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IacTuTyT KOMOiAHOI XiMmii Ta Ximii Boxu imeni A.B. [lymancskoro HAH Vkpainmn,
Kui, Ykpaina, e-mail: gvozdyak@ukr.net

EJEKTPOYTPUMYBAHHA SIK PYIIIMHA CHJIA
3ITATI'OJKEHOI POBOTH EH3UMIB HA MEMBPAHAX
AKUBUX KJIITUH

Bizyanvue (3a 00nomoeoio c8imio802o MiKpOCKON@) CNOCMEPeNCcen s sSIGUa enex-
MPOYMPUMYSAHHS KAIMUH MIKPOOP2AHIZMIE Ma 00CHIOU 3 IMMODLNI3ayil eH3UMi6 Ha
KOJLEKMOpax 6 enekmputHoMy o 0aiomsv niocmaeu nepeddaiumu 6UHaA4aIbHy poib
eNeKMPOYMPUMYBAHHSL Y 3MA200ANCEHT POOOMI hepMeHmHUX CUCmem 6 KIIMmuHax 0yob-
SIKO20 JHCUBO2O OP2AHIZMY 3A605IKU MPAHCHOPNMY (NPOXOOJICEHHIO) KPi3b MeMOpamy
3apsi0JHCceHUx HOHI6, SKI CMBOPIOIOMb HEOOHOPIOHEe eleKmpUYHe Noje, NOAAPU3yIomb
MONEKYIU eH3UMIB, SMYULYIONMB IX 00 NYILCYIOU020 PYXY, WO CIPUSIE IX 83AEMHOMY KOH-
maxmy midic coboio i 3abezneuye y3200cene QyHKYIoHY8anHs OI0102IUH020 KOHEeEPA
3 biompancghopmayii 6i0N0GIOHUX CyOcmpamis.

Knwuoei cnoea: enekmpoympumysans, iMmmooinizayis eH3umMis, QYHKYIOHY8AHHS
EH3UMIB HA MEMOPAHAX.

Csoro yacy rpyna gocnigaukiB IKXXB AH Vkpainu (ILI. I'Bo3nsk, T.IT. Ye-
xiBcbka, B.J[. I'peGentok 1 JI.II. Komeukina) BUsSBIIN HAa[3BUYAIHO 111KaBe SBUILIE,
sIKe JIICTAJIO Ha3BY «EJIEKTPOyTpUMYBaHH:» [ 1] Ta sike, Ha *aJlb, 3AJUILIAETHCA 11032
yBaro JOCIIAHUKIB, 30KpeMa, eH3UMOJIOT1B, 610()13UKiB, MEMOPAHOJIOTIB T 1HIII.

CyTb enexTpoyTpUMYBaHHSI [IOJISTA€E y TOMY, 1110 ITOMIIIEHI B eJIEKTPUYHE T10JIe
3€pPHUCTI, TOPUCTI YU BOJIOKHHUCTI JIEIEKTPUKH Ta MPOBIIHUKHU JAPYroro poxay (Ko-
JIEKTOPH, 3arpy3KH) YTPUMYIOTh 3 BOJH, IIO MPOTIKAE KpPi3b HUX, 1 HAKOMUYYIOTh
JCTIEPCHI, KOJIOI/IHI Ta PO3YMHEH1 Y BOAL 3aps/IXKEH1, YU TaKi, 0 HOJISIPU3YIOThCS,
pEeYOBHUHU (KMBI Ta MEPTBI KJIITUHU MIKPOOPIaHi3MIiB, iX JETPUTH, BIpycH, OLIKH,
HYKJICTHOBI KMCJIOTH, 1HIII O10110JIIMEpH, INIMHUCTI MiHEpaJu, MIrMeHTH, OapBHUKU
Ta JesIKl 1HIII OpraHiyHl pe4oBUHM TolIO). ITicis 3HATTS eNeKTPUYHOro Mmouis i
PEYOBHHU BIIUIAIOTHCS BiJI KOJEKTOPA, J1€arperyroThes, CyCIEeHAYIOThCS 1 JIETKO
BUMMBAIOThCS [IPOTOYHOIO BO/1010. [TOBTOpHE HaKIIa1aHHS €JIEKTPUYHOTO T10JIs Ha KO-
JIEKTOp 3HOBY 3aTPUMYE 3 BOJIH, 110 ITPOTIKAE, BKa3aHi 00’ €KTH, 1 Tak 0e3 KiHL [2—7].

SBuILe eNeKTPOyTPUMYBAHHS Ta, 30KpeMa Horo NnpukIagHa 4acTUHA IiJ] Ha-
3BOIO «EJIEKTPOPUIBTPYBaHH [8, 9] cTanu mpeaMeToM AeKiIbKOX KaHIUAaTChKIX
nmucepraniii [ 10-14], a HaliO1Ib1II JETaIBHO OMKMCAHI B JOKTOPCHKIiM nuceprartii [ 15].

© ILI. I'Bo3ms1k, 2016
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I{ikaBo, 0 MU EIEKTPOYTPUMYBaHHI Ha 3€PHUCTOMY CHJIIKAredi siK KOJICKTOPi
BiJIOMO1 MiKp0OOi0JIoTaM «4JyAeCHOI ATHIKn» — OaKTepii Serratia marcescens —pu-
CYTHIN y Hill Y4epBOHU ITMEHT MPOIITI03WH «BUOUBABCS» 3 OaKTEpiaIbHUX KITITHH
1 copOyBaBcCsl Ha CHITIKareli, 3a0apBIIOI0YH HOTO B SICKpaBo OarpstHmiA Kouip [16].
MexaHi3M 1IbOTO SBUIIA HE BCTAHOBIICHO.

[TpoTe 0coOMMBO CHITbHE BPa)KEHHS CIIPABUB TOU (aKT, IO MIPU EIEKTPOYTPH-
MyBaHHI €H3UMiB BOHHM HE BTpavalid CBOIX KaTaTITHYHUX BIACTHBOCTEH, 1 TAKUM
YHHOM €JICKTPOYTPUMYBaHHS BUSIBHJIOCS YETBEPTUM METOIOM IMMOO1TI3aIii €H3UMIB
[17-19].

o pedi, maiike depe3 MeCATUITITTS MMICIIs HAIMX Ty OITiKalliil 3 mpruBOIYy eleK-
TpOyTpUMYyBaHHS (DEPMEHTIB, BIJOMHUN STIOHCHKUN eH3UMOIIOT, Tipodecop Tokiii-
cpkoro yHiBepcutery Shintaro Furusaki omy0mikyBaB cTarTio Mpo «HOBHH METOI
iMMoOii3artii eH3umMy Ha ocHOBI cuit Kynonay [20] 6e3 mocwuiianb Ha Halr poOOTH.
3’sicyBanocs, npod. Furusaki, He Oyaydn 3HaAOMUM 3 HAIIUMU MyONIKaIIIMHA Y
MPOBITHUX HayKoBHUX KypHanax «Jloxmaaer Axagemuun Hayk CCCPy», «Mwukpo-
ouonorusy, «lIpukmamnas OMOXUMUS © MHKPOOHOJIOTH» (PAKTUIHO 3aHOBO, Ca-
MOCTIHHO TTepeBITKPUB elleKTpoyTpuMyBaHHs. HeBnos3i Tokifichkuii yHIBEpCUTET
odimiiino mosimomus 1mpo BrirodeHHST IKXXB AH YPCP B uncno «500 xpammx
aboparopiit CBITY».

VY cnemiaicTiB 3 KOJIOIAHOT XiMil Ta eIeKTpOoXiMii BHHUKAJIO 0araTo pi3HOMaHIT-
HUX, 9aCOM JIOBOJII OPUTIHAIBHUX, TPOTE HEAEKBATHUX, CIIEKYISITUBHUX MOSICHEHD
SIBHIIA €TICKTPOYyTPUMYBaHHS.

Jlst Bizyaumizaiiii mporiecy BUITydeHHS 3 TOTOKY BOJHOI CyCTICH311 KITITHH MIKpO-
OpraHi3MiB i 3aTPUMKH iX HA 3epHAX KOJEKTOPIB i/l BIUTMBOM €JIEKTPUIHOTO TIOJIS
BHUTOTOBWJIN CTIeIiabHy Kamepy [21] puc. 1.

Puc. 1. Kamepa 1151 cnocrepeskeHHsl eJIEKTPOyTPUMYBaHHSI MiKpPOOpraHizmis
il ONTHYHUM MiKPOCKOIIOM

Fig. 1. The chamber for monitoring the electroretention of microorganisms
under the optical microscope
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OCHOBOIO KaMepH CITyTryBaJia IUIACTHHKA | 13 OpraHiqHoro CKJ1a po3Mipamu 75 X
28 x 4 mM. B O0OKOBHX CTiHKaX TUIACTMHKH 3 MPOTHIICKHUX CTOPIH BHCBEPICHO
kaHanu 2 1 3, mo csarawte 3/4 ii mupuHU, 3 BUXOJAOM Y BHIVISII TOHKHX OTBOPIB 4
Ha BepxHIO TutomuHy. Lli kKaHamu 3 OTBOpaMu MpU3HAYCHI IS MiIBOIY 1 BiIBOIY
cycnensii. B orBopu (51 6), 1110 Tak caM0 BUXO/SITh Ha NOBEPXHIO INIACTUHKH, ITPO-
cyHyTO ApoTHKH (7 1 8), SIKi CITy)KHITU €TIeKTPOIaMH. 3BEpXy Ha IUNTAaCTUHKY TOKJIaJICHa
pamka (9) 3 Tonkoi (0,6 Mm) emacTuaHO1 JTMcTOBOT rymu. Kamepy, 1o yTBopmiacs,
po3mipamu 15%15%0,6 MM 3a110BHIOBAJIM IIAPOM KYJIBKOIIOI0HMX 3€PEH CUIIIKarelto
10, miamerpom 0,5 MM 1 HaKpHBaJIK MOKPUBHUM cKembiieM (11), sike mpuTuckanu 3a
noriomororo 1rypymiB (12) mo rymu (9) pamxkoro (13) 3 TOHKOTO OPraHigHOTO CKIIA.
Kamepy nomimanu Ha mpegMETHUH CTOJIMK MIKpOCKOIA, 3a0e3MeuyBaliy IpPOTIK
cycrnensii 3a Oa)kaHHsM crpaBa HaJiBO abo 3I1iBa HANPaBO i CIIOCTEPIraiy 3a MmoBe-
JIHKOIO KJIITHH MIKPOOPTaHi3MiB MPHU PI3HUX HAMPYKEHOCTAX SICKTPUIHOTO OIS
Ha enekTponax. Jlociaiin npoBOAWIIN 3 CYyCIEH31SIMH KJIITUH PI3HUX MIKPOOPIaHi3-
MIB Ha AUCTHILOBaHIH Bomi. [yt OibII01 9iTKOCTI 300pakeHHs Opany 3abapBiieHi
(yKCHHOM 1 METUJICHOBUM CHHIM CHJIIKAreib 1 APKJIKI, a CHOCTEPEKEHHS BEJH B
IUTOLIMHI, 1110 IPOXOJHIa Yepe3 JiaMeTp KyJIbOK 3all0BHIOBAYA.

[Ipu nmporikaHHi cycrnieH3ii yepe3 kamepy 0e3 HaKJIaJIeHHS eICKTPUIHOTO OIS
TUIBKU OKpeMi KIITHHHU aJicOpOYyIOThCS Ha TIOBEPXHI CHIIIKAreso, a OCHOBHA KiJlb-
KiCTh MIKPOOPTaHi3MiB BUHOCHTBCS TIOTOKOM pifuHHU (puc. 2a). BMuKkanHs cTpymy
MIPUBOIAUTH MiKpOOHI KIIITHHHU B PyX, BIZIMIHHHI B HAMPSMKY Tedii cycrensii. [Ipn
MaJIiil 3arajgbHId HAPy>KEHOCTI eJIeKTpuYHOro nojst (0nu3sko 10 5 B/cMm) 1ieit pyx
HE Jy’Ke IHTeHCUBHUH, O1TIbII-MEHII YIIOPSIKOBAaHHUH 1 HaIlpaBlIeHHd y OiK aHO/a.
KitiTuHY MpUTATYIOTHCS 710 TIOBEPXHI 3€PEH CHITIKATEITI0, T 0COOIMBO BEJTMKA KiJTb-
KICTh IX HAKOMMYY€ETHCS B MICIX KOHTAKTy 3e€peH MK coboro. Ha 3BepHeHii 1o
KaToJly CTOPOHI OBEPXHI CHITIKarellt0 BUHUKAIOTh YUCIICHH1 JIAHITFOXKKH 3 MIKPOOHHX
KJTIITHH, 1 KIII0, HAIPUKJIIAJ, Y BUIIAKY Saccharomyces cerevisiae KiNbKiCTh KIIITUH
B JIAaHIIOXKKY CTaHOBUTH 3—7 (puc. 2 b) To y Bacillus subtilis csirae nBaausaty 1 6151b-
11e 0COOMH y KOXHiH. Y IpOCTOpi MK 3epHAMU CHITIKAreto CIIOCTEPIra€Thes Jeb
MNOMITHHUH pyX KJIITHH IO KOJTY, SIKHH TTOCHITIOETHCS 31 301IbIIEHHSIM HaNPy>KEHOCT]
EJIEKTPUYHOTO ToJIs (pHc. 2 ¢).

B Ginpmmx 06’ emax, CTBOPEHUX 4-5 3epHaMH CHITIKAreIt0, MOYKHa CIIOCTepiraTu
10 JIBA-TPH LIEHTPHU, HABKOJIO SIKUX 00EPTarOTHCS KIIITUHU MIKPOOPTaHi3MiB (puc. 2¢).

XapakTepHo, 110, SKIIO HABKOJO OJHOTO IEHTPY KIITHHH PYXalOThCS 3a TO-
JTUHHUKOBOIO CTPIUIKOIO, TO HABKOJIO CYCITHBOTO — IMPOTH TOIWHHUKOBOI CTPUTKH.
[TpunuHeHHs MpOTOKY cycneH3ii abo MoBuUIbHA 3MiHA HOro Ha 3BOPOTHIM He mo-
3HAYA€ThCSI HA HANPSIMKY OOEpTaHHS MiKpOOpPTraHi3MiB, 3aTe 3MiHA MOJSIPHOCTI
Ha eJICKTPONax MPU3BOIAUTH 0 HETAWHOI 3MIHM HANpsIMKy OOepTaHHS KIITHH Ha
nporunexxuuil. [lpu nopaneiomy 301IbIIEHH] HAIIPYKEHOCTI €JEKTPUYHOTO T10JIs
(mopsiaky 70-200 B/ cm) KiTiTHHE MiKpOOPraHi3MiB HAKOITMYYIOTHCS B OCHOBHOMY Ha
CTHKaX 3epeH cuiikaremto (puc. 2d), iX pyX Mo KoJIy MPUTHIYYETHCS, 1 B MIK3EPHO-
BOMY MPOCTOPI MepeBakae iIHTEHCUBHUIN MOCTYMAIBHUN PyX B HANPSIMKY 70 aHOZY.

8 —— ISSN 2076—0558. Mikpob6ioroeisn i 6iomexrnonrozis. 2016. Ne 3. C. 6-20
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Puc. 2. [loBeainka gpixI:KOBUX KJIITHH I 9ac pyxy cycneHsii
MIZK 3epeH CHJIIKATe/II0 IPU HANIPYKEHOCTI eJIeKTPHYHOro noJs (B/cm):
a—0;b-5;c—20;d— 150; e — miciast BUMKHEHHSI €JIEKTPUYHOTO CTPYMY.
Macmrabna ninifika 50 MkM. (MikpodoTorpadii onTHIHOT MIKPOCKOTIIT)
Fig. 2. The behaviour of yeast cells during suspension movement
between the granules of silica gel in the electric field (V/em):

a—0;b—5;c—20;d-150; e — after switching off the electric current.
Scale bar 50 um, (photomicrographs of optical microscopy)

[Ticns BimKIIOYEHHS! CTPYMY KJIITHHH MIiKpOOPTaHi3MiB, IO Opajid y4acTh B
obepTanbHOMY pycCi, Ta OCHOBHA Maca KJIITHH, 1[0 HAKOIMWYWIIMCS Ha TOBEPXHIi
CHUITIKareJisi, 3aXOIUTIOI0ThCS MMOTOKOM pimnau (puc. 2¢). [Ipu 11poMy JTaHI0KKOBI
arperary i KOHIJIOMepaTy KIIITHH TYT K€ PO3CHUITAIOThCS.

BaxxnmmBy ponts y 3a0e3nedenHi e ekTy yTpuMyBaHHS MIKpOOPTaHi3MiB Biirpae,
OYEBH/THO, CJIEKTPOCTATHYHA B3AEMO]IIS KIIITHH 3 TIOJSIPU30BAHUMH TTOJIEM MaTepiaia-
Mu. J{71st miaTBepmKeHHs (PaKkTy iCHYBaHHS TaKO1 B3a€MOIii TPOBOIIITN O€310CepeTHE
CIIOCTEPEKESHHSI 32 ITOBEIIHKOIO MIKPOOHHX KIIITUH B IPUCYTHOCTI YaCTHHOK Pi3HO-
MaHITHUX MaTepiaiiB B eJIeKTpUIHOMY 1101 [22, 23]. MU BUKOPHCTOBYBAJI TPAaHUY-
HO MPOCTY YCTAaHOBKY, CXEMY SIKOi IpezicTaBieHo Ha puc. 3. [InockonapanensHuii
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ckistani Karmusip [epoinsera [24] (1) 3’ennyBaiu 31 CKISTHUMH TPyOOuKamu (2) 3a
JIOTIOMOTOIO JIBOX IIIMATOYKiB TOHKOTO r'yMOBOTO0 nutanry (3). Komipky 3anmoBHOBaIM
CYCIEH31€10 KJIITUH MIKPOOPIaHi3MiB y CyMillli 3 YaCTUHKAMH JIOCIII)KYBaHOTO Ma-
Tepiaity, Ta 3a JOMOMOT'OIO CIIEIiaIbHOT0 TPUMayda KPIluIu 10 CTOIMKA MIKPOCKOTIA.
B ckistHi TpyOGouky nmomimanu enekrpoan (4) i (5) Ta MIKpOCKOITiFOBaIH Mpemnapar
3a PI3HUX PEKUMIB SICKTPUIHOTO KUBIICHHS. J[0CHiKyBaBa Iy MOBEAIHKY KIIITHH
Bacillus subtilis 21 (necTpyKkTop KarnpojakTaMy Ta FeKCaMeTHIJICHiaMiHy) B MIpH-
CYTHOCTI YaCTHHOK ITIMHUCTUX MiHEPaJIiB (MOHTMOPUIIOHITY, KaOJIiHY, BEPMHUKYJIITY,
MAJIUTOPCKITY ), IPYHTY, HiCKY, cuiikareinto (Mapku KCM-2,5 ta KCM-5), aepocuiny
A-175 , ckna (y TOMy 9HCIIi KBapIIOBOTO), a30ecTy, HoHOOOMiHHMX cMout (AB-17 1
KY-2), nomiyperany, Tenony, rpadiTy, akTHBOBAaHOTO BYT1JUIA, 3aJ1i3a, MiJIi, @ TAKOXK
BOJIOKOH II€JTI0I03U, 0aBOBHH, BOBHHU, IIOBKY, KalIpOHY, HEUJIOHY Ta AESIKHUX 1HIINX
i1 BIUTUBOM IOCTIHOTO €EKTPUIHOTO CTPYMY.

Puc. 3. Kamepa nJs 1ocaizkeHHs: MOBeIiHKH KJIITHH MiKPOOPraHi3MiB B e1eKTPHYHOMY
N0J1i B IPMCYTHOCTi OKpeMHUX YACTHHOK Pi3HOMaHITHHX MaTepiajiB

(1 — xaminsp [epdinpea; 2 — ckistHI TPyOKH; 3 — 3’ €AHYBaNbHI IITAHTH;, 4 1 5 — €IeKTPOAN).

Fig. 3 The chamber for the optical microscopic examination of the behavior of microbial

cells in an electric field in the presence of the individual particles of various materials
(1 — Perfilev’s capillary; 2 — glass tubes; 3 — connecting hoses; 4 and 5 — electrodes).

B3aemoniss MIKpOOHUX KIIITHH 3 PI3HOMaHITHUMU MarepiajlaMi B OCTIHHOMY
€JIEKTPUYHOMY TOJI 3yMOBIIOETHCS IPUPOOI0 IIbOTo Marepiany. Tak, mpu oxHa-
KOBUX 3HAYCHHSIX HAMPYKCHOCTI CIEKTPUIHOTO TOJIS 1 ONMHIET 1 Ti€l kK CycreHsil
MIKpOOPTaHi3MiB Jy’K€ BEJIMKa KiTbKICTh KIITHH HAKOMMUYEThCS HA YaCcTKax aHi-
OHITY, NIMHUCTHUX MiHEpaJiB, aepOCHUILY, KaTIOHITY, HOHOOOMIHHUX BOJIOKOH, ILIOBKY.
[IpoBinHUKH TEPIIOTo poay (Byruuis, MeTain) abCOMOTHO HE B3a€MOIIOTH 3 KIIITH-
HaMH MiKpoOiB, SIKi MEPEMIlIalOThCS B TOCTIHHOMY €IEKTPUYHOMY TOJI1 10 aHOLY,
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00XOJIT9H 1 MPOTIKAIOYM MUMO IIMX YAaCTHHOK. Pemira pociipKkyBaHUX MarepiaiiB
3aliMalOTh MPOMIXKHY MO3HUIIIIO.

Ha puc. 4 maBeneHo ¢ororpadii, Mo UTIOCTPYIOTH MOBEAIHKY KIITHH OJHOIO-
00Boi Kynsrypu Bacillus subtilis B IpUCYyTHOCTI YaCTMHOK TIIMHUCTOTO MiHEpaly
MOHTMOPHJIOHITY. B 3BHuaiiHix ymoBax (6€3 HakJ1a/IeHHs €J1eKTPHYHOTO 110JIs1) TiIb-
KM JCSIKI KJIITHHA KOHTAKTYIOTh 3 TIOBEPXHEIO IIMHH (pUC. 4 a): YaCTHHKA MiHEepary
Ma€ OfIHOWMEHHUH 3 KIITHHAMU BiJl’€MHHI 3apsif, a CyCIeH3is MPUTOTOBICHA Ha
JTUCTHIIOBAHIN BOII, IKa HE MICTUTh IOCTaTHBOI KUIBKOCTI KaTiOHIB, 110 CIIPHSITA
0 axcopOuii. Okpema yaCcTUHKA MiHEpaIy B KaliIspi HE MOXKE CIYXKHTU Oap’epoM
JUIs. MIKpOOHUX KJIITHH, 1 BOHH i JIETKO 0OXOASATH IPH PyXOBI CyCIEH31i BITHOCHO
YaCTHHKH (YOTO MOXKHA JIETKO TOCSATHYTH 3MIHOIO PiBHS PiAMHH B OTHIN 13 CKIISTHAX
TpyO0o4OK). OHaK JOCTAaTHHO HAKJIACTU HA CUCTEMY €JIEKTPUYHE MOJe MOCTIHHOTO
CTpyMY, SIK KIIITHHU 30MPAIOTHCS Y 3HAYHUX KITBKOCTAX HA 3BEPHYTIH 10 KaTomy
CTOPOHI MOBEPXHI NIMHUCTOTO MiHEpay Ta IHTEHCUBHO MPHUTATYIOTHCS 10 HHOTO
(puc. 4b). Ilicas BinkIIOYEHHS MOJS OakTepialibHI KIITUHU 3aIMIIAIOTH [IUHY,
YTBOPIOIOUM PIBHOMIpHY cycrieH3ito. [loBTopHe HakiIafaHHS eNeKTPUYHOTO OIS
3HOBY NIPU3BOJUTH 10 HAKOIIMYEHHS KJIITUH HA YAaCTUHIII; TP 3MIHI TOJIIPHOCTI Ha
€JIEKTPOAAX BCl MIKPOOHI KITITHHU Pi3KO BiAIITOBXYIOTHCS BiJI ITi€1 YaCTHHU TIOBEPXHI
MiHepaly, a 10 IPOTUJICKHOI CTOPOHU MPUTATYIOThCS 1HIII (puUC. 4¢).

Pi3Humi y B3aemMoil KIITHH MIKpOOPraHi3MiB 3 MMOBEPXHEK PI3HOMAaHITHUX
MarepialiB B €JIEKTPUYHOMY TOJIi 3yMOBJICHI HE TUTBKU MPUPOJIOI0 IIMX MaTepiais,
asie i X cTaHOM, 30KpeMa, rApoduIbHICTIO. Lle MOXXHA TPOIEMOHCTPYBAaTH Ha IIPU-
KJIaJi TIMHUCTUX MiHEpaiB, TiIPO(UIBHICTh SKUX 3HIKYETHCS 3 TIBUIICHHSIM
TEMIIepaTypy BUIAITY.

Mu npoBOIMIIN TOCIITN 3 IPHPOTHUM MOHTMOPHIIOHITOM YepKachKoro poIoBH-
m1a. Bimomo, o npu remmnepatypi 130—-140 °C MOHTMOPHIIOHIT BTpadae COpOIiitHO
3B’s13aHy BOJY (3BopoTHHUH mpotec); npu 550575 °C BinOyBaeThCcsi HE3BOPOTHA
JIeTiIparailisi MiHepaily — BiH 1M030aBIISETHCS KPUCTATI3AIIHOT (CTPYKTYpHO1) BO-
nory; ipu 850 °C 3MIHIOETBCS KpUCTaTi3alliiiHa CTPYKTYpa MiHEpay, 3’ IBIsSEThCS
anp0IT, aJli MIMiHEeNb Ta 1HII BUCOKOTEMIIepaTypHi KpucTanidysi ¢aszu. Y miit cepii
JOCTi/1iB 3acToCOBYBaiu MiHepaiu, Harpiti 7o 100—1000 °C ta oxonomkeHi pazom
3 My¢esneM. MOHTMOPUIIOHIT, L0 CIIKCS, APOOMIH, BiIOMpaiu Gppakiii 3 po3mMipoM
gacTHHOK 30—40 MKM 1 3MIIITyBaJIH 3 CYCIIEH31€10 MIKPOOPTaHi3MiB y TUCTHIIHOBAHIH
BOJIi. BuKOprCTOBYBaM iHTAaKTHI T000BI KyIbTypH Saccharomyces cerevisiae, 0
BUpocn Ha cycio-arapi (CA) (kiniTuH oBasibHOI hopmu, po3mipom 4,0 X 11,0 Mkm),
1 Bacillus subtilis, mo Bupocan Ha M’sico-nentoHHOMY arapi (MIIA) (mamuuku
1,5-3,0 x 0,5-0,8 mxm). Konnentpaiiis MikpoopraHi3MiB y CyCleH31i CTaHOBHJIA
10%-10® kiTrn/Mit. J{71s TOPIBHSHHS iIHTCHCUBHOCTI B3a€MOIiT MIKPOOHUX KITITHH 3
OKpPEeMHMH YaCTHHKaMHU TJIMHU, SK1 MiIaBajIics pi3Hik TeMneparypHiid o0pooii, y
KOYKHIM cepii OCIIiB KOPUCTYBAIKCS OTHIEIO 1 TI€H0 K CYCIICH31€10 MIKPOOpTaHi3-
MiB, a JIS CIIOCTEPEKEHHsI BUOMPAIIH OLIBII-MEHIII OJJHAKOBI 32 PO3MIPOM YaCTUHKH
MOHTMOpPMIIOHITY. Ha eslekTpoan mpoTaromM 0iHaKOBOTO IMPOMIKKY 4acy MojgaBaiu
BUIIPSIMIICHHI iogamu cTpyM. Kaptuny ¢ikcyBanu Ha (oToruiBii, 3aiHCHIOBAIN
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3MiHY MOJIIPHOCTI 1 3HOBY uepe3 NneBHuM yac potorpadysanu noie 30py. B kamepi
CTBOPIOBAJIN HAMPYKEHICTh EIEKTPUIHOTO mmonist 15-25 B/cewm.

BigHocHo Benyki Ta MaCHBHI YaCTUHKH MOHTMOPHWJIOHITY 32 TaKO1 HAIPY>KEHOCTI
MOJIST HE 3PYIIYBAJKCS 3 MiCIs, a KIITUHU IHTEHCHBHO 3MIII[yBaJHCS B HAPSIMKY
aHoxy. OnHaK, K TITBKH BOHH HAOMIDKAIHCS 0 MOJIIPU30BAHOI YaCTOUKU TJIMHH,
TO BiJpa3y K MPUTATYBAINCS 3BEPHYTOIO 0 KaTOLy CTOPOHOIO MOBEPXHi, HAKOH-
YyyBaJHcs Ha Hilf Ta yTBOPIOBAIN YHCIICHHI JIAHITIOTOB1 arperaTy 1 HArpOMa KEHHS.

Ha puc. 4 npuseneno ¢ororpadii, Ha SKuX 3aiKCOBaHO PE3YyNbTaT JBOXBIIUH-
Hoi B3aemoii kiiTuH Bacillus subtilis 3 4acTHHKaMA MOHTMOPHJIOHITY 0€3 BUTIATY
Ta PI3HOTO CTYIEHIO (TEMIIepaTypH) BUTIATY, B €JIEKTPHYHOMY IOJIi, HANPY>KEHICTh
SKOTO cTaHOBMIIA 25 B/cwm.

Puc. 4. lloBeainka kaiTun Bacillus subtilis B npucyTHoOCTI YaCTHHOK IVIMHUCTOTO
MiHepaJly MOHTMOPHJIOHITY:
0e3 HaKJIa/ICHHS eJIEKTPUYHOTO TI0JIs (2), B €JIEKTPUYHOMY TI0JII TOCTiIHHOTO cTpyMy (b)
Ta Miciist 3MIHM TOJISIPHOCTI Ha €JIeKTpo/ax (C); B €JICKTPUIHOMY I10JIi HEBUIIAJICHOTO
MouTMOpuItoHiTY (d); micyst Bunany muHu npu 500 °C (e);
ta micns Bunany rinau mpu 800 °C (f).

Fig. 4. The behavior of Bacillus subtilis cells in the presence of particles of a clay mineral
montmorillonite:
without the imposition of an electric field (a), in electric field of direct current (b) and after
change of the polarity on the electrodes (c); in electric field of not scorched montmorillonite
(d); after firing the clay at 500 °C (e); after firing the clay at 800 °C (f). Scale bar 1 um,
(photomicrographs of optical microscopy)
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ITpoBeneHi qOCIiKSHHS TIOKa3aJIH, 10 YaCTUHKH HEOOPOOJIEHOTO TIIMHUCTO-
ro MiHepay Ta 3pa3KH, BUIIaJeHi 3a TeMmeparypu Hux4oi 3a 500-600 °C, mpu mii
EJIEKTPUYHOTO TIOJIS TIOCTIMHOTO CTPYMY IHTEHCHBHO HAaKOITMYIYIOTh HA CBOIM 3BEp-
HYTI{ 70 KaToJy MOBEpPXHI MIKpOOHI KIITHHH. 3MiHA MOJSAPHOCTI Ha €IEKTpoaax
MPU3BOJIUTH JIO0 PI3KOTO OOOIMIEHOTO BiAIITOBXYBAHHS YaCTHHOK TIMHH Ta KIIITUH
MIKpOOprasi3miB. Y 1eif MOMEHT MpHU 3HAYHOMY CKYITYE€HHI MIKpOOHHX KIIITHH Ha
MOBEPXHI MiHEpaITy, YOTO MOKHA JOCSTTH 301UIBIIICHHAM Yacy Mojiadi HanpyTu ado
3aCTOCOBYBaHHSM OUTBII TYCTOI CYCIIeH311, CIOCTEPITaEThCs Pi3Ke 3MIICHHS Yac-
TUHKU [TUHH Y 01K, TPOTUJICKHUH 10 HANIPSIMKY PYXy KIITHH. Takoro caMmoro pomay
CWJIH BIJIITOBXYyBaHHS JIIOTh 1 MK OKPEMHMH KJIITHHAMH MIKPOOPTaHI3MIiB ITiJT
9ac 3MiHM MOJSIPHOCTI. [Tics BUMKHEHHS CTPyMy KJIITHHH 3 4aCOM 3HOBY PO3IIO-
JUTSIFOTBCST PIBHOMIPHO 10 BChOMY 00'€éMy KaMepH, HE YTBOPIOIOYH KOHIJIOMEPATiB
a00 CKyTTYCHb.

Taka moBeiHKa YaCTHHOK TIIMHH Ta KJIITHH MIKPOOPTaHi3MiB CBITYHTH PO
CYTTEBY poiib ToBiliHOTO enekrpuanoro mrapy (ITEL) B ix monspu3ariii. Bimomo,
10 YaCTHHKY TIIMHUCTOTO MiHEpaTy Ta MiKpOOH1 KJIITHHU MAalOTh Y BOJII TIEBHI TT0-
JIBIMHI CJICKTPUYHI MapH, 30BHINIHSI OOKJIaIMHKA SKUX MPEACTABICHA TIO3UTHBHO
3apsuKeHIMH HoHamu (puc. Sa). s o6cTaBrHA MepenkopKae KIIiTHHAM MiKpoOiB
IHTEHCUBHO a/IcOpOyBaTUCS Ha IMOBEPXHI YACTUHKU MPUPOIHOT ITMHK. HakmamaH-
HS TIOCTIHHOTO €IEKTPUIHOTO MO MPpU3BOAUTH 10 3MimeHHs [TEI, monspu3artii
YaCTHHOK, B PE3YJIBTATI YOTO KIIITUHHU MIATATYIOTHCS 10 YACTUHKY Ha ONHM3BKY Bij-
ctanb (puc. 5b). [Ipu BigKIIOYEHHI €IEKTPUIHOTO OIS TTOJIBIiHI €IIEKTPUYHI IIIAPU
YaCTHHOK MIiHEpaJly 1 MiKpOOpPTaHi3MiB MOBEPTAIOTHCS y BUXITHE, «HOpPMaJIbHE»
TTOJIOKEHHS Ta MEePEKPUBAIOTHCS (PUC. 5¢) 1, Oyaydu OTHONMEHHO 3apsHKCHUMH,
BHUKJIMKAIOTh Pi3Ke B3a€MHE BiJIIIITOBXYBAaHHS YACTHHOK 1 KJIITUH OHE BiJ OJHOTO
(puc. 5d). Lle ogHe 3 IPOSBIB BiIOMHUX €ICKTPOKIHETUYHUX SIBHIIL.

