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BB XPOHIYHOIo rAMMA-
ONMPOMIHEHHA HA ®ITOTOKCMUMYHICTDb
TA EKCINPECIIO ®AKTOPIB NATOFrEHHOCTI
B BAKTEPIN PSEUDOMONAS AERUGINOSA

XpoHiyHe eaMMa-orpOMIHEHHST YUHUMb MOOUIKyoYul ernnue Ha ¢himomoKCUYHICMb
gimonamozeHHUX ma canpogimHux wmamige bakmepit Pseudomonas aeruginosa. Nloka3aHo
CMuUMyrnYUl 8MU8 OMPOMIHEHHST Ha KAIMUHHY nponigepauito ma cuHmes nioujaHiHy y

gimonamozeHHuUXx wmamie P. aeruginosa.

Knro4oei croga: 2amma-orpomiHeHHsi, 6akmepii, Pseudomonas aeruginosa, namozeHHIiCmb,

imomokcuy4Hicmb, nposighepauisi, nioyiaHiH.

XpoHuyeckoe e2amma-obriydeHue okasbigaem moducbuyupyrouiee enusHue Ha Gumo-
MOKCUYHOCMb (bumonamoegeHHbIX U canpogumHbix wmammos bakmepul Pseudomonas
aeruginosa. lNokazaHO cmumynupyrouee 8usHUe 0b1y4YeHUs Ha KIiemoy4Hyo rponugepayuro
U cUHmMe3 nuoyuaHuHa y humornamoaeHHbIx Wwmammos P. aeruginosa.

Knrouyesnbie croea: 2camma-obryqeHue, bakmepuu, Pseudomonas aeruginosa, namoaeHHOCb,
umomokcu4HoCcmb, nposugepayus, MUOYUaHUH.

Chronic gamma irradiation exerts a modifying effect on the phytotoxicity of pathogenic and
saprophytic strains Pseudomonas aeruginosa. It was shown the stimulating effect of irradiation
on cell proliferation and synthesis of pyocyanin in phytopathogenic strains of P. aeruginosa.

Key words: gamma-irradiation, bacteria, Pseudomonas aeruginosa, pathogenicity, phytotoxicity,

proliferation, pyocyanine.

[MutaHHs TpPO BIUIMB XPOHIYHOTO ONPOMIHEHHS Ha
B3a€EMOJII0 POCIIMH bI3 (DITOMATOreHHMMH MiKpOOpraHi3-
MaMH B eKocHUcTeMax 3a0pyAHEHHX pPaJioHyKIigamu
TEPUTOPIH 3aIMIIAE€TECS HEJOCTaTHRO BUBUCHNM. OTpHMaHi
paHillle 1aHi CBiYaTh, M0 POCIMHU, BUPOIICH] Ha JTUISTHKAX
3 BHCOKHMH DIBHAMH PpaJiOHYKIIZHOTO 3a0pyIHEHH,
OutbIle  ymIKO/PKyBanucsi (iTormaroreHaMy TOPIBHSHO 3
pociMHaMK Ha He3a0pyJIHeHUX AuIsHKax [1; 2], a XpoHiuHe
ONPOMIHEHHST MOXE BHKIMKATH TIPUCKOPEHHH  picT
naToreHHuX rpubis [3].

MerToro gocmimpkeHHs OyJi0 BUBUEHHS BIUIUBY XPOHIU-
HOTO TaMMa-OIPOMIHEHHS 3 MaJOI0 MOTY)KHICTIO JJO3H Ha
B3aeMoBinHOCHHE Gaktepiii Pseudomonas aeruginosa 3
pOCIUHAMHU.

Marepiaan Ta ™eroan. bBakrtepii Pseudomonas
aeruginosa pi3Hux IwTamiB ((DIiTOMATOreHHI MITAMH —
IMB-9024 i IMB-9096 ta canpodirai mramu IMB-8614,
IMB-8615, IMB-8616) BriciBanu B mpoOipKH Ha arapu30BaHe
KapTOIUISIHE CEPENOBUIIE, PO3MILYBAIN B J030BOMY IIOJI
HABKOIIO MPOOGIPKH 3 po3uMHOM >'CS i Ky/IbTHBYBAIH
npoTsArom 3-4 z1i6 mpu MOTYXKHOCTI 03U TaMMa-BUIIPOMi-
nennst 1,210 I'p/c. KoHTposbHY Ky/nbTypy yTpHMYyBAIId
3a THX e yMOB 0e3 ompomiHeHHs. Ilicist ompomiHEHHS
CYCTICH31I0 OMPOMIHEHUX 1 HEONMpOMiHEHHUX OakTepii (y
KiHuesiii konuenrpamii — 1107 KmiTHH/MI) BHOCHIH Y

