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B orssipi momanHo KpUTUYHUIT aHAII3 METOHOJIOril 6ioTecTyBaHHS TOKCUUYHOCTI BOZHOTO CepPeoBUIlla Ha
OCHOBIi TaKUX TecT-00’€KTiB, AK HadHii Ta cBiTHi 6akTepii. PosriasauyTo gedaKi oco6auBOCTI 0OOMiHY PEUOBUH BOJ -
HHUX OpPTraHi3MiB y TOKCHUYHOMY CEPEIOBUIIl 3 METOI TEOPETUUYHOro OOI'PYHTYBAHHSA 3aKOHOMiPHOCTEH TiCHOro

3B’SIBKY IXHBOI dKUTTEAIAIBHOCTI 3 yMOBAMH JIOMiHECI[EHTHOTO TeCTyBAHHI.

Knruoesi crosa: naduii, ceiTHi 6axTepii, xemi-, 6GiomrominecrenItisg, merabosriam,

TOKCUKaHTH.

CusbHOI0 CTOPOHOIO PO3BUTKY CyYacHOI
aHaJiTHuHOI 6ioTexHoJOriI B YKpaiHi € riaubo-
KUUA aHaJi3 IPUPOAHUX ABUII i3 CYTO HAYKO-
BUX ITO3UIIiH Ta CIPAMOBAHICTb HA BUPIiNIIeHHA
HaraJbHUX IIOTPe0d ChOTOAeHH ITif Yac po3poo-
JIEHHSI METO/IiB €KCIIPECHOTO BUABJIEHHSA PEYO-
BUH, TOKCUYHUX IJA KUBUX oprauismi. Og-
HUM i3 MePCHIeKTUBHUX IIJIAXIB IIiZBUIIEHHS
iH(OpMAaTMBHOCTI ¥ JOCTOBIPHOCTI aHAJNITHY-
HOTO KOHTPOJIO B3arajJbHOTO 3a0pyIHEeHHS
00’eKTiB MOBKiMIA € OioTecTyBaHHA. AHAaJI-
TUYHUMU iHAUKATOpPaMH y MeTojax OioTecTy-
BaHHSA BUCTYHAIOTh 6iojoriudi 06’eKTH Ta iXHA
peakIlia Ha mito XiMiYHUX areHTiB, KA € iHTer-
PaJbHOIO OIiHKOIO Ail (hidiosoriuHO aKTUBHUX
dopM mocaiKyBaHOT PEUYOBUHUA.

BnoiuB xiMiuHUX pevyoBUH Ha OPraHisM Iy-
°Ke PiSHOMAaHIiTHUN i BU3HAUYAETHCA HE TiIbKU
XiMiYHOIO IIPUPOAOI0 Ta KOHIEHTPAIliel0 pevo-
BUHU-3a0pyAHIOBaYa, a i cIpsAMoBaHicTio ii mii
Ha Ti yu iHmIi cucremu ta QPyHKIII opraxismy,
0co0MMBOCTAMU MeTabo0JidaMy OCTaHHBLOTO,
piBHEM cCKJagHOCTI opraHisarii, pe3uCTeHT-
HICTIO 10 TOKCUYHUX PEYOBUH Ta iHIMMUMU (aK-
TopaMu. UMM CKJIAIHIIIIMM € OpraHidM, THUM
OisibIIa KiJIBKiCTh HOro KUTTEBUX (QYHKITIN
3a3HA€ BIJIMBY TOKCHKAaHTa, NPUUYOMY pisHi
GyHKI[II MaroTh HEOAHAKOBI iHAMKATOPHI xa-
pakTepucTuku. Peakilia opramiamy Ha mifo

TOKCUKAHTA 3 OTJIALY HAa MOMKJUBICTH Ii 3acTo-
CYBaHHS B aHAJITUYHIN IPaKTUIlL Ma€ OyTU BU-
COKOYYTJIUBOIO, MaTH JOCUTH YiTKY iHTepIIpe-
Talliio, IPOCTUI Ta 3PYUHHUH cIocid peecTpariii.

Croroaui s Bupilienua mpodaeM aHaIisy
TOKCUYHOCTI IPUPOJHUX CUCTEM TiTHUM yBarm
BUIJISILAE MOETHAHHS 0ioJOTiYHMX Ta iHCTPY-
MeHTaJbHUX METOAiB Ha OCHOBiI 0io- Ta
xeMiJiroMmiHectieH1rii. [{a Toro mo6 MaTu MOXK-
JUBICTB YiTKO iHTEpHpeTyBaTH Ta IepeadadaTn
pe3yJibTaTU JIOMiHEHECIIeHTHOTO aHaJisy,
moTPiOHI mocaimkeHHsS 3B A3KY «CTPYKTypa
peuoBuHU — (piduKo-XimMiuHi BiaacTmBOCTI —
MeXaHi3MU BIJIMBY Ha OioJsoriuHi cucremMu —
Oiosoriunmii epeKT — GioTecTyBaAHHI» .

VYceminmiue BupilleHHA I[LOTO B3aBIaHHA
IacTh 3MOTY IPOBOIUTU CKPUHIHT TOKCUYHOCTI
cepeloBUINa 3 Pi3HUM CTyIeHEeM CKJIaIHOCTL
oprasisarrii 3 BUKOPUCTAaHHAM MOJeJIbHUX KcCe-
HOOIOTHKIB i M03BOJIUTH OaTu pPeKoOMeHaIrii
11010 HeOoOXimHOCTI IpoBeAeHHS II0JAJBIIIOTO
XiMiuHOTO aHAJI3Y I/ BU3HAUEHHS OCHOBHUX
3a0pPyIHIOBAUIB Ta 3aCTOCYBAaHHS 3aXO0JiB OUM-
IeHHs Bi HUX cepemoBUIIA.

Mertot0 1HOTO OTJIAAY OYJIO CTBOPUTHU TEOPE-
TUYHE TiATPYHTS IJIA TJIU0IIoro i pisHob6iuHOro
BUBUYEHHA MeTabOJiuHMX IIPOIEeCciB TecT-
00’€KTiB, AKi BUKOPUCTOBYIOTH ¥ CyYacCHUX Me-
Tomax OioTecTyBaHHA.
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TeopeTHYHi ACIIEKTU TOKCHKOJIOTiYHOTO
TeCTYBAaHHS BOIHUX PO3YHMHIB HA OCHOBI
Daphnia magna Straus

3azanvHi 3aAKOHOMIpHOCMI peazy8aHH
2idpobionmis (800HUX OpzaHi3Mi8) HA 8NAUE
MOKCUYHUX PELOBUH

IIpucyTHicTs TigApoOiOHTIB cIpuse HaCH-
YEeHHIO BOAUW BYTIJIEKHCJIOTOIO, IIOTJIMHAHHIO
KHCHIO, 3CyBYy KapOoHaTHOI piBHoBaru Ta pH
cepemoBuIa. 3 oMHOTO OOKY, B TAaKUX YMOBax
po3UMHEHi i0HW MOKYTh B3aEMOIIATH OLUH
3 OMHUM 3 YTBOPEHHAM HEPO3UMHHUX OCaJiB
a00 HedTpaaIbHUX (HETOKCUYHUX ab0 MaJIOTOK-
CUYHUX) CIOJYK. A 3 IPYroro — KaTioHU 37aTHI
YTBOPIOBATH 3 OPTraHIYHMMU DPEYOBUHAMU, IIIO
iX BUILJISAIOTEH riApo0ioHTMM, KOMILJIEKCHI CIIO-
JYKU TUITY XeJIaTiB, AK1 HeUTpaIi3ymoTh i cTBO-
proioTh 0y(depHicTh cepemoBuria [1].