Takum unHOM, e()eKT eIeKTPOyTPUMYBaHHSI 3B’ I3aHUI, OU€BU/THO,3 TTOJISIPHU3a-
II€0 PSYOBHH B €IICKTPUIHOMY IT0JTi, IEPEPO3IIOIITIOM 3aps/IiB, EICKTPOCTATUIHOLO,
JTUTIONB-TATIONEHOO B3a€EMOTI€10 MaTepialliB (KOJIEKTOPIB) i MIKPOOHHX KITITHH, SIKI,
SIK B1JIOMO, MAalOTh Y BOJHOMY CEPEIOBHIIN 3HAYHHUI JUIOIHHII MOMEHT. Taka B3a-
€MO/1is1 BU3HAYAIBLHUM YHHOM 3a0e31euye yTPUMYBaHHS JUCTIEPCHUX YaCTOK Pi3HU-
MU 3epHUCTUMU, TOPUCTUMH 1 BOJIOKHUCTUMH MarepiajiaMy B €NIEKTPUIHOMY TIOJII.

[Tpomiecu enekTpoyTpUMyBaHHS MIKPOOHUX KITITHH, IO CIIOCTEPITaIOThCs 0e3-
MOCEPETHBO 32 JIOTIOMOTOIO CBITIIOBOTO MIKPOCKOTA, MOXKYTb CITY>KUTH MOZEIUTIO THX
MPOIIECIB, SKi TOKH-III0 HEMOXKIIMBO €KCIIEPUMEHTAIILHO TIOOAYUTH: HIETHCS, 30Kpe-
Ma, TIpO IMMOO1TI3aIlif0 €H3UMIB Ha KOJIEKTOpaX, PO3MIIICHHUX B €JICKTPUIHOMY ITOJII.

SIK KOJIEKTOp €H3MMIiB BUKOPHUCTOBYBAJIHN BaTy ab0 3HEKHUPEHY XJIOPOPOPMOM
oBeuy mepcTh. Uepes Taky 3arpy3Ky, HOISIPU30BaHY €IEKTPUIHUM IT0JIEM MOCTIHHOTO
CTPyMY, IPOIYCKAJIA PO3YMHHU KPUCTAIIIYHOI OakTepianbHol aminaszu (Daiwa Kasei
K.K.), ounmieHoro aMitofiTHIHOTO (DepPMEHTHOTO TIpenapary i3 rpuda Aspergillus
awamori (YxkpHIl XapuoBoi npomucinoBocti, Xapkis), aminocyotmminy ['3x—1
(BinpHIOCHKHI 3aBOA (DEPMEHTHHX TpernapariB) a00 O3KITITHHHHNA €KCTPAKT KYJTb-
typu Bacillus subtilis 21, o MicTUTh 1e3amiHa3y rekcametwieHaiaminy (I'MJI) —
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TOKCHYHOT CHHTETUYHOI PEYOBUHH, 1110 3HAXOAUTHCS Y CTIYHUX BOJIAX BUPOOHHIITBA
aHIIHOTO BOJIOKHA.

UYepes 3arpy3Ky 3 3aKpilUICHUM Ha Hidl 32 MPUHIMIIOM €JICKTPOYTPUMYBaHHSI
€H3MMOM TIPOIYCKaJIM PO3YHMH BIAMOBITHOTO CyOCTpary B TUCTHIIbOBaHINA BOMI —

1 % po3YuH OKJIEHCTEPU30BAHOTO BOJIOPO3UNHHOTO KAPTOIUISTHOTO KPOXMAITIo 200
0,1 % pozuun I'M/I.
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Puc. 5. Cxema B3aemMofii MikKpoOHOT KJIIITHHH 3 YACTUHKOIO INIMHUCTOr0 MiHepaJy
Y BOJHIli cycnieHsii — a; Npu HAKJIaJaHHi eJIEKTPHYHOTO 1o — b;
micJa Biak/IoueHus moast —cid

Fig. 5. The scheme of interaction of microbial cell with a clay mineral particle in an
aqueous suspension — a; in imposing electric field — b; after disabling the field- ¢ and d

[TokazaHo, 110 yTprMyBaHi MOJISIPU30BAHIM KOJIEKTOPOM KPHCTAIIIYHA 1 TEXHIYHA
aMiJIa3y T1APOIi3yI0Th KPOXMAaIIb JI0 IEKCTPHUHIB, SIKI HE 3a0apBIIIOIOTHCS HO0M, a
TaKOX JI0 MAJIBTO3H 1 TNIOK03U. ExcriepumenTy TpuBanu 10 12 TixHIB 6€3 CyTTEBOT
BTPaTH aKTUBHOCTI CH3UMIB.
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IMMOO6ini3oBaHi B eleKTpuUHOMY 1O pepMeHTHI cuctemu 3 Bacillus subtilis
posknaganu M/l npakTH4HO NOBHICTIO. EKCIIEpMMEHT TpHUBaB MPOTATOM 2 THKHIB
[25,26].

OTxe, €H3UMHU, [0 YTPUMYIOTHCS B €IIEKTPUYHOMY T10JT1, 311HCHIOIOTH BiJIITOBII-
Hi nepeTBopeHHs cyOcTpatiB. CilijJl 3a3HaUNTH, 110 MTPU BUKIIIOUEHH] MO €H3UMHU
BHMUBAIOTHCSI IOTOKOM PiIMHU 3 00’ €My 3arpy3ku. [Ipu iboMy BOHU HE BTPa4aroTh
CBOIX KaTaJITUYHHUX BJIACTUBOCTEH 1 MOKYTh OyTH HOBTOPHO IMMOO1LII130BaHI.

BceranoBienns ¢akrty 30epiraHHs aKkTHBHOCTI €H3UMIB IPH iX €IEKTPOyTPHU-
MYBaHHI BIIKpUBA€ NEPCICKTHUBY ISl BAKOPUCTAHHS I[bOTO SIBUIIA B 010TEXHOJIOT11
MpHY IMMOO1TIZAIliT €H3UMIB a TaKOX MPH PO3pOoO0Ili METOMIB OUYMCTKU 1 BUAUICHHS
€H3UMIB 3 O10JIOT1YHUX CYMIIIICH.

3aKpiIuIeHHsI €H3MMIB 32 TUIIOM €J1EKTPOYTPUMYBaHHS Ma€ IIepeBart MOpPiBHAHO
3 IHIIMMH TATIAMU iIMMOO1Ti3artii. Tak, 1ys Horo 31iiiCHeHHS HE TIOTPiOHO CTieTiaib-
HO TIITOTOBJICHUX KOJICKTOPIB 1 Oy[b-SIKUX PEAKTHBIB; DKEpEIaMu MPUAATHUX JI0
3aKpIIUICHHS €H3UMIB MOXYTh OyTH SIK YHCTI KPUCTAJIIYHI, TaK 1 TEXHIUHI ITpernapa-
TH, HaBITh OE3KIIITUHHI €KCTPAKTH; CH3MMH MOKHA JIETKO 3HATH 3 KOJEKTOpa (IIst
L[bOTO JOCUTH BIIKJIIOUNUTH €JIEKTPUYHE M0JI€ 1 IPOMUTU CUCTEMY BOJIOI0), @ ITOTIM
BHKOPHUCTATH WOTO JUTSI 3aKPIIUICHHS THX CaMHX a00 IHITUX €H3UMIB; € MOXKITUBICTh
IMMOO1TI3yBaTH KOMILIEKC €H3UMIB 200 CyMIIl pi3HOMAaHITHUX MIKPOOHHX KYJIBTYp
Ta €H3WMMIB; €JIEKTPOYTPUMYBaHHS 3BOJIUTH J0 MIHIMyMy HeOE3MeKy MiKpOoOHOTO
TICYBaHHS IMMOO1JTI30BaHUX CH3HUMIB.

IcToTHUM OOMEXEHHSM 1 HEIOJIIKOM eJIeKTPOIMMOO1II3alili eH3UMIB € Te, 110
CUCTEMY BECh Yac HEOOX1JHO TPUMATH IIiJ] HAIIPYTOI0, a IIe yTPYAHIOE POOOTY y BU-
MaJiKax, KOJU CyOCTpaT 4M MPOAYKT peakilii Ty’Ke pyXJIHBi B €JIEKTPHYHOMY TIOJI,
a00 KoM AJ1s TpoBeieHHsT (hepMEHTATUBHOI peakilii HeoOXiTHe CepeoBHIIE 3 BU-
COKOI0 HOHHOIO CHJIOK0.

Onucana iIMMOOLTI3aLlis eH3UMIB aHAJIOTIYHA, OUEBHUJIHO, EJIEKTPOYTPUMYBAHHIO
MIKpOOPTaHi3MiB 1 peani3yeThCs 3aBIASKN CIEKTPOCTATUYHIN 1 JUITONb-TUTIONBHIN
B3a€EMOJIISIM MK TMOJIIPU30BAaHUMH YaCTHHKAMHU KOJICKTOPA 1 MOJIEKyJIaMH OijKa,
10 HECYTh BIATOBIIHUMN 3apsi/i 1 MAIOTh B €JIEKTPUYHOMY TIOJI, SIK BIZJOMO, BEJTMKUN
JMIIONIEHUI MOMEHT. Yepe3 Te 110 Marepiall KOJEeKTOpa Ma€ BiAMIHHY BiJ piAMHU
JeNIeKTPUYHY IPOHUKIIUBICT 1 TOJISIPU3YETHCS, IICKTPUYHE I0JIe B 00’ €M1 poOoyoi
KaMepH Pi3Ko HEOTHOPITHE, 3 YACICHHUMHE TpalicHTaMu ToTeHItiany. Lle ctBoproe
YMOBH JIJISI 1i€IEKTPOPOPETUYHOTO MEPEMILIICHHS OUIKIB-TUIIONIB Y 30HH OLIBIIOT
HaInpy>KeHOCTI TOJISA, 1 €H3UMH JI0 TIOBEPXHI KOJIEKTOPA TOCTABIISIIOTHCS 32 paxy-
HOK eJIGKTpO- Ta Jienekrpodopesy. [Ipn BUMKHEHH] €1eKTPUIHOTO OIS TUTIONb-
JTUTIONIbHA B3a€MO/Iisl 3HUKAE, 1 O1IOK BUMUBAETHCS 3 KOJIEKTOPA.

Sx BimoMo, eH3uMHU Y Oynb-SKili KUBIH KIITHHI 00’ €HaHI HA PI3HOMAHITHUX
MeMOpaHax B aHcaMOJTi 3 YITKOO MPOCTOPOBOIO OpraHizalii€ero i pikcariero, mpuaomy
BCi €H3UMH aHCAMOJTIO TIPAITIOIOTh 3JIaroPKEHO Y TPOCTOPI Ta Yaci, 3MiiCHIOKYH T10-
CTYIOBO, MO-CTAIHO, K Ha KOHBEEPI, IEPETBOPEHHS XIMIYHUX CIIOTYK: MPOAYKT
OJIHI€T €H3MMATUYHOI CTalli CIIy>KUTh CyOCTpaToM HAaCTyHOI. J{esKi eH3MMHU TaKoro
KOHBEEPY BMOHTOBAHI B TiJI0 MeMOpaHH, MPOHU3YIOTH ii, (pikcoBaHi B Hill 1 HE MO-
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Po3pis [lnan

Puc. 6 ®parmenrapHa cxema (yHKHIOHYBAHHSI aHCAMOJIIO eH3UMIB Ha MeMOpaHi JKHBOI
KJIITHHY 32 NPHHIMIIOM €JIEKTPOYTPUMYBAaHHSL.
1 — MmeMOpaHna; 2 — HOHHHMH KaHaT; 3 — TiapaToBaHUN (HEHTpaTi30BaHUIT) KaTioH,

4 — «rommit» kation; E , E,, E, — ensumu ancamb6imio; S, P — cyOcTpaTH i IPOIYKTH BiIOBITHAX
SH3UMATHYHUX PEaKIIil; P=S,P=S, L1~ CHUTYaIlis 32 BiICYTHOCTI HEOJHOPITHOTO
eNneKTpUIHOro 1mojist; Il — curyanis 3a HAIBHOCTI HEOJHOPITHOTO
€NEKTPUYHOTO TOJIS.

Fig. 6. Fragmentary scheme of the function of the enzyme ensemble on the membrane
of a living cell on the basis of electroretention.

1 — membrane; 2 — ion channel; 3 — hydrated (neutralized) cation; 4 — «naked» cation;
E, E,, E, —enzymes of the ensemble; S, P — substrates and the respective products
of enzymatic reactions; P =S,, P,=S.. I, Il - the situation in the absence of inhomogeneous
electric field II — the situation in the presence of an inhomogeneous electric field.
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KYTbh IHTCHCHBHO TIEpEeMIIIATHCS y MEMOpaHi, 1HIII 5K — po3MileH] Ha MeMOpaHi Ta
MalOTh MOYKJIMBICTB JIaT€PATLHO pyXaTHCs (3BICHO, Y TIEBHUX MeKaX ) TTO 11 TOBEPXHI.

[Tpornecu, onmcaHi y SIBHII €IEKTPOYyTPUMYBaHHS, 3a0€3MEUyIOTh MEXaHIKY ITe-
peMIIeHHs Ta 371aro/PKEHO1 B3a€MOIii €H3UMIB Y iX aHcaMOMIsIX Ha (y) MeMOpaHax, 1o
JIO3BOJISIE 3aITPOITOHYBATH HOBY TimoTe3y 010(i3nIHOT0 MeXaHi3My (DyHKITIOHYBaHHS
JIAHITIOTIB €H3UMATHYHUX peakiliii. Came HEOqHOPIHE ICKTPUIHE MOJIe TOYKOBUX
3aps/IiB KaTiOHIB, IO MMPOXOIATH KPi3h MEMOpaHy 1] BIUTHBOM TPaHCMEMOpaHHOTO
MOTEHITIaTy, TPUMYIITY€E JIOKaTi30BaH1 y MEMOpaHax €H3UMHU MOJISIPH3YBaTHUCSI, YTBO-
PIOIOYM TUMYACOBI JUTIONI, @ PO3MIIICHI Ha MeMOpaHax eH3UMH HE TUTHKH TIOJISPH-
3yBaTHCS, a IIe 1 MepeMilIaTiucs y HanpsIMKy OUTBIIT HAIPy>KEHOTO eJIEKTPUIHOTO
TOJIST 1 TAKMM YMHOM BCTYTIATH y Oe3mocepeHii (i3naHui KOHTAKT 3 BiAMOBITHUMHA
CycilaMy €H3UMaTHIHOTO aHCcaMOuTro (puc. 6), TiT 9ac sIKOTo 1 3MIHCHIOETHCS TIepe-
Jlaga XIMITHHX CTIONTYK — IMTPOAYKTY MOTIEPETHROTO CH3UMY O10KOHBEEpa SIK CyOCTpaTy
710 HACTYITHOTO €H3UMY 1 T.1. [1icist 3HNKHEHHS eIeKTPUYHOTO TIONIS B Pe3ynbTari
rigpararii Hony (Hanmpukian, K*) gu fioro HewTpamizaiii mpoTHiHOHOM (HAITPUKJIAI,
CI'), MoseKyi €H3UMIB 1MO30aBIISIOTHCS TUTIOIBLHOTO CTATYCY, BiTHOBIIOIOTH CBIH
HOpMAaJIbHUH MTOIBIMHIN eEKTPUIHUN TIap (9 TiIpaTHy 00O0JIOHKY), 1 11e TIPHU3BO-
JTH 70 X PO3IITOBXYBAaHHS, P03’ €THAHHS, TOBEPHEHHS Y BUXI1/IHE TTOJIOKEHHS Ha
MeMOpaHi; eH3UMH 3IIHCHIOIOTH MPUTaMaHHi iM TpaHchopMarlii XiMIYHHX CITOITYK
1 4eKaloTh TMOSBU HACTYITHOTO HEOJAHOPITHOTO €NEKTPUYHOTO T0JIs, 3yMOBIEHOTO
TOSIBOIO Ha BHYTPINTHIN CTOPOHI MEMOpaHW YeproBOTO JETiIPaTOBAHOTO («TOJIO-
ro») OHa, SIKe 3HOBY CIIPUYHMHSIE YTBOPSHHS AUTIOIB HAa CH3UMaX 1 3a0e31medye pyx
1 (pi3uIHMIT KOHTAKT MI>K HUIMH IS 3JIaTOJDKEHOI Tepeaadi MPOMiKHIX MPOTYKTIB
YEeproBOro €H3MMAaTHYHOTO aKTy.

Lle# #ioH TpH BUXO/I1 HAa TOBEPXHIO MeMOpaHu (0aiayxe 3 SKOoro 00Ky — BHYT-
PINTHBOKIITUHHOI, UM 30BHINIHKOI) CTBOPIOE 00’ €MHE HEOTHOPITHE EICKTPUIHE
ToJie, SIKe BUKIIMKAE TIOJISIPHU3AILIIO 1 CIIPUYMHSE B3a€EMOJIII0, PyX Ta KOHTAKT MiXK
co0010 €H3MMIB, IO PO3TAIIOBaHI Ha/B MeMOpaHi HaBKOJIO HOHHOTO KaHaTy, TOOTO
OJTMH WOH MOXKE «0OCITyTOBYBaTH» HE OJIMH, a JCKiJbKa aHCAaMOIIB €H3UMIB, PO3-
TaIIOBAHUX 3 YCIiX CTOPIH MOOIN3Yy HOHHOTO KaHAITY.

o pedi, 3amporoHOBaHa TIMMOTe3a MOSICHIOE TAKOXK, ISl Y0TO MOJICKYIH (ep-
MEHTHHUX O1IKIB MalOTh 3HAYHO OUTBII PO3MIpH, HIXK 1€ TIOTPIOHO TS 3MIHCHEHHS
CYTO CH3UMATUIHUX PEaKIliii: BETUKAN PO3MIip MOJIEKYIH (hePMEHTHOTO O1JTKy CTBO-
PIO€ MOXKIIMBICTB OUTHINIOI i1 Mossipr3alii, yTBOPEHHS MOTYKHIMIOTO JUTIOIBHOTO
MOMEHTY, TaK HeOOX1THOTO JIJIsI TIEPEMIIIICHHS B HEOJHOPITHOMY €JICKTPUIHOMY TIOJTI.

Taxum ynHOM, epMEHTATHBHI PEaKIlii B KIIITHHI 9iTKO OpTaHi30BaHi Ta KepOBaHi
1 IETepMIHYIOThCSI IIPOXOKEHHSIM HOHIB Kpi3b MeMOpaHy. CyOcTpaTi — IpOIXyKTH
0araroCTyneHeBUX CH3MMATHIHUX PEaKIlii IepeIatoThCS Bil CH3UMY JI0 EH3UMY TTPH
ix Ge3mocepeTHbOMY KOHTAKTI, IO 3MIMCHIOETHCS 3a TIPUHITAIIOM SBUIIA €IEKTPO-
YTPUMYBaHHSI.

Liero nyénikauiecro agmop mae na memi npusepHymu y6azy Hayko8oi cnijibHo-
mu i 3anpocumu haxieuie 00 OUCKYCIi {000 3anponoHOBAHOT 2ZINOME3U RPO POJib
eNeKMPOYMPUMYBAHHSA 6 Y3200HCEHOMY (DYHKUIOHYBAHHI KOMNJIEKCI8 eH3UMIE.
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ANIEKTPOYAEP KUBAHUME KAK ABU/KYIIASA CUJIA
CJIA’KEHHOM PABOTHI SH3UMOB HA MEMBPAHAX
KUBbBIX KJIETOK

Pedepar

Busyanvroe (c nomowwto c6emosoeo MUKpockona) HabroeHue 61eHUs J1eKmpoyoep-
IHCUBAHUS MUKPOOHBIX KIEMOK U ONBINbI NO UMMOOUTUZAYUU FHIUMOS HA KOLIEKIMOPAXx,
NOMEWeHHBIX 8 NEeKMPUYecKoe noie, 0arm OCHOBAHUSL NPEONONONCUMb Onpede-
JSFOWYIO POTb NMEKMPOYOEPHCUBAHUS 8 CANCEHHOU padome QepMeHmHbIX cucmem
8 KJIemKax 00020 AHCUB020 Op2anuzmMa O1a2o0aps mpaHcnopmy (RpoxoxtcoeHuio)
uepe3 MeMOpPaHy UOHO8, KOMopble CO30arm HeOOHOPOOHOE JNeKmpuiecKkoe noie,
NONAPUZYIOM MOTIEKYIbL SH3UMOS U NPUBOOM UX 6 NYIbCUPYIoWee OBUMNCEHUe, YO
Cnocobemayem ux 63auUMHOMY KOHMAKMUPOSAHUI0 MexncOy cob0ll u obecneyusaem co-
2NACOBAHHOE (PYHKYUOHUPOBAHUE OUOIOSUYECKO20 KOHEelepa no buomparcgopmayuu
coomeemcmsyowux cyocmpamos.

Kniwoueswvie cnoea: anekmpoyoepoicusanue, UMMOOUIUZAYUS IHZUMOS, PYHKYUOHU-
posaHue IH3UMO8 HA MEMOPAHAX.

P.I. Gvozdyak

A.V. Dumansky Institute of Colloid and Water Chemistry,
National Academy of Sciences of Ukraine, Kyiv, Ukraine,
e-mail: gvozdyak@ukr.net

ELECTRORETENTION AS MOTIVE FORCES OF
CONCERTED ACTION OF ENZYMES
ON THE MEMBRANES OF LIVING CELLS

Summary

Visual (by light microscope) observation of the phenomenon of the electroretention of
microbial cells and the experiments with immobilization of the enzymes on the collectors
in electric field suggests a decisive role of the electroretention coordinated action of
enzyme systems in the cells of any living organism due to the transmembrane transport
of ions, which create an inhomogeneous electric field, polarize the molecules of the
enzymes that cause them to pulsating movement which contributes to their mutual
contact with each other and provides the coordinated functioning of the biological
conveyor biotransformation of the respective substrates.

Key words: electroretention, immobilization of enzymes, the functioning of enzymes
on membranes.
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MODERN METHODS OF DIAGNOSIS AND TREATMENT
OF HELICOBACTER PYLORI

In this review the modern data about the history of discovery, biology, virulence factors,
infection, pathogenesis and modern methods of diagnostics of gram-negative, mobile
bacteria Helicobacter pylori (H. pylori), being a major cause of chronic gastritis
and peptic ulcer disease are having been investigated. H. pylori inhabits the surface
epithelial cells of the gastric mucosa of the stomach and part of under-pyloric. H.
pylori is a bacterium with numerous cilia located at both poles. It has virulence fac-
tors allowed breaking the body s natural defense. H. pylori infection spreads by the
faecal-oral route. H. pylori infection plays an important role in the pathogenesis of
gastric and duodenal ulcers, gastric cancer or gastric lymphoma type mucosa associ-
ated lymphatic tissue (MALT). The diagnosis of H. pylori may be invasive included
an urease test and bacterial cultures, and non-invasive — a serological test, breathing
tests, testing of stool antigen Hp.

Key words: H. pylori, virulence factors, adaptive characteristics, pathogenesis,
methods of diagnosis, medicines dosage.

Introduction

Helicobacter pylori (H. pylori) is a gram-negative bacterium, known to sticks. It
inhabits the surface epithelial cells of the gastric mucosa and in the under-pyloric part
of the stomach. According to the World Health Organization (WHO) in developing
countries, 70% of human population is a carrier of H. pylori without any symptoms.
Infection occurs most often between 40—50 years of age. A carrier is not so common
in the developed countries (according to WHO, 30% of the population) [1]. Infection
with this bacterium concerns in Poland is 84% of adults and 32% of children and
adolescents up to 18 years of age [27]. The fact that there are so many carriers of
H. pylori without any disease symptoms is allowing a microbiologist to suggest that
we should consider this bacterium as a representative of the physiological biota of the
stomach [2]. The bacteria H. pylori were discovered in 1875 by German scientists,
but they failed to breed them artificially in the laboratory and quickly forgot about
them [3]. Once again, regardless of the German research scientists, these bacteria
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were discovered in 1899 by Walery Jaworski from the Jagiellonian University. He
observed the characteristic spirals of bacteria and named them Vibrio rugula. At
first he suggested that they can cause stomach disorders. His observations were
published in the “Handbook of diseases of the stomach”, but they went unnoticed. The
organism was grown in 1982, then also they noticed the high degree of morphological
similarity to the family Compylobacter. Initially, in 1984 it was named the bacterium
Compylobacter pyloridis that in 1987, changed it into Compylobacter pylori [4]. After
researching the genome in 1989, the strains were eventually qualified as Helicobacter.
The discovery is attributed to two Australian pathologists at the University of Perth,
Barry Marshall and Robin Warren, who with this discovery were awarded the Nobel
Prize in 2005 in the medical field [5].

Morphology and physiology of Helicobacter pylori

H. pylori is a mobile, spiral microaerophilic bacterium, forming a tight usually
three rolls [6]. Morphologically similar to Campylobacter, although they are generally
larger. The length of the bacteria is in the range of 3—6 microns and a width of 0.6
microns. The microorganism does not produce spores. It is characterized by the
presence of numerous cilia on both ends [8].

The bacterium exists under small amount of oxygen on the surface of the
epithelial cell lining of the stomach and duodenum, less the membrane lining of
the esophagus. It has high motility in the mucus covering the mucous membranes.
Mobility is the result of the aforementioned, a number of cilia, usually six per each
pole. H. pylori produces hydrogenase — the enzyme, which enables to extract energy
from the oxidation of hydrogen molecules (H") produced by other intestinal bacteria.
It can also move from the spiral form to cocci, which probably facilitates its survival
and proliferation [8]. H. pylori is sensitive to external conditions, however, it can
survive in the acidic environment (pH of the stomach 2—4). It is characterized by
five major types of outer membrane proteins: adhesins porins, iron transporters,
proteins linked to the cilia and protein of unknown function. Like other Gram-
negative bacteria, the outer membrane of H. pylori consists phospholipids and
lipopolysaccharide. The outer membrane has also glucosides cholesterol, which
exists in a small number of other bacteria. Biochemical properties can be used to
differentiate bacteria in the genus [9].

Virulence factors of Helicobacter pylori

Virulence factor defines the characteristics of the bacteria that allow it to
overcome the natural defenses of the body. H. pylori lives in unfavorable environment,
which is the human stomach. The stomach content has a very low pH 2—4, which
for the majority of bacteria is fatal. The characteristics for survival of H. pylori in
such a very difficult environment are: (1) urease — production of large quantities of
this enzyme, allows the H. pylori decomposition of urea to ammonia and carbon
dioxide. The final product, which is ammonia, neutralizes the acidic gastric juice
and increases the pH in the immediate vicinity of the bacteria. (2). Cilia — cilia pole
arrangement allows movement of bacteria and penetrates the mucous layer of the
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stomach. The mucous layer protects the epithelial cells lining the stomach by the
action of hydrochloric acid bacteria thus uses the host defense system. Cilia are
composed of two flagella: FlaA and FlaB. (3). The pump is pumped H"ions from
the cells. Locking these pumps by some drugs raises the pH in the stomach. (4)
System antioxidant — neutralizes free radicals generated by the immune system
cells — neutrophils. It consists of: catalase, superoxide dismutase, protein MdaB and
Napa and an efficient system of repairing DNA. (5) Adhesins are responsible for the
adhesion of bacteria to the gastric epithelium. (6) Cytotoxins — vacA genes encoded
in (50% of strains) and cagA (70% strain). Vacuole toxin (vacA) causes epithelial
cells to the fusion of the endosomes with lysosomes and promotes the formation of
large vacuoles. Facilitates the free flow of urea to the stomach. The toxin disrupts
the cytoskeleton of epithelial cells and enhances the adhesion of bacteria to damaged
epithelium [1, 10—12].

Infection and pathogenesis

The infection spreads by the faccal-oral route and is associated with poor hygiene
and low standard of living. Numerous virulence factors allow H. pylori colonization of
epithelial cells and cause the pathological changes [6]. Helicobacter pylori infection
plays an important role in the pathogenesis of gastric and duodenal ulcers, gastric
cancer and gastric lymphoma type mucosa associated with lymphatic tissue (MALT).
Defensive reactions of the body caused by infection are not able to eliminate bacteria.
This bacterium is causing 80-90% of cases of gastritis [6]. Epithelial damage is a
result of substance affected produced by bacteria, such as amonia, protease, cytotoxin
A, and some of phospholipase are making epithelia damage [13]. Unfortunately, in
most cases there is a chronic infection phase, which is the most common cause of
gastritis. In 80% of cases there are no obvious symptoms of the disease. The level of
gastrin and acid secretion are correct. 15% indicates the production of large amounts
of hydrochloric acid led to inflammatory changes within the under-pylorus of the
stomach. This in turn causes the secretion of gastrin enhanced by increased secretion
of hydrochloric acid, and thus the possibility of ulcers of the stomach and duodenum.
In the remaining 5% of the cases the infection causes changes in the gastric mucosa
within the body and fundus. Chronic gastritis associated with H. pylori infection is
causing atrophy of the mucous membrane and the occurrence of outbreaks of intesti-
nal metaplasia [17]. Most people suffering from peptic ulcer disease (80-90%) have
an infection with H. pylori. Underlying ulceration it may have several mechanisms,
depending on H. pylori infection: increased production of hydrochloric acid, the
formation of foci of gastric metaplasia, the development of local inflammatory reac-
tion mucosal defense whether the reduction process of mucosa [13]. Gastric cancer
is characterized by two types: the intestinal and diffuse [14]. H. pylori is known as
a cause of gene mutations leads to loss of the primary function of gastric epithelial
cells and their uncontrolled growth and unlimited division. Well documented is the
effect of chronic H. pylori infection on the development of intestinal form of cancer,
without affecting the other morphological type of cancer [21]. Prolonged stimulation
of the immune system in H. pylori infection results in a risk of lymphoma of gastric
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mucosa. The bacterium has an effect on the development of 90% stomach MALT
lymphoma. The risk of the occurrence of this condition is higher when the bacteria
present in the genome gene VacA [15] Infection with H. pylori is not without effect
on the absorption of medicines. It was found necessary to administer higher doses
of thyroxine in the patients with hypothyroidism, in which there is concurrent infec-
tion with H. pylori [25]. H. pylori also affects the immune system response in vitro
by activating B cells, followed by the production of antibodies, T cell activation,
activation of macrophages, neutrophils and their chemotactic activity [26].

