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CNHTE3 AYKCUVHIB TA LNTOKIHIHIB
BRADYRHIZOBIUM JAPONICUM 3A AIT ®/TABOHOIAIB

MeTa. focnignTwun 34aTHICTb Pi3HUX 3@ eMEKTUBHICTIO CUMOIOTUYHUX
asoTdikcyBanbHux 6akTepiii coi Bradyrhizobium JapoTcuT A0 cuHTe3y hiTOropmoHis
CTWUMYNIOBaNbHOI Ail - ayKCUHIB Ta LUWTOKIHIHIB 3a Ail pOCNMHHUX (DNaBOHOIAIB
reHicTeiHy i HapiHreHiHy MeTogn. Mo3akniTUHHI iTOropMoHanbHi CNoyKn BUAINSNN
i3 cynepHaTaHTa KynbTypanbHOI piguHu pu3obiii coi mMeTogoM nepepo3noginy
hiTOropMoHiB y ABOX hazax PO3UMHHMKIB, L0 He 3MiYIThCS MidK co60t0. KinbKicTb
CUHTE30BaHUX ayKCUHIB i LM TOKIHIHIB BU3HAYANM MeTO0M CNEKTPOAEHCUTOMET PUUHOT
TOHKOWwaposoi xpomaTorpadii. PesynbTaTu. lokasaHa 34aTHICTb WTamis
CUMBIOTUYHNX Aia30TpoisB COT CMHTE3yBaTMW ayKcuHu (4-1067 MKr/r abCconoTHO CyXOi
6iomacn) Ta uMTOoKiHiHM (141-1554 MKr/r abcontoTHO cyxoi 6iomacu). KynbTuByBaHHA Y
NPUCYTHOCTI (DN1ABOHOIAHNX CMOAYK FEHICTEIHY i HAPIHTeHiIHY NPU3BOAMTb A0 3BY>KEHHSA
CNEKTPY Ta 3MEeHLWEHHSA KiNbKOCTIi CHMHTEe30BaHNX (iTOrOPMOHIB pn30biaMun coi: He
BiAMIYEHO CUHTe3y iHA0N-3-KapbOoKCUNOBOT KNCNOTW, iHA0N-3-Kap6iHony iHA40N-3-0L T0BOT
KUCNOTW rigpasugy TaseaTuHy BUCHOBKW. MpurHivytounii BNAMB (hnaBoHOIAiB HA CUHTE3
thiToropmoHiB y pu3o6iii coi, iMOBIPHO, MO>Ke MOSICHIOBATMUCA AK 3MiHOIO MeTaboniamy
MiKPOCHMOGIOHTIB, LLO CMPSIMOBAHWIA HE Ha CUHTE3 BTOPWUHHMX MeTaboniTie, a Ha
3anycK mexaHi3MiB e(heKTUBHOT HOAYNALiT, TaK i KOHUEeHTpauieto (hnaBoOHOIgHNX CNONYK
Y MO>XMBHOMY CEpPeSOBULLI.

Knto yoBichnosa: Bradyrhizobium]apoTcuT, (DiTOropMoHn, aykKCuHW, LMTOKIHIHK,
thnaBoHOIAM, COS.

Bigomo, wo cum6io3 6060BMX POCAUH i a30T(iKCyBanbHUX 6aKTepili NpUBOAUTL
[0 YTBOpPEHHA 6ynb604oK. Bynb604YKM € BUCOKOOPraHi3oBaHUMMW KOPeHeBUMU YTBO-
pPeHHAMMU, WO GopMytoThCsA Y BigNOBiAL Ha pu3obianbHi nod-takTopu Ta 3abesne-
YyyloTb 6aKTepii cnewiani3oBaHOK «eKOHILWO» 419 ONTUMIi3aLii 06MiHY MOXWUBHUX
pevyoBuMH i (ikcayii a3oTy. P03BUTOK 6y/Nb60YOK i MPOHUKHEHHSA pU306ili Y KOpeHi
POC/VH KepyrTbCa AK MiKpPO- Tak i MakpocumbioHTamn [1]. Kpim Toro, 3aranbHa
KinbKicTb 6yNb0040K Ha KOPEHAX KOHTPOMKETLCA CUCTEMHUM MeXaHi3MOM, Lo Mae
Ha3By «ayToperynsyia 6ynb6040k». BcCi Li npouecu perynotoTbes iTOropMoHanbHu-
MU CNofyKaMmu, nepegyciMm aykcMHamu 1a LMToKiHiHamu [2, 3]. Bigomi gBa mexaHiamu,
3a JOMOMOrOK AKUX PITOrOPMOHM KEPYTb KiflbKICTHO 6YNb60YOK: W/IAXOM NPSAMOro
CMHTE3y pu306isimMu i yepe3 HenpAMi 3MiHW NyNy (iTOrOPMOHIB Y POCANHI, BUKINKA-
Hi 6akTepianbHMMKU nod-thakTopamu [4, 5]. OcTaHHI reHeTUYHI Ta ¢i3ionorivyHi go-
CNiJXEHHS BKa3ylTb Ha BUpillaNbHi 3MiHW, WO BMKAUKaHI nod-thakTopammn y 3MiHi
rOPMOHaJIbHOr0 CTaTyCy B POCAMHI SIK HEO6Xi4HOTYMOBM A4N1A YCMILHOI0 (hOpMYyBaHHS
6ynb6040K [6, 7]. DITOrOPpMOHM, CUHTE30BaHI pM306isiMK, € BKpa HeobXigHUMYK ans
NigBULLEHHSA e(heKTUBHOCTI CMMBI03y.