2

Puc. 1. Mopcekuit Mmemkanens Daphnia magna
Straus (1) Ta MmopchKi cBiTHI GakTepii (2)

JKuBa cucrema xapaKTepudyeTbCA MHO-
JKMHHICTIO pearyBaHHHS 1 MiCTUTh TaKi KOMIIO-
HEHTHU, AK TOMeOoCTaTHYHe BPiBHOBaKeHHH,
Oydepusaliisg, cucrteMu [JeIOHYBAaHHA Ta
3B’sA3yBaHHSA TOKCUKAHTIB Tomro. KiHieBa Kap-
TUHA, 10 (DOPMYETHCA B PE3yJbTaTi B3aeMOIil
rizrpo6ionTiB (Ta iHIMINX KUBUX OPraHi3MiB)
3 TOKCHUKAHTaMM, He piBHO3HAYHA i 3yMOBJIeHA
IBOMa OCHOBHUMU (DaKTOPaAMU: CUJIOIO BILJIUBY
TOKCUKAHTA, AKA 3aJIEXKUTH Bifl 1oro ximMmiuHoi
Opuponu, 06ioJIoTiuHOl aKTUBHOCTi, KOHIIEHT-
parii, TpUBaJIOCTi I TTOBTOPHOCTI BIIJIUBY — 3
OqHOT0 OOKY, Ta OCOOJMBOCTAMU pearyBaHHS
JKMBUX OPTaHi3MiB HA Ile#l BIJIUB — 3 IPYTOro.
Bes cymHiBy, Oyab-AKa peuoBUHA 3a JOCTATHBO
BUCOKHMX KOHIIEHTpAIlill MO’Ke BIJIMBATU Ha
rifpo06ioHTiB, BUABIAAIOUU YIIKOIMKYBAJIbHUNI
Ta MPUTHIYYBaJbHUI BILIUB. TOKCUKOJIOTiUHI
Iocuim:keHHsa Ha  pmadHiaAxX, IIpoBeleHi
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€. II. lepbaun, moKasau, 110 HeOe3IIeKa Jid
rifpo6ioHTIiB 3yMOBJIEHA Ha IIEpPIINX eTamax
MeXaHiuHIM 3acMiveHHAM GQiabTpaliiiHnoro
amapaTty, OCiJaHHAM Ha TiJi Ta aHTeHaX pPakKo-
nomiOHUX, JaJIli — HAKOMUUYEeHHAM B OpraHismi,
10 B KiHI[EBOMY IIif[ICYMKy IIPU3BOJUTHL 0
oCijaHHA HA JHO, NPUIMHEHHA XapuyBaHHA
i sarubeui [2, 3].

3araJbHUM NOPUHIUIIOM IiHTOKCHUKAIii
€ Pi3HOpPiBHEBiCTHL YIIKOMKEHb Ta KaCKaIHIiCTh
PO3BUTKY ITATOJIOTiYHOT'O IIpoItecy. BecTaHoBIeHO,
10 IJIA agallTUBHOI BiAMOBiAi Ha Mif0 TOKCH-
KaHTiB XapakTepHOI € (ha3HiCTh, AKA BUAB-
JSAETHCSA B iCHYyBaHHI MiHiMaJIbHOI i MAKCUMAJIb-
HOI YIIKOIKyBaJbHOI Aii ix Ta pO3BUTKOBI
KOMIIEHCATOPHO-aJAaIITUBHUX PeaKirii [4].

Ha ocnoBi BracHux Ta JiTepaTypHUX JAaHUX
KapmeBuu [5] 6y10 BU3HAUEHO KaTeropii KoHIle-
HTpaIliii, AKi 3yMOBJIIOIOTh: 1 — 3abe3reueHHA
obMiHy; 2 — cTuMyJadAnio; 3 — aJalTuBHI
3MiHU; 4 — 3aXUCHY PeaKIliio; 5 — IpUTrHiueH-
Ha; 6 — JeranbHicTh. ByJio mokasaso, 1110 TOK-
CUKAHTH B PO3UMHAX Y HUBbKUX KOHIIEHTPAI[iAX
(y Mekax mecsaTUX YAaCTUH MT/JI) CIPaBJIAIOTH
CTUMYJIIOBAJLHUN BILINB Ha OOMiHHI IIpoIliecu
madHi, a 3i 30iIbIIIeHHAM KOHIIEHTpAIIil Ha Je-
CATKU MT/JI BUABJIAETHCA 3aXMCHA PEAKIiA 0CO-
O0uH (KaTeropid 4) 3 TOCTYIIOBUM 3TacaHHAM Te-
HepaTuBHOI (yHKII (Kareropia 6). Toxcuuwi
PEYOBUHU, HABITH y AyKe MaJWX KOHIIEHT-
pariax, ogpasy CIPUUYNHAOTH 3aXVCHY PEAKILiI0
oprauismy (Kareropis 4) i BizbyBaeTbcsa BOHA B
Iy:Ke By3bKoMy miamasoni smin. KonmenTpairii
Kareropii 5, 10 IPU3BOIATL IO JIETAJIBLHOCTI,
MOJKYTh 3MiHIOBATHCA B IITMPOKOMY [Iialla30Hi.
TokcukauTn y 1me 6iJIbIINX PO3BEEHHAX , MOMK-
JNBO, HEUTPAIiIBYIOTHCA HEATPAIHHIMU COJIAMU
Ta iHIIUMU PEYOBMHAMU, POZUMHEHUMU Y IIPU-
POIHMX BOjax (BXOAATH IO CKJIAAy €K30MeTa-
00.1iTiB), i BTpaYaoTh CBOIO TOKCUYHICTS.

B ocHOBI eKoJIoriuHOI BUTPHUBAJIOCTI riApo0ioH-
TiB y IPUCYTHOCTI TOKCUUYHUX PEYOBUH JIEXKUTH
(isiosioriuaa TOJIEPAHTHICTE (IIJIACTUYHICTH) OKPe-
MUX OCOOUH, ITI0 CIIPUSAE IXHBROMY BUIKUBAHHIO [6].
IlnacTuuHicTh ILIINX OpraHisMiB 0asyeThcs Ha
OLJIBIIIiIE IIPHCTOCOBAHOCTI IIPOTEIHIB, TKAHNH i €H-
SUMATUYHUX CUCTEM JI0 3MiHU YMOB CEPEIOBUIIIA.
Came 3a paxyHOK eJriMiHaIlil HaAOLIBII Uy TINBUX
0COOMH [0 JAHOTO TOKCHUKAHTA POBIIUPIOETHCS
e(h)eKTUBHICTh TPUCTOCYBaHHA momyJAarii. Takum
YITHOM, B OCHOBI CTilIKOCTi BOOHUX OPraHi3MiB J0
TOKCUKAHTIB JIE?KUTD Bifibip abo 3ilicHeHHS reHe-
TUYHOI aianTalrii.