Diagnosis of H. pylori infection

A prerequisite for the initiation of treatment is to identify infection. Diagnostics,
depending on the performance of endoscopy, can be invasive or non-invasive [16].
The decrease in the accuracy of the test may emerge the use of medicines, that
is why it is necessary to discount for 7-14 days before the planned screening of
H. pylori. Medicines that can affect the accuracy of the study are: medicines with
proton pump inhibitors, the drugs from the group of H*-blockers and antibiotics. The
kind of method of diagnostic H. pylori is this that requires endoscopy with biopsy.
The downloaded material (approximately 5 mm) may be tested for the production
of urease, histological evaluation or assumption of culture [16]. Cuttings are taken
from the pylorus, less of the cardiac and fundus (the material is taken when there
was a shift towards the top of the stomach colony, which is a consequence of
taking proton pump inhibitors). The rapid urease test involves placing a previously
downloaded a piece of the lining of the stomach to the paper soaked in a solution
of urea. If the material is H. pylori bacteria it reaches the decomposition of urea to
ammonia, thereby raising the pH and the change in color paper. The test has a high
specificity (> 90%) and sensitivity (> 90%). Reading is possible after 15 minutes
[17]. The investigation has two main advantages. Firstly, you conduct research
on antimicrobial sensitivity. Secondly, the material can be characterized in detail.
The sensitivity of laboratory cultures of H. pylori is 95%. In addition, breeding
H. pylori requires special conditions. It requires micro-aerobic environment, high
humidity, and the incubations are 35-37 °C for 7-10 days. Positive cultures were
detected after 3—5 days of incubation. Such method of diagnosing the organism is
associated with high costs [ 18]. Histological evaluation involves staining of H. pylori
with hematoxylin and eosin (H & E). The material for dyeing is taken from the
stretch of the gastric mucosa. H & E staining, however, may be unreliable, as in the
formulation have different bacteria, as this dye is not specific for H. pylori. A better
way is to identify the staining of H. pylori by Warthin-Starry staining with Giemsa
and modified. Histological identification of bacteria with characteristic morphology
H. pylori, is partly based on the observation. The factors that affect the ability to
correctly identifying are: the density of colonies of bacteria, types of dyeing and
experienced analyst. Sensitive staining technique is the connection of methods of
H & E staining, silver Steiner and blue — a method of Genta. Staining is evident
bacteria H. pylori, and also enables the assessment of the histology of the stomach,
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which eliminates the need for different coloring. This procedure may, however, be
difficult for the technical execution [18]. Non-invasive diagnosis of H. pylori include:
urea breath test consisting of administration to the patient to drink a solution of
urea labeled carbon "*C or *C. In the event of possible H. pylori infection there is a
distribution of the labeled urea by urease, and bacteria formed isotopically labeled
carbon dioxide eliminated from the body of the exhaled air. With sensitivity and
specificity of this method there are estimated at 95% accurate, this method compares
favorably to other similar diagnostic procedures to detect H. pylori. Before starting
the test, carefully brush your teeth, tongue and throat surface, because the normal
flora that lives there can produce urease and generate false positive. Due to the costs
and technical difficulties urea breath test is not widely used [19]. Urinary urea breath
test involves administering to drink the solution of urea labeled with an isotope of
nitrogen. When the existence of H. pylori infection in the stomach urea decomposes
to carbon dioxide, ammonia is labeled. Ammonia enters the circulation and is rapidly
excreted by the kidneys. If the test is positive, this means that present in the urine will
be labeled nitrogen. The result is obtained in 12—15 hours [20]. Reliability of both
urease tests is similar. There is also another method of labeling atoms in urea. Part
of the stripe-labeled carbon dioxide is passed into the bloodstream, and the labeled
carbon is determined by a blood test, but not exhaled air [19]. There are two methods
for labeling carbon (**C or '*C), with which the method of *C-labeling. While the
first method is cheaper and does not require specialized analyzer, but may be more
dangerous for the patient because of the biological half-life in living organisms
carbon is short, so there is a potential risk of irradiation of the body [19]. The PCR
involves the proliferation assay for bacteria-specific DNA fragment encoding the
toxin — vacA and cagA. Typically, the test sample is feces. The sensitivity of the test
for the presence of DNA in the material-specific H. pylori is judged to 50-60%. The
genome of the bacteria is also present in the saliva or the sensitivity of the assay is
very low (about 25%). The advantages of PCR tests have got very high specificity
[21]. Another method for diagnosing H. pylori infection is ELISA. The principle
of the test consists in the fact that the antibody bound to a specific enzyme can
specifically recognize the protein (contained in the membrane of H. pylori), which
has been previously immobilized. After administration of the antibody immune
complex is formed, which resulted in antibody immobilization. After addition of
substrate the enzymatic reaction takes place and new product is formed. Presence of
protein in tested material is resulted in formation of colorful product from colorless
subtrate [24] Another research method is to study the presence of H. pylori antigens
in stool (HpSA-pylori Stool Antigen). This assay is non-invasive, sensitivity and
specificity are similar to the test tract (approximately 90%). It is particularly useful
in the diagnosis of H. pylori infection in children. Nowadays it is not available
in Poland [27]. The best method to be used to diagnose H. pylori infection is the
above-described non-invasive breath test that is fast, easy and has a high sensitivity
and specificity (> 90%). Top-breath test to confirm the result of serological tests to
assess the levels of IgM, IgG and IgA in the serum of patients.
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Treatment of H. pylori

The target of treatment is to completely remove bacteria embedded in the gastric
mucosa known as eradication. The vast majority of people with asymptomatic
H. pylori infection does not apply it routinely. In case of ulcers caused by H. pylori
the infection early eradication and prevention of relapse in fact leads to permanent
cure the patient [23]. Since the use of antibiotics against H. pylori, it was observed
that monotherapy — one antibiotic using — does not provide a complete therapeutic
success, despite the sensitivity of H. pylori in vitro to a variety of antibiotics. The
consensus achieved in Maastricht in 1997 was recognized as an effective therapy,
combinations of three medicines for seven days: proton pump inhibitor (PPI),
metronidazole or tinidazole and amoxicillin. The second consensus — Canadian in
1999 introduced additional clarithromycin, an antibiotic was used interchangeably
alongside metronidazole and amoxicillin [23]. According to that, it should be used:
the first-line medicines, so-called triple therapy: bismuth salts or proton pump
inhibitor and clarithromycin and metronidazole or amoxicillin, second-line medicines,
so-called quadruple therapy, include salts of bismuth, a proton pump inhibitor,
metronidazole, tetracycline. Triple therapy is effective in 80-90% of cases, unless
it is carried out among the strains with high sensitivity to antibiotics. The most
common used in treatment are the aforementioned antibiotics and chemotherapeutics,
and fluoroquinolones, as well as proton pump inhibitors: omeprazole, pantoprazole,
lansoprazole, rabeprazole, esomeprazole [23]. The problem of treatment H. pylori
infection is an infection, as well as the increasing resistance of bacteria to standard
medicines. The strains in Poland are the most resistant to metronidazole and
clarithromycin. The resistance to antibiotics is common and often is caused by chronic
using of medicines. This resistance is common in the developed countries, where
resistance to clarithromycin is in the US 10-12.5%, in Canada below 4%, and in
Europe, depending on the region —4.2% northern, eastern, 9.3%, and in the south up to
18%. It is assumed that regardless of the type of used antibiotics the treatment should
last for 1-2 weeks. The chances of successful eradication decline, after two attempts
unsuccessful clarithromycin treatment, up to 60%. This demonstrates the presence of
medicines-resistant strains of H. pylori to antibiotics and chemotherapeutic agents,
considering the introduction of standard quadruple therapy or sequential therapy
due to the increasing resistance of H. pylori. Sequential therapy involves the use of
proton pump inhibitor and amoxicillin of 1.0 mg for 5 days and for the next 5 days
proton pump inhibitor, clarithromycin and tinidazole in doses of 2 x 500 mg [22].
It should be marked that in addition to a high rate of resistance of H. pylori to the
medicines, adversely affect the performance of antibiotics has also the low pH of
the stomach, which inactivates the antibiotics, and thus complicates treatment [22].
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CYYACHI METOIU JIATHOCTHUKH I TEPAIIIL
HELICOBACTER PYLORI

Pedepar

B oenn0i npeocmaeneni cyuacuni oamni npo icmopiio 6i0kpummsi, 0ioN02it0, YUHHUKU
namozeHHoCmi, IHQEKYIUHUL npoyec ma Cyyachi Memoou OiaeHOCMUKU 2PaMHe-
eamusnux pyxausux daxmepiu Helicobacter pylori — 00H020 3 0CHO8HUX 30VOHUKIG
XpoHiuHO20 2acmpumy ma eupaskoeoi xeopobou. Helicobacter pylori 3acense nosepxmio
enimenianbHUX KImuH Ciu30801 000JIOHKU WITYHKA MA YACMUHU NIIOPUYHO20 GIOOLTY.
Inghexyis, sixy suxauxae Helicobacter pylyori, cnpusic pozeumky i uznavac namozenes
BUPA3KU WLIYHKA a60 HU3bKoOUuepenyitiosanoi timpomu winynka ( MALT-nimgomu).
B oiaenocmuyi Helicobacter pylori éuxopucmogyoms sk iH6asusHi (ypeasHutl mecm
[ suIyueHHs: 30YOHUKA), MAK [ HeIH8A3UGHI (CepONO2IUHUL MA OUXAIbHI MeCmu, GU3-
Hauennsi Hp-anmueenis 6 kani) memoou.

Knwuoei cnoesa: Helicobacter pylori, wunnuku namoeeHHocmi, a0anmueHi Xapax-
MEPUCMUKU, NAMO2eHe3, Memoou 0iacHOCMUKIL, 003VEAHHsL NPEnapamis.

A. Boanunka, b. Banor
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COBPEMEHHBIE METO/IbI IUAT'HOCTUKH
N TEPAIIMU HELICOBACTER PYLORI

Pedepar

B oannom o630pe npeocmasnenvi cogpementvie OanHvie 00 UCMOPUU OMKPLIMUA,
ouonocuu, hakmopax namo2eHHOCMu, UHPEKYUOHHOM NPoYecce U COBPEMEHHbIX Me-
mooax OUAeHOCMUKYU 2paMOmMPUYamensHuix noosudxichuvlx bakmepuii — Helicobacter
pylori — 00H020 U3 0cHOBHBIX 8030yOUMeENell XPOHUUECKO20 2ACMPUMa U A36eHHOU
oonesnu. H. pylori sacensem nogepxnocmv snumenuanrbHblx KI1emox cIu3ucmou 06o-
JIOUKU dcenyoKa u uacmu npuspamuuxa. Mugexyus, evizeannas H. pylori, cnoco6-
CMeyem pazsumuio u onpeoesien namo2eHes A36bl HeryOKa U 08eHAOYAMUNEPCTNHOU
KUK, PAKA JHCenyOKa Uil HU3Kooug@epenyuposannotl iumgpomul scenyoxa (MALT-
aumgomwl). B ouaenocmuxe H. pylori ucnons3yrom kaxk uneasugnwle (ypeasHulil mecm
u gbloenenue 6030youmers), mak u HEUHBA3UGHDbLE (CEPONO2UNECKULL U ObIXAMENbHbIE
mecmul, onpedenenue Hp-anmueena 6 xane) memoowi.

Knwueswvie crnosa: Helicobacter pylori, pakmopuvl namozennocmu, adanmusHvle
Xapakmepucmuxuy, namozenes, Memoovl OUACHOCIMUKU, 003UPOBKA NPEnapamos.
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BUOJIOTMYECKASI AKTUBHOCTb PUBOCHEPHOM
MOYBBI NIIEHUAIIHI SPOBOM B ACCOIIMAIINU C
BAKTEPUAMMU AZOTOBACTER CHROOCOCCUM T179,
MOAN®ULTNPOBAHHBIMUA
N-AHETHUJI-D-ITTIOKO3AMNWHOM

Lens. Hccnedosanue duonocuueckori akmueHOCmu pu3oc@hepHotl nougsl pacmeHutl
nueHuYsl Aposotll 6 accoyuayuu ¢ baxmepusamu Azotobacter chroococcum T79, moou-
Guyuposannvimu N-ayemun-D-enokozamurnom. Memoowt. B yciosusix secemayuonnuix
ONbIMOG UCCIE08AHbI MAKUE NOKA3AMENU OUON02UHECKOU AKMUBHOCMU NOUBLL KAK PO-
CMOAKMUBUPYIOUAs CHOCOOHOCHb (MEemoOOM PUMOmMeCcmos), YUCIeHHOCHb (Memooom
KOIUYECMBEHHO20 PA36E0eHUsI NOUYBEHHOU CYCHEH3UU, BbICEBA HA CELEKMUBHYIO CPEOY
pocma Duibu u noocuema OAKMepUaIbLHbIX KOTOHULL) U HUMPOSEHA3HASI AKMUBHOCTb
(ayemunenosbiM Memooom) a30mPUKCUPYIOUUX MUKPOOP2AHUZMO8 NPU (DYHKYUOHU-
POBaHUU accoyuayuu nueHuybsl apoeoll ¢ bakmepusamu Azotobacter chroococcum T79
6 kombunayuu ¢ N-ayemun-D-enroxozamurom (0,1 M). Pesynemameut. Ycmanoenieno
cyuwjecmeentoe ygenuuenue yuciennocmu (6 1,4-3,9 paza) u Humpoeenasnoil akmug-
Hocmu (8 2,1-5,6 pasa) azom@urcupyrowux MUKpOOPSAHUIMOE8 HA NPOMSICEHUU
secemayull pacmeHull, a Maxdice poCmMoaKmusupyrowel cnocoonocmu noussl (6 1,2
pasa) na pannem smane hopmuposanus pumobaxmepuarorol accoyuayuu. Bereo-
obl. Obpabomra ceman nuenuywl 6akmepusmu Azotobacter chroococcumT79, moou-
Guyuposannvimu N-ayemun-D-21i0K03aMUHOM RO CPABHEHUIO ¢ MOHOUHOKYIISIHIMOM
asomobaxkmepa, cnocoocmeos8ana akmueayuu QYHKYUOHUPOBAHUs OAKMEPUATLHOU
Humpoeenasvl (na 10-38 %) u ysenruuenuro nonyiayuu a3om@ouKCupyowux Mukpo-
opeanuzmos (6 1,2-2,2 pasa) 6 bonvuiell mepe, Hedicenu Ux CHOCOOHOCU HAKANIUBAMb
Ouono2UIecKU aKkmugHble 6ewecmad 8 pu3oc@hepHoll noyee pacmeHuil.

Knwuesvie cnosa: nwenuya sapoeas, azomobaxmep, 2ioKO3aMuH, puzocgepa.

Puzocdepnas mousa — 30Ha aKTUBHOM KOMMYHHKAIIMH PACTEHUI U MUKPOOPTa-
HU3MOB, OCYIIECTBIIIEMOH OCPEACTBOM OOMEHA MOJICKYJISIPHBIMU METa0O0JIMTaMu
[19, 20]. bronoru4ecku akTUBHBIC BeliecTBa ((pJ1aBOHOUIBI, JICKTHHBI, CATIOHUHBI,
TOPMOHBI, aMUHOKHCIIOTBI, caxapa | JIp.), HaKarinBaeMble B pu30Cc(epHOil mouBe
pacTeHul, ONPEeAIOT pa3BUTHE U (PYHKIIMOHAIBLHYIO aKTUBHOCTH IMOYBCHHBIX
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MHUKPOOPTraHu3MOB. [Ipu 9K30reHHOM IeHCTBIH Ha OaKTepHalIbHBIC KIICTKU JaHHBIC
COCIIMHEHUS BIMAIOT HA PAa3BUTHE, META0OIMUYECKYIO M (PU3HOIOTUYECKYIO aKTHB-
HOCTh OakTepuii [12, 18, 22], B TOM 4uciie U pu300aKTepuil, XapaKTepU3yIOITUXCS
KOMIUIEKCOM arpOHOMHUYECKH IEHHBIX CBOUCTB [7]. Tak, mpenBaputenbHasi HHKY-
Oanust KITyOeHBKOBBIX OaKTEPHIA COM Ml TOPOXa CO CIIeU(PHUIHBIME (PUTOJICKTHHAMHU
npuBesa K 0osiee BEHICOKOMY YPOBHIO pean3aluyd CUMOMOTHYECKOTO MOTEHIHAIa
pu300mii — KITyOEHBKOOOpa3yroIeld ClIoCOOHOCTH, HUTPOTCHA3HOW aKTUBHOCTH U
s dexTHBHOCTH 6000BO-pH300HaATBHBIX cucTeM [6]. CTuMynupyroliee BIUsSHIE Ha
pa3BUTHE U META0OJIN3M PH30CHEPHBIX AUA30TPOPOB POAOB Azospirillum w Azoto-
bacter oka3bpIBaNM arnIIOTUHUH 3apOJIBIIICH MIIEHUIIBI U JIEKTHH KapTodens [2, 5,
7]. BemiecTBa yrieBOIHOM PUPOJIBI, CHHTE3HPYEMbIC OaKTEpUsAMHU (TIOTHCaXapUIb)
TaKKe IPOsIBIISLTH 0M03(h(HEeKTOPHOE EHCTBHE IO OTHOIICHUIO K MUKPOOPTaHU3MaM,
BIIMSISI HA TIPOIIECCHI UX POCTA U pa3MHOXKEHHUsI B uuCcTOM KynbType [10], a Taxke Ha
peaTu3aIio MPOyKTUBHOTO TIOTEHITHAIA (UTOOAKTEpHATLHBIX cHMON030B [7, 10,
11]. N-anetun-D-mimtoko3aMuH — BEIIECTBO YITIEBOAHON MPUPOJIbI, TPUHUMAIOIIEE
y4acTHe BO B3aUMOJICHCTBUN PACTEHHUI 1 MUKPOOPTaHU3MOB TIOCPEICTBOM JIGKTHH-
YIJIEBOAHOTO perenTuHra [2, 6]. B ycinoBusix 4ucToi KyabTyphl HAMU TIOKa3aHa
CIOCOOHOCTB a30TO0OAKTEpa CBI3bIBATH N-aleTHII-D-TITIoK03aMIH, 4TO peAroiaraeT
Hanmuyue OakTepUaIbHBIX arIIOTUHIUHOB, O0JIAMAIOMINX CIICHU(PUIHOCTHIO K JaH-
HOoMy amuHOcaxapy [9]. O Biusaun N-anetmn-D-rioko3aMuHa Ha OaKkTepralibHbIE
KJIeTKH a3oTobakTepa mpu (GOPMUPOBAHUHU ACCOIMALMNA C PACTEHUSMU JaHHBIC
OTCYTCTBYIOT. I3BE€CTHO, YTO OJHUM M3 OCHOBHBIX TOKa3aTeJieii OMOIOTHIeCcKOn
aKTUBHOCTU pHU30C(EpHON MOYBBI SBISETCS POCTOAKTUBUPYIOIIAs CIIOCOOHOCTH,
orpesessieMas Ka4eCTBEHHBIM U KOJTMUYECTBEHHBIM COCTAaBOM aKKyMYJIHPOBAHHBIX B
Hel pa3HooOpa3HbiXx BAB, HeTOYHHKaMK HACKIIIEHUS KOTOPBIX SIBIISIFOTCSI KOPHEBBIE
AKCCY/IaThI paCTeHHH [3 ] ¥ 9K30MeTa0OIUTHl MUKPOOPTaHU3MOB [ 16, 17]. Mcxons u3
BBINIIECKA3aHHOT O, IIEJTBI0 paOOTHI OBIIIO HCCIIEIOBAHNE OMOTIOTHUECKOM aKTHBHOCTH
pu3ocdepHOi MOUBBI — POCTOAKTUBUPYIOIIEH CLIOCOOHOCTH, YUCITICHHOCTH U HUTPO-
T€HA3HOW aKTUBHOCTH a30T(HUKCUPYIOIINX MUKPOOPTaHU3MOB B TEUCHHE BEreTaIlNN
pacTeHuil MIIEeHUIIBI B acCOLMAIMK ¢ OakTepusiMu Azotobacter chroococcum T79,
Mo UIIUPOBaHHBIMU N-areTui-D-rToKko3aMUHOM.

MarepuaJjbl 1 METOIbI

OOnexTamu uccae0Banus Obla puzochepHas mouBa MIISHUIBI spoBoi (Triti-
cum aestivumL.) coptoB KomnexktuBHas 3 u Pannss 93 B acconmaium ¢ OakTepusMu
Azotobacter chroococcum T79 [14] (tutp uHOKYIOMa 107 KI1/MIT), TIpEABAPUTETHHO
MIPOMHKYOMPOBAHHBIMU B T€UEHHE CYTOK ¢ N-aneTwi-D-rroko3aMuHOM (KOHIIEH-
Tparus amuHocaxapa 0,1 M) («JlekrurorecT», JIbBOB).

MukpoOnoIornyecKue moKa3areiayu OMoIOTHIeCKON aKTHBHOCTH ITOYBHI OLIEHH-
BaJIM B YCJIOBUSAX BETETAIIMOHHBIX OIIBITOB, KOTOPBIE MPOBOJWIINA Ha BET€TAlMOHHON
momaake MOPI" HAHY npu npupoaHbIx OCBELIEHUH U TeMIlepaTrype B 6—7-Kpat-
HBIX MTOBTOPHOCTSIX MO BapuaHTaM B cocynaax Baruepa (9 kr) Ha MOYBEHHOM CyO-
cTpare ¢ BHECEHHEM MUHEpalbHbIX coseit no [IpsaumnankoBy ¢ 0,5 HOpMoOit azoTa
[4] cornacHO cxeme:
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1. O6paboTka ceMsiH BOIOH (KOHTPOJIB);

2. Mnokymnsmus cemsH mrtaMMoM A. chroococcum T79 (IITaMM-KOHTPOJTH);

3. O6pabotka cemsH A. chroococcum T79, mponHKyOUpOBaHHBIM (24 1) Tpu
temmieparype 28 °C ¢ pactsopom (0,1 M) mmroko3amuna (T79 + GIcNAc, 1:1)

OT160psI pr30chepHOii TOUBBI OCYIIECTBISUTH B (ha3bl pa3BUTHS BCXOJIOB, KyIIle-
HUsI, Hayasla KOJIOIICHUS U MOJTHOM CIIEIOCTH 3€pHA MIIEHHIIBL. DKCIPECC-OIeHKY
POCTOAKTUBUPYIOIIEH CTIOCOOHOCTH TIOYBHI (YPOBEHb HAKOILICHHS] OMOJIOTHYECKU
aKTUBHBIX BeniecTB, BAB) npoBoauim o MHTEHCUBHOCTH Pa3BUTHUS TECT-00bEKTa
(kpecc-canar nmoceBHoM copTa 3abaBa) Ha MOYBEHHBIX 0Opa3ax (MeTo (PUTOTECTOB)
[3]. B xauecTBe KOHTpOJIIS OBbLIIA TOYBA BapHAHTA C 00paOOTKOM ceMsH B0, B akc-
NEPUMEHTAX TaKXKe OICHUBAIHMCH a30T(PHUKCUPYIOIAast aKTUBHOCTh PU30CHEPHBIX
MHUKpPOOPTaHU3MOB (alleTHJICHPEIyKTa3HbIM METOIOM 110 Xapou ¢ coasm. [23]) u
YUCJICHHOCTH a30TPUKCUPYIOIIMX MUKPOOPTaHU3MOB B pru3ochepHoii mouse (MeTo-
JIOM KOJIMYE€CTBEHHOTO pa3BeICHNsI TOYBEHHOH CYCIIEH31H, BEICEBA Ha CEJIEKTHBHYIO
cpemy DmbH U mojcyeTa BhIpocIINX OakTepuanbHbIX KosoHui [1]). Hus onpene-
JICHUS a30TPUKCUPYIOMICH aKTUBHOCTH MCTIOIH30BAIM KOPHH PACTECHUI C TIOYBOM.
B repmetnunbie rakoHsI ¢ 00pa3aMy BBOJMIIM MO 5 MIT alleTUIICHA, MHKYOUPOBAJIH
2 4 u anaymsupoBanu Ha mpubope «Chromatograf 504” (ITonpma, “Mera Elwro”).
Pesynbrarsl craructuaecku o0padoransl (Statgraphyc Plus) v ipeacTaBlieHb B BUIE
CpeaHuX 3HaYeHU I 1 uX om0k (M+m), pacCYMTaHHBIX MO JAHHBIM HE MEHEE TPeX
OHMOJIOTNYECKUX TOBTOPHOCTEIA.

PesyabTarsl 1 00CyKICHHE

C uCcToNnb30BaHUEM HKCIIPECC-METOAA OLIEHKH POCTOAKTHUBHPYIONIEH CIIOCO0-
HOCTH pU30C(HEpHOI MOYBHI MOKa3zaHo (Tabn. 1), 4To mpu OakTepu3aluu CeMsH
TMIIICHUIIBI SPOBOM aKTUBHBIM IITAMMOM A. chroococcum T79 [8] cyliecTBEHHO MO-
BBIIIAIACH POCTOAKTHBHUPYIONIAS CIIOCOOHOCTh pU30CHEPHOI IOUBHI, PE3YIIETATOM
4ero ObLJI0 aKTUBHOE Pa3BUTHE MIPOPOCTKOB TECT-00BEKTa Ha TOYBEHHBIX 00pa3iax
OTIBITHOTO BapuaHTa BO Bce (ha3bl BereTaluu pacTeHuil. Tak, Macca mpOpPOCTKOB
Kpecc-canara, Ha oOpasiax puzocdepsl mieHuirsl copra Komtekrusaas 3 B 1,2—1,8
pa3a mpeBbllliaiga KOHTPOJIbHbIE 3HaYeHHs (00paboTka cemsiH Bojoii). s copra
Pannsis 93 nannas pasnuna cocraBuia 1,1-1,5 paza. AKTUBHOE pa3BUTHE IPO-
POCTKOB TeCT-00BhEKTa CBHUJIETEIILCTBYET O HAKOTIEHUH B pu3ocdepoii 30He BAB,
MCTOYHUKOM IOCTYTIIICHUS KOTOPBIX SBJISIOTCS SK30METa00IUThl MUKPOOPTaHU3MOB
Y KOpHEBBIE BBIJICIICHUS] PACTEHUH, YTO MOXKET CBHJIETEIILCTBOBATH KaK O MOBBIIIIE-
HUH CIIOCOOHOCTH pH30C(PEPHBIX MUKPOOPTAaHU3MOB K ITPOAYIIHPOBAHUIO BEIIECTB
POCTOPEryIATOPHOTO ACUCTBUS, TaK M 00 MHTEHCU(PUKALUK ITporiecca (POTOCUHTE3A,
oOpazoBaHus (POTOACCUMUIISITOB U BBIICIUTEILHON (DYHKIIMN KOPHEBOW CHUCTEMBI
pacTEeHHUM.

bunapusiit unokynsiHT (T79 + GlcNAc) akTHBHpPOBaJl POCTOCTUMYIUPYIOILYIO
CIOCOOHOCTH pU30C(EPHOI TOUBHI MIIeHUITBI cOpToB KoyutektuHas 3 u Parnsisa 93
B 1,2-1,4 u 1,1-1,4 pa3za, COOTBETCTBEHHO, IT0 CPAaBHEHUIO ¢ KOHTposieM (Tabi. 1).
[Tpu 5TOM 3(hEeKTUBHOCTH €T0 AEHCTBUS OTHOCUTENLHO TAHHOTO TTOKa3aTelis OMo-
JIOTUYECKOW aKTUBHOCTH IOYBBI HAXOAMJIACh Ha ypoBHE 3(ddexra azoTtodakTepa
(Bapuant T79).
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Ta6muma 1
Cpenansist Macca (MI) IPOpPOCTKA Kpecc-cajiaTa Ha 00pa3nax
pu3ocdepsbl NIIEHULbI SIPOBOM
Table 1
Average weight (mg) seedling of cress on samples of the rhizosphere of spring wheat
Oﬁpaseu HUceue- daza Bereranvu nmieHu bl
pusocdepsbl ayemast
NIIEeHHIBI rpynna Bexoabl Kymenue Hauano IMoaunas
KOJOIICHHUSA CIeJIOCTDh 3€pHa
| 7,5%0,5 13,0+1,3 15,5+0,6
- 100% 100% 100%
Conra Komiek- ) ) 11,6+1,4 23,3+1,0 18,0+0,5
P 155% 179% 116%
THUBHaA 3
10,8+1,2 14,9+0,5 18,6+0,9
3 - 144% 115% 120%
93%! 64%* 103%!*
| 19,6+0,4 18,2+0,5 25,2+1,2 20,6+0,6
100% 100% 100% 100%
Conra ) 21,9+0,4 20,4+1,2 36,9+1,0 25,2+0,7
P 112% 112% 146% 122%
Pannsis 93
25,14£1,9% 20,2+40,6 34,9+1,0 25,7+0,7
3 128% 111% 139% 125%
115%! 99%* 95%! 102%"!

[Ipumedanus k Tabm. 1.

Uccrnenyemas rpynma: 1 — npeanoceBHas 00paboTKa ceMsH BOIOH (KOHTPOJIb),

2 — 6akrepusmu A. chroococcum T79 (T79, MOHOMHOKYIISHT, IITAMM-KOHTPOJIb ),

3 — Gakrepusimu A. chroococcum T79, mpenBapuTeNbHO MPOMHKYOUPOBAaHHBIME ¢ N-areTni-D-
rrroko3amMuHOM 0,1M (T79+GIcNAc, OMIHOKYISAHT);

* — noctoBepHO (p<0,05) IO CpaBHEHHIO C 2 TPYIIOH;

% TI0 OTHOWIEHHIO K KOHTPOJIIO, %' — K IITaMM-KOHTPOJTIO;

«—» — HE ONPEeIIIIH.

Bbu1o BBISIBIEHO AOCTOBEPHO 3HAUMMOE YBEJIWYEHHE OMOJIOTHYECKON aKTHB-
HOCTH pU30C(EPHOI MOUBHI MO MPHU3HAKY POCTOAKTUBUPYIOLIEH CIIOCOOHOCTH B
rpymnIe ¢ UCHOJIb30BAaHWEM OMHAPHOTO MHOKYJSHTA 10 CPABHEHHUIO C TaKOBOH B
cirydae mraMma azotobakrepa (15 %) oTmedeHa nuib B paHHIO a3y OHTOreHe3a
neHuI bl copta Panuss 93 (Bcxomasl), B a3y KOJOMIEHUS OTMEUYCHA TEHIICHITUS
TTPOTHBOIIOJIOYKHOM HAIIPABICHHOCTH, YTO MOJKET yKa3biBaTh Ha peryisiuio GIcNAc
crocoOHOCTH OakTepuil Kk mpoaykiuu bAB Ha HagambHBIX 3Tanax GopMUpPOBAHUS
(uTobaKkTepraNTBHON acCOIMAIINH.

B ¢azy nonnoit cienocty 3epHa MIIEHUIIBI POCTOAKTHBUPYIOIIAs CIOCOOHOCTD
puzochepHoit TOYBBI 000MX COPTOB SPOBOH MIITEHHUITHI B OMBITHBIX TpyMax B 1,2 u
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1,3 pasa npeBsiiaia KOHTPOJIbHBIC 3HAUCHUS (BapUaHT ¢ 00paObOTKOM CeMSH BOJION),
HO HAXOJMJIaCh HAa YPOBHE 3HAYCHUH MPU MHOKYIISIIIUK CEMSH a30TOOAKTEPOM, UTO
CBUJIETEIBCTBYET 00 OTCYTCTBUHM TOKCHUECKOTO BIMSHUS Ha MIOYBY MHTPOLYIIMPO-
BaHHBIX B COCTaBE MHOKYIISTHTOB Oaktepuit A. chroococcum T79 u ammHOCcaxapa
N-anetuir-D-mimroko3aMiHa.

[Tpumenenne mramma azorodakrepa (T79) u ero komOuHanuu ¢ N-anetuin-D-
rrroko3aMuHOM (T79+GIcNAc) nist mpeanoceBHONH 00paOOTKHM CeMsH MIICHUIIBI
SIPOBOM M3MEHSUTO (DYHKITMOHAIIbHYTO (HUTPOTCHA3HYI0) aKTUBHOCTD pHU30C(hepHBIX
MHUKPOOPTaHU3MOB (Ta0I. 2). A30TPUKCHpyFoIIas akTuBHOCTh (ADA) nrazoTpodoB
nieHuIbl copta Pannsist 93 npu ucnonb3oBaHU MOHOMHOKYIISIHTA T79 CyIiecTBEHHO
npeBbimana (B 2,1 u 2,5 pa3a) akTHBHOCTb MHUKPOMIOPHI KOHTPOJIBHBIX PACTCHHIA B
(a3bl KyIIeHus 1 Hayasia KojomeHus mmeHunsl. J{is copra KomnekrusHast 3 B pazy
HayaJja KoJIOMIeHUs JaHHas pa3Huia coctasmia 1,8 pasza (2,10+0,10 mo cpaBHEHHIO
¢ 1,16+0,22 amons C,H, / (pacTeHune-4ac) B KOHTPOJIE).

Tabnuma 2
Hurporenasnas akrupHocTh (HMoab C H, / (pacTrenue-4ac)) pusocepHbIx
MHUKPOOPTaHU3MOB NMIIICHULBI ﬂpOBOﬁ copra Pannsis 93 Ha Pa3HbIX q)a3ax Bereranuun

Table 2

Nitrogenase activity (nmol C2H4 / (plant-HR)) of rhizosphere microorganisms
of spring wheat cv. Rannyay 93 at different phases of vegetation

®da3a BereTanuy NIIeHHIbI
Hccnenyemas
rpyrna Kymenue Hauago xosiomenus Ilonnas cnenocTs 3epHa
| 2,00+0,15 1,03+0,12 0
100% 100%
2 4,24+0,22 2,56+0,38 0,44+0,27
212% 249% 100%
4,68+0,29 3,53+0,27* %
3 234% 343% 2’455;[710’/3 6
110'% 138%! °

[Mpumeuanus k Tabm. 2.

Hccnenyemas rpymma: | — npennoceBHas 00paboTka CeMsiH BOIOH (KOHTPOJIb),

2 — 6akrepusmu A. chroococcum T79 (T79, MOHOWHOKYISHT, IITaMM-KOHTPOJB),

3 — Gakrepusmu 4. chroococcum T79, mpeaBapuTENbHO MPONHKYOHpPOBaHHBIMEU ¢ N-aneTuin-D-
rmrokozaMuHOM 0, 1M (T79+GIcNAc, OMMHOKYIISAHT);

* — noctoBepHO (p<0,05) IO CpaBHEHHUIO C 2 TPYIIIOH;

% TI0 OTHOIIEHHIO K KOHTPOIIIO, %' — K INTaMM-KOHTPOJIIO;

«—» — HE ONpeIeIIsIn.

B Bapuante ¢ 6uHapHbIM HHOKYISIHTOM (T79+GIcNAC) oTMeueHa MHTEHCH-
bukamus nporecca GUKcAIMU a30Ta pu30CHEPHBIMU MHUKPOOPTAHHU3MAMHU, YTO
NPOSIBISUIOCH B 3HAYMTEIFHOM yBEIHMUeHHH mokaszarenss ADA Oakrepuil 1o cpas-
HeHuIo ¢ KoHTposieMm (1 rpynma): B 2,3 u 3,4 pasza ms copra Pannsis 93 (tabm. 2),
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B 2,1 pasa (2,46+0,22* no cpaBuenuto ¢ 1,16+0,22 amons C,H, / (pacTenne-yac)
B KoHTpose) ans copra KomnektuBHast 3. PerynstopHoe aelicTBHE IITIOKO3aMHHA
10 OTHOMIICHHIO K OakTepusM A. chroococcum T79 BbIpaxkanoch 0ojee BHICOKUM
ypOBHEM (PYHKIIHOHUPOBAHHS HUTPOT€HA3bI HHTPOAYIIUPOBAHHBIX U AOOPUTCHHBIX
MOYBEHHBIX MUKPOOPTaHU3MOB B ACCOLIUALIMX C PACTEHHSMHU IIICHUIIBI, aKTHBHOCTh
kotopsix B 3 rpymme (T79+GlcNAc) B 1,1; 1,4; 5,6 pa3a (coorBeTCcTBeHHO (hazam
BereTanuu pacteHuil ) mpesbimana ADA mramma T79 mis copra Pannss 93 (tad. 2)
uB 1,2 paza (2,46+0,22* no cpauenuro ¢ 2,10+0,10 amons C,H, / (pacTenne-yac)
Bo 2 rpymnme) mis copra KomnektuHas 3. [Tpu sToM momydensl 3HaueHus: ADA,
KaK JJOCTOBEPHO OTIIMYMMBIE OT KOHTPOJIA (00paboTKa ceMsH BOJIOW) U BapHUaHTa ¢
00paboTkol ceMsiH a30To0akTepoM ((ha3bl KOJOMICHHSI U ITOJTHON CIIETIOCTH 3epHa
neHuIbl copta Panusas 93), Tak W HaXOASAIIMECs HA TPAHUIIE OMIMOKH AKCIICPH-
MeHTa (copt KomektuBHas 3), 4TO CBUIAETEILCTBYET O TCH/CHIIUU TMOBBIIICHUS
YPOBHS CITOCOOHOCTH pHU30CPEPHBIX MUKPOOPTAaHU3MOB K (PUKCAITUU a30Ta B (pa3y
KoJIoIIeHus NieHu1bl copra KomnexktusHas 3.

