAYIOLLEN PErucTpaLmm U3bATHS
3arpsA3HALLLMX BELLECTB, ObIAM OTMEYEHbBI ABE KYALTYPbI: P.
kessleri IPPAS C-9 u C. minutissima IPPAS C-123. 3Tv U30AATbI
NMoKasaAu XOPOLLYH CrOCOBHOCTb K POCTy U 3GOEKTUBHO

YAQASIAM OCHOBHbIe 3arpsisHsitolLme Bewectsa (NH,*, PO,%,
XMK), UTo CBMAETEABCTBYET 06 KX BbICOKOM apanTaLMOHHOM
CNOCOBHOCTHU K CTPECCOBBIM haKTOpaM.

CoctaB 6romacchbl MUKPOBOAOPOCAEH. B HayyHOM
AUTEpaType BCTpeyaeTcsi 6OAbLLIOE KOAUYECTBO UCCAEAO-
BaHWI MO OYMCTKE CTOUHbIX BOA MMKPOBOAOPOCASIMU C
NnoAyYeHUeM X BMOMACChl M OLEHKE COAEPXAHWS AUMUAOB,
NMoAMCaxaprAOB M BEAKOB, KOTOPbIE OHU HaKaMNAMBatoT B
6uomacce [9, 21], Tak Kak Ux BUOMACCy MOXHO UCMOAb-
30BaTb B KaUeCTBE NPOAYKTOB C AOOABAEHHOW CTOMMOCTbHO.
AAS 3TOr0 AONOAHUTEABHO MPOBOAUAKN SKCNEPUMEHTBI MO
OLEHKE KOAMUYECTBEHHOrO cocTaBa BMOMAcChl KyAbTYp
P. kessleri IPPAS C-9 u C. minutissima IPPAS C-123 nocae
MX KYyABTUBMPOBaAHWA Ha BOAHOKW dase (puc. 3).

I Eenvcu

I yrresopy: N Avinvpbi

I 30na

Parachlorella kessleri Chlorella minutissima
IPPAS C-9 IPPAS C-123

Puc. 3. KoanyecTBeHHbI coctaB Briomacchl
M3yyaeMbiX MUKPOBOAOPOCAEN, %

Fig. 3. Quantitative composition of biomass
of studied microalgae, %
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BbIAO 0TMeU€eHO, UTo 6oAbLLIAsA YacTb GBUOMAcChl BOAO-
pOoCAel COCTOUT U3 noArMcaxapraos - 41 n 44% (ot obuier
Maccbl) AAA KYAbTYp P. kessleri IPPAS C-9 u C. minutissima
IPPAS C-123 cooTBETCTBEHHO. M3yuaemble KyAbTYpbl B CBOEM
COCTaBE NOMWMO NMOAUCAXapPUAOB UMEHT M AOBOABHO BbICOKOE
coaepxarue 6enkoB - Ao 30,7% (oT obLlelt Maccehbl), UTo
AAeT BO3MOXHOCTb MCMOAb30BAThb MX B KAYECTBE BbICOKO-
KauyeCTBEHHOM KOPMOBOW A0DABKU AAA aKBAKYALTYPbI [22].
TemM He MeHee BbIAO NMOKa3aHo, YTO MUKPOBOAOPOCAK P.
kessleri IPPAS C-9 u C. minutissima IPPAS C-123 umetot
HU3KOE COAEPXXaHWEe AMMMAOB B CBOEM cocTaBe - 16,2 1
18,3% coOoTBETCTBEHHO. BEPOSATHO, ECAM B MOCAEAYIOLLEM
WX NOABEPraTb rMAPOTEPMAAbHOMY OXMXKEHWIO, KAYECTBO
61OHEDTH BYAET HU3KMM M3-3a HEBbICOKOIN KOHLEHTPALMK
AMnuaHon ¢pakumm [10]. Buomacca MMKPOBOAOPOCAEN,
npeaHasHayeHHas AASt MPOM3BOACTBa GMOCHIPbS Yepes
rMAPOTEPMANbHOE OXMXKEHUE, B AEAAE AONKHA COAEPXKATb
BbICOKOE KOAMYECTBO AMMUAOB M HU3KOE KOAMYECTBO NPEA-
LLIECTBEHHMKOB retepoatoMoB (6eAKOB 1 YyrAeBoAOoB) [23],
KoTopble cnocobCTBYOT 06pa3oBaHuto broyras. CopepxaHme
6enka npeAcTaBASIET coO0M eLle 0AHY NPOBAEMY, MOCKOAbKY
a30T-CoAepXallMe CoOeAMHeHWs TPeBytoT NPeABaPUTEAbHON
06paboTKM MO CPaBHEHMIO C NPOM3BOAHBLIMW YTAEBOAOB,
TEM CaMbIM CHUXas KauecTBo buoTtonanea [24].

M3BECTHO, YTO AMMUABI HAKaNAMBaOTCSt B MUKPOBOAO-
POCASIX B 3HAUYUTEABHbIX KOAMYECTBAX B YCAOBMSIX @30THOIO
ronopaHus [10]. Ckopee Bcero, KyAbTUBMPOBaHWE BOAO-
POCAEN B TEYUEHUE AAMTEABHOIO BpEMeHW ByAaeT cnocob-
CTBOBATb MOAHOMY MCUYEpPMaHUIO a30Ta U3 BOAHOM dasbl 1
NMPUBEAET K BOAbLLEN KOHLEHTPALMU AUIIMAHOW GPaKLuK B
6uomacce BOAOPOCAEN, OAHAKO AAUTEABHOE BPEMSA KYAb-
TUBMPOBaHUSA HepeHTabeAbHO, ECAM FOBOPHTL O NpoLiecce
OYUCTKM CTOYHbIX BOA OT MOAAKOTAHTOB.

AByXxatarnHas 04MCTKa BOAHOM pa3dbl. BbipaluyBaHue
MWKPOBOAOPOCAEN Ha BOAHOM dase rmApPOTEPMAAbHOIO

Buomacca, rigm®
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c

OXUXEHMSI U3OLITOYHOrO aKTUBHOIO MA@ obecneunBaeT BOC-
CTaHOBAEHWE BELLECTB U3 BOAHOM da3bl B BUAE BUOMACCHI
BOAOPOCAEN. B poanbHenLeM ee MOXHO MCMOAb30BaTh B
KauyecTBe Cbipbs AASI MPOM3BOACTBA BMOTONAMBA, HO AAS
3TOro He0HXOAMMO BbICOKOE Pa3BEAEHUE UCXOAHOW BOAHOW
dasbl, TOCKOAbKY BOAOPOCAM YYBCTBUTEAbHbI K KOMMOHEHTAM
BoAHOW ¢asbl [7, 10]. B OTAMUMM OT MUKPOBOAOPOCAEN
aspobHble KYALTYPbl 06AaAatoT 60Aee BbICOKOW YCTONUK-
BOCTbIO K TOKCMUYHBIM COEAMHEHUSIM, MO3TOMY MHTErpaLms
3TUX ABYX METOAOB BMONOTMYECKOWN KOHBEPCHM NO3BOAUT
NOBbICUTb 3PHEKTUBHOCTb U3bATUS MOAAKOTAHTOB U3 BOAHOW
®asbl ¥ YMEHbLINTb KOAUYECTBO BOAbI AAS pa3baBaeHHs [7].

MukpoopraHuamsl P. nicotinovorans v C. testosteroni
noKa3aAn XOpPOLUYO CTENEHb AECTPYKLMU KOMMOHEHTOB
BOAHOM dasbl U yCTOMUMBOCTb K TOKCUUHBIM COEAUHEHUSIM,
KOTOPbIE OHM UCMOAB3YHOT B KauecTse cybcTtparta. Mo npo-
LecTBUM 48 U KyAbTUBUPOBaHWA BakTepUanbHbIX KYALTYD
KOHLEHTPALMA OpraHnYecKnx COeAMHEHUI CHU3UAACH C
2554,61 po 447,13 mrO/am3, uto cooTBETCTBYET 3ddEK-
TMBHOCTU 82%. HeboAbLIOW BKAAA BaKTEPUM BHECAU B
yAaAeHUe BUOreHHbIX INeMEHTOB — 22 1 27% no NH," u
P0O,% cooTBETCTBEHHO. HU3KME NoKasaTeAn Mo U3bATUIO
aMMOHMA MOXHO 0OBACHWUTb TEM, YTO M3yYaeMble MUKPO-
OpraHnamMbl He ABAAIOTCA dochaT-akKyMyAaTOpamu 1y
HUX OTCYTCTBYIOT GEPMEHTbI AN OKUCAEHUSA aMMOHMUS.
SHepruo AAA cBoero MetaboAn3ma OHM NMOAyUatoT MyTeM
MUHEepaA13aLMn OpraHNMYeCKUX COEAMHEHUI, HEBOAbLLIOE
KOAMYECTBO aMMOHUSA 1 GOCHATOB HY)XHO AAS NOCTPOEHUSA
6EAKOB U HYKAEMHOBBIX KUCAOT.

Kyabtypbl P. kessleri IPPAS C-9 u C. minutissima IPPAS
C-123 Bbipall1BaAK Ha BOAHOM da3e nocae bakTepranbHOM
AECTPYKLMM B TeueHue 15 CyTOK C U3MepPEeHNeM OCHOBHbIX
noKasaTenen yAaneHUs 3arpsAsHsowmMx Belects. Ha
puc. 4 NOKa3aHO U3MEHEHNE KOHLEHTPaLMK MOAAOTAHTOB
B BOAHOM dase.
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Fig. 4. Results of water phase neutralization by microalgae after bacterial degradation: a - biomass growth;

b - NH;*; ¢ - PO,*; d - chemical oxygen demand
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B X0Ae NEPUOAMYECKOTrO KYALTUBMPOBAHUS HaOAKOAAAOCH
NAaBHOE CHUXEHWE MOHOB aMMOHUA U dochaT-MOHOB Y
06eunx KyabTyp. Mo ncTeueHnn 15 cyTok KyAbTUBUPOBaAHWSA
koHueHTpauusa NH,* cHuauaach ¢ 248 po 58 1 51 mr/am®
y KyAeTyp P. kessleri IPPAS C-9 un C. minutissima IPPAS
C-123 cootBeTcTBeHHO. MNotpebaeHne dochaToB O6bIAO
aKTUBHee, HeXeAn Ha HeobpaboTaHHON BOAHON dase,
cTeneHb n3BAeueHMsa pochopa coctaBasna A0 86% ans C.
minutissima IPPAS C-123. 3¢ deKTUBHOCTb yAaAEHNSA opra-
HUUYECKUX coepnHeHnM no XMK 6bira AOBOAbHO HU3KOM MO
CpaBHEH Uto ¢ BakTepnanbHbIMKU KyALTYPaMK U COCTaBUAA
32 1 27% ans wtammoB P. kessleri IPPAS C-9 u C. minu-
tissima IPPAS C-123 cOOTBETCTBEHHO.

MHTEPECHO TO, UYTO Ha BOAHOM da3se, KOTOPYH YaCTUUHO
MUWHEPAAM30BaAK C NMOMOLLIbIO HaKTEPWIA, YBEAUYMAOCH BPEMSI
BbIXOAA Ha CTaLMOHapHY0 dasy. 1o ncteueHnn 5 cyTok y obemnx
KYABTYP 3aKOHUYMAACh SKCMOHEHLMaAbHasA ¢pasa pocTa, HO
CTalMOHapHas eLle He HacTynuAa. Habaropanca MeaNeHHbIN
NPUPOCT, KOTOPbIN NPoAoAXKaAcs B TeueHne 10 cyTok. O6LLumi
npupocT 6uomacchl coctasuA 1,04 1 1,23 r/ame anq P. kessleri
IPPAS C-9 n C. minutissima IPPAS C-123 COOTBETCTBEHHO, UTO
Ha 30% 6oAbLLE, HEXEAU Ha HEOBPaboTaHHOW BOAHON da3e.

MoAyYeHHble 3KCNepPUMEHTaAAbHbIE PE3YAbTATbl MOXHO
06BACHWUTb TEM, UTO NOcAe 06paboTKM BOAHOM da3bl bak-
TEePUAAbHBIMU KYALTYPaMK KOHLIEHTPALIMA OpraHUYeCcKmX
COEAMHEHWI, NMOAABAAIOLIMX POCT MUKPOBOAOPOCAEN,
CHMU3MAACb U MUKPOBOAOPOCAK UyBCTBOBAAW ceEDS KOM-
dopTHEE U BbIAM CNOCOOHbBI U3bATH OOAbLLEE KOAUUYECTBO
HEopraHWYeCKMX NMOAAKOTAHTOB.

TakvM 06pa3oM, MOXHO OTMETUTb, UTO MOCAEAOBaTEAbHASA
OYMCTKa BOAHOM da3bl C UCMOAb30BAHWEM MUKPOOPTraHM3-
MOB-AECTPYKTOPOB 1 MUKPOBOAOPOCAEN IDDEKTUBHEE, HEXEAN
MCMNOAb30BaHWE TOALKO BaKTEPUIA AU BOAOPOCAEN MO OTAEAb-
HOCTW. B pe3ynbTaTe Takoro Nnoaxoaa MOXHO AOBUTLCS NpaKTH-
YECKM MOAHOTO YAAAEHWS KaK OpraHNUYEeCKMX COEAMHEHWIA NO
XIMK, TaK 1 OCHOBHbIX BUOTrEHHbIX SAEMEHTOB (a30Ta, hochopa).

3AKAKOUYEHUE

B xoae nNpoBeAeHHOro UCCAEAOBAHUSA M3yuyeHa Cro-
CcOBHOCTb MMKPOBOAOPOCAEN MCMOAb30BaTh B KAUECTBE
cybcTpata KOMMNOHEHTbI BOAHOM $a3bl TMAPOTEPMAAbBHOMO
OXMXEHUSA M3ObITOYHOrO AKTUBHOIO MAA U OLEHEHbI
OCHOBHbI€E NoKasaTeA KyAbTUBMPOBaHUS. [lokasaHo, uTo
wrammbl P, kessleri IPPAS C-9, C. zofingiensis IPPAS C-108,
C. minutissima IPPAS C-123 nmean Hanbonee BbiCOKKE
CKOPOCTW pPOCTa Ha M3yyaemMom cybcTpaTe, OAHAKO Mo YAa-
AEHUIO 3arpasHAOLLIMX COEAMHEHWI KYABTYPbI P. kessleri
IPPAS C-9 u C. minutissima IPPAS C-123 6biAv 3ddek-
TUBHEE OCTaAbHbIX.

Brvomacca uccaepyembix KyAbTYp MUKPOBOAOPOCAEN
OTAMYaAACh BOAbLUMM COAEPXAHMEM MOAUMCAXaPUAOB U
6EeAKOB, HO UMEAA HU3KOE COAEPXaHUE AUMUAOB. B cBA3M
C 3TUM UX U3ObITOYHYHO BriOMacCy B AaAbHEWLLEM MOXHO
MCNOAb30BaTb B KAUECTBE KOPMOBOM AODABKMN AAS aKBa-
KYABTYP UAW AASI TUAPOTEPMAABHOIO OXMXKEHUS C MOAY-
yeHUem b1oyrAs.

B xoae ABYX3TanHON OUUCTKM BOAHOMN $ha3bl C UCMOAb-
30BaHWeM BaKTePUAAbHBIX KYALTYP U MUKPOBOAOPOCAEN
6blAa AOCTUrHYTa BblCOKAsA CTEMNeHb YyAAAEHWS OpPraHUYeCKuxX
N HEOPTraHUYECKUX KOMMOHEHTOB.

Takum 06pa3oM, NOKa3aHo, UTo BOAHAA ¢pasa npouecca
rTMAPOTEPMAABHOIO OXUXEHWUA U3OLITOYHOTO aKTUBHOIO
MA@ MOXET ABAATLCS NEPCNEKTUBHBIM UCTOUHUKOM MUTa-
TeAbHbIX BELLECTB B NPOLECCAX KYABTUBUPOBAHUSA MUKPO-
Bopopocaen. MpeaBaputenbHas 06paboTka BOAHOM Gasbl
MUKPOOHBIMWU KYABTYPaMK MO3BOAWUT YBEAUUUTb BbIXOA
61MOMacChl BOAOPOCAEN U CHU3UTb KOAUUECTBO BOAbI AAS
pas3baBAeHUs BOAHONM $asbl C LEABIO €€ NMOATOTOBKU AAS
KYABTUBWPOBAHUS. B pesyabTate UCNOAb30BaHWUA AGHHOTO
NOAXOA@ B AAAbHEWLLIEM MOXHO NMOBbLICHTb 9IKOHOMUUYECKYHD
30PEKTUBHOCTb NPOoLLECCa TMAPOTEPMAABHOIO OXMXKXEHUS
BA@XHbIX OPraHUUYECKUX OTXOAOB B LIEAOM.
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AMHaMMUKa KOHUEHTpauuu HadpTaAuHa B BOAHOU cpeae
B npucytcTBuu Bacillus megaterium

C.A. KoBaneHKo*, A.B. KynuuHCKUI*, A.U. CTOM* * %% %k kkk k<

*Bbarikarbckuii My3en CO PAH, AuctBsiHka, Poccurickas ®eaepaums

**CypryTCcKuii rocyAapCTBEeHHbIN yHuBepcutet, CypryT, Poccus
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XXX DKYTCKUI HaLlMOHaAbHbIN MCCAEAOBATEAbCKUIM TEXHUYECKUI YHMBEPCUTET, MpKyTCK, Poccus

AHHOTaUMA. N3yynurn aKCNePUMEHTAAbHO AMHAMMWKY KOHLUEHTPaLmMn HapTarmHa C NCXOAHbIM coaepxaHuem 1, 2 u
3 [/A B CUHTETUYECKOM CTOYHOM BoAe. HadanbHoe uncno kaetok Bacillus megaterium MK64-1 B cpeae coctaBuno
1,7x10" KOE/MA. Ha 1-e cyTku onbiTa KOHLEHTPaUmMs HapTaAMHa CHMU3MAACh AO COTbIX AOAEH rpamma, rnpu 3Tom
KOAMYECTBO MMUKPOOPraHM3MOB yBeAnYnAoCh A0 10° KOE/MA (B BapuaHTax ¢ HauyaAbHbIM KOAMYECTBOM HadTaAMHa
1 u 2 1/a) n po 101 KOE/MA (B BapuaHTax Co CTapTOBbIM KOAMYECTBOM HapTarnHa 3 r/A). 3a 14 cytok 3HavyeHue pH
CPEeAbl KaK B OMbITHbIX, TaK U B KOHTPOAbHOM BapuaHTax ¢ A06aBAEHUEM CYCreH3UM MUKPOOPraHU3MoB CHU3MAOCh
B cpeaHeM Ha 0,7 ea. (¢ 8,56 ao 7,86). 3a 310 Bpemsi BEAMUYMHA PEAOKC-NOTEHLIMaAA CPEAbI B OMbITHbIX BapUaHTax
yBeAndyuaach B cpeaHeM Ha 70 MB. BbisiBAeHa BecbMa TecHas npsiMas koppesums (p < 0,05) Mexay MCXOAHOM
KOHLIEHTpaLMeH M KOAMYECTBOM AErPaAUPOBaHHOIO bakTepUsMU NoAAtoTaHTa. OnpeAeAeHNe AETMAPOreHa3HOM aKTUB-
HocTu Bacillus megaterium apBymsi MeToaamu (C 2,3,5-TpUPEHUATETPA30AUSA XAOPUAOM U C METUAEHOBLIM CUHWM),
a Takxxe ornpeAereHne YyBCTBUTEALHOCTU MUKPOOPIraHM3MOB K KOHLUEHTPaLMAM yrAeBoA0poAa 1, 2 1 3 /A AUCKO-ANG-
OY3MOHHBIM METOAOM MOKa3aAu OTCYTCTBME TOKCUUYECKOIrO AEMCTBUS MCCAEAYEMBbIX KOHLIEHTPALMI MOAAKOTaHTa Ha
bakTepumn B yCAOBUSIX OMbITa. Pe3yAbTaTbl 3KCNEPUMEHTaAbHOM paboTkl MO3BOASHOT CAEAATb BbIBOA O CITOCOOHOCTH
wramma Bacillus megaterium MK64-1 k 6MOAECTPYKLMM HapTarMHa.

KaroueBble cnoBa: Bacillus megaterium, 6uoaerpasaums, HaptarmH, KUCAOTHOCTb, PEAOKC-IOTEHLMAA, TOKCUYHOCTb,
CTOYHas BoAa

®uHaHcupoBaHMe. Viccrep0BaHME BbIMOAHEHO MpU GUHAHCOBOM NOAAEPXKKE AenapTaMeHTa 0bpa3oBaHUsl U Hayku
XaHTbl-MaHcurickoro aBTOHOMHOro okpyra — Korpel B pamkax HaydHoro npoekta Ne 2023-227-05.

Anrsa untupoBaHusa: KosaneHko C.A., KynuuHckui A.B., Ctom AWM. AMHaMKKa KOHUEHTpauun HapTarMHa B BOAHOM
cpeae B npucyTcTBumK Bacillus megaterium // U3BecTus By30B. MpukaaaHaa xumua 1 buotexHonorus. 2024. T. 14.
N 4. C. 548-555. DOI: 10.21285/achb.950. EDN: XFPEVA.

PHYSICOCHEMICAL BIOLOGY
Original article

Naphthalene concentration dynamics in an aqueous medium
in the presence of Bacillus megaterium

Svetlana A. Kovalenko*, Alexander B. Kupchinsky*, Devard |. Stom#** %% %% %% %k

*Baikal Museum SB RAS, Listvyanka, Russian Federation

**Surgut State University, Surgut, Russian Federation

***Irkutsk State University, Irkutsk, Russian Federation

****Irkutsk National Research Technical University, Irkutsk, Russian Federation

Abstract. The study examined the concentration dynamics of naphthalene, with its initial concentrations of 1, 2,
and 3 g/L in synthetic wastewater. The initial number of Bacillus megaterium MK64-1 cells in the medium amounted
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to 1.7x107 CFU/mL. On day 14 of the experiment, the concentration of naphthalene decreased to hundredths of a
gram, while the microbial count increased to 10° CFU/mL (at the initial naphthalene concentrations of 1 and 2 g/L)
and 10 CFU/mL (at the initial naphthalene concentration of 3 g/L). After 14 days, the medium pH decreased by an
average of 0.7 units (from 8.56 to 7.86) in both test and control media, with the addition of a microbial suspension.
During this time, the redox potential of the medium increased by an average of 70 mV in the test media. Quite a
strong direct correlation (p < 0.05) was found between the initial concentration and the amount of pollutant degraded
by bacteria. The determination of dehydrogenase activity in Bacillus megaterium by means of two methods (with
2,3,5-triphenyltetrazolium chloride and methylene blue), as well as microbial sensitivity to hydrocarbon concentrations
of 1, 2, and 3 g/L via the disk-diffusion method, showed no toxic effect of the analyzed pollutant concentrations on
bacteria under the experimental conditions. The obtained results indicate the ability of Bacillus megaterium strain
MK64-1 to biodegrade naphthalene.

Keywords: Bacillus megaterium, biodegradation, naphthalene, acidity, redox potential, toxicity, wastewater
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BBEAEHUE

CeroaHst aHTpONoreHHoe 3arpsi3HeHMEe OKPYXatoLLeN
CpeAbl AOCTUIAO YPOBHS, CNOCOHBHOr0 Bbi3biBaTh HeOHpa-
TUMble U3MeHeHUA B Buocoepe [1, 2]. B BoaHOM cpeae Bee
60Aee BO3pacTaeT KOAMYECTBO CaMblX PA3AMUHbIX MOAAKD-
TaHTOB [3]. MOoTEHLMAAbHBIE TOKCUYHOCTb, KAHLEPOrEHHOCTb,
TepaToreHHoCTb, MyTareHHOCTb, CMOCOOHOCTb K COPOLMM 1
KYMYASILLMKM, XMMUYECKANA YCTOMUYMBOCTb NMOAULIMKAUYECKMUX
apomaTtuyeckunx yraeBopopoaos ([MAY) aenatot aty rpynny
BeLWecTB 0co6eHHO onacHom [4-6]. OCHOBHbIMW UCTOM-
HUKaMW 3arpsisHeHnss akocuctem MAY aBAAIOTCS npea-
NPUSATUA, UCMOAb3YIOLLIME B NPOU3BOACTBEHHOM LIMKAE
TEPMUUECKYD 06paboTKy opraHMYeckoro cbipbs [7, 8J.
HadTaAMH — LULMPOKO pPacnpoOCTPaHEHHbIM MOAAIOTAHT,
npocTenLIni npeacTaBuTeAb kKaacca MAY. AreHTCTBOM Mo
oxpaHe okpyxatoulen cpeabl CLUA (aHrA.: United States
Environmental Protection Agency) HadTaAnH OTHECEH K
NPUOPUTETHLIM MOAAKOTAHTAM K rpyrnne BO3MOXHO KaHLEepo-
reHHbIX AAS YenoBeka [9-11]. M3BecTeH psaA METOAOB AAA
ynanenus MAY 13 okpyxatoLen cpeabl [12-14]. OcobeHHo
6OAbLLIOW UHTEPEC BbI3bIBAET TEXHOAOTUSA OBUOAOTMUECKOM
AecTpyKLuu MAY, 0cHOBaHHas Ha UCMOAb30BaHUK CNOCO6-
HOCTWM MUKPOOPraH13MOB M pacTeHWt UCMOAb30BaTh 3arpss-
HUTEAM B KQUeCTBE UCTOUHUKOB YrAepOoAa M aHepruu [15, 16].
B paspyLieHnr apomMaTUyeCcKknx yraAeBoOAOPOAOB BaXHYHO
POAb UTrpatoT Pas3AnUHble BUABI BakTepuit, rpnboB, LiMaHo-
b6aktepui [14, 17, 18]. CoobuieHun 06 MCNOAb30BaAHMM
Bacillus megaterium MK64-1 B kauecTBe 61UOAECTPYKTOPA
HadTaArHa HaMK B AUTEPATYPHbIX UCTOYHWMKAX HE HaWAEHO.

LieAb AaHHOM paboTbl — OLEHKa CNIOCOBHOCTH LUTaMMa B.
megaterium MK64-1 K AeCTpyKLMM HadTaAvHa B BOAHOM CPEAE.

SKCNEPUMEHTAABbHAA YACTb

B pabote ucnonb3oBanu WTaMm B. megaterium MK64-1
(MK64-1<R»). LLTamm AenoHWpoBaH B HauMoHaAbHOM 610-
pecypcHOM LEeHTpe BCepocCMMCcKon KOAEKLMU MPOMBbILL-
AEHHbIX MUKPOOPraHM3mMoB HaLMOHaAbHOrO CCAEAOBATEND-
CKOTO LeHTpa «KypuaToBCKMIM MHCTUTYT» — TocHUUreHeTuKa
(pervcTpaumoHHbIn Homep B-7998). KyabTMBMpOBaHWeE
B. megaterium NnpoBOAWAM HA MACONENTOHHOM arape.

1 TOCT P 50595-93. BeluectBa MNOBEPXHOCTHO-AKTUBHbIE.

M.: 3patenbcTBO cTaHAapToB, 1994. 42 c.

https://vuzbiochemi.elpub.ru/jour

[MOCTaHOBKY 3KCMEPUMEHTA BbINMOAHSAAU B aCENTUUYECKMX
YCAOBMSIX. AASA ONbITa UCMOAB30BaAK CYCNEH3U0 BakTepui
B CUHTETUYECKOW cTouHOM Boae (CCB)L. HauanbHas KOHLEH-
Tpauma 3-CyTOYHOW KYABTYPbl MUKPOOPraHU3MOB B Cpeae
coctaBuAa 1,7x107 KOE/MA. EAMHCTBEHHbBIM UCTOYHUKOM
yraepoaa v aHepruun B CCB cayxxuna HadTtanmH (99%, Acros
Organics, Fisher Scientific, Yewickas Pecnybanka) B KOAU-
yectBe 1, 2 1 3 1/A. Cpeabl CTEPUAM3OBAAM HACBILLEHHbIM
napom noa AaBaeHuem 1 atm. npu 121 °C B TeueHue
20 muH. B npobupku BHocuAKn o 0,1, 0,2 nan 0,3 Ma 10%-ro
pacTtBopa HadTaAMHa B aLETOHWUTPUAE. TlocAe MOAHOro
ncnapeHus pacteoputens AobaBasiav no 10 MA cycneH3uu
B. megaterium B CCB B kaxAyto Npobupky, noAyyasn Tem
caMbIM PacTBOPbl C PAabOUYNMU KOHLEHTPALMSAMU Hab-
TannHa. MpobrpKK 3aKpbiBaAM FePMETUYHO, MaKCUMaAbHO
BbITECHWB M3ObITOK XXMAKOCTU. B KauecTBe KOHTPOAbHbIX
BapuvaHTOB MCMOAb30BaAK CycneH3uto B. megaterium 6e3
opraHuyeckoro cybctpaTta 1 pacTBopbl HadTaAMHa B CCB.
KyAbTYpaAbHYH XMAKOCTb B MPOBMpPKax MHKYO1poBanm
npu 30 °C. MapameTpbl CUCTEMbI ONPEAEASIAM B HAUYane
onbiTa, Ha 4-e n 14-e CyTKM aKCNeEPUMEHTa.

BoaopoaHbIM nokasaTenb (pH) U pepoKc-noTeHumnan
CcpeAbl U3MepsAn ¢ nomoulbto pH-metpa pH-150MU ¢
KOMOUHWPOBAHHBLIMWU CTEKAAHHBIMU 3AeKTPoAAMU ICK-
10601/7 (pH-anekTpoa) 1 APM-105 (peaOKC-aNEKTPOA).

Yuet 06uwero MnMkpobHoro umcaa (OMY) npoBoanAn
meTopoM Koxa.

KoHueHTpauuto HadTaAMHa onpeAeAsiAn C MOMOLLbHO
CUCTEMbI BbICOKOIDDEKTUBHON XMAKOCTHOM XpOMato-
rpadum Agilent cepum 1200 (Agilent Technologies, CLLA)
C AMOAHOMATPUUHBIM AETEKTOPOM Ha AAMHAX BOAH 210 1
220 HM. IKCTpaKLMIo HadTaArHa U3 NPOObI OCYLLIECTBAAAN
rekcaHoM. PaspeneHne nNpoBOAMAM Ha KOAOHKe Agilent
Zorbax Eclipse Plus C18 Analytical (250%4,6 MM, 5 MKM).
AHaAu3 BbINOAHAAM B cucteme 10% Bopa - 90% aueto-
HWUTPUA. CKOPOCTb aAtOMpPOBaHuA — 1 MA/MUH. Temnepatypa
xpomartorpapupoBaHus - 40 °C.

O TOKCMYHOCTM HadTaAMHa B AMana3oHe KOHLEeHTpaLumm
oT 1 A0 3 /A B OTHOWeEHWUKU B. megaterium cyanAn no
YPOBHIO AETMAPOreHa3HOW akTUBHOCTU BakTepuit. UCronb-

MeTtop onpeaeneHus 6M0pa3/\araeMO0TM B BOAHOM cpeae.
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30BaAM peakTuBbl 2,3,5-TPUGEHUATETPAZOAUS XAOPUAZ 1
METUAEHOBbIN CUHUIS,

AAS OLEHKM YYBCTBUTEABHOCTU LUTAMMa K UCCAEAYEMbIM
KOHUEHTpaLMsAM MAY npuMeHUAN AUCKO-AUDDY3UOHHBIN METOA®,

Bce onbITbl CTaBUAM B NATU BMOAOTMYECKUX U HE MEHEE
yem B TPeX aHAAUTUUYECKMX MOBTOPHOCTSIX.

CrtaTucTnueckyto 06paboTKy pe3yAbTaToB NPOBOAMAM C
NOMOLLLbIO KOMMbIOTEPHbIX Nporpamm Past 3 n Microsoft
Excel 2016. AOCTOBEPHOCTb AQHHbIX ONPEAEAAAN MO KPU-
Teputo CTbIOAEHTa C ypOBHEM 3HaummocTu p < 0,05. AaA
BbIAABAEHUA Y KOAMYECTBEHHON OLEHKWM 3aBWCUMOCTEN
MEXAY NapameTpamu CUCTEMbI UCMTOAb30BAAN KOPPEAS-
LMOHHO-PErPECCUOHHbIN aHaAn3 [19]. Pe3yabTraThbl npea-
CTaBAEHbl B BUAE CPEAHUX apUPMETUUECKMUX BEAUUMH U
MX CTAHAPTHBIX OTKAOHEHWMN.

OBCY)XAEHUE PE3YNAbTATOB

0 cnocobHocTM bakTepuit B. megaterium k buoperpa-
AauUMK HadTaAMHaA CYAMAWM MO UBMEHEHMIO KOHLEHTPaLUMUK
MAY B CCB B TeueHue 4 pHel. Takxe onpeAeAvAn ero
KOAMYECTBO Ha 14-e CyTKM onbiTa.

3a ABYXHEAEAbHbIM Nepuop HabAKOAEHUI OTMEUYEHO
CHWXeHMe 3HauyeHua pH cpeabl BO BCeX BapuaHTax C
B. megaterium B cpeaHem Ha O,7 ea. (puc. 1, a).

Ha 4-e cyTKn aKcnepuMeHTa peAoKC-NOTEHLMAA CPEAbI
B OMbITHbIX BapMaHTax yMeHbLLUUACS B cpeaHeM Ha 14,0 mB
OT UCXOAHOTO 3HaueHus (puc. 1, b). Ha 14-e cyTku 3HaueHue
nokasaTens npeBbilano ucxoaHoe Ha 40%.

B KoHTpoAbHOM BapuaHTe (6e3 cybcTpaTta) pepoKe-no-
TEHUMAA cpeabl Ha 14-e CyTKM OnbiTa NPaKTUYECKU He
M3MEHUACS. B KOHTPOAbHbBIX BapraHTax ¢ HadTaAMHOM,
rAE CyCneH3unto baktepuii He A0OaBASIAW, CYLLLECTBEHHbIX
KoAebaHW KUCAOTHOCTU M PEAOKC-NOTEHLMAAA CPEABI HE
3adUKCMPOBAHO, KOHLIEHTPALMUA HadpTaAMHa BO Bpems
HabAtOAEHWIM ocTaBaAacb Ha MCXOAHOM YPOBHE.

Ha 4-e CyTKM aKCNEpPUMEHTA B OMbITHbIX BapuUaHTax
HadpTaAH BbIABAEH B KoAnUecTBe 0T 40 Mr/A (B BapuaHTe ¢
ncxoaHow kKoHueHTpauwmer MAY 1 r/a) poo 110 mr/A (B BapuaHTte
C HayaAbHOM KOHLUeHTpaumen MAY 3 1/a) (puc. 2). Ha 14-e
CYTKM KOHLEHTpaums HadTaAnMHa OMNbITHbIX BAPUAHTOB C
MCXOAHBIM KOAMYECTBOM 3arpasHutens 1, 2 u 3 r/a cocTaBuAa
15, 48 n 63 Mr/A COOTBETCTBEHHO.