BOJIHY KYJIbTYPY HPOPOCTKIB KyKypya3u copty Turan. B
pI3HHX cepisx NOCIHiAiB BHKOpPHUCTOBYBasiu 3-, 4- Ta 5-
JeHHI mpopocTku Kykypym3u. Ilicas 1 abo 4 nib
iHKyOarii 3 0aKTepisIMHA MPOPOCTKH MEPEHOCHIIA HA YUCTY
BOJly 1 Uepe3 Pi3HHWil Yac micist 3apaKeHHs] BU3HAYaJM 1X
pocToBi mapameTpu (OBXKHHY KOpeHs). DiTOTOKCHUHY
AKTUBHICTB OLHIOBAJH 3a (opmyIoro [4]:

Agh =100 - (x— Jnl /Jx — /In) -100%

ne A¢ — QITOKCHYHA aKTHUBHICTH Y TPOLEHTax
rajJbMyBaHHs POCTy KOpIiHLIB; /[x — cepelHs JIOBXKHHA
KOPIHIIB Yy AOCIiTHOMY BapiaHTi; /[k — cepelHs J0BKHHA
KOpEHIB y KOHTPOJIi; /{n — II04aTKOBa JI0BKMHA KOPEHIB.

[pomnideparuBHy akTHBHICTH OakTepili (KOHLEHTPALLiO
OakTepialbHUX KIITHH) Ta BMICT MIOI[iaHIHy OI[iHIOBAJIN y
BIJJTHOCHUX OJIMHHUIPIX 32 ONTHYHOIO TYCTHHOIO OaKTepiajb-
HUX CYCHEH31H, BUPOIIEHUX Ha DPIAKOMY KapTOILITHOMY
cepenosuii (criekropodoromerp CP-46, A 600 HM 1 330 HM
BiMTOBIHO).

OOpoOKy pe3ynbTaTiB MPOBOAUIN 3 BHKOPHUCTAHHIM
nporpamu Microsoft Office Excel 2003 Ta 3a [5].

Pesynbratm Ta ix oOroBopenns. Ilokaszano, 1m0
HM3bKOIHTEHCHBHE ONPOMIHEHHS IPOTSATOM TPHOX-4OTHPHOX
Ji0 cHpaBisUIo CYTTEBHI BIUIMB Ha (DITOTOKCHYHY aKTHB-
HicTb Oakrtepidd (puc. 1). PicT kKopeHiB KyKypyz:3u 3Ha4HO
YIOBUIBHIOBABCS TMICIIsI OOPOOKHM CYCIICH3I€I0 OIPOMiHEHHX
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Oaktepiii (itronmaroreHHoro mramy 9024 MOpIiBHSIHO 3
HEONPOMIHEHOIO KYJNBTYpOIO IIOTO MITaMy (BapiaHT
9024+y/9024) Ta He3zapaXCeHHMH POCIHMHAMHU (BapiaHTH

9024+y/9024 Tta 9024+y/koHTpOdB). OOpOoOKa HEOTPO-
MiHeHUMH Oakrtepismu (Bapiant 9024/koHTponb) He
BIUIMIBaJIa Ha PICT KOPEHIB.
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Puc. 1. BB XpoHiYHOTO raMMa-ONpOMiHEHHs Ha ()ITOTOKCHYHY aKTHBHICTb
6akrepiii P. aeruginosa ¢itonarorensoro mramy 9024 ta canpoditaoro mramy 8614 (9 nib micist 3apaeHHs)
0 BiJJTHOLICHHIO IO MPOPOCTKIB KYKYpYyI3H

O0poOKka KOpEHIB CYCIICH3I€I0 OMPOMIHEHHX CaIlpo-
¢iTHEX OakTepiii (mrram 8614) mpuBOIIIA O CTHMYIIAIIT
pocty KopeHiB (puc. 1, Bapiant 8614+y/8614), y Toii yac
SIK HEONpOMiHeH] OakTepii XapakTepu3yBaJHCsl MEBHOIO
(ITOTOKCHMYHOIO aKTHBHICTIO (BapiaHT 8614/KOHTPOIIB).