OtmeueHo, yTo B (pa3y MOJHOM CHENOCTH 3epHa MIICHUIBI copTta Panuss 93
MIPU MCTIONB30BAHUH [Tt HHOKYJISIIIY ceMsiH OakTepuii A. chroococcum T79, aktu-
BupoBaHHBIX GIcNAc, ADA nuazorpodos B 5,6 paza Obla OolblIe MOKa3aTens B
BapUaHTe C MHOKYIALMEN ceMsH a30TobakTepoM. [Ipr 7TOM B KOHTPOIIEHOM BapHaHTe
(0OpaboTka ceMsiH BO/IOH) CITOCOOHOCTD pU30C(EPHBIX OaKTEpHid K a30THUKCAITUN
He (ukcupoBanack (Tadm. 2). [TomydeHHbIE pe3ylIbTaThl YKa3bIBAIOT HA MPOJICHHE
Meproa aKTUBHON (PUKCAIUU a30Ta pU30C(HEPHBIMH MUKPOOPTaHU3MAaMH (BILJIOTh
710 (pa3bl MOTHOM CIIEIOCTH 3€pHA MIIECHUIIBI ), YTO MAaKCUMAaJIbHO BBIPAXKEHO B aCCO-
UAIHIX, CHOPMUPOBAHHBIX PACTCHUSIMH C OaKTEpUSIMHU, 00pa00TaHHBIMHU IJTFOKO3a-
MuHOM. [IpH 3TOM OTMEUEHO CHIKEHHE a0COIOTHBIX 3HAYCHUH a30TPUKCHPYOIICH
AKTHBHOCTH MIOYBEHHBIX MUKPOOPTaHU3MOB B pu30c(epe Ha MPOTSHKEHUH BEreTalun
pacTeHuil BO BCEX BapUaHTAax OIBITA.

[ToBbIIeHNE YPOBHS a30T(HUKCUPYIONIEH CIIOCOOHOCTH pU30CHEPHBIX THa-
30TpOOB MOKET OOBSICHATHCS AKTUBUPYIOIIMM JICHCTBHEM BEIIECTB YIIIEBOJHON
pUPOABI Ha (PYHKIIMOHUPOBAHHE OaKTepUaIbHON HUTPOreHasbl. Tak, B yCIOBHSIX
YHCTOU KYJBTYPBI KITyOCHBKOBBIX OAaKTEpHH JIFOIMHA YCTaHOBJICHO [ 13], 9TO yreBos-
Has ppakiysi MeTaOOIUTOB KOPHEBBIX KITyOSHBKOB TOBBITIIANIA a30T(HUKCHPYFOTITYIO
aKTUBHOCTH pU300uii. B ycnoBusix in situ nmpu u3ydyeHUH BIUSIHUS JOOABOK UCKYC-
CTBEHHBIX KOPHEBBIX SKCCY/IaTOB U OTACIBHBIX CaXapoB, KaK HCTOUHUKOB YTIIEPO/a,
Ha aKTUBHOCTH M KAYE€CTBEHHBIN COCTAB HECUMOMOTHYECKHX TMa30TPO(OB MOKA3aHO
[21], 9TO TONBKO TE CYyOCTaHITNH, KOTOPBIE COJCPKAIHA B CBOEM COCTABE yTIICBOTHBIN
KOMITOHEHT, HHTyITUPOBAIH a30T(HUKCAINI0 B puzochepe.

[Tpu cpaBHEHNY U3MEHEHUS TTOKa3aTeslell OMOIOTMYeCKON aKTUBHOCTH PHU30C-
(hepHO¥ IMOYBHI MIIICHHIIBI — POCTOCTUMYIIMpYIomIeH (Tab. 1) n azoTdukcupyromei
(Tabmn. 2) cmocoGHOCTH MOXKHO OTMETUTB, 4TO GIcNAC npu coBMeCTHON HHKYOAIuu
co mrrammoM T79 cymiecTBeHHO aKTUBHPOBAJI HUTPOTCHA3HYTO (PYHKIIHIO pr3ochep-
HBIX AMa30TPOQOB HA MPOTHKEHUH BCeX (Da3 BereTaluy pacTeHUi 10 CPaBHEHUIO
C JIeiCTBMEM MOHOMHOKYIISIHTa a3zoroOakTepa. [Ipm 3ToM pocTOCTHMYIUpYOmas
CIIOCOOHOCTD MOYBHI B TAHHOM IPYTITIE HAXOAWJIACh HA YPOBHE ITOKa3aTesel BapuaHTa
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¢ mpumeHeHnreM mrtamma T79. bosee Toro, mpu 10CTaTOYHO HU3KOM POCTOAKTHBH-
pytotieii ciocooHocTr mouBsl (copT KomnextusHast 3) B rpynme T79 + GlcNAc (na
36% MeHbIIIe, 4eM B BapHaHTE C a30TO0aKTepoM, Tao. 1, Hauaso kojomeHus ), ADA
puzochepHOro MUKpoOHOTO KOoMIUIeKca Obuta B 1,2 pa3a Gonbinelr. Ha ocHoBaHuM
MOJYYECHHBIX PE3YIBTaTOB MOXHO MPEINOI0KUTE, YTO TIIIOKO3aMHUH, KaK BEIIECTBO
YIJIEBOIHOM MPUPOABI, BIUIET Ha aKTUBHOCTh OCHOBHOTO (hepMeHTa (puxcanuu
a30Ta — HUTPOTeHAa3bl B OOJBIIEH Mepe, 4eM Ha CIIOCOOHOCTh MUKPOOPTaHU3MOB K
npoaykiunu bAB.

[Ipu Gakrepu3anuu ceMsiH MIICHHUIB! ApoBoil copTa KomnextuBHas 3 azo-
tobakTepom (T79) cymecTBeHHO M3MEHSIACh YUCICHHOCTh a30T(PUKCHPYIOIIHX
MHUKPOOPTaHU3MOB B pU30C(HEPHOI MOYBE HA MPOTSHKEHUHM BETETAIlMHM PACTCHUN
(tabm. 3). KonmndaecTBo )KU3HECTIOCOOHBIX a30TPUKCUPYIOIINX OaKTEpHUaTbHBIX Kile-
TOK yBennuuiock B 2,5; 1,3; 1,3 u 1,8 pa3a 1o cpaBHeHHIO ¢ KOHTPOJIEM B pa3HbIC
(a3pl BereTanuy pacTeHUH.

Tabmuma 3

KoauuyectBo kononneodpasyomux exunui (KOE) azorgukcupyromux dakrepuii

(10™ kn/r) B pu3ocdepHOii 30He Ha pa3HbIX (a3ax BereTaluu MIIEHUIbI IPOBOii
copra KonnexktusHnas 3

Table 3
The number of colony forming units (CFUS) of nitrogen-fixing microorganisms
(10™ cells/g) in rhizosphere soil at the different phases of vegetation of spring wheat
cv. Kollektivnaya 3

®a3a BereTaluuu MIEHULBI
Hccite-
IlouBa nepen
ayemast
MOCEeBOM CeMsSIH Ilosnnasn
rpynna Hauauno
Bexoabr Kymenue CIeJIOCTh
KOJIOIIEHUS sepHa
| 38.3+2.4) 10°](11,9412) 107 (12,4+1,0) 10| (48,8+6,7) 10°
100% 100% 100% 100%
5 (94,6+6,1) 10'°|(15,8+2,0) 10'?{(16,3+0,4) 10| (87,9+9,6) 10°
(71,4+14,6)x10° k/r 247% 133% 131% 180%
(132,3+10,3) (18,7+0,5) | (192,243,7)
1010* (16’4i0’04) 1012 1012* 109*
3 345% 1135(;)1 151% 394%
140%! ’ 115%! 219%!

[Tpumeuanust k Tad. 3.

Hccnenyemas rpymnma: 1 — npennoceBHast 00paboTka ceMsiH BOJIO# (KOHTPOJIb),

2 — 6akrepusimu A. chroococcum T79 (T79, MOHOMHOKYJISIHT, IITAMM-KOHTPOJIB),

3 — 6akrepusimu A. chroococcum T79, npeaBapuTeabHO MPOMHKYOUpOBaHHBIME ¢ N-aneTui-D-
roko3amMuHoM 0, 1M (T79+GIcNAc, OUMHOKYJISIHT);

* — noctoBepHo (p<0,05) MO CpaBHEHHUIO C 2 TPYIIIION;

% 110 OTHOIIEHHIO K KOHTPOIIIO, %' — K IITaMM-KOHTPOJIIO;

«—» — HE OIpeIeIISUIH.
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B acconmanusx mieHuIs! ¢ a30To0aKTepoM, MOTU(PHIIMPOBAHHBIM ITTFOKO3aMH-
HOM (T79 + GlcNAC), uncieHHOCTh pr30c(epHBIX TUa30TPO(HOB M OTUTOHUTPOPH-
JI0B yBenmumiack B 3,5; 1,4; 1,5 u 3,9 pasza o cpaBHEHUIO ¢ KOHTpoJeM (Tadm. 3).
[Tpu 5TOM 1O OTHOIIECHHIO K BapUaHTY C a30To0akTepoM (Ne 2) pa3Huiia Mo JTaHHOMY
nokazareinto coctasuna 1,4; 1,2 u 2,2 pasa.

[TomrydeHHbIE pe3yiabTaThl CBUACTENBCTBYIOT 00 aKTUBUPYIOIIEM IEHCTBUU
N-anetmin-D-rimroko3amMuHa Ha pa3BUTHE MTOMYIISAIAA a30THUKCHPYIOIIHUX OaKTEpHid
B pusocepHoit 30He mieHuIpl. CpaBHEHHE Yncia a30T(HUKCUPYIOIINX MUKPO-
OpPraHu3MOB B MCXOIHOM cyOcTpare pocta pacteruid (10 ki1/T) ¥ B MouBe B KOHIIE
Bereraiuu mimeHuIb (10° Ki1/T) CBUAETENBCTBYET 00 YIy4IICHHH MUKPOOHOIOTH-
YEeCKHUX MOKa3aTesIei MOUBhI 32 CUET PA3BUTHS arpOHOMHYECKHU TOJIC3HOM TPYIIIBI
a30T(HUKCUPYIOMNUX MUKPOOPTaHU3MOB.

[Tpu cpaBHEHUM MMOKa3arene YMCIeHHOCTH OakTepwid (Tabi. 3) u ux ADA B
pusocdepHoii mouse nuieHuIsl copta KomnekruBhas 3 B a3y Hauana KOJOMICHHUS
(naHHBIC TIPENCTABICHBI B TEKCTE BbIIIE) oTMedeHo, uTo uucio KOE mukpoop-
rann3MoB B Bapuante 179 + GlcNAc npesbimano koHTpoiabHOe (Ne 1) 3HaueHue
B 1,5 pa3za, ux ADA — B 2,1 pasa, 4To yKka3bpIBaeT Ha aKTUBAIIMIO TIIFOKO3aMUHOM
(YHKITMOHUPOBAHMSI HUTPOTEHA3bl OTHON OakTepuanbHON KiIeTKU. [Ipn 3TOM KO-
mnaectBo KOE OGaxrepuit m ux azordukcupyronias akTHBHOCTh B aCCOLIMAITUAX
MIICHUIBI C MOTU(PHUIIMPOBAHHBIM IITaMMoM azotobakTepa (T79 + GlcNAc) na 15
1 17 % cCOOTBETCTBEHHO MPEBBIIIANIO KOJINYECTBO U (PYHKIIMOHAIBHYIO aKTUBHOCTD
a30TPUKCUPYIONINX OAKTepU B BapHAHTE ¢ MHOKYIISAIUCH CeMsSH mTamMmmMoM 179,
YTO CBUJICTENBCTBYET 00 yBenn4ueHnU ypoBHSI ADA MUKPOOHOTO KOMILIIEKCA, BEPO-
SITHEE BCETO, 3a CUCT YBEIIMUCHHUS YUCIICHHOCTH OaKTEpHid, CITOCOOHBIX K (hUKCAITUN
MOJIEKYJISIPHOTO a30Ta.

Pe3synbrarsl, mpencTaBIeHHbIE B IUTEPATYPE, CBUIETEIBCTBYIOT, YTO HEKOTOPHIE
nouBeHHbIe OakTepuu (Enterobacter, Bacillus, Azospirillum, Azotobacter), B 6011b-
1€l WM MEHBIICH CTENIeHH, CIIOCOOHBI CBS3BIBATh IIIOKO3Y U €€ MPOU3BO/IHBIC, B
TOM 4Hclie U Troko3aMuH [9, 15]. JlaHHOe cBA3bIBaHME OCYILECTBIISIETCS 32 CUET
YIIIeBO-0€IIKOBOTO B3aMMO/ICHCTBHSA, B TOM YHCIIE U P y4aCTHH OaKTepHUaIbHBIX
JIEKTUHOB. B ycnoBusx in vitro nokaszaso [9], ato kynsrypa 4. chroococcum T79 06-
Jasiana arrIioTHHUPYIOUIeH aKTHBHOCTBIO, YTO YKa3bIBA€T HA CIIOCOOHOCTD JAHHBIX
OaKTepHii CHHTE3UPOBATh arMIIOTUHUHBL. B peakinm TopMOoXXeHHs TeMarrIioTHHA-
UM YCTAHOBJICHO, YTO a30ToOakTep cBs3biBai (10 50%) u rmoko3amun (0,01-0,1
M), 9TO mpeAnoaaraeT HaIM4IMe CrenuGUIHOCTH OAKTEPHUATHLHOTO arTIIOTHHUHA K
JTAHHOMY YIJIeBONy. BrioiHe BEpOSITHO, UTO IIPU COBMECTHOM MHKYOHMPOBAaHHUH KJle-
TOK A. chroococcum T79 ¢ II0KO3aMUHOM B YHCTOH KYJIBTYPE JIEKTUH-YTIIEBOTHOE
B3aUMOJICHCTBHE (arMIIOTHHUH a30TO0aKTepa-+TIIIOKO3aMHUH) BKIIFOYaeT KacKal epe-
Jla9y CUTHAJIOB B OaKTEepHAJIbHYIO KJIETKY, IPHUBOISAIINX K U3MEHEHUIO METa00IM3Ma
1 (pyHKIMOHMPOBAHUS OaKTEpHid, pe3yJlbTaTOM YEro SIBISIETCS yCTAaHOBICHHBIN
HaMu Oosiee BBHICOKHH YpOBEHb (YHKIIMOHUPOBAHHS aCCOLMAINH «ITIIEHHUIIA—
T79+GIcNAc» B ycloBusIX in situ B CpaBHEHHH C acCOLMalueil, 00pa3oBaHHON
MOHOKYJIBTYPO# a30To0aKTepa.
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Hcxonst n3 ananm3a SKCIEPUMEHTATIBHBIX PE3YJIbTaTOB MOKHO MIPEITIOIOKHUTD,
YTO peajn3anus aKTHBHOCTH TIIIOKO3aMHUHA ITPH SK30I'€HHOM JCHCTBUH HA KYJIBTYPY
KJIETOK a30To0aKTepa rmpu copmectHoi nHKyoanuu (T79 + GlcNAc) ocymiecTBisier-
Cs1, BEpOSITHEE BCETO, BO-TIEPBBIX, 32 CUET BIIMSHUS yIIICBOAA HA YUCICHHOCTD OaKTe-
pHii B CyCIIEH31H, YTO B KOHEYHOM HTOT€ MOBBIIIAET TUTP OaKTEpPUATHHBIX KIETOK
B MHOKYJIISTHTE a, BO-BTOPBIX, 32 CUeT OMOMH(OPMAIIMOHHOTO JIEKTHH-YIIIEBOTHOTO
CUTHAJIMHTA, TPUTTEPOM KOTOPOTO SBISETCS B3aUMOJCHCTBHE TIIIOKO3aMHHA C ar-
IJIIOTUHUHOM OaKTepuii, a KOHEUHBIM PE3yJIbTaTOM — YBEIMYCHHE YUCIEHHOCTH U
(YHKIIMOHATTBHOM aKTUBHOCTH MUKPOOPTaHU3MOB B pU30C(epe paCTeHHH MIISHUITBI
NIPU UHOKYJISIIIMH CEMSTH a30TO0aKTepOM B KOMOWHAIIMH C TIIFOKO3aMHHOM.

B accommanusx mieHHIB! SPOBOM ¢ MOYBEHHBIMH MUKPOOPTaHU3MaMH IpU
MHOKYJISIIIMHA CEMSIH aKTUBHBIM U 32(pPEeKTUBHBIM mTaMMoM A. chroococcum T79 B
komMOuHaIu ¢ N-aretuin-D-mmroko3aMruHOM H3MEHsTach OMOJI0Tn4ecKasi akTHBHOCTD
pu30chepHOit TOUBBI, YTO MPOSBISIIOCH B CYIIECTBEHHOM YBEITMUEHUH ITOKa3aTenen
YHCJICHHOCTH M HUTPOTCHA3HOM aKTUBHOCTH a30T(H)UKCHPYIOLTNX MUKPOOPTaHU3MOB
Ha IPOTSHKEHUHU BETeTaIllU PACTCHHM, a TAKXKE POCTOAKTHBHUPYIOIIEH CIIOCOOHOCTH
MOYBBI HA paHHEM 3Tane GopMupoBaHus GuTodaKTepHaIbHON accormanuu. O0-
paboTka ceMsH MIICHUIBI OakTepusimMu Azotobacter chroococcumT79, monudu-
UPOBaHHBIMH N-aneTi-D-TIII0K03aMHHOM 10 CPaBHEHHUIO ¢ MOHOMHOKYJISTHTOM
azoTobakTepa, CloCOOCTBOBANIa AKTHBAIMK (YHKITMOHHPOBAHUS OaKTEpHAIbHON
HuTporeHassl (Ha 10-38%) n yBeTMUEHUIO MOMYIISAINH a30THUKCUPYIOIUX MUKPO-
opranu3moB (B 1,2—-2,2 pa3a) B 00JIbIICH Mepe, HEKEIN UX CIOCOOHOCTH HAaKaITMBATh
OMOJIOTHYECKH aKTUBHBIC BEIIECTBA B pU30CHEPHOI MMOYBE PACTEHUH.

O.B. Kupuienko

IHctutyT Qizionorii pocnus i reHetnkn HAH Ykpainn,
ByIl. BacubkiBerka, 31/17, Kui 03022, YkpaiHa,
ten. (044) 257 31 08; e-mail: leki07@mail.ru

BIOJIOTTYHA AKTUBHICTb PU3OC®HEPHOI'O IPYHTY
MIIEHUII APOI B ACOLIAIIII
3 BAKTEPISIMU AZOTOBACTER CHROOCOCCUM T79,
MOJANPIKOBAHUMMU N-AIIETHJI-D-TJTFOKO3AMIHOM

Pedepar

Mema. JJocnioorcenns Oionoeiunoi akmusHocmi puzocgepro2o IpyHmy pociaun nueHulyi
apoi 6 acoyiayii 3 6axmepimu Azotobacter chroococcum 179, moougixosarnumu
N-ayemun-D-enoxozaminom. Memoou. Y secemayitinux ymosax 00CAiOHCeHO MAKi
NOKA3HUKU OI0N02IMHOT aKMUHOCMi pusocgheprnozo Ipynmy K picmakmugysaibha
30amuicme (Memooom gimomecmis), yucenvbHicms (MemooomM KilbKiCHO20 po3se-
OeHHsL IPYHMOBOI CYCneH3sii, 8UCigy Ha cenekmusHe cepedosuuje Euibi ma niopaxyuky
OakmepianbHUux KONOHIl) i HIMPO2eHA3Ha aKMUBHICMb (ayemusieHo8UM Memooom)
a30moghiKcy8aANbHUX MIKPOOP2AHIZMI6 Npu OYHKYIOHYBAHHI acoyiayill nueHuyi Apoi 3
baxmepiamu Azotobacter chroococcum T79 y kombinayii 3 N-ayemun-D-entoxozaminom
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(0,1 M). Pesynomamu. Bcmanoeneno cymmese 30invuienns yucenoHocmi (6 1,4-3,9
pasa) i HimpozenasHoi akmuernocmi (6 2,1-5,6 paza) azomoixcysanvhux baxmepiii
npomseom eéezemayii pociun, a mMakoxdc piCmaKmugysaibHOs 30amMHOCTI TPYHMY
(6 1,2 paza) na pannvomy emani gpopmysantsi pimodbaxmepianrvnoi acoyiayii. Buc-
Hoeku. Obpodra nacinus nwenuyi 6axmepismu Azotobacter chroococcum T79,
moougpikosanumu N-ayemun-D-enoxozaminom nopigHsano 00 MOHOIHOKYISIHMY A30-
mobaxmepa, cnpusia akmueayii GyHkyionyeanmns b6axkmepianvnoi Himpozenazu (na
10-38 %) ma 36inbwennio nonynayii azom@ikcysaibHux Mikpoopeanizmis (6 1,2—2,2
pasu) OiLbwo MIpoio, HIdC IXHbOI 30amHOCMI HAKONUYYsamu OI0N02IYHO AKMUGHL
PEUOBUHU Y PU30CHEPHOMY IPYHINI POCIUH.

Kniouogi crnoea: nwenuys spa, azomobaxmep, 210K03aMiH, puzocepa.

0.V. Kyrychenko

Institute of Plant Physiology and Genetics, NAS of Ukraine, Kyiv,
31/17, Vasylkivska St., Kyiv, 03022, Ukraine,
tel. (044) 257-31-08; e-mail: leki07@mail.ru

BIOLOGICAL ACTIVITY OF RHIZOSPHERE SOIL
SPRING WHEAT IN ASSOCIATION WITH BACTERIA
AZOTOBACTER CHROOCOCCUM KZT79. MODIFIED

N-ACETYL-D-GLUCOSAMINE

Summary

Aim. The study of the biological activity of rhizosphere soil of the plants of spring
wheat in association with bacteria Azotobacter chroococcum T79, modified N-acetyl-
D-glucosamine. Methods. The biological activity of the rhizosphere soil such as the
growth-activating ability (method of phytotest), number (by quantitative dilutions of
the soil suspension, plating on selective medium growth Eshbi, and counting bacterial
colonies) and nitrogenase activity (acetylene method) of nitrogen-fixing microorgan-
isms in the functioning of the association of spring wheat with bacteria Azotobacter
chroococcum T79 in combination with N-acetyl-D-glucosamine (0.1 M) in the green-
house experiments were study. Results. It was shown the significant increase of the
number (in 1.4-3.9 times) and nitrogenase activity (in 2.1-5.6 times) of nitrogen-fixing
microorganisms during the vegetation of wheat plants as well as the growth-activating
ability of the soil (in 1.2 times) in the early stage of formation phytobacteriology as-
sociation. Conclusion. The treatment of wheat seeds by Azotobacter chroococcum
179, modified N-acetyl-D-glucosamine vs. azotobacter monoinoculant was promoted
activation of the functioning of the bacterial nitrogenase (by 10-38 %) and increas-
ing populations of nitrogen-fixing microorganisms (in 1.2—2.2 times) more than their
ability to accumulate biologically active substances in the rhizosphere soil of plants.

Key words: spring wheat, Azotobacter, glucosamine, rhizosphere.
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BAKTEPUAJIBHOE BBIHIEJTAYUBAHUE METAJIJIOB
N3 OTXO40B ®JIO0OTAIHMOHHOI'O OBOTAIIIEHUA
YIUIEA ITPU YYACTHUU TUOCYJIb®ATA, IBY X-

N TPEXBAJIEHTHOI'O KEJIE3A

Lens. Uszyuenue grusinusi muocyivgpama, 08yX- U Mpex@aieHMHO20 dHcele3d Hd
npoyecc 6aKmepuarbHo20 bl eNauUBAHUS. 2EPMAHUSL U OPY2UX YEHHbIX KOMNOHEH-
MO8 U3 MEXHOSEHHLIX OMX0008 YeHmpalbHol oboeamumenvhou gadpuku (L{OD)
JIvsoecko-Bonvinckoeo yeonvnoco bacceina (JIBYE). Memoowl. Knaccuueckue
MUKPOOUOLO2UYECKUEe, CTMAHOAPMHbLE PUUKO-XUMUYECKUE (AMOMHO-IMUCCUOHHASL U
AMOMHO-AOCOPOYUOHHAS CNEKMPOCKONUSL), ABMOPCKASL 3ANAMEHMOBAHHASL INEKMPO-
xumuyeckas auetika. Pezynomamot. Ilonyuenvi cpasnumenviule Oannvie dpexmusHo-
cmu useneuenus Mmemannos npu ucnonvsosanuu Na,S,0, Fe’* u Fe’*. Iloxasano, umo
muocynoam Manodppexmuenuvlii ¢ npoyeccax OAKMepuarIbHO20 BblUYeNAYUBAHUSL.
Marxcumanvhviii nepexo0 memainos uz meepooil (hazvl 6 pacmeop ommedeH npu uc-
nonvzosanuu Fe**. Boreoowl. Ilokazana évicokas 3¢hpexmusHocms 6akmepuaibHo20
U36IEYEHUS 2ePMANUSL U OPY2UX YEHHBIX KOMNOHEHMO8 U3 OMX0008 y2leobocauenus
npu yuacmuu mpexeaieHmno2o JHeenesd.

Knwuesvie cnoea: mexnozenHvle omxoobl y2ﬂ€060261W€H14}1, 6a1<mepuafsz0e 6bl-
wenaduearue.

[Tpu noOkrue u oboraleHNN yIiiel OCHOBHBIMU MOOOYHBIMU MPOYKTAMH CITY-
KaT OTXO/Ibl yITIe000TalleH)s, KOTOPBIE XapaKTepU3yIOTCsl BHICOKUM COJIEpKaHUEM
YIS, aprUJUINTOB, IECUAHUKOB, 00J1a/1al0T BEICOKOM IUIOTHOCTBIO U, KaK MPABUJIO,
TPYHO IOJJAIOTCS pa3pyILICHUI0. B MX cOcTaB B IPOMBILIIIEHHBIX KOHLIEHTPALUX,
KPOME TSKEJIBIX, BXOAAT PEAKUE METAIIIbI — TePMAHUM, TAJIIUHI, HIMPKOHUMN 1 1p. [1].
B cBs13u ¢ 3TUM IOPOIHBIE OTBAJIBI PACCMATPUBAIOT KaK HETPAJIULIMOHHOE ChIPBE JJIS
MOJTy4EHHsI pEIKUX METAJUIOB U APYTUX LIEHHBIX KOMIIOHEHTOB. DTO 0COOEHHO Ba)KHO
JUISL TIOJTYYEHMSI TEPMaHUs, CBIPbEBBIE PECYPCHI KOTOPOTO OIPAaHUYEHBI, U KOTOPBIN
BO MHOT'OM OIIPEZEIISIET YPOBEHb IIOJIYyUEHUSI MATEPUAIIOB JIJIsi MUKPOJIEKTPOHUKH,
PaMOTEXHUKH, JIEKTPOTEXHUKH, aTOMHOM SHEPIreTHKH [ 2, 3 ]. M3BIeKaroT repManuii
B PE3YJIbTATE CIIOKHBIX U TPYLOEMKHUX Ollepalii B OCHOBHOM U3 IIPOMBIIIIEHHBIX
CBHMHIIOBO-IIMHKOBBIX M MEIHO-IIMHKOBBIX KOHIIEHTPaTOB B BHIE okcuaa GeO,,
KOTOPBI BOoccTaHaBIMBaOT BogopoaoM mpu 600 °C 1o mpocToro BelecTna:
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GeO, + 2H, = Ge + 2H,0 [4].

[ToaToMy B ycnmoBusX neduIIUTa STOr0 MeTaia MCIOIb30BaHNE HETPaIUIH-
OHHOTO TEXHOTCHHOTO CBHIPbSi M1 HOBEWIINX OMOTEXHOJOTUH IS €r0 MOJyYeHUs
SIBJISIETCS. BAKHOM 3a1a4ei.

BaxxHbIM pe3epBoM NOBBITIICHHS 3P PEKTUBHOCTH OaKTEPHATEHOTO U3BICUSHUS
PEIKHX METAJNIOB U3 OTXOAOB YITIEOOOTalIeHUs SBISETCS MOUCK ONTHMAIbHBIX
YCIIOBHI, B TOM YHCII€ UCIIOJIb30BAaHUE PA3IUYHBIX YHEPreTHUYECKHX CyOCTparToB.
OO0bI9HO B rporeccax 6aKTepUaNTbHOTO BIIETAYMBAHNS IPUMEHSETCS IByXBaJICHT-
HOE KeJe30, KOTOPOE UTPAET POJIb UCTOUHHUKA SHEPTHH [T XeMOJIUTOTPO(HBIX aIly-
nouapHBIX OakTepuii. OHAKO CKOPOCTh MUKPOOHOTO OKUCIICHHS IBYXBaJICHTHOTO
JKeJe3a HIKe, 4eM CKOPOCTh BOCCTAHOBJICHHUS TPEXBAJIEHTHOTO, TIOITOMY II€TIECO0-
Opa3HO MCMOIB30BaTh TPEXBAICHTHOE KEJIE30 IS BBINIEIAYNBAHU METAIJIOB U3
MHUHEpAIBHOTO CBIPhs. P nccienoBaresneil mpuBOJAT JaHHBIE 110 HCIOIB30BAHUIO
TPEXBAJICHTHOTO JKeJe3a I OaKTepHaIbHOTO BhINIEIAYUBAHNS METHO-IITMHKOBOTO U
30JI0TO-MBIIIBSIKOBOTO CHIPHS, & TAK)KE MUPPOTHHOBOTO KOHIIEHTparta [5, 6]. B nute-
PaTypHBIX HCTOYHUKAX OTCYTCTBYIOT CBEACHUS 00 OKMUCIICHUH TEXHOTEHHBIX OTXO/I0B
noHamu Fe** u ux BiussHIH Ha 9PPEKTUBHOCTH M3BICYCHUS METAILIOB.

Heas — M3y4yenne BIusHUS THOCYIb(ATa, IBYX- U TPEXBAJIEHTHOTO XKeJe3a Ha
nporecc 0aKTepHUaIbHOTO BBHINIETAYUBAHUS TEPMAHHUS U IPYTUX IIEHHBIX KOMIIO-
HEHTOB M3 TEXHOTEHHBIX OTXOJIOB IIEHTpaIbHOU o0oraTuTenbHoM hadpuku (LIOD)
JIsBOBCKO-BombrHCKOTO yroiasHOTO Oacceitna (JIBYD).

MarepuaJjbl 1 METOABI

DKcTepuMeHTaIbHAs YaCTh Pa0OTHI BHITIONIHEHA B broTexHOomornueckom HayYHo-
yaeOHOM 1eHTpe OeccKoro HaloHaasHOTO YHUBepcuTeTa nMenu U. . Meunu-
koBa. OOBEKTaAMH HCCIICIOBAHUS CIY)KHIIM OTXOMBI (JIOTAIIMOHHOTO 00OTaIIeHuUs
yoieii [IO® JIBYB. Xumudeckuit aHamu3 TBEPIbIX CyOCTpaToOB OCYIISCTBISUIA Ha
atoMHO-3MHUccHOHHOM criekTpoMeTrpe IMAC-200 CCD. Konnentpaiuio MeTanion
B BBIIIEIAYMBAIONINX PACTBOPAX OMPENEISIA METOOM CHEKTPOCKOMUHN aTOMHOU
abcopommu Ha ipubope AAS-1 u C-115TIK Selmi [7]. Usmepenune pH u Eh mpo-
BOIMIIH ¢ TToMotIbio pH-MeTpa InoLab u aBTOpcKO#i 3armaTeHTOBaHHOW sTueikn [8].