Ha 4-e cyTku akcnepumeHta OMY onbITHbIX BapuaHTOB
CO CTapTOBbIMW KOHUEHTpauuammn 1 n 2 /A HapTanmMHa
Bbiwe, yem OMY KOHTPOABHOIO BapuaHTa, Ha 32 1 114%
CO0TBETCTBEHHO. Ha 14-e cyTku OMY HECKOABKO CHUXaETCH,
HO 3Ha4yeHne - Bbllle ncxopHoro B 420 n 470 pas cooT-
BETCTBEHHO (TabA. 1). OMY BapuaHTa ¢ 3 /A HadTaAuHa K
4YeTBEPTOMY AHIO OMbITa BO3POCAO B 3,5 pasa 0T UCXOAHOrO,
yto HUXEe OMY KoHTpOAbHOTO BapuaHTta Ha 100%. K 14-m
cytkam OMY yBeanumnnaocb B 8800 pas 0T MCXOAHOTO, YTO
Bbille OMY KOHTPOAbHOroO BapuaHTta B 38 pas.

Koppenauuss mexay avHamukon OMY u mncxopHOM
KOHLEHTpauMen HadTaAnHa, a Takxe MexXAy AMHaMUKOM
OMY 1 KOAMYECTBOM YCBOEHHOTO BaKTEPUSIMU HadTaAUHA
CTaTUCTMUECKM He noaTBepxaeHa (p < 0,05) (taba. 2).
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Puc. 1. AMHaMKKa aKTMUBHON KMCAOTHOCTH (@) U PEAOKC-
noteHumana (b) KyAsTypanbHOM XUaKoCTY Bacillus megaterium
(cpepaa - CUHTETMYECKas CTOYHasA BOAA, OPraHUUYeCcKui
cybeTpat - HadTanuH): a - Bacillus megaterium + 11/
HadTannHa; b — Bacillus megaterium + 2 r/n HadTanmHa;

¢ - Bacillus megaterium + 3 r/A HapTaAnHa;

d - Bacillus megaterium; e - 1 r/A HapTaAuHa;

f - 2 /A HadTanuHa; g - 3 I/A HapTaAHa

Fig. 1. Dynamics of active acidity (a) and redox potential (b)
of the culture liquid of Bacillus megaterium (medium -
synthetic waste water, organic substrate - naphthalene):

a - Bacillus megaterium + 1 g/l naphthalene;

b - Bacillus megaterium + 2 g/| naphthalene;

¢ - Bacillus megaterium + 3 g/| naphthalene;

d - Bacillus megaterium; e - 1 g/1 naphthalene;

f - 2 g/l naphthalene; g - 3 g/l naphthalene

BecbMma TecHaa npsmMas KOppeasiumns MexAy MCXOAHOM
KOHLIEHTPALMEN 1 KOAMYECTBOM YCBOEHHOrO BaKTepusimu
HadTaAnHa BbIABAEHA Kak Ha 4-e, Tak U Ha 14-e CyTKu onbiTa
(p < 0,05). OwnbKa annpoKCcMMaLUU AAHHON 3aBUCUMOCTH
6An3ka K 0%, UTO FOBOPUT O BLICOKOM YPOBHE COOTBETCTBUS
3MMMUPUUYECKON N PacCUYETHON MOAEAWN PeErpeccumn Ha 4-e
n 14-e cyTku onbiTa.

CHuxeHre pH MOXHO paccmaTpmBaTbh Kak NpuU3HaK
AKTUBHOTO BbIAEAEHWS BAKTEPUSAMU KMCAbIX METAOOAMTOB.
Hanpumep, rpynnoi nccaepoBatenet CaHkT-lMetepbyprekoro
roCyAapCTBEHHOIO arpapHOro YHWBEPCUTETA NPU CEKBEHM-
posaHun AHK wrtamma B. megaterium B-4801 BbisBAEHbI
reHbl, OTBETCTBEHHbIE 3@ MPOAYKLIMIO PAAA OPraHUUYECKUX

2MYK 4.2.026-95. 9Kcnpecc-MeToA OnpeAeneHust aHTUOMOTUKOB B MULLEBbLIX NPoAyKTax. M.: deaepanbHbIi LEHTP rOCCaHAMNMA-

Haasopa MuHsppaBa Poccuu, 1995. 14 c.

3 IHCTPYKLMA N0 AaBOPaTopPHOMY KOHTPOAK) OUMCTHBIX COOPYXEHUI Ha XMBOTHOBOAUECKMX KOMMAeKcax. YacTb Ill. OnpeapeneHune

61OreHHbIX BelecTB. AHaAU3 0CaAKOB U MAa. YTB. 17.11.1980.

4MYK 4.2.1890-04. OnpeaeneHune YyBCTBUTEABHOCTY MUKPOOPraHU3MOB K aHTHbaKTepuanbHbIM npenapartam. M.: deaepanbHblii

LLEHTP roccaHannaHaa3opa Munaapasa Poccun, 2004. 91 c.
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Puc. 2. AMHaMWKa KOHLEHTPaLMK HadTaAnHA B CPEAE
(cpepa - CUHTETMYECKan CTOYHAsA BOAA, OPraHUyYeCcKui
cybetpat - HadTanuH, buoareHT - Bacillus megaterium):
a - Bacillus megaterium + 1 r/A HapTaAnHa;

b - Bacillus megaterium + 2 r/A HapTaAUHa;

¢ - Bacillus megaterium + 3 r/A HadTaAMHa;

d - Bacillus megaterium; e - 1 r/A HadTaAnHa;

f - 2 r/An HadTanmHa; g - 3 /A HadTaAmMHa

Fig. 2. Dynamics of naphthalene concentration
in the medium (medium - synthetic waste water,
organic substrate - naphthalene, bioagent -
Bacillus megaterium):

a - Bacillus megaterium + 1 g/1 naphthalene;

b - Bacillus megaterium + 2 g/I naphthalene;

¢ - Bacillus megaterium + 3 g/1 naphthalene;

d - Bacillus megaterium; e - 1 g/1 naphthalene;
f - 2 g/l naphthalene; g - 3 g/l naphthalene

KMUCAOT (NMAAbMUTUHOBOM, MaCASIHOW, KampOHOBOW M AP.)
[20]. Hannume HadTannHa B CPEAE U Er0 KOHLEHTPALMSA
B npeaenax oT 1 A0 3 /A CYLLECTBEHHO HE BAMSIOT Ha
AMHamMuky pH (p < 0,05). AMHaMnKa pepoKC-NoTeEHUMana

cpeAbl FOBOPUT 06 aKTUBHOM BUOAOTMUECKOM OKUCAEHWM
HadTaAnHa C HAKONAEHWEM B MUTATEABHOM CpeAe NpoMe-
XYTOUHbIX METaboAUTOB — CKOpEee BCEro, MPOU3BOAHbIX
OpPraHMYeCKUX KUCAOT, CMOCOOHbLIX BbICTyMaTb B POAM
BoccTaHoBUTEAEN. K 14-M cyTkaM onbiTa Bo3pacTaer
MHTEHCUBHOCTb PaCLLENAEHUSI UHTEPMEANATOB.

MpocAexunBaeTcs aHaAornsa ¢ AaHHbIMK, MOAYYEHHBIMM
A. Tapadpaapom ¢ coaBTopamu [18]. B npouecce akcne-
PYMEHTa OHW OTMETUAM CMOCOOBHOCTL FEHETUUYECKM POA-
CTBEHHOrO BUAA Bacillus thuringiensis k buoaerpaaaumnm
aHTpaLeHa (CHUXEHWE KOHLEHTPALIMM NMOAAIOTAHTa B TEUEHWE
14 cytok ¢ 40,0 p0 3,6 MI/A, CONPOBOXAQKLLEECH POCTOM
6uomaccsl). B Halweln paboTe 3adpUKCHPOBAHO YyAAAEHUE
HadTaAMHa U3 CPeAbl U YBEAUUYEHUE KOAMYECTBA KAETOK
B. megaterium. B onbitax Y. AvHb 1 Ap. [13] nokasaHa
cnocobHocTb Bacillus fusiformis ytuansupoBaTtb 6oree
90% HadTannHa 3a 4 AHA NPU HAYAABHOM KOHLEHTPALMUK
MAY B cpeae 50 Mr/A, Tak Xe, Kak U B Hallel paborte,
3aperncTpuMpoBaHO CHUXEHWE pH cpeabl Ha eAMHULY.

Pe3yabTaTbl aHaAM3a NOAYYEHHbIX AAHHbIX (3aAePXKa
pocTa 6uomacchl 6akTepUaNbHbIX KAETOK C MOCAEAYHOLLUM
CKaUYKOM Ha GOHe aKTUBHOIO CHWXEHUSA COAepXaHUA
NOAAKOTaHTa B CpeAe, OTCYTCTBUE KOPPEAALMU MEXAY
OMM 1 KoanuyectsoMm MAY) NO3BOAUAM NPEANOAOXMUTL, YTO
HadTaAWH B KOHUEHTPaUMK 3 1/A, a TakXXe ero HTepme-
AMaTbl MOTYT OKa3blBaTb HEKOTOPOE TOKCUUECKOE AEM-
cTBME Ha B. megaterium MK64-1. TokcuyHocTb MAY moraa
NPOSIBUTLCA B CTPECCOBOM YCKOPEHWM €r0 AerpajaLmm
MWUKpoopraHnamom. MNoxoxui BbiBOA Npu paboTe ¢ B.
fusiformis caenan n Y. AvHb ¢ coaBTopamu [10, 13]. Bos-
MOXHO, AMHAMUKa KOHLEHTpaLMK cybcTpaTta NnocAyXuAa
NPUYMHOM MEANEHHOTO POCTa YMCAA KAETOK B Hayane
onbiTa B BapuaHTte ¢ 3 I/A HapTaAnHa U PE3KOro pocTa
OMY K 14-m cyTkam.

Tabauua 1. AMHaMKKa MUKPOOHOro uncAa Wwramma Bacillus megaterium MK64-1 B CUHTETUUECKOW CTOUYHOW BOAE

B NPUCYTCTBMU HadTaAMHa, KOE/mA

Table 1. Dynamics of the microbial number of Bacillus megaterium MK64-1 in synthetic wastewater

in the presence of naphthalene, CFU/ml

[POAOAKHTEALHOCTS, CYT. KOHTPOABHbIN ONbIT KoHueHTpauma HadpTarnHa, /A
6e3 HadTaAMHa 1 2 3
0 1,7x107£9,7x10° 1,7x1074£9,7x10° 1,7x1074£9,7x10° 1,7x1074£9,7x10°
4 5,6x10°+2,1x108 7,4x10°+3,2x108 1,2x10%°+4,0x108 5,8x107+4,2x10°
14 3,9%x10%1,4x108 7,2x10°+3,0x108 8,0x10°+2,8x107 1,5x101+2,2x101°

Tabanua 2. CtatucTMUECKUE NapaMeTpbl 3aBUCUMOCTEN MEXAY AMHAMUKOM MUKPOBHOTO uncAa Wtamma Bacillus megaterium
MKG4-1, UCXOAHOM KOHLIEHTPALMEN HabTaAHA 1 KOAUYECTBOM AErPAAMPOBAHHOIO BaKTepUAMU HadTaArHa B BOAHOM Cpeae

Table 2. Statistical parameters of the relationships between the dynamics of the microbial number of Bacillus megaterium
MK64-1, the initial concentration of naphthalene and the amount of naphthalene degraded by bacteria in aqueous medium

- MPOAOAKUTEABHOCTD, YpaBHeHue KoadpopuumeHt Owmbka
3aBWCUMOCTb NoKasaTenem
CYT. 3aBUCUMOCTU AETEPMUHALMU, % [annpokeumaLmn,%

McxoaHas KOHUEHTpaLms HadTanuHa — 4 y=-10%+ 8 x 10° 9,89 480,92
MukpobHoe uncno Bacillus megaterium 14 y=4x 10 - 2 x 10%° 62,27 101,17
Mukpo6Hoe uncno Bacillus megaterium - 4 y =-101% + 2,5580 37,03 14,55
KoAnuecTBO AerpasnpoBaHHOro
6aKTepPUAMU HadTaAMHa 14 y=10""x + 1,3886 75, 88 8,14
MCXOAHaH KOHUEHTPpauuna Had)Ta/\VIHa - 4 y= O,9637X _ 0’0013 99,99 0’02
KoanuecTBO AerpapnpoOBaHHOMO
6aKTepVIHMVI Haq)TaI\VIHa 14 y= 0,9778)( + 0,0018 99,99 0,08
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a b
Puc. 3. OnpeaeneHune 4yBCTBUTEABHOCTU Bacillus megaterium
K HapTaAnUHY AUCKO-AMPDY3NOHHBIM METOAOM:
a - KoHueHTpauum Ao 200 r/A HadTannHa;
b - nopowwok HadTarmHa (99%)

Fig. 3. Determination of Bacillus megaterium sensitivity
to naphthalene by the disk-diffusion method:

a - concentrations up to 200 g/I of naphthalene;

b - powder of naphthalene (99%)

Mpu onpepeneHur AErMAPOreHasHoM akTMBHOCTHM
B. megaterium Kak MeToAOM C 2,3,5-TpUGEHUATETPA3OAUS
XAOPUAOM, TAK N METOAOM C METUAEHOBbLIM CUHUM, U3ME-
HeHWe nokasaTener akTMBHOCTU GepMeHTa OMbITHbIX Bapw-
aHTOB OTHOCMTEAbHO KOHTPOABHOIO HE CYLLECTBEHHO B

BapuMaHTax C HauyaAbHbIM KOAMYECTBOM MOAAIOTAHTA
11 2 1/A, @ B BapuaHTe C Ha4aAbHbIM KOAMYECTBOM MOA-
AtoTaHTa 3 /A cocTaBuAo 15% (C METUAEHOBbBIM CUHUM) U
21% (¢ 2,3,5-TPUPEHNATETPAZOANS XAOPUAOM) B CTOPOHY
YCUAEHUA aKTUBHOCTU AETUAPOIreHas3bl.

Mpu TeCTUPOBAHUMN KOHLEHTPaUUK HadTarMHa 1, 2 u
3 1/A AUCKO-AMDDY3UOHHBIM METOAOM YYBCTBUTEABHOCTb
K HUM B. megaterium B yCAOBUSX OMblTa HE BbiABAEHA
(puc. 3). Mpu HENOCPEACTBEHHOM KOHTaKTe BakTepuanbHbIX
KAETOK C NOPOLLUKOM HadTanMHa (99%) HabArOAaAU NOAB-
AEHUWE 30Hbl 3aAEPXKKM POCTa KOAOHWMN.

SAKAKOUYEHUE

B pesyabTaTe NpPOBEAEHHbLIX 3KCNEPUMEHTOB yCTa-
HOBA€Ha crnocobHocTb bakTepuin B. megaterium Kk 6uo-
AECTpyKUuMM HadTanmHa. CopepxaHue paHHoro MAY B
BOAHOM CpeAe B AMana3oHe HauyaAbHbIX KOHLEHTPaLMI
1-3 1/n 3@ 14 pHEN CHU3MAOCH AO COTbIX AOAEW FpaMMa
Ha GOoHe yBEAMYEHUA KOAMYECTBA MUKPOOPraHM3MOB B
100-8800 paas. Mpu TectupoBaHun B. megaterium Ha
YyBCTBUTEABHOCTb K MOAAKOTAHTY U ONPEAEAEHWU AETU-
APOreHa3HoM akTUBHOCTU BaKTepwuii B npucyTcTBun MAY
TOKCMYECKOE AENCTBUE UCCAEAYEMbIX KOHLIEHTPALWUIA Had-
TaAMHa B OTHOLWEHUK WwWTamma B. megaterium MK64-1
B YCAOBMSX OMblTa HE BbISIBAEHO.
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Synthesis of three-dimensional matrices based
on collagen-pectin-polyacrylate grafted copolymers
using the RbTe, s W, ;0; photocatalyst
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Diana G. Fukina, Andrey V. Koryagin, Natalia B. Valetova,
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Abstract. The development of new promising materials of three-dimensional structure from available bioresorbable, biointe-
grable and biocompatible polymers is in demand and relevant in connection with the intensive development of regenerative
medicine. In this work, hydrogels of the grafted copolymers of methyl methacrylate/butyl acrylate onto a mixture of collagen
and pectin were obtained during photocatalysis in the presence of a complex oxide RbTe, sW, s0¢. The characteristics of the
synthesis products were obtained by gel penetrating chromatography, elemental analysis, electron microscopy, and biological
biocidality tests. The collagen content in an amount of less than 40%, the microstructure of the polymer in the form of a
fine-mesh, and the biocidity of the sample films were established. The polymer product was identified on the catalyst surface
after the separation of the oxide powder from the aqueous dispersion. The main advantage of such materials is the unique
combination of properties of their components assembled into a specific structure. The advantages of the obtained material
include, among other things, the environmental advantage of the initial components - natural renewable raw materials:
collagen was isolated from cod processing waste, pectin from fruit and vegetable processing waste.

Keywords: fish collagen, pectin, complex oxide RbTe, sW, 50, photocatalysis, grafted copolymers, three-dimensional
matrix
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CUHTE3 TPeXMepHbIX MaTpUL, Ha OCHOBE NPUBUTBIX CONMOAMMEPOB
KOAAAreH-neKTUH-NOAMAKPUAAT C UCNOAb30BaHMEM POTOKaTaAU3a
B NPUCYTCTBUU CAOXKHOIo okcupa RbTe; sW, 50

A.\. CemeHblueBa™, B.B. Mpoaaesuu, B.0. PymaHuesa, A.l. dykuHa,
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HuxHur HoBropoa, Poccurickas ®eaepaums

AHHOTaumsA. Pa3paboTka HOBbIX NEPCNEKTUBHbIX MaTepPHar0B TPEXMEPHOH CTPYKTYPbI U3 AOCTYMHbIX 6MOPE30POMPYEMBbIX,
BUOMHTErPUPYEMbIX 1 BMOCOBMECTUMbIX MOAMMEPOB BOCTPeOOBaHa 1 aKTyaAbHa B CBA3M C MHTEHCUBHbIM Pas3BUTUEM
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pereHepaTuBHON MEANLIMHBI. B AaHHOM paboTe rMaApOreAu npuBUTLIX MOAMMEPOB METUAMETaKpUAaTa,/byThAaKpuAaTa Ha
CMECb KOAareHa 1 neKTuHa ObIAM MOAyHYEHbI B XOAE POTOKaTaAM3a B MPHUCYTCTBUM CAOXHOI0 okcnaa RbTe; sW,, s06. Xapak-
TEPUCTHKM MPOAYKTOB CUHTE3a BbIAM MOAYYEHbI C MOMOLLbIO reAb-MPOHUKAKOLLEN XpOMaTorpadum, SAEMEHTHOro aHaA13a,
ANEKTPOHHOKN MUKDPOCKOMMU U BUOAOrMUYECKMX TECTOB Ha BMOLIMAHOCTb. BbIAO YCTAHOBAEHO COAEDXaHUE KOAAareHa B
KoAmnuecTBe meHee 40%, MUKPOCTPYKTYpa NoAMMepPa B BUAE MEAKOSIUEUCTON CETKM 1 BUOLIMAHOCTL 06pa3LI0B NAEHOK.
[MoAuMEpPHBbI MPOAYKT ObiA MAEHTUPULIMPOBAH Ha MOBEPXHOCTU KaTaAM3aTopa MoCAe OTAEAEHUS MOPOLLKA OKCUAA OT
BOAHOM ancnepcun. OCHOBHbBIM MPENMYLLLECTBOM TakMX MaTtepuanoB SBASIETCS YHUKaAbHOE COYETaHUE CBOMCTB MX
KOMIMOHEHTOB, COBPaHHbIX B ONPEAEAEHHYIO CTPYKTYPY. K npenmyLLecTBaM NOAYYEHHOro Matepuana OTHOCUTCS B TOM
YncAE SKOAOTMYECKasl LIEHHOCTb MCXOAHBIX KOMIOHEHTOB — HaTypaAbHOro BO30OHOBASIEMOrO ChIpbS: KOAAAreH ObiA
BbIAEAEH 13 OTXOAOB NepepaboTku TPECKU, MEKTUH — M3 OTXOAOB NepepaboTkm GPYKTOB 1 OBOLLIE.

KnroueBble cAoBa: pbiOHbIN KOAAGreH, MEKTUH, KOMIAEKCHBbIN OKcna RbTe; sWy, 506, pOTOKaTaAM3, MprUBHUTOL COMOAMMED,
TpEXMEpPHas maTpuua

®uHaHcupoBaHume. AaHHas paboTa BbINOAHEHA NPU MoAAepXKe MuHucTepcTBa 06pa3oBaHUsl U HayKu POCCHIACKOM
®epepaumnu (3apaHne FSWR-2023-0024) Ha 06opyaoBaHum LIeHTpa KOAMEKTUBHOIO MoAb30BaHMs «HoBbIe MaTepuanb
n pecypcocbeperarouime TexHoOAOrMm» (HUXeropoACKmii rocyaapCTBEHHbIN yHUBepcuTeT uM. H.U. AobayeBcKoro).

Ans untupoBaHus: Cemenbluea NA.A\., NMpopaesuy B.B., PymsaHuesa B.O., ®yknHa A.T., KoparuH A.B., BareTtoBa H.b.
[v ap.]. CMHTE3 TPEXMEPHbIX MATPUL, Ha OCHOBE MPMBUTBIX CONMOAMMEPOB KOAAATEH - MEKTUH -~ MOAMAKPUAAT C UCMOAb-
30BaHMeM $oToKataAmM3a B MPUCYTCTBUKU CAOXKHOrO okchaa RbTe; sW, 506 // M3BecTua By30B. lNpukaaaHas XMmua

n 6ruotexHonorua. 2024, T. 14. N 4. C. 556-566. DOI: 10.21285/achb.951. EDN: YOETUS.

INTRODACTION

The three-dimensional supramolecular structure is
characteristic of biological origin macromolecules, such as
proteins, nucleic acids or carbohydrates. It is known that
the shape and conformation of macromolecules and the
interaction between their components play an important
role in their functioning and interaction with each other
and determine the active sites where processes occur that
allow macromolecules to bind to other molecules, such
as enzymes, receptors or drugs [1]. Artificial modeling of
three-dimensional structures from available bioresorbable,
biointegrable and biocompatible polymers has become
one of the most developing areas of scientific research
in polymer chemistry. It is due to the practical aspects of
using such structures in regenerative medicine, targeted
drug delivery, etc. Nowadays, there are several approaches
to creating three-dimensional structures based on fibrillar
macromolecules of synthetic and natural origin: strategies
of double mesh, double crosslinked or interpenetrating
nets, chemical modification due to covalent and non-
covalent interactions along the bonds involved in these
mechanisms [2-4].

Chemical crosslinking is an important step to give
satisfactory properties to collagen-based materials. There
are several comparative studies on the crosslinking of
collagen-based fibrillar gels, which are preferred biomaterials
due to properties similar to native tissues with various
crosslinking agents [5, 6]. The main advantage of such
materials is the unique combination of properties of their
components assembled into a specific structure. The
advantages of the new material include the environmental
advantage of the initial components - natural renewable
raw materials: collagen was isolated from cod processing
waste, pectin from fruit and vegetable processing waste. The
literature provides examples in which pectin can act as a
compatible component of collagen in the production of three-
dimensional matrices, but the process requires optimization
for specific compositions [7, 8]. Various examples can be
given: the fibrillar gel was prepared from tilapia collagen and
alginate in [9], using tilapia collagen and hyaluronic acid
in [10], the invention [11] reveals a method for obtaining

https://vuzbiochemi.elpub.ru/jour

and using a recombinant type Il collagen gel and sodium
hyaluronate with double crosslinking. These examples
indicate the prospects of research on the production of
three-dimensional structures based on natural polymers of
different natures: proteins and polysaccharides. It should
be noted that such an approach to obtaining new materials
for medicine is dictated by the nature of living organisms:
the main substances of the intercellular matrix of any
living organism performing structure-forming, protective,
and other functions are proteoglycans and glycoproteins,
which are structured copolymers of proteins and glycans
(polysaccharides) [12-15].

Earlier in our research, we obtained grafted copolymers
of some vinyl monomers for cod collagen (CC) [16-20]
and pectin [21] synthesized using photocatalysis in the
presence of complex oxide RbTe;sW,505 and known
modifying additives (triethylene glycol dimethacrylate
(TEDMA), polyethylene glycol (PEG), acrylic acid (AA)). It
was found in [21] that the addition of TEDMA in in small
quantities and AA in an amount commensurate with the
concentration of methyl methacrylate (MMA) to the reaction
mixture upon obtaining grafted copolymers of acrylates
onto cod collagen, after neutralization of the reaction
mixture with 1M NaOH solution at the end of synthesis, it
is possible to obtain a mixture of grafted and cross-linked
polymer, which is stable in aqueous solution and does
not form a coagulate. The addition of PEG to the initial
mixture in an amount commensurate with the amount
of collagen, after neutralization of the reaction mixture,
makes it possible to obtain coagulate of a cross-linked
structure. Such a hydrogel easily releases water when
dried in vacuum and forms a polymer composite film.

The change in the structure of macromolecules when
polysaccharide is added into the initial reaction mixture
along with collagen is associated with known interactions
such as van der Waals, electrostatic, hydrophobic, and
hydrogen bonds. In the presence of active radicals pectin
interacts during synthesis, as in the case of collagen, with a
hydroxyl radical due to the separation of the hydrogen atom
of the hydrocarbon part of the polysaccharide molecule is
possible, presumably according to scheme 1. In addition,
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this may occur due to the separation of the hydrogen atom
from the hydroxyl group of the polysaccharide, presumably
according to scheme 2 (Fig. 1), forming radicals in the
macromolecule of the polysaccharide [22-24].

These newly formed radicals are active in all radical
transformations in the reaction mixture: they interact with
the monomer and form a grafted synthetic fragment or
participate in a chain transfer reaction, or disproportionate
with another active radical and also recombine, i.e. they
form additional covalent bonds in the material*.

In this work, the purpose is to obtain new hydrogels
based on grafted copolymers of MMA and butyl acrylate (BA)
on fish (cod) collagen synthesized using the RbTe; sW, 506
photocatalyst, with simultaneous addition of polysac-
charide - pectin to the composition of the initial reaction
mixture (Pect-CC-PMMA and Pect-CC-PBA). Pectin is not
only a modifying agent, but also an additional polymer
substrate, along with collagen, on which centers of initiation
of radical polymerization of acrylate monomers are formed.
The obtained new materials should be characterized for a
number of important indicators. In this regard, the main
task of the study was to introduce into the initial reaction
mixture (fish collagen - vinyl monomer (MMA, BA)) as a
modifier and a second natural component of pectin in
amounts commensurate with collagen, and to control its
effect on the composition and properties of the resulting
composite in comparison with the MMA/BA copolymer
on collagen. It should be especially noted that collagen
and pectin are constantly renewable raw materials. Both
polymers are isolated from production waste: fish collagen
from fish industry waste, pectin from fruit and vegetable
processing waste. Currently, it is important if we consider
the prospect of using the development in medicine.

EXPERIMENTAL

Materials. Commercial reagents were used without
pretreatment: apple pectin (“S.Pudov”), acetic acid, sodium
hydroxide, acrylic acid, TEDMA, PEG. MMA and BA were
pre-purified from the stabilizer by washing with a solution
of sodium hydroxide, then rinsed with cold water to a
neutral pH, dried using calcium chloride and distilled in
vacuum. The photocatalyst RbTe, sW,50s was obtained
by the method [25].

Isolation of cod collagen. Collagen was isolated by the
method [26] by extraction with acetic acid for one day at
room temperature. The resulting acetic acid dispersion was
dried to a constant weight under vacuum (1.33 Pa) at 50 °C.

Synthesis of graft copolymers under photocatalysis
conditions. Pectin and collagen were dissolved separately
in a small amount of water at a temperature from 50 to
70 °C with stirring, an emulsion was prepared by mixing the
components in the ratio pectin:collagen:monomer:water =
2,5:2,5:5,0:90, a catalyst was added, argon was bubbled
for 15 minutes, then stirred (800 rpm) under irradiation
with a visible light LED lamp (LED, 30 W, A = 400-600 nm)
in argon current for 5 hours. After polymerization, the
reaction mixture was centrifuged at 4000 rpm to separate
the catalyst. The catalyst was washed in water 3 times
at 50 ° Cfor 20 minutes and dried to a constant weight.

Analysis of molecular weight characteristics by gel-pen-
etrating chromatography. Molecular mass characteristics
were determined by gel-penetrating chromatography (GPC).
Aqueous solutions of copolymers isolated from the reaction
mixture were analyzed using a high-performance liquid
chromatograph manufactured by Shimadzu CTO 20A/20AC
(Japan) using LC solutions. Separation was performed using
a Tosoh Bioscience TSKgel g3000swxI column with a pore
diameter of 5 microns and a low-temperature light scat-
tering detector ELSD-LT II. The eluent was 0.5 M acetic
acid solution, the flow rate was 0.8 ml/min, and narrowly
dispersed dextran standards with a molecular weight range
(MW) of 1-410 kDa (Fluca) were used for calibration.

Scanning electron microscopy. The surface of lyophilically
dried copolymer samples was studied using a scanning
electron micro-scope JSM-IT 300 (Jeol Itd., Japan) with
an electron probe diameter of 5 nm (operating volt-age
20 kV), using detectors of low-energy secondary electrons
and backscattering electrons in low vacuum mode to
avoid the samples charging.

Elemental analysis of copolymers. The analysis of dried
samples was carried out by the CHNS analysis method
on the vario EL cube element analyzer for simultaneous
determination of CHNS(O). Elemental analysis of the catalyst
surface was performed using X-ray microprobe analysis
(RMA) with a detector X-MaxN 20 (Oxford Instruments)
Ka(0) and La(Rb, Te, W).

1Handbook of radical polymerization / eds K. Matyjaszewski, T.P. Davis. New York: Wiley Interscience, 2002. 936 p.
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Freeze drying. The sponges of the samples were obtained
by lyophilic drying. The solvent was distilled under vacuum
(1.33 Pa) using deep freezing by liquid nitrogen.

Studies of polymer films for resistance to microscopic
fungi. The study of mushroom resistance was carried out
according to GOST 9.049-91 “Polymer materials and their
components” method 1. The film samples were placed in
Petri dishes. Then the samples surface was inoculated
with a suspension of spores of micromycetes test cultures,
active destructors of polymer materials: Aspergillus oryzae
F-2096, Aspergillus niger F-1119, Aspergillus terreus F-1025,
Chaetomium globosum F-109, Paecilomyces variotii F-378,
Penicillium funiculosum F-1115, Penicillium chrysogenum
F-245, Penicillium cyclopium F-245, Trichoderma viride
A-1117. Petri dishes with samples were placed in a ther-
mostat for 28 days at a temperature of 29+2 °C and
humidity of more than 90%. After the test time, the fungal
resistance of the samples was evaluated on a 6-point
scale (Table). The area of biofouling and the degree of
micromycetes development on the samples were taken
into account when assessing fungal resistance. Samples
of materials on which the growth of fungi did not exceed
2 points were considered to be fungal resistant.

Assessment of the samples fungal resistance

OueHKa yCTOMUMBOCTM 06pasLOB K rpubkam

Characteristic of the score
No germination of spores and conidia was detected

Score

0 under the microscope

1 Sprouted spores and a slightly developed mycelium
are visible under the microscope

5 A developed mycelium is visible under

the microscope, sporulation is possible

The mycelium and/or sporulation are barely visible
3 |tothe naked eye, but are clearly visible under

a microscope

The development of fungi covering less than 25%

4 of the test surface is clearly visible to the naked eye
5 The development of fungi covering more than 25%
of the test surface is clearly visible to the naked eye
RESULTS AND DISCUSSION

The effect of pectin on the structure and properties
of grafted copolymers “pectin - CC - polyacrylate” was
controlled by physicochemical characteristics. Once again,
it should be noted that collagen isolated from any natural
substrates, even with the most delicate isolation in the
form of a high-molecular polymer with MM ~300 kDa,
does not have sufficient mechanical strength. It is due
to the fact that the intra- and intermolecular cross-links
that arise during the biosynthesis of collagen in vivo and
give its fibrils a stable structure, mechanical strength and
resistance to the action of enzymes are destroyed during
its release into solution. In this regard, an important step in
the creation of any collagen materials is the development
of crosslinking conditions that ensure mechanical strength
and stability during the whole life of the material. At the
same time, crosslinking agents are used for collagen fibers
of various natures [3, 4].

The process of grafted copolymers synthesis was carried
out in dispersion, using aqueous solutions with the inclusion
of MMA (Pect-CC-PMMA) and BA (Pect-CC-PBA). After the

https://vuzbiochemi.elpub.ru/jour

end of the syntheses and the stopping of mixing, the gel
coagulated from the reaction mixture (Fig. 2).

Fig. 2. Images of reaction mixtures Pect-CC-PMMA (a)
and Pect-CC-PBA (b) after synthesis, Pect-CC-MMA
before synthesis (c)

Puc. 2. dotorpadum peakumoHHbix cmecen MNekT-TK-NIMMA (a)
u Mekt-TK-MNBA (b) nocae cuHtesa, MNekT-TK-MMA a0 cuHTEe3a (C)

Analysis of the nitrogen content in the isolated and
dried polymer products showed that they contain collagen
and its amount is significantly less than for the sample of
the copolymer PMMA-collagen-PEG-AA (CCC-1) (Fig. 3)
[20]. It indicates that pectin is more part of the formed
copolymers than PEG.

100

80

60

40

20

N |
cc

m Content of collagen in the sample, % ™ Mass fraction of nitrogen, %

cce-1 Pect-CC-PMMA Pect-CC-PBA

Fig. 3. Nitrogen and collagen content in the samples
according to elemental analysis data

Puc. 3. CopepxaHue a3ota U KoanareHa B obpasuax
Mo A@HHbIM 3AEMEHTHOro aHaA13a

The SEM images of the new grafted copolymers Pect-
CC-PMMA and Pect-CC-PBA (Fig. 4, a-d) indicate the cel-
lular structure of the copolymers. Comparing them with
the morphology image of previously obtained samples
from PEG - sample CCC-1 (Fig. 4, e) [20] shows that
the morphology of the new materials differs markedly,
including the size, shape and dimensional organization
of the cellular structure. It can be seen that the pore size
in the case of grafted copolymers with pectin for both
MMA and BA is significantly smaller than for copolymers
obtained under comparable conditions with PEG (samples
with the same magnification: a, b - with pectin, e - with
PEG). At the same time, collagen fibers are significantly
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more compacted in the case of PEG copolymers (see
Fig. 4, e) than for grafted copolymers with pectin (see
Fig. 4, a, b). That is, the introduction of pectin into the
composition of copolymers with both MMA and BA leads to
the formation of a small-cell matrix with less pronounced
outlines of structural fibrils. In addition, it can be noted that
with a greater maghnification in grafted copolymers with
pectin (see Fig. 4, c, d), the interpenetration of external
and internal pores is clearly visible, which is important
in scaffold technologies to characterize the degree of
channel interconnection of matrix pores [27, 28].