3HayHa ponb y PopMyBaHHI Ta PYHKLiOHYBaHHI CMMGiO3y HaneXXnTb TaKoX W iH-
Wwum metabonitTam cumbionapTHeEPiB - POCANHHUM (PEHONIbHUM pevyoBMHaM (H1aBOHOI-
[am, Lo BuainstoTeeca y pusochepy [8, 9]. Lli peuoBmHM 34aTHI BNMBATM Ha PO3BUTOK

© H.O. NeoHoBa, 2015

0201-8462. Mikpo6ion. >ypH., 2015, T 77, Ne 5 95



I'PYHTOBMX MIKPOOpPraHi3amiB, 30Kpema, Ha (i3ionoro-6ioximMmiyHy akTUBHICTb fAia3o-
TpohiB. ®NaBOHOIAM - HabiNbLW YMcenbHa rpyna NpMpogHMX MEHONbHUX CNONYK,
L0 BUABNEHI Yy BULLMX pocnH [10]. CuHTe3 aBOHOTAIB MpUTaMaHHWA, NepeBaxHoO,
pocnnHam pogmHu 6060BMX Leguminosae, i 30kpema - nigpoanHi Papilionoideae,
X04a iCHYHTb | NeBHI BUKAOYeHHA [11].

Ponb hnaBoHOTAIB Y pocnnHax 6aratoyHKLioHanbHa. OCHOBHOW YHKL i€ LnX
(heHONbHUX CNONYK Y POCAMHHO-MIKPOGHUX BiAHOCMHAX € B3aEMOAis i3 NpogyKTa-
My nod D-reHy pu306iii i3 NoAanbWO aKTUBAL € TPAHCKPUNLIT iIHW WX nod-reHis.
daBOHOTAM aKTUBYOTb NOd-reHn MiKpOCUMOIOHTIB, LLLO PeryntoTh NpoLech iHgiKy-
BaHHS KOpeHiB 6060BUX POCINH pn306igmMmn Ta hOpMyBaHHA HOAYALINHOIO anapaTty.
IHWi ebekTn 4iT hnaBoHOIAIB Ha pU306iT BKAOYaOTb CTUMYNHOBAHHA XEMOTAKTUYHUX
BignoBigen mikpoopraHismis [12-15].

PaHiwe My gocnigxysanu Bnaue h1aBoHOIAIB Aaif3eTHY, KBEPLUETUHY, FeHICTEiHY
Ta HapiHreHiHY Ha i3i0N0rivyHy aKTUBHICTb ByNb60YKOBMX GaKTepil col Ta PYyHKL,i-
OHYBaHHA OCHOBHUX (hepMeHTIB acuminsayii amoHito [16-18]. MeToto faHoi po6oTu
6yno foCnignTN 34aTHICTb Pi3HNX 3a eDEKTUBHICTIO CUMOBIOTUYHUX a30T(RIKCYyBaTbHUX
6akTepiit coi Bradyrhizobium japonicum fo cuHTe3y hiTOroOpMOHIB CTUMYOBaNbLHOI
Ail - ayKCWHIB Ta UMTOKIHIHIB 3a Aii pOCNMHHUX (PNaBOHOTAIB reHicTelHY i HapiHre-
HiHy.

Matepianu Ta MeToAM focNigKeHHsA. O6’ekTamMmy AOCAIAKEHb Oynu WTamu 6ynb-
604YKOBMX GaKTepiil col, WO BiAPi3HAOTLCS 3a aKTUBHICTIO a3oTdikcalil B yMoBax
cMMbio3y: BMCOKOeeKTUBHI wTtamm B. japonicum YKM B-6018 i YKM B-6035, ki
hOpMYIOTb Ha KOPEHSIX COT aKTUBHMWIA a30TiKCyBaNbHWIA anapaT i CNpusaTbL NigBu-
LEHHIO YpOXKato Ta 36iNblieHHI0 BMICTY NPOTeiHY B HaCiHHI coi (3 Konekuii Bigainy
3aranbHOi Ta 'pyHTOBOT Mikpo6ionorii IHCTUTYTy mikpo6ionorii i Bipyconorii im. 4.K.
3abonotHoro HAH YkpaiHu, LeNOoHOBaHi B YKPaiHCbKIili KOMeKLii MikpoopraHiamis);
ManoeheKTMBHWIA WTam B. japonicum 21110, sikuii hopMye Ha KOPeHAX coT 6ynb60oYUKK
3 HM3bKO a30T(iKCyBafIbHOK aKTUBHICTHO | Mano BM/IMBAE Ha YpOXKai Ta 0ro AKicTb
(ogep>xaHunin y nonepeaHi pokKn 3 Konekuii BcepocilicbKoro HayKoBO-A0CNi4HOIO iH-
CTUTYTY CinbCbKorocnogapcobkoi Mikpobionorii PACIH, CankT-IMeTepbypr, MyLWwKiH);
HeeeKTMBHMIA WTam B. japonicum 604K, AKWiA (hOPMY€E Ha KOPEHAX COT 6YNb6OYUKM 3
BiICYTHbOIO a30T(iKCyBaNbHOK aKTUBHICTIO (HagaHWiiy nonepeaHi poKu cniBpobiT-
HUKaMu IHCTUTYTY cinbCcbkoro rocnogapctea Kpumy HAAH).