AHaniz memodosozii 6i0102itH020 mecmy8aH-
Hs Ha OaHisx (zianscmosycux pakonodioHux )

OCHOBHUM BUIOM OPraHi3MiB, SKUU JIETKO
KYJAbTUBYETHCA B JiabopaTOpHUX YyMOBax
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B Oyab-aKy IOpPy poKy € Daphnia magna
Straus (Crustacea:Cladocera) (puc. 1). IIle
B 1933 p. E. Haywman [7] 3anponoHyBaB BUKO-
puctoByBaTu AadHiio B poii TecT-06’eKTa, ab0
«JaTuynKa» CUTHAJBbHOI iH(opmalii mpo TOK-
CUYHICTBH cepemoBUIIA.

D. magna Hane:xaTh 10 HANOLJIBII IIOIIUPE-
HUX MIPEeICTABHUKIB 300ILIaHKTOHY. Ilomyisap-
HICTH IIUX PauKiB AK TecT-00’€KTiB MOB’sd3aHa,
TOJIOBHUM UYHWHOM, 3 IXHiMu ¢pisiomoriunumu
BJIACTUBOCTAMHU. 3a XapaKTePOM KUBJIEHHS BO-
HU € (QpigbTpaTopaMu, YyTJIWBUMHU OO Oii TOK-
CHYHUX PEUYOBUH, JIETKO BBOLATHCA B KYJILTY-
Py, AOBOJIi CTitiKi B 1aGopaTOPHUX yMOBax (Ipu
KYJbLTUBYBAHHI in vitro), maioTh IiJTUHA KOMII-
JIEKC TeCcT-peaKI[iii i MaloTh KOPOTKUU JKUTTE-
Buii mukJ. OcTaHHE T03BOJISIE IIPOCTEKUTHU
HACJiAKY TOKCUYHOTO BIINBY (HaBiTh Yy MaIuX
KOHIIEHTPAI[iAX) IIPOTATOM PALY IOKOJiHb [8].

K KpuTepili TOKCHUUYHOCTiI cepemoBHIIA
3aIIPOTIOHOBAHO BUKOPUCTOBYBATHU Pi3Hi €K0JIO-
ro-isiosoriuni TecTw iXHBOI MOBEOiHKM, TaKi
AK imMoOinizarmis, mompasamBicTh, yacToTa
CepIieBUX CKOPOUEeHb, TUXAJLHUNA PUTM, iHTEH-
CUBHIiCTH cnoKmMBaHHA KucHio [9]. Bigzomo Ta-
KO, IMo madHil uyepes 3s0poBi mMeMOpaHHU
TIOCTiMHO BUALIAIOTH Y HABKOJIUIITHE CepPeqOBI-

e MPOAYKTU MeTaboisMy — eK3oMeTaboJIi-
T, MOTJINHAIOUHY IIPU ITbOMY KHCEHb i ITIOKUBHI
pEeYOBUHU.

BioTecTtyBaHHA i3 BaJay4yeHHAM TaKUX
rinpo6ioHTiB, AK madHii € 3araJIbHOIPUNHATIM
i IMUPOKO BUKOPUCTOBYETHCA AJA MOCJIiIKeH-
HA AK TOKCUYHOCTI Pi3HUX XiMiUHIUX PEUOBUH,
TaK i AKOCTi BOJHOIO cepemoBHUIIA 3arajJoM
[10,11]. Biosoriuui Tectu ma D. magna craH-
IapTHU30BaHi B 6araTbox KpaiHax, Yy TOMY YHCJIi
1 B YKpai"i. BoHu 0XOILII0I0TH BUMOTH IITOZIO
CTaHy KYJbTYDP Ta CEePeJOBUINA AJA IX KYJIbTHU-
BYBaHHS, IIiITOTOBKY P00 1Jis 6ioTecTyBaHHA
Ta IPOBEIEHHSA IOCTPUX I XPOHIUHUX MOCTiTiB
[12—-14].

Y uinomy OioTecTyBaHHSA I'PYHTYETHCS Ha
BU3HAUEHHI 3MiH y BUJKMBAHOCTI Ta ILIOIIO-
YOCTi BOAHWX OPTaHidMiB BHACJJIOK mil TOK-
CUYHUX PEYOBUH, IO MICTATLCSA Yy TOCTimHil
BO/JIi, IIOPiBHAHO i3 MUMHJ MOKA3HUKAMU B KOHT-
POJBHUX YMOBaX.

KoporkouacHe TecTyBaHHSA M03BOJIAE BU3-
HAYUTU TOCTPY TOKCUYHY Hil0 BOAM Ha TiJIJIfAC-
TOBYCHUX PAKOIIOAIOHMX 3a IMOKA3HUKOM iX BH-
JKuBaHHA. locTpuiéli TOKCHMYHUN  e(peKT
y madHii MOXKe BHUABIATUCA KOMIIJIEKCOM
CUMIITOMIB, IO CIIOCTEPiraioThCs Bi3yaJabHO.
Ho HuUX HaNeXaThb: MOKA3HUKU JETAJIbHOCTI
(immobinigarisa, ocimaHHA HA OHO IIOCYAY, CY-
JIIOMU, CMEPTh), Pe()JIeKTOPHO-IIOBEiHKOBi pe-
aKIii (HeBIOPAIKOBaHI pyxu, obepTaHHA HaB-

KOJIO CBO€I 0ci), CIIOBiIbHEHHS UYaCTOTHU CepIie-
BOTO PUTMY, abOpPTyBaHHsS s€lb. Kpurepiem
TOKCUYHOCTI mpu mboMy € 3armbenb 50% Ta
Oisbllle MiAAOCHIZHMX TBAPUH HPOTATOM IIE€B-
Horo uacy [15,16].

3a 6iJbIll TPUBAJIOTO TECTYBAHHS BU3HAYA-
IOTh XPOHIUHY [Ail0 3a IMOKA3HUKOM BUKUBA-
HOCTi Ta miomiouocTi TecT-00’eKTiB. Kpmrepii
TOKCUYHOCTI Yy XPOHIUHMX OioTecTax CyTTEBO
BiIPiBHAIOTHCS BiJi TAKUX Y T'OCTPUX AOCTiTax.
Bonu rpyHTryiorhea Ha MOPQOJIOTiUYHNX, TOHA-
IOTPOMHUX, eMOpioTponmHuX, OiOMpPOAYKITiii-
HUX Ta MyTareHHUX e(PeKTax, AKi BUABIAIOTH-
cA TiJIBKM 3a IOCTYIIOBOTO BIJIMBY XiMiuHUX
PEUYOBMH HaA OpraHiaM TecT-00’€KTa, aKyMy-
adamii ix in vivo. Peanisaiiisa MeTOZUKY XPOHiU-
HOro OioTecTyBaHHS B ITMKJI pobir [2, 3, 17,
18] miaTBepm:kye ii mepcrneKTUBHICTH 1 MOKa-
3ye, 110 3a 0e3CyMHiBHOTO KiJIbKiCcHOro pisHo-
MaHiTTa Biarykis pisuux BumiB Cladocera ma
XPOHIYHUY BIJINB MaJWX 103 Pi3HUX 3a Ximid-
HOIO IIPUPOMOI0 TOKCHUKAHTIB CYTh iX 3aBKIN
OMHO3HAYHA 1 MPU3BOAUTH 0 3HUIKEHHS IIJIO-
IIOYOCTi, TMOPYIIeHHA eMOpioreHesy, BUHUK-
HEHHA MyTalliif, CKOPOUEeHHS TPUBAJIOCTIL 3KUT-
Ts1. He BuUKJIMKae CyMHIBiB i To#r (axT, 110
3HUKEHHA IIJOAI0UO0CTi madHill y pagy Imo-
KOJIiHb IIiJi BIJIMBOM MAaJHUX KOHIIEeHTpAIiil
TOKCUKAHTIB € YHiBEpPCAJIbHOIO PeakKIlieio i He
3aJIeKUTHh Biff XiMiuHOI TPWPOAU PEUYOBUH,
a Tak caMo, AK i eKcIIpec-peakIiii, € TeHeTUYHO
IeTepMiHOBAHUM BiITYKOM Ha VIIIKOIMKEHHS Ta
KYMYJIAI[i0 XiMiYHOT'O BILJINBY.