Fig. 4. Scanning electron microscope images of copolymers
Pect-CC-PMMA (a, ¢), Pect-CC-PBA (b, d), CCC-1 (e) [20]
and collagen (f) [16]

Puc. 4. BbIMOAHEHHbIE MPY MOMOLLUM CKaHUPYHOLLETO
3NEKTPOHHOIO MUKPOCKOMNa M306paXeHUs CONOAMMEPOB
MNekT-TK-NMMMA (a, c¢), NekT-TK-MNBA (b, d), CCC-1 (e) [20]
1 KoAnareHa (f) [16]

In the aqueous phase, after coagulation of the Pect-
CC-PMMA and Pect-CC-PBA copolymers, polymer frac-
tions with MW ~190 kDa, ~11 kDa and ~22 kDa and
oligomeric fragments with MW less than 0.5 kDa were
found not embedded in the grafted copolymer matrix.
Most likely, the high-molecular polymer is collagen, frag-
ments with MW ~11 and ~22 kDa can be attributed
to both collagen and pectin, since it is precisely such
low-molecular collagen that is formed because of col-
lagen hydrolysis and is determined in pectin [29, 30].
Oligomeric fractions are characteristic of pectin [30].
In general, an important conclusion from the analysis
by the GPC method is the statement of the presence of
the initial polymers residues that are not embedded in
the structure of the Pect-CC-PMMA and Pect-CC-PBA

copolymers. This may be primarily due to the insufficient
amount of hydroxyl radicals necessary for the formation
of grafted and crosslinked polymers. This is due to the
adsorption of synthetic monomers and the grafting of
synthetic polymer products on the catalyst’ surface.
Apparently, in this case, the process of interaction of
electron-hole pairs with water becomes hysterically dif-
ficult, and the formation of a hydroxyl radical practically
stops. In addition, increasing the electron migration path
along the chain of polymer molecules from the catalyst
to the radical center in solution increases the probability
of recombination of the electron-hole pair. This leads
to a sharp decrease in the number of active particles
and formed radicals, and, consequently, to a slowdown
and stop of the polymerization reaction in solution [18].

Itis important to note that polymer materials based on
natural polymers are easily damaged by biological agents
under operating conditions, the main among which are
microscopic fungi? [31]. It was previously noted that the
PMMA-CC copolymer has fungal resistance due to the
content of RbTe, sW, 505 Oxide particles in micro quan-
tities with sizes <2 nm [32]. In Fig. 4, a-d, such particles
are clearly visible. It was necessary to find out whether
the new materials Pect-CC-PMMA and Pect-CC-PBA have
fungal-resistant properties. During the experiments, it
was shown that the growth of fungi on Pect-CC-PMMA
and Pect-CC-PBA polymer materials films was O scores.
It suggests that these materials are not capable of being
used by fungi as a food source. It is important because the
biostability of polymer composites is a critical property of
such materials, since it determines the long-term operation
function of a particular product in conditions of possible
fungal damage.

It should be mentioned that, as in previously published
research [16, 21], fragments of polymer macromolecules
were found on the catalyst surface (Fig. 5), which are iso-
lated on the surface by homogeneous filaments with a large
diameter or plates. Such organic fragments are formed
on the surface due to the grafting of acrylate onto the
radicals of the catalyst surface, the occurrence of which
is associated with the interaction of hydroxyl radicals
with hydroxyl groups always present on the surface of
metal oxides. It has already been discussed earlier in
the works [16, 21].

Fig. 5. Scanning electron microscope images
of the catalyst surface

Puc. 5. BbiNOAHEHHbIE NPY MOMOLLM CKaHUPYHOLLETO
3INEKTPOHHOIO MUKPOCKOMNa M306paXxeHUst MOBEPXHOCTH
KaTaAmsaTtopa

2EpodeeB B.T., CmupHOoB B.®., Mopo3os E.A. M1Kpobr1oAOTUUECKOE paspyLlEHUE MaTepPUanoB: yueb. nocobue AN CTYAEHTOB.

M.: U3a-Bo AccoumaLnmmn CTpouTeAbHbIX By30B, 2008. 123 c.
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Fig. 6. Scanning electron microscope images of the catalyst surface after synthesis and maps of the elements distribution

Puc. 6. BbINOAHEHHbIE NMPU MOMOLLM CKaHWPYHOLLIETO SAEKTPOHHOTO MUKPOCKONA M306paxeHUs NOBEPXHOCTU KaTaansatopa nocae

CUHTE3a U KapTbl pacnpepeneHnsa SIAeMEHTOB

The evidence of the organic nature of such filaments
is provided by studies of the elemental composition of the
samples, which were carried out using the X-ray micro-
analysis (Fig. 6). To determine how atoms are distributed
in the sample, maps of the elements distribution were
obtained (see Fig. 6). In this case, it can be seen that the
distribution of the elements Rb, Te, W on the studied surface
is homogeneous and corresponds to powder particles of
photocatalyst. Fragments of organic filaments are clearly
visible on all maps, and the chemical composition of the
sample in the selected area (C and O content), shown
in the spectrum and in the table in Fig. 6, indicates the
organic nature of the selected area.

CONCLUSIONS

As a result of the conducted studies, hydrogels of the
grafted copolymers Pect-CC-PMMA and Pect-CC-PBA were
obtained using photocatalysis in the presence of a complex
oxide RbTe, sW,50s. Polymer products are characterized by

methods of elemental analysis and electron microscopy.
Dry polymer products, as it turned out, contain collagen in
an amount of less than 40%. The SEM images demonstrate
the formation of a small-cell matrix for these polymer
composites. By the GPC method, it was found that some
of the natural polymers of collagen and pectin remained in
aqueous dispersion and did not enter the structure of the
new material. It was revealed using an X-ray microprobe
analyzer that a part of polyacrylates is identified on the
catalyst surface after its separation from the aqueous
dispersion. The new materials are fungus-resistant,
which is important for the long-term operation function
of a particular product in conditions of possible fungal
damage. The results of the study indicate the expediency
of developing research on modified materials based on
grafted copolymers of methyl methacrylate, pectin and
fish collagen prepared by the RbTe, sW, 505 photocatalysis
to obtain a wide range of medical products: colloidal
solutions, gels, films.
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YacTtoTta BCTpeuaeMocCTH Cry-noA0OGHbIX FreHOB B LUTaMMaXx
Bacillus thuringiensis KpbIMCKOW KOAAEKLLUM MUKPOOPraHU3MoOB

A.B. KpbXKO

HayuHo-uccaepoBatenbCKmi MHCTUTYT CEAbCKOIO X0351McTBa Kpbima,
Cumeepononb, Poccnrickaa ®eaepaums

AHHoOTauMA. SHTOMonaToreHHble WwrammMbl Bacillus thuringiensis ncrnoab3yroTest AAsi pa3paboTku bronpenapaToB
HOBOI0 MOKOAEHUS MPOTUB AUCTOrPbI3YLLMX BPEAUTEAEH. LIeAbIO MPOBEAEHHOI0 MCCAEAOBaAHUS BbIAO M3YUEHME YACTOTbI
BCTpeYaemMoCTH Cry-noA0BHbIX reHOB B LUTaMMax U BbI6Op NepCrnekTUBHOIro AASl CO3AaHUSI Ha ero OCHOBE 3HTOMO-
natoreHHoro buonpenapata. MatepuaroMm AAS MCCAEAOBAHUST MOCAYXHUAM SHTOMOMNATOreHHbIe LWTaMMbl Bacillus
thuringiensis, noAyyeHHble U3 KPbIMCKONU KOAAEKLIMM MUKPOOPraHM3MoB HayyHO-MCCAeEA0BATEAbCKOIO MHCTUTYTA
CeAbCKOro xo3sifictBa KpbivMa. HTOMONaTtoreHHoe AeMCTBMUE MEePCNeKTUBHbLIX LUTAMMOB U3ydain B XoAe Aabopa-
TOPHbIX OMbITOB Ha AMYUMHKAX npeacTaBuTeser otpsaoB Coleoptera, Lepidoptera. B kauectBe Hanboree nepcrekx-
TUBHbIX, COAEPXALLUMX HE MEHEE YETbIPEX FrEHOB TOKCMHO0bpa3oBaHus, oTobpaHsl WTaMmMbl Bacillus thuringiensis 708
(cryl, thuE, cry7-8, cryl1), 942 (cryl, thuE, cry11, vip), 949 (cryl, thuk, cry4, cry7-8), 989 (cry1, thuE, cryl11, vip),
0162 (cryl, thuE, cryl1, vip), 0307 (cryl, thuE, cry4, cryr-8), 0308 (cryl, thuE, cry4, cry7-8), 0363 (cryl, thuE, cry5,
cryl1) n 0371 (cryl, thuE, cry9, cryll). YcTaHOBAEHO, YTO BbIAEAEHHbIE WTaMMbl Bacillus thuringiensis 0162, 0307,
0363 1 0371 oka3blBatoT BbICOKOE 3HTOMOMAaTOreHHOE AEHCTBME NPOTUB AMUMHOK KOAOPAACKOIO XyKa, MAbMOBOIO
Anctoeaa (88,3-100%), ryceHuL MAOA0BOM MOAM, KaryCTHOM COBKM, 3AaTOry3Ku U amepukaHckorn 6aboukm (92,3-100%,).
Moka3zaHo, uto wramm Bacillus thuringiensis 0371 npoxoAUT BCe KAacCMueckue Gasbl pa3BuTns u B TederHme 45-48 y
AEMOHCTPUPYET MOAHbIV BbIXOA KPUCTAAAOB M CrIOp M3 criopaHris. Takum o6pasom, wramm 0371 nepcrneKkTUBEH AAS
pa3paboTku pernaMeHTa rnpomn3BOACTBa buonpenapara AASl 3aLLUUTbl CEAbCKOX03SIMCTBEHHbIX PACTEHUM.

KaroueBble caoBa: Bacillus thuringiensis, cry-noaobHbie reHbl, AMCTOrpbi3yLumne Bpeantean, Coleoptera, Lepidoptera
®uHaHcupoBaHHe. PaboTa BbINOAHEHA B paMKax rocyAapCTBEHHOro 3aaaHusi Ne FNZW-2022-0006.

Ana untupoBaHua: Kpbixko A.B. YacToTa BCTpeuyaeMocTu cry-nopobHbIX reHoB B WTaMmax Bacillus thuringiensis
KpPbIMCKOM KOAAEKLMM MUKPOOPraHM3MoB // M3BecTus By30B. [pukaaaHaa xumus n 6uotexHonorns. 2024. T. 14.
N 4. C. 567-577. DOI: 10.21285/achb.941. EDN: AQLWEO.
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Original article

Frequency of cry-like genes in Bacillus thuringiensis strains
of the Crimean microorganism collection

Anastasiia V. Kryzhko

Research Institute of Agriculture of Crimea, Simferopol, Russian Federation

Abstract. The entomopathogenic strains of Bacillus thuringiensis are used in the development of new-generation
biopreparations against leaf-eating insects. The present study was aimed at analyzing the frequency of cry-like genes
in the strains and at identifying a promising strain for the development of an entomopathogenic biopreparation on
its basis. The study materials included the entomopathogenic strains of Bacillus thuringiensis obtained from the
Crimean microorganism collection of the Crimean Agricultural Research Institute. The entomopathogenic effect
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of promising strains was studied in laboratory experiments on Coleoptera and Lepidoptera larvae. The following
strains of Bacillus thuringiensis were identified as the most promising, i.e., containing at least four toxin genes:
708 (cryl, thuE, cryr-8, cryl1), 942 (cryl, thuE, cryl1, vip), 949 (cryl, thuE, cry4, cryr-8), 989 (cryl, thuE, cryll,
vip), 0162 (cryl, thuE, cry11, vip), 0307 (cryl, thukE, cry4, cry7-8), 0308 (cryl, thuE, cry4, cry7-8), 0363 (cryl, thuE,
cry5, cryll) n 0371 (cryl, thuE, cry9, cryll). The isolated strains of Bacillus thuringiensis 0162, 0307, 0363, and
0371 were found to have a high entomopathogenic effect on the larvae of the Colorado potato beetle and elm-leaf
beetle (88.3-100%), as well as the caterpillars of ermine moth, cabbage moth, brown-tail moth, and fall webworm
(92.3-100%). It is shown that Bacillus thuringiensis strain 0371 goes through all traditional stages of development
and exhibits complete release of crystals and spores from the sporangium within 45-48 h. Thus, strain 0371 can

be used to develop specifications for manufacturing a plant protection biopreparation.

Keywords: Bacillus thuringiensis, cry-like genes, leaf-eating insects, Coleoptera, Lepidoptera

Funding. The work was financially supported by the state assignment no. FNZW-2022-0006.

For citation: Kryzhko A.V. Frequency of cry-like genes in Bacillus thuringiensis strains of the Crimean microorganism
collection. Proceedings of Universities. Applied Chemistry and Biotechnology. 2024;14(4):567-577. (In Russian).

DOI: 10.21285/achb.941. EDN: AQLWEO.

BBEAEHUE

Bonpoc noAyyeHusi HOBbIX NEPCNEKTUBHBIX Buonpena-
paToB, 3OHEKTUBHbBIX NPOTUB AUCTOTPLI3YLLUX BPEAUTENEN,
He TepsieT CBOEW aKTyaAbHOCTW. Ha pbiHKE COBPEMEHHbIX
6uonpenapaToB AOMUHUPYHOT NpenapaTbl Ha OCHOBE 3HTO-
mMonaToreHHbIx 6akTepuii Bacillus thuringiensis. MpombiLu-
AEHHble npenapatbl AQHHOro TMna 3G dEKTUBHbBI NPOTUB
60nee 400 BMAOB HacekoMbix M3 cemencTB Lepidoptera,
Diptera, Hymenoptera, Coleoptera, Orthoptera [1, 2].
OcHoBHas yacTb buonpenapartoB pa3pabaTtbiBaeTcsa Ha
ocHoBe B. thuringiensis var. thuringiensis (butokcuba-
LIMAAVH, BUTOKCHH W Ap.) M NPUMEHSETCS NPOTUB KOMMAEKCa
AUCTOTPbI3YLLMX HACEKOMbIX Ha OBOLLHbIX, MAOAOBO-AFOAHBIX
KYAbTypax, B CAAOBO-NapKoBbIX HAaCaXAEHHAX 1 B Aecax [3].

CyLLECTBYIOT HECKOABKO NMPUYMH Pa3BUTUA MHTEPECa
K B. thuringiensis. AaHHana rpynna 6aktepuin obrapaet
cneundruyeckum AEMCTBUEM Ha HACEKOMbIX-BPEAUTENEN,
UCMNoAb30BaHue B. thuringiensis He Bbl3bIBAE€T CTOMKOIO
3arpsa3HEeHnss NMoYBbl, AUCTbEB M BO3AyXa SHTOMOMNATO-
reHHbIMK bakTepuamu. Ko Bcemy npoyemy, B. thuringiensis
ABASIETC €CTECTBEHHbIM KOMMOHEHTOM OMOLEHO30B,
OHa 6e3onacHa AAA SHTOMOGAroB U He ABASETCS MaTo-
reHHOM AASI MAEKOMNUTAOLWMX U yenoBeka [4]. UMeHHOo
LLMPOKMUM UCMOAb30BaHUeM B. thuringiensis B npakTuke
KOHTPOASA BPEAUTENEW, X CEAEKTUBHBIM AENCTBUEM, BE3-
ONacHOCTbIO OTHOCUTEABHO KOMMOHEHTOB arpoLeH03a u
3A0POBbS YUeAOBEKA 00yCAOBAEHA HEOOXOAMMOCTb MOUCKa
W U3yYEeHUA HOBbIX LWTaMMOB [5]. Kpome Toro, wramMmbl
C BbICOKMMM 3HTOMOMNATOr€HHbIMU 1 TEXHOAOTUYECKUMM
CBOWMCTBAMM UCMOAL3YIOTCS AASI pa3paboTku buonpena-
paToB HOBOIO MOKOAEHMS, @ TAKXe B Ka4eCTBe aHaAOroB
YX€ CYLLECTBYIOLLMX LUTAMMOB-MPOAYLEHTOB [6].

AevictBue B. thuringiensis Ha HaceKOMbIX CBA3aHO
Kak C MHOEKLMOHHBIM NPOLLECCOM, Tak U ¢ 06pa3oBaHUeM
TOKCMYECKMX BeLLECTB. HekoTopble M3 3TUX GaKTOpOoB
BUPYAEHTHOCTW SIBASIKOTCSI OOLLIMMMU AASI TPEACTABUTENEN
rpynnbl B. cereus, Hanpumep UBUTTEPMULMH A, reMOAU3UHBI,
reMOAUTUYECKMNIA KOMMAEKC M YaCTb S3HTEPOTOKCHHOB [7, 8].
Apyrue xapaktepHbl UICKAKOUUTEABHO AAS B. thuringiensis -
3710 Cyt- n Cry-aHAOTOKCUHBI. B. thuringiensis npeacTaBasieT
cob0o¥ rpaMnoAOXMUTEAbHbIE CrIopoobpasytoLmne bakTepuu,
cnocobHble GOPMUPOBATL NPU CMNOPYASILMK Napacmno-
PaAbHble KPUCTAAAMUYECKUE BKAOUEHNSI BEAKOBOM NPUPOADI,
Cry- n Cyt-TOKCHHbI, KOTOpble 06YCAOBAMBAIOT TAaBHbIM
06pa3oM MX MHCEKTULIMAHYIO aKTUBHOCTb [9]. B nepuroa

BEreTaTMBHOIO POCTa HEKOTOPbIE WTamMbl B. thuringiensis
NMPOAYLIMPYOT MHCEKTULMAHBIE BeAkM (Vip- 1 Sip-TOKCUHBI),
KOTOpPble CEKPETUPYIOTCA B CpeAy. BrnepBble Vip-TOKCUHbI
6bIAM 06HapYxeHbl B cepeanHe 1990-X ropoB, Ha AAHHbIV
MOMEHT onucaHo 176 Vip-TOKCMHOB, pacnpeAeAeHHbIX
Ha 4 kaacca: Vip 1, Vip 2, Vip 3 1 Vip 4 [10]. O6wupHble
MCCAEAOBaHUA in vitro v in vivo nokasaAu NoYTU NoAHoEe
OTCYTCTBME NEPEKPECTHOM PE3UCTEHTHOCTU Mexay Vip3A-
n Cryl-6enkamu [11]. Haanume Vip3-TOKCMHOB OTKpPbIBAET
BO3MOXHOCTb MCMOAb30BaHUA 61ONECTULMAOB Ha OCHOBE
B. thuringiensis B OTHOLIEHUWN BOAbLLEFO YMCAA BPEAU-
TEAEW, a TakXe NPEensaTCTBYeT Pa3BUTUIO YCTOWUYMBOCTH
HacekoMbIx K Cry-6eakam [12, 13].

OCHOBHOE 3HayeHWe B 3HTOMOLMAHOM AENCTBUM
6aKTepui TPAaAMUMOHHO YAEAAETCA KPUCTAAAUYECKUM
6enKkoBbIM napacnopanbHbiM Cyt- 1 Cry-BKAOUEHUAM,
dopmurpyeMbIM KAeTKamMu 6akTepuii BO Bpems ¢asbl
CTauMoHapHOro pocra.

Ha ceropHsilHWiA AeHb KoMUTET NO HOMEHKAAType
TOKCUHOB B. thuringiensis [14] knaccuduumpoBan 73 pas-
AMYHbIX TUMA MHCEKTULMAHBIX 6eAkoB (0T Cryl po Cry74) n
AOKa3aA TOKCMYHOCTb AaHHbIX HeAKoB NpoTuB Lepidoptera,
Coleoptera, Hemiptera, Diptera, Hematoa (kak napas3uTos
UeNOBEKA U XMBOTHbIX, Tak U CBOBOAHOXMBYLLMX Rhabditida)
HeKoTopbIX YAUTOK (Gastropoda) [15-18] u/nan pakoBbix
KAETOK YeNOBEKa PasAMUYHOro MPOUCXoxAeHUs [19]. Takum
06pa3om, BONpOCkl MAEHTUOKKaLMK reHoB B. thuringiensis,
OTBETCTBEHHbIX 38 3HTOMOLMAHYHO aKTUBHOCTb U Andde-
peHumaumio baktepuii B. thuringiensis Ha ocHoBe $13MONO-
ro-6MOXMMUUECKUX CBOICTB, MPEACTABASIFOT ONPEAEAEHHbIN
Hay4HO-MPaKTUYECKNI MHTepec. MaeHTUdUKaLMA Cry-reHoB,
KoAMPpYOLWMX Cry-6eAKM WTaMMOB KPbIMCKOM KOAAEKLMM
MUWKPOOPraHn3MoB Hay4YHO-MCCAEAOBATEABCKOTO MHCTUTYTa
CEeAbCKOro x03sncTBa KpbiMa Moraa 6bl cnocobcTBoBaTh
He TOAbKO OMPEAENEHNIO OAHOMO U3 KAKOUEBBIX GaKTOPOB
BMPYAEHTHOCTM, HO M NOMbITKE CUCTEMATU3UPOBATL Nep-
CNEKTUBHbIE AAA CO3AAHMA BronpenapaTta NPOTUB AUCTO-
rPbI3YLUMX HACEKOMbIX LUTAMMbl KOAAEKLMK MO CNEKTPY
AENCTBUSA SHAOTOKCUHOB [20].

LleAbto MpOBEAEHHbBIX UCCAEAOBAHWUI ABASINOChH M3Y-
yeHMe 4acToTbl BCTPEYAEMOCTU Cry-MOAOOHbIX FEHOB
B LUTAMMaXx 3HTOMOUMAHOW 6aktepuun B. thuringiensis
KpbIMCKOM KOAAEKLLIMK MUKPOOPraHW3MOB, a TakXe Bblbop
nepcnexkTMBHOro broareHTa AASt CO3AAHMSA Ha €ro 0OCHOBE
3HTOMOMATOreHHoro 6uonpenapara.
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OKCNEPUMEHTAABbHAA YACTb

Matepranom AAA UCCAEAOBaHUSA TEHOB B. thuringiensis,
OTBETCTBEHHbIX 3@ CUHTE3 MHCEKTULMAHBIX KPUCTAAAU-
yecKknx BeAKoB, MOCAYXMUAM WITaMMbl B. thuringiensis,
3aperucTpupoBaHHblie B KpbIMCKOM KOAAEKLIMU MUKPO-
opraHnamMoB HayuHO-MCCAEAOBATEABCKOTO WHCTUTYTa
CEeAbCKOro X03a1cTBa KpbiMa, 3aperMcTpupoBaHHON Ha
cauTe «HayuyHo-TexHOAOTMUYeCKass MHPpacTpykTypa Poc-
cuiickoit Pepepaumnmn» nop Homepom 507484, B kauecTse
NMO3UTUBHOIO KOHTPOASA MCMOAb30BaAW NMOAYYEHHbIE U3
AabopaTopun NPOTEOMUKM HAAOPTaHW3MEHHbIX CUCTEM
Bcepoccrickoro HayyHO-MCCAEAOBATEABCKOTO MHCTUTYTA
CEAbCKOXO3ANCTBEHHOW ~ MWKPOOMOAOTMM  LUTAMMBbI
B. thuringiensis var. thuringiensis 41 (H,) v B. thuringiensis
var. darmstadiensis 109 (Hy,), coaepxatume reHbl thuk, cryl
ncryll, a B KayecTBe NO3UTUBHOIO KOHTPOASI AASI TEHOB
cry2, cry5 v vip ncnoab3oBanu wramm 358 KOAAEKLMU
MHCTUTYTa CMCTEMATUKK U 3KOAOTUM XMBOTHLIX CO PAH,
3a UTO aBTOP CTaTbM BblpaxaeT bBAaropapHOCTb aBTopam
LWTamMMOB. HaAnune coOOTBETCTBYIOLLMX FEHOB B reHOMe
KOHTPOABHbIX LUTaMMOB yCTaHaBAMBAAW NMyTEM MOWUCKa
COOTBETCTBYOLLMX HYKAEOTUAHbBIX MOCAEAOBATEAbHOCTEN
npu nomowm anroputma BLAST [21].

BbipeAeHWe TOTaAbHON AE30KCUPUOOHYKAEMHOBOM
kucnoTbl (AHK) M3 BeretaTMBHOM MacChbl KAETOK Oak-
Tepuit B. thuringiensis NpoBeAW COrAACHO 0BLLENPUHATLIM
meTtoaam [22]. KauecTBO BbiaeAeHHOM AHK npoBepsaAm
C MOMOLLBIO aHaAM3a METOAOM MOAMMEPA3HOMN LIeNHON
peakuMnm C MCNOAb30BAHWEM CTaHAAPTHbIX OakTepu-
aAbHbIX NparmepoB ITS-16S - 1392-S-15 (5 - GNACA-

CACCGCCCGT - 3') n ITS-23S-206-A-21 (5" -NCTTAGAT-
GTTTCAGTTCVCY - 3'[23]. AeTeKLMIO reHa 3HTOMOLUAHOWM
aKTMBHOCTK cryl B wWrammax B. thuringiensis npoBoAnAK
np1 NOMOLLM Napbl NpaimepoB cry1-543, ynoMuHaBLLUXCS
B paboTax A. bpaBo [24], HaLeAeHHbIX Ha OAHOUMEHHbIE
reHbl, PaCroOAOXEHHbIE Ha NAasMuaHON AHK H6aktepuu
(taba. 1). AN AETEKLMM FEHOB SHTOMOLMAHBLIX BEAKOB
knaccoB Cry2, Cry3, Cry4, Cry5, Cry7-8, Cry9, Cryl11, Vip,
thuE noab3oBanuch npanmepamun Un2, Un3, Un4, Unb,
Un7-8, Un9, Un11, Vip n BE [5, 25]. 06beM peakLMOHHOM
CMeCH CoCTaBUA 25 MKA U BKAKOUAA: 5 MKA Screen Mix-HS
(«<EBporeH»), copepxatiert 3 mM MgCl, n 0,12 mM dNTPs;
a Takxe 50 Hr 6aktepuanbHon AHK, 0,2 MKA KaXAOro
npanmepa (5 pM/mkA). TILLP npoBOAMAK C UCMOAB30OBaHMEM
CAEAYIOLLIEN NpOorpaMmbl: 1 MUH HavanbHasA AeHaTypauus
npu 95 °C, 3atem 35 umnknoB - 30 ¢, peHaTypauma npu
94 °C, 30 ¢ OTXMWI NpK LEAEBON TemnepaType oTXura u
1 MUH anoHraumsa npu 72 °C, U 3aKAIOUUTEAbHAS AOHTaALMS
1 muH npu 72 °C. TP npoAyKTbl BU3yaAM3UMpPOBaAK C
NOMOLLbIO aneKTpodopesa B 1,5%-M arapo3HoMm rene [26].

JHTOMOMATOreEHHOE AENCTBME MEPCNEKTUBHbIX
LUTAMMOB M3y4yaAn B AaBOPaTOPHbIX OMbITax Ha AUYMHKAX
KOAOPAACKOro Xyka (Leptinotarsa decemlineata, Cole-
optera) n UAbMOBOTO AUCTOEAA (Xanthogaleruca luteola
(Statius Mdiller), Coleoptera), ryceHuuax kanycTHOM COBKM
(Mamesta brassicae, Lepidoptera), NAOAOBOW MOAM,
3AaTOry3Ku U amepukaHckon benoit 6abouku (Hyphantria
cunea Dryri, Lepidoptera). NabopaTtopHble OMbITbl MO
U3yUYEHUIO SHTOMOLMAHOW aKTUBHOCTU LWUTaMMOB B. thuring-
iensis NPOBOAWMAM B AUTPOBbIX CTakaHax, KyAa NomeLLanm

Ta6auua 1. XapaktepucTika npaimMepoB, UCMOAb3YEMbIX B UCCAEAOBAHUAX MO MAEHTUUKALMU FreHOB
3HTOMOLIMAHOW aKTMBHOCTU B reHoMe LTaMmoB Bacillus thuringiensis

Table 1. Characteristics of primers used in studies of insecticidal activity genes identification

in the genome of Bacillus thuringiensis strains

HasBaHue N LAy AAMHa Temnepatypa
< HykAaeoTuaHan nocaepoBaTEAbHOCTb Nparimepa (5'—3’) 5

nparmepa aMnAnKoHa, bp oTxura, °C

UnlF CATGATTCATGCGGCAGATAA AC 200 57

UniR TTGTGACACTTCTGCTTCCCATT

Un2F GTTATTCTTAATGCAGATGAATGGG 689-701 57

Un2R CGGATAAAATAATCTGGGAAATAGT

Un3F CGTTATCGCAGAGAGATGACATTAAC 589-604 54

Un3R GCGTGACATACCCATTTCCAGGTCC

Un4F GCATATGATGTAGCGAAACAAGCC 439 60

Un4R GCGTGACATACCCATTTCCAGGTCC

Unb5F TTACGTAAATTGGTCAATCAAGCAAA

Un5R AAGACCAAATTCAATACCAGGGTT A474-489 54

Un7-8F AAGCAGTGAATGCCTTGTTTAC 420 48

Un7-8R CTTCTAAACCTTGACTACTT

Un9F CGGTGTTACTATTAGCGAGGGCGG

Un9R GTTTGAGCCGCTTCACAGCAATCC 351-359 60

Unl1l1F TTCCAACCCAACTTTCAAGC 305 54

Unl1liR AGCTATGGCCTAAGGGGAAA

Vf pF CCTCTATGTTGAGTGATGTA 1000 50

VipR CTATACTCCGCTTCACTTGA

BEF AAAGGGTCTGGTAAAACA 406 54

BER ACCATCGACTTCCTTCTT

1

poctyna: http://ckp-rf.ru/usu/507484/ (nata obpalueHns: 16.04.2024).
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AMYMHOK MAM TyceHuL, 1-2 Bo3pacTa U AUCTbS KOPMOBOTO
pacteHus, 06paboTaHHbIE XUAKOW KYAbTYPOW LUITaMMOB
npu Tutpe cnop 200 MAH/MA. O6paboTaHHbIM KOPMOM
AMUYMHKKU MUTAAUCh 3 CYTOK, MOCAE Yero ero MeHsIAu Ha
HeobpaboTaHHbIN. XXMAKME CNOPOBbLIE KYALTYPbI MOAyYaAW
NPU KYABTUBUMPOBaHUKN BaKTEPUI Ha TEXHOAOTUUECKUX
Kauyankax B APOXXe-NMoAnCcaxapmuAHOM cpeae, B COCTaB
KOTOPOM BXOAWUAW CAEAYIOLLME KOMMOHEHTbI, %: APOXXHM
KopmoBblie - 3,0, Myka Kykypy3Haa - 1,5. KyabTuBM-
pOBaHWE OCYLLECTBASIAU B KOABax o6bemom 750 MA
¢ 35 MA nuTaTeAnbHoOW cpeabl. OnbiTbl NPOBOAMAK B 3
NOBTOPHOCTAX MO 25 AMUMHOK B KaxAaoW. B kKauecTBe
3TaAOHa MCMOAb30BaAM XUAKYIO CMOPOBYHO KYALTYPY
wrtamma B. thuringiensis var. thuringiensis 98 (npo-
AYUEHT BuTokcnbauunaanHa) u wramma B. thuringiensis
var. kurstaki 0293 (npoayueHT Aenuaoumaa).

M50+ 708 942 949 989 0162 0307 0308 0363 0371 0411 98 202 810 K- 41

CraTucTUUeCKyo 06paboTKy MOAYUEHHbIX PE3YALTATOB
NPOBEAU C MPUMEHEHNEM COBPEMEHHbIX METOAOB CTaTH-
CTUYECKMX MCCAeAOBaHUI ¢ MpumeHeHnem Microsoft Excel
n MMM Statistica 7 [27], Jyputer Notebook u aA3bika npo-
rpammMupoBaHnus Python, npukaaaHbix 61ubAMOTEK NUMPY,
matplotlib [28, 29].

OBCY)XAEHUE PE3YNAbBTATOB

[eHbl TOKCHMHOOBPa30BaHUA ONpeaeAsAmn B 61 wramme B.
thuringiensis KOAEKLMM SHTOMOMNATOreHOB OTAEAA CEAbCKO-
X03AMCcTBEHHOM MUKpobuonornm OreYH «HUUCX Kpbivanr.