[Ipu GakTepranbHOM BBIIIEIAYMBAHUN OAHUM W3 OCHOBHBIX IapameTpoB,
OTIPEIETISIFOIINX KHHETHUKY U TIOJTHOTY BCKPBITHS OTXO/IOB, SIBJISIFOTCS pa3Mephl BBIIIE-
JaYMBaeMOro cyOcTpara. B CBsI3u ¢ TUM MPOBOIMIIH MIPEBAPUTEIHFHOE HU3METTHUCHHE
MOPOAHBIX OTBAJIOB JI0 YACTHII pazMepoM 1-3 mm. bakTepuanbHoe BhIlienaynBaHue
[IEHHBIX KOMIIOHEHTOB M3 MOPOIHBIX OTBAJOB OCYIIECTBISUIA C MCIIOIB30BAaHUEM
Me30(HITEHOTO cO00MIecTBa aUIOPITBHBIX XeMOoTUTOTpoHBIX OakTepuii (AXD),
oburaromux B otBasiax L{OD [9, 10]. B xauecTBe BBIIEITAYMBAIOIIETO PACTBOPA HC-
TMOJTL30BaJT MUHEPATbHBIN POH cTaHaapTHOU cpeanl CumbBepmana-Jlynarpema 9K
(cocras: r/n —(NH,),SO, - 3,0; MgSO, - 0,5; KCI - 0,1; K,.HPO, - 0,5; Ca(NO,),).
VcTOYHUKOM >HEPTUM NMPHU BBHIIIEIAYMBAHUN METAIJIOB U3 MOPOAHBIX OTBAJIOB
OBUTH XMMHUYECKOE JIByXBaJICHTHOE JK€JIe30 M THOCYIb(}aT; B OTAEIHHOW cepuun
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HKCTIEPUMEHTOB BBIIIEJIAYMBAHHE IPOBOIMIIN C YIaCTHEM TPEXBaJICHTHOTO JKelle3a.
B cpene 9K koHIleHTpaIus IBYXBaJICHTHOTO eje3a cocTaBisia 44,5 r/am® (wn
8,96 Fe?' 1), KoTopast cCYMTaeTCs ONTUMAILHOU JUTS BhIIIEIa4rBaHus MeTayioB [11].
Tuocynbdar 106aBsuM K MUHEpaabHOMY GoHy cpeasl 9K B kontenparmu 5,0 r/am’
(0,85 r S*2). KoHiieHTpamusi TpeXBaJICHTHOTO JKelie3a B BBIIIICIAYMBAIOIIEM PACTBOPE
cocrapisia 15,0 (2,3 Fe*'r); 9,0 (1,4 Fe*'r); 6,0 (1,0 Fe**r) u 3,0 (0,5 Fe*'r) r/am?,
ee MoaoHupa SMIIUPUYECKUM ITyTEM.

bakTepuanpHOE BBINIENIAUMBAHUE OCYIIECTBISJIM YaHOBBIM METOJIOM B
J1ab0paTOPHBIX ycTaHOBKax o0beMoM 0,5 11 mpu cootHoternu TBepaoi (T) u xua-
kot (OK) a3 — T:2K=1:10, pH < 2,0 B Teuenue ot 1 no 4 Hexenb. MoaenupoBanue
YaHOBOT'O OaKTEPHAJIHHOTO BhIIIETAYMBAHU B JAOOPATOPHBIX YCTAHOBKAX OCHOBAHO
Ha TOM (paKTe, 4YTO pa3Mepbl YCTAHOBKH MaJjiO BIHSIOT Ha KUHETHKY U U3BJICUYCHHE
MeTaisioB. [loaToMy ompeneneHre BO3MOKHOCTH U APPEKTUBHOCTH H3BICUECHUS
METAJJIOB METOAOM OaKTepUaIbHOTO BHIMIETAYMBAHHS MOXHO NMPOBOAMTH C HC-
MOJIb30BaHUEM MaJ000bEMHOTO JTAOOPATOPHOTO 00OPYNOBAHHS. DKCIIEPUMEHTHI,
MIPOBE/ICHHBIE B KOJOAX, SIBISIOTCS BAYKHBIM TECTOM JUIS OICHKH HCIIOIB3yEeMbIX
pUEeMOB OaKTEepHUaJIbLHOTO BhIIIeNadyuBaHus. OHU MO3BOJISIOT MOJTYYHUTh LEHHYIO
nHpOpMaIKIO 00 ONTUMATBHBIX YCIOBHSIX BBIIIEIAYNBAHUS 1aXKe ITPH HCIIOIH30Ba-
HUM JIJ1s1 BBILIETAYMBAHUS HEOOIBIIOTO KOJTMYECTBA (HECKOIBKO ECATKOB IPAMMOB)
TBepaoro cyocrpara [9-11].

O GMOTCOXUMHUYECKOM JIeATETbHOCTH coobI1IecTBa AXDb CyIHiTi 10 MOSBICHUIO
METAJUIOB B BBINIEIAUYMBAIOIIEM PACTBOPE U PA3BUTHIO MUKPOOHBIX KJIETOK, KOJIHUYe-
CTBEHHBIN y4eT KOTOPBIX OCYIIECTBIISLIIH ITyTEM JIeCATUKPATHBIX MOCIIeI0BATEIbHBIX
pa3BeIeHNi 1 U3ydeHHEM 0] MUKPOCKOIIOM OKPAIIEHHOTO 110 | paMmy MHUKpPOCKOTIH-
yeckoro npenapara [12]. [locie okoHuaHus npoiiecca BhIeIaduBaHNS TIPOBOIIIN
pasaeseHne KUIKON U TBepaoi ¢as.

Pe3yabrarsl 1 UX 00Cy:KaeHUE

[TomyuyeHHbIE HAMU PE3YJIBTATHI XUMHUYECKOTO COCTaBa NOPOAHBIX 0TBaIoB LIOD
CBHUJICTEIILCTBYIOT O TOM, YTO OHHU MPEACTABIISIOT COOOH CII0KHOE MHOTOKOMIIOHEHT-
HOE MHHEPAJILHOE CBIPhE, TOPO000Pa3yIONIMMHK JIEMEHTAMHU B KOTOPOM SIBIISIETCS
KpEMHUH, aTFOMUHUH, J)KeJIe30 U cepa, KOTOpble (POPMUPYIOT TOCTATOUYHO CTOHKHE
QIFOMOCHIIMKATBI, CYNTb(UIHBIE U KUCIIBIE CTPYKTYPBI. B cOCTaB MccnenyeMbIx Tex-
HOTEHHBIX OTXOJIOB BXOJISIT METAJUIbI, KaK PEIKUe, TaK U TsoKenble (Tadm. 1).

CornacHo gaHHBIM Ta0I1. 1, IIEHHBIE KOMITOHEHTHI B TIOPOIHBIX OTBAJIaX C OHON
cTopoHs! B pasbl npeBbimaioT [IIK, uro obycnaBimmuBaer ux TokcuuHocts. C apy-
rOil CTOPOHBI, COIEP)KaHUE METAJIOB B MPOMBIIIJICHHBIX KOHICHTPAIHIX JIeTaeT
WX TEPCIIEKTUBHBIMU JIJIS TIOJTyYEHUS] pACTBOPA, COAEPIKAIIETO PEAKUE METaJLIBL.
Kpome toro, ucrnonp3oBanue s BTOPUYHON NepepaOdOTKU MOPOAHBIX OTBAJIOB
COBPEMEHHOTO IKOJIOTHYECKH 0O€30IMacHOTO OMOTEXHOJIIOTHYECKOTO MeTo/ma OymeT
CIIOCOOCTBOBATh UX 00E€3BPEKMBAHHMIO.

BaxxubiM pe3epBoM noBbITICHHS 3D PEKTHBHOCTH OAaKTEPHATLHOTO H3BJICUCHHS
PEIKUX METaJUIOB, HAPUMEp TepPMaHus U Tajulus, U3 OTXOJOB YIJIEOOOTaleHHs
SIBIISICTCSI IOMCK ONTHMAJIbHBIX HCTOYHUKOB dHEepruu. OOBIUHO B Iporieccax OakTe-
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PHAITBHOTO BBIIIETAaYMBAHUS IPUMEHSIETCS JIBYXBaJICHTHOE KeNe30, KOTOPOE UTPaeT
poinb uctounuka sHeprun ansg AXb [13]. st oBbIIEHNs] CTETIEHN W3BJICUEHUS
METAJJIOB U3 MPUPOIHBIX PYII YaCTO CTAIH NMPUMEHSATH TPEXBAJICHTHOE JKee30 |5,
6]. TexHOI0rMH, OCHOBAHHBIC Ha BBIIICIAYMBAHNH CYIIb(UI0B pacTBopoM Fe*’, pas-
paboTaHbI 1711 TUPPOTHHOBOTO, METHO-ITTHKOBOT'0, 30JI0TO-MBIIIBSIKOBOTO, MEHOTO
koHIeHTpaToB [14—17]. B mociennee Bpemsi paccMaTpUBAETCS BOMPOC THOCYIIb-
(haTHOTO OKHUCIICHUS MUHEPAILHOTO CHIPhsI IIPUPOIHOTO TpoucxoxaeHus [18, 19].

Tabnmia 1

XHUMHYeCKHIi cOCTaB MOPOAHBIX 0TBAJIOB LIEHTPAJIbHON 000raTHTEIbHOI
padpuxu (IHODP) «YepBoHOrpaacbka»

Table 1
Chemical composition of the “Chervonogradska” central concentrating
factory (CCF) waste dumps
Xumunyeckui K a5 noysbl, TpombiuLtensre Konuenrpanuu
3JIeMeHT MI/Kr KOHH;'S}‘::“H“’ B 0TBaJIaX, MI/KI
Menn 3,0 45,0-60,0 62,18+0,05
Huak 23,0 65,0-70,0 112,52+0,05
Mapranert 1,5-10° 850,0 — 10° 317,72+0,05
Caunerg 30,0 18,0-22,0 42,2040,05
Huxkens 4,0 80,0-120,0 134,20+0,05
Kammmit 2,0 45,0-55,0 2,82+0,05
Keneso 3,7-10° (1,5-2,0)-10° (44,57+0,05)-103
AOMUHUR JIaHHBIX HET (2,5-5,0)-10° (13,9+0,1)-10°
Cepa 160,0 JIaHHBIX HET (11,7+0,1)-10°
Kpemunii JlaHHBIX HET JlaHHBIX HET (158,6+0,1)-10°
Tanwuit JlaHHBIX HET 10,0-15,0 12,1+0,1
I'epmanuit JlaHHBIX HET 5,0-7,0 26,0+0,1
Hupxornii JlaHHBIX HET 160,0-220,0 173,0+0,1

HOJ’IYUICHHI)IC HaMWK PE3YJIbTAaThbl BbIICIAYMBAHUA MCTAJUIOB U3 NOPOAHBIX
OTBAJIOB IIPH MCIIOJIB30BAHUU PA3HBIX HCTOYHUKOB OHCPIUU ITPUBECACHLI HA PUC. 1.
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Puc. 1. Crenens u3BijiedeHus: MeTaI0B (%) Me30(puIbHOM acconuanuei anuaopuIbHbIX
XeMOJIMTOTPOGHBIX GaKTepHii NPH MCNO/Ib30BAHNH PA3JIHYHBIX HCTOYHHKOB SHEPeruu

Fig. 1. The degree of metals extraction (%) of mesophilic association of chemolithotrophic
acidophilus bacteria using different energy sources

JlaHHbIe, IPUBEIECHHBIE HA PUC. 1, CBUAETENBCTBYET O TOM, YTO MEPEXOA BCEX
METaJIJIOB U3 TBEPAOW (ha3bl B paCTBOP MPOUCXOAUT HE3aBUCHUMO OT MCTOUHUKOB
sHeprun. OnHako 3(h(peKTUBHOCTB 3TOTO MPOLIECCA 3aBUCHUT OT SHEPIETUUECKOIo Cy0-
ctpara (puc. 1). CpaBHUTETHHBIN aHAIN3 TIOTYYCHHBIX PE3YIBTAaTOB CBUICTEIHCTBYET
0 TOM, YTO THOCYJIb(AT, KaK HCTOYHUK YHEPTUH, ObLT MasI03(h(hEKTHBEH NPH BBIIIETA-
YUBaHUH METAJIJIOB M3 MTOPOIHBIX OTBAJIOB. J[ByXBaJlEHTHOE JKEJI€30 — CTaHAAPTHBIN
SHEpreTU4ecKuii cyocTpar npu 6akTepraaIbHOM BhIIeTadMBaHIK MeTauioB. [Ipu ero
WCIOJIb30BaHUU CTENEHb U3BJICUEHHs MeTaoB accouuanuei AXb U3 mopoaHbIx
OTBaJIOB 3HAYUTENILHO YBEJIMUMBaJIach. Tak, KOJIMUYECTBO Te€PMaHUs, IEPEIIEAIIETO B
pacTBOp, B IPUCYTCTBUH JIByXBAJICHTHOTO JKeJie3a yBeInunBaiachk Ha 8,1%; meau —
Ha 15,33%; nunka —Ha 17,7%; ceunana —Ha 3,0%; uukens —Ha 11,0% ; xkagmus — Ha
26,0% u mapranua —Ha 19,0%. [Ipu ucrnonb30BaHNM TPEXBAJIEHTHOTO JKelle3a, He3a-
BHUCUMO OT €r0 KOHLIEHTPAILlUH, TOCTUTHY Thl MAKCUMAJIbHBIE TOKA3aTeIN U3BICUECHUS
TepMaHUA U JPYTUX IIEHHBIX KOMIIOHEHTOB U3 OTXOA0B (DI0TAIIMOHHOTO 000TaIIeHHUS
yrieit. [IpeBbllieHne mpoBepsieMoro mokas3aressi 0 CPaBHEHUIO C THOCYIb(haToM
U JIByXBaJCHTHBIM keyie3oM coctanisiio 41,0-49,0%; 27,5-12,3%; 30,3—12,4%;
10,0-7,0%; 24,0-13,0%; 41,0-15,0% u 77,0-58,0% ai1st repmManus, Meau, IIUHKA,
CBUHIIA, HUKEJIS, KaJIMMsI 1 MapraHia, CooTBETCTBEHHO. He3aBUCHUMO OT HCTOYHMKA
SHEPTUH, PACTBOP, B OCHOBHOM, 000TAIIaeTCs MIOHAMH HUKEJIS, KaJMUs M MapraHiia.
BeposiTHO, B IepBYIO 04EPEb YCKOPSAETCS PACTBOPEHHE AIIEKTPOOTPHULIATENBHBIX U
3aMeIISIeTCS] PAaCTBOPEHHE AIIEKTPOIOIOKHUTENBHBIX Cynb(uaoB. Takum oOpazom,
HECMOTps Ha JeicTBUEe Oy(hepHON OKHCINUTEIbHO-BOCCTAHOBUTEIHHOW CHCTEMbI
Fe**/Fe*, okucineHne moMmMeTalIide CKOTO TEXHOTEHHOTO CHIPbhsS UIET 110 3JIEKTPO-
XUMHUYECKOMY MPUHIIUITY.
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HccnenoBanne KHHETHKH OaKTEPHUATEHOTO BBIIIEIAYMBAHIS TePMAaHHS ACCOIH-
arredt AXDB U3 TeXHOT€HHBIX OTXOJIOB ITPH UCTIOJIb30BAHUH JIBYX-, TPEXBAJICHTHOTO
JKeye3a M THOCYIb(ara TakKe CBUICTEILCTBYET O BBICOKOH d3(PPEKTUBHOCTH TPEX-
BaJICHTHOTO JKeJie3a KaK HCTOUYHUKA YHEPTUH (puc. 2).
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Puc. 2. lunaMuka BplleIa4MBAHUS TePMAaHUs U3 IOPOAHBIX 0TBAJIOB
MPH HCMOJIb30BAHNU PA3TUYHBIX HCTOYHHKOB YHEPIHUHU:

1 —Fe, (SO,),— 15,0 r/av’, 2— Fe, (SO,),— 9,0 r/am*, 3 — Fe, (SO,),— 6,0 r/am?,
4 —Fe, (S0,),-3,0 r/nv’,5 — Fe SO, — 44,4 r/nm*, 6 —Na,S,0,— 5,0 r/am’
Fig. 2. The dynamics of germanium leaching from waste dumps
using different sources of energy:

1 —Fe, (SO,),— 15,0 g/dm’, 2 — Fe (SO,),— 9,0 g/dm’, 3 — Fe,(SO,), - 6,0 g/dm’,
4 —Fe,(SO,),- 3,0 g/dm’, 5 — FeSO,— 44,4 g/dm’, 6 — Na S .0, - 5,0 g/dm’

CopeprxaHue repMaHusl B BbILIEIAYMBAIOIIEM PacTBOpE NpuU 100aBIeHUU
Fe,(SO,), yxe 4epes cytku B 3,0-1,9 pasa npeBbIliano €ro KOHEYHYH KOHIEHTpa-
LU0 MPU UCTIOIb30BaHUH JIBYXBAJIEHTHOTO Kene3a U THocynbdara (puc. 2). Haxe
IpY MUHAMAJbHOW KOHLEHTpPAIMU TPEXBaJICHTHOro xene3a — 3,0 r/aM® cTeneHp
U3BJIEYEHMs T€pMaHus U3 IOPOJHBIX OTBAJIOB B 1,2 pa3a Obuia OosblIe, UM B IIPU-
cytctBun 44,4 r/nmM*® ByXBalleHTHOTO kene3a. Takum o0pa3oM, 3(GEKTHBHOCTh
0aKkTepHaJbHOrO BhILEIAUNBAaHUS repMaHus coodiectBoM AXbB B npucyTcTBun
TpEXBaJICHTHOTO kene3a nocturaia 15,0 %, uto B 3,0-2,0 pas3a npeBbliano nokasa-
TEJIN €ro U3BJICUCHHUS [IPU UCTIOJIb30BaHUU JBYX BaJIEHTHOTO JKelle3a U THOCYIIb(ara.

W3BecTHO, YTO OCHOBHBIMM IapaMeTpaMH, BIUSAIOLMMH Ha 3()(HEKTUBHOCTD
BBIILEJIAYMBAHUS METAJUIOB, sABJs0TCs nokazarenu pH u Eh [11, 13]. Ha puc. 3 u
4 noka3aHa TMHAMMKa U3MEHEHUH 3TUX ITOKa3aTesel B mpolecce OakTeprualbHOro
BBIIL€JIAYMBAHUS METAJUIOB IIPU UCIIOJIb30BAaHUU B Ka4€CTBE HHEPIETUUECKUX CyO-
CTPAaTOB JIByX- U TPEXBAJIEHTHOTI'O XKelle3a.
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Puc. 3. lunamuka n3meHennii noxkasareneii pH, Eh n koHeHTpanuu repMaHus npu
HCNOJIb30BAHUH B KauecTBe IHepPreTH4ecKoro cydocrpara AByXBaJeHTHOIO JKeJle3a

Fig. 3. The dynamics of pH, Eh and concentration of germanium changes
when ferrous iron was used as an energy substrate

35 1 0,6
[ ﬂ
pH \ PH oBIL, B
3 ~
T | A
N
2.5 / i. ; 104
2

Ge -
1.5 & —— = 4
K——‘——_.* Los
1 /
0.5 + 0,1
0 / 0
0 1 2 3 4 5 6 7

BpeMH BBIINICTAYHBAHNA, CYTKH

Puc. 4. lnnamuka nzmenennii noxkasareneii pH, Eh n konnenTpanuu repmanus npu
HCMO/Ib30BAHUH B Ka4eCTBe JHEPreTHYecKoro cydocrpara TpexBajaeHTHOIO JKeJie3a

Fig. 4. The dynamics of pH, Eh and concentration of germanium changes when ferric
iron was used as an energy substrate
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B ycnoBusix Hammx SKCIEpUMEHTOB HavdalbHbIe 3HaueHus pH B 00oux Bapuan-
Tax omnbITa coorBercTBoBaiM 2,0. Mcxomueie 3HaueHus Eh onpenenstores Gpopmoit
JKEJIE3a; PU UCTIONb30BAHNH B Ka4€CTBE HCTOYHMKA dHepruu FeSO, B KoHEHTpanuu
44,4 r/n 3snauenus Eh coorserctByror 0,25 MB, a nmpu ucnons3osanuu Fe (SO,), —
0,65 MB. M3BecTHO, 4TO CTENIEHB TIEpEX0/la METAJUIOB B paCTBOP M3 TBEpAOH (ha3bl
TeM BhIIIIe, yeM Ooubiie 3HadeHus Eh. Tak, mo naraeiM Kapagaiiko I 1. Hanboiee
3¢ (deKTUBHOE M3BJICUCHUE METAUIOB MPOMCXOAUT B WHTEpBasie 3HauyeHU Eh ot
0,58 no 0,75 mB. [11]. Takum oOpa3om, peructpanus nmokaszarenas Eh takxke mosu-
TBepawia 3(pPEeKTUBHOCTh NCIOIB30BAHUS TPEXBAJICHTHOTO JKeJe3a B MpoIeccax
0aKTepHaIbHOTO BBHIIIETAYMBAHNUS METAIIOB. He3aBUCHMO OT HCTOUHUKA YHEPTUU
PE3KOT0 MOIKUCIICHUSI PacTBOPa, KaK Mpu paboTe ¢ MPUPOAHBIMH MUHEpaJIaMH, B
YCIIOBHSIX HAIIUX KCIIEPUMEHTOB He mpoucxonmno. Koneunsie 3nauenus pH He
JIOCTUTAIN UCXOJHBIX TIOKa3zareiel u cocrarisuim 2,6—3,1 B pacTBopax ¢ JAByX- U
TPEXBaJICHTHBIM JKEJIE30M, COOTBETCTBEHHO (puc. 3 u 4). [To-Buaumomy, Gakrepu-
AIbHOE BBIIIETAYMBAHNE TEXHOTEHHBIX OTXO/I0B, KAK M MPUPOAHBIX CYIb(UIHBIX
pyn HauuHaeTcs ¢ nupurta — FeS, koTopslit 00agaeT HANMEHBITUM YIIEKTPOIHBIM
MoTeHIMAIoM [6]. Beinensromuiicss U3 MuHEpaabHOTO Chiphbs Fe’, mepexomut, mpe-
MMyIIeCTBEHHO, B popmy FeSO, u Fe (SO,),, ceasbiBasg nonsl SO,> ¥ NpensATCTBYs
camwkenuio pH. Kpome, Toro nepexon Fe u3 TBepoit as3sl B )KUIKYIO COMPOBOXK-
JaeTCst 00pa3oBaHUEM OCajIKa Fe(OH)z, YTO TaKXKE CII0COOCTBYET MOAMIEITAYHBAHUTO
pacTBopa M 3aMEUICHHIO M3BJICUCHUS METauIOB. B yClIOBHSIX HammMX SKCIepH-
MEHTOB HanOoJIiee MHTEHCUBHO 00pa30BaHUE U BBIMIAJICHUE OCA/IKA TPOUCXOIUT B
npucyrcteun FeSO, Tlomyuennble HaMu pe3ynbTaThl COBNAIAIOT C HMEOIMMHUCS
JTUTEpaTypHBIMH JaHHBIMH [5, 6, 19].

MukpoOHOIOTHYECKUI KOHTPOJIb, KOTOPBIA MPOBOJIMWIA B TCUCHUE OAKTEPH-
AIBHOTO BBIIIEIAYMBAHUS METAIIOB, TIO3BOJIMI YCTAaHOBUTH, YTO B MPHUCYTCTBUU
THOCYJb(aTa B BBIIIEIAYUBAIONIEM PACTBOPE PETUCTPUPOBAIN TOHKHE TpaMHera-
THUBHBIC OAKTEPHH, YHCICHHOCTh KOTOPBIX COOTBeTCcTBOBaA 2,7x10% — 4,5x10° kir/
M. Ha HEeKOTOpBIX KIIETKax OTMEUYEHBI OUIIONSpHbIE BKIIOUEHHs. B npucyTcTBun
JBYXBAJICHTHOTO eJle3a OTMEUaIl HHTEHCUBHBINA POCT KJIETOK OaKTepHil; UX YuC-
JICHHOCTH B BBIIIEJIAUYMBAIOIIEM PAaCTBOPE ObLIA TOCTATOYHO BBHICOKA M B TCUCHHE
9KCIIepUMEHTa Bo3pacTana ¢ 5,6x107 mo 4,7x10' ki/ma. B okpalieHHOM MHKPO-
CKOIIMYECKOM TIperapare CIUIONIb PETUCTPUPOBATIN T'PaMHETaTHUBHBIE KOPOTKHE
TOHKHE OaKTepHH, a TAK)KE B HEOOJIBIIIOM KOJIMYECTBE OKPYIVIBIE C 3aKPYTICHHBIMU
KOHIIaMH TPaMITO3UTHUBHBIE KIeTKH. [Ipy poBeieHnu npoiiecca BhIIeIaqYuBaHus C
TPEXBaJICHTHBIM JKEJIE30M POCT OaKTepuii B )UAKOH (pa3e He Habmromancs. Mx duc-
JICHHOCTbH Ha MPOTSHKEHUH BCETO CPOKA AKCIIEPUMEHTOB HAXOAMIIACH B MPeJeNax OT
2,7-3,7x10* 1o 3,5x10° — 4,3x10° x51/M51. MUKpPOOHBII IeHi3akK COCTABIISIIA OKPYIIIbIC
KJIETKH C TEMHOH 00OJIOUKOH, HEMTPOKPAIIEHHBIM COIEPKUMBIM U OUTIOJISIPHBIMU
BKJTIOUEHUSAMH. DTH BKJIIOUEHHSI, COIIACHO MMEIOIUMCSI JINTEPATYPHBIM JaHHBIM,
SBIISIIOTCS TJI00yJIaMH Cepbl, KOTOpast 00pa3yeTcst B pe3yabraTe OKUCICHHUSI MUHE-
pansHOTO ChIpbs [13].

CpaBHUTENBHBINA aHATN3 JTUTEPATYPHBIX TAHHBIX U COOCTBEHHBIX pe3yJbTa-
TOB XMMHYECKOTO ¥ MUKPOOHOIOTHYECKOTO KOHTPOJIS TO3BOJISIET MPENOI0KHUTh
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BO3MOKHBIE MEXaHU3MbI BBITIEIAYNBAHUS METAIIJIOB MPU UCTIOIB30BAHUH PA3JTMUHBIX
SHEpreTUdecKkux cyoctparoB. HeoOXoguMo OTMETHTh, YTO paccMaTpUBaeMbIe
MEXaHW3Mbl U3BICUCHHUS METAJIJIOB SIBJISIOTCS CIIOPHBIMH U OKOHYATEJILHO HE
yCTaHOBIIeHHbIMU. Tak, Mpu UCTIOIB30BAHUH JIByXBAJICHTHOTO KeJe3a MTPOUCXOAUT
AKTUBHBIN POCT KyJIbTYphl. [Ipu 3TOM KileTkn OaKTepHil BBITIOIHSIIOT TOJIBKO Kara-
JUTHYECKYIO (QYHKIHIO, ycKopsisi okucienue Fe?™ no Fe¥*, u u3Bneuenune meramia
MOJKET OBITh OIUCAHO CIIEAYIONIEH peaKIuei:

MeS + Fe,(SO,), = MeSO, + 2FeSO, + S°

AKTHMBHO pacTyIlas ¥ OKUCISIONAs IByXBaJIEHTHOE *kele30 accounanus AXb
B OCHOBHOM HAaxXOJIUTCS B PACTBOPE U MOXKHO MPEANOI0KHUTh, YTO OHA HE BHOCUT
3HAYMTENILHOTO BKJIAJIa B BBIIIIEIAYMBAHNE METAIIIIOB U3 OTXO/I0OB YIJIE000TalICHHUS.
CrnenoBaTenbHO, €CIH BhIILETAYMBAHUE TPOUCXOIUT IO HENPSAMOMY MEXaHU3MY, TO
OH HE SIBIISIETCS BEAYIIUM B IIpolieccax 0aKTepHaIbHOTO BHIIIETaYMBAHNS.

[Tpu ucronp30BaHUN TPEXBAIEHTHOTO KeJe3a B JKUIKOHM (haze HaXOTUTCs He-
3HAYNTEIIbHOE KOJIMYECTBO HE aKTHBHBIX KJIETOK OAaKTEpUi, X POJIb 3aKII0YaeTCs
B BoccraHoBieHuu Fe’t mo Fe**. B aToM ciydaer BbIleauuBaHUE MPOXOIUT 10
IpsIMOMY MEXaHM3MY U CyMMapHasi peakius OaKTepHaJbHOTO BBIIIECTaYNBAHMS,
KaTanmsupyemast pepMeHTaMu, BBITIISIUT CIEAYIOUM 00pa3oM:

MeS + 20, —> (6akrepun) —> MeSO,,

rae MeS — cynbdun metasia.

B pesynbrate mpsiMmoro 06akTepuUaqbHOTO BBIIIEIAUYMBAHUSA HEPACTBOPHMBIE
CyNb(HIBI METAIIJIOB MEPEXOJIST B paCTBOpUMBIE cyibdarsr [17].

Tuocynehar sBIsSETCS HAYAIBHBIM MPOMEKYTOUYHBIM MPOJTYKTOM, KOTOPBIN
Jlasiee TMpeBpalaeTcs B IPOMEKYTOUHbIE IPOIYKTHI ~-TETPAaTHOHAT, TPUTHOHAT, I10-
JUTHOHAT ¢ (HOPMUPOBAHHUEM CyIb(haTa B KaU€CTBE KOHEYHOT'O MPOAYKTa COTJIACHO
o01Ieit peakimu:

S,0,7 + 8Fe* + 5H,0 —> 8Fe? + 2S0,> + 10H*

B nannom ciyuae pactBopeHue cyibuaa MpOUCXOAUT BCIEACTBHE KOMOUHU-
poBanHoro jeiictBus Fe*' u nmporoHoB. OCHOBHBIM MPOMEXYTOYHBIM MTPOTYKTOM
CTaHOBUTCS HJIEMEHTHAs cepa, KOTOpasi OTHOCUTEIbHO CTa0MIIbHA, HO MOXKET OKHC-
nsateest AXbB no cynwdara:

MeS + Fe’" + H —> Me+ 0,5H,S + Fe’
0,5H,S + Fe’ —> 0,58 + Fe*" + H'
S + 1,50, + H,0 —> (Muxpoopraumsmei) —> SO~ + 2H"

B pesysbrare karanutuueckoi aktuBHocTH AXDB oOpasyromeecs Fe?" moxker
ObITH BHOBB Mpeobpa3oBaHo B Fe’':

2Fe** + 0,50, + 2H" —> (Mukpoopranusmel) —> 2Fe*” + H,O
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3TO JOCTATOYHO UTUTENLHBIN MYTh, YeM MOXHO OOBSCHUTD HU3KHUN dPPEKT 13-
BJICYCHHUS METAIIIOB. BO3MOXKHO NpY yBETUYEHUH CPOKOB BBILIEIIAYUBAHUS YIACTCS
JOOHUTHCS TIOBBIIIICHUS CTETIEHH BBIIIETaYUBaHMsL. TakuM 00pa3oMm, U B IPUCYTCTBUU
THOCYIb(aTa pojib MUKPOOPTaHU3MOB TAaK)Ke 3aKITI0YaeTCs B 00pa30BaHUN CEPHOU
KHCIOTHI U Fe** .

HecMoTps Ha pa3nuyHble MPEaNnoNoKeHHs] BEAYIICH PO TOTO MM WHOTO
MeXaHH3Ma BBIIIETAYUBAHNUS METAJUIOB, TO-BUINMOMY, 3TOT MPOIECC JOCTATOYHO
CITO>KHBIN, MHOTOCTAJUMHBIA U BKITFOYAET P/l MEXaHU3MOB, BOBMOXHO, MHOTHE U3
HUX €Il He U3yYEeHBI.

Takum 06pazoM, B HacTosIIEeH paboTe ucciae0BaHbI IPOLIECCHl epexo/ia repma-
HUS ¥ IPYTUX METAJUTOB M3 TBEPAOH (has3bl B PaCTBOP M yCTaHOBIICHA Y3PPEKTHBHOCTH
OaKTepHATbHO-XUMHUYECKIUX METOIOB 00paOOTKH OTXOOB YIIIEOOOTAIIeHUs TPH
WCTIOJIb30BAaHUH PA3IMYHBIX SHEPreTUYeCcKuX cyocTparoB. [Ipu npoBenennn nccie-
JIOBaHM 110 U3BJICUYECHUIO IIEHHBIX KOMIIOHEHTOB accoruanueid AXb 1 ycTaHOBIEHUIO
(P PEKTHBHOCTH OAKTEPHUAIBLHOTO BBILICIAYUBAHHS METAJUIOB B YCIOBHSX HAIINX
AKCIIEPUMEHTOB OTXOBI YITICOOOTAIICHNS TIOJBEPTAINCh 00pabOTKe pa3InIHBI-
MU UCTOYHUKAMH SHEPTUH — THOCYIb(HATOM, IBYX- U TPEXBAJICHTHBIM KEIE30M.
CpaBHHTEIBHBIN aHAN3 TAHHBIX (PU3UKO-XUMHUYECKOTO U MUKPOOHOJIOTHYECKOTO
KOHTPOJIS TTOKa3ajl, YTO HanOojiee WHTEHCHBHO M3BJICUCHHE TepPMaHHs M JPYTHX
[IEHHBIX KOMITOHEHTOB ITPOUCXOANT MIPH UCIOIH30BAHUH TPEXBAJICHTHOTO XKele3a.
YcTaHOBIEHBI OCHOBHBIE 3aKOHOMEPHOCTH M3BJICUCHHUS TEPMaHUS U3 MOPOIHBIX
OTBAJIOB B IPUCYTCTBUH THOCYIb(]ara, AByX- U TPEXBaJIEHTHOTO *kene3a. [lomyden-
HBIE PE3YJIbTAThI MMOATBEPAMIIN, YTO BHIIIETAYNBAHUE TEPMAHUS U IPYTHX IIEHHBIX
KOMIIOHEHTOB OCHOBAHO Ha KAaTaJUTUYECKUX OKHCIUTEIHHO-BOCCTAHOBHUTEIBHBIX
PEaKIMAX ACCOLUUAINN XEMOIUTOTPOPHBIX allI0(DUITBHBIX OAKTEPHiA, HACETISIOIINX
TEXHOTEHHOE ChIpbe. [lomydeHHbIe pe3yabTaThl TO3BOJIMIIN MPEITOIOKUTH BOZMOXK-
HbIE TIyTH BBIIIETIAYUBaHUsT MeTallIoB acconuarueii AXb; BeposTHee BCEro aTot
MPOIIECC OCYUIECTBISETCS KOMITJIEKCOM OMOXMMUYECKUX PEAKIIHHA.