Y po60Ti BUKOPUCTOBYBaNN CMHTETUYHI (haBoHOTAM (Sigma, HiMeuunHa): re-
HICTEIH - npefACTaBHMK Nigrpynu i3ohnaBoHOIfiB Ta Knacy i30hnaBoHIB, € OAHUM
i3 OCHOBHMX (h/1aBOHOIAHMUX KOMMNOHEHTIB KOPEHEBUX eKCyAaTiB POC/UH COT Ta CUr-
HaNbHOK MOJIEKYNOK COEBO-PU306ianbHOr0 cMMBio3y; HapiHreHiH - BigHOCUTLCA [0
nigrpynu eynaBoHOTAIB Ta Knacy (pnaBaHOHIB, € CUTHANIbHOK MOJIEKYOI0 MyNy Kope-
HEBUX eKCyaaTiB HE KOMMAEMEHTAPHOro 414 B. japonicum makpocuM6ioHTa - ropoxy
[19, 20].

KynbTuByBaHHA 6akTepili 34iiicH0Banu B Konb6ax 06’emom 750 mMa Ha Kadanui (220
06/xB) 3a TeMmnepaTypu 26-28 C BNpogosX 72-96 rof Ha pifKOMY NOXWBHOMY ce-
pefoBuLi IcBapaHa HacTynHoro cknagy (r/n): maHiT - 10,0; 4piXXKOBUIA eKCTpakT
- 2,0; rnokoHat Kanbyito - 1,5; KHPO4- 0,5; MgS0O4+« 7H20 - 0,2; NaCl - 0,1;
FeCl3+6H20 - 0,01; pH 7,2. Ak nociBHWIA MaTepian BUKOPUCTOBYBaNN KynbTypu B.

japonicum y ekcnoHeHUiliHi hasi pocTy (92-96 roa), BMpOLLEHi HA cepenoBulLLi IcBa-
paHa. KinbKicTb nociBHOro matepiany ctaHoBuna 5% 06’emy cepegosuuia. PnaBoHo-
T4V BHOCMIN Y MOXMBHE CEepeoBULLE AN KYNbTUBYBAHHA PU3006ii y KOHLEHTpaLisnx
0,01 HM - gnda rexicteiHy Ta 10 HM - ans HapiHreHiHy. Hamu paHiwe nokasaHo, Lo
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3a 4iT LMX KOHUEeHTpaLin hnaBoHOIAIB pOCTOBA aKTUBHICTb Y a30TQiKCYBanbHMX LWTa-
miB B. japonicum cyTTeBo 3pocTana [16]. OKpim Toro, 3rigHo 3 gaHuMu nitepatypu,
caMe NiKo- Ta HAHOMONSPHI KiNbKOCTI P1aBOHOIAIB iIHAYKYHOTb €KCMPECitO TeHiB, L0
BignoBigaTb 3a Hoaynauito [15, 20].

Lnsa BignineHHa 6iomacy KynbTypanbHy pianHy 6akTepiin LeHTpUdyrysanm Bnpo-
nosx 20 xB npn 9000 06/xB i Temnepatypi +4C. KniTuHn 6akTepiii BigMuBanu Big 3a-
NNLILKIB eK30MonimMepiB i3ioNoriyHNM po3YMHOM TPUYi, KOXHUIA pa3 LeHTpugyrysanm
3a TUX Xe YMOB. Hafocagosi piguHy BUKOPUCTOBYBaNMN AN NOAaNbLLINX AOCNIAKEHb
i3 MeTOI0 eKCTpakLii (hiToropmoHanbHMUX CNONYK, a 0caf KAiTUH cycneHayBanu B Auc-
TWNbOBaHIN Bodi, NOTiM BUcywyBanu npn 103-105C y cywunbHili wadi 4o nocTii-
HOT macu. KinbKicTb a6contoTHO cyxoi 6iomacu (ACE) MiKpoopraHiamiB BM3Ha4yanm
BaroBUMM MeTOZOM.