AETEKLMIO TEHOB SHTOMOLIMAHOM aKTUBHOCTU TPYMMbl
cry, thuE v vip B wutammax B. thuringiensis npoBOAWAK C
NoMOLLbto Khaccuueckoi MLP (taba. 2, puc. 1-5). B pesynbtate
MCCAEAOBAHWI C NpUMeHeHeM npaimepoB Unl 6bino ycTa-
HOBAEHO HaAMuMe reHOB KAacca Cryl B reHoMe LWTaMMOB

109 M50+

Puc. 1. lenb-anekTpodopes NpoayKToB NONMMEPasHON LIENHOM peakumu, noryyYyeHHbIX B pesyrnbsrate amnnudukaumm
[E30KCUPMBOHYKIENHOBOW KMCMNOThI LWTaMMoB Bacillus thuringiensis ¢ npanmepamu Un1 (M — mapkep onvH
Ae3okcupumboHyknenHoBbIx kucnot (50+ bp DNA Ladder, «EBporeH»); B BepxHew CTpoYKe yKa3aHbl Homepa

ncenenyembix WtaMmmMmoB U Ha3BaHUA npaﬂmepoa)

Fig. 1. Gel electrophoresis of polymerase chain reaction products obtained as a result of deoxyribonucleic acid
amplification of Bacillus thuringiensis strains with Un1 primers (M — 50+ bp DNA Ladder, “Eurogen”; the top line shows
the numbers of the studied strains and the names of the primers)

M 708 358 942 949 917 989
+50 0293

0391 0655
0491

05960162
0595

M 917 358 41 03910363 037

0308 K-
50+ H1

0307

Puc. 2. lenb-anekTpodopes NpoayKTOB NONMMMEPAa3HON LIENHOM peakumm, NoryyYyeHHbIX B pesyrbsrate amnnudukaumm
AE30KCUPMOOHYKITENMHOBOW KMCNOThI LWUTamMmoB Bacillus thuringiensis ¢ npanvepamu BE (M — mapkep anvH
Ae3okcuprboHyknenHoBbIx kucnot (50+ bp DNA Ladder, «EBporeH»); B BepXHeW CTpOYKe yKa3aHbl Homepa

nccrnegyemMblX LWTaMMOB U HA3BaHUS NpanmepoB)

Fig. 2. Gel electrophoresis of polymerase chain reaction products obtained as a result of deoxyribonucleic acid
amplification of Bacillus thuringiensis strains with BE primers (M — 50+ bp DNA Ladder, “Eurogen”; the top line shows
the numbers of the studied strains and the names of the primers)
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Tabauua 2. Haanume 3HTOMOUMAHBIX U Cry-MoAOBHbBIX reHoB B WTammax Bacillus thuringiensis

Table 2. Presence of entomocidal and cry-like genes in strains of Bacillus thuringiensis

Wramm leHbl 3HTOMOUWMAHBIX 6eAKoB Bacillus thuringiensis B-3K3OTOKGHH Cepomn
cryl thuE | cry2 | cry4 | cry5 |cry7-8| cry9 |cryll vip

98 0 1 0 0 0 0 0 0 0 + thuringiensis
202 0 1 0 0 0 0 0 1 0 + thuringiensis
685 0 1 0 0 0 0 0 1 0 + thuringiensis
708 1 1 0 0 0 1 0 1 0 + thuringiensis
787 1 1 0 0 0 0 0 1 0 - H/O
792 1 1 0 0 0 1 0 0 0 + thuringiensis
800 1 1 0 0 0 1 0 0 0 + thuringiensis
810 0 1 0 0 0 0 0 0 0 + thuringiensis
815 0 1 0 0 0 1 0 0 0 + thuringiensis
820 1 1 0 0 0 1 0 0 0 + darmstadiensis
836 0 1 0 0 0 0 0 0 0 - dendrolimus
854 1 1 0 0 0 1 0 0 0 + thuringiensis
888 1 1 0 0 0 1 0 0 0 + thuringiensis
902 0 1 0 0 0 0 0 1 0 + thuringiensis
917 0 0 0 1 0 0 0 0 0 - kurstaki
926 1 1 0 1 0 1 0 0 0 - kurstaki
942 1 1 0 0 0 0 0 1 1 - dendrolimus
949 1 1 0 1 0 1 0 0 0 - H/0
989 1 1 0 0 0 0 0 1 1 + thuringiensis
994 1 1 0 0 0 0 0 0 0 + thuringiensis
10/H 0 1 0 1 0 0 0 1 0 - dendrolimus
39/H 0 1 0 1 0 0 0 0 0 + thuringiensis
42/H 0 1 0 1 0 0 0 0 0 + thuringiensis
014 0 1 0 0 0 0 0 0 0 - H/0
048 0 1 0 1 0 0 0 0 0 - H/O
072 1 1 0 1 0 0 0 0 0 + thuringiensis
0105 1 1 0 1 0 0 0 0 0 + thuringiensis
0120 0 1 0 1 0 0 0 0 0 + thuringiensis
0161 0 1 0 0 0 0 0 0 0 + thuringiensis
0162 1 1 0 0 0 0 0 1 1 + thuringiensis
0164 1 1 0 1 0 0 0 0 0 + thuringiensis
o177 0 1 0 1 0 0 0 0 0 + thuringiensis
0198 0 1 0 0 0 0 0 0 0 + thuringiensis
0271 1 1 0 0 0 0 0 0 0 + darmstadiensis
0279 1 1 0 0 0 0 0 1 0 + darmstadiensis
0293 1 0 0 1 0 0 0 0 0 + kurstaki
0304 0 1 0 1 0 1 0 0 0 + thuringiensis
0307 1 1 0 1 0 1 0 0 0 + thuringiensis
0308 1 1 0 1 0 1 0 0 0 + kurstaki
0326 1 1 0 1 0 0 0 0 0 + thuringiensis
0332 1 1 0 0 0 0 0 1 0 + thuringiensis
0337 1 1 0 0 0 0 0 1 0 + thuringiensis
0352 0 1 0 0 0 0 0 1 0 + thuringiensis
0361 1 1 0 0 0 0 0 1 0 + thuringiensis
0363 1 1 0 0 1 0 0 1 0 + thuringiensis
0371 1 1 0 0 0 0 1 1 0 + thuringiensis
0374 1 1 0 0 0 1 0 0 0 + thuringiensis
0376 1 1 0 0 0 0 0 1 0 + thuringiensis
0379 1 1 0 0 0 0 0 1 0 + kurstaki
0399 1 1 0 0 0 0 0 1 0 + H/O
0391 0 0 0 0 0 0 0 1 0 + kurstaki
0409 1 1 0 0 0 0 0 1 0 + H/0
0411 1 1 0 0 0 0 0 0 0 + thuringiensis
AN 1 1 0 0 1 0 0 0 0 + thuringiensis
109-C 1 1 0 0 0 0 0 1 0 + morrizoni
Z-52 1 1 0 1 0 0 0 1 0 + kurstaki
358 1 0 1 0 1 0 0 1 1 - kurstaki
4301 1 1 0 0 0 0 0 1 0 + thuringiensis
202-16 0 1 0 0 0 0 0 0 0 + thuringiensis
41H1 1 1 0 0 0 0 0 1 0 + thuringiensis
109H10 1 1 0 0 0 0 0 1 0 + darmstadiensis

MpumeyaHue. H/o - He 0BHapyXeH.
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M 0371 0308 0363 0162 989 942
+50

a

M50+ 385 917 926 942 949 989

994 0307 0308

b

Puc. 3. [enb-anekTpodopes NpoAyKTOB NOAMMEPASHON LENHON peakLmn, MOAYYEHHbIX B pE3yAbTaTe aMNAMPUKaLMK
AE30KCUPUBOHYKAEMHOBOM KUCAOTHI LUTaMMOB Bacillus thuringiensis: a - ¢ npaimepamu Unl1; b - ¢ npaiimepamvu Un4
(M - Mapkep AAVH Ae30KCHPUBOHYKAEMHOBBIX KMCAOT (50+ bp DNA Ladder, «<EBporeH»); B BEpXHel CTPOUke ykasaHbl HoMepa

UCCAEAYEMbIX LUTAMMOB W Ha3BaHUsi MPanMepoB)

Fig. 3. Gel electrophoresis of polymerase chain reaction products obtained as a result of deoxyribonucleic acid amplification
of Bacillus thuringiensis strains with: a - Un11 primers; b - Un4 primers (M - 50+ bp DNA Ladder, “Eurogen”; the top line
shows the numbers of the studied strains and the names of the primers)

B. thuringiensis 708, 787, 792, 800, 820, 854, 888, 926,
942,949, 989, 994, 072, 0105, 0162, 0164, 0271, 0279,
0293, 0307, 0308, 0326, 0332, 0337,0361, 0363, 0371,
0374, 0376, 0379, 0399, 0409, 0411, AMl, 109-C, Z-52,
358, 4301, 41H1, 109H10. Mpu nomoLLM Napbl NpaliMepoB
ThuE 6bIAO YCTAHOBAEHO HaAnuWe reHa thu cybbeaeHu bl
E B reHome WtammoB B. thuringiensis 98, 202, 685,708,
787,792, 800, 810, 815, 820, 836, 854, 888, 902, 926,
942, 949, 989, 994, 10/H, 39/H, 42/H, 014, 048, 072,
0105, 0120, 0161, 0162, 0164, 0177,0198, 0271, 0279,
0293, 0304, 0307,0308, 0326, 0332, 0337, 0352, 0361,
0363, 0371, 0374, 0376, 0379, 0399, 0409, 0411, AI,
109-C, 2-52, 4301, 202-16, 41H1, 109H10.

AHaAU3 KOAAEKLMOHHBIX LUTAMMOB MO3BOAWA YCTa-
HOBWTb, UYTO FEH KAAcca Cry2 BbiA AETEKTUPOBAH TOAbKO

385 98 202 685 708 787 949 0307 810 815 820 836 0308 926 902 M

B reHome wramma B. thuringiensis 358. [eHOB KAaacca
Cry3 B UCCAEAOBaHHbIX LUTaMMaXx He 0bHapyXxeHo. YcTa-
HOBAEHO HaAMuMe reHOB KAacca Cry4 B reHoOMax LUTamMMOB
B. thuringiensis 917, 926, 949, 10/H, 39/H, 42/H, 048,
072, 0105, 0120, 0164, 0177, 0293, 0304, 0307,
0308, 0326, Z-52. leHbl, KOAUPYOLLME SHTOMOLMAHBIN
KPUCTaAAMUECKMI1 BENOK, MPUHAAAEXALLUMIA K KAACCY Cry5,
06HapYXMAW B reHoMax WwtaMmoB B. thuringiensis 0363,
NI, 358. leHbl Khnacca cry7-8 AeTEKTUPOBaHbI B FeHOMax
wtammoB B. thuringiensis 708, 792, 800, 815, 820, 854,
888, 926, 949, 0304, 0307, 0308, 0326, 0374. Ycra-
HOBAEHO HaAMUKe reHa Kaacca cry9 B reHoMe LWTamma
B. thuringiensis 0371. Hanboaee pacnpocTpaHeHHbIMM
B WTaMmax B. thuringiensis KpbIMCKOW KOAAEKLMK OKa-
3aAUCb reHbl Khacca cryl1. OHM ObIAM OTMEYEHbI B FeHOMaXx

/

+100

Puc. 4. Tenb-aneKTpodOopes NPOAYKTOB MOAMMEPA3HOM LENHOM peakLmMK, MOAYUYEHHBIX B pe3yAbTate aMnAndUKaumm
AE30KCUPUOOHYKAEMHOBOW KMCAOTBI WITaMMOB Bacillus thuringiensis ¢ npaimepamu Un7-8 (M - Mapkep AAMH
AE30KCMPUBOHYKAEMHOBBIX KCAOT (50+ bp DNA Ladder, «<EBporeH»); B BEpXHeW CTpoUKe YkasaHbl HOMepa UCCAeAYEMbIX
LUTAMMOB M Ha3BaHWA NparMepoB, CTPEAOUKAMU MOKa3aHbl LeAeBble GparMeHTbl)

Fig. 4. Gel electrophoresis of polymerase chain reaction products obtained as a result of deoxyribonucleic acid amplification
of Bacillus thuringiensis strains with Un7-8 primers (M - 50+ bp DNA Ladder, “Eurogen”; the top line shows the numbers
of the studied strains and the names of the primers, target fragments are shown with arrows)
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M+50

K- M50+ 358 926 0371

a

385 4301 Z-52 989

0307 0308 0162 942 0371

b

Puc. 5. lenb-anekTpodopes NpoAyKTOB NMOAMMEPA3HOM LEMHOM peakLmu, MOAYUYEHHbIX B pe3yAbTate amnandukaumm
AE30KCUPUOOHYKAEMHOBOW KMCAOTBI LWUITaMMOB Bacillus thuringiensis: a - ¢ npanmepamu Un9; b - ¢ npaimepamu Vip
(M - mapkep AAMH AE30KCUPUBOHYKAENHOBBIX KUCAOT (50+ bp DNA Ladder, <EBporeH»); B BEpXHEN CTPOUKE yKa3aHbl HOMepa

MCCAEAYEMbIX LLITAMMOB U Ha3BaHWA NpaliMepoB)

Fig. 5. Gel electrophoresis of polymerase chain reaction products obtained as a result of deoxyribonucleic acid amplification
of Bacillus thuringiensis strains with: a - Un9 primers; b - Vip primers (M - 50+ bp DNA Ladder, “Eurogen”; the top line
shows the numbers of the studied strains and the names of the primers)

wtammoB B. thuringiensis 202, 685, 708, 787, 902, 942,
989, 10/H, 0162, 0332, 0337, 0352, 0361, 0363, 0371,
0376, 0379, 0399, 0391, 0409, 109-C, Z-52, 358, 4301,
41H1, 109H10. NokadaHo HaAn4Me reHoB knaacca Vip B
reHomax wrammos B. thuringiensis 942, 989, 0162, 358.

AHaAM3 4acTOTbl BCTPEYAEMOCTU FTEHOB TOKCMHOO-
6pa3oBaHKA NO3BOAWA YCTAHOBWTb, YTO HOAbLLIAS YacTb
KOAAEKUMM (95,1%) MMeeT B reHOME FreH 3K30TOKCUHA,
YTO CBMAETEALCTBYET O BbICOKOM @aKTUBHOCTU KOAAEKLMK
3HTOMOMNATOrEHHbIX LUTAMMOB MPOTUB BPEAUTEAEN U3
oTpaaoB Hemiptera u Lepidoptera (taba. 3). Caeayet
3aMeTUTb, UTO reH thuE peTekTpoBaH y lutammoB 836,
942, 10/H, 0308, 0379, 0391, Z-52, oTHOCALLUMXCA K
cepotunam kurstaki n dendrolimus, AAS KOTOPbIX 61O-
XUMUYECKUMU METOAAMU YCTAHOBAEHO OTCYTCTBUE 3K30-
TOKCUHA. BeposATHO, 3TO CBA3AHO C TEM, UTO, HECMOTPS
Ha HaAMuMe annapaTta CUMHTE3a, MCKOMbIA TOKCUH He
CUHTE3MNPYETCS B 3HAUUTEAbHbIX KOAMYecTBax. OCHOBHas
YyacTb KOAAEKLIMM COAEPXMUT B reHoMme reH cryl (63,9%),
AKTUBHbIN NPOTUB BpeauTenen us otpspos Lepidoptera,
Coleoptera, Diptera, Gastropoda. 44,2% wTammoB,
UMEILLMNX TeH cryll, noTeHUMaAbHO aKTUBHbI MPOTUB
Bpeautenen 13 otpspoB Diptera n Hemiptera. 29,5%
LWTaMMOB B. thuringiensis, MeLLMX B FEHOME FeH cry4,
NoTEHUMAAbHO aKTMBHbI NPOoTMB Diptera. Takxe 21,3%
LLITAaMMOB UMEOT B FeHOME Cry7-8 U MoryT ObiTb @aKTUBHbI
npotuB Lepidoptera n Coleoptera.

YCTaHOBAEHO, UTO B KOAAEKUMK B. thuringiensis npu-
CYTCTBYIOT LUTAMMbIl, MOTEHUMAABHO AKTWMBHbIE NMPOTWB
Hymenoptera, Rhabditida n umetowme ret cry5 (4,91%).
6,55% LWITaMMOB MMEIOT B reHOME reHbl Fpynbl Vip. [eHbl
cry2 v cry9 npeacTaBAEHbl B KOAAEKLIMK He Bonee uem B
1,6% wrammoB. leHbl cytl v cyt2 Nnpy NOMOLLM M3YYEHHbIX
npanmepoB He 0OHaAPYXEHbI.

OCHOBHbIM Pe3yAbTaTOM AAHHbIX MOMCKOBbIX MCCAEAO-
BaHWI cTan oTOOP NEPCNEKTUBHbIX LWTaMmoB B.thuring-

https://vuzbiochemi.elpub.ru/jour

iensis KOAAEKLIMK, COAEPXKALLMX HE MEHEE YETbIPEX FEHOB
TOKCHHOObBpa3oBaHus. UMK okasannchk Wwtammbl 708 (cryl,
thuk, cry7-8, cry11), 942 (cryl, thuk, cryl1, vip), 949 (cryl,
thuk, cry4, cry7-8), 989 (cryl, thuE, cryl1, vip), 0162
(cryl, thuE, cry11, vip), 0307 (cryl, thukE, cry4, cry7-8),
0308 (cryl1, thuE, cry4, cryr-8), 0363 (cryl, thuE, cry5,
cryl1) n 0371 (cryl, thuE, cry9, cryll).

Tabauua 3. Yactota BCTpeyaeMocTu Cry-nopobHbIX reHoB
B Wtammax Bacillus thuringiensis

Table 3. Frequency of cry-like genes occurrence in Bacillus
thuringiensis strains

leH Yactota, % OTpsAbl LEAEBBIX BpEAUTEAEN

cryl 63,9 Lepidoptera, Coleoptera, Diptera,
Gastropoda

thuk 95,1 Hemiptera, Lepidoptera

cry2 1,63 Coleoptera, Hymenoptera,
Hemiptera

cry4 29,5 Diptera

cry5 491 Hymenoptera, Rhabditida

cry7-8 21,3 Lepidoptera, Coleoptera

cry9 1,6 Lepidoptera, Coleoptera

cryll 44,2 Diptera, Hemiptera

cytl 0 Coleoptera, Diptera

cyt2 0 Coleoptera, Diptera

vip 6,55 Lepidoptera

B pesyabtate MCCAeAOBaHMM S3HTOMOLMAHOM aKTUBHOCTH
NePCNeKTMBHbIX LUTAMMOB OTHOCUTEABHO CMEKTPA BPEAU-
Tenen ObINO YCTAHOBAEHO, YTO Hanbonee 3dEKTUBHBLIMU
NPOTUB KOAOPAACKOTO XyKa Y MABMOBOIO AUCTOEAR ABASIKOTCS
wrammsl B. thuringiensis 708, 989, 0162, 0363 n 0371
(taba. 4). SQHTOMOLMAHASA aKTMBHOCTb A@HHbIX LUTAMMOB
OTHOCUTEABHO KOAOPAACKOIO Xyka Ha 10-e CyTku noche
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Tabauua 4. SHTOMOLMAHANA aKTUBHOCTb WITaMMOB Bacillus thuringiensis npoTMB pacnpoCcTPaHEHHbIX AUCTOTPbI3YLLMX BPEAUTENEN
OBOLLUHbIX M AEKOPATUBHKX HAaCapKeHUN Kpbiva

Table 4. Entomocidal activity of Bacillus thuringiensis strains against common leaf-eating pests of vegetable and ornamental
plantings in the Crimea

MMbenb Ha 10-e cyTku onbiTa, %
AMUUHKK AMUUHKK rYCEHULLbI TYCEHWLbI ryceHvupl
Lramm KOAOPaACKOIo MABMOBOTIO NAOAOBOM KanycTHOM ryceHuLel amMepuKaHCKom
Xyka AMCTOEAA MOAK COBKM 3naToryskm 6enoi 6abouku
(L:) (L) (L.) (L:) (L2 (L:)
KoHTpOAb (BOAQ) 6,7+0,1 11,6+1,6 0 2,7+0,1 0 5,3+0,3
98 (aTanoH) 92,3+0,1 81,6+1,6 100 93,3+0,1 100 100
0293 (aTanoH) 50,1+0,1 40,0+6,1 100 89,8+0,3 87,3+0,3 100
708 100 91,7+6,2 100 100 73,2+6,9 100
942 27,0+1,0 21,0+0,4 100 84,6+0,6 80,0+2,8 95,6+0,7
949 37,0£1,0 38,3+0,7 100 98,4+2,5 90,3+0,3 100
989 100 88,4+3,5 100 98,7+0,7 75,3+3,7 100
0162 100 98,2+6,6 100 100 100 100
0307 89,3+0,7 95,6+4,2 100 100 100 100
0308 22,0+0,3 18,3+0,2 100 81,7+1,4 97,1+£3,4 100
0363 100 88,3+1,3 100 100 100 100
0371 100 94,2+0,4 100 92,3+0,7 98,7+0,3 100

06paboTkM AUCTbEB cocTaBuAa B cpeaHem 100%, a oTHO-
CUTEABHO MABMOBOTIO AMCTOeAa — 92,5%. CamMoi BbICOKOW
AKTWBHOCTbIO MPOTMB MAbMOBOIO AUCTOEAA 0BAAAAA LUTAMM
B. thuringiensis 0162 (98,2%). Bce nepcnekT1BHble LITaMMbl
OKa3aAUCb BbICOKOAKTUBHbLIMW NMPOTUB NMAOAOBOM MOAK U
amepukaHckorn 6enort 6abouku. LLitammebl B. thuringiensis
708, 0162 1 0307 oka3zaAUCb BbICOKOAKTUBHbLIMW MPOTMB
ryCEHMULL KanyCTHOM COBKM, Bbi3biBast MX 100%-t0 rubenb Ha
7-e cyTKM akcnepumeHTa. Obpabotka kopMa LuTaMmamu
B. thuringiensis 949, 989 1 0371 cnocobctBoBana rmbenm
B cpeaHeM 96,3% ryceHuu, a wramvamu 942 n 0308 -
B cpeaHeM 82,5% Ha 10-e cyTKu onbiTa. MakCManbHbIM
SHTOMOLUMAHbBIM 3$OEKTOM Ha ryCeHuL, 3AaTory3kn obrapanm
wrammbl B. thuringiensis 0162 1 0307 (100%-5 rubenb Ha
10-€e CyTKv OnblITa), BbICOKYIO aKTUBHOCTb MPOSBASAIOT LUTAMMb
B. thuringiensis 0308 n 0371, Bbi3blBatOLLME B CPEAHEM
97,5%-t0 rbeAb BpeAUTEAS B TOT Xe CPOK. Ha ocHoBe aHaA13a
NMOAYYEHHbIX PE3YALTATOB N3 BCEX MCCAEAYEMbIX NATOreHOB
B KauecTBe Hanbonee apdEeKTUBHBIX NPOTUB BPEAUTENEN
otpanos Coleoptera u Lepidoptera 6biAn 0TOBPaHbI YEThIPE
wramma B. thuringiensis: 0162, 0307, 0363 n 0371.
CaBOKYMNHOCTb MPOAETEKTUPOBAHHbIX FEHOB SHTOMOLMAHOM
aKTUBHOCTHU B XWAKOM KyAbType (cryl, thuE, cry9, cryl1)
1 BbICOKas 3HTOMUMAHAS aKTUBHOCTb NOKa3aAK Nepcrnekx-
TUBHOCTb AAAbHEWLLETO U3YyUYeHUsI TEXHOAOTMYECKMX Napa-
METPOB KyALTUBMPOBaHUSA WTamma B. thuringiensis 0371.
JHTOMOMATOreH KYALTUBMPOBAAW B APOXKE-NOAUCA-
xapuaHou cpeae npu Temnepatype 28-30 °C Ha Tex-
HOAOTMYECKON Kavanke (220 06/MuH) B TeueHue 48 u.
YCTaHOBAEHO, UTO AASI BAKTEPUI B CTAAMM BEr€TaTUBHbIX
KAETOK XapaKTepHa KMHETMKa pPoCTa U pa3BUTUSA, KoTopast
cocTouT n3 4 knaccuueckux ¢pas: Lag-dasbl, dasbl yCKOPEHHA
pocTa, 3KCMOHEHLMaAbHOM U CTaumMoHapHow das. Lag-dasa
pa3BuUTUS BakTepuin NpoxoarT B TedeHne 0,5-1,5 u, a
nocaeaytolLme dasbl pa3BUTUSE BETETAaTUBHBIX KAETOK — AO
10-12 y (Taba. 5). TUTP KOAOHMEOOPA3YHOLLMX EAUHWLL 3@ 3TOT
nepuop pocturaet 0,5-0,8 MAPA KAETOK B 1 MA XXMAKOCTH.

Yepes 14-16 4 KyAbTUBMPOBAHMSA B BETETAaTUBHbIX KAETKAX
OTMEeYaAr Hauano akTUBHOro GOpPMUPOBaHUS BEAKOBbIX
KPUCTAAAOB M CMIOPOreHHbIX 30H. [leproa MaccoBoM cno-
pPyASILIMKM NPOXOAUA Yepesd 20-24 4. Becb NEPUOA KYAbTU-
BMPOBaHUA coCTaBASIA 45-48 4 1 3akaHUYMBAACA MOAHbBIM
BbICBOOOXAEHMEM CMOpP U3 CriopaHrneB. KOHEYHbIN TUTP
cB0bHOAHBIX cnop pocturaet 2,0-2,7 MAPA B 1 MA.

Tabauua 5. TexHoAOTMUECKME NOKa3aTeAn Pa3BUTUS LWITaMMa
Bacillus thuringiensis 0371 npu KyAbTUBUPOBaHWUM
B APOXKe-NoAMCaxapuAHON cpeae

Table 5. Technological indicators of the strain Bacillus
thuringiensis 0371 development when cultivated
in a yeast-polysaccharide medium

J1an pa3BuTUA bakTepui Mepuoa HabAOAEHUN, Y
31an 1. Hayano obpasoBaHus 14-16
CNOPOreHHbIX 30H
31an 2. MaccoBas cnopyAsiuma 20-24
31an 3. 10% cBob6OAHBIX CNop 28-30
371an 4. MoAHbIN BbIXOA CNOP 45-48
N KPUCTAAAOB

3AKAKOYEHUE

B xoae NpoBeAEHHOro UCCAEAOBaHUSA YCTaHOBAEHO,
yto 95,1% WTAaMMOB KOAAEKLUU UMEKOT B reHOME reH
B-3K30TOKCHMHA M 63,9% - reH cryl, uTo CBUAETEABCTBYET
06 1X BbICOKOM aKTUBHOCTU NPOTUB BPEAUTEAEN U3 OTPAAOB
Hemiptera u Lepidoptera. OnucaHo HaAMuMe reHoB, NoTeH-
LiMaAbHO aKTUBHbIX MPOTUB BpeAnTeAel 13 oTpsipoB Diptera
n Hemiptera: crylly 44,2% v cry4 y 29,5% wrammoB
KOAAEKLMU. [TOKa3aHO, UTo B KOAAEKLMU B. thuringiensis
NPWCYTCTBYHOT LUTAMMBbI, NOTEHUMAABHO aKTUBHbIE NPOTHB
npeactaButenen oTpspoB Hymenoptera, Rhabditida u
umerowme reH cry5 (4,91%).
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B kauecTtBe Hanbonee NePCneKTUBHBIX AAA CO3AAHUSA
Ha MX ocHoBe brMonpenapaToB, COAEPXALUUX HE MEHee
YeTblpex reHOB TOKCMHO0Opa30BaHWs, 0ToBpaHbI LTaMMbl
B. thuringiensis 708 (cryl, thuE, cry7-8, cry11), 942 (cryl,
thukE, cry11, vip), 949 (cryl, thuE, cry4, cry7-8), 989 (cryl,
thuk, cryl1, vip), 0162 (cryl, thuk, cry11, vip), 0307 (cryl,
thuk, cry4, cry7-8), 0308 (cry1, thuk, cry4, cry7-8), 0363
(cryl, thuk, cry5, cry11) n 0371 (cryl, thuE, cry9, cryl1).

YCTaHOBAEHO, UTO BblAEAEHHbIE WTaMMbl B. thuring-
iensis 0162, 0307, 0363 1 0371 oka3biBalOT BbICOKOE
QHTOMONATOreHHoe Aeﬁcmme NPOTUB AMYNHOK KOAOPAA-
CKOIO XYKa, UAbMOBOTO AncToeAa (88,3-100%), ryceHuu,

NMAOAOBOM MOAM, KanyCTHOM COBKM, 3AaTOTy3KW U amepu-
KaHcKol 6babouku (92,3-100%).

MokasaHo, uto wramm B. thuringiensis 0371 sBasieTcs
TEXHOAOTMYHbIM, TaK Kak NPOXOAWT BCE Khaccuyeckne dasbl
pas3BuTHA U B TeueHne 45-48 4 AeMOHCTPUPYET NOAHbIN
BbIXOA KPUCTAAAOB U CMOP U3 CMOPaHTUS.

Takum 06pa3oM, HaAMUME TEHOB 3HTOMOLIMAHOM
aKTMBHOCTU B XXMAKOM KyAbType (cryl, thuE, cry9, cryl1)
1 BbICOKOE 3HTOMOMATOreHHOE AENCTBHE XapaKTepuayoT
wramm B. thuringiensis 0371 kak NepCneKTUBHbINA AAS
pa3paboTku pernameHTa Npou3BoAcTBa buonpenapara
AAS 3ALLMTBI CEAbCKOXO35IMCTBEHHbIX PACTEHWMN.
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BausHue buoctumynatopa Rhodococcus qingshengii
VKM Ac-2784D Ha 6akTepuu, BblA€A€HHble
U3 3HAO- U pu3ocdepbl pacTeHUU KapTodens

A.C. Mopuu, F0.A. MapkoBa, H.B. duanHoBa, U.C. MeTpyunH™

CUBUPCKUK MHCTUTYT pU3MOAOrn n buoxummum pacteHuii CO PAH, MpkyTck, Poccurickasa ®eaepaums

AHHoTaumA. Mukpobuom KapTopeArss OKka3blBaeT CyLIeCTBEHHOE BAMSHME Ha POCT M pa3BUTME pacTeHui. AAs
BO3AEHCTBUS HA MUKPOOBMOM B CEAbCKOM XO035IKCTBE MEPCNEKTMBHO MCMOAL30BaTh Pas3AnyHbIe buonpenapartbl Ha
OCHOBE MMOYBEHHbIX MUKPOOPraHU3MOoB. PacTeHuss kapTopens, byAyumn ya3BUMbIMK K NATOreHam U 3acyxe, Hanbonee
MHTEpeCHbI B Ka4yecTBe 00beKTa AASl pa3paboTku buonpenapatoB. Ocoboe BHUMaHWE yAEASETCS BaKTeEPUAM POAA
Rhodococcus 6aaroaapsi Ux criocobHOCTH OYMLLATh MOYBY OT 3arPSA3HEHMI M CTUMYAMPOBATL POCT pacTeHui. LieAbto
MPOBEAEHHOIO UCCAEAOBaHMS AIBASIAOCH U3y4yeHue BAUSHUA WTaMmma Rhodococcus gingshengii VKM Ac-2784D Ha
baKTepuu, BbIAEAEHHbIE M3 SHAO- 1 PU30CPEPBI PACTEHMI KapTopeAs. U3BECTHO, UTO AULLIL MaAas YacTb MUKPOOPra-
HU3MOB B COCTaBE PacTUTEALHOIO MMKPOBMOMa MOXET ObITb MOAyYEHA B UUCTOM KyAbTYPE. C y4ETOM 3TUX OrpaHnYeHmi
6€3 MCMOAb30BaHNSA CEAEKTUBHBIX CPEA YAAAOCH BbIAEANTL Boree 70 SHAOPUTHBIX LUTAMMOB M OKa3arb, UTO MHOIMe
M3 HUX YYBCTBUTEABbHbI K MPUCYTCTBMIO KOMMNOHEHTa buonpenapata n3 Rhodococcus qingshengii VKM Ac-2784D.
AaHHble MeTareHOMHOIro MCCAEAOBAHUSI CBUAETEALCTBYHOT 06 U3MEHEHMM COCTaBa MUKPOBHOro coobLLecTBa nocae
06paboTkn buonpenapaToMm. IKCNEPUMEHTbI TaKXe MOKa3bIBaoT, YTO BaKTEPHUU COXPAHSHOT YyBCTBUTEABHOCTb K
DOAOKOKKY AaXe B MPUCYTCTBUMU APYTMX KOHKYPUPYHLLMX LUTAMMOB. B Lerom pesyabtatbl MpoOBEAEHHOrO0 UCCAEAO-
BaHUWSA yKa3blBatOT Ha MOAYAUPYHOLLlee BO3AENCTBUE Buonpenapata Ha MUKPOOUOM KapToperss 6e3 GUTOTOKCUY-
HocTH. TloAyuyeHHbIE CBEAEHMS BaXKHbl AASI MOHUMaHWS BAMSIHUS BuonpenaparoB Ha MMUKPOOHbIM COCTaB MoYBbl
M pacTeHui KapTopeAs, a Takxe AAS pa3paboTku dPPEKTUBHbIX CTpaTerui UCrnoAb30BaHNS MUKPOOPraHn3MoB B
CEeAbCKOM X031 CTBE.

KAroueBble cA0Ba: POAOKOKK, MHOKYASILIMSI, BTOPMYHbIE METAaO0AUTbI, IHAOPUTBI, KAPTOPEAD

BaaroaapHoOCTH. brionHpopmMaTuueckmi aHaan3 bbiA BbIMOAHEH Ha 060pyAOBaHMM LIEHTPa KOAAEKTUBHOIO MOAb30BaHMS
«brnonHpopmartmka» UHCTUTYTa UMToAormu n reHetukn CO PAH (r. HoBocubupck). CekBeHnpoBaHmne AHK npoBeaseHo B
LIeHTpe KOAAEKTUBHOIO oAb30BaHUS «[eHOoMKa» MHCTUTYTa XMMMYECKOM BUOAOTrMM 1 pYHABGMEHTAAbLHOM MEAMLIMHBI
CO PAH (r. HoBocubupck).

®uHaHcupoBaHHe. PaboTa BbiNOAHEHA MPK PUHAHCOBOK MOAAEPXKE rpaHTa Poccuiickoro HayuHoro ¢poHaa Ne 23-26-10049.
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gingshengii VKM Ac-2784D Ha 6akTepuu, BbIAEAEHHbIE M3 3HAO- U PU30Ccdepbl pacTeHu kaptTodens // N3Bectus
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Influence of Rhodococcus qingshengii VKM Ac-2784D
biostimulator on bacterial isolates from potato
endo- and rhizosphere

Anna S. Morits, Yulia A. Markova, Nadezhda V. Filinova, Ivan S. Petrushin™

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

Abstract. The potato microbiome has a significant impact on plant growth and development. In order to affect this
microbiome, agriculture can use various biopreparations on the basis of soil microorganisms. Being vulnerable to
pathogens and drought, potato plants are particularly useful in the development of biopreparations. Special attention
is given to Rhodococcus bacteria due to their ability to clean contaminated soil and stimulate plant growth. The present
study was aimed at examining the effect of Rhodococcus qingshengii VKM Ac-2784D on bacteria isolated from potato
endo- and rhizosphere. It is known that only a small fraction of microorganisms within the plant microbiome can be
obtained in pure culture. Given these limitations, it was possible to isolate over 70 endophytic strains without the use
of selective media and show that many of them are sensitive to the presence of a biopreparation component on the
basis of Rhodococcus qgingshengii VKM Ac-2784D. The metagenomic study indicates a change in the composition of
the microbial community following treatment with the biopreparation. The experiments also show that the bacteria
remain sensitive to Rhodococcus even in the presence of other competing strains. In general, the study results
indicate a modulating effect of the biopreparation on the potato microbiome without phytotoxicity. The findings are
important for understanding the effect of the biopreparation on the microbial composition of soil and potato plants,
as well as for developing effective strategies for the use of microorganisms in agriculture.

Keywords: Rhodococcus, inoculation, secondary metabolites, endophytes, potato

Acknowledgements. Bioinformational analysis was performed using the equipment of Research Equipment Sharing
Center “Bioinformatika” of Institute of Cytology and Genetics SB RAS (Novosibirsk). DNA sequence was carried out
in Research Equipment Sharing Center “Genomika” of Institute of Chemical Biology and Fundamental Medicine
SB RAS (Novosibirsk).

Funding. Russian Science Foundation financially supported this work (grant no. 23-26-10049).

For citation: Morits A.S., Markova Yu.A., Filinova N.V., Petrushin LS. Influence of Rhodococcus gingshengii VKM
Ac-2784D biostimulator on bacterial isolates from potato endo- and rhizosphere. Proceedings of Universities. Applied

Chemistry and Biotechnology. 2024;14(4):578-585. (In Russian). DOI: 10.21285/achb.942. EDN: TIVSPZ.