T.B.Bacuabena, .A. baaiina, JI.I. Cirocapenxo, H.1IO. BacuinbeBa,
B.®. Xurpuu

Opecpkuii HatioHabHAH yHIBepcuTeT imMeHi [.1. MeunukoBa,
By JIBopsiHCEKa, 2, Oneca, 65082, Ykpaina, Ten.: (048) 746 51 02,
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BAKTEPIAJIbHE BUJTYT'OBYBAHHA METAJIIB
3 BIAXOAIB ®JIOTAIIMHOI'O 3bATAYEHHSA BYT'IVLJIA
3A YHACTIO TIOCVIIB®ATY, IBOX- I TPUBAJIEHTHOI'O
3AJIIBA

Pedepar
Mema. Busuenna enaugy miocynvpamy, 060x- i mpueaieHmno2o 3auisa Ha npoyec
OakmepiliHo20 BUIY208YBAHHSA 2EPMAHIIO 1 IHUUX YIHHUX KOMIOHEHMI8 3 MexXHO2eH-
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HUX 8I0X0018 YenmpanoHoi 30azauysanvroi padbpuxu (L[3®) Jlvsiscoko-Bonuncokoeo
gyeinbrnoco oaceuny (JIBBB). Memoou. Knacuuni mikpobionoziuni, cmanoapmui
@i3uKo-XiMiuHI (AMOMHO-eMICITIHA | AMOMHO-AOCOPOYIlIHA CNEeKMPOCKONIs), a6-
MOPCHKULL 3aNameHmoSaAHUll eneKmpoximiunull ocepedok. Pesynemamu. Ompumani
nopisnsnbni dani eghexmusnocmi umszanns memanie npu euxopucmanni Na,S,0., F e’
i Fe**. I[lokaszane, wo miocyivgham manoepexmusHuil 8 npoyecax 6axmepiiHo20 6Uy-
2ogysanmsi. Maxcumanvruil nepexio memanie 3 meepooi gaszu 6 po3uun gioMiveHutl npu
suropucmanni Fe’*. Bucnoseku. Bcmanosnena eucoxa egpexmugnicnms 6axmepianibHoco
BUIYUCHHSL 2EPMAHII0 MA IHWUX YIHHUX KOMROHEHMI8 3 8I0X00I8 8y2le30a2aiuents 3a
VUACmI0 MPUBANIEHIMHO20 3a1i34d.

Kniouosi cnoea: mexnozenni 6i0xo0u gyenesbazauens, OaKxmepitine 6Uiy208Y6aHHsI.

T.V. Vasylieva, I.A.Blayda, L.I. Sliusarenko, N.Yu. Vasylieva, V.F.Chitrich

L.I. Mechnykov Odesa National University,
2, Dvoryanska St., Odesa, 65082, Ukraine, tel : +38 (0482) 63 51 63,
e-mail: iblayda@ukr.net

BACTERIAL LEACHING OF THE METALS FROM WASTE
FLOTATION OF COALS WITH THE PARTICIPATION OF
THIOSULFATE, FERROUS AND FERRIC IRON

Summary

Aim. To study the effect of thiosulfate, ferrous and ferric iron on the process of bacterial
leaching of germanium and other valuable components from industrial waste of the
Central Enrichment Plant (CEP) of the Lviv-Volyn Coal Basin (LVCB). Methods.
Classical microbiological, standard physico-chemical (atomic emission and atomic
absorption spectroscopy), the authors patented electrochemical unit. Results. The
received comparative data of efficiency of extraction of metals using Na ,S,0, Fe’* and
Fe’*. Itis shown that the thiosulfate is ineffective in the processes of bacterial leaching.
The maximum transition metals from the solid phase into the solution was detected
using Fe’*. Conclusions. The high efficiency of bacterial extraction of germanium
and other valuable components from waste coal preparation, with the participation
of ferric iron has been shown.

Keywords: industrial waste coal, bacterial leaching.
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BIIVINB IHOKVYJ/ISIHTIB HA ®OPMYBAHHS
CUMBIOTUYHHUX CUCTEM, PO3BUTOK XBOPOB
TA NPOAYKTUBHICTbD COI PI3BHUX COPTIB

Y ceimosomy 3emnepobcmei cos 3auimae oOHe 3 nepuiux Mmicys cepeo
CilbCbKO2OCNO0APCLKUX KYAbMyp 3a macwimadamu eupoonuymea. Ha cbo2ooni
3HAYHO 306a2amMU8cs COpMosUll CeKmp i Ni0BUWUBCA 8aI08ULL 30ip 3epHa coi, npome
peanizayis 2eHemuy4Ho20 NOMEHYIALY CYHACHUX COPMIB 3ATUUAEMbCS 0080 HU3LKOIO.
Mema. Busuumu 6niug iHOKYIAHMIG 1A PO3GUMOK POCUH, (POPMYBAHHSA CUMOIOMUUHUX
cucmem, 3ax80pPIOGAHICMb MA NPOOYKMUBGHICG CYHACHUX COPMIG COL, WO HANeHCaANb
0o piznux epyn cmuenocmi. Memoou. Mikpobionoziuni, 2azoso-xpomamozpagdiunui,
noIbOsUX 00CNiOdHCeHb, cmamucmuyhoi 0opobku. Pesynemamu. Bcmanogneno nosu-
MUBHUTL 6NAUE OOPOOKU HACIHHA MOHO- A KOMIIEKCHUM IHOKYISHMAMU HA PO36UMOK
POCIUH, opMy8anHa CUMOIOMUUHUX CUCIEM, 3MEHUEHHSL YPAICeHOCH X60pobamu ma
npoodykmugnicmu coi copmie Meoes, Mopasia ma Medicon, ujo nanexcams 00 pizHux
epyn cmuenocmi. Ilokazano cmumyno8anvhy Oit0 Yux iHOKYIAHMIE HA CXOHCICMb,
picm, opmyeanna ma Himpo2enasny akmueHicmb HOOVAAYIUHO20 anapamy, d
mMaxodc ypoxcail coi 0ocnioxcysanux copmie. Bucnoseku. Inoxkynayia npenapama-
mu azomeircysanvhux i pocchammodinizyeanvHux 6axmepit cHpUsNa 3HUHNCEHHIO
3aX60PI06AHOCMI POCIUH MIKO3AMU A OAKMEPIO3amiL, 4 MAKOIHC NIOGUWEHHIO YDPOICAIO
sepua na 18,4—120,0% nopienano 3 koumponem. Hatibinowuii npupicm ypooscaio om-
PUMAaHoO Ha panHvbocmuziomy copmi Medes 3a KOMNIEKCHOT IHOKYIAYIL.

Knwwuoei cuaoea: coeo-puzobianchuil cumbios, copmu, 3ax80pro8anicmo,
NpOOYKMUBHICMb.

3a macmrabaMy BHPOOHHIITBA Y CBITOBOMY 3eMJIEPOOCTBI COs 3aiiMae OHE
3 TIEPIINX MICIh Cepell CITbChKOTOCIIONAPCHKUX KYIBTYp 3aBISIKA CBOIM IIHHAM
O10JIOTIYHUM Ta TOCTIOAAPCHKUM BIACTHBOCTSM. Y HACiHHI COi MICTHTBCS OiNTbIIe
40% Oinka, sikuii 1oOpe 30aIaHCcOBaHM 32 aMIHOKHCIIOTHUM CKJIa1oM, 110 18% onii,
25-30% ByTIIeBOIB, pI3HOMAHITHUI HAa0ip BITaMiHIB 1 MiHEpaJIbHUX PEUOBUH, 110
POOUTH 11 TyTOBOIO aJTFTEPHATHUBOIO MPOTYKTaM TBAPHHHOTO MOXOkeHHs [2, 9]. Cos
BHIIEPE/KAE BC1 1HIII KyJIBTYPH 32 TEMIIAMH 3pOCTaHHS MOCIBHUX oI, B Ykpaini
3a octanHi 10 poKiB MOCIBH CO1 3pOCITU MaiiKe BIECATEPO, 30UTBITYIOUNCH IIOPOKY
B cepenHbomy Ha 30% [1, 9].

© B.I1. MukomnaeBcokuid, B.I. Ceprienxo, JI.B. Turosa, 2016
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Ha choromni 3Ha4HO 30araTUBCSl COPTOBUH CIIEKTP 1 MiIBUIITMBCS BAJIOBUH 301p
3epHa coi. [IpoTe peatizaliisi T’eHETUIHOTO IMOTEHITIATY Cy9aCHUX COPTIB 3aJTUIIAETHCS
JIOBOJII HU3BKOIO, @ CepelHs YpoKalHICTh B YKpaiHi craHoBuTh 1,2—1,9 1/ra [3].

BaxxnuBuM 3aBnaHHAM, MO 13 30UIBLICHHSIM YpOoXKalo, € 30epeKeHHs Ta T0-
KpalleHHs SIKICHMX TOKa3HHUKIB HACIHHS COi. PO3BUTOK pOCIHH y Tepion Bererarii
Ta iX MPOAYKTUBHICTH 3HAYHOIO MiPOIO 3aJIEKaTh BiJI IKOCTI HACIHHEBOTO MaTepiaty
(CXOKOCTI, CAaHITApHOTO CTaHy Ta iH.). 3 HACIHHSM (Ha TOBEPXHI, y TKAHWHAX HACIHHS
1 B jomimkax) nepenaerscs ounbie 30% 30ynHukiB xBopoO [4, 10, 11, 15]. Tomy
BKJTUBUM 3aI001)KHUM 3aX0I0M 03/I0POBJICHHS arpolieH031B € 00po0Ka HACIHHEBOTO
Martepiajy npenaparamu QyHriUAHO1 Ta OakTepuianoi aii [12, 13].

OpHa 3 HaWOUIBIN YHIKAJIBHUX OCOOJIMBOCTEH COi — 3/1aTHICTh y CUMOi031 3
a30T(hiKCyBaTbHIUMHU OaKTEPisIMHU YTBOPIOBATH KOPEHEB1 OyJIbOOUKH 1 HAKOTINIYBaTH
O10JIOTIYHMI 30T, IO CIPHSIE MiIBUINIEHHIO ii CTPECOCTIMKOCTI Ta MPOAYKTUBHOC-
Ti [5]. Ockinbku Oynp004KOBHX OakTepid y ckiafi emidiTHOro Ta eHao(iTHOrO
MIKpOO101I€eHO3y HACIHHSA Ol He BUSBIEHO [6, 7, 8], oueBUIHO, I (hOopMyBaHHs
e(EeKTHBHOTO COEBO-PH3001aJTLHOTO CUM0103y 000B’I3KOBUM arp03axo/ioM MOBHHHA
OyTH IITy4YHA IHOKYJISILIIS HACIHHS BHCOKOAKTMBHUMH IITAMaMH Crieliu(iyHIX OyIb-
0OYKOBHX OAKTEPiH, IO XapaKTEPHU3YIOTHCS BUCOKOIO €KOJIOT1YHOTO TTACTUYHICTIO 1
KOMITJIEMEHTApHI 10 IITUPOKOTO CTIEKTPY CYYaCHUX COPTIB, Y TOMY YHCIi, — 0 COPTIB
3 pI3HUMHU CTPOKaMH J103piBaHHA. Takuil 3axiJ1 CIpUATHME MIABUILEHHIO peai3arii
TeHETHUYHOTO TIOTEHIN Ay KYJIbTypH.

Mertoto po6otu Oys10 BUBUSHHS BILTUBY Pi3HUX IHOKYJISIHTIB Ha PO3BUTOK POCIIHH,
(dbopmyBaHHSI CUMOIOTUYHUX CUCTEM, 3aXBOPIOBAHICTh Ta MPOAYKTHBHICTH Cy4aCHUX
COPTIB CO1, IO HaJIeKATh A0 PI3HUX TPYI CTHIIIOCTI.

Marepiauu i meToaun

O06’ekTamMu TOCTIIKEHB OyJIU: IHOKYJSHTH JJ11 0OpOOKHM HACIHHS COT HA OCHOBI
BHCOKOC(EKTUBHOTO mTaMy OyinbO0OUKOBUX Oakrepiit Bradyrhizobium japonicum
YKM B-6023 (Pu300iH, 2,0 11/T) Ta Ha 0CHOB1 KOMNI03u1i1 Bradyrhizobium japonicum
YKM B-6023 i dhocharmobinizyBanbaux Oakrepiii Bacillus megaterium YKM
B-5724 (Kommnekcuuit iHOKynsHT, 1,0 51/T). llltamu ceneknionoBani B [HCTUTYTI
MikpoO6iosorii Ta Bipycosorii im. J[.K. 3a6onornoro HAHY. Bruius 6akrepianbHuX
npernapariB Ha PO3BUTOK Ta MPOIYKTHBHICTH COi TOPIBHIOBAJIM 3 KOHTPOJILHUM Ba-
piaaToMm (6e3 00poOKH) Ta BapiaHTOM OOpPOOKM HACIHHS XIMIYHUM MPOTPYHHUKOM
Maxcum XL 035 FS (dmyniokconin, 25 /1 + metanakcmi-M, 10 r/11) 3 HOpMOIO BH-
tparu 1,0 11/T (3rigHO pekoMeHaliii BupoOHuka). Jlocmian mpoBoIIM Ha cOpTax
coi Menes (panHpocTurnii), Mezicon (cepennbopaHnHiit) Ta Mopasist (cepeiHbo-
CTUTTIUR).

PoGoty BukonyBamu npotsrom 2013-2015 pp. Ha [lep:kaBHOMY i IIPUEMCTBI
«Exkcnepumentanpha 6a3a «Onexcanapisi»» binouepkiscskoro paiiony KuiBcbkoi
0011 IpyHT I0CITi THOTO 0151 — YOPHO3EM THITOBHI MAJIO I'yMyCHHIH KPYTITHOIHITY BATO-
CepeaHbOCYIIIMHKOBHI 13 BMicTOM rymycy 3,15%, pyxomoro ¢ocopy — 105 mr/kr
IpyHTY, Kaiito — 110 mr/kr rpynry, pH — 5,8. [pyHT Maio 3abe3rnedeHuii a30Tom
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OpraHIYHUX CIOJYK, IO JIETKO TiApoTi3yeThes. [1ociB coi 3miCHIOBAIH CYIIUTEHUM
METOJIOM CITEIiaTbHOIO CEJISKIIMHOI0 CIBAJIKOIO 3 po3paxyHKy 800 THC. pociiuH Ha
1 ra. [Tnoma gocmiaHux AissHOK — 10 M?, TOBTOPHICTh — 4-KpaTHa.

[ToromHi YMOBH y POKHM MPOBEACHHS OCHIKEHb CYTTEBO BIJPI3HSIUCH IO
MiCSISIX 1 AeKagax BereramiiHux mepioniB. OMHaK B yCi pOKH cepeaHbo000Ba
TeMIIepaTypa IMOBITPs MIEepEeBUIIyBaia cepeqHbodararopiuny Ha 1,6-2,3 °C. Omanu
B IIepioj] OHTOTeHe3y coi Oynu 3/1e01IbIIoro HepiBHOMIpHI. B cepennboMy 3a Bere-
TalliiHUN TIepion (TpaBeHb—CEPIICHB) X BHUITAIAJI0 JACIIO MEHIIE 32 HOpMY. bibie
3a CepeHbOCTATUCTUYHUH MOKa3HUK (Ha 31 MM) omaaiB Bunano ymme y 2014 p., a
Haiimenmie — y 2015 p.: nedimut Bosoru cranoBuB 52%.

O1iHKy HOIYJTIOBAIBHOT aKTUBHOCTI TOCIIKYBAHUX 1HOKYJISTHTIB TIPOBOIMITH
y ¢a3y upitiaas Ta y (asy yrBopeHHss 000iB. Bu3Hauanm Takox mMacy KOpeHs Ta
KOpeHeBUX Oynp00doK. Yporkall BU3HaYaIM METOJI0M 300py 0001B 3 KOXKHOI JiJISTH-
KM Ta 3BaKyBaHHS HACIHHSA IMICISA X 0OMOJOTY. AKTHBHICTH a30T(iKCyBaAIBHOTO
amapaty coi OITIHIOBaJM aIleTHJICH-PEIyKTa3HUM METOIOoM Y (ha3y HBITIHHS poc-
nuH [14]. Craructuaay 00poOKy pe3yibTaTiB eKCIIEPUMEHTIB, a caMe pO3paxyHOK
CTaHIAPTHOTO BIIXWJICHHS Ta BEJIMYMHU HATMEHIIIO1 ICTOTHOT Pi3HUIII BUKOHYBAJIH,
BHKOPHCTOBYIOYH CTaHIAAPTHI KOMIT FOTepHI iporpamu Statgraphics ta Excel 2013.

Pe3yabTaTn n1ociigkeHb Ta iX 00roBopeHHs

[TonboBI €KCTIEPUMEHTH 3aCBIMUMIH, 110 00poOKa HACIHHS JOCIiHKYBaHUMHU
IHOKYJISTHTaMH TTO3UTHBHO BIUTMBAJIA HA PICT 1 MPOAYKTUBHICTH COT PI3HUX CTPOKIB
J03piBaHHS.

bakrepianbHi mpenapaTtd CTUMYIIOBAJIHM CXOXKICTh 1 PO3BHTOK POCIHH COi
(tabn.1). CxoxicTh y nux Bapianrax Oyna Ha 9,9 1 36,1% na copti Mopasis Ta Ha
10,71 11,6% na copti MezicoH BuIIo1o, HiX y KoHTpouti. HaiibinbIry cxoxicTs cro-
CTepirajau 3a BUKOPHCTAHHS KOMIUIEKCHOTO IHOKYJISTHTY Ha 000X copTax coi, mpu
IOMY TIOKa3HUKH CXOKOCTI CTATUCTHYHO JOCTOBIPHO BiPI3HSIIMCH BiJl KOHTPOJIb-
HuX. Jlemo HmKYa CXOKICTh cOi 000X COpTiB Oysia y BapiaHTaX i3 3aCTOCYBaHHSIM
ximigroro nporpyianka Makcum XL 035 FS. V 2014 p. pociuHu coi po3BUBaIUCS
3HAYHO MOBUIBHINIE y 3B 3Ky 3 MPOXOJOAHOIO JIOIIOBOIO TMOTOA0I0 HA MOYATKY
Beretarlii. [Ipore i B X yMOBaX iHOKYJISIliS HACIHHS MaJjia MIO3UTHBHUN BILTUB Ha
PICT 1 pO3BUTOK POCIIHUH.

3a BUKOPHCTaHHS MOCTIIKyBaHUX OaKTepialbHUX IpernapariB 3agikcoBaHO
MIPUCKOPEHHSI OHTOTEHE3Y COi. SIKIIO0 y KOHTPOJII Yepe3 MICSIlhb IMicIs MOCiBy poC-
TuHYU copTy MopaBist nepeOyBaiu y ¢a3i IBOX CIpaBXHiX JUCTKIB, TO Yy BapiaHTax 3
00pOOKOIO IHOKYISTHTAMU — Y (a3l TPhOX 1 HOTUPHOX CIPABKHIX JUCTKIB. Pocmuau
copty Menicon y neit niepion 2014 poxy 3HaXOAWIUCH Y (a3l PO3ZBUTKY OTHOTO i
JIBOX CTIPaBXHiX JIUCTKIB BiJIOBITHO (1110, 0OY4EBUITHO, TIOSICHIOETHCSI OCOOTMBOCTIMU
peakiii copty MemicoH Ha moroiHi yMoBu). [IpuckopeHHsI OHTOTEHE3y POCIIHH COi
3a IHOKYJIAIIIT CIIOCTEpITalin 1 4epe3 2 MICSII TiCIIs MOCIBY.

Coij miIKpecuTH, 10 B paHHIK (ha3i OHTOTeHe3y COi MPOsSBUIIACH O1THIII BHCOKA
CTHMYJIIOBAJIbHA JIisl KOMIUIEKCHOTO 1HOKYJISTHTY.
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Taomurs 1
BnuiuB 00po0ku HACiHHA IHOKYJISIHTAMHU HA PO3BUTOK POCJIMH COI
Table 1
Effect of inoculants seeds treatment on the soybean plants development
Cxoxictb (da3a ongHo- ®a3H PosBHTKY
Io CHPaBiK. THCTKA)
Bapianr HHIEKC % no .
. yepes3 MicAlb . ..
CXO0’KOCTI, KOHT- . . yepe3 2 MICHI MIC/IsA
mICJIAl MOCIBY .
% poJiio nociBy
KonTpons 2 CIIpaBX. LBITIHHS-ITOYAaTOK yTBO-
73,5 - .
(6e3 00pobOKH) JUCTKH peHHs 6006iB
Pu306iH, 2,0 80.8 109.9 3 crpaBix. YTBOPEHHS
w |I/T JIMCTKA 600iB
' =
g | Kommiekchuii 34 erpasK
2 |inokymsHr, 1,0 100* 136,1 PaBx. YTBOPEHHs-HAIUB 000iB
> JIUCTKU
= /T
a.
S [Maxemy XL 2-3 cpaBx KIHEI[b [IBITIHHA-TIOYATOK
035 FS, 1,0 w/r 769 | 1046 P et :
JUCTKH yYTBOpEHHS 0001B
HIP 05 10,2
KonTpons 1-2 crpaBx. L
(6e3 06pobKH) 89.6 ) JUCTKH OyTonisanis
Pu3o06iH, 2,0 99,3+ 110,7 2 CIIpaBX. 6yTOHiSa'Hi.$[-H0‘{aTOK
= (/T JNCTKH IBITIHHA
o
g | Kowmexcunuii 2 cripaBx Oy TOHI3aLisI-TI09aTOK
2 |inokynaut, 1,0 100* 11,6 HHETKH ' Y BiI;iHH;I
a /T H
S |Makeum XL -
035 FS, 1,0 78,5 87,6 paBK. GyToHisaris
JIUCTOK
/T
HIP 05 7,0

[Mpumitka: * — pi3HUIS y MOPIBHAHHI 3 KOHTPOJIEM JJOCTOBIpHA.
Note: * — significant different from control.

OueBHIHO, MOIBEKTOPHA /i KOMIUIEKCHOTO 1HOKYIISIHTY 3a0e3reunsia Kparii
YMOBH TSI IPOPOCTAHHS HACIHHS 1 PO3BUTKY IIPOPOCTKIB 32 paXyHOK MOKPAIIaHHS
bochopHOTO KUBJICHHS Ta NMIUPIIOTO CIEKTPY Oi0JOTIYHO aKTUBHUX PEUOBHUH 3
PICTCTHMYJTFOBAIbHAMHU Ta MPOTEKTOPHUMH BIACTUBOCTSIMH.

Di3i0J0TIYHIH CTaH POCIMH Y BapiaHTaX 3 IHOKYJISIIEI0 OyB KPAI|M ITOPiBHSIHO
3 KOHTPOJILHUMU: BOHH BIJIPI3HSIIUCH ITOTY>KHIIIIAM CTEOJIOM 1 JTUCTOBUM aItapaTrom,
IHTEHCUBHUM 3€JICHUM 3a0apBIICHHSIM Ta 3HAYHO MEHIIIEC Ypa)kyBaJUCh XBOPOOaAMHU.
B mepion Bererartii Biji CXOiB A0 JA03piBaHHS OyJIO BUSBJICHO YPa)KCHHS POCIHH
aJIbTepPHAPi1030M, OAKTEPi030M, IEPOHOCTIOPO30M Ta (y3apio3oM. Y Beix (hazax oHTO-
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reHesy coi copty Mopagist HaBUIIN# piBeHb po3BHUTKY (9,6-20,2% y KOHTPOIBEHOMY
BapiaHTi) MaB anbrepHapio3 (puc. 1), copty Menicon (puc. 2) — anprepHapios Ta
nepoHocmopos (7,6-28,0% Tta 8,4-26,8% BiaNOBiTHO).
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Puc.1. Bnius iHOKY/ISIHTIB Ha pO3BUTOK XBOPO0O coi copty Mopasis

Fig.1. Effect of inoculants on diseases development of soybean cv. Moravia
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Puc. 2. BniiuB iHOKYJISIHTIB Ha pO3BUTOK XBOpPoO coi copty Meaicon

Fig. 2. Effect of inoculants on diseases development of soybean cv. Medison
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[HOKyIIAIIISE HACIHHS JOCIIKYBAaHUMHU MpenapaTaMiy Cpursiia 3HIKCHHIO ypa-
JKeHHS coi (iTomaroreHaMu. PO3BUTOK XBOPOO 32 BUKOPUCTAHHS IHOKYJISTHTIB OYB Y
1,5-2,6 pa3u MEHIIUM, HIXK Y KOHTPOJTi. BapTo BIAMITHTH, 1110 3HIKEHHS ypaKCHHS
POCIIMH COT TPUOHMMH XBOPOOaMH 3a i1 IHOKYJISIHTIB 3HAXOIUJIOCh MPAKTUIHO Ha
PiBHI BapiaHTy 3 XIMIYHUM MMPOTPYHWHHUKOM, a PO3BUTOK OaKTepiaTbHIX XBOPOO BH-
SIBUBCSI HAMEHIILIAM.

OO0poOka HaciHHS mpenapaTaMH Ha OCHOBI crieludiqHuX Oyap00uKOBUX OaK-
Tepiit B. japonicum cripusiia aKTUBHOMY YTBOPEHHIO OyIh00YOK Ha KOPEHSIX COfi.
VY poKM JOCTiIKeHb iX KUTBKICTh y (pa3i UBITIHHS y BapiaHTax i3 3aCTOCYBaHHSAM
IHOKYJISTHTIB JTOCTOBIPHO TIepeBakajia KOHTPOJIbHI MMOKa3HKUKH i Oyna B 1,9—4,3 pa3u
(p<0,05) BHII0FO TIOPIBHSHO 3 KOHTPOJIeM Ta B 1,7—2,6 pa3u — MOPIBHIHO 3 XIMIYHUM
npemnaparom (Tad. 2).

Tabmurs 2
BnuiuB iHOKyIAHTIB Ha popMyBaHHA HOAY ISILiiHOTO amapaTy coi pi3HuX
coprtiB ((pa3a uBiTiHHSA)

Table 2
Inoculants influence on the nodule apparatus formation
of different soybean cultivars (mid-flowering stage)
KiabkicTh 0y150040Kk HA KOpeHsIX, IIT./poci., X+ Sx
. Copt Mepnest Copr Mopasis Copt Menicon
BapianTt
®asa ®aza ®asza ®a3za ®asa ®aza
. o YTBOpEHHSA o e YTBOpPEHHSA P YTBOpEHHSA
IBITIHHSA . IBITIHHS . IBITIHHA .
000iB 000iB 000iB
KounTposnb
+ + + + + +
(663 06poGKH) 3+1 5+1 3+] 542 943 14£3
Puzo0in, 2,0 o/t 10£2 2344 10£2 24+4 232 36+3
Kommexcrit 1243 1843 1343 2145 1743 3342
iHoKymsHT, 1,0 /T
11\/131:/1;1\4 XLOSES, | 6.3 943 542 943 1043 1543

(p<0,05); n=15

3Ha4HO OiibIla KUTBKICTh Oyap0040K (hopMyBanack y (azy yTBopeHHs 000iB.

[MopiBHsiHO 3 (ha3010 UBITIHHS, IEH MOKa3HUK 3pocTaB y 1,4-2.4 pa3u 3ajexHO Bil
BapiaHTy JOCIITY, 1110, OYEBHUIHO, BIJITPaIo BAXKIUBY poiib y (hOpMyBaHH1 BpOXKalo.
Cepen n0CiKyBaHUX COPTIB COT IGO0 OUIBITY KUTBKICTh OyIb00YOK CIIOCTEpirain
Ha pociIMHax copTty MenicoH.

[Tpu BuBUEHHI 0coOmMBOCTEH (popMyBaHHS Ta (PYHKIIIOHYBaHHS a30T(IKCyBab-
HOTO arnapary y coi copry MenicoH Oys10 BCTaHOBJIEHO, 1110 HOAYJIALINHUI MpoLec
B1J0yBaBCsA aKTUBHO B YCIX BaplaHTax, y TOMY YMCIi, B KOHTPOJI, A€ OyabOouku
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YTBOPIOBAIIUCH 3aBIISIKH a00pUTeHHUM pr300isM. HaltOo1mbI1 HOTYKHUH HOTYITSIITIH-
HUl anapart ¢popMmyBaBcs 3a iHOKYJALIT HaciHHS B. japonicum YKM B-6023 — maca
Oynp0040K y 4,2 pa3u mepeBUIyBajga KOHTPOJIbHUHN MOKa3HUK. 3a BUKOPUCTAHHS
KOMIUIEKCHOTO 1HOKYJISTHTY Maca Oynb0o4ok Oyma y 1,6 pasu Oiunbmioro, HiXK y
KoHTpoJIi (Tabm. 3). [Ipu mbomy hopMyBanach HalOIbIIIA KOPEHEBA CUCTEMA: Maca
KOpEHs pOCIUH cTaHoBMIA 4,3 T IpoTH 2,9 T B KOHTpOUIL. 3arajibHa a30T¢ikCyBaibHa
AKTUBHICTh CUMOIOTHYHOTO anapary OyJjia HAMBHIIOIO Y BapiaHTi 3 BUKOPUCTAHHSIM
Pu3o06iny: 32 mxmons C,H, na 1 pociuny 3a 1 100y, a6o B 4,9 pasu BUIIOKO 1O-
PIBHSTHO 3 KOHTPOJIEM. 32 BUKOPUCTAHHS KOMIUIEKCHOTO 1HOKYJISIHTY 3arajibHa a30T-
(ikcyBasbHAa aKTUBHICTH 301IbIITyBajach MOPIBHSIHO 3 KOHTposieM y 2,2 pasu. Lle
CHpHSITO 30ara4eHHIO TIPOIECy a30THOTO KUBIICHHS POCIIMH 010JIOTIYHUM a30TOM,
110 BiZI0Opa3niIOCh B IHTETPaIbHOMY MOKa3HUKY €()eKTHBHOCTI COEBO-PU300iaTbHOTO
CcUMO0103y — YPOXKaHOCTI.
Taommrs 3
BniuB iHOKYyISHTIB Ha GOpMYyBaHHS KOPeHEBOI cCTeMH Ta (PyHKIIOHYBaHHSA
HoAyJsUiiiHoro anapary coi copty Meaicon
Table 3

Effect of inoculants on the rhizogenesis and nodule apparatus functioning
of soybean cultivar Medison

Maca 3arajbHa HiTpOreHasHa
. Maca .
Bapiant 0y 1b0040K Ha AKTHUBHICTh, MKMOJIb
KOpeHsl, T .
pocauni, r C,H,/poci. 3a nody
KonTpos (6e3 00poOkm) 2,94+0,9 1,2+0,4 6,5+1,0
Pu3zo0in, 2,0 a/T 3,9+1,1 5,0+£0,5 32,0+7,1
KomrutekcHwuii iHokynsHT, 1,0 m/t|  4,3+0,7 1,9+0,2 14,4414

(p<0,05); n=15

[lepeamnociBHa OakTepu3allisi HACIHHS MMO3UTHBHO BIUIMHYJA HA IT1IBUIICHHS
MIPOILYKTHBHOCTI COi (Tadm. 4).

VY BapiaHTax 3 00poOKOIO HACIHHS IHOKYJISTHTaMH c(hopMyBaach OLIbIIA KiTb-
KicTh 000iB Ha POCHHMHI Ta IX Maca, 110 3a0e3MeYHIO B IIJIOMY BHIIHHA ypokal
3epHa. HaitOinpinmii ypokail ofiep>kaHo Ha CepeAHbOPAaHHBOMY COpPTI MemicoH y
2014 p. — 5,8-6,0 T/ra y BapianTax 3 iHOKyJswi€to i 4,9 T/ra B koHTpoi. Ha cepen-
HBOCTHIJIOMY COpTi MopaBisi 3a IHOKYJISILIT HACIHHS yposKail cTaHOBUB 5,2—5,6 T/Ta
npotu 3,8 T/Ta B KOHTPOII, a HA paHHBOCTUIIIOMY copTi Menest — 4,7-5,5 1/ra npu
2,5 1/ra B KOHTpOJi. CamMe Ha CKOPOCTHUITIOMY COPTI COi Jlist IHOKYJISIHTIB (0COOIH-
BO, KOMIIEKCHOTO) TPOSIBIJIACH HAMOLIBIIO MipOIO: MPHUPICT YPOXKAKD CTAHOBUB
2,2-3,0 1/ra a6o 88% — 120%, 10 CBIiAYNTH MPO HAHOUIBIIE CTUMYITFOBAaHHS 0i0-
JIOTIYHOTO MOTEHIIIATy COPTY.
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Taomuus 4
BniuB iHOKYISHTIB Ha MPOAYKTHBHICTD coi Pi3HUX COPTiB
Table 4
Effect of inoculants seeds treatment on the grain yield of different soybean cultivars
Ypoxaii
BapianTt
r/m? T/Ta % 10 Kon-
TPOJIIO

KonTpouib (0e3 00po0OKm) 247 2,5 -

Pu3o6in, 2,0 1/t 472 4,7 188,0
g KommurekcHwmit iHOKymsHT, 1,0 /T 547 5.5 220,0
S
Q  |Makcum XL 035 FS, 1,0 o/t 396 4,0 160,0
)
5
s HIP . 8,1

KonTtposns (6e3 00podkn) 379 3,8 -

Puzo6in, 2,0 1/t 562 5,6 147,4
QQ KomrutekcHuit iHOKyIsHT, 1,0 1/T 517 5,2 136,8
(=]
N
= [Makcum XL 035 FS, 1,0 i/t 484 4,8 126,3
S HIP 15,2

KonTtposns (6e3 00podkn) 489 4,9 -

Pu3o06imn, 2,0 /T 604 6,0 1224
e
Y | KommuiexcHwmii iHokynsHT, 1,0 1/T 579 5,8 1184
(=]
N
£ |Makenm XL 035 FS, 1,0 w/'t 584 5,8 118,4
s HIP . 21,7

KonTpouib (6e3 00po0OKm) 184 1,8 -

Pu3o06iw, 2,0 0/t 338 3,4 188,9
f{ KommurekcHwmit iHOKymsHT, 1,0 1/T 281 2,8 155,5
3
= |Makeum XL 035 FS, 1,0 1w/t 249 2,5 138,9
Q
s HIP 16,4
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B minmomy, ypoxaitHicTh coi coptiB Meaesi, MopaBist Ta MemiCOH y TOCTITHAX
BapiaHTax Oyna B cepennbomMy Ha 104%, 42% ta 46% O11b111010 BITHOCHO KOHTPOITIO.
Ha coprax Mopagis Ta MeicoH HalBHIITMI MPUPICT yporKaro coi 3a0e31eunB mpe-
napat Pu3o6iH, Ha copti Menest — KOMIUIEKCHUH 1HOKYIAHT. CITifl AKPECIUTH, 110
B yMoBax nocyxu 2015 poxy mocCimiKyBaHi iHOKYJISTHTH 3a0€3MeUHITN 301TbIIICHHS
BPOKAI0 COi MOPIBHAHO 3 KOHTpoJeM Ha 88,9% ta 55,5% (copt Menicon). Lle moxe
CBITYHMTH PO aHTUCTPECOBY aKTUBHICTH JJAHUX OloTpernaparis.