Cnimg s3asHauyuMTH, I[0 BeJWUYE3HUI IIO-
TeHIiaJ TJOAI0YOCTi ma(Hiil M03BOJISIE IIPU-
POOHIN mMOMmyaAIil IMBUAKO JiKBiZyBaTU OTPU-
MaHi YIIKOI/KEeHHA Ta B paldi NpuUIMHEHHS
BILIMBY YIIKOIKYBAJIBLHOTO (haKTOpa IIBUIKO
TOBEPHYTHUCA 0 XapaKTEePHOI IJd Hel uncesb-
HoCTi. Yci 11i 00cTaBUHN HAJEKATh BiKe He JIN-
e 10 6ioTecTyBaHHSA AK TaKOTO, a i 10 riinbo-
Koro 0iojloriuHoro mocJigKeHHs IIPpo0JieMu
B3aeMOJil rifpo0ioHTIiB 3 TOKCUYHUMU PEUYOBU-
HaAMM Ha NOMYJAININHOMY Ta iIHAWBiAyaIbHOMY
(disiomoro-6ioximiuHOMYy) piBHAX.

Ileakxi ocobauseocmi memabonizmy OapHiil
Y MOKCULHOMY cepedosuli

3arajioM pe3uCTEeHTHIiCTHL BOIHUX 0e3xpe-
0eTHUX [0 BIJIMBY TOKCHUUYHUX DEUYOBUH 3aje-
JKUTH BiJl BeJIMUMHU NEeIIOHOBAHUX B OpraHismi
BYIJIEBO/iB, 3JaTHOCTI IIepeKJI0vYaT aepooHMIi
THUII OOMiHYy HA aHAepOOHUH B yMOBax AeinuTy
KHCHIO, CUHTE3yBaTU HiKOTMHAMIiITHI KOEH3U-
Mu Ta HakonmmuyBaTu Tiamid i AT®; Big mpuc-
TOCOBAHOCTi EKCKPETOPHOTO allapaTy BUBOAUTH
OTPYyIiHI NMPOAYKTHM HPOMisKHOTO 0OMiHY abo
3HEMIKOIKYBATH iX.
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Hadwuii Hamexatb 00 OKCUDIIBLHUX Tigpo-
0ioHTIiB i MaloTh HUBBKY PE3UCTEHTHICTH 10
TokcukaHTiB. Haii6iapiri 6ioximiuni 3cysm
B IXHBOMY OpPTaHi3Mi crocTepiramTbCsa B mIep-
IIUHA IIepiofl OTPYEHHSA, KOJU MOOLIi3yloThCA
3aXVCHi MeXaHi3Mu OpraHiamy, CIpAMOBaHi Ha
BiITHOBJIEHHA MTOpyIIeHOTo roMeocTasy. Ia da-
3a CYIPOBOMIKYETHCA MMiBUINEHUM CIIOKUBAaH-
HAM KHCHIO 1 CHMHTE30M IeMOIJIOOiHy, 30iJb-
HIeHHAM BMICTY HiKOTMHaMiZHUX KOEH3UMIiB,
BiTaMiHiB Ta aKTHMBHOCTiI XOJiHecTepasu, 3aB-
IAKY YOMY IiATPUMYETHCSA IOMEOCTa3 B opra-
Hi3Mi HaBiTh B yMOBaX TPUBAJIOTO BILIUBY TOK-
CUYHUX areHTiB. ¥ pasi XpOHiYHOTO OTPYEHHSA
B OpTaHi3Mi CTBOPIOIOTHCA YMOBU KMCHEBOI HEC-
Taui Ta achikcii, IKi CyIpoBOAKYIOTHCA IOPY-
MIeHHAM HelporyMopaJbHoi peryasariii. TBapu-
HU CTAlOTh HEPYXOMUMU, CUJIBHO HaOyXaoTh,
BimOyBaeThcA 3MiHa iomHOro ckJiany. Bci
OioximiuHi peakIlii 3MiHIOIOTH CIIPAMOBAHiICTHL
y nporuie:kuuii 6ik. ITocTymoBo mermo riaikore-
"y, AT®, rtiaminy i T. 1. BUuepunyoThcd, a Ha-
KONMWYEHHA TOKCUYHUX [IJIA HUX HTPOAYKTIB
IPOMiKHOTO 1 KiHIIeBOro OOMiHYy Ta arkyMy-
JISAIiA TOKCUKAHTIB 3yMOBJIIOIOTH Ilepexinm ¢i-
3i0oJIOTiYHMX 3MiH y ITaTOJIOTiUHi, i pakomomioHi
TUHYTb.

BesuKkuii BHECOK B OCMUCJIEHHSA 6ioXiMiuHIX
OpOIeciB, AKiI XapaKTepuUl3yIOTh CTaH BOIHUX
0e3xpebeTHNX HA KJIITHHHOMY piBHi, 3po0OuUB
T. I. Biprep [19] mte B 70-x porkax XX cT. 3HAU-
Ha POJIb Y BUBUEHHI MeTadoJ1isMy rizipobioHTiB
y TokcuuHOMY cepenoBuilii HayieskuTtb H. C. Ctpo-
raroBy [20], B. A. ®aeposy [6], JI. II. Bparis-
cbKOMY [15]; CTPYKTYpH eHepreTUYHOTo OajiaH-
cy — I'. €. lllyasmany [21], B. II. T'auasopi
[22]. CrifikicTh JgimigiB i KUPHUX KUCJIOT
OiomeMOpaH TriZpoO6iOHTIB 4O eKcTpeMaJbHUX
(aKTOpPiB 30BHIIITHHOTO CEepemOBUINA MOCIiINB
T. I. Perepang [23].