BBEAEHUE

MuKpobUoM KapTodeAsi, Kak U APYrMX BbICLUMX pac-
TEHWH, BbIMOAHSIET BaXHble GYHKLMU, MOAAEPXMBAS POCT U
pasBWTME pacTEHMA Ha BCEX aTanax ero xmsHu. NMonesHoe
AEVICTBME MUKPOOPraHW3MOB Ha pacTeEHMA 3aKAOYaeTCs
B yBEAMUYEHUWN a30TOUKCALUK, YaydLLEHUU GOCHOPHOro
NUTaHWsA, CTUMYASILLMUM POCTa, NOBbILLIEHWUW YCTOMYMBOCTH
K HebAaronpuatHbIM GakTopaM OKpYXatowen CpeAbl,
NOAABAEHUU ¢duTONATOreHoB U T.A. [1]. B Hactosauwee
BpemMs OOAbLLON UHTEPEC BbI3blBAET NEPCMNEKTUBHOCTb
MCMOAb30BaHWA B CEAbCKOM X035licTBE HBronpenapaTos
Ha OCHOBE MOYBEHHbLIX MMKPOOPraHM3MOB, OAHAKO MpU
MX UCMOAb30BaHWMU HEOOXOAMMO YUMTbIBATb HE TOABKO
MX AEUCTBME Ha pacTeHue, HO U UX BAMSIHUE Ha COCTaB
ABTOXTOHHON MUKPOOAOPBI B PasHbIX HULIAX PacTeHMN
(pn3ocoepe, aHpochepe, dDUANOCHEPE), B TOM UYUCAE B
HebAaronpusTHbIX YCAOBUAX [2]. PacTeHua kKaptodenas,
6yAyUM YSI3BUMBIMKW K naToreHam W 3acyxe, 0CoOHeHHO
MHTEPECHbI B KayecTBe 0b6bekTa AAA pa3paboTku 6uo-
npenaparos. B asutepatype onucaHbl yeneLHble Npumepbl

https://vuzbiochemi.elpub.ru/jour

MCMNOAb30BaHUA SHAOPUTHBIX U NMOYBEHHbIX HAKTEPUI AAS
06paboTKM pacTeHMIn KapTodeas C LEAbIO MOBbILLIEHWS
YCTOMUYMBOCTU K NaToreHam. B yacTHOCTH, YCTOMUMBOCTb
K dUTODTOPE YAANOCH NOBbLICUTL NPU 06paboTke KAybHEN
6akTepusimu Bacillus subtilis [3]. U3BeCTHbI Takxe paboThl
N0 U3OASILIMK LITAMMOB MUKPOOPraHK3MoB 13 MUKpobromMa
AVIKMX COPTOB M BUAOB KYABTYPHbIX PACTEHWH, YCTOMUMBDIX K
OonpeAeAeHHbIM natoreHam. Tak, rpynne rnoa PyKOBOACTBOM
H. NMaanAba-TarbBeC yAGAOCH BbIABUTb aHTArOHUCTUYECKYHO
aKTUMBHOCTb LITaMMOB BaKkTepuii popa Streptomyces no
OTHOLLUEHWIO K BO3BYAUTEAAM BOAE3HEN UEPHON HOXKM
(MArkow rHWAKM) [4]. 3T 6aKTepun HbIAU BbIAEAEHBI U3
3HAOChEPBI AMKOTO COpTa KapTodeAs, Npon3pacTatoLLero
B Ynan.

Cpean MUKPOOPraHW3MoB, CNocobHbIX pearnpoBathb Ha
HebAaronpuaTHbIe M3MEHEHWS B CpeAe 0OUTaHUA U MHWLW-
MpPOBaTb aAaNTUBHbIE PeakLuK, 0coboe MeCTo 3aHUMatoT
aKTMHObakTepUK popa Rhodococcus. 3a nocaepHee pecs-
TUAETUE POAOKOKKM BbI3BAAM 3HAUUTEAbHbIN MHTEPEC BAa-
ropapsi CBOMM BbICOKMM KaTaboAMUECKMM CBOMCTBAM. ITH
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NMOYBEHHbIE BAKTEPUU TaKXKe ABAAIOTCA U3BECTHLIMM MPO-
AyLEeHTaMKW BUONOTMUYECKN aKTUBHbIX COEAUHEHWI, B TOM
yncae obrapatoLMX aHTUMUKPOOHbBIM AEMCTBUEM. TaKUM
06pa3omM, POAOKOKKM MOTYT OKa3blBaTb BAUSIHWUE Ha acco-
LMMPOBAHHbIE C PpaCTEHUEM MUKPOOPTraHU3Mbl U UrpaTb
pPOAb B GOPMMPOBAHUM MOUYBEHHOM 3KOCUCTEMDI [5, B].

N3 pusocdepbl nbipes noasyyero (Elymus repens),
npou3pacTatoLLero Ha HedTe3arpsa3HEHHOM NOYBeE, HAMU B
2010 ropy 6bIA BblaeAEH WiTamm Rhodococcus gingshengii
VKM Ac-2784D. Bbino Nnoka3aHo, 4To 3T1 bakTepun crno-
COBHbI OKUCASITb KaK MOAULMKAMYECKME apoMaTUYecKne
YIAEBOAOPOABI, TAK U aAKaHbI, YTO MO3BOASET MCMOAb30BaTh
3TOT WTAaMM AASt BUOAOTMUECKOM OUMCTKM NouB [7]. R. ging-
shengii VKM Ac-2784D BXOAWT B COCTaB MWKPOBHOro
npenaparta ANt 6BUoOpeMeAnaL M NoYBbl, 3arps3HEHHON
He(TbIO U HedTENPOAYKTAMU. YCTAHOBAEHO, YTO AQHHbIN
MWKPOOPraHW3M YyMeHbLLIAeT HebAaronpuaTHoe BO3AEN-
CTBME HEedTU Ha pacTeHus, a Takxke obrapaeT cnocob-
HOCTbIO CTMMYAMPOBATb POCT PACTEHMI 3@ CUET NPUCYT-
CTBMSA B CynepHaTaHTax ayKCMHOB [8]. Kak n HekoTopble
M3BECTHbIE LUTaMMbl POAOKOKKA, BbIAEAEHHBIN HAMK LUTaMM
R. gingshengii VKM Ac-2784D cnocobeH c1HTe3MpoBaTb
AHTUMUKPOOHbIE COEAMHEHMA, UTO MOATBEPXAAETCA
HaAMYMEM FEHHbIX KAGCTEPOB CMHTE3A BTOPUYHbIX MeTa-
60AMTOB [9]. B CBA3KM C 3TUM BO3HUKAET BOMPOC: Kak
MCCAEAYEMbIV LUTAMM MOXET NOBAMSTb HA @BTOXTOHHbIN
MWKPOOUOM PU30- U IHAOCOHEPLI PaCTEHUI KapTodeAas
npv BHECEHUW €ro B NOYBY B cOCTaBe buonpenapara.

B AuTepaTtype onucaHbl MOAXOAbI K @HaAM3Y MEXMMU-
KPOOHOro B3aMMOAEWCTBUSA, B TOM YUCAE M3OASITOB U3
3HAOCHEPBI PAaCTEHMI, AAST YEFO NMPOBOANTCSA MaCCOBbIN
CKPWHUWHT NapHOro B3aMMOAENCTBUS KYALTYP HBakTepuit
C NOCAEAYHOLLMM OTOOPOM CAyYaEB MHTMOUPOBAHWUA UAK
CcTUMyAALMK [10]. YunTbiBasA LLMPOKYHO AOCTYMHOCTb MOAHO-
reHOMHOro CEKBEHMPOBAHUSA, A@HHbIE TAKOTO CKPUHWUHIa
BO3MOXHO COMOCTaBUTb C COCTABOM FeHHbIX KAQCTEPOB,
y4acTBYHOLLMX B CUHTE3€E BTOPUUHbIX MeTaboAnToB [11].

IMOCKOABKY M3BECTHO, UTO MPUMEHEHUE POAOKOKKA
MOXET Bbl3BaTb CABWI B COCTaBe MUKPOOHOro coobliectsa
pacteHuit [12], B paMKax AaHHON paboTbl NpeAnpUHATa
NonbiTKa OUueHUTb BAMSIHWE R. qingshengii VKM Ac-2784D
Ha 6aKTepHM, acCOLMMPOBAHHbIE C PACTEHWUSIMU KapTodeas
(Solanum tuberosum) copTta /\yroBCKOW.

SKCNEPUMEHTAABHAA YACTb

Mpu npoBeaeHU AaBOPATOPHbIX UCCAEAOBAHUI NPU-
MeHAAK WTamm Rhodococcus gingshengii VKM Ac-2784D w3
KOAAEKLMM CUBUPCKOTO MHCTUTYTA GUBMOAOTUM U BUOXMMIK
pactenuit CO PAH (r. UpkyTck). Ltamm Takxe nepepaH Hamu
BO BCepPOCCHMICKYO KOAAEKLMIO MUKPOOPraHmM3mos [13].

AN BbIAEAEHUS 3HAO- U pU30ChEpPHbIX bBaKkTepui
MCMOAb30BaAM pacTeHus kaptodens (S. tuberosum) copta
/\yroBCKOW, BblpallMBaeMble Ha OMbITHOM y4YacTKe, pacrno-
AOXEHHOM Ha Tepputopumn bacceitHoB pek Manoi OAxu U
BoAbLoi OAxK Ha toro-3anaae Mpubaiikanbs (52°02'07.9»
N, 104°04’'57.2» E). Bbibop copTa kaptodpers 06yCAOBAEH
60AbLLMM OMbITOM PaboTbl ¢ HUM B paMkax AabopaTopun
pPacTUTEABHO-MUKPOOHbIX B3aUMOAENCTBUI CUOUPCKOTO
UHCTUTYTa GU3NOAOTUM U BUoXxMMKK pacTeHni CO PAH u
HaAMUYMEM KYALTYPbI in vitro atoro copta [14].

MouBo06HpPa3yoLWMMIU NOPOAAMU ABASAUCH 3AKOBO-
AENOBUANBHBIE OTAOXKEHUS KOPEHHBIX U MOACTUAGHOLLMX
NMopoA, NOYBbI AETKOCYTAMHUCTbIE CO CAABOM UAKM CPEAHEN

LLeH6EHOUYHOCTbI. IHAODUTHBIE BaKTEPUW BbIAEASAW U3
AUCTbEB KapTodeAasi, KOTOpble AN 3TOr0 MPOMbIBAAMK,
obpabatbiBaru 3%-1 NEPEKUCHIO BOAOPOAA B TEUEHUE
5 MUH, 3aTemM 96%-M 3TUAOBBLIM CMMPTOM 1 MWH, Aanee
TPUXAbI OTMbIBAAK CTEPUABHOM AUCTUAAMPOBAHHOM BOAOM.
PactutenbHble 06pasLibl pacTMpasu B CTynke, roMmoreHar
nocAeA0BaTEAbHO pa3baBAsSAM BOAOW B COOTHOLLEHMSX
1:1, 1:10 no o6bemy. PusocdepHbie HakTePUM BbIAEASIAK
M3 NOYBEHHOM BbITAXKM (1 r nouBbl Ha 10 MA AUCTUAAMPO-
BaHHOW BOAbI). Mcnoab3oBanu passeaeHue ot 101 po 104,
MoceB aHAO- U pU30CchHeEPHbIX BAKTEPUIN OCYLLLECTBASIAK
no 200 MKA Ha YalkK [eTpu Ha TBEPAbI NUTATEAbHbIN
arap Ha OCHOBE r'MAPOAM3aTa roBsXXbero Msica GepmeH-
TatnBHoro (000 «HayuHo-MCcCAeAOBATEABCKUIN LLEHTP dap-
MaKkoTepanuu», Poccus). KyasTuBMpOBaAM B TepmMocTaTte
npu Temnepatype 26 °C.

TUHKTOPUAAbHbIE CBOMCTBA 3HAO- U PU30CHEPHbIX OaK-
TEpUI ONPEAENSIAU C UCMIOAb30BAHMEM METOAA OKPACKM
no Mpamy.

UyBCTBUTEABHOCTb HAKTEPUIA K BTOPUYHbIM MeTabo-
amtaMm R. qingshengii onpeaeninm AMCKoAndOY3UOHHBIM
MEeTOAOM. AAS 3TOrO UCCAEAYEMbIV LUTAMM POAOKOKKa
KYAbTUBUPOBaAK B TeyeHne 3 cyTok (OD = 0,2 npu AAMHE
BOAHbI 595 HM) B MUHepanbHOM cpeae 8E ¢ KoHLEeHTpaLmen
conen, r/n: NH4NO; - 1,0, MgCl, - 0,1, KH,PO, - 3,0,
K,HPO, - 7,0, CaCO; - 1,0; pH = 7,0. B kauecTBe UCTOYHMKA
YrAePOAa K cpeae A0DaBASIAM TAOKO3Y (5 /7). AAA NOAY-
YeHUA cynepHaTaHTa CyCcrneH3uto KAeToK R. gingshengii
ueHTpudyrrposasm 1-2 muH npu 14000 06/MuH (CM-150
Micro, Stegler, Kutan).

B ualky MeTpu BHocKAK No 200 MKA bakTepranbHON
cycneHauu (6aktepmu, accouMmnpoBaHHbIE C KapTOHEAEM).
Ha noBepxHOCTb arapa nomelLasm AUCKU 13 GUALTPO-
BaAbHOW Bymaru (AMameTpom 8 MM) U akKypaTHO Npo-
NUTbIBaAKU UX cynepHaTaHTom (10 MKA). KyasTUBMPOBaAK
B TepmocTaTe npu temneparype 26 °C. Yepes 2 cyTok
dUKCHpPOBaAM pa3mep 30Hbl MOAABAEHUSI POCTa BOKPYT
AMCKa B MUAAMMETPAX.

AAS MOAEAMPOBAHWA B3aMMOOTHOLLIEHWUIA POAOKOKKA C
YyBCTBUTEAbHbIM K HEMY M30AsATOM (Ne 38) n kapTopenem
in vitro pacteHus BblpalwmnBanm B TeyeHne 10 cyToK Ha
TBEPAOW nuTaTenbHon cpeae Mypacure - Ckyra (MS)
(Sigma, CLLA) c pob6aBreHnem 20 /A caxapo3bl Npu TEM-
nepatype 20-21 °C ¢ 16-4acoBbiM $OTONEPUOAOM AO
AOCTMXEHMSA UMK pa3mepa 4,2+0,1 cm. Aanee nepeHoCHAn
Ha XUAKYLo cpeay MS ans apantaumn Ha 4 pAHA. 3aTem B
cpepy pocta pobaBasam cMbiB (200 MKA) n3onata Ne 38
¢ TBepAoro araposoro cyberpata (OD = 0,2 npu AAMHE
BOAHbI 595 HM). AAUTEABHOCTb KOMHKYBaLMK COCTABASIAG
10 cyTok. KoAnuecTBo KoAnoHHeobpasytoLmnx eanHnL, (KOE)
6akTepuii B HAYaAe 3KCMO3ULUKM COCTABASIAO 10g 7 KA/MA.
BbiceB 6aKTepuin U3 3HAO- 1 PU30CPHepPbI KapTodeasa ocy-
LLECTBASIAM KaxAble 48 4. AN U3OAALMM SHAOCHEPHBIX
6aKTepuii BEPXHIO YacTb pacTeHus (2 cM) pacTupanu
B CTynke ¢ poobaBaeHHeM 90 MKA cpeabl, Aanee 10 MKA
romoreHaTa pa3BoAUAKM B cooTHoLeHMAx 1:100, 1:1000,
1:10000, 1:100000. Ha yawwky MNetpn BHOCUAKM MO 90 MKA
cycneH3un. AN oLueHKK pusocoepbl bpanm no 10 MKA
CpeAbl pocTa pacTeHUI, pa3BeAEHWE U BbICEB MPOBOAUAM
aHaAOrMYHO BblleonncaHHoMY. MOACUYET KOAOHWI MPOU3-
BOAMAM Yepes 2 CYTOK.

AAS OLEHKM BAUSAHWA cpeAbl pocTa MS pacteHui Ha
R. gingshengii n aHpochepHyto bakTeputo Ne 38, accoumu-
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poBaHHyto ¢ S. tuberosum, obe 6akTepUM KyABTUBUPOBAAK
B TeueHue 10 cyToK B AaHHOW cpepe. CMbiB BakTepwit npo-
M3BOAMAM C TBEPAOM arapnaoBaHHoM cpeabl (OD = 0,2 npu
AAMHE BOAHBI 595 HM), MHKYOMPOBAAKM B TEX XE YCAOBUSAX,
4TO U pacTeHuna kapTodens in vitro. Yepes kaxable 48 u
NPOVM3BOAMAM BbICEB KYABTYP Ha Yallku AAA noacyeta KOE.

AR NMOWCKa reHoB, KOAMPYIOLWMX BTOPUYHbIE METa-
60AWTbI, NPOBOAMAM @aHaAU3 reHoMa R. gingshengii VKM
Ac-2784D [9] B nporpamme AntiSMASH Bepcun 7.1.0 [15].

OBCY)XAEHUE PE3YNAbTATOB

Co3aaH1e KOAAEKLIMM SHAO- 1 pU30CHepHbIX BakTepUi
pacTteHur kaptopeass copta AyroBckoi. N3 obpasuos
pusocoepbl U aHAOCHEPDLI KapTodens copTa /\yroBCKOM
6bIAM BblAEAEHbI 74 BaKTepuanbHble KYAbTYPbI, U3 HUX 4
rpamMoTpuLaTeAbHbIX, 70 rpamMnoAOXUTEAbHBIX. 39 LITAMMOB
obrapanmM cnocobHOCTbIO K cnopoobpasoBaHuto. Bce
KYABTYPbI ObIAK UCMOAB30BaHbl B AAAbHENLLWX 3KCMEpPH-
MEHTax AAA OLeHKK aHTaroHnsma c R. gingshengii VKM
Ac-2784D.

AHTaroHn3m Rhodococcus qingshengii no oTHOLIEHUIO
K 6aKTeprsaM, acCoLMMPOBAHHLIM C PAaCTEHUSIMM Kap-
Todensi copta A\yroBCKo#. YCTaHOBAEHO, UTO M3 BCEX BblAE-
AEHHbIX 6aKTepHit HaMBOAEE BbICOKOW YyBCTBUTEABHOCTLIO
obArapanv 5 wWtaMmMoB (7% OT BCEX M30AATOB) C AUAMETPOM
30Hbl NOAaBAEHUS pocTa 18-22 mMm, 17 wraMmmoB (23%)
obAapann CpeAHENR BOCTIPUUMUYMBOCTBIO (AMAaMETp NoAa-
BAE€HMA pocTa - 14-18 mm), a 24 wrtamma (32%) nokasanu
cAabyto UyBCTBUTEABHOCTb. OCTanbHble 28 U30AATOB NPO-
SIBASIAM YCTOMUMBOCTbL K MeTaboauTam R. gingshengii.
OAHMM M3 Hanbonee YyBCTBUTEAbHbIX LUTAMMOB SABAAACS
rPamMnoOAOXMTEAbHbIM CNopoo6pasytoLmin U3oAAT Ne 38
(puc. 1).

Puc. 1. OueHka BAUAHUS meTaboantoB Rhodococcus
qgingshengii VKM Ac-2784D Ha n3oaat Ne 38 (K - KOHTPOAb
(cTepuabHan AMCTUAAMPOBaHHas BoAa); C — cynepHataHT
Rhodococcus qingshengii VKM Ac-2784D)

Fig. 1. Evaluation of Rhodococcus gingshengii VKM
Ac-2784D metabolites impact on isolate no. 38 (K - control
(sterile water); C - supernatant of Rhodococcus gingshengii
VKM Ac-2784D)

https://vuzbiochemi.elpub.ru/jour

MoaeampoBaHue B3anMOOTHOLIEHMH Rhodococcus
gingshengii co wrammom Ne 38 B pacteHnu kaptopeas in
vitro. Mpu MHKY6KUpoBaHuK R. qingshengii VKM Ac-2784D u
Hanbonee UyBCTBUTEALHOIO K HeMy M3oAsiTa Ne 38 B cpepe
pocTa pacTeHui kaptodensa MS 6bIno NokasaHo, uto obe
KYABTYPbI CMOCOOHBI K BbIXWBAHWUIO B AQHHOM CpeAe Kak
B CAyYae MOHOKYALTYPbI, Tak U MPU COBMECTHOM KYAbTU-
BUPOBaHUM (puUC. 2).
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Puc. 2. I3MeHeHUe KoAMYecTBa KOAOHUEOBPpa3yHOLLIMX
eAnHuL, KyabTYp Rhodococcus qingshengii VKM Ac-2784D

1 nsonsita Ne 38 B cpepe Mypacure - Ckyra:

1 - Rhodococcus gingshengii; 2 - nzonat Ne 38;

3 - COBMECTHOE KyAbTUBMpPOBaHWe Rhodococcus gingshengii
1 n3onsta Ne 38

Fig. 2. Change of the number of colony-forming units

of Rhodococcus gingshengii VKM Ac-2784D and isolate
no. 38 at the Murashige and Skoog culture:

1 - Rhodococcus gingshengii; 2 - isolate no. 38;

3 - both Rhodococcus gingshengii and isolate no. 38

Mpu 3apaxeHnn pacTeHuin KapTodensn in vitro copTa
Nyrosckow R. gingshengii VKM Ac-2784D v uzonatom Ne 38
NnokasaHo, YTo A@HHble MUKPOOPraH13Mbl He obAaaatoT
OUTOTOKCUUECKUM AENCTBUMEM Ha PaCTEHUS U NPaKTUYECKH
HEe OKa3blBalOT BAUSIHWA HA POCT pacTeHui (puc. 3).
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Puc. 3. Poct pacTteHuit kaptodeas in vitro npu KOMHOKYASILIMK
Rhodococcus qingshengii VKM Ac-2784D un nzonsatom Ne 38:
1 - KOHTPOAb; 2 - n3oAaT Ne 38; 3 - Rhodococcus
gingshengii; 4 - COBMeCTHOE KYALTUBUPOBaHWUE
Rhodococcus qingshengii n nsonata Ne 38

Fig. 3. Potato plant growth in vitro when co-inoculated with
Rhodococcus gingshengii and isolate no. 38: 1 - control;
2 - isolate no. 38; 3 - Rhodococcus qingshengii;

4 - both Rhodococcus gingshengii and isolate no. 38
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Ncenepyemble 6akTepun NPOHWKaAM B 3HAOCOHEPY
KapTodens in vitro. AanbHenlwee BbICEBAHWE KOAOHWUM
6aKTepuii U3 TKaHen KapTodeAs, 3apaxeHHbIX UMK, U
noacyet konnyectsa KOE witamma Ne 38 1M popOKOKKa
B aHAOCHEPE KapTOdeAss NMOKa3ano, UTo 3TU HaKTepuu
CNocobHbI K SHAODUTHOMY 06pa3y XMUIHU.

Mp1 COBMECTHOM KYABTUBMPOBAHWW, HauMHas ¢ 4-x
CYTOK, POAOKOKK OKa3blBaA yrHeTtatolee BO3AENCTBME Ha
n3oAaT Ne 38, KOTOpoe NPOAOAKANOCH AO 9-X CYTOK, Kak
B CpeAe pocTa, Tak U B aHAOCHepe (puc. 4, B).
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Puc 4. I3meHeHne KoAMyecTBa KOAOHWMEOHPAa3YHOLLIMX EAMHUL,
Rhodococcus gingshengii VKM Ac-2784D u nzonata Ne 38

B aHAOChEpE pacTeHn Kaptodens in vitro: 1 — n3oaat Ne 38;
2 - Rhodococcus gingshengii

Fig. 4. Change of the number of colony-forming units

of Rhodococcus qingshengii VKM Ac-2784D and isolate no. 38
at the endosphere of potato plant in vitro: 1 - isolate no. 38;

2 - Rhodococcus gingshengii

Ha 10-e cyTku koAnuecTBo KOE 6bIA0 NPUMEPHO PaBHbIM,
4YTO rOBOPUT O KOMMEHCALMOHHOM BAUSIHUM PaCTEHUA U
yCTaHOBAEHUW PABHOBECUSA B CUCTEME «paCTEHNE — UBOAAT
Ne 38 - POAOKOKK».

OnpeaereHue reHHbIX KAaCTePOB, KOAMPYHOLLMX BTO-
puuHble MeTaboanTbl B reHome Rhodococcus gingshengii
VKM Ac-2784D. YTo6bl BbISICHWTb COCTAB aHTUMUKPOOHbIX
COEAMHEHMWIA, CUHTE3UPYEMbIX POAOKOKKOM, ObIA MPOBEAEH
aHaAM3 FeHHbIX KAaCTEPOB NOAHOTO reHOMa POAOKOKKa [13]
C NOMOLLbIO MHCTPYMeHTa AntiSmash Bepcuum 7.1.0 [15].
AHaAM3 ykasblBaeT Ha HaAnume B reHome R. qingshengii
VKM Ac-2784D 8 reHHbIX KAaCTEPOB, KOAMPYHOLLMX HEPU-
60coManbHbIE NENTUACUHTETA3bl, XapaKTePHbIE AAS POAO-
KOKKOB [16], B TOM uuncae retepobakTH (100%-5 romoaorus)
N 3pUTpOoXeArH (57%-a romonorus). MNepeueHb obHapy-
XEHHbIX KAACTEPOB C YyKa3aHWeM AOAM CXOACTBA C IKCne-
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Puc. 5. IameHeHne KoAMyecTBa KOAOHNEOOpa3yroLLLMX
eanHuy, Rhodococcus gingshengii VKM Ac-2784D u usonata
Ne 38 B cpeae pocTa pacteHui kapTodens in vitro:

1 - nsonqar Ne 38; 2 - Rhodococcus gingshengii

Fig. 5. Change of the number of colony-forming units

of Rhodococcus qingshengii VKM Ac-2784D and isolate no. 38
at the growth media of potato plant in vitro: 1 - isolate no. 38;
2 - Rhodococcus gingshengii

PUMEHTAABHO MOATBEPXAEHHBIMU 06pa3LLaMu NPUBEAEH B
Tabauue. MprUCYTCTBME FTEHOB CUHTE3a SKTOMHA YKa3blBaET
Ha cnocobHOCTb BaKTepHit K OCMOPETYASILIMK (XapaKTePHO
AASI IpeACcTaBUTEAE Rhodococcus), YTo NO3BOASIET UM
aAanTMPOBAaTbCS K LUMPOKOMY CNEKTPY BHELLHUX YCAOBUM
npu ocMoTuyeckom ctpecce [17]. CUHTe3 3KTOMHa 4acTo
coyeTaeTcsl ¢ CMHTE30M Tperano3bl, COOTBETCTBYHOLLME
reHbl TakXe coAaepxarca B reHome R. gingshengii VKM
Ac-2784D, uTO ONMCaHO B OAHOW M3 HALLIMX NMPEAbIAYLLMX
nybankaumin [9)]. BoipaboTka apomMaTMyeckoro kKapoTMHOMAA
n3opeHrepaTeHa NO3BOAAET HAKTEPUM HENTPAAM30BATb
aKTVBHble GOPMbl KUCAOPOAA, NOBbILLAET GOTO3ALUMUTHbIE
CBOWCTBA M aHTMOKCUMAAHTHYK aKTMBHOCTb [18], B TOM
uncae baaropapst ero 6oAee yCTONUMBOM K YABTPADUOAETY
dopme B CpaBHEHUM C APYTUMU KapaTeHomaamu [19].
AAst 60pbObI C KOHKYPUPYHOLLMMUK BaKTepPUAMM LUTAMM
06AaAaET HEOOXOAMMBIMU CPEACTBAMM. Tak, TETPanenTUAHbIE
cnAepPOdPOpbl TMAPOKCAMATHOrO TuUna (3PUTPOXEAUH W
KO3AMXEAWMH) 3a CUET MHIMOUPYHOLLLEro AEMCTBKA NPOTUB
Bacillus, Micrococcus spp. u Pseudomonas no3BOASHOT
MOAYUYMTb MPEUMYLLLECTBO B YCAOBUAX AeduuMTa Xenesa
[20]. AHanOTMUHYIO QYHKLIMIO BbIMOAHSAET reTepobakTuH,
KaTEXOAATHO-TMAPOKCAMaTHbIM CUAEPODOP CMELLIAHHOTO
TMna. PaccmaTprBaeMblit LWTAaMM CNOCOBEH CUHTE3WPOBATb
N @aHTUOMOTUKM, TaKME KaK €-MOAWU-AU3WH, MPEACTABASIFOLLMNA
coboli HETOKCUUHbIN W Ouopasnaraemblii FOMOMOAU-

OnncaHue reHHbIX KAaCTEPOB CHHTE3A BTOPUUHBLIX MeTaboAMTOB, 0BHapyXeHHbIX B reHome Rhodococcus qingshengii

VKM Ac-2784D

Secondary metabolites gene clusters description of Rhodococcus qingshengii VKM Ac-2784D genome

Tun Knactepa HavmeHoBaHue MpOUEHT MAEHTUYHOCTHU NaeHTUdUKaTOP B Hase NCBI*

RiPP-like branched-chain fatty acids 75 MG324007

ectoine ectoine 75 MT149902

terpene isorenieratene 42 AP009493

NRPS coelichelin 27 AL645882
NRP-metallophore heterobactin B 100 LQWU01000088
NRP-metallophore erythrochelin 57 AM420293
NRPS-like corynecin lll 100 CP023720

NAPAA e-poly-L-lysine 100 LC517046

1 National Center for Biotechnology Information // Ncbi.nim.nih.gov. Pexum aoctyna: https://www.ncbi.nim.nih.gov/ (pata

obpalueHus: 21.03.2024).
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nenTMA M3 MMKPOOPraHM3MOB POAOB Streptomyces u
Kitasatospora [21].

LLinpokoe nNpumMeHeHWe pasAMYHbIX BaKTeEpPUR AAA
MHOKYAALMW pacTeHWUM KapTodensi, HECMOTPA Ha ycneL-
HOCTb MHOTMX 3KCMEPUMEHTOB [1], OCTaBAAET OTKPbITbIMU
HECKOABKO CYLLLECTBEHHbIX BONPOCOB. Bo-nepBbIX, BaXHO
NOHUMaTb, KaK AOATO MOTYT COXPaHATbCA BHECEHHbIE
B MOYBY KOMMOHEHTbl Buonpenapata, Tpebyetcs AW
nostopHaa obpaboTka B TeueHWMe MNOAEBOro ce3oHa
AO cbopa ypoxas. Bo-BTOpbIX, BbISCHUTb, MHAYLMPYET
AW buonpenapaTt cyllecTBEHHOE M3MEHEeHWe cocTaBa
MVIKpOGVIOMa noysBbl U pacTeHNA, BO3SMOXHO HEFAaTUBHOIO
CBOWCTBA (AHAAOTMYHO AMCOMO3Y Y XKMBOTHbIX MOCAE NpUEMa
AHTUOUOTUKOB MAM OBLLUMPHON UHPEKLMK). HekoTopblE
MCCAEAOBATEAU OTMEYALOT, UTO MHOKYASILMA Bronpena-
paTtoM MOXET Bbl3BaTb CABUI B COCTaBE MUKPOOHOrO
coobuiectBa pacteHur [12]. B atom cayuae HeobxoaMMO
OnpeAeAnTb, COXPaHAKTCA AU NOCAE UHOKYAALIUKN POAO-
KOKKOM B cocTaBe MUKpobHMOMa pacTeHUsA KAOUEBLIE
npeACcTaBUTEAU MUKPOBHOTO coobllecTBa.

MepBbIM LWAromM K OUEHKE BAUSAHWUA POAOKOKKa Ha
MUKPOBUOM KapTodenst CTaAu MeTareHOMHbIE MCCAEAO-
BaHWs, NPOBOAVMMbIE HAMW B paMkax NpoeKkTa Poccuickoro
HayuHoro ¢oHaa (Ne 23-26-10049). B obpasuax pusoc-
bepHOM NouBbl KapTodean npeobrapanm NPEACTABUTEAM
dunnaymoB Proteobacteria, Acidobacteria, Bacteroidetes,
Actinobacteria n Firmicutes. lpeaBapuTeAbHble AaHHbIE
TaKCOHOMMYECKOro aHaAM3a yKasblBatoT Ha To, 4To obpa-
60TKa CycneH3nen KAETOK POAOKOKKA NMPUBEAA K CHUXEHMIO
copepxanus Proteobacteria n Bacteroidetes. Hanpotus,
copepxanue Acidobacteria, Firmicutes, Verrucomicrobia
BO3POCAO. TeM HE MEHee rOBOPUTb O TOM, Kak Takow CABMI
coctaBa MUKPOOHOro coobLiecTBa BAUSIET Ha GU3UOAOTUIO
pacTeHus 1 ero NPOAYKTUBHOCTb, 6€3 G13MOAOTMUYECKOTO
NCCAEAOBaAHUA C AOCTATOUYHbIM KOAUYECTBOM CTATUCTUUECKU
ybeAUTEABHbIX AAHHbIX 3aTPYAHWUTEABHO.

Ocobblit MHTEPEC NPEACTABAAIOT MEXaHW3Mbl KOHKY-
PEHUMK, acneKTbl aHTaroHM3mMa pasHbliX LWTamMmoB [22].