Taxum ynHOM, TIepeArnociBHa 00poOKa HACIHHSI JOCIIHKYBaHUMHU 1HOKYJISTHTa-
MU MaJia [TO3UTUBHHI BIUTHB Ha PICT, PO3BUTOK, XBOPOOOCTIHKICTh Ta ypOXKalHICTh
COPTIB COi PI3HUX CTPOKIB JO3PIBaHHS, a TAKOXK CITPHSIIA ITiIBUIICHHIO TIPOTYKTHB-
HOCTI CHMOIOTHYHUX COEBO-PHU3001aIbHIX CHCTEM 3 JIii HECTIPUATIMBUX (PaKTOPiB
JIOBKIJIJIAL.

B.I1. MuxkoJiaeBckuii,! B.I. Cepruenxo,' JI.B. TutoBa®

'"YUucruryT 3amutst pacrernit HAAH VYkpaunwusl, yi. BacunskoBekast, 33,
Kues, 03022, tem.:(044) 257 11 24, e-mail: vg_sergienko@bigmir.net
*Nuctutyt mukpobuonoruu u Bupyconorun umenu J[.K.3a6omoraoro HAH VYkpausst, yi. 3a6010THOTO,
154, Kues, 03143, Ten.: (044) 526 34 87, e-mail: luti.07@mail.ru

BJIMAHUE NTHOKYJISAHTOB HA ®OPMUPOBAHUE
CUMBUOTUYECKUX CUCTEM, PA3BUTUE BOJIE3HEN
N ITPOAYKTUBHOCTDb COU PASHBIX COPTOB

Pedepar

B muposom zemnedenuu cos sanumaem 00HO U3 NEPEbIX MeCm Cpeou CelbCKOX03Al-
CMBEHHBIX KYIbMyp no macuimadam npouzeoocmea. Ha cecoomns snayumensruo 060-
2amuIcsi COpMoBoll Cnekmp U NOBLICUIICS BANIOBbIL COOP 3ePHA COU, OOHAKO Peatu3ayiis
2eHEeMU4ecko20 NOMEHYUANd COBPEMEHHBIX COPMOE OCMAemcst 00CMANMOYHO HUZKOLL.
Lens. H3yuums gauanue uHOKYIAHMOG HA pa36umMue pacmeHull, Qopmuposanue cum-
buomuueckux cucmem, 3a001€6aeMocmy U NPOOYKMUBHOCHb COBPEMEHHBIX COPMOE
CoU, NPUHAONEANCAWUX K pasuvim epynnam cnerocmu. Memoowt. Mukpobuonozuyeckue,
2a3060-Xxpomamozpaghuieckuil, nonesvix ucciedosanutl, cmamucmuyeckue. Pesynb-
mamul. YcmanosneHo nosumusHoe 6ausHue 00pabdomxu CemsaH MOHO- U KOMNIEKCHbIM
UHOKYTIAHMAMU HA pa3eumue pacmeHull, popmuposanue CumoOUOmuLeckux cucmem,
ymenvbuLenue 3a001e6aeMocmu U npoOYKmMugHocmy cou copmos Medes, Mopasus u
Meoucon, npunaodnedxcawux k pasuvim epynnam cnerocmu. [lokazano cmumynupyrowee
oeticmeue SMux UHOKYIAHMOB HA 6CX0HCECb, POCHT, (POPMUPOBAHUE U HUMPOSEHAHYIO
AKMUBHOCb HOOVIAYUOHHO2O ANNAPAMA, d MAKIICE YPOAUCALl COU UCCTEO08ANHBIX
copmos. Bwieoowl. Hnoxynsyus npenapamamu azom@puxcupyowux u gocpammo-
ounuzUpYIOWUX 6aKxmepuil cnocooCmeo8ald CHUNCEHUIO 3a001e6AeMOCU PACMEHU
MUKO3AMU U OAKMEPUO3AMU, 4 MAKIHCe NosblueHUIo ypodicas 3eprua Ha 18,4—120,0 %
no cpagHenuio ¢ Konmpoinem. Haubonvuiuii npupocm yposicas noiyuer Ha paHHecneiom
copme MeOdes npu KOMNIEKCHOU UHOKYIAYUU.

Knwueeswvie coeéa: coeo-puzobuanvhblii cumbuos, copma, 3a601e6aemocms,
nPOOYKMUBHOCHIb.
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INOCULANTS INFLUENCE ON THE SYMBIOTIC
SYSTEMS FORMATION, DISEASES DEVELOPMENT
AND PRODUCTIVITY OF THE DIFFERENT SOYBEAN
CULTIVARS

Summary

In the global farming the soy takes one of the first places among the crops on the
scale of production. Today the cultivar range has greatly enriched and improved
gross grain soybeans, but the realization of the genetic potential of modern cultivars
is relatively low. Aim. To study the inoculants influence on the plants development,
soybean-rhizobia symbiotic systems formation, morbidity and productivity of modern
soybean cultivars belonging to the different maturity groups. Methods. Microbiological,
gas-chromatographic, statistical, the method of field research. Results. The positive
effect of seeds treatment by mono- and complex inoculants on plant development,
symbiotic system formations, disease manifestation reduction and productivity of
soybean cultivars Medea, Moravia, Madison belonging to different groups of ripeness
has been established. The stimulating effect of these inoculants on germination, growth,
development and nitrogenase activity of nodulation apparatus and crop of soybean
cultivars has been shown. Conclusions. Inoculation by nitrogen-fixing and phosphate-
mobilizing bacteria formulations has helped to reduce the morbidity of plants with
bacteriosis and mycosis, and promoted the increasing of grain yield in 18,4 -120,0%
compared with the control. The largest increase in yield has been obtained by complex
inoculation of early ripening cultivar Medea.

Keywords: soybean-rhizobia symbiosis, cultivars, diseases, productivity.
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BIIVIUB METABOJIITIB BASUJIIOMILETIB HA PICT
YMOBHO-ITATOTEHHUX BAKTEPIN

Mema pooomu. Busnauenns eniugy dasudiomiyemie Ha picm yMOBHO-NAMOSEHHUX
Mmikpoopeanizmie. Mamepianu ma memoou. Memooom ouysii 6 acap eusHaua U
AHMUMIKPOOHY AKMUBHICMb NJI000BUX ML, IX eKCMPAKmie ma ee2emamus-
HO20 Miyenilo n’smu KOMepyitiHux wmamis Jikapcokux bazudiomiyemis
Ganoderma lucidum (Curtis) P. Karst ONU F101, Pleurotus ostreatus (Jacq.)
P. Kumm. ONU F101, Lentinus edodes (Berk) Singer ONU F401, Flammulina
velutipes (Curtis) Singer ONU F601, Hericium erinaceus (Bull.) Pers. ONU F601.
Ak mecm-00’exkmu euxopucmosyganu wmamu doaxmepiti Pseudomonas
aeruginosa ATCC 27853, Proteus vulgaris ATCC 6896, Micrococcus luteus
ATCC 4698, Bacillus subtilis ATCC 6633, Enterococcus faecalis ATCC
29212, Escherichia coli ATCC 25922, Staphylococcus aureus ATCC 25923 ma
Opiocoanconodionux epubie Candida albicans ATCC. Pesynomamu. Haii-

wupwuii cnexmp axmuernocmi écmanoeneno y L. edodes. IToxasano, wo 6 desxux
BUNAOKAX AHMUMIKPOOHI eK30Memabonimu CUHmMe3ylomovcs Ha cmaoii miyeniro, aie
8I0Cymui 6 mxkanunax nio00eux mii. Ompumanns eKCmpaxkmis 3 n10008UX min cpuoie
6 0eSIKUX BUNAOKAX NPUZBOOUN 00 3HUICEHHS akmueHocmi. Bucnoeku. Hessadicaiouu
Ha mpaouyitine 6UKOPUCIAHHS I0008UX Ml 2pubig K 0dicepena Oion02iuHO AKMUGHUX
CROTYK, CHEKMpP Pe106UH 3 AHMUMIKPOOHUMU 61ACMUBOCNAMU MOJICE OYMU CYMMEBO
PO3WUPEHULL 3a PAXYHOK GUKOPUCIAHHS epubie HA PISHUX cMAodisax X JHCUMMEBO20
YUKITLY, 30Kpema, cmaoii 6ecemamugrHoeo Miyenio.

Knwowuogi crnoea: dazudiomiyemu, anmubaxmepiaioha akmueHiCmMb, YMOBHO-
Nnamo2erHi MiKpoOp2aHisMu.

VY BiTUM3HSIHIN Ta CBITOBIH HAYIlI HApa3i CIIOCTEPIraeThCs MiABUIICHHI IHTEpEC
JI0 BUBYEHHSI MakpomineriB. Lle moB's3ano, Hacammepesn, 3 KapIuHAIBHUM TIepe-
IJISI0M 3HAYYIIOCTI Ta YHIKATBHOCTI €KOJNOTIYHUX (PYHKIIIH, IO KOHTPOIIOIOThH
rpudu B MpUPOAHUX eKocucTemax. [lo-apyre, rpubu Oymnu 1 3aIHIIAIOTHCS OTHUM
13 OCHOBHUX 1 TIEPCIICKTUBHUX 00'€KTiB Oi0TeXHOJIOTIT [4].

B ocTaHHI poKH CIIOCTEPITaeThCsl MOMITHUHN CIUIECK yBard J0 CTBOPEHHS Ha
OCHOBI BHUIIUX TPHOIB Ta MPOAYKTIB X META0OMI3My Xap4OBUX 1 KOPMOBUX J00a-
BOK Ta JIIKAPCHKUX mpemnapariB. 00’ ekTaMu OLIBIIOCTI TAKMX PO3POOOK € IIUPOKO
JOCIiKYBaHI B pi3HUX KpaiHax CBiTy OazumiomineTn 3 poniB Coprinus, Lentinula,

© 0.10.3ingenxko, C.JI. Mipocs, 2016

ISSN 2076—05658. Mikpobionozis i 6iomexnoroeia. 2016. Ne 3. C. 69-80 —— 69



0.10. 3inyenxo, C.JI. Mipoch

Grifola, Laetiporus, Panus, Pleurotus. Cepen MeTa0omiTiB 0a31IiOMILICTIB BHSBIICHO
CTIOJTYKH, TII0 TIPOSIBJISIFOTH aHTHOJIACTOMHY, aHTHOAKTEpIaJIbHY, TeMaTONPOTEKTOPHY JIiF0
tomo [ 1, 3].

Mertoto 1aHoi po6oTH Oys10 BU3HAYEHHSI BIIMBY 0a3M110MILIETIB Ha piICT yMOBHO-
NaTOTeHHUX MIKPOOPTaHi3MiB.

Jlikapchki TpuOH, O SIKUX BIAHOCATHCS AOCTIIKYBaHI MakpowmileTru 3abes-
MEYyIOTh CBOI JIIKYBJIbHI BIIACTUBOCTI 3aBIISIKH 010JIOT1YHO aKTHBHUM PEUOBHHAM
BYIJIEBOMIHOI, JIIMIAHO1, O17IKOBOT MPUPOIH, TEPIICHOIIaM, CTEepOinaM, ajaKajaoinam,
(eHONBbHUM CIIOJIyKaM, BiITaMiHaM, MiHEpaJIbHUM efieMeHTaM. [IeBHI 3 X pedoBUH
y PI3HUX KOHIIEHTPALISAX MPUCYTHI Y €K30MeTaboiTax MILleNil0 Ta MOXKYTh OyTH
€KCTparoBaHi NOJISIPHUMU 200 HETIONSIPHUMHE po3unHHMKamMu. Hanpuknan, L. edodes
MpUTaMaHHI MPOTHITYXJIMHHI, TPOTUBIPYCHI Ta IMyHOMOYJIFOBaJIbHI BIIACTUBOCTI,
10 3a0€3MeYy0ThHCS TOIOBHUM YMHOM IIIIKOT€HAMU: TIOJIIIYKPUAaMH (JICHTHHAH),
DIIOKaHaMH Ta TeTePOITIOKaHaMH, BUTBHUMH IIyKpaMu (MaHO3a, TPeraio3a, MaHiToJ,
riinepo, apabiron, apadinosa) [13].

Cepen TeprieHoiniB rpudiB pony Ganoderma BUIIISIOTh TAaHOAEPOBI Ta JIFO-
[IU/ICHOBI KHCIIOTH, TAHOJIEP10JIH, TaHOAepaHH. BBaxkaeThCs, 10 TAHOCTAHOBI TPH-
TEPIEeHOIIN, TaKi SK TAHOACPORI 1 JIFOIMICHOBI KUCIOTH BOJIOMIIOTH HAHOIBIIIO0
01070TIYHOI0 aKTUBHICTIO Cepell JaHuX opraHiyHux crmonyk [10, 11]. ImyHOMOmY-
JIOBAJIbHY, MPOTUITYXJIMHHY, aHTHOKCHIAHTHY, T1IOTCH3UBHY, aHTHOAKTEpiaJIbHY,
OPOTUTPUOKOBY, MPOTUBIPYCHY AKTUBHICTh Flammulina velutipes 3abe3ne4yoTh
noJricaxapuiu, IpOTEeTH-TITFOKAaHOBI KOMIUIEKCH, CTEpOJI, JICKTUHU, TIEPOKCHIA3H,
npoteasu toto [12, 16].

AKTHBHI peduoBUHU Hericium erinaceus — MOMIITYKPHIU, )KUPHI KUCIIOTH, Xepi-
muHonu A, B, C, D, E, F, G 1 H. Mineniii MicTuTh TpyITy AUTPUTEPIICHIB — epiHAIIN-
HIB, 5IK1 IMITYIOTh ()aKTOp HEPBOBOT'O HAPOCTAHHS, OJIMH 3 €PIHALIMHIB MIPEICTaBIIsAE
omioif, 1mo € aHaiabreTukoM [ 13].

Marepiauau i meToau

Busnauanm aHTaroHiCTUYHY aKTHBHICTB IT'STH KOMEPIIMHUX IITaMIB JIiKap-
cbkux OasmmioMineTiB Ganoderma lucidum (Curtis) P. Karst ONU F101, Pleurotus
ostreatus (Jacq.) P. Kumm. ONU F101, Lentinus edodes (Berk) Singer ONU F401,
Flammulina velutipes (Curtis) Singer ONU F601, Hericium erinaceus (Bull.) Pers.
ONU F601, orpumanux 3 KOJEKIii [HCTUTYTY CLIbCHKOTOCTIOAAPCHKOT TEHETHKU
M. XaHOH.

SIK TecT-00’€KTH BUKOPUCTOBYBAJIM IITaMU OaKTepiid, peKOMEHI0BaH1 JJIsI BU-
3HaUYEHHS YyTJIMBOCTI MIKPOOPraHi3MiB 10 aHTHO10THKIB: Pseudomonas aeruginosa
ATCC 27853, Proteus vulgaris ATCC 6896, Micrococcus luteus ATCC 4698, Ba-
cillus subtilis ATCC 6633, Enterococcus faecalis ATCC 29212, Escherichia coli
ATCC 25922, Staphylococcus aureus ATCC 25923 ta npixkmprononiOHux rpudis
Candida albicans ATCC 18804 [15]. TecT-mtaMu OTpuMaHi 3 MY3€I0 KYJIbTYp
MiKpoopraHiaMiB IHCTUTYTY emifemionorii Ta iHpekuiiHux xBopod imeni JI. B.
I'pomamescskoro AMH Vkpainu.
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31aTHICTP MAKPOMILIETIB 10 MPUTHIYEHHS POCTY TECT-IITaMiB MiKPOOPTaHi3-
MIB BU3HA4aJIM Ha (pparMeHTax IUIO0BUX TLJ, BET€TaTUBHOMY MIleNii, BOIHUX Ta
CIUPTOBUX €KCTPAKTAX TUIOJOBHUX TiJI.

CyOcTtparom aJis BUPOIIYBaHHS TPUOIB CIyryBasia MojApiOHEHA Ta TEPMIYHO
00pobieHa conoma nieHui. SIK iHOKYJIIOM BUKOPUCTOBYBAJIH MiLIETIiH, IKHi1 BUPO-
uryBasiv 6e3 01010/1aTKIB Ha sSTAMIHHOMY 3epHi. [1110/10B1 Ti1a BUpOIIyBain 3a yMOB
MPUPOAHOT BEHTHIIALIT ipu Temneparypi 15—-18 °C, ocBiTiieHHs — § TOAMH TaMIIaMu
JIGHHOTO CBITJIa 3 po3paxyHkKy 5 Bt/m%. Bonoricts noBitpst ckinanana 85-90% i mo-
csAraacs MUISIXOM TOJIMBY Ta 3POIICHHS] TyMaHoM [2].

3a 10TIOMOTr 010 CTEPUIIBHOTO CKAJIbIIEIIsl BUpi3ail pparMeHT TKaHUHU rpuda Ta
PO3MIIyBaJI Ha TIOBEPXHI M SICO-TIENTOHHOTO arapy, MOMEePeIHbO 3aCisTHOTO ra3o-
HOM TecT-1ITamy. /Iyt oTpMaHHs ra30Hy 000B1 KyJIBTYPH TECT-1ITaMiB, BUPOIIEH1
Ha CKOILIEHOMY M’SCO-TIEIITOHHOMY arapi, 3MHBaJId CTEPUIBHUM (i31070TTUYHUM
PO3YMHOM Ta JJOBOJIMIIN KOHIICHTPALIIF0 MIKPOOHUX KIiTHH /10 10°y MII 32 ONTHYHUM
cTaHIapToM MyTHOCTI. OTpUMaHy CyCHeH3it0 KIITHH 00’ eMoM | MJI HAHOCHIIU Ha
MIOBEPXHIO M SICO-IIENTOHHOTO arapy Ta po3Tupaiu mmmarenem Jpuranbsebkoro [15].

[Tociu iakyOyBanu npu 30 °C mpoTtsirom 24 ta 48 ro.

AHTaroHiCTU4YHY aKTMBHICTb OLIIHIOBAJIM, BUMIPIOIOYN PO3MIPU 30H 3aTPUMKH
pPOCTY TeCT-IITaMiB HAaBKOJIO ()ParMEHTIB IIOIOBUX TiJl.

AHTaroHiCTUYHY aKTHUBHICTh BEr€TaTUBHOIO MILIEJII0 BU3HAYAJINU METOJIOM
pamianbHUX WTpUXiB. I bOro rpudM BUPOLIYBAIU HA MOBEPXHI CKOIIEHOTO
cycio-arapy B npoOipkax rpu Temmneparypi 25 °C nporsrom 4—5 116 10 MOBHOTO
3apocTaHHs cyOcTpary minerniem [8]. Jlami 3a J0MOMOTOI0 IHOKYJSALIMHOT METTi
BHUpI3QJIA MIMAaTOYOK Miledito rpuba miaMeTpoM 25 MM Ta pO3MIllyBajid Ha TO-
BEpXHI M’SICO-IENTOHHOTO arapy, HOMEpeJHbO 3aCisTHOrO Ta30HOM TECT-IITaMy
MIKpOOpraHi3My aHaJIOT14yHO nonepeaHiit metoaui. [licas iHkyOanii nporsrom 24
rox. ipu 30 °C BUMIipIOBaIM po3MipH 30H 3aTPUMKH POCTY TECT-IITaMiB HAaBKOJIO
(hparMeHTiB MIIIEIIiO.

AKTHBHICTh €KCTPAKTIB IJIOAOBUX TLJI BU3HAYAIH METOJOM JIYHOK, BHOCSYH
B KOXKHY JIYHKY BOJHUN a00 criUpTOBUN eKCTPakT B 00’emi 100 Mki1. [HOKYyIs1IiTO
M’SICO-TIENTOHHOTO arapy TeCT-IITaMaMH 3/A1HCHIOBAIM aHAJIOTIYHO TOTMEpeHin
Meromuili. JlJis OTprMaHHsS BOJHUX €KCTPAKTIB MOAPIOHEHI TUIONOBI Tija TpubiB
3aJIUBAJIA TapsY00 BOJOKO Yy CHIBBIJHOIICHHI 1:5 Ta HarpiBaJu y €MHOCTI 3 KH-
TJISTI0F0 BOIOKO TTPOTATOM 90 XB, OXOIOMKYBaAIH Ta (DITETPYBaIN Yepe3 CTEPUITbHI
narnepoBi QuIBTpH.

Jiist oTprMaHHS CIIUPTOBUX eKCTPaKTiB 10 T moapiOHEHNUX TUIOMOBUX TiJI TpHUOiB
3anuBanu 400 vt 40% eTHII0BOro CUPTY 1 HACTOIOBAJIM MPOTIATOM CEMU JHIB. J{is
BHU3HAYEHHS BIUIMBY CHHPTY HA PICT TECT-IITaMiB y KOHTPOJIbHY JYHKY BHOCHIIU
100 mxa 40% etunooro cnupty [5]. [lociBu inkyOyBanu npu 37 °C npotsirom 24
roja. BIumB eKCTpaKTiB OIIHIOBAJIHM, BUMIPIOIOYH JIIaMETp 30HU 3aTPUMKH POCTY
HABKOJIO JIYHKH.
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Pe3yabTaTH Ta iX 00roBopeHHsA

VY nmpoBeeHHOMY HaMH JIOCIHIKeHHI HalOUTBITY Yy TJIMBICTh 1O META0OMITIB
10/10BOTO Tina L. edodes BusiBieHo y B. subtilis Ta S. aureus. Po3mipu 30HU 3aTpuM-
KU POCTY ISl IIMX MIKpOOpraHi3miB uepe3 24 ron nepesutryBaiu 20 mm (tadm. 1).
Yei iHII MIKpOOPraHi3My BUSIBUITUCS] HEUY TIIMBUMH JI0 META0OJIITIB TaHOTO rpuda.

[pu nocnimxkenni BBy G. [ucidum yci 6akrepialibHi KyIbTypy BUSBUIIHCS
HEUyTIIMBUMU JI0 MeTaboiTiB rpuba. Jlume Ha razoni C. albicans 3apeecTpoBaHO
HasIBHICTh 30HU 3aTPUMKH POCTY JiameTpoM 12+2 mwm.

DparMeHTH MI0A0BUX Ti P. ostreatus TakoX HE BUKIIMKAIH IPUTHITYBAILHOTO
e(eKTy Ha PiCT TECT-MIKpPOOPraHi3MiB, 32 BUHATKOM KYJIBTYpH E. coli, OfHaK AiaMeTp
30HM 3aTPUMKH il pOCTY HE MEPEBUIILYBAB 7 MM.

Hagkoso Tkanun H. erinaceus ta F. velutipes Takox He criocTepiraiu iHTi0y-
BaHHS POCTY TeCT-IITamiB (Tadm. 1).

Tabmuus 1

JiamMeTpH 30H 3aTPUMKH POCTY TeCT-IITAMIB HABKOJIO
¢parmenTiB niogoBux Tis1 rpudiB, MM

Table 1

The diameters of growth inhibition zones of the test-strains around
the fragments of fruiting bodies of fungi, mm

Tect- Pleurotus Hericium Lentinus Flammulina | Ganoderma
MiKpoopraunizm ostreatus erinaceus edodes velutipes lucidum

Bacillus subtilis - - 2542 - -
Staphylococcus

Py - - 2043 - -
aureus
Micrococcus
luteus
Escherichia coli 7+1 - - - -

Proteus vulgaris - - - - -

Enterococcus
faecalis

Pseudomonas
aeruginosa

Candida albicans - - - - 12+2

[TpumiTka: «-» — 30Ha 3aTPUMKH POCTY BiJICYTHSI.
Note: «-» no zone of growth inhibition

Hactynaum etarnoM gociipKeHHs OyJio BU3HAYSHHS aHTarOHICTUYHOT aKTHBHOC-
Ti MAKPOMIIIETIB IIO/I0 TECT-IITaMIB Ha CTail Minemiro. i1 ibOro eKCepuMeHTy
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BiiOpasm rpudu, uIst AKUX OyJI0 MMOKa3aHOo MPUTHIYEHHS POCTY TeCT-IITaMiB (par-
MEHTaMHU IUIOAOBHUX Till, a came, P. ostreatus, L. edodes ta G. lucidum.

[Tpu BUBYCHHI aHTAarOHICTUYHOI aKTUBHOCTI P. ostreatus HalOUTBIIIO Ty TIIN-
BICTIO JI0 MeTaboIMITIB Tpubda XapakrepusyBanucs P. aeruginosa ta M. luteus (po3-
Mip 30HH 3aTpUMKH pocty 9,5 Mm+0,2 ta 9+0,4 MM BianoBiaHo) (Tab. 2). 3HayHy
Yy TIMBICTh TaKOX mposiBiuM P. vulgaris Ta E. faecalis (7,5£0,5 mm Ta 6,5£0,1 mm
BiANoBiAHO). 3arpuMka pocty C. albicans ta B. subtilis 6yna mpruOIN3HO OTHAKOBOIO
(5,5+£0,3 mm i1 54+0,1 MM BignoBimHO). HaliMeHIIIOro BIUIMBY 3a3HaBaji KYJIBTYPH
S. aureus ta E. coli.

Mineniit L. edodes cnpruanHAB Haii3HAuHIIIE MPUTHIYCHHS pocty P vulgaris
ta C. albicans, Ny SKAX pO3Mip 30HH 3aTPUMKHU pocTy ckiaaas 9+0,4 ta 9+0,6 Mm
BimoBiAHO (Tab:. 2). Bucoky 4yTinuBicTh IposBUIIN Takok B. subtilis (80,5 mm),
E. faecalis (70,2 mm), M. luteus (6+0,3) Ta P. aeruginosa (6+0,4 Mmm), Ta IoMip-
Hy — S. aureus (3aTpuMKa pocTy 1o mtpuxy 4+0,2 mm). Pict xynerypu E. coli, sk 1
B TIOIIEPETHHOMY BHIIAJIKY, HE 3a3HABaB 3MiH.

[Tpu cymicHomy KynbTuByBaHHI G. lucidum 3 TeCT-IITaMaMu MiKpOOPTaHi3MiB
HaHOUTBITy Yy TJIMBICTH 0 META0OIITIB Tpruda nposBisiB P. vulgaris. Po3mip 30HU
3aTPUMKH POCTY TI0 MTPHXY ckianaB 7+0,3 mm depes 24 rox (Tabd:. 2). Haiimernm
YyTJIMBUMH 710 MEeTa0oMiTiB rpubda BusiBwinCs E. faecalis Ta S. aureus. Kynerypu
P aeruginosa, M. luteus, B. subtilis 1 C. albicans npOosIBISIN CEPEAHIO Yy TIIUBICTb.
Knitunu E. coli 6ynu HEUyTIIMBUMH IO METa0OJIITIB Tproda.

Taomurs 2

Po3mipu 30H 3aTpUMKH POCTY TecT-IITaMiB MiKpOOPraHi3MiB M0 IITPUXY
MPH CYMiCHOMY KYJbTHBYBAHHi 3 MaKpoMileTaMu, MM

Table 2
The sizes of growth inhibition zones of the test-strains of microorganisms
under co-cultivation with macromycetes, mm
Tecr-mikpooprauism | Pleurotus ostreatus Lentinus edodes Ganoderma lucidum
Bacillus subtilis 5+0,3 8+0,5 4+0,1
Staphylococcus 3402 4402 240.1
aureus
Micrococcus luteus 9+0,4 6+0,3 5+0,2
Escherichia coli 3+0,2 0 0
Proteus vulgaris 7,5+0,5 9+0,4 7+0,3
Entero.coccus 6,5+0.1 7402 340.2
faecalis
Pseudomonas 9,5+0,2 60,4 6+0,2
aeruginosa
Candida albicans 5,5+0,1 9+0,6 4+0,1
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OCKi1bKY HAHO1IBIIy aKTUBHICT Y TIONEPEAHBOMY €KCIIEpUMEHTI rokaszanu P,
ostreatus Ta L. edodes, B TonapIioMy 31iCHIOBAIM BU3HAUE€HHS aKTHBHOCT1 BOTHIX
Ta CIIUPTOBUX EKCTPAKTIB TUIOJOBHX T TaHUX TPUOIB.

[Tpu BUBYEHHI BIUIMBY BOJHUX E€KCTPAKTIB P. ostreatus Oya0 yCTaHOBIEHO, 110
HaO1IbII Yy TIIMBOIO 10 MeTaboITIB JaHOTO TpHba € Kyasrypa E. coli, niaMeTp 30H
3aTPUMKH pOCTy AJs sikoi ckinaaaB 10+1 mm. Vi iHmm TecT-mTaMu He TPOSIBIISUIIN
YYTIMBOCTI 10 MeTaboIiTiB rpuda (puc. 1).

Bonni exctpakTi rpuba L. edodes naiibinpiie npurHiayBanu pict M. luteus Ta
E. faecalis (niameTpu 30H 3aTpuMKkn pocty 2243 Ta 18+2 mm, BianoBigHo). JlocuTts
3HAYHUH aHTHOAKTEpiambHUHA eeKT crnocTepiranu i s KynsTyp B. subtilis Ta S.
aureus (14,51 mm ta 12+1 MM, BianosiaHo). HecyTTeBy 3aTpuMKy pocTy criocte-
piranu s P. aeruginosa.

3a JaHUMU JIiTepaTypy BiJIOMO, 110 BOJHI €KCTPAKTH 3 aKTUBHUX KOMITOHEHTIB
TOJIOBHUM YMHOM MICTATH (-TJIFOKAaH Ta BOAOPO3YMHHUHN MOIIYKPUI — JICHTHHAH
[10, 13].
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Puc. 1. BniuB BOIHMX €KCTPAKTIB MJI0A0BHUX TiJl rpubiB Ha picT TecT-MiKpoopraHizmiB

Fig. 1. The effect of aqueous extracts of the fruiting bodies of fungi
on the growth of test microorganisms

Exctpaktu mionoBux Tinn P ostreatus, OTpUMaHi 3a JOIOMOIOI0 €TaHOJIy He
CIPUYMHSAIM >KOJHOTO BIUIMBY Ha PICT TeCT-MIKpooprasi3mis (puc. 2). Ekctpaxkru
L. edodes 3HauHO mpurHiuyBanau pict M. luteus (aiamMeTp 30HU 3aTPUMKHU POCTY
2142 mm). Takox criocTepiraiu 3aTpuUMKy pocty B. subtilis (12+1 mm) Ta S. aureus
(7£0,4). Pemta TecT-mtamMiB pociia 6€3 3MiH.
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TakuM YMHOM, yCTaHOBIIEHO, IO SIK BOJIHI, TaK 1 CIUPTOBI eKCTpakTH L. edodes
MICTSITh METaOOITH, 30aTHI MPUTHIYYBATH PICT IEIKUX YMOBHO-NIATOTEHHUX MIKpO-
opraHi3MiB. BoH1 eKCTpakTH MPOsIBUIIN OUTBIIT BUCOKY aKTHBHICTb.

257
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B N g Y o o
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Q .
Tecr-mikpoopraniam
O P. ostreatus O L. edodes

Puc. 2. BluinB cnipToBHX eKCTPAKTIB IVIOOBHX TiJl rpuoiB
HA picT TecT-Mikpooprauizmis

Fig. 2. The effect of ethanol extracts of fruiting bodies of fungi
on the growth of test microorganisms

Bomnwii exctpakt P. ostreatus 6yB akTUBHUM JIMIIE OO E. coli, B CBOIO 4epry
HIII MIKpOOPTaHi3MHU HE 3a3HaBaJIM BIUTMBY METaOOIITIB bOTo rpuba. B mimomy
AKTUBHICTh BOJIHUX €KCTPAKTIB OyJia 3HAYHO BUIIIOI0, HIXK CITUPTOBHX.

[TopiBHSHHS aKTUBHOCTI METAOOJITIB TJIOAOBHX TiJ, MIIENI0 Ta €KCTPAKTIB
MaKpOMIIIETIB II[OJI0 YMOBHO-TIATOTEHHUX MIKPOOPTaHi3MiB MOKa3aJIo0, [0 3arajoM
HaWOUIBII 3HAYHE PUTHIYEHHS POCTY CTIOCTEPITAETHCS TIPH JTii BOIHUX EKCTPAKTIB
(Tabm. 3).

Onnak y BUNIAAKY S. aureus GhparMeHTH IUIONOBHUX Til L. edodes BUKIUKAIH
OUTBIIT 3HAYHE TIPUTHIYEHHS POCTY, HI’K €KCTPaKT. BiporimHo, mpu rapsdiii ekcTpa-
KIIi1 MeTaboIIiTiB YacTHHA TEPMOJIA0LTHPHUX CITOYK MOYKE IHAKTUBYBATHUCS, III0 TTPH-
3BOIMTH JIO 3MiHH edekTy. Bimomo, mo aesKi IrokaHu rpuoiB, siKi MalOTh BUCOKY
010JI0TIYHY aKTHBHICTh, aCOIIHOBaHI 3 TIPOTETHOBUM KOMITOHEHTOM [7], 110 MOXKe
JICHATypyBaTHUCS TPU BUCOKUX Temrmeparypax. KpiMm Toro, miitokanu pizHOi OymoBU
JTy’Ke PI3HATHCS 3a CTYIIEHEM PO3YMHHOCTI y BOI Ta OpPTaHIYHUX POZYMHHHUKAX.