@iTOTOKCHYHA AKTHBHICTH ONPOMIHEHOro (hiTomaTo-
regroro mtamy (9096) 3pocna Ha 35 % MOpIBHAHO 3
HEOINIPOMIHEHOI0 KYyJBTYPOIO LBOTO X ITamy (puc. 2,
BapiaaT 9096+y/9096). IIpu 11bOMY cIIOCTEpIrain Bi3yaibHi
NIPOSIBU  YpaKeHHs (BIIMHpaHHS MEPUCTEMH TOJOBHOTO

KOpEHs, PO3BUTOK OIiYHMX KOpPEHIB, YTBOPEHHS HEKPO-
THYHUX 30H Ha PI3HUX JUISHKaX KOPEHIB, OCIM3HEHHS
KopeHiB). Yci i edexTu OyJin BIICYTHI B POCIMH KOHTPO-
JBHOTO BapiaHTy Ta y BapiaHTIB, 3apa)KCHUX HEOIPOMi-
HEHOIO KyJIbTYPOIO Ta KYJIbTypaMu canpodiTHHUX HITaMiB.

O06poOka KOpEHIB OMPOMIHEHOIO CYCTEH3i€l0 OakTepiid
iHmoro ¢itonartorenHoro mramy (9095), mpuBoamia 10
CTUMYJIALIT X POCTY, Y TOI 4ac sSIK HEONPOMIHEHA KYJib-
Typa JIaHOTO IITaMy BUSBIISIA (ITOTOKCHYHY aKTHBHICTh
(puc. 2, BapianT 9095 /KOHTPOIB).
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Puc. 2. BB XpoHiYHOT0 raMMa-orpoMiHeHHs GakTepiii P. aeruginosa
¢iTonarorennux mrami 9096 i 9095 ta canpoditHux mramis 8616 1 8615 Ha ix iroToKCHUHY
AKTHMBHICTB I10 BiTHOILIEHHIO 10 MPOPOCTKIB KyKypya3u (7 1i0 miciis 3apakeHHs)

Omnpominennst Gakrepii campogiTHux mramiB (8615
Ta 8616) NpUBOAWIO A0 3pOCTaHHS iX (HITOTOKCHMYHOCTI

(puc. 2, Bapiantu 8616+y/8616 1 8615+y/8615). Heonpo-
MiHeHi Oakrepii Manu ciabKy (ITOTOKCHYHY aKTHBHICTh
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(BapianT 8616/KOHTPOIB), a00 MEBHUH POCTOCTUMYIIIO-
[0umii BIUTHB (BapiaHT 86 15/KOHTPOIB).

OTxe, HU3BKOIHTEHCHBHE XPOHIYHE OIPOMiHEHHS
Gakrepiit P. aeruginosa Moske ToCHITiOBaTH abo mocabiro-
BaTH IX TATOTCHHICTh, NPHBONIYM 10 Momudikarmii ix
B3aeMozii 3 pocnmuHaMu. CTUMYJIOIOUXAN BIDIHB HEOIPO-
MiHEHUX OaKTepiii Ha PiCT POCIMH MOXKE 3MIHIOBATUCS HA
(bITOTOKCHYHMI BIUIMB 1 HaBmaku. To0To, BinOyBaeThCs
3MiHa 3HaKa B3a€MOJII — 31 cTUMYIILIT (-) Ha iHriOyBaHHS
(+) 13 iHribyBanHs (+) Ha CTUMYJISILIO (-).

BusiBniena ctumymsmis  (iTOTOKCHYHOCTI OakTepiid
JI03BOJISIE MIPUITYCTUTH, 10 B OakTepiit P. aeruginosa, siki
MOXYTh ypakaTH Pi3HI BHIU POCIWH, Y XOZi E€BOJFOIIi
chopMyBaHCS MEXaHI3MH MiIBUIICHHS arpecHBHOCTI y
BiJINIOBih Ha HECTICIM(IUHI CTPECOB] BILTUBH.