M3BECTHO, YTO AMLLIb MaAast YaCcTb MMKPOOPraHM3MOB B
COCTaBe PaCcTUTEALHOrO MUKPOBMOMa MOXET BbiTb MOAYYEHA
B UMCTOM KyAbTYpE W 3auacTyto TpebyeTca nopbop cpeabl 1
0C00bIX YCAOBHWHI [23]. AaXe € yUETOM 3TUX OrpaHUUeHnin b6es
MCMOAb30BaHNA CEAEKTUBHbIX CPEA HaM YAAAOCh BbIAEAWTb
6onee 70 IHAOPUTHBIX LUITAMMOB U NMOKa3aTb, UTO MHOTM1E
M3 HWUX YyBCTBUTEAbHbI K MPUCYTCTBUIO KOMMOHEHTa 6K1O-
npenaparta R. gingshengii VKM Ac-2784D. BblpeAeHHble
LUTaMMbl BbIAWM CTPYNNMPOBaHbl MO YYBCTBUTEABHOCTU K
POAOKOKKY OT BbICOKOM (7% W30ASITOB) U cpeaHen (23%
M30AATOB) K MMHUMAAbHOM (32% M30AATOB) U HYAEBOW, T.€.
PE3NCTEHTHOCTM (28% M30AATOB). ONPEeAEAUB B AGAbHEWLLEM
B 06LLEeM MUKPOBMOME AOALD YyBCTBUTEAbHBIX LLUTAMMOB,
MOXHO Trpybo OLEHUTb U3MEHEHUE WX OTHOCWUTEAbHOW
NPeACTaBAEHHOCTU nocae 06paboTku BuonpenapaTom.
M3 rpynnbl BEICOKOUYYBCTBUTEABHbBIX LUITAMMOB AASt UCCAEAO-
BaHMWS aHTaroHM3ma bbin BblbpaH n3oaaT Ne 38. 3apaxeHue
pacTeHui kapTodens in vitro POAOKOKKOM M M30AATOM Ne 38
He BbIABUAO PUTOTOKCUUYHOIO adppeKTa - AOCTOBEPHOTO
M3MEHEHWA POCTa PacTEHUI HE MPOUCXOAMAC. AanbHeNLWas
COBMECTHasA KYAbTMBaLMA 3TUX BaKTEPUI (POAOKOKKA U
n3onsta Ne 38) B cocTaBe pacTEHUSI MOKA3aAa, UTO U3OAAT
Ne 38 coxpaHsieT YyBCTBUTEABHOCTb K POAOKOKKY AGXE B
TaKWUX YCAOBUSAX. AASt 60PbObI C KOHKYPUPYHOLLIMMK Hak-
TEPUAMU LITaMM 0B6AAAAET HEOOXOAMMbBIMU CPEACTBAMM:
CUHTE3MPYET aHTUOKCHUAAHTHbIE, aHTUMUKPOOHbLIE COEAM-
HeHus 1 cnpepodopbl.

3AKAKOYEHUE

Pe3yAbTaTbI NPOBEAEHHOIO NCCAEAOBAHNA NOKa3blBalOT,
uto buonpenapar R. gingshengii VKM Ac-2784D cnocobeH
OKa3blBaTb MOAYAMPYIOLLEE AEMCTBME Ha KOMMOHEHThI
MUKpoBHOMa KapTodess, PUTOTOKCUUHOWM aKTUBHOCTH MO
OTHOLLEHUIO K KapTOPEeAo He BbIABAEHO. [peacTaBUTEAN
OCHOBHBbIX 6aKTepma/\be|x TAaKCOHOB COXPaHAKTCA B
MVIKpOﬁVIOMe, XO0TA UX AOAA MEHAETCA NO CPaBHEHUIO C
KOHTPOAbHbIMK 06pasuamu.
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OU3UKO-XUMUYECKAA BUOAOTUA
HayuHas ctaTtbf —
EDN: ZTSNWI
DOI: 10.21285/achb.949

BAusiHMe meToAa Ccy-BUA U pepMeHTaTUBHOM
pecTPYKTYpU3aLuU MblLLEeYHOM TKaHU MaKpypyca MaAoOrAna3oro
Ha ¢opMUpOBaHUE KaueCcTBa roTOBOW NPOAYKLUM

T.H. NMuBHeHKo™, KO.M. Mo3aHAKoBa, E.M. MaHuuwuHa, P.B. EcuneHko

AanAbHEBOCTOYHbINM rOCYAaPCTBEHHbIN TEXHUUYECKUH PbiOOX03SIMCTBEHHbIN YHUBEPCHUTET,
BhraamnBocTtok, Poccurickas ®eaepaums

AHHOTaumsA. LleAb NPOBEAEHHOro UCCAEAOBAHUS 3aKAOYaAach B 000CHOBAHMM TEXHOAOM MM NepepaboTku yO0KOBOAHOIO
06beKTa NpoMbicAa TUXOOKEaHCKOro bacceriHa — Makpypyca MaAoraa3oro — Ha OCHOBE METOAA CYy-BUA U pepMeHTa-
TUBHOM PECTPYKTYPU3ALIMU MbILLIEYHOMN TKaHW. BbiAn onpeasereHbl PU3MKO-XMMMHUYECKME CBOMCTBA MbILLIEYHON TKaHM Ha
pasAMYHbIX CTaaMsax 06paboTKU, MUBMEHEHMST PPaKLMOHHOIO cocTaBa 6eAKOB, MPOBEAEHO CPABHEHWE NPeAraraeMon
TEXHOAOTMU U TPAAMLIMOHHbIX CTOCOB0B TEPMO0OPaBbOTKM; ONPEAEAEHBI PaLIMOHaAbHbIE NapaMeTPbI NpoLecca, M3yHeHa
CTabuAbHOCTb FOTOBOM MPOAYKLIMM MPU XPaHEHMM M MoKa3aTeaun ee 6e3onacHocTy. [TokasaTeaun kadecTBa rpu 06paboTke
pasAMyHbIMK criocobamm (Bapka B Boae, 06paboTka napom 1 Cy-BUA) OTPA3MAM CHUXEHNE MAOTHOCTH, paspyLUeHHe
CTPYKTYPbl MbILLEYHOMN TKAHW U yTPATy MNOTPEOUTEABCKON NPHUBAEKATEABHOCTHY FOTOBOIO NMPOAYKTa BO BCEX CAyYasX. [pu
06paboTKe METOAOM CYy-BM/ TEXHOAOTMYECKUE NOTEPU ObIAM CYLLIECTBEHHO MEHbLLIMMM, YTO COOTBETCTBOBAAO MEHbLLIEHN
cTeneHn aAeHatypaummu beaka. AAsT AOCTMXEHUST HEOOXOAMMbIX oKa3aTeAer kadecTBa bbina NPOBEAEHa NpeABapU-
TeAbHas PECTPYKTYpMU3aLMsI MblLLIEYHOM TKaHW MaKpypyca C WCOAb30BaHMEM TPAHCIAyTaMuHa3bl AAS GOPMUPOBaHUS
CLUMBOK MEXAY MOAEKyAaMM BeAKa. AOMOAHUTEAbHBIMM CybCTpaTamm, YCUAMBAIOLLIMMM MOAMMEPU3ALIMIO IHAOTEHHbIX
6EAKOB, CAYXHAM XEAaTMH U AaKTat XuTo3aHa. [pOoAYKTbl COXPaHAAM LIEAOCTHOCTb CTPYKTYPbI MPU MOBLILLIEHUN ee
MPOYHOCTH. PacCMOTPEHO BAUSIHME TPaHCIAYTaMUHa3bl Ha CBS3bIBaHWE CapKONAa3MaTUYECKMX U MUOPUOPUAASIDHBIX
6eAK0oB ¢ 06pa3oBaHUEM BbICOKOMOAEKYASIPHBIX KOHbOratoB. [py MOPO3UABHOM XpaHEHUM 06pa3LoB B TeHEHUE
6 MECSILIEB CYLLECTBEHHbIX MU3MEHEHUM PUINKO-XUMMYECKMUX NOKa3aTEAEN, BKAOUYAsH CTENEHb AeHaTypaLmn 6eAka m
MPOYHOCTb FOTOBOrO MPOAYKTa, HE OTMEYEHO. 3a Nepuos XxpaHeHUsI AASl BCeX 06pa3Li0B MUKPOOHas KOHTaMUHaLMS HE
npessiwana 10? KOE/r. AobaBAeHUe AaKTaTa XMTO3aHa 3HAYUTEAbHO CHU3UAO POCT MCUXPOPUAbHBIX MUKPOOPraHU3MOB.

KaroueBble CAOBa: Cy-BUA, TPAHCIAYTAMUHA3a, XEAaTUH, XUTO3aH, MakpypyC MaAOrAa3bii

Ans uutupoBaHus: NMueHeHko T.H., Mo3aHskosa H0.M., MaHunwnHa E.M., EcuneHko P.B. BAusiHME metoaa Cy-BUA U
bepMeHTaTUBHON PECTPYKTYPU3aLMKN MblLLIEUYHOM TKAHM MaKpypyca MaAOrAa30ro Ha GopMUpoBaHMe KauecTBa roTOBOM
NpoAyKUMK // N3BecTua By30B. MprukaaaHasa Xumusa 1 bruotexHonorus. 2024. T. 14. N 4. C. 586-595. DOI: 10.21285/
achb.949. EDN: ZTSNWI.

PHYSICOCHEMICAL BIOLOGY
Original article

Effect of the sous-vide method and enzymatic
rearrangement of giant grenadier muscle tissue
on the quality of finished products

Tatyana N. Pivhenko™, Julia M. Pozdnyakova,
Ekaterina M. Panchishina, Roman V. Esipenko

Far Eastern State Technical Fisheries University, Vladivostok, Russian Federation

Abstract. The conducted study was aimed at validating a technology for processing a deep-sea fishing species of
the Pacific Basin (giant grenadier) using the sous-vide method and enzymatic rearrangement of muscle tissue. The
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physicochemical properties of muscle tissue at different processing stages were determined, as well as changes
in protein fractions; the proposed technology and conventional heat treatment methods were compared; rational
process parameters were established; the stability of finished products during storage and their safety characteristics
were analyzed. With the use of different processing methods (cooking in water, steam treatment, and sous-vide),
the quality indicators reflect a decrease in density, destruction of the muscle tissue structure, and loss of consumer
appeal of finished products in all cases. For the sous-vide method, the process losses were significantly lower, which
corresponded to a lower degree of protein denaturation. In order to achieve the required quality indicators, giant
grenadier muscle tissue was preliminarily rearranged using transglutaminase to form cross-links between protein
molecules. Gelatin and chitosan lactate served as additional substrates, enhancing the polymerization of endogenous
proteins. The products maintained their structural integrity with an increase in strength. The paper examines the effect
of transglutaminase on the binding of sarcoplasmic and myofibrillar proteins with the formation of macromolecular
conjugates. With six-month freezer storage of samples, no significant changes in the physicochemical parameters
were observed, including the degree of protein denaturation and the strength of finished products. During storage,
microbial contamination did not exceed 10? CFU/g for all samples. The addition of chitosan lactate significantly
reduced the growth of psychrophilic microorganisms.

Keywords: sous-vide, transglutaminase, gelatin, chitosan, giant grenadier

For citation: Pivnenko T.N., Pozdnyakova J.M., Panchishina E.M., Esipenko R.V. Effect of the sous-vide method and
enzymatic rearrangement of giant grenadier muscle tissue on the quality of finished products. Proceedings of Univer-
sities. Applied Chemistry and Biotechnology. 2024;14(4):586-595. (In Russian). DOI: 10.21285/achb.949. EDN: ZTSNWI.

BBEAEHUE

B HacToflLee BpemMs 3HAUMTEABHO BO3POC MHTEpEeC
K NPOAYKTaM, MPOLUEALIMM MWHUMAaAbHO AOMYCTUMYHO
TEnAoBYHo 06paboTKy, B NPOLECCE KOTOPOI COXPaHAIOTCS
HaTUBHbIE CBOMCTBA UCXOAHbBIX NMUTATEAbHbIX KOMMOHEHTOB.
B HanboAbLLEN CTENEHU 3TO OTHOCUTCA K MUODUBPUA-
ASIPHbIM 6eAkaM MbILLEYHON TKaHW, OMPEAEASHOLLUM
NMULLEBYIO LEEHHOCTb M OpraHoOAenTMYecKUMe CBOMCTBa
MSACHbIX U PbIOHbIX MPOAYKTOB. MakcrManbHOe coxpa-
HEHWE WMCXOAHOM CTPYKTYpPbl M CBOWCTB COOTBETCTBYET
TpeboBaHUAM COBPEMEHHbIX NOTPEOUTEAEN, CTPEMSALLIMXCS
K 3A0pOBOMY 06pasy XM3HW U NUTaHus. OAHOBPEMEHHO
TEXHOAOTUU LLLAAALLEN/MATKOM 06paboTKK BbIrOAHbI U AAS
NPEANPUATUI NMULLEBON NPOMBILUAEHHOCTH, TaK Kak NpeAAa-
raemoe coBpemMeHHoe 060pyAOBaHKUE, AOCTATOUYHO AETKoe
B 3KCMAyaTauuu, obecneuymBaeT ObICTPOTY NPUrOTOBAEHHUS
NpPU COBAOAEHWMW BbICOKOW CTENEHU TUMMeHbI. K LaASLLMM
MeToAaM 06paboTKM NULLEBLIX MPOAYKTOB OTHOCST Cy-BUA
(oT ¢p. sous-vide - «noA BaKyyMOM»); OMUUYECKUI Harpes,
paaMoYacToTHbIM HarpeB, K9Y-texHonoruu; LN-LN-TexHo-
Aorun 1 apyrue [1-3]. Hamboabluee pacnpocTpaHeHue
npuobpeTaeT TEXHOAOTUS CY-BUA, MPWU KOTOPOK XeraeMas
CTeneHb roTOBHOCTU AOCTUraeTcs NyTeM NPUroToBAEHUS
NPOAYKTOB NPU KOHTPOAUPYEMbIX YCAOBUSAX TEMMEPATYPbI
M BPEMEHU B TEPMOCTOMKMX BaKyyMUPOBaAHHbIX NaKeTax
6€3 HEMOCPEACTBEHHOIO KOHTaAKTa C TEMAOHOCHUTEAEM,
neperpesa u 06BoaHeHUs [1, 3]. BakyymHasi repmeTu-
3auma obecrieunBaeT aGPEKTUBHYIO Nepepady Tenaa ot
BOAbI/Napa K NPOAYKTaM, UCKAOUYAET PUCK NMOBTOPHOIO
3arpasHeHnst Npu XpaHeHWu, NPENATCTBYET OKUCAEHUIO,
COXpaHSAET AeTyuMe BKycOOpa3ylolinMe KOMMOHEHTHI,
YMEHbLLAET POCT al3pobHbIx bakTepuit [4-6]. AaHHas
TEXHOAOTUSI NEPBOHAYAAbHO BbIAG NPEANOXEHA U anpo-
6upoBaHa Ha MSICHOM CbIpbe, MO UCMOAb30BAHUIO €€ B
pbibonepepaboTke UMEOTCS AULLb HaYaAbHbIE CCAEAO-
BaHWA AASI OTAEAbHbIX BUAOB pbib [7, 8].

CeHcopHbIE CBOMCTBA PbIOHbIX MPOAYKTOB ONPEAEAAOTCA
OUBUKO-XUMUUYECKUMU MBMEHEHUSIMU MbILLEYHON TKAHK
pbl6, OCHOBHLIMW KOMMOHEHTAMW KOTOPOW SBAAIOTCSA
MUOOUBPUAAAPHBIE BeAkUn. B cBSA3K ¢ 3TUM npeobpaso-
BaHWA, MPOUCXOAALLME C BEAKAMMU, ABAAIOTCA BaXHbIMU
acnektamuM MUCCAeAOBaHWM AN 0BOCHOBAHUSA HOBbIX

https://vuzbiochemi.elpub.ru/jour

TEXHOAOTUI. MIcnoAb30BaHHbIN B NpeanaraemMon pabote
MaKpypyc Manoraasbiii Albatrossia pectoralis npUHaANEXUT K
ceMeicTBy raybokoBOAHbIX pbib Macrouridae, pOACTBEHHbIX
TpeckoBbiM Gadidae. BoAbluMe NPOMbICAOBbLIE 3anachl
W pa3BuTME TAYDOKOBOAHOIO MpomMbicAa obecneunsBatoT
BO3MOXHOCTH AASt €70 MaCCOBOI0 BbIAOBA U NOTPEeBAEHUS.
AaHHbIN BUA Pblb XapaKTepr3yeTca XOPOLIMMU BKYCOBbIMM
KauyecTBaMM, NMOAHOLEHHbIM COCTAaBOM @aMWHOKUCAOT U
HU3KMM COAEPXaHWEM AMMUAOB. B TO e Bpems BbiCoKas
cTeneHb 06BOAHEHHOCTU MblLLEYHOM TKaHW (boree 90%)
ONPEAEASIET CAOXKHOCTb €ro 06paboTKH, MPUBOANT K BOABLLM
TEXHOAOTMUYECKMM NOTEPAM U HEOOXOAMMOCTH MOMCKA NPU-
eMAEMbIX TOBApHbIX GOPM roToBOM NpoAyKUmu [9]. BaxHo
OnNpPeAeArTb HEOBXOAMMbBIE M AOCTATOUHbIE PEXWUMbI TEMAOBOM
06paboTKK MaKpypyca ManorAa3oro. C aToi TOUKKU 3pEHUS
TEXHOAOTMS Cy-BMA criocobHa obecneynTb MMHUMaAbHOE
BO3AEWCTBME Ha BeCbMa AabUAbHbIE BEAKM MbILLIEYHOW TKaHK
MaAOrAa30ro AOArOXBOCTa, Kak eLLe Ha3blBalOT Makpypyca.
Cy-BWA MOXHO KOMBUHUPOBATL C APYTMMU TEXHOAOTUAMM,
B TOM YMCAE MOTYT BbITb UCMOAL30BaHbI NPUEMbI, paHee
NPEANOXEHHbIE HAMK, @ UMEHHO PECTPYKTYPMU3aLLMSA NOA
AencTBMEM GEPMEHTHOrO NpenapaTta TPaHCrAyTaMnHa3bl,
uTo 0becneunBaEeT CoNOAMMEPU3aLMIO MUO3UHA U AOMOAHM-
TeAbHO BBOAMMbIX NULLEBbIX cybcTpaTtoB [10]. MoAyyeHHbIe
pe3yAbTaTbl MO3BOASIT YBEAMUUTH 0ObEMbI NEPEePaboTKu u
noTpebAeHMsA 3TOr0 CAOXHOIO B TEXHOAOTMUYECKOM NAAHEe
06bEKTA, a TakXe BbIABUTb BUOXMMUUYECKME MEXAHU3MbI
NPOTEKAIOLLMX NPOLLECCOB.

LleAbto AaHHOTO MCCAeAOBaHUS ABUAOCH 060CHOBaHUE
KOMOWHMPOBAHHOW TEXHOAOTMKU 0BPabOTKM MbILLEYHOM
TKaHW MaKpypyca MaAOrAa30ro, BKAKOUALOLLLEN HU3KOTEM-
nepaTypHyto BakyyMHyto 06paboTky 1 GepMeHTATUBHYHO
PECTPYKTYpU3aLMIO, U3yYEHNE U3MEHEHWUIM MbILLIEYHbIX
6eAKOB Ha pa3AWYHbIX CTaAMsIX 06paboTKK, a TaKXe UccAe-
AOBaHWe 6e30MacHOCTH NMOAYUYEHHbIX MPOAYKTOB.

OKCNEPUMEHTAABHAA YACTb

O6BEKTOM UCCAEAOBAHUI CAYXXMA TAYOOKOBOAHbBIN BUA
pbl6 Makpypyc Manoraasbiii Albatrossia pectoralis (nanee
Makpypyc). AAs UccaepoBaHKUA Bpann 3aMOPOXEHHbIE
00pa3Libl CPOKOM XpaHeHUa 6-8 mecsiLeB. AAS depMmeHTa-
TUBHOW PECTPYKTypu3aumu npumeHsiam npenapat ACTIVA®
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TG-TI (Ajinomoto Co., Inc., AnoHus). B kauecTBe AOMNOAHK-
TeAbHbIX CyOCTPATOB MCMNOAb30BaAU MULLEBOW XeAaTUH
(TOCT 11293-89%) 1 AaKTaT XMT03aHa, MPUrOTOBAEHHbIN
B AaBopaTopHbIX YCAOBMSX. AAS MPUTOTOBAEHUS AaKTaTa
XMTO3aHa HaBECKY BbICOKOMOAEKYAAPHOMO XUT03aHa («dap-
MOyuieHAab», Poccusi) pactBopsian B 0,3%-1 yKCYyCHOM
KMCAOTE Npu cooTHoLLeHun 1:100 (macca/o06bem). K nony-
yeHHoMy pacTBopy pobaBasian 10%-1 NaOH npu 06beMHOM
cooTHouleHnn 1:50. O6pa3oBaBLIMIACA OCAAOK OTMbIBAAU
AVCTUAAMPOBAHHOM BOAOW. K nepeocaxAeHHOMY XMTO3aHy
AOBABASIAM AMCTUAAMPOBAHHYIO BOAY. 3aTeM BBOAUAM 5%-yt0
MOAOYHYH KMCAOTY NPU NOCTOAHHOM MepeMeLLMBaHNH,
AOBOAS pH pactBopa Ao 5,5. Npu Takom 3HaveHuu pH
XWUTO3aH NEPEXOAMT B MOAMKATUOHHYIO GOPMY AaKTaTta u
pacTBOPSETCH B BOAE.

MpeaBaputenbHas 06paboTka pbibbl BKAIOUYAAG Pas3-
MOpaxunBaH1e, yAaAEHWE Yelllyr, Paspenky Ha duae ¢
KOXeW, MOWKY, CTEKaHWe, NopUMOHMpoBaHue. AAS ycTa-
HOBOYHbIX 3KCMEPUMEHTOB BbIAW NPUTOTOBAEHBI 06pa3Libl
dune pasmepom NpuMepHoO 5x5 cm 1 Maccon okono 50 T.
A depMeHTaTUBHOM 06paboTKM MCNOAb30BaAK dapLL.

AN BaKyYMHOW yNakoBKW MCMOAb30BaAM apMMpPO-
BaHHbIE TPEXCAOMHbIE PYAOHbI AASI CY-BUMA Mapku Caso
MAOTHOCTbIO 115 MKp. TepMuUeckyto 06paboTKy NPOBOAUAK
Ha BOASIHOM BaHe.

CteneHb AeHaTypaLUMOHHbIX U3MEHEHUI BEAKOB NpU
TepmMuyeckon 06paboTKe COOTBETCTBYET WM3MEHEHUIO
CNocoObHOCTU MUODUOPUAASPHBIX DEAKOB PAcTBOPATHCS
B CTAHAQPTHbIX COAEBbIX pacTBOpPax. KOAMUECTBEHHOE Bblpa-
XEHWe CTeneHn AeHaTypaLmm (B NPOLEHTAX) pacCunTbiBaAK
MO OTHOLWIEHMWIO pa3HWLbl MaccoBON AOAM BEAKOB AO U
nocae TepMmuyeckor 06paboTkn K ee UCXOAHOWM BEAUYMHE.
M3meHeHUs Maccbl 06pa3LoB (TakXe B NPOLEHTax) Npu
TEenAoBoi 06paboTke onpeAensiAu Kak COOTHOLLEHUE MacChl
obpasua Ao 1 nocae 06paboTKu.

AAS onpeAeneHUst PEOAOTMUYECKMX MOKa3aTeAer UCTOAb-
30BaAM TEKCTypoMeTp Bpykduabaa TextureProCTV 1.8 cbopka
31, 30HA TA 18. i3amepsian caepytoLLMe NoKasaTeAun: Npou-
HOCTb, H; TBEPAOCTb, I; MAACTUYECKYIO AedopMaLmio, MM;
ynpyryto AebopmaLmto, MM; BOCCTAHOBUMbIN Pabounii LMKA,
mJ; aAre3MOoHHY0 CNOCOBHOCTb, MJ; KOAGOULMEHT YNPYroCTy.

OpraHoAenTUYECKYHO OLEHKY KauecTBa rOTOBOM MPOAYKLMM
NPOBOAWAM C UCMOAb30BAHUEM KOAMUYECTBEHHOIO OMu1ca-
TEAbHOI0 aHaAu3a ¢ NPUMEHeHUeM BaAAbHOW LLKaAb! [9].

AnekTpodopes npoBoanAn B 10%-M noOAMAKPUAGMUAHOM
rene B NPUCYTCTBUM AOAELIMACYAbDATA HATPWA, HaNpsXeHWe
220 B, Tok 10 MA, mowHocTb 2,5 BT, Temnepatypa 15 °C.
Okpawwnsanun naactHkn 0,01%-m pactBopomMm Kymaccu
G-250. Ansi akeTpakumm 0,5 r U3MeAbYEHHON MbILLEYHOM
TKaHW 3aAnBanr 2 MA 2%-ro pactBopa AOAELMACYAbdaTa
HaTpus, yepesd 30 MUH LeHTpUPyrpoBanm 15 MUH npu
12000 06/MuH, otbupanmn 0,25 Mma pacTBopa, A0OaBAAAK
1,5 mA 0,5 M Tpuc-HCI 6ydepa (pH 6,8), HarpeBaau npu
95 °C 1 dpUAbTPOBaAK. MOAEKYASPHYHO Maccy BeAKOB onpe-
AEAAAU MO KaAMBPOBOYHOMY rpaduKy, MOCTPOEHHOMY B
KOOpPAMHATaXx 3aBUCUMOCTH Rf OT MOAEKYASIPHOM MacChl
Mo 3HAYEHMAM, COOTBETCTBYHOLLMM MapKepHbIM beakam:

8,12, 20, 30, 45, 60, 100, 220 kAa (Habopbl Sigma-Aldrich,
CLLUA). AeHcuTorpammbl CHYUMaAK Npy NOMOLLM NPOrpaMmbl
Image J ara Windows (Wayne Rasband).

OueHKY MUKPOBUOAOTMUECKMX MOKA3aTEAEN: KOAUYECTBO
Me30(PUAbHbIX a3PO06HbIX U haKyAbTATUBHO aHa3POOHbIX
MWKPOOPraHW3MoB, a Takxe MUKPOOPraHM3MOB NOpUM
(APOXXM M MAECHEBbIE TPUbbl) ONPEAEAAAN COFAACHO
TP EASC 040/20162.

AAS BbIAEAEHUSI TCUXPOPUABHBIX MUKPOOPTraHU3MOB K
HaBeCKke U3MeAbYeHHOro 0bpasLia A0baBASAAM GU3PACTBOP B
cooTHowweHnn 1:9. Aanee rotoBUAM PsiA MOCAEAOBATEAbHBIX
10-KpaTHbIX pa3BeAeHUi. PazaBepeHUst NEPEHOCHAKN B YaLLIKK
MeTpu, 3aAMBaAK pbibonUTaTeAbHBIM arapom, MHKY61poBaAn
npu temnepartype 5, 20 n 36 °C B TeueHne 10 pHen.
MoaCUYET KOAOHUI NPOBOAMAM B TEX YalliKaX, B KOTOPbIX
BbIpocAo oT 30 Ao 300 KOAOHUI. KOAMYECTBO MUKPOOP-
raHWM3MOB B 1 I NPOAYKTa BbIYUCASIAU NYTEM YMHOXEHMS
CcpeAHeapUPMETUUYECKOTO YNCAA KOAOHUI Ha pa3BEAEHUE
HaBECKU U AEAEHMEM Ha KOAMYECTBO MOCEBHOro Mare-
puana, BHECEHHOIO B YallKYy.

OBCY>XAEHUE PE3YAbTATOB

AASt HAUaAbHbIX 9KCNEPUMEHTOB UCMOAb30BAAU dUAE
MaKpypyca pasmepom okono 5x5 cm ¢ maccoit 50 r. 06pasLbl
NMOMELLAAW B MaKeTbl, BaKyyMWPOBAAW U BbIAEPXMBAAW NPK
3apaHHOM pexume. Temnepatypa 06paboTkM cocTaBuAa
60 °C, NPOAOAKMUTEABHOCTL 06paboTKM — 30 MUH. Bbibop
AAHHbIX NOKa3aTeAen ObiA 060CHOBaH pe3yAbTaTaMu Mpo-
BEeAEHHbIX paHee uccaepoBaHui [11]. 06pasLbl AN BapKK
B BOAE M 06paboTKK MapoM NOATOTABAMBAAM aHAAOTUYHbIM
o0bpa3oM A0 cTapnM TepmoobpaboTku. Bapky B Boae Npo-
BOAMAM NpK 96+2,0 °C B TeueHne 10-12 MuH, 06paboTtky
HaCbILWEHHbIM BOASHbIM nMapoM - npu 98+2,0 °C B TeueHune
10-12 muH. Mo 3aBepLieHnn TepmoobpaboTKu NakeTbl C
pbIB6OI OXAaXAaAK, MPOBOAWAM 3aNAAHUPOBAHHbIE UCCAE-
AOBaHWS UAV 3aMOPaXMBaAK AAS AAABHENLLETO XPaHEHWS.

OTAMUMST CEHCOPHbIX XapaKTEPUCTUK AAS 06pasLoB
duAe Makpypyca He ObiAM BblpaxeHbl NPy PasAnUHbIX
cnocobax 0bpaboTku: Bapke B BOAe, 06paboTke npwu
MOMOLUM Mapa M TEXHOAOTMMU Cy-BMA. Bo Bcex cayyanx
HabAIOAAAM 3HAUWUTEABHOE OTAEAEHME BOAbI, CHUXEHUE
MAOTHOCTH, pa3pyLUEHUE CTPYKTYPbl MU yTpaTty notpebu-
TEAbCKOM NPUBAEKATEABHOCTH FOTOBOIO NPOAYKTA. CHUXEHWE
BpeMeHU 06paboTK1 NpK NOMOLLM TEXHOAOTUK Cy-BUA OT
30 A0 10 MMH He AANO CYLLLECTBEHHbIX OTAUYMI B PEOAO-
TMYECKMX M CEHCOPHBIX NoKa3aTeAdx. OAHAKO TEXHOAOT -
ueckue NnoTepu NP UCNOAb30BaAHUN METOAA CY-BUA ObIAK
MEHbLLMMU, YeM NPU APYTMX BUAAX 06paboTku (puc. 1).
B cBfA3K C 3TUM AAA AAAbHEWLLMX UCCAEAOBaAHWUI Bbina
BblbpaHa NPOAOAXKWUTEABHOCTb 06PaboTKK NPK MOMOLLM
TEXHOAOTMK cy-BUA 10 MUH.

B 3TMX yCAOBUSAX MUODUOPUAAAPHBIE BEAKM MbILLEYHOW
TKaHW Makpypyca MeHee BCEro NOABEPXEHbI TEPMOAEHA-
TypaLmK, NO3TOMY COXPaHSAIOT CMOCOBHOCTb K CBSI3bIBAHUIO
60AbLLErO KOAMYECTBA BOAbI (pUC. 2).

B aTMX xe ychoBuAX Npu 06paboTke METOAOM CY-BUA
peoAorMyeckue nokasatear o6pasLoB NPaKTUYECKU He

1TOCT 11293-89. XenatuH. TexHuueckue ycroBus // Docs.cntd.ru. Pexxum poctyna: https://docs.cntd.ru/document/1200023164

(pnaTa obpalueHus: 17.03.2024).

2TP EASC 040/2016. TexHUuecKkuii pernamMeHT EBpasmMiMcKoro aKoHOMUUYecKoro cotosa «O 6e30macHOCTU pbibbl U PbIOHOM
npoaykuun» // Docs.cntd.ru. Pexum poctyna: https://docs.cntd.ru/document/420394425%ysclid=m4hyb4ekx326852996

(AaTa obpalteHua: 12.07.2024).
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Puc. 1. AMHaMKKa TEXHOAOTMUYECKUX NOTEPL MpK 06paboTke
MakKpypyca MeToAOM cy-BuA npu 60 °C (Toukamu 0603HauUEHbI
notepu Npu Apyrux cnocobax TepmoobpaboTki)

Fig. 1. Dynamics of technological losses during giant
grenadier processing by sous-vide at 60 °C (points indicate
losses at other methods of heat treatment)
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Puc. 2. AvHamMmuKa AeHaTypaLMOHHbIX U3MEHEHWIM

MUOGUOPUAAAPHBIX BEAKOB MbILLEYHOM TKAHWU Makpypyca npwu
06pabotke MeToAOM cy-BUA Mpu 60 °C (Toukamu 06o3HaueHa
cTeneHb AeHaTypaumu Npu Apyrux MeTopax TepmoobpaboTkm)

Fig. 2. Dynamics of denaturation of the myofibrillar proteins
of the giant grenadier muscle tissue during sous-vide
processing at 60 °C (points indicate the degree of
denaturation at other methods of heat treatment)
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Puc. 3. MI3meHeHUs1 NPOYHOCTM MblLLEYHON TKAHW MaKpypyca
npu 06paboTke METOAOM Cy-BWA Mpn B0 °C (Toukamu
0603HauUeHa NPOYHOCTb NPU APYrUX METOAGX TEPMO0DBPaBOTKM)
Fig. 3. Changes in the strength of the giant grenadier muscle
tissue during sous-vide processing at 60 °C (points indicate
strength with other heat treatment methods)

U3MEHSAANCH, HO BbIAM 3HAUUTEABHO HUXE, YEM MPU APYTHX
cnocobax 06paboTku (puc. 3).

Mo Mmepe yBeAnueHusa BpeMeHn 06paboTku METOAOM
CYy-BUA ObIA OTMEYEH HE3HAUWUTEAbHbIN MPUPOCT APYTMX
PEOAOTMUYECKMX NOKa3aTenel (TBEPAOCTH, YNIPYTOCTH U Ap.).
UCKAlOUEHWEM SIBUAGCb aAre3MBHOCTb, MOKa3aBluas
TEHAEHLIMIO K CHUXEHUI. HanboAee NpoUHbIMU U yNIPYTUMK
6blAM 06pa3LLbl, OTBAPEHHbIE B BOAE, YTO TEM HE MeHee
He obecneynBano COXPaHEHUsT UX LEAOCTHOCTM.

MoAyyeHble AaHHbIE NO3BOASOT FOBOPUTbL O TOM, YTO
BCE MCMOAb30BaHHbIE METOALI HE 0becneymBaroT Heob-
XOAMMBbIX MOKasaTeAei kauectBa npu obpabotke duae
MaKpypyca. B cBsi3u ¢ 3TUM panbHENLLIME SKCNIEPUMEHTDI
OblAM HanpaBAEHbI Ha NpPeABapUTEAbHOE obecrneyeHune
PECTPYKTYpPU3aLMM MbILLEYHOW TKaHW Makpypyca c
MCMNOAb30BaHWEM TPAHCIAYTaMUHa3bl AN GOPMUPOBAHUSA
KOBAAEHTHbIX CLUMBOK MEXAY OTAEAbHbIMWU MOAEKYAGMMU
6enka [12-14]. 3T1 CLUIMBKK MOTyT 06pa30BbIBaTbCs Kak
MeXAY MOAEKYAAMW aHaAOrMUHbIX BEAKOB (Hampumep,
MWO3WMHOB), TaK U MEXAY Pas3AMuHbIMU BeAkamMu, B TOM
yncAe BBOAMMBIMU U3BHE (HanpuMep, KOAAGreHOM MAK
Ka3enHom). [poBeAEHHbIE paHee NCCAEAOBAHUA NOKasan
3G PEKTUBHOCTL NPUMEHEHUA PA3AUYHBIX CNeLUOUUHbIX
AN TPAHCTAYTaMUHA3bl CyOCTPATOB C LEABIO PECTPYKTY-
pU3aUMKU MbllLIEYHON TKaHW Pblb. Cpean HUX Hanboree
3G EKTUBHBIMU ObIAK XEAATHH, KA3EUWH, @ TaKXe PacTBO-
pUMble NPOM3BOAHbIE XMTO3aHa [14-16].