Mo3aKNiTUHHI PITOrOPMOHN ayKCUHMW Ta LUTOKIHIHW BUAINANK i3 CynepHaTaHTIB
KynbTypanbHMX pignH B. japonicum wasxom nepepo3noginy QiToropMoHiB y ABOX
(hasax pO34YMHHUKIB, L0 He 3MIiLYOTLCA MiXK C060t0: eTunaueTaTi (419 ayKcuHis), pH
3,0 i H-6yTaHoNi (Ana ymToKiHiHIB), pH 8,0 [21]. OfepXaHi eKCTpakTu BunNapoBanu
nig sakyymom npu 40-450C. Cyxuii 3annLIOK PO3YMHAAN B 5 MN1 eTaHONY, NepeHo-
CUAN Yy MIKponpob6ipkn. ETaHONbHI eKCTPaKTW Hafocag0BUX PigUH AOCNIAXKYBaHUX
pu1306iil cOi BUKOPMUCTOBYBaANM ANS HAKONMYYyBa/ibHOT TOHKOLIAPOBOT XpomaTtorpadii.
MonepefHE OUYMLLEHHS | KOHLEHTPYBaHHSA PITOrOPMOHIB NPOBOAMAN HA MAACTUHKAX
i3 cunikarenem mapkm «Silufol UV (Chemapol, Yexis) y cymiwi po34nHHUKIB,
3aCTOCOBaHUX NOCNifOBHO: xfopodopm, 12,5 % BoAHWIA amiak, eTunaleTar: ouToBa
kucnota (20:1). OumuieHi TaKMM YAHOM EKCTPaKTU LUUTOKIHIHIB Ta iHAONBHUX CMNO-
NYK pO34iNany Ha nnacTUHKax 3 OKCUAOM aftoMiHilo Ta KpemHito «Merck», Ne5554,
FZ4(HimeuyunHa). Y nepwomy BunafgKy BUKOPUCTOBYBaNW CyMmill H-6yTaHON: amiak:
BoAa (86:5:9), y gpyromy - xnopogopm: etunayeraT: oytoBa kucnoTta (100:100:1)
[22]. KinbKicHe feTeKTyBaHHA PITOrOPMOHIB 3iiCHIOBaNM 3a LOMNOMOIO CKaHylo-
yoro cnektpogeHcutTomeTpa «Copbdin» (Pocis). KinbKicTb N03akNiTUHHUX QiTOrop-
MOHIB po3paxoByBanny MKr Ha 1t ACB npogyueHTta. CTaHaapTamu 6yam CUHTeTUYHI
thiToropmoHmn Sigma (HimeuunHa) i Acros Organic (benbris): aykcuHu - iHgonin-3-
ouTOoBa KMCNoTa, iHA0N-3-MacnsHa Kucnota, iHgon-3-kapbokcmnosa KucnoTa, iHgon-
3-kap6iHon, iHA0N-3-0L4TOBOT KUCNOTK TFigpasng, iHaon-3-kapbokcanbierif; 4T oKi-
HiHW - 3eaTuH, 3eaTUHPN603MA, KIHETWH, i30NeHTeHIN-afeHiH, i30NeHTEeHIN-aAeHO3UH
pr1603nNbLOBaHWIA.

Pe3ynbTaTu Ta ix 06roBopeHHs. BCTaHOBEHO, WO CMHTE3 ayKCUHIB 415 pU306iii
€ LITamMOBOI 03HAKOH, L0 He MOB’i3aHa 3 iX CUMGIOTMYHOK aKTUBHICTIO (Tabn. 1).
30KpeMa, HeaKTMBHMIA WTam B. japonicum 604K, AKWiA y cMM6i03i yTBOPHOE BENUKY
KifbKiCTb 6yN1b604Y0K 3 NPAKTUYHO BiACYTHbOK HITPOreHa3HOH aKTMBHICTHO, 34aTeH
CUHTe3yBaTu ayKCUHWN Yy BENUKUX KinbKocTaX - Binbwe 1000 Mkr/r ACB. LLTam cuHTe-
3ye iHAONbHI cnonykn (iHRoN-3-Kap6oKCUNOBY KMCNOTY, iHA0N-3-Kap6iHoA Ta iHgoN-
3-0UTOBOT KUCNOTK rigpasng), ane He cMHTe3ye (i3ioN0riyHO akTUBHOIO ANS POCANH
ayKCUHy - iHgon-3-outoBoi kncnotn (I0K). CymapHuii piBeHb CMHTE3Y ayKCUHIB Y
wramy 604k nepeenwye y 1,4 pasn BifnoBigHWI NOKa3HWK Yy BUCOKOE(EKTNBHOIO
wramy YKM B-6035, AKnit cMHTe3yBaB i3 NpeacTaBAeHnX iHA0NbHMUX CONYK NnLLe
I0K y Benukiin KinbkocTi, wo nepesuwysana 770 mkr/r ACB.

3a NpUCYTHOCTI Y MOXXMBHOMY CepefoBuLLYi cneundiyHoro naBoHOiQy reHicTeiHy
CYTTEBO 3HWMXYBABCA CUHTE3 MO3aKMiTUHHUX ayKCUHIB pu3obismu coi B. japonicum
604K - y 172 pa3u i B. japonicum YKM B-6035 - y 151 pas, a gns wrtamis 21110 Ta
YKM B-6018 BigMi4eHO He3HauyHe CTUMY/OBAHHA CUHTE3Y i 36iMbLeHHS 3aranbHol
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Tabnuuysa 1
MpoayKyBaHHSA Mo3akKNiTUHHUX ayKCUHIB B. JapoTcnT pi3HOT CUMBIOTUYHOI

aKTUBHOCTI
AYKCUHW, MKT/T abCONOTHO CyXoi 6iomacu
IHpon-3- IHoon-3-
LTamun IHgon-3-  IHgon-3- A A

kap6o- IHgon-3- ouyTtoBOi  3aranbHa

pn3o6in  IOK wmacnsaHa kapbokc- . A
KcunoBa KapbiHOM KWCNOTWM  KiNbKiCTb

KUcnota  anbAerig

Kucnota rigpasumg
be3 thnaBoHoIgiB
604k -* - - 216,1 4423 408,9 1067,3
21110 38 - - - - - 38
YKM
B-6018 8,9 - 0,4 4,60 - - 13,9
YKM
B-6035 772,8 - - - - - 772,8
3a npucyTHOCTI renicTeiny (0,01 HM)
604K 5,6 0,6 - - - - 6,2
21110 11,3 - 12 - - - 125
YKM
B-6018 16,8 - - - - - 16,8
YKM
B-60zs 0 ) ) i ) ) 50
3a M pucyTHOCTI HapiHreHiHy (10 HM)
604K 45 1,0 - - - - 55
21110 38 - 0,5 - - - 43
YKM
B-6018 0 ) ) i ) ) 95
YKM
B-6035 10,0 - - - - - 10,0

* «-» (HITOrOPMOHM He BUABNEHI.