Tum He MeHIII, BOJHI €KCTPaKTH Oy y BCiX BUTIQAKaX OUTBINT aKTHBHUMHU, HIXK
CIIUPTOBI, IO CBIAYMTH PO BIIMIHHOCTI Y CIIEKTPi METAOOIMITIB, SIKi €KCTPAryrOThCS
pi3HEMH cITOCOOaMHU.
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Bopa, 1110 € monsipHIM PO3YNHHUKOM Ma€ 31aTHICTh PO3UMHSTH COJIi JIKAJIOiIiB,
canoniaw, Bitaminu C, K, P, PP, opraniuni KucjioTu, comi, Iykpu Ta iH. Y BOJi HE
PO3YHHSIOTHCSI HEMOJISPHI PEYOBHHU — OCHOBH JIKAJIOIIiB, BOCKH, CMOITH, JKUPH,
MacJja, arJIikOHHW CaroHiHIB, (UIaBOHOIMIB. MaJIOMOJISIPHI PO3YUHHUKH, J0 SKUX
BIJTHOCUTBCS €THJIOBU CITUPT POZYHHSIOTH COJIl QIKAJIOIiB, TIIKO3HUIH, (DIIaBOHH,
KyMapWHHU, KapOTUHOIIH, BiTaminu rpymu B, P, PP, edipni macia, mirMeHTH, XJ10pOo-
¢b1in Ta iH., aJie He PO3YMHSIOTH OUTKH, IEKTHHH, IIyKPH, BOCKH, TaHIHH [§].

Taommuis 3
AKTHBHIiCTH MeTa00iTiB rpudiB 111010 YMOBHO-NATOTeHHUX MiKPOOpraHismin
Table 3
The activity of fungal metabolites towards opportunistic microorganisms
Pleurotus ostreatus Lentinus edodes
TecT-mMikpoopranizm
I1 M B C I1 M B C
B. subtilis - 5+0,3 - - 2542 | 8+0,5 | 14,51 | 12+1
S. aureus - 3+0,2 - - 2243 | 440,2 | 1241 | 70,4
M. luteus - 9+0,4 - - - 6+0,3 | 2243 | 21+£2
E. coli 7+1 3+0,2 | 10+£1 - - - - -
P vulgaris - 7,5+0,5 - - - 9+0,4 - -
E. faecalis - 6,5+0,1 - - - 7+0,2 | 18+2 -
P aeruginosa - 9,5+0,2 - - - 6+0,4 | 6+0,3 -
C. albicans - 5,5+0,1 - - - 9+0,6 - -

[pumitka: IT — wionose Tino, M — mineniid, B — Bonuuit ekctpakt, C — CIUPTOBUI €KCTPAKT,
«-» — BIJICYTHS 30HA 3aTPUMKH POCTY.

Note: IT — fruiting body, M — mycelium, B — water extract, C — ethanol extract, «-» —no zone of
growth inhibition.

KpiMm Toro, y OinbIIOCTI BUNIAJKIB CIIOCTEPIraly MPUTHIYEHHS POCTY TECT-
TaMiB MIIIEJiEM, 110 POCTe, B TOM 4Yac, K B IHIIUX BapiaHTax JOCIIiTy TaKOTO
edekry He BusBiIeHO. OTXKe, 3aTHICTh MAKPOMIIIETIB MPUTHIYYBATH PICT YMOBHO-
NaTOTEHHUX MIKPOOPraHi3MiB 3aJIeKUTh TAKOXK BiJ cTajii pocty rpuba. [lificHo,
JnesikuMu aBTopamu [4, 14] BKa3zyeThcsl Ha Te, 1110, HE3BAKAIOYM HA TpaJuIliiiHe
BUKOPHCTAHHS IUIOIOBUX T IpubiB, 30kpeMa G. [ucidum, K mxepena akTHBHHX
MeTa0OoJIITIB, 104l PEUOBHHH MOXKYTh OyTH OTPUMaHi TaKOX 3 BEreTaTUBHOTO Mi-
nenito. Lle 103Bosie He TUTBKHM PO3UIMPUTH CIIEKTP OTPUMYBaHUX METAa0OJITIB, aje
1 iHTeHCU(IKyBaTH MPOLIEC TX CUHTE3Y.
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BJIUAHUE METABOJIMTOB BASUJIOMUIIETOB HA
POCT YCJOBHO-IATOT'EHHBIX BAKTEPUH

Pedepar

I[env pabomer. Onpedenenue erusinus 6A3UOUOMUYENOE HA POCM YCIOBHO-
Namo2eHHbIX MUKpoopeanusmos. Mamepuanvt u memoowst. Memooom oughghyzuu 6
azap onpeoensiiu AHMUMUKPOOHYIO aKMUBHOCT NI0O0GbIX ME, UX IKCIMPAKMO8 U
8e2eMaAMUBHO20 MUYEUSL NAMU KOMMEPYECKUX UMAMMOS JIeKaAPCMBEHHbIX Oa3UoUoOMU-
yemoe Ganoderma lucidum (Curtis) P. Karst ONU F101, Pleurotus ostreatus (Jacq.) P.
Kumm. ONU F101, Lentinus edodes (Berk) Singer ONU F401, Flammulina velutipes
(Curtis) Singer ONU F601, Hericium erinaceus (Bull.) Pers. ONU F601. B raue-
cmee mecm-00veKmog UCHOIb306aIU WMaMmbl bakmepuil Pseudomonas aeruginosa
ATCC 27853, Proteus vulgaris ATCC 6896, Micrococcus luteus ATCC 4698, Bacil-
lus subtilis ATCC 6633, Enterococcus faecalis ATCC 29212, Escherichia coli ATCC
25922, Staphylococcus aureus ATCC 25923 u dpooicorcenodobuvix epubos Candida
albicans ATCC. Pesynemamut. Haubonee wiupoxuii cnekmp akmueHOCMU YMAaHOGIEeH Y
L. edodes. Ilokazamno, umo 6 HeKOMOPbIX CYYAAX AHMUMUKPOOHbIE IK30MEMAOONUNbL
CUHME3UPYIOMCSL HA CMAOUU MUYenUs, HO OMCYMCMEYION 8 MKAHAX NI0008bIX Mmell.
Tonyuenue sxkcmpakmos u3 nioo006wvlx mei epudbos 6 HeKOMOPLIX CAYYAAX NPUBOOUM
K CHUdICeHuio akmusnocmu. Buteoowt. Hecmomps na mpaouyuonnoe ucnoib3osamue
N0008bIX Mell 2PUbO8 KaK UCMOYHUKA OUOTIO0SUYECKU AKMUBHBIX COCOUHEHUT, CNeKMpP
seujecme ¢ AaHMUMUKPOOHBIMU CBOUCMBAMU MOCEM ObIMb CYUECMEEHHO PACUUPEH
3a cuem UCNONb306aHUS 2PUDOG HA PASHBIX CIAOUAX UX JHCUSHEHHO20 YUK, 8 YdCH-
HOCMU, CIAoul 6e2emamueHO20 MUY enus.

Knwouesvle cnosa: 6a3u()u0/wuuembl, aHmu6aKmepuanbHaﬂ AKMU6HOCmb, YCIO6HO-
namocennvle MUKPOOPCAHU3MbL.

0O.Yu. Zinchenko, S.L. Miros

Odesa National Mechnykov University, 2, Dvoryanska str., Odesa, 65082, Ukraine,
e mail: farmikr78@gmail.com, till2002@mail.ru

THE INFLUENCE OF THE BASIDIOMYCETES
METABOLITES ON THE OPPORTUNISTIC BACTERIA
GROWTH

Summary

Aim. The detection of basidiomycete influence on the growth of opportunistic micro-
organisms. Materials and methods. Antmicrobial activity of fruiting bodies, their
extracts and vegetative mycelium of five commercial strains of medicinal basidiomy-
cetes Ganoderma lucidum (Curtis) P. Karst ONU F101, Pleurotus ostreatus (Jacq.) P.
Kumm. ONU F101, Lentinus edodes (Berk) Singer ONU F401, Flammulina velutipes
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(Curtis) Singer ONU F601, Hericium erinaceus (Bull.) Pers. ONU F601 has been
detected by agar diffusion method. Pseudomonas aeruginosa ATCC 27853, Proteus
vulgaris ATCC 6896, Micrococcus luteus ATCC 4698, Bacillus subtilis ATCC 6633,

Enterococcus faecalis ATCC 29212, Escherichia coli ATCC 25922, Staphylococcus
aureus ATCC 25923 and Candida albicans ATCC were used as the test-objects. Results.

The widest activity spectrum has been detected for L. edodes. It has been shown that
in some cases antimicrobial exometabolites are secreted at the mycelium stage but
not the fruiting body stage. Obtaining of the extracts from the fruiting bodies of fungi
may in some cases lead to reduced activity. Conclusions. Despite the traditional use
of fruiting bodies of fungi as a source of biologically active compounds the range of
substances with antimicrobial properties can be significantly extended by the use of
fungi in various stages of their life cycle, in particular during vegetative mycelium stage.

Key words: basidiomycetes, antibacterial activity, opportunistic microorgan-
isms.
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IllanoBHi aBTOpH!

Jlo mpaBui1 0oOpMIICHHSI PYKOIIHCIB CTaTeii BHECEHO 3MiHH, SKi OyIyTh AISTH
3 2016 poky. [lo po3msiny peakoseris Oyae nmpuitMatu pykornucu oQpopmiIeHi Ha-
JISKHUM YMHOM 32 BUMOTaMU JKYyPHAIY.

BHeceHHs 3MiH 10 0)OpMIICHHS CITUCKY BHKOPHCTAHHX JKEPEI IIPOAUKTOBAHO
BUMOTaMH MKHAPOJTHUX HAyKOMETPHYHUX 0a3, 11 11IeHTH(DiKallil aBTOPiB, BU3HA-
YeHHS 1H/IeKCa [IUTYBaHHS aBTOPIB.

«IH®OPMAIIAHE MOBIJOMJIEHHS 151 ABTOPIB»

Hayxosuii srcypnan «Mikpobionoeis i 6iomexnonoziay 3anpoutye Bac oo cnisn-
payi 3 NUMAaHsb BUCBIMIEHHS Pe3yIbMamie HAYKOBUX OO0CIONCEHb ) 2any3i MIKpO-
bionoeii i biomexHono2ii.

[IporpamHi 1idi BUJAHHS: BUCBITICHHS PE3YJIbTAaTiB HAYKOBUX JIOCIHIHKEHb Y
rairy3i MikpoOiosorii Ta 6ioTexHoJOril, 00’€KTaMu SKHUX € MPOKapioTHi (OakTepii,
apxebakTepii), eykapioTHi (MiKpOCKOITUHI TprOH, MIKpPOCKOITIYHI BOIOPOCTI, Hali-
MPOCTIIIi) MIKPOOPTaHi3MHU Ta BIPYCH.

TeMaTH4YHA CIPAMOBAHICTB: MIKpOO10JI0T1sl, BIPYCOJIOTsI, IMyHOJIOT151, MOJIe-
KyJIsipHa O10TE€XHOJIOT1sl, CTBOPEHHS Ta CEJIEKIIisl HOBUX ILTaMiB MiKpOOPTaHi3MiB,
MiKpOOHI penapaTy, aHTUMIKpOOHi 3aco0u, 610CEHCOpH, 1IarHOCTUKYMH, MIKPO-
OHI TEXHOJIOTIi B CITLCHKOMY TOCIIOZAPCTBI, MIKpOOHI TEXHOJIOTIT y XapuoBii mpo-
MHCIIOBOCTI; 3aXHCT Ta 030POBJICHHS HAaBKOJHMIIHHOTO CEPEIOBUINA; OTPUMAHHSI
€HEeproHociiB Ta HOBUX MaTepialliB TOLIO.

Mogsa (M0BH) BHIAHHSI: YKpaiHCbKa, POCIHChKa, aHITIIHChKA.

Pyopuku :xypuaiy: «OnisgoBi Ta TEOPETUYHI CTATTI», «EKCcriepuMeHTaNbHI
npati», «Juckycii», «KopoTki noBigomieHHs», « XpOHiIKa HAYKOBOTO >KHUTTS»,
«Cropinku ictopii», «lOBinei 1 marn», «Penensii», « KamkkoBa momnis.

Jlo cTarTi 1oIa€eThCsl pEKOMEH IAIisl yCTaHOB, OpTaHi3allii, y SKHX BUKOHYBAJIacs
poboTa, 3a MiJIICOM KepIBHHUKA Ta IMCbMOBA 3r0j1a KEPIBHUKIB YCTAHOB, OpraHiza-
i, 1€ MPaloIOTh aBTOPH.

Bumoru 10 opopmiieHHs cTaTei, IKi MOAAI0THCS 10 PeaKUil AKypHAJTY:

CrarTs Mae BIAMOBIIATH TEMAaTUYHOMY CHPSIMYBAHHIO JKypHAIy i, BIAIMOBi-
HO 10 1. 3 [ToctanoBu BAK Vkpaiam Bix 15.01.2003 p. Ne7-5/1, Brirrogatu Taki
CTPYKTYpHI €JIEMEHTH: TOCTAaHOBKA MPOOJIEMH Yy 3arajlbHOMY BUIVISIL Ta 11 3B’ 130K
13 BaXJIMBUMU HAyKOBUMM UM NMPAKTUUHUMM 3aBJaHHAMM; aHAJ13 OCTaHHIX JOCIIi-
JOKEHB 1 yOJIiKalliid, B IKUX 3all04aTKOBAaHO BUPIIICHHS JaHOI MpoOieMu i Ha sKi
OMHPAETHCS ABTOP; BUOKPEMIICHHS PaHIIlIe He BUPIINICHUX YAaCTHH 3arajbHOI Mpo-
OJ1eMH, KOTPUM TIPUCBAYYETHCS CTATTS; (DOPMYITIOBAaHHS METH CTATTi (TTOCTAaHOBKA
3aBJIaHH ); BUKJIA OCHOBHOTO MaTepiary IOCIIKEHHS 3 TOBHUM OOTPYHTYBaHHSIM
HAayKOBHX PE3yJIbTaTiB; BUCHOBKH 3 JAHOTO JIOCIIIKSHHS 1 IEPCIIEKTUBH ITOATBIITHX
HOILIYKIB Y IaHOMY HampsiMI.

Jlo apyKy npuiiMaroThCsi pyKOnucH (2 MpUMipHUKH ) 00csiroM He Oibie 15 cro-
PIHOK (3 ypaxXyBaHHSIM PUCYHKIB, TaOJMUIIb 1 MIANKCIB 10 HUX, aHOTAaIlii, pedepary,
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CITUCKY JTiTepaTypH), onsiay — 10 30 cTop., pereHsii — 10 3 cTop., KOPOTKi IMTOBITOM-
JeHHS — 70 2 cTop. BimxuiieHi pykonucu He TIOBEPTaOThCSI.

Jlo pykomnucy 101a€eThes €1eKTPOHHUM BapiaHT pykonucy mpu¢t Times New
Roman, xerb 14, iHTepBai aBToMaTHuHUi, He Olbie 30 psAKiB HA CTOPIHII, TTOJIs
o 2 cMm).

Ilpu HanucaHHi cTaTTi HEOOXIIHO JOTPUMYBATHUCSH TAKOIO MJIAHY:

» ingexc YJIK y niBoMy BepXHbOMY KYTKY MEPIIOTO apKyIlia;

* Pecdepar MoBorO OpUriHaNly CTaTTI:

— HAa3Ba CTATTI BEJIMKUMH JIITEpaMH;

— Tpi3BUILA Ta iHilliadu aBTOpa (aBTOPIB),

— Mmiclue poOOTH KOJKHOTO aBTOPA; ITOBHA MOIITOBA a/Ipeca YCTaHOBH (3a MiXk-

HApOJHUMH CTaHIapTaMu); TenedoH, eeKTpoHHa aapeca (e-mail).
— IIpi3BuIna aBTOPIB Ta HA3BU YCTAHOB, /1€ BOHU MPAIIOIOTh, T03HAYAIOTh O/
HUM 1 TUM CaMUM IIU(PPOBUM 1HAEKCOM (Bropi);

— pedepar 13 3a3HaUeHHsIM HOBU3HU AochimkenHs (200— 250 cniB);

— KITIOUOBI cJI0Ba (HE OLIBIIIE ' SITH);

» Pedepar anriiicbkoro0 MOBOIO:

— Ha3Ba CTATTI BEJIMKUMHU JIITEPaAMHU;

— Tpi3BUINA Ta iHIIiaaK aBTOpa (aBTOPIB), TpAHCIIITEpAIlis

— Mmicue poOOTH KOKHOTO aBTOPA; IMOBHA MOIITOBA a/Ipeca YCTaHOBH (3a MiXk-

HApOJTHUMHM CTaHIapTaMu); TenedoH, eJeKTpoHHa aipeca (e-mail).
— Ilpi3BuIna aBTOPiB Ta Ha3BM YCTAHOB, 1€ BOHU MPALIOIOTh, T03HAYAIOTh O/I-
HUM 1 THM caMUM IU(DPOBUM 1HIAEKCOM (Bropi);
— pedepar i3 3a3HaUeHHAM HOBU3HU AociimpkeHHs (200 — 250 cmiB);
— KJIIOYOBI cJIoBa (HE OUIbIIE 11’ SITH);
* TloBHHUI TEKCT CTATTI MOBOIO OPUTIHAITY.
TekcT cTaTTi Ma€ BKJIIOYATH TaKi CKJIAJ0BI:
BCTYII; MaTepialiv 1 METOH; Pe3y/IbTaTH Ta iX 00roBOPEHHsI; BACHOBKH; CITUCOK
BUKOPUCTAHOT JIITEpaTypy MOBOIO OPHTIHATY ITUTOBAHOI CTATTi, CIUCOK BHKOPHC-
tanoi smiteparypu (Referens) anrmiiichkoro MOBOIO (32 BUMOTH MIKHApOJHUX Ha-
YKOMETPUYHUX 0a3).
J10 KO’)KHOTO MPUMIPHUKA CTATTI JAOJAIOTHCS pedeparu yKpaiHChKOO, pOCiii-
CBHKOIO Ta aHIMIIHCHKOI0 MOBaMHU.
BpaxoByroun, mo pedepar BimoOpakae OCHOBHHI 3MICT CTAaTTi 1 BUKOPUCTO-
BYETHCA B iH(pOpPMAIIHUX, B TOMY YHCITI aBTOMaTH30BaWX CHCTEMAaX IS MOIIYKY
JIOKYMEHTIB Ta iH(popMallii, HEOOXiHO JTOTPUMYBATHUCS NEBHUX BUMOI MpHU HOTo
HaMCaHHi:
— pedepar mae OyTu iHPOpPMATUBHUM (HE MICTUTH 3aliBUX CJIIB),
— CTPYKTYypOBaHUM, TOOTO MICTUTH PO3JIUIN: METa; METOM, 1110 BUKOPUCTAaHI B
po6oTH Ta/abo METOAOIIOTIs POBEACHHS AOCIIHKCHD; Pe3yIbTaTH Ta chepa
iX 3aCTOCYBaHHS; BUCHOBKH.

— aHmiiiceka Bepcid pedepary Mae OyTH HalMCaHa SIKICHOK aHIVIIHCHKOIO
MOBOIO (32 OTPEOH JOLIIBHO KOPUCTYBATUCS MOCIyraMH KBasli(hiKOBAHUX
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CICIIaTiCTIB-IIHTBICTIB 3 MOMAJBIINM HAayKOBUM pElaryBaHHSIM TEKCTY
aBTOPOM), 3 BUKOPUCTAHHSM TEPMIHOJIOT1, Tka BUKOPUCTOBYETHCS B aHTJIO-
MOBHHMX MEIMKOOIONIOTIYHUX KypHaJlaX, YHUKAaTH BUKOPUCTAHHS TEPMIiHiB,
K1 € IPSAMOIO YKPaiHChKOI/POCIHCHKOIO KaJIbKOIO;

— xommnakTHUM (200-250 ciiB).

* KJIFOUOBI CJIOBa (HE OLIbIIE 5-TH) pO3MINIYIOThCS 3 a03alty micis pedepary.

VY KiHIIl TEKCTY CTaTTi YKa3aTH Mpi3BUINA, IMEHA Ta 1MO-0aThKOBI yCiX aBTOPIB,
TIOIIITOBY ajpecy, TenedoH, dhakc, e-mail (1711 KopecrnoHIeHIIii).

CratTst Mae OyTH mianucaHa aBTOpoM (yciMa aBTOpaMu) 3 3a3HAUEHHSIM J1aTh
Ha OCTaHHIH CTOPIHIII.

ABTOpH HECYTh TMOBHY BiJIIIOBiJJaJIbHICTh 32 O€3710raHHe MOBHE O(GOPMIICHHS
TEKCTY, 0COOIMBO 3a MPAaBUIbHY HAYKOBY TEPMiHOIOTIIO (i1 CITif] 3BipsATH 3 (haxoBUMHU
TEPMIHOJIOTIYHUMHU CIIOBHUKAMH).

JlaruHCBKi 610J10T19HI Ha3BW BU/IIB, POJIiB MOJAIOTHCS KypCHUBOM JIATHHHIICTO.

SIKI1110 4acTO MOBTOPIOBAH1 Y TEKCT1 CIOBOCHIOIYYEHHS aBTOP BBAYKA€ 3a MOTPIOHE
CKOPOTHTH, TO adpeBiaTypH 3a MEPIIOro BKUBaHHSI 00yMOBIIOIOTh y JyKKax. Ha-
MIPUKIIA: TToJIiMepasHa aHIorosa peaxiis (I1JIP).

[TocumanHs Ha JTiTepaTypy MOJAIOTHCS Y TEKCTI CTATT1, MUPPaMU Y KBaIPATHHX
Jy’KKax, 3T1THO 3 OPSAKOBUM HOMEPOM Y CIHCKY JIITEpaTypH.

* Po3nin «Marepianu 1 MeToan»:

Metoau NOCTIIKEHHS Ta CXeMH €KCIIEPUMEHTY MaloTh OyTH IIPECTABIICHI
TakK, o0 iX MOKHA OYJIO BIATBOPHUTH.
— Jlng BUKOPHCTAHUX PEAKTHBIB Ta MaTepiajiB BKa3aTH Ha3BY KaMIlaHii Ta
KpaiHu-BUPOOHUKA.

— Opnuauni BuMiproBanHs Bkazatu B cuctemi CI.

— KonuenTpartito po3unHiB npezacrasisatu B M, MM, MKM (MossipHa KOHIIEH-
Tparis).

— Monekynsipay macy (Mm) — la (mansronn) abo k/la.

— Ilpu BukopucTaHHI (EPMEHTIB HABECTH iX HOMEHKJIATYPHY CHCTEMATUIHY
Ha3By Ta mudp.

— AKTHBHICTh (DEepMEHTIB BUPAKAIOTh B MKMOJISIX BUKOPUCTAHOTO CYyOCTpaTy
ab0 yTBOPEHOTO MPOAYKTY 3a 1 XB Ha 1 Mr npoTeiny abo BUKOPUCTATH CTaH-
naptHy oguHuIlro aktuBHOCTI U (IU) 1 katan (CKOpO4eHO KaT), MTUTOMA aKTHB-
HICTh €H3UMY BHPQKAETHCS B MMOJISIX/XB Ha 1 Mr nipoTeiny a0 B O/1.aKT/MT,
KaT/KT.

— Bxkasaru ymoBu mpoBeneHHS (epMEeHTaTHBHOI peakilii (Temmneparypa, pH,
KOHIICHTpaIlis cyOcTpary).

— Bkasartu BUKOpHCTaHI METOIM CTATUCTUYHOTO aHaJi3y, TPOrpaMy CTaTUCTUKH.

TaGnmuni MatoTh OyTH KOMITAKTHUMH, MaTH MOPSIKOBUN HOMED; rpadu, KOJIOH-
KM MaloTh OyTH TOYHO BH3HAYEHUMHU JIOTIYHO 1 rpadiuno. Marepian Tabmuup (K 1
PHUCYHKIB) Ma€ OyTH 3p03yMiJTUM 1 He yOmoBaTu TeKCT cTarti. L{ndposuii marepian
TaOJIMIIb CITIJT ONPALIOBATH CTAaTUCTUYHO.
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PucyHKM BUKOHYIOTBCS Y BUIVISIAL YITKHX KPECJICHb (32 JOITOMOTOI0 KOMII FO-
TepHoro rpadignoro pemakropa y dhopmari Word, TIF, JPG). Oci koopauHar Ha
rpagikax MarTh OyTH 10o3HauYeHi. PUCYHKH PO3MIIILYIOTHCS Y TEKCTI CTATTI.

[Tinnucu, a TakoXX MOSICHEHHSI, MPUMITKH 10 TaOJIHIIb Ta PUCYHKIB MOJAIOTHCS
MOBOIO OPHUTIHATY Ta aHTIIIHCHKOI0 MOBOIO.

Po3nin «Pe3ynpratu gociipkeHb Ta iX 0OrOBOpeHHs» Mae OyTH HallMCaHHMA
KOPOTKO: HEOOXiHO YITKO BHKJIACTH BHSBJICHI €(PEKTH, IMOKa3aTH MPUINHHO-
pE3yaBTaTUBHI 3B’SI3KM MiK HUMH, TIOPIBHATH OTPUMaHy iH(OpMAIli0 3 TaHUMHU
JTEpaTypH, IaTH BIAMOBIIb HA MUTAHHS, TOCTABJICHI Y BCTYIIL.

* Cnmcok BUKOPHCTAHOI JiTepaTypu

1. Criucok BUKOPUCTAHOI JIITEPAaTypH B OPUTIHAJI IUTOBAHOI CTATTI

CKJIQJIA€ThCA 32 au(aBiTHO-XPOHOJIOTTYHUM MOPSIKOM (CTIOUATKy KHUPWITHIIA,
MOTIM JIATWHUIIA). SIKIO MepImii aBTOp Y ACKUTBKOX MPAISIX OJUH 1 TOW CaMUM, TO
Ipari po3MIIyIOThCS Y XPOHOJIOTIYHOMY MOpsiaKy. CIIHCOK MochiIanb Tpeda mpo-
HyMepyBaTH, a y TEKCT1 IIOCUJIATUCS Ha BIJIOBIIHUI HOMEp JiKepesna JiiTepaTypu
(Y KBaApaTHUX JyXKax).

VY mocuiaHHI NUITYTh MPi3BHILA YCiX aBTOPIB. B ekcriepruMeHTaIbHUX MpaLsax
Mae OyTr He OuThIe 15 mocuaans JTiTepaTypHUX JHKEped.

[TaTeHTHI TOKYMEHTH PO3MIIIYIOTHCS Y KiHIIl CITUCKY TIOCHIIAHb.

2. Crincox BUKOPHCTAHOI JiTepaTypH aHmmiicbkoio MoBoto (Referens), 3a Bu-
MOTraMH MIKHapOJHUX HAYKOMETPUYHHX 0a3.

Cruib mpudra — NLM (National Library of Medicine).

[Ipi3Buia, iMeHa Ta 1mo-0aTbKOBI aBTOPIB, HA3BY IIUTOBAHOTO BUAAHHS (XKYp-
HaJ, MoHOTpadisi, 30ipHUK TOIIO) HABOJATH TMOCIYTOBYIOYHCH OS3KOMTOBHUMU
caiitamu (http://www.easybib.com/ http://www.bibme.org/, http://www.sourceaid.
com/, https://www.citethisforme.com/), 110 103BOJISAIOT 3AIMCHUTH TIEPEKIIA] 3 BU-
KOPHCTaHHSM OJIHI€T 3 MDKHAPOIHUX CUCTEM TPaHCIITepaLlii.

Ha3Bu crareii HABOAATH aHIIIHCHKOIO MOBOIO.

[Topsimox momanHs nocwiianb Referens (crmcok 2) Mae MOBHICTIO CHIBIAAATH
31 CIIUCKOM BHKOPHCTAHOI JriTeparypu (Cucok 1).

3pa3Ku NocuJIaHb JiTepaTrypu

Bumoru 1o opopmiieHHs 6i6miorpagiuHIX NOCKHIaHb MOBOIO OPUTiHAY (B TOMY
YUCJTI IUTOBAaHI aHIJIOMOBHI JKepeia)

Ha knuzu

Bexipuux K.M. MikpoGiosnorist 3 ocHoBamu Bipycodorii. — K.: JIubine, 2001. —
312 c.

Ilamuka B.I1., Tuxonoeuu I.A. MikpoopraHizmu i ajqbTepHaTUBHE 3eMJIepO0-
ctBo. — K.: Ypoxkait, 1993. - 176 c.

Ipomviunennas mukpoduomnorus / [Tox pen. H.C. Eroposa. — M.: Beici. 1mik.,
1989. — 688 c.

Memoowi obweu bakmepuonoeuu: B 3 1./ Ilon pen. ®. I'epxapara. — M.: Mup,
1983.—T.1.-536¢.; T.2.-470c.; - T. 3. — 263 c.
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HlInezenv I O6mas mukpobuonorus. — M.: Mup, 1987. — 566 c.

Bergey's Manual of Systematic Bacteriology. — 9" ed. — Baltimore; London,
1986. — Vol. 2. — 1599 p.

Rogers H., Perkins H., Ward I. Microbial cell walls and membranes. — London;
New York: Fcfd. Press, 1980. — 364 p.

Ha >cypnansvni cmammi

Ioozopckuii B.C. CucTeMaTH4ecKoe MOJ0KEHHE, YKOJIOTHUECKUE ACTIEKTHI
1 GU3U0TOTO-OMOXUMHYECKHUE OCOOCHHOCTH MUKPOOPTAHU3MOB, UMEIOIIUX
MPOMBIIITIEHHOE 3HaYeHue // Mikpooion. xkypH. — 1998. — 60, Ne 5. — C. 27-42.

Anoperox E.U., Koznosa U.A., Poscarnckas A.M. MuxpoOuomorndeckas Kop-
PO3Hs CTPOUTENBHBIX MaTrepuaioB // buonoBpexieHus: B CTpouTenbeTBe. — M.:
Crpoiniuznar, 1984. — C. 209 — 221.

Inoba JI.1, Ilooopsan H.I. BioTexHONOTIS OYUIICHHS 3a0pyAHEHOT IPUPOTHOT
Boau // Bicauk OHY. —2001. —T. 6, B. 4. — C. 65 — 67.

Eaton R.W., Ribbons D.V. Utilization of phtalate esters by micrococci // Arch.
Microbiol. — 1982. — 132, Ne 2. — P. 185 — 188.

Ha me3u oonogioeit

Mayeniox B.I1. Po3poOka GioTexHonorii ofepxkanus jtanaominuay E // Mix-
HaponHa Hayk. koH(. ,,MikpoOHi GiorexHomorii» (Oneca, Bepecens, 2006 p.): Tes.
nor. — O.: ,,Actponpunty, 2006. — C. 17.

Ha oenonosani naykogi pooomu

Jlonamuna H.B., Tepenmuves A.H., Hamanuu JI.A., Aneynoe [11. Y. Ontumuzanmst
MUTATENILHON CPEeIbl ISl KYJIBTUBUPOBAHMUS BAKIIHHHOTO ITAMMa YyMHOTO MUKPOOa
C IPUMEHEHHEM METO/Ia MaTeMaTHIeCKOTO IJTAHUPOBAHUS YKCTIepUMenTa / Pekout.
«Muxkpobuon. xypa.» — K., 1991. — 7 c. — [len. B BUHWUTU 03.01.92, Ne 1-B92.

Ha cmanoapmu

I'OCT 20264.4-89. Ilpenapatsl hepMeHTHBIE. METOIBI OTIPEICIICHAS AMHITOITH-
THYECKOW akTUBHOCTU. — M.: 3a-Bo cranmaptos, 1989. — 17 c.

Ha asmopeghepamu oucepmauin

Onuwenxo O.M. TakcoHoMis 1 aHTHOIOTHYHA aKTUBHICT Alteromonas-rmoaioHux
6axrepiit YopHoro mopsi: ABroped. auc. ... kaua. 6iomn. Hayk. K., 2003. — 21 c.

3pa3ku NOCWJIAHB JIiTepaTypu B POMAHCHKIH adeTui.
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JlaToro HaaXOKEHHS CTATTI BBAXKAIOThH JICHB, KOJH JI0 PEAKOJIETIi HaIiHIIOB
MepIIn BapiaHT TEKCTYy CTAaTTi.

[Ticnst onep kaHHS KOPEKTYPH CTATTI ABTOP MIOBHHEH BUIIPABUTH JIUIIIE ITOMUII-
KM 1 TEpMIHOBO BiJIiCJIaTH CTATTIO HA aJpeCy PEIKoJIerii ado IMOBITOMHUTH PO CBOI
MPaBKH 110 Tele(OHY UM EIeKTPOHHOIO MOIITO.

V pasi 3aTpUMKH peaKIlis, T0AepKyIOUnCh rpadika, 3aJnmIae 3a COO0I0 MpaBo
37IaTH KOPEKTYpY JI0 ApyKapHi (Y BUPOOHHUIITBO) O€3 aBTOPCHKUX MPABOK.

[Tigmuc aBTOpa y KiHIN CTaTTi O3HAYAE, IO aBTOP MEpeIae mpaBa Ha BUIAHHS
CBOE€1 CcTaTTi penakinii. ABTOp rapaHTye, IO CTATTS OPUTIHAIIbHA; Hi CTATTS, Hi pU-
CYHKH 110 Hei He Oy/u OITyOTiKOBaHi B IHIITMX BHAHHSX.
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