Sk BimoMo, TIpH 3apa’keHHI pOCIHH OakTepii MOXYTh
3a3HAaBaTH BIUIMBY Pi3HUX TOKCHYHUX CIIONYK, 30KpeMa,
aKkTUBHHUX (hopM KHCHIO. Taki K CHOITYKH YTBOPIOIOTHCA i
npu  onpoMiHeHHi. s MOMONAHHS HACHIAKIB TOLIKOJ-
KYIOUMX YIUIMBIB y OakTepiil aKTUBYIOTHCS aJanTHBHI
CUCTEMM 3aXHCTy 1 BiJHOBJIEHHs (pemapauii, perory-
Js11ii) Ta CympsKeHi 3 HUMU CHCTeMH eKcrpecii (akTopiB
NaToreHHocTi. BinoMo, 1110 ONpOMiHEHHS MOXE CTHMY-
JIOBATH KIITHHHY TIpoxidepamifo, y T. 4. y Oakrepiil.

3pocTaHHs MBUIKOCTI PO3MHOXKEHHSI OakTepii (permormy-
JIiHHI MEXaHI3MH), SKE MOXKE BiIOYBaTHUCS ITiJ] BILTHBOM
AKTUBHHUX (OPM KHCHIO, PO3TILIAIOTH K (PaKTOP 3aXUCTY
i K QaxTop maroreHHocTi. Kpim Toro, OmHi€0 3 IpUYHH
3pOCTaHHA BIPYJICHTHOCTI TATOTEHHHX OakTepiii mix
BIUIMBOM CTPECOBHX (aKTOPIiB € iCHYBaHHA, MpHHANMI Y
JIeIKHX bI3 HUX, B3a€EMO3B 513Ky €KCIpECii CHCTEM 3aXHCTY
i (aKkTopiB NMAaTOreHHOCTi, IO 3/IMCHIOETHCS, 30KpEMa,
3aBJISIKM OCOOJIMBOCTSIM (DYHKI[IOHYBaHHS B LMX OakTepiit
SOS-cucremu penapariii [6]. IIpo yuacts SOS-cuctemu B
peryiauii exkcnpecii Takoro (akTopy NaTOreHHOCTI, 5K
MIOIiaHIH CBITYaTh, aHI MPO MOMJIUBICTh IHAYKIIIi HOrO
CHHTE3Y HAJIIIKCOBOIO KHCJIOTOIO, fKa € OJHUM 3
imaykTopis SOS-cucremu penapartii [7].

VY 3B’3Ky 3 IHMM OyJo NpOBEICHE IOPiBHAIbHE
JOCTI/DKCHHsT BIUIMBY XPOHIYHOTO TaMMa-ONpPOMiHEHHS
OakTepiii Ha MIBUAKICTh MNOIUTY KIITHH OakTepiii Ta
CHHTE3 HUMH TiOLiaHiHY.

YcTaHOBIEHO, 1110 XPOHIYHE ONPOMIHEHHS BUKJIMKAJIO
3HAa4YHe 3pocTaHHs (Hmpubau3HO B 2 pasu) mporidepa-
TUBHOI aKTHBHOCTI maToreHHoro mramy 9024 (puc. 3).
3pocTaHHs WBHAKOCTI po3MHOXeHHs (10 30 %) crocre-
piramm i B iHmmxX ¢itonarorenHux mramis (9095 Ta

9096).

S A I
. \§ fffffffff -
Ea[ 50T ---- \\ """"""""

KinekicTe kniTUH

f'li'oulaH'iH

Puc. 3. BrutuB XpoHivHOTO raMMa-ONIpOMiHEeHHs Ha Tpostidpepaltito KIiTHH Ta CHHTE3
miomianiny y mrramiB QitonaroreHHux Gakrepiit P. aeruginosa 9024, 9095, 9096