KiNbKOCTI ayKCcuHiBy 1,2-3,2 pa3u (tabn. 1). Hamm He 6yno BMABNEHO y Hag0Cafo0Bii
pignHI gocnigXyBaHUX pU306iil TakKMX IHAONbHUX CNONYK AK iHAO0N-3-Kap6oKcunosa
KMcnoTa, iHgon-3-kapbiHon Ta iHAoN-3-0LTOBOT KUCNOTK rigpasung. HatomicTb - wTtam
604K cuHTe3yBaB iHAOM-3-MaCNAHY KUCOTY - ayKCUH, WO paHille He 6yB Y HbOrO 3Ha-
aeHniA, ane KinbKiCHO MPUCYTHICTb faHOi cnonyKy 6yna fy>e He3HauyHot. Cnif Big-
MITUTK, WO 33 NPUCYTHOCTI reHicTeiHy y BCiX 6yNb604KOBUX 6akTepili 6yna BusBneHa
I0K, ane KoHUeHTpaLis T nnwe y BUCOKOE(EKTUBHOIO WTamy YKM B-6035 3meH-
wwunacay 158 pasie. Ans iHWKWX pn306iil BigmiueHO 3pocTaHHA npogyKyBaHHA IOK
y 2-3 pa3n, ay Hee(eKTUBHOIO WTaMy CrocTepirany nosBy CUHTe3Yy AaHOl CONYKK.

3a NPUCYTHOCTI y MOXMBHOMY CepeAoBuLi HecneyngiyHoro gns coeBo-pu3obi-
anbHOro cum6io3y (hnaBOHOIQY HapPiHTEHIHY 3arafbHa KiNbKiCTb MO3aKNITUHHUX aykK-
CUHIB Y focnigxyBaHux wWTamis B.japonicum 604K i B. japonicum YKM B-6035 Tex
CYTTEBO 3MeHLUYyBanacs, AK i Npu BHECEHHI reHicTeiny. MpUrHiYeHHA NPOAYKYBaHHS
ayKCUHIB Npu UbOMY cknagano 77-194 pasu. TakoXx He 6yno BMSIBAEHO Y Hajoca-
LOBIili pignHi pn306iil iIHAONBHMX CNONYK: iHAON-3-KapOOKCUNOBOT KUCNOTH, iHAO0N-
3-kapbiHony Ta iHAON-3-0LTOBOT KUCNOTHK Trigpasngy, ane BigMi4eHO CTUMY/OBaHHSA
CUHTe3y iHA0N-3-MacnsHoi KucnoTuy B. japonicum 604k, sikoi He 6yno 6e3 BHECEHHSA
B cepefoBuLle hnaBoHOigiB. Cnif NigKpecnmTu, Wo 3a NPUCYTHOCTI Y cepeAoBULL i Ha-
PiHrEHiHY, aHANOri4YHO A0 AT reHicTeiHy, y BCix 6ynb604KkoBux 6akTepili 6yna Bussne-
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Ha IOK, HaBiTb y HeetheKTMBHOIO WTaMy 604K, AKWIA He NPOLYKYBaB JaHOI0 ayKCUHY
6e3 BHECEHHS (PaBOHOIAIB, ane KOHLeHTpauisa il inwe y BUCOKOEPEKTUBHOIO WTamy
YKM B-6035 3meHwunacs y maixxe 80 pasis.

CneKTp UMTOKIHIHIB, CUHTE30BaHMX pU306isiMun coi pi3HOT ePEKTUBHOCTI, Bigpi3-
HSABCA AK AKICHUM, TakK i KilbKiCHUM CKnafoM. Tak, BUCOKOe(eKTUBHUINA CUMOBIOHT
YKM B-6018 npofykyBaB Haibifbwy KinbKicTb UMTOKIHIHIB (~ 1555 mkr/ r ACB),
cepes AKMX nepeBaxkaB 3eaTuH-pu6o3mg (55 % Big 3aranbHOT KinbKocTi) (Tabn. 2).
LI Tam TakoX 6yB 34aTHWIA CUHTEe3yBaTW 3HAUYHY KifbKiCTb iIHLWWNX LUTOKIHIHIB, 30Kpe-
Ma, 3eaTWUH i i30NeHTeHIN-afeHO3NH pUbO3nNLOBAHUIA.

Bigomo, wo pnbo3nnboBaHUiA 3eaTUH € TPAHCMOPTHO (HOPMOK LMTOKIHIHIB,
(hizionoriyHa aKTUBHICTb AAKOT AYy>Ke HM3bKa. CUHTE3 i€l GopMU LNTOKIHIHIB Mnpu
(hopMyBaHHi CMMBIOTUYHUX CTOCYHKIB 3 BaKTepisiMu LO3BOSE POCAUHI OTPUMYBATHU
roToBY TPAHCMNOPTHY (hOpPMY, WO 3 BUCXIAHUM TOKOM MOTpannse Ao Haj3emHoT yac-
TUHW POC/INHK, TaM MiAAaeTbCA TigpPoni3y i BKAKYAETLCA B perynsayito metabonismy
KNiTWH, 3MiHIO4YM Nyn i3ionoriyHo akTUBHUX LUTOKIHIHIB Y POCIMHHUX TKaHUHax
Ta nigcuniooyn nesHi naHkyn metaboniamy [23]. To6T0, YMM BuULLE 34aTHICTL pMU30C-
(hepHUX 6aKTepiin 40 CUHTe3y pMb03nNLOBaHUX (HOPM LUTOKIHIHIB, TUM BULLE PiBEHb
X cneyianizoBaHOT aganTauii 4O POCAMHN-TOCNOAAPS.