B HacTosALwee Bpems BONpockl 6€30MacHOCTH UCMOAb-
30BaHUA npenapaTtoB TpPaHCIAyTaMWHa3bl B MULLIEBOM
NPOMbILUAEHHOCTM HE UMEKOT OAHO3HAUYHOMO PELLEHMS.
BOABLUMHCTBO Hay4HbIX MCCAEAOBAHWM MOATBEPXAAET
OTCYTCTBME PEAKLMOHHOIO AEUCTBUA 3TOro depmeHTa B
NPOAYKTax nocae Tepmuyeckor obpabotku [2, 12, 14].
CoraacHo noctaHoBAeHUO EBponenckoro MNMaprameHTa
n Coseta Ne 1169 ot 25 oktabpsa 2011 roaa, TpaHCrAy-
TaMUWHa3bl ABASIOTCA BCMNOMOraTeAbHbIM BELLECTBOM, HE
MCMOAHSAOT TEXHOAOTMUYECKOW GYHKLMM B KOHEYHOM MPOAYKTE,
NO3TOMY MX HE CAEAYET YKa3blBaTb HA STUKETKE B MEPEYHE
KOMMOHeHTOBS. YnpaBAeHWe Mo CaHUTapHOMY HaA30pY 3a
KauyeCTBOM MULLEBbIX MPOAYKTOB U MearKameHToB CLUA
(@HrA.: Food and Drug Administration, FDA) onpeaeArao,
4TO, COFAACHO BbIBOAGM HAyUYHOM rpynnbl 3KCNepToB, Npe-
napart TpaHcrayTamuHasbl Activa npusHaH 6e3onacHbiM
(umeert ceptudukat GRAS - Generally recognized as safe /
061LLenpr3HaHHbIN Kak 6e30nacHbIN) AN UCNOAb30BaHMUSA
B MPOAYKTaX, KOHTPOAMpPYeMbIx FDA, BKAKOUAA NPOAYKThI
M3 Msica, NTULbI U Pblbbl, Cbipbl, HOTYPT, 3aMOPOXEHHbIE
AecepTbl, 6AOAQ U3 PACTUTEABHOIO HEeAKa, 3aMEHUTEAM
Msca, nacty, XAeb606yAoUHble, KOHAMTEPCKUE, FOTOBbIE
KpynsiHble U3AEAUSA, NULLY, TECTO U 3€PHOBbIE CMECH.

B 10 xe Bpemsa B Poccuitckon epepaLinu, rae peryaspo-
BaHWE UCMOAb30BaHWsA GEPMEHTHbIX NpenapaTosB NPOUCXOANT
COrAACHO TEXHUYECKOMY PerrnameHTy TaMOoXeHHOro coto3a
TP TC 029/2012%, paHHbIV Npenapar OTCYTCTBYET B CNUCKe
paspelleHHbIX A06aBOK. B ¢BA3M ¢ 3TUM NpeaAaraemMble
HaMu pe3yAbTaTbl MOTyT ObITb PACCMOTPEHbI B HACTOSLLMI

3 PernameHT (EC) Ne 1169/2011 EBponeiickoro MapaamerTa n Coeta ot 25 oktabpa 2011 ropa o npeao-CTaBAEHUI NOTPebUTEAAM
MHbOPMaLMK 0 NULLEBBIX NPOAYKTax // Fsvps.gov.ru. Pexxnm poctyna: https://fsvps.gov.ru/files/reglament-es-1169-2011-evropejskogo-

parlam/ (aaTta obpalueHus: 13.12.2024).

4TP TC 029/2012. TeXHUUECKUI PErAamMeHT TaMOXEHHOro coto3a «TpeboBaHWsa 6e30MacHOCTH MULLEBbLIX A0BABOK, apoMaTU3aTopoB
M TEXHOAOTMUYECKUX BCMIOMOraTeAbHbIX CPeACTB» // Docs.cntd.ru. Pexxum poctyna: https://docs.cntd.ru/document/902359401?yscl

id=m4i2978yf0120915691 (pata obpalleHus: 12.12.2024)..
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MOMEHT TOAbKO B KQuecTBe Hay4yHOoro o60CHOBaHMS Mpo-

LieCCOB CTPYKTYPOOOPa3oBaHUs B MblLLEYHbIX CUCTEMAX.
AAA TPOBEAEHUSA IKCTIEPUMEHTOB ObIAU NMOATOTOBAEHbI

06pasLbl, COCTaB KOTOPbIX NPEACTaBAEH B TabA. 1.

Ta6aunua 1. Coctas aKcnepuMeHTaAbHbIX 06pasLoB

Table 1. Composition of experimental samples

KoMnoHeHT Obpazeu
1 2 3 4
®apw makpypyca, % 100 99 94 93
TpaHcrayTamuHasa, % - 1 1 1
XenatuH, % - - 5 5
Nakrtat xuTo3aHa, % - - - 1

MoarotoBKy 06pa3L0OB NPOBOAWMAW CAEAYIOLLIMM 06pa30oM:
o6pasel, 1 - U3MEeAbUYEHHYHO MbILLEYHYH TKaHb MOMELLAAK
B MakKeTbl, BakyymMupoBanu, obpabaTbiBaru npu 60 °C
10 MuH; obpasel; 2 - K UBMEeAbUYEHHON MbILLIEYHON TKaHU
AOBABAAAU TPAHCTAYTaMUHA3Y, NPeABapPUTEAbHO PACTBO-
PEHHYI0 B MMHUMAAbHOM KOAMYECTBE BOAbI, NEPEMELLMBAAK,
nomMeLlaAr B NakeTbl, BbiaepxmuBanm npu 40 °C B TeueHue
2y, BaKyymrpoBanu, obpabatbiBann npu 60 °C 10 MuH;
obpasel, 3 - K \3BMEAbYEHHOM MbILLEYHOW TKAHW AOBABAAAK
BOAOPACTBOPUMbIN XEAaTUH, NepemMellrMBaAn, MOCAe
AODABAEHUS TPaHCTAYTaMMHa3bl NMOBTOPAAU AENCTBUSA,
M3AOXEHHbIE B MPEAbIAYLLEM NYHKTE; 06paseL, 4 - K U3MeAb-
YeHHOM MbILLIEYHOM TKaHU A0OaBASIAM BOAOPACTBOPUMbIN
XeAaTuH, nepemellnBani, A0GaBASAM AAKTAT XMTO3aHa,
nepemMeLIMBanu, nocae A0baBAEHUSI TPAHCTAYTaMUHA3bI
NOBTOPSIAV AEMCTBHS, UBAOXKEHHbIE B MPEALIAYLLEM NYHKTE.
OpraHoAenTUUYECKNE CBOWMCTBA MOAYUEHHbIX MPOAYKTOB
NpeACTaBAEHbI B TabA. 2.

MoAyyeHHble pe3yAbTaTbl MOATBEPXAAKT YCTaHOB-
AEHHblE HaMW paHee AaHHbIe O TOM, UTO KOHLEHTpaLUus
COBCTBEHHbIX MUOGUOPUAAAPHBIX BEAKOB B MbILLEUYHON
TKaHW Makpypyca MaAOrAa30ro HepocTaTouHa AASt 0bpa-
30BaHKA YCTONYMBOI NOAMMEPHOW ceTU. TOABKO BBEAEHWE
AOTMOAHUTEABHbIX BEAKOBbBIX U/UAK YTAEBOAHBIX CyBCTpaTOB
MHULMUPYET GOPMUPOBAHME NMOAUMEPHOW CETU, CTabu-
AM3MPYIOLLEN CTPYKTYPY MbileyHoro reas [10, 12, 16].
OTMeYeHO BAUSIHME cybCTPaTOB Ha LBET M 3anax npo-
AYKTOB. Pe3yAbTaTbl UBMEPEHNUA PEOAOTMYECKMX NOKa3a-
Tenel 06pa3LoB NpeACTaBAEHbI B TabA. 3.

AASt UBMEpPEHUI BbIAK B3SITbl TOAbKO 06pasLbl 2, 3 1 4,
TaK KakK XMAKasa KOHcUcTeHUMA obpasua 1 (6e3 poobaBoK)

Tabauua 3. Peonornueckue cBoiicTBa 06pasLoB dapLua
MbILLIEUYHON TKaHW MaKpypyca ¢ AobaBAEHUEM TPaHCTAYyTaMUHa3bl
1 cybcTpaToB nocae 06paboTKM METOAOM Cy-BUA

Table 3. Rheological properties of samples of the minced
giant grenadier muscle tissue with the addition of
transglutaminase and substrates after sous-vide processing

O6pase
[NokasaTtenb > p3 & 2
MpouHocTb, H 0,69+0,09 | 0,84+0,06 | 0,58+0,06
TBepAaoCTb, I 69,50+4,12|84,004+5,07|49,50+3,81
Cuna cuenaenus, r| 1,50+0,02 | 1,50+0,02 | 2,50+0,03
AaresunsHoctb, mJ | 0,02+0,01 | 0,03+0,03 | 0,06+0,03
?ﬁ;ﬁg’g‘;"'if 0,25+0,06 | 0,23+0,04 | 0,25+0,04

He MO03BOAMAA NMOAYUYUTb AOCTOBEPHbIE AAHHbIE. MTPOYHOCTb
BCEX aHaAU3MpyeMblx 06pa3LoB dpaplua Makpypyca, NoABEp-
rHyTOro GepmMeHTaTMBHOM 06paboTke, ObiAa BbILLE, YEM Y
06pa3LoB duAe. Mpr NPOUUX paBHbIX YCAOBUSX A0BaBAEHWE
XeAaTUHa MO3BOAMAO YBEAWYMUTL MPOYHOCTb 06PA3LOB NOYTH
Ha 12%, a npucyTCTBME AaKTaTa XMTO3aHa CHU3UAO 3TOT
nokasaTeAb NOUTH Ha Ty Xe BEAUYMHY. ByAeT npaBUAbHbIM
OTMETMUTb, UYTO NPK 3TOM 06pa3Lbl C AAKTaTOM XMTO3aHa
COXPaHSAAM LEAOCTHOCTb M HE MMEAW OTAEASIEMOI BAGTM
B OTAMUME OT 06pa3LOB 6€3 AONMOAHUTEAbHbIX CyBCTPATOB.

AAS TOro 4T06bI YCTaHOBUTL 3MEHEHUS GPAKLLMOHHOTO
coctaBa BEAKOB U MX MOAEKYASIPDHO-MACCOBOrO pacnpe-
AENEHUS, ObIA TPUMEHEH METOA INEKTPODOpE3a (pHC. 4).

CpaBHeHMeE NOAYUYEHHbIX PE3YALTATOB C pe3yAbTaTaMu
NPOBEAEHHbIX paHee UccaepoBaHuii [10] AAS UCXOAHOTO
Cblpbs 6€3 NPUMEHEHUSA TEXHOAOT UK CY-BUA, HO C A0DaB-
AEHWEM TPaHCIAyTaMUHa3bl ¥ @aHaAOTMYHbIX Cy6CTpaToB
NO3BOASIET TOBOPUTbL O TOM, UTO PEXMM TENAOBOIM 0bpa-
60TKM He UBMEHSIET HANPaBAEHHOCTU NPOLIECCOB GEepPMEH-
TaTMBHOM NOAMMEPU3ALMI U KOMNAEKCO0OPA30BaHNUS MEXAY
MbILLEYHbIMW BEAKAMU U XEAATUHOM U XUTO3aHOM. bes
bepMEHTMPOBAHMS B MbILLEYHON TKaHU Makpypyca 1 Ao, 1
nocae 06paboTkM METOAOM CY-BUA NpeobArapann BoAopa-
CTBOpPUMbIE BEAKM C MOAEKYAAPHOM Maccon 43-52 kAa,
OTHOCSILUMECA K Fpynne MUOreHOB, MUOOGUOPUAASIPHBIE
6eAKkM ¢ MOAEKYASIPHOM Maccoi 6oaee 220 KAa COCTaBUAN
MEHbLLYI YacTb. He3HAUUTEABHbIE OTAMUMS MEXAY STUMMU
obpasuamu cBsizaHbl ¢ nepepacnpesereHHEM KOMMOHEHTOB,
MMEIOLLIMX MOAEKYASIPHYHO Maccy B Aana3oHe 53-110 kA.

Tabanua 2. OpraHoAenTMUecKne cBoiMcTBa 06pa3LoB 13 MblLLIEYHOM TKaHW Makpypyca ¢ AobaBAeHUeM TPaHCTAyTaMUHa3bl

n cybcTpaTtoB nocae 06paboTk METOAOM Cy-BUA

Table 2. Organoleptic properties of samples from giant grenadier muscle tissue with the addition of transglutaminase

and substrates after sous-vide processing

O6paseL, LiBet 3anax KoHcucteHums [Mpouee
1 MonouHo-6enblIi CBOWCTBEHHbIN AQHHOMY BUAY Xunpkas, BoAbLIOEe KOAMYECTBO
PbIGHOM NPOAYKLUMHU OAHOpPOAHas oTcTOoA
° MonouHo-6enbiit CBOWCTBEHHbIN AQHHOMY BUAY Msrkas, YacTuuyHoe oTAeneHune
PbIGHON NPOAYKLMK OAHOpPOAHas XUAKOM dpaKLmm
MOAOUHBIN C XEATOBATLIM .
3 CAabblli OTTEHOK pbIOHOrO 3anaxa MAoTHan OTcyTCTBME OTCTOA
OTTEHKOM
MOAQUHbIN C XEATOBATbIM N, MAoTHaA,
4 CAabblli OTTEHOK pbl6HOrO 3anaxa OTcyTcTBME OTCTOA
OTTEHKOM nopvcras
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Puc. 4. dnekTpodoperpamma paspeneHust 6eAKoBbIX
dpakumii B 10%-M NOAMAKPUAGMUAHOM FeAne B MPUCYTCTBUM
AOAEUMACYAbDaTa HaTpUSt AAS 06Pa3LOB MblLLIEYHOM TKaHK
Makpypyca: M - Mapkepbl MOAEKYASIPHOW Maccehl;

1 - obpaboTka MeToAOM Cy-BUA 6€3 A0BaBOK;

2 - 6e3 obpaboTku, 6e3 pobaBoK; 3 - pobaBAeHME
TPaHCrAyTaMWHa3bl, XXeAnaTuHa, AaKTaTa xuTto3aHa, obpabotka
METOAOM Cy-BUA; 4 — poobaBAEHWE TpaHCTAyTaMUHa3sbl,
XeaatrHa, 06paboTka METOAOM Cy-BUA; 5 - poobaBAeHUe
TpaHCrAyTaMuHasbl, 06paboTka METOAOM CY-BUA

Fig. 4. Electrophoregram of the separation of protein
fractions in 10% polyacrylamide gel in the presence

of sodium dodecyl sulfate for giant grenadier muscle tissue:
M - molecular weight markers; 1 - sous-vide without
additives; 2 - without processing, without additives;

3 - adding transglutaminase, gelatin, chitosan lactate,
sous-vide; 4 - adding transglutaminase, gelatin, sous-vide;
5 - adding transglutaminase, sous-vide

AN pacueta MOAEKYASIPHOM Macchbl BEAKOBbIX GpaKLmMii
MCNOAb30BaAU AEHCUTOMETPULO (TAbA. 4).

Mpun po0H6aBAEHUM TPAHCTAYTaMKUHa3bl U MOCAEAYIOLLEN
06paboTke METOAOM Cy-BMA HaOAIOAAAM CAEAYIOLLIEE Nepe-
pacnpeaeneHre 6eAKoBbIX GpaKLMA: CHUXEHME 06LLEro
KOAMYECTBA OPaKLMI Kak BOAOPACTBOPHMbIX, TaK U MUO-
OUBPUAASPHBIX BEAKOB, BEPOSATHO, 38 CUET 06pa3oBaHNUs
BbICOKOMOAEKYASIPHbIX KOHBIOraTOB, HE BXOAALLMX B AMA-
nasoH, onpeAeAieMblil UCMOAb30BaHHbIMU MapKepamu.
Bonee 3HAUMTEAbHbIE U3MEHEHUA B pacrnpeAereHUr dpaKLnii
HabAOAGAM NOCAE BO3AENCTBUSA TPAHCTAYTaMUHA3bI B NPW-
CYTCTBUM XeAaTHHA U AaKTaTa X1To3aHa. XenaTuH ABAsieTcA
XOpoLMM cybCcTpaTOM AAA TPAHCTAYTaMUHA3bl, CTENEHb €0
NoAMMEPU3aLIMK UMEET NPAMYIO 3aBUCUMOCTb OT KOHLIEH-

Tpauuu TpaHcrAyTaMmnHasbl. U3BECTHO, UTo AoobaBAEHKEe
XWMTO3aHa yAyyllaeT PeoAOrMUYEcKMUe CBOWMCTBA PbIOHbIX
NPOAYKTOB CO CAaboi reneobpasytoLLieit CnocobHOCTbIO,
3aBWCUT OT TUMA U KOHLLEHTPALMK UCMOAb3YEMOr0 XMTO3aHa
1 CUCTEMBI, B KOTOPYHO ero A06aBAsitoT. [Ipeanoaaratort, uto
BO3AENCTBUE Ha TEKCTYPY MbILLIEYHON TKAHU Pbi6 MOXET
ObITb CBA3AHO C EM0 BAUSIHUEM Ha GEPMEHTATUBHYIO aKTUB-
HOCTb 3HAOTEHHOW TpaHCrAyTaMuHasbl. B 10 xe Bpems
XWTO3aH cam no cebe cnocobeH K reneobpas3oBaHuIO U
MOXeT 06pa30oBbIBaTb COOCTBEHHYH MOAUMEPHYHO CETKY
BHYTpW npoaykTa [15-171.

Habatopaemble HaMW  U3MEHEHUS  MOAEKYAAP-
HO-MaccOBOro pacnpesereHns OEeAKOB MbllLIEeUYHOWM
TKaHW MaKpypyca B MPUCYTCTBUW CUCTEM XEAATUH +
TPaHCrAyTaMUHa3a U XeAaTWH + XMTo3aH + TpaHCrayTa-
MWHa3a CBUMAETEALCTBYIOT 06 OTCYTCTBMM NPaKTUYECKH
BCcex 6eAKOBbIX dpaKkLumMi B AanasdoHe oT 15 Ao 220 KA.
B atnx obpasuax BM3YyaAM3UPYIOTCA TOAbKO ¢pakLuu
HU3KOMOAEKYAAPHbBIX KOMMOHEHTOB (MeHbLUe 28 KA AAA
XeAaTuHa + TpaHCrAyTaMuHasbl U MeHblue 15 KA AAS
XeAaTUHa + XMTo3aHa + TpaHCrAyTaMWHa3bl) U BbICOKO-
MOAEKYASIPHbIE KOHBbOraThl (280 KA 1 6oAee). Hanbonee
OUEBUAHbI AQHHbIE UBMEHEHMWA AASI CUCTEMbI XEAATUH +
XWTO3aH + TpaHCrAyTaMuMHasa. 3T0 CBUAETEABCTBYET O
TOM, YTO YKa3aHHble KOMMNOHEHTbI CNOCOOHbI CBSA3bIBATb
KaK capkonAaasmaTMyeckue, Tak U MMOGUBPUAASIPHBIE
6EeAKM MbILLEYHOM TKaHW MaKpypyca.

HecmoTpsi Ha CXOACTBO B pacnpeaAeneHnr 6eAKOBbIX
dpakumi, obpasupl ¢ A0baBAEHWEM AaKTaTa XMTO3aHa
MUMEAU MOPUCTOCTb M MEHbLLYHO NMPOYHOCTb, UTO YKa3biBaeT
Ha pa3AMuMsa B 06pasyeMblx MOAMMEPHbIX CTPYKTYpax.

Ha cnepytowem atane paboTbl ObiAM NPOBEAEHbI
MCCAEAOBAHMUA M3MEHEHWUSI OPraHOAEeNTUUYECKMX, GU3N-
KO-XMMMUYECKMX U MUKPOOMOAOTMUYECKUX MOKa3aTenew
NPOAYKLIMU AASI OMTPEAEAEHUSI €€ XPAHUMOCTIOCOOHOCTHU.
XpaHeHWe NpoBOAMAM Mpu TemnepaTtype muHyc 18 °C,
npobbl oTbUpanm uepes 2 U 6 MecsLEB XpaHeEHUA. 3a 3TOT
NepPUOoA CyLLLECTBEHHbIX UBMEHEHWI GUBNKO-XMMUUYECKUX
nokasaTtenem, CTeneHn AoeHaTypauum 6enka 1 NPoYHOCTH
rOTOBOr0 MPOAYKTa OTMEUYEHO He 6bIAo.

Mpn U3yuYeHnn MUKPOBMOAOTUUECKMX NOKa3aTeAEN onpe-
AEASIAV UBMEHEHUE KOAMUECTBA ME3OQUABHBIX a3PO0BHbIX U
baKyAbTaTHBHO aHa3pPOOHbIX MUKPOOPraHM3MOB B FOTOBOM
MPOAYKTE MO UCTEUEHNU 2 U B MeCALEB MOPO3UALHOTO Xpa-
HeHWs Npu Temnepatype MuHyc 18+2 °C, o6ceMeHeHHOCTb
BCcex 06pa3LoB 6bina B npeapenax Hopmbl (5x10* KOE/T)
1 He npeBbiwana 102 KOE/T.

Tabanua 4. MoaekyAsipHO-MaccoBoe pacrnpeaereHre BEAKOBbIX GpaKLmMii Npu pasaereHun 06pasLos Gpaplua Makpypyca
METOAOM 3AeKTpodopesa B 10%-M NOAMAKPUAGMUAHOM FreAe B NPUCYTCTBUM AOAELIMACYAbDATA HaTPUS, KAa

Table 4. Molecular mass distribution of protein fractions for separation of the muscle tissue of giant grenadier patterns
by electrophoresis in 10% polyacrylamide gel in the presence of sodium dodecyl sulfate, kDa

®Opakuma
Obpaseu| | [ m | v | v Vi vie | ovie |oix | ox | oxi [ X XIll
MonaekyasipHas macca, kAa

1 10 15 28 48 68 100 110 225 280

2 10 15 28 30 48 53 68 80 100 110 125 225 280

3 10 15 280

4 10 15 28 280

5 10 15 28 30 48 53 68 80 280
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Tabauua 5. BAvaHue Temnepatypbl MHKyOaLmmn 06pasLos Makpypyca Ha pocT NCUXPOOUAbHON MUKPOGDAOPSI

Table 5. Effect of the incubation temperature of giant grenadier samples on the growth of psychrophilic microflora

Poct mukpoopranmamos, KOE/r

Obpasew, npu 5 °C npu 20 °C npun 36 °C
dapuw 6e3 pob6aBoOK 8,0x10? 1,5%x10° OTCyTCTBYET
®apL + TpaHcrAyTam1Hagza 6,3x10° 8,5x10° oTCyTCTBYET
dapw + TpaHcrayTamuHasa + XenaTuH 2,4x10°3 6,2x10° oTCyTCTBYET
@apLu + TpaHCrAyTaMUHa3a + XeAaTUH + AaKTaT XMTo3aHa OTCYTCTBYET 6,0x10? OoTCYTCTBYET

Takxe B XpaHUBLUMXCS 0BpasLiax MCCAEAOBAAN KOAK-
4eCTBO MNCUXPODUABbHBIX MUKPOOPraHM3mMoB. N3BECTHO,
YTO KAYECTBEHHbIV COCTaB MUKPODAOPLI HA MOBEPXHOCTH
CBEXEBBLINOBAEHHOM Pblbbl BAM30K K COCTaBY MUKPOPAOPbI
MOPCKOW BOAbI. B OCHOBHOM 3TO NCHUXPOGUABHBIE MUKPOOP-
raHW3mbl ¢ ONTUMYMOM Pa3BUTUst 0koAo 20 °C, crnocobHble
pa3MHOXaTbCs NPU HU3KKX TeMnepaTypax. B 6oAbLLel cTeneHu
AaHHaa MUKpodAOpa NMPEeACTaBAEHa FPpaMoTpULaTEAbHBIMM
6aKTepusaMK, B MEHbLUIEN CTENEHU — FPAMMOAOKUTEABHBIMM,
cnopoobpasyroLine asapobHble bakTepnn Ha NOBEPXHOCTH
pbIObI OTCYTCTBYHOT. BBMAY CBOMX BbIpa)XeHHbIX NPOTEOAU-
TUYECKMX CBOWCTB MPUCYTCTBYHOLLIME OaKTEpUW Wrparot
peLLatoLLy POAb B MPOLIECCE NMOPYM PbIBHOM NPOAYKLIMK
[18]. Mpu XxpaHeHnH pbibbl UX KOAMYECTBO B 06beMe BCeM
MUKPOPAOPbI ObICTPO Bo3pacTaeT®. B Taba. 5 npeacTaBAEHbI
pesyAbTaThl NOACHETOB POCTa NCUXPOPUABHBIX MUKPOOpPra-
HW3MOB B UCCAEAOBaHHbIX 06pasLax U3 daplua Makpypyca
MPU pas3AMYHbIX TEMMepaTypax UHKybaLmn.

POCT BbIAEAEHHbIX NCUXPODUABHBIX MUKPOOPraHW3MOB
HabAtoAaACS B TAYOMHE NMUTATEAbHOrO arapa, UTo xapak-
TEPHO AN aHAdPOOHbBIX GopM, 0O6pa3oBaHHbIE KOAOHUU
B6bIA MEAKUMU U TOHKUMU — HEe Bbonee 2 MM B AnamMeTpe.
ObLiee YMCAO MUKPOOPraHW3MOB BO BCex 0bpasLiax Hbino
B rpaHuLax HopMbl, 0AHaKO B 06pasuax ¢ AobaBAEHWEM
AaKTaTa XMTo3aHa pocTa MUKpPoopraHnamoB npu 5 °C He
HabAtopann, a npu 20 °C oH 6biA Ha NOPSAAOK MEHbLUE,
yeM BO BCEX OCTaAbHbIx 0bpasuax. YKazaHHble AaHHblEe
NOATBEPXAAHT CBEAEHUS 06 aHTUMUKPOOHBIX CBOMCTBAX
XMTO3aHa W ero NPOU3BOAHbBIX, AOOABASIEMbIX B MULLEBbIE
npoaykTol [19, 20].

MoAyY€eHHble pe3yAbTaTbl CBUAETEALCTBYHOT O TOM, UTO
B TeueHue 6 MecsLeB MOPO3UALHOIO XpaHeHUs 06pasLibl

rOTOBOM MPOAYKLMU M3 MaKpypyca ManOrAa30ro COXpaHaAK
MUKPOOMOAOTUYECKYHD 6E30MACHOCTb.

SAKAKOUYEHUE

Taknm obpasom, 06paboTka dprae MaKpypyca Mano-
rAa30ro METOAOM CYy-BMA MPUBOAMAA K CYLLLECTBEHHbLIM
TEXHOAOTMYECKIUM NOTEPSM, CHUXEHWUIO MPOUYHOCTU U NoTepe
LleAOCTHOCTM FOTOBOrO NpoayKkTa. CTeneHb AeHaTypaLmm
MUODUOPUAAAPHBIX BEAKOB MPU 3TOM CHUXAAACh MPSAMO
NPOMNOPLUOHAABHO BPEMEHU TEMAOBOro BO3AENCTBUS.
ObecneyeHne NPUEMAEMON TEKCTYPbl, COOTBETCTBYHOLLEN
$OpPMOBaHHbBIM U3AEAUAM U3 MbILLEYHON TKaHW MaKpypyca,
MOXET ObITb AOCTUIHYTO NPU A0BABAEHWUU TPAHCTAYTaMUHA3bI
B MPUCYTCTBUM XEAATUHA U AaKTaTa XMTO3aHa AASI CLUMBKM
6EAKOBbIX MOAEKYA M 06pa30BaHMA reTepPoreHHbIX KOHb-
IOratoB M NOBbLIWEHMS NPOYHOCTU. U3yueHne dpakum-
OHHOro coctaBa 6EAKOB U MX MOAEKYASIPHO-MACcCOBOro
pacnpeAeneHuss METOAOM 3AEKTpodopes3a Mokasano
nepepacnpeaenreHne 6enKoBbIX GPaKLMIA, NPU KOTOPOM
OTMEUEHO CHUXEHWE UnCAa DPaKLIMIA CapKONAA3MaTUUYECKMX
1N MUOGUBPUAAAPHBIX BEAKOB 3a cUeT 06pa3oBaHUs BbICO-
KOMOAEKYASIPHbIX COMOAMMEPOB. XpaHMMOCNOCOOHOCTb
MOAYUYEHHbIX 06pa3LIOB B TeUEHWe 6 MeCSILEB NpU TEM-
nepaTtype MuHyc 18 °C obecneumMBaeTca NpakTMUYecKu
NMOAHBIM OTCYTCTBUEM U3MEHEHUI B CTENEHU AeHATYpaLun
6EAKOB M NPOUYHOCTH MPOAYKLMK MOCAE PA3MOPaXMBaHUSA
N MUKPOBMOAOTMUECKON HEe30NacHOCTbO. YCTAHOBAEHO
CHUXEeHne 06u1.ero YMCAa MUKPOOPraHM3mMoB, BKAKOYAA
NCUXPOPUAbHBIE GOPMBbI, NPK AOOABAEHIUM AaKTaTa XUTO3aHa.
MoAyYEHHbIE PE3YALTATbI MO3BOASIOT AATb 060CHOBaHUE AAS
pa3paboTKK TEXHOAOTUI GOPMOBAHHBIX U3AEAMI U3 0ObEKTa
rAYyBOKOBOAHOMO NPOMbICAG — MaKpypyca MaAOrAa3oro.
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OU3UKO-XUMUYECKAA BUOAOTUA
HayuHas ctaTtbf —
EDN: SRPVFQ
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CpaBHUTEAbHbIM aHAAU3 CTPYKTYPHO-PYHKLUOHAABHBIX
0Cc06eHHOCTEN IHAOTAIOKaHAa3 ¢ pa3HbiM TeMnepaTypHbIM
ONTUMYMOM AEUCTBUA

0.C. MetyxoBa*™, A.A. Mpuctaeka*, E.A. MpuctaBka**,
A.E. laBpukos*, B.I1. CanoBapoBa*

*UPKYTCKUKM roCyAapCTBEHHbIN YHUBEPCUTET, MpKyTCK, Poccurickas ®eaepalms
**UHCTUTYT COAHEUHO-3eMHOM Puamnkm CO PAH, UpkyTck, Poccurickas ®eaepaums

AHHoTauusA. LierAorassl, TeMnepatypHbii OMTUMYM KOTOPbIX CABUHYT K SKCTDEMAaAbHO BbICOKMM AU HU3KUM 3HAYEHUAM,
MPeACTaBASIHOT 0COBbIN MHTEPEC, TaK KaK MX NMPUMEHEHHE MO3BOASIET 6oAee rMbKo PeryAMpoBaTb TEXHOAOrMUYECKME
YCAOBMS MX MPOMbILLIAEHHOIO UCMOAb30BaHUSA. TeM He MeHee MexaH13Mbl, 0O6bACHSAIOLLME aaanTaL GepMeHTOB K
MpeAeAbHbIM TeMnepatypam, NoAHOCTbI HE YCTaHOBAEHSI. LieAbto MpoBeAeHHOM paboTkl ABASAOCH MCCAEAOBaHME
MeToaaMu 6UOUHPOPMATUKM 3aBUCUMOCTU CTPYKTYPbI MUKPOOHbIX 3HAOIAOKAHAa3 OT ABYX GaKTOPOB — MPUHAAAEX-
HOCTU MPOAYLIEHTOB K pasHbIM TaKCOHOMMYECKUM rpyrnam BbiCLIEro paHra (baktepuu, rpubbl, apxeun) u Temre-
paTypHOro onNTUMyMa UX CPeAbl 0BUTaHUSA (MCHUXPO-, ME30- U TePMOPUABLI). DEePMEHTbI, U3BAEUYEHHbIE M3 Uniprot u
GenBank, aHaAu3MPOBaAUCH C MOMOLLBIO MOMaPHOro M MHOXECTBEHHOrO BblpaBHUBAHMWS MOCAEAOBATEAbHOCTEH,
11onapHoro BbipaBHUBAHMS MPOCTPAHCTBEHHbIX CTPYKTYP M CPABHEHUS aMUHOKMCAOTHbIX NPOPUAEH. B pesyabtate
MoKas3aHo, 4To MOCAEA0BaTEALHOCTU KAACTEPU3YIOTCA B COOTBETCTBMM C CUCTEMATUKOM MPOAYLIEHTOB U HE COAepXaT
naTTepHOB, CBSA3aHHbIX C aAanTalUMaMK K TeMNepaTypHbIM YCAOBUAM. B TO xe Bpems aMMHOKUCAOTHbIM NpodHAb
6EAKOB 3aBUCUT TaKXe OT TEMNEPaTYPHbIX YCAOBUI CPeAbl 0OUTaHUS MUKPOOPraHU3MOB — YacTOTbl HEKOTOPbIX aMHUHO-
kucaot (E, I, Y, D, Q) AOCTOBEPHO pasAMUaroTCcs y GEPMEHTOB C pasHbIMU TEMIEPaTypPHbIMM ONTUMYMamu. Takxe
WAEHTUPULIMPOBAHA BbIOOPKa GEPMEHTOB C HU3KOM MAEHTUYHOCTBIO MOCAEAOBATEABHOCTEH, HO C BbICOKMM CXOACTBOM
3D-CTpyKTyp, BKAKOUAIOLLAS KaK GEPMEHTbI M3 BAU3KMX TAKCOHOB, HO C PasHbIM TEPMOOMTUMYMOM, TaK M SHAOMAO-
KaHasbl U3 MUKPOOPraHU3MOB, AAAEKMX B CUCTEMAaTUYECKOM OTHOLLEHMM, HO OBUTAIOLLIMX B CXOAHBIX TEMIEPaTyPHbIX
ycA0BUSAX. [TOMUMO MPOYero, MPEACTaBAEHO 00CYXAEHUE BO3MOXHbIX MEXaHU3MOB HabAOAAEMbIX PA3AMUMI MEXAY
oKasaTeasiMun MAEHTUYHOCTHM pasHbIX CTPYKTYPHbIX ypOBHEH beAka.

KaroueBble cA0Ba: 3HAOMAOKaHa3bl, MCUXPOPUAbI, ME3OPUABI, TEPMOPHUABI, MHOXECTBEHHOE BblpaBHUBAHNE, aMUHO-
KMCAOTHbINM cocTaB

Ansa untupoBanums: MNetyxosa O.C., Mpuctaka A.A., MpuctaBka E.A., laBpukoB A.E., CanoBapoBa B.I. CpaBHWUTEAbHbIN aHaAWU3
CTPYKTYPHO-OYHKLMOHAAbHbIX 0COBEHHOCTEN SHAOMAOKAHa3 ¢ pasHbiM TEMMNePaTypPHbIM ONTUMYMOM AeNCTBUA // U3BecTus
BY30B. [IpuKAapHas Xumusa 1 6rotexHonorus. 2024. T. 14. N 4. C. 596-604. DOI: 10.21285/achb.946. EDN: SRPVFQ.