Ha xopucTh TOro, mo IIBUAKICTH PO3MHOMKECHHS
GakTepiil € oHUM BI3 (PAKTOPIB X MATOrCHHOCTI CBiYaTh
JaHi mpo piBeHs mnpomidepauii wTamie P. aeruginosa
PCBPP-PA14 (Buninenuii i3 kiiHiuHOTO Matepiainy) i P.
aeruginosa UCBPP-PA29 (BuaineHuii 3 pOCIHMH), HIO
KODEJIOBAaB 31 CTYIIEHEM PO3BHUTKY CHUMIITOMIB 3aXBOPIO-
BaHHA [8]. Bigomo, mo KibKicTh 30yaHMKa 6araTo B YoMy
BH3HAYa€e pe3yibTaT iHpikyBaHHA. MacuBHe iHIKyBaHHS
MOXE€ JIOJIATH HE TINBKU CTIHKICTh POCIMHHU-TOCTIOAAPS,
ajye ¥ iHmMX BHIIB, 0 3BHYAHHO HE ypakaroThCs JaHUM
BuioM 30ynHHMKa. OTXKe, 3pOCTaHHs IIBUJIKOCTI PO3MHO-
KEHHs OakTepiil (penomyssauiiiHi MexaHi3MH) MOXKHA
posrisiaT i K (aKTop 3aXUCTy OaKTepiaylbHUX IIOIy-
JISIIH BiJl CTPECOBUX BIUIMBIB 1 SIK (PaKTOp MaTOreHHOCTI.

Kpim mBuakocti nposnidepaii, BaxJIMBUM (GpakTopom
NaTOreHHOCTI B Oakrepii P. aeruginosa € mirMeHt
miorianin. Hamu Oyna oxapakTepu3oBaHa 3[aTHICTH JIO
CHHTE3Y MIOIiaHiHy B Pi3HUX (HITOMATOTeHHUX MmTaMiB P.
aeruginosa Ta BIUIMB Ha Hei onpoMiHeHHs. [Toka3zaHo, 1110

IIPU XPOHIYHOMY ONPOMIHEHHI BCi JociiukeHi ¢iTomna-
torenHi mramu (9024, 9095, 9096) yrBOproBanu 3HaAYHO
OiNbIIY KIJBKICT IOTO IITMEHTY, IOPIBHSAHO 3 iX
HEONpOMiHEHUMH BapiaHTaMu (puc. 3).

[Tionianin (1-rinpokcu-5-mMerundeHasuH) — € HIrMeHTOM
i3 rpymu (QeHa3uWHIB, MO CHHTE3YyeThcs Oakrepismu P.
aeruginosa Ta IHMMAMH  (IIyOpECHIIOIOUMMH  BHIAMH
Pseudomonas. Moro BimHOCATH 10 (akTOpiB BipyieHT-
HocTi P. aeruginosa. Tliomianin BUKIMKAE Pi3Hi TATOIOTIUHI
edexTy, NOB’s3aHI 3 BIPYJICHTHICTIO OakTepiii 1O BifHO-
MIEHHIO JI0 JIFOIMHH, TBAPHH 1 POCIUH. 3JaTHICTh MiOMiaHiHy
30IMCHIOBATH TOKCHMYHHUI BIUIMB 1 BHUKJIMKATH 3aru0eib
KIITHH PI3HUX oOpraHi3MiB (OakTepiid, rpubiB, CCaBIIiB,
pOCNIMH) BKa3ye Ha ICHYBaHHS EBOJIIOLIIHO KOHCepBa-
TUBHHUX (i310JI0TIYHUX MilIeHen 1 ioro il [9]. ITiormia-
HIiH MMOPYIIYE MPOLECH EIEKTPOHHOT'O TPAHCIOPTY 1 Kajb-
mieBUH OallaHC y KIITHHAX, 1HTiOy€e TpOIeCH IUTOILIA3-
MAaTHYHOTO 1 MITOXOHJPIaTbHOTO TUXAHHS B KIITHHAX,
MOJE TPSMO BHKIHMKATH IOPYLICHHS (QYHKIIOHYBaHHS
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MeMOpaH, iHakTUBYBaTH Bakyossipny AT®daszy [9; 10].
[{uroTokcnyHa Jis miomiaHiHy MOB’s3aHA 3 YTBOPEHHSM
aKTUBHUX QopM  kucHIO  (cymepokcumaHiony 027,
niepokeuy BoaHio H,O,). Binomo, o cunres mionianiny P.