IHW K BUCOKoe(eKTMBHMI WwWTam Y KM B-6035 cuHTe3yBaB MeHLe NO3akKNiTUH-
HUX UMTOKIiHIHIB (~ 740 mkr/ r ACB), npu ubomy cepej BCiX CMOMYK TaK caMo fiK i
AN nonepeAHboro wrtamy Y KM B-6018 3HauHO nepeBaXkaB CMHTE3 3eaTUH-pM603nay
(91 % Bipg 3aranbHOT KiNbKOCTI), a CNiBBiAHOWEHHA POPM LMUTOKIHIHIB Aewo Bigpis-
HSANOCS; OCTaHHIN CMHTe3yBaB Oifblue i30MNeHTeHiIN-ageHo3nHy. Cnig BigmiTnTH, Wo
KinbKiCTb 3eaTWH-pn603nay, CUHTE30BaHOr0 060Ma BUCOKOEPEKTUBHUMU LUTAMaMu
6ynb60uKoBMX GakTepin coi, 6yna B 1,7-7,9 pasiB BULLE, HDK Y ManoeeKTUBHOTO i
HeakTMBHOIO LUTaMiB.

LLlogo cMHTe3y no3akniTUHHMX UMTOKIHIHIB B. JapoTcnT 3a gii hnaBoHOIAIB re-
HICTETHY Ta HapiHreHiHy, TO TEHAEHL,i A0 CYTTEBOrO 3MEHLLEHHSA TX KiIbKOCTi aHano-

Tabnuysa 2
MpofyKyBaHHSA Mo3aKNiTUHHUX UMTOKIHIHIB B.]JapoTcnT pPi3HOT CUMBIOTUYHOT
aKTUBHOCTI (MKr/r abcontoTHO cyxoi 6iomacwu)

WTtamn 3eaTuH- I30neHTeHIN-  I30MeHTeHiN- 3aranbHa
. 3eaTuH - A
pr306iii pnbo3ng afieHiH afleHO3WH KinbKicTb
be3 (aBoHoIAiB
604K 154 108,8 -* 174 1416
21110 22,0 136,0 - 8,0 166,0
YKM B-6018 345,0 855,0 17 352,4 1554,1
YKM B-6035 60,3 672,6 4,9 - 737,8
3a npucyTHoCTi reHicTeiny (0,01 HM)
604K - 24,0 34 - 27,4
21110 - 75 - 3,0 10,5
YKM B-6018 - 14,2 - 50 19,2
YKM B-6035 - 20,0 - - 20,0
3a NpUCyTHOCTI HapiHreHiHy (10 HM)
604K - 19,0 13 - 20,3
21110 - 13,0 - 15 14,5
YKM B-6018 - - - 3,0 30
YKM B-6035 - 15,3 - - 15,3

* «-» (DITOTOPMOHWN He BUABMEHI.
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riyHa 1o CUHTe3y ayKcuHiB (Tabn. 2). Cnifg 3ayBaxuTy, Wo 3a Lii pnaBoHOigiB He 6yno
BiAMIiYEHO NPOAYKYBaHHA 3eaTUHY - (Pi3i0N0rivYHO-aKTUBHOIO LMTOKIHIHY Y XXOA4HOrO
3 AOCAIAKEHNX WTaMiB.

3a MPUCYTHOCTI y NOXMBHOMY CepefoBuLyi cneyndiyHoro onaBoHOigy reHicTeiHy
CYTTEBO 3HMXYBABCA CUHTE3 NO3aKNITUHHUX LUTOKIHIHIB BCiMa pn3obigmu (Tabn. 2).
Lleli nokasHMK 3MeHLWMBCA Yy 5-16 pa3iB ANA Hee(heKTUBHOMO Ta ManoeeKTUBHOrO
wramis, iy 37-80 pasiB y BUcCOKoeeKTUBHUX. CYTTEBUIA iHri6yBanbHMI eheKT Cro-
cTepiranu i npyu NpoayKyBaHHi pn306iaMun TpaHCNOPTHOT (hOPMU LMTOKIHIHIB - 3ea-
TUH-PU603MAY (3MEHLUEHHS KiNbKOCTi y HafocafoBiii piguHi pu3obiii y 4,5-60 pas).
HatomicTb - y B. JapoT cuT 604K BigMiueHO MOSIBY CUHTE3Y HEBENIMKOI KilbKOCTI
i3oneHTeHiIN-ageHiHy (3,4 Mmkr/ r ACB) i NpUrHiYeHHA cuHTe3y pmb0o3nnboBaHoT Gop-
MW - i30MEHTEHIN-aAeHO3NHY.

3a aii HecneyndiyHOro (hnaBOHOTAY HApPiHTEHIHY TeX CNOCTEepirann CyTTeBe 3HU-
YKEHHSA 3aranbHOi KiNbKOCTI LWTOKIHIHIB, WO cknagano 7-11 pasis gna wramis 604k
i 21110 Ta 48-500 pa3 - gna YKM B-6018 i YKM B-6035. NMpogyKyBaHHA 3eaTUH-
pr60o3nay Npu LbOMY 3MeHLUYBanock y 6-44 pasu, a 419 BUCOKOE(EKTNBHOIO WTaMy
YKM B-6018 - noBHicT iHribyBanocb. Peakuisi HeeeKTMBHOro wtamy 604K Ha
NPUCYTHICTb LbOro (h1aBoOHOIQY y cepeaoBuLyi 6yna aHanoriuyHow O Ail reHicTelHy.