CykymnHicTh ycix JriTepaTypHUX HaHUX, IO
€ Ha ChOTOJHi, CBiTUNTH IIPO Te, IO clierudika
MeTaboJIiTiB, AKiI TBapMHU BUIIIAIOTL y cepe-
IOBUINEe, BUBHAYAETHCA CIENMU(MPiKo0 IXHBOTO
00MiHYy peuoBUH, IKUIi, ¥ CBOIO Uepry, 3yMOB-
JIIOETHCA 3araJJbHUMU BJIACTUBOCTAMU T€HOTH-
my. Ile yMOKJINBIIIOE IPUTYIIIEHHA, 0 1 Xa-
paxTep BIJIKBY €K30MeTaboJIiTiB IPUHIIUIIOBO
HOMiOHMI M0 BIJIMBY MeTa0OJIITiB, AKiI IMUPKY-
JIIOIOTh ¥ BHYTPIIHHROMY CepeIOBUIIL OpraHis-
My. MeTaboJIiT CTBOPIOIOTH TOM XimMiuumit
¢oH, AKUHA BU3HAYAE XiJ POCTY Ta PO3BUTOK Op-
raHisMy i € 0CHOBOIO /1A 3AiMCHEHHA XiMiuHO1
KoMyHikaIii opramismiB y cepemosuiii. CKu-
HYTi XiTWHOBI MOKpMBU (KapamakKcu) MiCTATH
BEJIUKY KiJIbKiCTh OpPraHivyHMX i HeopraHiuHmX
PEYOBUH — MPOAYKTiB MeTabosismy. B KiHIte-
BOMY MiICYMKY BOHH TaKOX 30aradymoThb
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XiMmiuHuii (GOH BOTHOTO CepemoBHUINA Tiapo-
OionTiB [24, 25].

Ha nymky C. C. IIIBapiia [26], Oe3nepepBHE
HaIXOMKeHHsS BOAM B oOpraHiam rigpobiomTa
OPU3BOAUTL OO TOTO, IO eK3oMeTaboJaiTu
CIIPUIIMAIOTHCS OPraHi3MOM SIK CBOI i BUABJIA-
I0Th TaKU# camMuil MOp(oIoTiuHU#A e(eKT, I10
1 BHYTPIIIHBOTKaHWMHHI MeTraboiaitu. Pako-
momiOHMM, OKPiM TOTO, OUEBUAHO, HE IIPUTA-
MaHHAa 3JaTHICTh BUBOAUTHU TOKCUYHI ITPOIAYK-
TU IpoMikHOro oominy. IlpuBeprae yBary Toi
daxT, IO Mmii BIJKMBOM TOKCHUKAHTIB y HUX
CIIOCTEPIraOThCA IIOMITHO BUPaXKEHi CUMIITO-
Mu rimositaminosy B,;, 306inbmenHsa BMmicTy
TiamMiHa3u, 3SMEHIIIeHHA CYMU HiKOTHHAMITHIX
KOEH3UMiB i HaKONWUYEHHS ITipOBUHOTPATHOI
KHCJOTH AK IMPOMIi’KHOTO IPOAYKTY BYTJIEBOI-
HOro OOMiHy, siKa MOJKe CIIPABJIATA HA opra-
Hi3M TOKCUYHUI BIIJIUB.

K Bimomo, TPUMMKUTTEBLI I IIOCTJIETAJbHI
MeTaboJIiT BOAHUX OPraHisdMiB BigirpamoTh He
TiIbKU TPOGiuHy POJIb, ajle ¥ MalTh 3HAUHY
biosoriuny aKTHBHiCTh. TOKCHUUYHI peyoOBMHU
rigpobioHTIB 3MATHI CYTTEBO 3HUIKYBATU BMiCT
KucHIO Ta Beauunny pH. Tomy BoiuB mux pe-
YOBUH Ha PaKOHOAiOHWX MHOB’sA3aHUI AK 3 II0-
pyuieHHAM (pisiosoro-6ioximiunux mporecis,
TakK i 3 ymMoBaMu iXHBOTO icHyBaHHA [27].

ExcnepuMeHTH 3 IIPiCHOBOOZHUM pPadyKOM
Polyphemus pediculus [28] cBimuats, 1110 pedo-
BUHU, BUAIJIEHI UMY PauYKaMMU Y BOOY, BILJIU-
BalOTh Ha OOMiHHI IIpollecw, picT i PO3BUTOK,
POBMHOKEHHSA 1 IOBEAiHKY OKpPEeMUX OCOOWH.
ABTOpOM IOKas3aHO, IO Ha BCi BigXuJIeHHS
Y BOJHOMY CEPEJIOBUII PAYKU pPearyoTh mepe-
JyciM 3MiHOIO HMIBUJAKOCTI Pyxy i, BiAImmoBigHO,
MIBUIKOCTi OOMiHY.

XeMisIOMiHECIeHITid Y JKUBUX CHCTEMaX

Ilpomecu KUTTEmIANBHOCTI oOpraHisamis
3aBXKIU CYHNPOBOMKYIOTHCA HOysKe CJIa0KOIO
(cmoHTaHHOM0) XeMinoMiHecteHITiero (XJI). Ie
OB’s3aHO 3 THM, IO B Pe3yJbTaTi pearIliit
OKMCHEHHA y OioJoriuHmX cucreMax (Qopmy-
IOThCA €JEeKTPOHHO-30YAKeHI CTaHW MOJIEKYJI
nponykTiB. Manuit kBaunToBuii Buxin XJI B :xu-
BHUX 00’€KTax IOB’sA3aHuil 3 e(hpeKTUBHOIO 0e3-
BUIIPOMiHIOBAJILHOIO KOHBEPCi€o 30yIKeHHS
[29]. BcranoBieno [30], 1o BiacHe CBiTiHHA
TKaHUH MOXKe OyTH 3yMOBJIEHO peaKIliaMu
TPHOX TUIIB:

1) peakiliero Tak 3BaHUX AKTHUBHHUX (popm
kucHiO (ADPK): meporkcungy Bozuio (H,0,),
rimoxmopuny (ClIO7) Ta KucHeBUX pagWKaJiB:
cynepokcuny (O, ) i pagumrany rizpoxcumuy
(HO"). 'onoaum m:xepenom ADPK B opranismi
€ KJIITuHu-(paromnuTu;
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2) peakIiigaMu JIAHIIOTOBOTO (IEePOKCHUIHO-
T'0) OKMCHEHHS JiTliIiB Yy MeMOPaHHUX CTPYKTY-
pax KJIITWH Ta JiimompoTeiHax KpPoOBi, AKi mpo-
XOIATh 3a YUacTIO BiIbHUX paAUKaJIiB Jimigis
L’. Ta nimonepokcungis LOO";

3) peakIigAMu 3a y4acTiO OKCHUAY a30Ty Ta
CYIEPOKCHULY, B AKUX YTBOPIOETHCA IIE€POKCH-
HIiTpUT, AKUHA, Yy CBOIO UepPry, B3aeMOIilouu
3 O0iJIKOM, 3yMOBJIIO€ CBITiHHA.

Ilepmmm, XTO BUABUB iCHYBaHHA BJIACHOTO
cJ1a0KOT0 CBiTIiHHA KJIITUH TBapWH i pocanH, OyB
pociticeruii yuennii O. I'. T'ypsiu. [y:ke caabre
yabTpadiosieToBe BUIIPOMiHIOBaHHA KJIITUH, AKe
iHOYKYy€e TOMiJI HaBKOJUMIHIX KJiTuH, I'ypBiu
Ha3BaB MiTOreHEeTHUYHUMU mpoMenamu [31].