BucnoBku. XpoHiuHE raMMa-ONPOMIHEHHS OaKTepiid
P. aeruginosa 3 HI3BKOO TIOTYKHICTIO IO3H TIPOTSITOM PSITY
TeHepaliif MPUBOAXTE 0 3MiHH iX (hiToToKcHuHOCTI. Ompo-
MiHeHHsS ¢iTomaroreHHux mramie P. aeruginosa (9024 i

aeruginosa HeoOXiMHHU#T TS PO3BUTKY CHMITTOMIB 3aXBOPIO-
BaHHs B pociuH [11], 30kpema, HekposoyTrBopeHH:. Kpim
TOTO, U MiOLiaHIHy XapakTepHa aHTHOIOTHYHA aKTUB-
HICTh 10 BiJIHOIIEHHIO JI0 Pi3HUX MIKpoopraHizmiB (0ax-
Tepii, rpudn) [11].

IposiB  minBuieHOi  (ITOTOKCHYHOI  aKTUBHOCTI
GakTepiii MPOTATOM TPHBAJIOTO YaCy ITICIIA 3apakKeHHS, KOJIH
BiIOyBaeThCsl 3MiHAa 0OarathbOX TIeHepalii OakTepiaabHHUX
KJITHH, BKa3yIOTh Ha iCHYBaHHS CIICHETHYHHX MEXaHi3-
MiB, sIKi 320€3MeUyI0Th MIATPUMAaHHS eKcrpecii (pakTopiB
MMATOT€HHOCTI OaKTepill y psAi IX TOKOJIIHb.

9096) Ta campoditaux mramis (8615 i 8616) BukIHKAITO
MIBUIICHAS X (ITOTOKCHYHOI aKTUBHOCTL. OTpOMiHEHHS
¢itonarorenHoro mramy 9095 i canpoditHoro mramy 8614
3MIHIOBIO X (DITOTOKCHYHMI BIUIMB Ha POCTOCTHMYIIIO-
10unii. MoXKHa TPUITYCTHTH, IIO 3pOCTaHHS MaTOr€HHOCTI
OakTepiil mpu Aii XpOHIYHOTO ONPOMIHEHHS MOXKe OyTH
OB ’sI3aHE sIK 31 301JBIICHHSIM IIBUAKOCTI PO3MHOMXKCHHS
Gakrepiii, Tak 1 3 cuHTe30M OakTepissimu P. aeruginosa
BaXUTUBOTO (PaKTOPY iX MATOTCHHOCTI — MITMEHTY TioIlia-
HiHY, 78 IKOTO XapaKTepPHUN IMUPOKUH CIIEKTP Aii.
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Kono nayxosux inmepecis: paniauiiina 0ionorisi, pajiamiiiHa eKoJIOTis, eKOJIOTisl MIKpOOpraHi3MiB, (iTOMATONOTIs.
Mae 82 HayKOBHX Ipalli.

I'VIIA Mukona IBanoBu4Y — Kk.0.H., crapminii HayKOBHH CHiBpOOITHHMK Biaaiury Oiodi3zuku Ta pagiobiosorii
[HcTuTyTy KiTiTuHHOT Giosorii 1 reHeTnuHOI imkenepii HAH Ykpainu, Kuis.

Kono mnayxkoeux immepecie: paniariiiHa Oiomoris, pamiamiiiHa eKoJIoTis, MpoOJeMH ajanTalii OpraHi3MiB,
¢itomaronoris. Mae 90 HaykoBUX Mpailpb.

MOPO3 HKOuais IropiBHa — acmipanTka kadenpu MikpoOiosorii Ta 3arampHOi imyHOonorii HHI{ «lactutyTy
6ionorii» KuiBcrkoro HarionansHOTO yHiBepcuTeTy iM. Tapaca IlleBuenka.

Kono naykosux inmepecis: exonorisi MiKpoOpTaHi3MiB, (QiTOMATOJIOTisI, MOJIEKYJIsIpHA TeHeTHKa. Mae 9 HayKOBUX
pak.

MOJIOXKABA Ouabra CraniciaBiBHa — k.0.H., goueHT kadenapu MikpoOionorii ta 3aransHoi imyHosorii HHIJ
«Iucruryty 6iosorii» KuiBcbkoro HanioHansHOro yHiBepcurety iM. Tapaca IlleBuenka.

Kono naykoeux inmepecié iMyHONaTOJIOTis, €KOJIOTIYHA IMYHOJIOTis, 010JIOTIYHI OCHOBU 1H(EKIIHHUX MPOLECIB.
Mae 46 HayKOBUX Ipallb.
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