Bigomo, w0 hnaBoHOIAM BUAINAKTLCA POCAUHAMU-TOCNOAapaMMK Y pusocdepy
Npn NPOPOCTaHHI HACiHHA Ta aKTMBYOTb Nod-reHn Mikpocum6ioHTIB. Lli reHn Kepy-
I0Tb MeXaHi3MaMm iHhiKyBaHHS KOpeHiB 6060BMX pOCANH pn3obiamun Ta BignoBifatoTb
3a (hopMyBaHHA HoAynAuinHoro anapaty [9, 12, 13, 15]. Tomy, HaneBHO, MPUTHIYY-
4YNIA BNANB JOCNIAKEHUX (PNaBOHOILIB HA CMHTE3 (DiTOrOPMOHIB y pu306ili coi i
NOAACHIOETbLCS Nepebyao0BOO MeTaboni3My MIKPOCUMMOGIOHTIB, WO CAPAMOBaHUI He Ha
CUHTE3 BTOPUHHUX eK30MeTaboniTiB (30Kpema i piTOropmMoHiB), a Ha akTMBi3aLito nod-
reHiB, CMHTE3 Y 0-(hakTOPIB | 3aNyCK MexaHi3mMiB e(heKTUBHOT HOAYNsLil.

Y Toli Xe yac B niTepaTypi 3yCTpivatoTbCs HEYNCNEHHI BiAOMOCTI, W0 A0AaBaHHSA
(hnaBoHOIAIB - IHAYKTOPIB HOAYNALIT CTUMY/IOE CUHTE3 ayKCUHIB, 30KpeMa, IOK 'y pu-
306iii. Bigomo, Wo 3a JONOMOrol Mac-CNeKTPOMETPUYHOIO aHanizy KynbTypanbHUX
cynepHaTaHTiB y wTamy Ekirobinw sp. NGR234 noka3aHa MOXUBICTb cuHTE3y IOK
TpboMa pisHUMY Wnaxamu [5]. Y pe3ynbTaTi BNAUBY Ha LWITam (naBoHOIgY Aalif3eiHy
cuHTe3 IOK cunbHo 36inbwyBascs NodDI-, nodD2- i SyrM2manexxHum YuHom. Lle
MOSACHIOETLCA akTuBi3auieto nokyca YAWEFG, wo kogye 6inku, siki 6epyTb yyacTb y
cnHTesi IOK. Okpim TOro BifOMO, WO (h1aBOHOTAN Pi3HOT NPUPOAM iy PI3HWX KOH-
LeHTpaLifgxX MOXYTb OYTW AK CTUMYNATOPAMK, TaK i iHri6iTopamu ¢isionoriyHor ak-
TWBHOCTI MiKpocum6ioHTiB [14, 19, 20]. Ane Taki AOCNIAXEHHSA Ha CbOrOAHI Maiixe
He MPOBOAATHCA.

Y Haliih po6oTi NoKa3aHo, W0 HaABHICTb (h1aBOHOIAIB reHiCTeTHY i HapiHTeHiHy
y NMOXWBHOMY CEpPeaoBULLi ANs KyNbTUBYBaHHS pM3006ili coiy KoHueHTpayiax 0,01 Ta
10 HM, W0 € aHaNONiYHUMM KiIbKOCTSIM, Y SIKUX Ui (DEHOMbHI CMONYKN BUAINAKOTHCA
pocanHamm y puM3ocepHUin PyHT Ha NOYaTKOBMX eTanax (POpMyBaHHA CUMOIOTNY-
HUX CUCTEM i CTUMYNIOIOTL picT 6akTepil, NPM3BOANIO 4O 3MEHLUEHHA CMEKTPYy Ta
KifbKOCTi CMHTe30BaHMX B.]apoT CcUT (hiTOropMOHIB ayKCMHOBOT Ta LMTOKiHIHOBOT
npupoau. ¥ nofansliomy ciif NpoBOAWNTM JOCNIAKEHHS 3 BUKOPUCTAHHSM LUMPLIOTO
[iana3oHy KOHUeHTpayin gpiaBoHOTAIB, OCKiNbKK caMe Bif HWUX i 3aneXuTb (isiono-
riyHa aKTUBHICTb LMX CMONYK LLOAO MIKPOOpPraHi3MmiB.

Ha Hawy AymKy, AOCAigXeHHS BNAUBY (PNaBOHOTAHMX CMONYK Ha (i3ionorivyHy
aKTMBHICTb a30TdiKCyBaNbHUX 6yNb604KOBUX BaKTepPiil, 30Kpema Ha CMHTE3 iTorop-
MOHIB-CTUMYNATOPIB, aKTyasibHi i HEO6XiAHI AN PO3yMiHHA NpoLeciB PopMyBaHHA
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i NOWYKY WNAXiB NiABNLWEHHSA aKTUBHOCTI i €PEKTUBHOCTI CUMBIOTPOHMX CUCTEM.
OCTaHHE Ma€e BaXX/IMBE 3HAYEHHS | MOXe BYTU BUKOPUCTAHO AN PO3PO6KU HOBMX 6io-
npenapaTiB i3 iTOCTUMYNIOBAIbHOK aKTUBHICTIO ANA POCUHHMLTBA.