Ha cporomui Bimomo Gararo ximiunmx pe-
aKIIi#l, IO CYIIPOBOAKYIOTHCA cBiTiHHAM. Mo-
JeryasapHuii mexanism XJI Oyio mociimkero
JleTaJIbHO 11 ormrcaHo B Jriteparypi [30, 32]. ua
peecrpaiii BiacHoro ciabkoro cBitiaaa (XJI)
KJIITHH Ta TKAHWH POCJINH i TBAPUH BUKOPUCTO-
BYIOTh BUCOKOUYTJIMBI IIPUJIaAN — XeMiJaroMi-
HOMeTpH. ¥ HuX cBiTiio XJI BUMiprooTs 3a J0-
moMOroi0 ()OTONOMHOMKYBaUa, €JIeKTPUUYHUN
CUTHAJI BiJf AKOI0 IIiJCUJIIOETHCS, a IIOTiM 00-
pobiseThea i sanucyerbes Ha ITK (puc. 2).

Puc. 2. XemisomiHOMeTp, IPUETHAHUIN T0 KOMII'I0Tepa
JIJISI PEECTPYBAHHA Ta 00POOIeHHS KPUBUX
xemimominecuenii (on line) [30]

Croonraunii XJI mpuramanHa HU3bKaA iH-
TEHCUBHICTB, ITI0 € TOJTOBHOIO EPEITKO/I00 [IJI
il IMMWPOKOro BUKOPWCTAHHA B AHAJITUUYHUX
miyax. OgHaKk y MPUCYTHOCTI TTIEBHUX CIIOJYK,
AKi HA3WBAIOTHCA «aKTUBATOPAMU», CBiTiHHA
KJITUH i TKAHWH MOMKHA MMiACUJIUTU Ha KiJbKa
nopAnkiB [33]. ¥V OioximiuHuMx aHagi3ax Haii-
yacTilme BUMIipPIOIOTh iHTEHCUBHICTL Himcuie-
"ol Jiominosom XJI. ¥V miteparypi [34] € mami
mrogo XJI aromizosy 3a mil 6araThbox OKCHIAH-
TiB. OKHCHIOBAJIbHE TEePETBOPEHHSA JIOMiHOJIY
€ ObaraTocTamiiHUM, i TTOYATKOBI peakIii pis-
HIX OKCHIAHTIB 3 HUM HeogHakoBi. OmHax
MMJISIX TIePETBOPEHHS TiAPOIEePOKCUIHOTO KJIIIO-
YOBOTO IIPOAYKTY IO eJIeKTPOHHO-30yIKeHOl
amMiHo(TaseBoi KMCJIOTH OAUH i TOM caMUil mif
yac mii 6ararrox oxcumantiB [35]. Tak, y pasi
CTUMYJIAIII (DArOMUTIB y IIPOIeCi TaK 3BAHOTO
peciipaTopHOro BUOYyXy CUHTE3YIOThCS CUJIbHI

OKVCHUKU — CYHePOKCUI-aHIOH-paguKaJI, Tij-
POKCUJBHUU PaguKaj, IIePOKCU BOOHIO, a Ta-
KOJK CHOJIYKV 3 aKTUBHUM XJIOPOM, 0 SKUX
HaJIe)KaTh TiIOXJIOPUJ Ta OPTaHiuHi XJopami-
HU. Y BUOAIKY HOJIMOP(PHOAILEPHUX JIEHKO-
nutiB (HefiTpodinis) XJI symoBisieHa GinbIIOI0
Mipoi0 OPSMOI0 MOYATKOBOIO PeakKIlieio Trimo-
XJIOPUTY 3 JIOMiHOJIOM; iHTEeHCHUBHICTH CBiTiH-
HA 30iJBITyeTbCA BHACJIIJOK OKHCHEHHA IIe-
POKCUAOM BOJHIO NPOAYKTIB IepPeTBOPEHHSA
aominoay [36].

Bucokoio iHTeHCHBHiCTIO Big3HauaeThbCda
XJI, Aka CympoBOIKY€E PeaKI[il0 OKWCHEHHS
JIIOMiHOJIY TIEPOKCUAOM BOJIHIO Yy IIPUCYTHOCTI
karaimisdaropa. TakumMu KaTajgizaTopaMu MO-
JKYTb OyTH i0HM MeTaJIiB 3MiHHOI BaJIEHTHOCTI
(samiso, Mimb, MapraHelb), a TaKOMX IeAKi
KOMILJIEKCH, HAITPUKJIAL MOXiTHI remy, AKi Ta-
KOJK PO3KJIAJaI0Th MEPOKCH BOJHIO 3 YTBOPEH-
HAM paJuKagiB (TiZpoKcuay i cymepokcuzmy).
YV pesyJsbTaTi JIIOMiHOJI TIEePETBOPIOETHCSA Ha
OPOAYKT peakIii — 3-amimodraJar, 1o mepe-
OyBae€ B eJIeKTPOHHO-30yIsKeHOMY cTaHi [37].

IlixaBoro BUIaeTbCA OIiHKA aHTUOKWMCHIO-
BaJIbHOI AKTHUBHOCTI BOAM Y CKOIUUYEHHAX
rizpobionTiB i yac BumiproBauusa XJI, 110 Bu-
HUKAaE B CUCTEeMi IePOKCU BOTHIO — JIIOMiHOJI-
KartasizaTop. Ilepokcus BOAHIO PO3KJIaIa€THCA
Ha BOAY i MOJIEKYJIAPHUIN KUCEHb, a 3BiJIbHEHA
IpU IIbOMY €Heprid BUKOPUCTOBYETBHCA IJA
30yIoKeHHsa JoMiHOMy. SIKIIO B OOCIig:KyBa-
HiAl BOAl IPHUCYTHI PEUOBUHU, AKi raJbMyOTh
BimbHOpagmKaJdbHUI mpomec (iHridoiTopm), To
CBiTJIOBUTIYyCKAHHA 3HUKYEThCA abo 30BCiM
OPUMUHAEThCA. [HimiaTopu BiTbHOpPAIWKAIDL-
HOTO MmpoIlecy IiACHUJIIOIOTL iHTEHCUBHICTH
CBiTiHHA, IO CBiAUNTH PO 30iIBIITEHHS IIIBU/I-
KOCTi XiMiuHOTO OKHMCHIOBAJBLHOT'O IIPOIlECY.
JIromiHecIieHIig BOJHOIO cepemoBUINA TiCHO
OB’ s3aHa 3 IPUCYTHICTIO Y BO/Ii CKJIAIHOTO OP-
ra"HiuHOro cyocTpary — HOCis JoMiHecIleHIii.
Byno moxasaHo, IO CBiTiHHS 300ILJIaHKTOHY
3YMOBJIEHO PEUOBUHAMMU, 3 AKUX CKJIATAIOTHCS
ixHaA 000JI0HKA Ta BHYTpiIHe cepenoBuiiie. He-
3a0apBJieHi TKAHUHYU TBAPUH, AKi mepedyBatoTh
Ha cTamii po3KJIagaHHsda, TAKOXK 34aTHI CBiTUTH-
csa. OnHiero 3 IPUUYMH CBITIiHHS BOJ BBasKAIOTh
pO3KJIaJaHHA 3aJUINKiB 3arubjamX TBapuH
[38,39].