PHYSICOCHEMICAL BIOLOGY
Original article

Comparative analysis of the structural and functional features
of endoglucanases with different temperature optima

Olga S. Petukhova*™, Aleksei A. Pristavka*, Egor A. Pristavka**,
Dmitrii E. Gavrikov*, Valentina P. Salovarova*

*Irkutsk State University, Irkutsk, Russian Federation
**Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russian Federation

Abstract. Cellulases whose temperature optimum is shifted to extremely high or low values are of particular
interest since they allow for greater flexibility in controlling the technological conditions of their industrial use.
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Nevertheless, the mechanisms that explain enzymatic adaptations to limiting temperatures are not fully established.
The study was aimed at using bioinformatics methods to examine how the structure of microbial endoglucanases
depends on two factors: the belonging of producers to different taxonomic groups of higher rank (bacteria,
fungi, and archaea) and the temperature optimum of their habitat (psychro-, meso-, and thermophiles). Enzymes
retrieved from Uniprot and GenBank were analyzed via pairwise and multiple sequence alignment, pairwise
structural alignment, and comparison of amino acid profiles. It is shown that the sequences cluster according to
the systematics of producers and do not contain patterns associated with adaptations to temperature conditions.
However, the amino acid profile of proteins depends also on the temperature conditions of the microbial habitat:
the frequencies of some amino acids (E, I, Y, D, and Q) differ significantly in enzymes with different temperature
optima. The study also identified a set of enzymes with low sequence identity but high similarity of 3D structures.
This set includes enzymes from related taxa but with different temperature optima, as well as endoglucanases
from microorganisms that are systematically distant while living under similar temperature conditions. Among other
things, the possible mechanisms of the observed differences between the identity scores of different structural
levels of protein are discussed.

Keywords: endoglucanases, psychrophiles, mesophiles, thermophiles, multiple alignment, amino acid composition

For citation: Petukhova O.S., Pristavka A.A., Pristavka E.A., Gavrikov D.E., Salovarova V.P. Comparative analysis of the
structural and functional features of endoglucanases with different temperature optima. Proceedings of Universities.
Applied Chemistry and Biotechnology. 2024;14(4):596-604. (In Russian). DOI: 10.21285/achb.946. EDN: SRPVFQ.

BBEAEHUE

LleAnntonasbl NpeAcTaBAAT cO60M pepMeHTbI, TMAPO-
amsyrowmne 1,4-B-rauko3naHyrO CBA3b MEXAY OCTaTkaMu
FAtOKO3bl. BOABLLUMHCTBO LIEAAOAG3 ABASIKOTCS MYABTUAO-
MEHHbIMK BeAkamK, COAEPXALLUMU TPU GYHKLIMOHAABHO
pa3AMYaOLLMXCA AOMEHA: KaTaAUTUYECKUI, LEAAOAO30C-
BA3bIBAOLLMIA U AMHKEPHbIW dparMeHT Mexay Humvut, Liea-
AOAA3HbBIN KOMMAEKC MUKPOOPraHW3MOB, Kak NPaBUAO,
COCTOMUT N3 GEPMEHTOB HECKOAbKMX TUMOB, HAXOAALLIMXCSA
B CUHEPIUYECKMX OTHOLLIEHUSX, YTO NO3BOAAET NMOBbICUTb
3G HEKTUBHOCTb TMAPOAM3a. KAOUEBYHO POAb B TAKOM KOM-
NAEKCEe UrpatoT IHAOMAOKaHa3bl (KO 3.2.1.4), kotopble
pacLLEenAAIOT CBSA3U, YAGAEHHbIE OT KOHL,OB MOAMMEPHOM
uenu, c 06pas3oBaHMEM LEAAOOAMTOCAXapUAOB U YMEHb-
LIEeHWEM CTeNeHU NOAUMEPU3aLNN LEAAOAO3bIL [1, 2].

Lienntonasbl BbIMOAHSIOT BaXkKHEWLYt0 6uochepHyro
GYHKLMIO, yuacTBys B rAoBanbHOM KpyroBopoTe yraepoaa [3, 4],
HO TAKXe OHM HaxOAAT MPakTUYECKOe MPUMEHEHWE BO
MHOIMX CEKTOPaxX 3KOHOMUKMK: arpapHO-NPOMbILUAEHHOM
KOMMAEKCE, SHEPTETUKE, LIEAAFONO3HO-OYMaXKHOW, NMULLEBOMN,
TEKCTUABHOM MPOMBILLAEHHOCTH [5, 6]. TEXHOAOTMK, OCHO-
BaHHblE Ha WCMOAb30BaHWW LEAAOAE3, 3KOAOTMUYECKM
6e30MnacHbl, YTO AAeT UM NPEUMYLLECTBA B CPABHEHWU C
TPaAUUMOHHBIMUW MPOU3BOACTBaAMMU [7].

B nocaepHee Bpemsi 0C0obbIN MHTEPEC BbI3bIBAKOT LEA-
AKOA@3bl, TEMMNEepaTyPHbIN ONTUMYM KOTOPbIX CABMHYT K
3KCTPEMAAbHO BbICOKMM UAU HU3KUM 3HAUYeHUAM. Tep-
MoCTabUAbHbIE LEAAOAA3bI BOCTPebOBaHbI M3-3a bonee
KOPOTKOrO NepuoAa rMAPOAM3a, MEHBLLETO pUCKa 3arpss-
HEHUA KYAbTYPbl MOCTOPOHHEN MUKPODAOPOM M MEHBLLMX
3aTpaTt SHEPrMM Ha NPOLLECC OXAAXAEHMA NOCAE NPeABa-
puTeAbHOM 06paboTku [8-11]. MpUMEHEHUE XOAOAOAK-
TUBHbIX PEPMEHTOB NO3BOASIET CHU3WUTb SHEPrETUYECKME
pacxoAbl Ha NOAAEPXaAHWE ONTUMAaAbLHOM TeMMNepaTypbl
rmapoaunsa [12, 13].

TepMoCTabUAbLHOCTb GEPMEHTOB (B TOM UMCAE, LIEAAIOAAS)
CBA3bIBAKOT CO MHOTMMU daKTopamMu: aMUHOKUCAOTHBIM
COCTaBOM, BHYTPUMOAEKYASPHBIMU CBA3SIMM, TMAPOGOBHBIMM

B3aMMOAENCTBUSMU, KOMMAKTHOCTbIO MPOCTPAHCTBEHHOM
CTPYKTYpbl 1 T.A. [8, 9]. BeAkn NCUXPOPHUAbHBIX OPraHU3MOB
nmetot bonee AAVHHbIE U rmbkue AMHKEPbI, KOTOPbIE OTAU-
4yarTca oT Me30¢VI/\beIX aHaAOroB aMMHOKUCAOTHbBIM
coctaBoM U 6onee CAabbIMKU BHYTPUMOAEKYASPHBLIMM
B3anMmoaencTeuaMn [14-17]. B 10 xe Bpems B LEAOM
MexaHW3Mbl, 0ObACHSOLLME apanTaLMmK LEAAKOAAS K Npe-
AEAbHbIM TeMnepaTypam, He yCTaHOBAEHbI. [puMeHeHne
GMOMH(])OpMaTVIHeCKVIX METOAOB MOXET MNO3BOAUTb HE TOAbKO
NOHATb 3T ME€XaHWU3Mbl, HO U OTKPbITb NEPCNEKTUBbLI B
pa3paboTke HOBbIX BUOKATAAM3ATOPOB, COXPAHSIHOLLMX
AKTMBHOCTb B 3KCTPEMAAbHbIX YCAOBMSAX.

LleAb NpoBeAEHHOro MCCAeAOBaHMA 3aKAOYaAach B
BbISIBAEHUW B CTPYKTYPE MUKPOOBHbIX SHAOTAOKaHa3 nart-
TEPHOB, CBA3AHHbLIX C TeMnepaTypHbIMWA YCAOBUAMU CPEADI
06UTaHUA UX MPOAYLIEHTOB.

3KCNEPUMEHTAABHAA YACTb

061as cxeMa UCCAeAOBaHUI NpeACTaBAEHa Ha puc. 1

M3 GenBank 1 UniProt 6bino n3saeueHo 105 amuHo-
KUCAOTHbIX MOCAEAOBATEAbLHOCTEN 3HAOTAKOKAHaA3 — Mo
35 6EeAKOB M3 Me30-, TEPMO- U MCUXPODUABHBIX MUKPO-
opraHvM3mMoB; 33 MOCAEAOBATEALHOCTH MUMEAU TPUBHOE
NpoucxoXxAaeHue, 59 - baktepunanbHoe, 13 - apxernHoe.

AAS @aHaAM3a MCMOAb30BaAAUCh Kak MOAHOPa3MepHble
NOCAEAOBATEAbHOCTU SHAOTAKOK@Ha3, Tak U GparMeHThbl,
COOTBETCTBYIOLIME UX KATAAUTUUECKMM AOMEHAM. Tak Kak
AN BOAbLLEN YacTU BbIBOPKM AOMEHHasi CTPyKTypa He
a@HHOTMPOBaHa, rpaHuLbl GpParMeHTOB MAEHTUDULMPO-
BaAMCb C MOMOLLbIO pecypca SWISS-MODEL? [18].

AASi BCEX NMOCAEAOBATEABHOCTEN BbIAM OMpPEeAEeAEeHbI
4yacTOTbl BCTPEYAEMOCTU aMUHOKMUCAOT (B NpoueHTax). AAs
CpaBHEHUS YaCTOTHbIX pacnpeAereHUn aMUHOKUCAOT Y
3HAOMAIOK@Ha3 ¢ pasHbiM TeMnepaTypHbIM ONTUMYMOM
MCMNOAb30BAAUCh KPUTEPUIA corAacusa MNMnpcoHa (x?) 1 Auc-
KPUMMHAHTHbIN aHaAu3 (Past.4.15).

MHOXeCTBEHHOE BblpaBHWBaHWE NOCAEAOBATEAbBHOCTEN
OCYLLEeCTBAAAOCH B nporpamme MEGA (11.0.9)° no aaro-

1 CanoBaposa B.MM., Ko3nos .M. 3KOAOro-6MOTEXHOAOTMUECKME OCHOBbI KOHBEPCUM PaCTUTEAbHbIX CyOCTpaToB: yueb. nocobue.

M.: N3patenbckuii poom «IHeprus», 2007. 544 c.

2SWISS-MODEL // Swissmodel.expasy.org. Pexum poctyna: https://swissmodel.expasy.org/ (aata obpalueHus: 17.06.2024).
3MEGA // Megasoftware.net. Pexxum poctyna: https://www.megasoftware.net/ (aata obpaiuerus: 17.06.2024).
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Bbibopka
(105 nocnaepoBaTeNbHOCTEN)

A 4

[ToAHOpa3mepHble _
NOCAEAOBaTEAbHOCTH

NaeHTndUKauma
dYHKUMOHAABHBIX AOMEHOB

MoaBbIGOPKA C U3BECTHOWM
NPOCTPAHCTBEHHOWM CTPYKTYPOM

v

MHOXeCTBEHHOE BblpaBHWBaHWE
M NOCTPOEHUE AEHAPOrpaMm |~

lMocaepoBaTEABHOCTH
KaTaAUTUUYECKUX AOMEHOB

[onapHoe BbipaBHUBaHWE
CTPYKTYpP

> AMMUHOKUCAOTHBIN MPOGUAb >

AMCKPUMUHAHTHbBIN aHaAK3, x2

Puc. 1. Obuwas cxema uccaep0BaHUM
Fig. 1. General research scheme

putmy ClustalW, a noctpoeHne AeHAPOrpaMm - C UCMOAb-
30BaHWEM MOAEAU FTEHETUUYECKMX AMCTaHUMIA Maximum
Likelihood 1 moaeamn agoatoumnn 6enkos WAG [19].
[TonapHoe BblpaBHMBaHWE NocrneaoBaTebHOCTEN
npoBoannock B nporpamme BLAST, nonapHoe Bbipas-
HuBaHue 3D-CTPYKTYp OCYLLECTBNANOCH C MOMOLLbIO
nHcTpymeHTa Pairwise Structure Alignment®*.

OBCY)XAEHUE PE3YABTATOB

B AvTepaTtype yxXe 0TMeuanoch, YTo TeMnepaTypHbIN
ONTUMYM GEPMEHTOB CBA3aH C MX aMUHOKUCAOTHbIM
coctaBoM. B TepmocTabuabHbIXx depMeHTax HabAatopaeTcs
60AbLLIEE YMCAO 3aPSKEHHBIX U MEHbLLEE UNCAO HE3APA-
XXEHHbIX MOAAPHbIX OCTATKOB, @ TaKXXe NOBbILIEHHOE COAEP-
XaHue rMAPodOBHbBIX aMUHOKMUCAOT. [PEANOUTUTEABHBIMM
aMWUHOKMUCAOTaMM AAS BEAKOB TEPMOGHABHbBIX OPraH13MoB
CUMUTAIOTCSA FAyTAMaT, AU3WUH, TUPO3UH, U30AEWLIMH, a AAS
6eAKOB ME30OUAOB - TAYTAMMUH, TMCTUAWH, aA@HWH, LMCTENH

N

Yactota aMMHOKMCAOTBI
B NMOCAEAOBATEALHOCTAX, %
S

G A S N L DV T

[8, 9, 20]. MH6KOCTb AUHKEPA Y NCUXPOPHUAOB CBA3LIBAIOT C
MOBbILEHHOW AOAEN OTPULLATEABHO 3aPSXKEHHBIX aMUHO-
KUCAOTHbIX PAAMKAAOB U MOHWMXEHHOW AOAEN MOAOXKUTEABHO
3apsxeHHbIX [8, 9].

CpaBHeHWE aMWHOKWUCAOTHbIX MPOPUAEN SHAOTAIO-
KaHa3 13 UCCAeAYEMON BbIBOPKU (pUC. 2), B MPUHLMNE,
He MPOTMBOPEUMT 3TUM AAHHbIM, XOTA U HE COBNAAAET C
HUMMW NOAHOCTbIO.

BeposTHO, rayTamat, M30AEWLMH Y TUPO3UH AENCTBU-
TeAbHO obecneyunBatoT yCTOMUMBOCTb GEPMEHTOB K MOBbI-
LLUEeHHbIM TEMNEepaTypam, a acnapTaTt U FAyTaMUH NMOAAEP-
XMBAOT MX BHYTPUMOAEKYASIPHYHO MOABMXXHOCTb NPU HU3KMUX
Temneparypax. [p1 aTOM He NOATBEPAUAOCH NOBbILLEHHOE
COAEPXaHWe NPOAMHA U aprMHUHa B SHAOMAOKaHax M3
TEPMODUAOB U MOHUXKEHHOE UX COAEPXKAHME B MCUXPO-
GUABHBIX GEPMEHTaX, MOBbILIEHHOE COAEPXaHWE TPEOHUHA
y NCUXPOODUAOB U MOHUXKEHHOE - ¥ TEPMODUAOB, a TakxXe
yBEAUUEHHAs! AOASI TUCTUAMHA Y Me30DUAOB (TabAKULLA).

B Me30duAbI
u [lcnxpoduAbl
u TepMOOUAbI

1

I P Y Q@Q K E F R WHMZC

AMUHOKUCAOTbI

Puc. 2. OTHOCHTEABHbIE YaCTOTbl BCTPEYaEMOCTY aMUHOKUCAOTHBIX OCTaTKOB B NMOCAEAOBATEAbHOCTAX

C pasHbIM TeMnepaTypHbIM ONTUMYMOM

Fig. 2. Comparative frequencies of occurrence of amino acid residues in sequences with different temperature optima

4Pairwise Structure Alignment // Rcsb.org. Pexum poctyna: https://www.rcsb.org/alignment (aata obpaluerus: 17.06.2024).
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AMWHOKWUCAOTbI, CNeunduyHbie K epmeHTam ¢ pasHbiM
TeMmneparypHbiM onTumymom [8, 9, 13-17, 20]

Amino acids specific to enzymes with different temperature
optima [8, 9, 13-17, 20]

JKonornyeckas
AMUHOKUCAOTbI AMUHOKWUCAOTBI
rpynna

c 6oAee BbICOKMMU | ¢ Boree HUBKUMU

NPOAYLEHTOB
yactotamu yacToTamu

depmeHToB
Me3opuAbl A*, C*, H, Q* -
TepmoduAbl E* I*, K,P,R,V,Y* | C* H* N, Q% S, T
Mcuxpoduabl D* E,G,Q* T P, R

MpnmeyaHme. 3Be3A0UKOM NOMeYEeHbl aMUHOKUCAOTBI,
NOATBEPXAAIOLLNE AUTEPATYPHBbIE AAHHbIE.

BAMSAHME TAKCOHOMUYECKUX U TEMMEepPaTypPHbIX Xapak-
TEPUCTUK GEPMEHTOB Ha UX aMUHOKUCAOTHBIN NPOGUAL
NoKa3aHo Ha rpaduke ABYMEPHOTO pacnpeAeneHus B Npo-
CTPaHCTBE NEPBbIX ABYX AUCKPUMUHAHTHBIX GYHKLMH (puc. 3).
XoTsi 06AacTH, COOTBETCTBYIOLLME pa3HbIM rpynnam ep-
MEHTOB, APYT C APYrOM YaCTUYHO NEPEKPbLIBAKOTCA, YACTOTbI
KOPPEKTHBIX OTHECEHUI MOATBEPXKAAIOT NPUHAANEXHOCTb
6eAKOB K «CBOEM» rpynne. AaHHbI NOKa3aTeAb COCTaBAAET
90,5% npu pa3buBke BbIBOPKK MO CUCTEMATUUECKUM KaTe-
ropusim 1 76,2% no remnepatypHoOMYy ONTUMYMY, TO €CTb
pa3Hble rpynnbl AOCTOBEPHO PA3AEAAOTCS B MPOCTPaHCTBE
ABYX AUCKPUMMHAHTHBIX GYHKLMN.

Mpv aHaNOrMUHOM CPaBHEHUW BEAKOBbLIX GparmMeHToB,
COOTBETCTBYHOLIMX KaTaAUTUUECKUM AOMEHaM, ObiAn
MOAYUYEHbI PE3YALTATbl, CXOAHbIE C OTOOPAXEHHbIMWU Ha
puc. 2 n 3 paHHbIMK. TakuM 06pa3omM, AENCTBUTEABHO,
bGepMeHTbI € pasHbiM TEMNePaTyPHbIM ONTUMYMOM OTAM-
yatotca cneumdUUYHbIM aMUHOKUCAOTHbIM NPOdUAEM.
BepoATHO, NOBbILEHHOE COAEPXAHUE OAHUX @MUHOKUCAOT
M NOHWXEHHOE COAEPXaHME APYTMX onpeAensieT 0cobeH-
HOCTW HaTUBHOW CTPYKTYpPbl, OT KOTOPOW 3aBUCUT, C OAHOM
CTOPOHbI, YCTOMUMBOCTb BEAKA K BbICOKMM TEMMNepaTypam,
a C APYyrov - coxpaHeHue HeobXOAMMOro YPOBHS BHY-
TPMMOAEKYAAPHON AMHAMUWKK NPU HU3KKUX TeMMepaTypax.

Ha BTOpOM 3tane 6biA0 NPOBEAEHO MHOXECTBEHHOE
BblpaBHMBAHME aMUHOKUCAOTHbIX MOCAEAOBATEABHOCTEN,
BXOASILLMX B UCCAEAYEMYHO BbIOOPKY (pUC. 4).
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B 3TOM CAyyae noAHble MOCAEAOBATEABHOCTH IHAOTALD-
KaHas rpynnupytoTcst NpeUMyLLECTBEHHO B COOTBETCTBUU C
MeracucteMaTukon — rpubHble, 6akTepUanbHble U apxeiHble
6enkn GOPMUPYIOT KAGCTEPbI, OTHOCUMTEABHO FOMOTEHHbIE B
TakCOHOMMWYECKOM NA@HE, HO AOBOAbHO HEOAHOPOAHbIE MO
OTHOLLEHUIO K TeMNepaType. BeTpeyatoTes Takxke OTAEAbHbIE
CAy4Yan 06beAMHEHUS GEPMEHTOB MO TeMnepaTypHOMY Npu-
3HaKy: 9HAOMAOKaHa3bl NCUXPOdUAbHBIX TPMboB Glaciozyma
antarctica, Aureobasidium pullulans n Debaryomyces
hansenii nonaaun B KAAcTepbl NCUXPOPUABHBIX BAKTEPUIA;
bepMeHTbl TEPMODUABHBIX U TUNEPTEPMODUABHBIX BaK-
Tepun Spirochaeta thermophila, Dictyoglomus turgidum,
Thermobispora bispora u Thermotoga petrophila knactepu-
3yHOTCA C MOCAEAOBATEABHOCTAMM U3 TMNEPTEPMOPUABHBIX
apxei. HakoHel, BblaensieTca Hanbonee reteporeHHas
rpynna, ob6beAuHAOLWAs TMNepTepModUAbHYO apxero
Pyrococcus horikoshii, 2 Bupa rpnbos v 6 BUAOB BakTepuit
C pa3HbIMK TeMNepaTypHbIMU ONTUMYMaMM.

Pe3yAbTaTbl MHOXECTBEHHOMO BblpaBHUBAHMA AOMEHHbIX
dparMeHToOB NPUHLMMUAABHO HE OTAMYAKOTCA — TOABKO
HEMHOr0 YBEAMUMBAETCA HEOAHOPOAHOCTb COCTaBa KAa-
CTEPOB MO TAKCOHOMMWUYECKOMY MPUIHAKY.

Taknum 06pa3omM, MHOXECTBEHHOE BbipaBHWBAHWE HE
NMO3BOAMAO BbISIBUTb IBHYHO B3aUMOCBS3b MEXAY NMOCAEAO-
BaTEAbHOCTAMM SHAOTAIOK@Ha3 M TeMnepaTypHbIMU YCAO-
BUSIMU CPEABI 06UTaHNA MUKPOOPraHn3MoB. UmetoLnecs
npUMeEpPbl BbICOKON MAEHTUYHOCTH NMOCAEAOBATEABHOCTEN
M3 HEPOACTBEHHbIX BUAOB, BEPOATHO, MOXHO OObACHUTb
rOpU30HTaAbHbIM NEPEHOCOM FE€HOB U TOABKO B MOCAEAHIOKD
ouepepb AENCTBMEM ECTECTBEHHOMO 0THOPA.

Ha 3aKkAloUMTEABHOM 3Tane UCCAEAOBaHWI BbIAO NMPO-
BEAEHO CpaBHEHME MPOCTPAHCTBEHHOIO CTPOEHUA dep-
MEHTOB C U3BECTHbIMW 3D-CTPYKTYpamMu — Takmx 6eAKoB
okaszanocb Bcero 14 (13,3% ot Bcel BbI6opKkH). CTPYKTypbI
6eAKOB BblpaBHMBAAUCh MNOMAPHO C NMOMOLLbIO aATOPUTMa
TM-align, He 3aBMCALWEro OT NOPsSAKA aMUHOKWUCAOT B
CpaBHMBaeMbIX MOAEKYAaX. [TaparAeAbHO MPOBOAMAOCH
nonapHoe BblpaBHMBAHUE aMUHOKMUCAOTHbIX MOCAEAOBA-
TEAbHOCTEW 3TUX Xe B6enKkoB (puc. 5).

PacnpepeneHUss ypOBHEW WAEHTUUHOCTU MEXAY
NOCAEAOBATEABHOCTAMMU U MEXAY NPOCTPAHCTBEHHbIMM
CTPYKTYpamMu 3aMeTHO OTAMYanoCb. B nepBom cayuae

Ocb 2

A
Ta A7 T

Puc. 3. PacnpeaeAeHune 4actoT BCTpeuaemMoCcTi aMUHOKUCAOT Y pasHbIX rpynn 9HAOMAOKaHa3 B NPOCTPaHCTBE NepBoi U BTOPOM
AVCKPUMUHAHTHBIX GYHKLMWIA: FpynnMpoBaHne NoCAEAOBATEALHOCTEN MO TEMMNEePaTypHOMY ONTUMYMY (@) U MO TAKCOHOMUUYECKOM
MPUHAAAEXHOCTH (D) (KpacHbIM LIBETOM MapKUPOBaHbl TEPMOUAbHBIE OPraHWU3Mbl, YEPHbBIM — ME3OGUAbHbIE, CUHUM —
NCUXPODUABHbIE; KPYTAblE MapKepbl — rpubbl, KBaapaTHbie — BaKTEPUU, TPEYTOAbHbIE — apXeu)

Fig. 3. Frequency distribution of amino acids in different groups of endoglucanases in the space of the first and second discriminant
functions: grouping of endoglucanases by temperature optimum (a) and by taxonomic belonging (b) (thermophilic organisms
are marked in red, mesophilic in black, psychrophilic in blue; round markers - fungi, square - bacteria, triangular - archaea)
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Puc. 4. A\eHpporpamMmma NoAHOpa3MepPHbIX MOCAEAOBATEABHOCTEN 3HAOIMAIOKaHA3 (MapknpoBka GepMeHTOB aHaAOrMYHa
NpYBEAEHHON Ha 3KCMAMKaLMK K puc. 3)

Fig. 4. Dendrogram of full-size sequences of endoglucanases (the marking of enzymes is similar to Fig. 3)

OHO MMEET XapakKTep HOPMaAbHOIo pacrpepAeAreHna C

" 7 zsi 0OYEHb HU3KMMMU CPeAHUM (22,8%) n MeanaHHbIM (20,8%)
. f:: 3HaYEeHUAMM. PacnpeAe/\erjme YPOBHEM MAEHTUYHOCTH
o o ool ‘ $ONAOB MMEET BblpaXeHHbIV ABYXBEPLUMHHbIV XapaKkTep
g ™ i g . \ C MakCMMyMaMu npu cTeneHun cxoactea 0,16 un 0,67.
F s F ool | ApPYyrMMu CAOBaMHU, B UCCAEAYEMOI BbiBOpKe MMeeTcs
0 751 \ NnoABbI6OpPKa GEPMEHTOB C HU3KOM WMAEHTUUYHOCTbIO
s /H “\\ j‘; / NOCAEAOBATEABHOCTEN, HO C BbICOKMM YPOBHEM MpO-
WM g o 4, e 1] u—ﬂ CTPaHCTBEHHOTO CXOACTBA. B 3Ty rpynny BXOAAT Kak dep-

00 75 150 225 300 375 450 525 600 675 00 01 02 03 04 05 06 07 08 09 10
MEHTbl ©3 OTHOCUTEABHO BAM3KOPOACTBEHHbIX TAKCOHOB,
HO C pa3HbIM TEPMOONTUMYMOM, Tak U 3HAOTAIOKAHa3bl
Puc. 5. PacnpeaeneHns nokasarenei cxoAcTea M3 MWUKPOOPraHM3MOB, AAAEKUX B CUCTEMATUUECKOM
npu nonapHoM BblIpaBHWBaHWM aMUHOKUCAOTHbBIX OTHOLUEHWU, HO OOUTAIOLLLMX B CXOAHBIX TEMMEPATYPHbIX
NOCAEAOBATEALHOCTEN (@) U NPOCTPAHCTBEHHbIX CTPYKTYP (b) ycAoBUSX. Hanpumep, 6akTepuanbHble SHAOTAIOKAHA3bI
14 3HAOTAKOKaHE3 (MO 0CKM ABCLMCC — MAEHTUYHOCTB, % (@) U3 Me3odpuabHoro Ruminiclostridium cellulolyticum w
n TM-score (b)) TepmoduabHOro Acidothermus cellulolyticus vmetot
Fig. 5. Distributions of identity values in pairwise alignment 3HauyeHne TM-score 0,65 M MAEHTUYHOCTb MOCAEAOBA-
of amino acid sequences (a) and 3D-structures (b) TenbHOCTEN BCEro B 17%. A TepMOGUAbHbIE GEPMEHTHI
of endoglucanases (the x-axis shows identity, % (a) n3 apxeu Pyrococcus horikoshii n rpuba Thermoascus
and TM-score (b)) aurantiacus noxoxu no cTpykType Ha 0,62 v N0 NOCAEAO-
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Puc. 6. lNpumep nonapHoro BbipaBHUBaHWs 3D-CTpyKTyp
3HAOTAOKaHas: a - Acidothermus cellulolyticus (PDB ID:
1ECE) u Thermoascus aurantiacus (PDB ID: 1GZ)J);

b - Acidothermus cellulolyticus (PDB ID: 1ECE) u
Pseudoalteromonas haloplanktis (PDB ID: 1TVN)

Fig. 6. Example of pairwise alignment of endoglucanase
3D-structures: a - Acidothermus cellulolyticus (PDB ID:
1ECE) and Thermoascus aurantiacus (PDB ID: 1GZJ);

b - Acidothermus cellulolyticus (PDB ID: 1ECE) and
Pseudoalteromonas haloplanktis (PDB ID: 1TVN)

BaTEAbHOCTM Ha 20%. TepmocTabrAbHbIE SHAOTAKOKaHA3bI
rpuba Thermoascus aurantiacus u 6aktepun Acidothermus
cellulolyticus nMeroT CTPYKTYPHY MAEHTUYHOCTL 0,65, a
WAEHTMUYHOCTb NocAaepoBaTeAbHoCcTeN 21,8% (puc. 6, a).
CooTBeTCTBYHOLLME NOKa3aTeAn BakTepUanbHbIX 3HAO-
rAtokaHas u3 Tepmoduaa Acidothermus cellulolyticus v
ncuxpoduaa Pseudoalteromonas haloplanktis coctaBAsitOT
0,68 1 19,3% (puc. 6, b).

Takrm 06pa3om, GyHKLMOHAAbHbIE CBOMCTBA 3HAO-
FAHOKaHa3 MOryT ONPEeAEAATbCA HE CTOAbKO MX NEPBUYHOM
CTPYKTYPOW, CKOAbKO 0COOEHHOCTSIMW NPOCTPAHCTBEHHOM
opraHu3aumn MoAeKyAbl. BEpOATHO, eCTECTBEHHBIN 0TOOP B
3TOM cAydyae paboTaeT Ha 3aKpenAeHWe BapMaHToB GOAAQ,
Hanbonee oNTUMaNbHbIX AAA PaboTbl GEPMEHTOB MPH KOH-
KPETHbIX YCAOBUSAX, B TOM YACAE CBA3AHHBIX C TEeMMEPaTypon
cpeabl 0bUTaHUSA.

3AKAKOUYEHUE

B aMWHOKUCAOTHbIX MOCAEAOBATEABHOCTSIX UCCAEAO-
BaHHbIX 9HAOIAIOKAHA3 He YAAAOCh BbISIBUTb NaTTEPHBI,
CBA3aHHble ¢ apanTauuaMM GepMEHTOB K MPEAEAbHbIM
TemnepaTtypam: pa3Anuuns B NePBUUHOM CTPYKTYpe dep-
MEHTOB 3aKOHOMEPHO OTPaXatoT TOAbKO MPUHAANEXHOCTb
MPOAYLEEHTOB K TakCOHaM BbICLUEro paHra - rpubam,
b6akTepuam 1 apxeam. B To xe BpeMs aMUHOKUCAOTHbIM
npoduAb HeAkoB GOPMUPYETCS B 3aBUCUMOCTU Kak OT
TAKCOHOMMUYECKMX XapPaKTEPUCTUK MWKPOOPraHW3MOB,
TakK U OT TeMnepaTypHbIX yCAOBVIl7I MX cpeAbl obutaHma -
OTHOCUTEAbHbIE YaCTOTbl HEKOTOPbIX aMUHOKKUCAOT (E, I, Y,
D, Q) AocTOBEPHO pasAnyaroTes y GepMEHTOB € Pa3HbIMU
TemMnepaTypHbIMKU onTUMyMamu. CAeAOBATEABHO, 3TW aMIUHO-
KMCAOTbI MPUHUMALOT yUYacTUe B MOAAEPXAHUM ONTUMAABHOIO
(ANl KOHKPETHOTO TEMMEPATYPHOro AMana3oHa) banaHca
MEXAY YCTOMUMBOCTBIO MOAEKYASPHOW CTPYKTYpbl U ee
KOHPOPMALMOHHOW MOABUXHOCTbIO, HEOBXOAUMON AAS
KaTaAUTMUYECKON aKTUBHOCTU GepMeHTOB. Takon baraHc
AOCTUIaeTcs 3a CUeT UBMEHEHUS U NepepacrnpeseneHmns
KOHTaKTOB W CBs3el BHYTPM BEAKOBOM AOBOYAbI, YTO CONPO-
BOXAQETCA BO3HUKHOBEHWEM OMPEAEAEHHOW NPOCTPaH-
CTBEHHOM YKAQAKH I'IOI\VIﬂeI'ITVIAHOVI uenu. Pe3y/\bTaTOM
NoAOBHOIO COUETAHUSI CTPYKTYPHBIX GAKTOPOB ABAAIOTCS
3HAOTAKOKaHa3bl, KOTOPbIE NPY HU3KOM MAEHTUUYHOCTH MOCAE-
AOBATEAbBHOCTEN XapaKTepPU3yHTCA BbICOKMM NoA0BMEM
NPOCTPAHCTBEHHbIX CTPYKTYP.

B0o3MOXHble MeXaHW3Mbl CTOAb 3HA4YMMbIX (B 3-4 pa3a)
pa3l\l/ll-ll/ll7l MeXAYy noka3atenaMn UAEHTUYHOCTU pPa3HbIX
CTPYKTYPHbIX YPOBHEW BEAKA CBOAATCS K ABYM anbTep-
HaTUBHbLIM BapuaHTam: AMOO 3TO FOMOAOTMUHbIE BEAKMH,
KOTOPbIE HAKOMWUAK BOAbLLOE KOAMYECTBO aMUHOKUCAOTHBbIX
3aMeH, HO COXPaHWAM UCXOAHYO MPOCTPAHCTBEHHYIO «yna-
KOBKY», AMOO 3TO HEPOACTBEHHbIE BEAKU, KOTOPbIE NPU-
06penn cxopHyto 3D-CTPYKTYpy B NpoLecce apanTaummn K
BbIMOAHEHWIO KOHKPETHbIX YHKLMIA. K coXaneHMto, H13Kas
AOAS B Ba3ax AaHHbIX SHAOTAOKAHA3 C U3BECTHbIM MPO-
CTPaHCTBEHHbIM CTPOEHUEM NPENATCTBYET NPOBEAEHUIO
b6onee TAYOOKOro aHaAu3a, MO3TOMY AASl AAAbHEMLLIWX
MCCAEAOBaHUM B AQHHOM HanpaBAEHWM HEOOXOAMMO
NPUBAEUYEHUE aATOPUTMOB CTPYKTYPHOIO MOAEAUPOBAHUA.
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