H.O. JleoHoBa

VHCTWUTYT Mukpobuonorm u suipyconormm um. .K. 3a6onorHoro HAH YkpanHbl,
yn. Akagemuka 3a6onoTHoro, 154, Kues, 03143, YkpanHa

CNHTE3 AYKCUHOB N ULUTOKMHNHOB BRADYRHIZOBIUM JAPONICUM
MNP BANAHUN ®JTABOHOWN OB

Pes3wwme

Llenb. NcecnegoBaTb CNOCOBHOCTb Pa3nnYHbIX NO 3PHEKTUBHOCTM CUMBNOTUYECKNX
a3oTuKcMpyroLwmx 6aktepuii con Bradyrhizobium japonicum K cMHTe3y (MTOropMOHOB
CTUMYNMPYIOLLEro AeliCTBUSA - ayKCUHOB U LUTOKMHUHOB NPU BAUSHUMN PacTUTENbHbIX
(hN1aBOHOMAO0B FeHUCTENHA Y HapUHreHUHa. MeTofbl. BHEKNeTOUHble PUTOrOPMOHa/IbHbIE
COeMHEHNS BbIAENSANN U3 CynepHaTaHTa KynbTypanbHOM XUAKOCTY pU306Mil con METOAOM
nepepacnpegeneHns (hMTOropMoHOB B ABYX (hasax pacTBOpuUTENel, He CMeLlMBatoLLUXCS
mexay coboi. KonmyectBo CUHTE3MPOBAaHHbLIX ayKCMHOB U LIUTOKMHUHOB OMpesenssiv
MEeTOAOM CMEKTPOAEHCUTOMETPUYECKOA TOHKOCOMHON XpomaTorpagun. PesynbTaThl.
lMokasaHa cNOoCO6HOCTL LITAMMOB CUMOUOTUYECKNX [MA30TPO(OB COM CUHTE3MPOBATH
ayKCUHbI (4-1067 MKr/ I abCOMOTHO CyXoi 6uomacchbl) U UMTOKUHUHBI (141-1554 mkr/
r abCcoNOTHO cyxoi 6uomacchl). KynbTuMBMpOBaHMWe B NPUCYTCTBMM (h1aBOHOWAHBIX CO-
eAMHEHWNI reHUCTenHa N HapPUHTEeHUHA NPUBOAUT K CYXXEHUIO CNeKTpa U YMEHbLUEHWNIO
KO/MYeCTBa CUHTE3MPOBAHHbLIX (DUTOFOPMOHOB PU306UAMU COU: HE OTMEYEHO CUHTe3a
MHAO0M-3-KapbOKCUN0BOWM KUCNOTbI, MHAOM-3-KapbuHOMa, UHAON-3-YKCYCHOW KNCOTbI
rnapasuja n 3eatnHa. BbiBoAbl. YrHeTalollee BIMAHUE (PABOHOMAOB Ha CUHTE3 UTO-
rOPMOHOB Y pU306Mil coUn, BEPOSTHO, MOXET 0OBACHATCS Kak M3MeHeHneM MeTabonmsma
MWKPOCUMOUOHTOB, KOTOPbI HanpaB/ieH He Ha CUHTEe3 BTOPUYHLIX METab0INTOB, & Ha
3anyCcK mMexaHM3MoB 3(h(DeKTUBHON HOAYNAUMW, TaK U KOHUEHTpaymeli (praBoHONAHbIX
BELLECTB B NUTATENbHON cpefe.

Knt uyeBblecnos a: Bradyrhizobium japonicum, (UTOropmoHbl, ayKCuHbl,
LUWTOKMHUHBI, (h1aBOHOWABI, COS.

N.O. Leonova

Institute ofMicrobiology and Virology, National Academy ofSciences of Ukraine,
154 Zabolotny St., Kyiv, 03143, Ukraine

AUXINS AND CYTOKININES SYNTHESIS BY BRADYRHIZOBIUM
JAPONICUM UNDER FLAVONOIDS INFLUENCE
Summary

Aim. Research the ability of different by effectiveness symbiotic nitrogen-fixing soy-
bean bacteria Bradyrhizobium japonicum to the synthesis of phytohormones-stimulators
auxins and cytokinins for the actions of plant flavonoids genistein and naringenin. Meth-
ods. Extracellular phytohormonal compound isolated from the supernatant culture liquid of
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the soybean rhizobia by redistribution of phytohormones in two phases solvent immiscible
with each other. Auxins and cytokinins were determined by thin layer spectra densitometry
chromatography. Results. Shown the ability of symbiotic diastrophic soybean strains to
synthesize auxins (4-1067 mg/ g of absolutely dry biomass) and cytokinins (141-1554 mg/ g
of absolutely dry biomass). Cultivation soybean rhizobia in the presence of flavonoid
compounds genistein and naringenin leads to the narrowing of the range and reducing
the number of phytohormones: unchecked synthesis of indole-3-carboxylic acid, indole-
3-carbinol, indole-3-acetic acid hydrazide and zeatin. Conclusions. Depressing effect of
flavonoids on the phytohormones in soybean rhizobia synthesis is probably due to changes
in metabolism microsymbiotic bacteria that are not aimed at the synthesis of secondary
metabolites and to launch effective nodulating mechanisms, and also the concentration of
flavonoid compounds in the nutrient medium.

Key words: Bradyrhizobium japonicum, plant hormones, auxins, cytokinins, flavo-
noids, soybean.
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