Benuky yBary choromHi 30cepemkeHO Ha
TMOITYKOBiI HOBUX CIOJYK, AKUM HpUTaMaHHA
3IaTHICTH BCTyIIaTH B XiMiuHi peakrItii, AKi cym-
POBOIMKYIOTHCA CBITIHHAM, 3 XIiMiUYHO aKTUBHU-
MU NOPOAYKTAMHU KUTTENIAJIBHOCTI IKUBUX
KJIITHH, TaKUMU AK BiJIbHI pajuKaan i mepox-
cuau — ximiuHi akTuBaTopu XJI.

PosrisamyTi JsiTepaTypHi maHi MOMKYTh OyTU
i ICTaBOIO )15 BUBUEHHSA TKiCHOTO ¥ KiTbKiCHOTO
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CKJIaIy eK30MeTaboJIiTiB BOJHUX OpradisMiB Ta
IXHBOI 3IaTHOCTI KaTaJisyBaTu PO3MIENJeHHSA
MePOKCUAY BOJHIO 3 METOI0 BU3HAUEHHS TOK-
CUYHUX PEUYOBUH XEeMiJIOMiHECIIEHTHUM TeCTY-
BaHHAM. Ilepmii cmpoOu TOKCHUKOJIOTiUHOTO
OioTecTyBaHHSA Ha OCHOBI aKTMBOBAHOI XeMiJIIO-
MimecrieHITil ek3omeTalbo iTiB qadHil 3gificHewni
i Yac BUSHAUEHHS IIOBEPXHEBO-aKTUBHUX pPe-
YOBWH, IECTUINIIB Ta MiKoToKcuHiB [40, 41].

Burxopucranus 0iorOMiHECIIEeHTHHUX
0aKTepiil y MeTomax eKOTOKCHKOJOTiYHOTO
oioTecTyBaHHA

36’130k N0MiHecueHyil ceimHux baxmepiil
3 MemaboNiuHO0I0 AKMUBHICMIO

3pYYHIiCTh BUKOPUCTAHHSI MOPCBKHUX CBiT-
HUX OaKTepill y mporieci JOCiKeHHA BIJIUBY
(daxTOpiB cepemoBUIa 3yMOBJI€HA TUM, IO 34
BigmoBimmio 0iOIFOMiHECIIEHTHOTO CHUTHAJY Ha
30BHIIIHi{I BILIUB MOJKHA OIIHUTU HE TiJIbKU
BUKMBAHICTh MiKPOOHUX KJITWUH, ajie i BIIJIUB
TOT'O UM iHITTOTO YNHHUKA HA IXHI0 MeTaboJiuHy
aKTUBHICTbG.

JIromiHecIieHTHA peakIlis, mMoB’s3aHa 3 Me-
TaboJi3MOM II€PEHOCHUKIB BOJHIO, KUPHUX
KHCJIOT i BYTJIeBOZAiB, MOJKe BBaKaTHUCS iHTer-
PaJIbHUM IIOKa3sHUKOM MeTaboJiuHOI aKTUB-
HocTi OakTepianpuoi KiaitTuHu. HagpuicTb
y KJiTHHAaX CBiTHUX OaKTepill JOCTATHBLOI KOH-
merTpamii Bcix HeoOxigHmMxX MeTaboJIiTiB
(cybeTpatiB Ta iHAyKTOpPiB) 3abe3meuye BHCO-
KUil piBeHBb JIIOMiHeCIIeHITil V BY3bKill HiIAHITI
creKkTpa. BogHouac HaKOONWUYEHHA Y KJIiTHHAX
iHTiGiTOpPiB Ta pempecopiB y MPOIlECi KUTTE-
IiAJBHOCTi, a TAKOK BIJIUB PAAY 30BHINTHIX
(hakTOpPiB MOKe IPU3BOAUTHU, ITOPAL i3 3arajb-
HUM IPUTHiUeHHAM MeTabOJiuHMX IIPOIECiB,
i mo saryxamuHda cBiTiHHA [42].

BuBuenHA BHYTPIITHBOKJIITUHHOI Opraxi-
samii cBiTHEUX OGakTepiii, a TAKOXX B3aeMoO-
3B’ 30K JIOMiHECIIeHTHOI peaKIlii 3 KIITHHHUM
meTtaboJsismoMm TpuBae. IlepemyciMm mociimsKeH-
Hs BUEHMX OyJI0O CIPAMOBAHO Ha BUBUEHHA
3B’A3KYy OiojyoriuHOl JioMiHecIiieHIIiI 3 HOP-
MaJIbHUM IIepe0iroM IIPOIeciB y :KMBOMY opra-
HizMmi [43—45]. Came TaKuM HMIJIAXOM BU3HaUe-
HO Ti JIAaHIIIOTH ¥ KJIITHHHOMY MeTa00J1isdMi, ki
€ TOYKaMU BiiraJayKeHb PeakIliii, 110 CIIPUYM-
HIOIOTh CBiTiHHS.

Ha croromui Bimomo, m1o GioaromMiHecIieHT-
Ha cucTema OaKTepiil TicHo mMOB’si3aHA 3 OKMUC-
HIOBaJBbHUMU IIPOIlecaMu y KJIITHHI uepes JIaH-
IMIOT [OUXaJbHUX e€eH3UMiB (Zerigporenas,
(yaBinoBux eHauMmiB i muToxpomis). Ha piBui
merigporeHas i (paBiHiB JIOMiHecIleHTHa pe-
aKIlig 0axTepiil ile OMHUM IIJIAXOM 3 AUXaH-
HAM, KOHKYDPYIOUY 32 Bi/THOBJIEHI eKBiBaJIeHTH,
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mo ix mocrauae HAJIH-nmerigporenasa. Ilpu
IIbOMY Ha JIOMiHECIHEeHI[il0 BHUTPAUYAETHCS
nocrifina vactka eneprii (10%%) 3 oKucHIO-
BasibHOro Kauainy. Camocriiimoio i cmemmgiu-
HOI0 JIIOMiHECIIeHTHa peakKIid cTae TiJbKU
micaAa BigrasysKeHHs Bix (praBiHOBOI JaHKU
IVXaJILHOTO JIAHITIOTA.

+KuBi opranismm, 3arajoMm, BUTpPadvamOThL Ha
OiosroMizecteHIriro 1o 5—7% sarajabHOI Kilb-
KOCTi CIOKUTOT0 HUMU KuCHIO. EHepris 6ioro-
MiHeCIIeHIIil He BUKOPUCTOBYETHCS OPTraHidaMoOM
i Heob6opPOTHO IryouTHCA HUM. TOMY BiAKPUTIMU
Ha CHbOTOJHI 3aJIMMIAIOTLCA IMUTAHHA 0ioJoriu-
HOI [OIIiJIBHOCTI Ta NPUUYMHW BUHUKHEHHS
OioroMiHecIieHIIil B KMBUX OpraHisMax.

BuBuennsa xopessanii mixk 6ioJoriuHOIO
JIOMiHeCIIeHIIi€I0 i cTaHOM KJITUHH — OJHA
3 OCHOBHUX IIpo0JieM OiosrroMiHecIieHITil. Amxe
iHTEeHCUBHICTD i crIeKTp ii MOXKYTBH CJIyryBaTu
KpuTepiem crany abo cTymeHeM ypaKeHHS OK-
peMux CTPYKTYP i QyHKIIIH KIiTHHN.

MexanisMm BOJAMBY Pi3HUX TOKCHHIB Ha
KOHKDEeTHi eH3MMaTUYHi TpoIecu abo CTPYKTYPHU
y cBiTHUX OaKTepili, HacaMIlepe  eHepreTuyHi,
BUBUYEHO BKpail (hparmeHTapHo. JlocraTua yBara
IPUAIIAETHCA B JIiTepaTypi MeXaHi3MOBI eJIeKT-
POHHOT0 30yAKeHHs B 0ioJIOMiHEeCIIeHTHIN pe-
akIii 6axTepiii. AmsKe aHauris 6ioismuHMX Me-
XaHi3MiB TpaHcCIoOpTy (IIepeHeceHHs) eHeprii,
€JIeKTPOHIB, MPOTOHIB y OioJOMiHECIeHTHUX
PeaKIIisix € OCHOBOIO IJIsI PO3POOJIeHHA eH3Ma-
TuyHUX 6ioTectiB [46, 47]. BasxkauBy poJsb y mo-
JIITIIIIEHHI YMOB BHYTPIiIIHBOMOJIEKYJIAPHOTO
TPAHCIIOPTY €JIEKTPOHIB BiAirparmThb TioJi0Bi
croayKu. Byso mokasano [48], 1o crnupTu
(ameToH, eraHoJi, meranoJs, JIIMCO, ameToHiT-
puia i popmMamin) y HeBeJIUKUX KOHIEHTPAIiaX
30iJMBIIYIOTh IHTEHCHUBHICTHL OaKTepiaabHOI
JIOMiHecIeHI[i1, a 3a BUCOKWX KOHIIeHTPAaIliil
OPUTHIUYIOTH 1i.

Ha croromui BcTaHOBJIEHO, IO KiHeTHWKAa
iHakTuBaIii OiosmroMiHecieHIiI BigpisHAeTHCS
y pisHHX rpyn ToKcuHiB. OqHAK A/ 6iabIIocTi
TOKCHUHIiB, 30KpeMa (peHoIiB [49], xapakTepHUM
€ HeoOOpPOTHe TaciHHA CBiUeHHSA, NPU IIBOMY
CYTTEBY POJIb Bifirpae rigpododHicTs MOJIEKYIu
TOKCUHY (XapaKTepHa TaKOXK i T-2 MiKOTOK-
cuny). HoBemeno, mio Jrorudepasa i HAITH-
IerimporeHasa MamTh Iiapo@o0Hi 30HT, B AKX
MOJKYTb 3B’ A3yBaTHUCS JIiTOMiIbHI KCeHOO0ioTUK I
pisuoi ximiunoi mpupoxu [50]. BiaburicTs
Jinmo(isbHMX areHTiB AifoTh Oe3II0cepesHLO Ha
gonudepasy, iHrioOyooun CBiTiHHS uepe3 KOH-
KypeHiIriio 3 ii axpaerizaum cyocrparom. ITpurHi-
vearHa HAJIH-nerigporenasnoi aKTWBHOCTI
b6ararbmMa rinpoGoOHUMY CIIOTYKAMU 31 ACHIOETh-
cs, K IIPABILIIO, 3a OLIBIII BUCOKUX KOHIIEHTPAIIi i
PEYOBUH i MOKe MaT! Heceluiuny Tpupozay.
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3arajioMm, K MOKJIUBI mapaMeTrpu, Ha AKi
mepenyciM MoiKe OyTH CIPAMOBAHHWII BIJINB
TOKCUKAHTIB, PO3TIANAIOTHCA TaKi: MOPYyIIeH-
Hs 6ap’€pHUX BJIACTUBOCTE MeMOpaHu, IpsaMe
inrioyBauusa Jironudepasu abo HAJIH-nerigpo-
reHasu, IIo 3abe3Ieuye BiJHOBJIeHHA (IaBiHO-
BOro cybcTpary Jironudepasu i UTOXPOMIB IH-
XaJbHOTO JIaHI[IOTA.

Ilepexing mo 0Ge3KJIITMHHUX CHCTEM JI03BO-
Jisie BHECTU ACHICTH Yy MUTAHHSA IIPO MEePBUHHI
MilmeHi BIJIMBY TOKCWKAHTIB i BiOKpeMuUTH
MeMOpaHHI epeKTHu Big mpAMUX B3aeMOXii
3 eHBMMAaTUUYHUMU CUCTeMaMu, 0e31mocepeHbO
3aJIyUeHUMH Y TIPOIeC JIOMiHeCIleHITii.

Hocaimxkennsa B ranaysi mexaHidamy 06ioJjio-
rigyHOi JIIOMiHeCIIeHIIil Ta CTPYKTYPHO-PYHK-
mioHAJBHOI oprawmisarii JroMiHECIIeHTHOI cuc-
TeMM MiKPOOPraHi3MiB cBifuaTh TPO TicHUH
3B’sA30K B3aKOHOMipHOCTe#l JroMiHecIeHI[il
i skuTTenianbHOCTi OakTepiii. Ile mosBouise
crogiBaTucs, Io OioJIfOMiHeCIleHIis cTaHe
3 YacoM TOHKUM Ta e()eKTUBHUM (Hi3MUYHUM Me-
TOJOM BHUBUEHHS 0i0JIOTiYHMX IIPOIECiB.

BaxmepianvHi biontominecuenmui biomecmu

BiorecTy 3 BUKOpUCTAaHHAM KUBUX OaKTe-
pi#t BimpisdHAIOTHCA Bif cyuacHUX 6ioTecTiB, AKi
BUKOPUCTOBYIOTH iH(Yy30pii, nadHii, BomopocTi
Ta pud, JUIe THUM, M0 AK ITapaMeTp JKUTTE-
IisJIBbHOCTI BUMipIoeThCs OioIIOMiHEeCIIeHITisA.

o cBiTHUX HaJeXUTh HebaraTo BUAIB OaK-
Tepiii. e 12 BuaiB, AKi HAJIEKaTh [0 YOTUPHOX
poxiB: Vibrio, Photobacterium, Shewanella,
Xenorharbdus. BinbiricTs npeacTaBHUKIB i€l
IPynu € MOPCBKUMU BUJAAMU, CePell AKX Tpall-
JISAIOTHCA K BIIBbHOMKUBYYi, TaK i cumMbioTruHi
dopmu. Iluramua mpo maAxu iHGIKyBaHHSA
JIIOMiHECIIeHTHUMY 0aKTepPiaMU MOPChKUX TBa-
PuH, IIT0 MAaIOTh CBiTJIOBI opranu, i g0ci € guc-
Kycifinum. ¥Yci cBiTHi 6GaxTepii BUABIAIOTH
XapaKTepHY IJiA TPAMIIO3UTUBHUX BUJIB YJIbT-
pacTpyKTypHY opraHisarito [43—45].

BiorecTu Ha cBiTHHX OaKTepiAx BimoOpaska-
IOTBh KiJIbKiCHY Mipy TOKCHMYHOCTI i wacTo mepe-
BepIIyIOTh Bimomi 6ioTecTu 3a IIBUIKOTIEIO,
TOYHICTIO, UYTJUBICTIO i ITPOCTOTOO, HO3BOJIS-
IOTb KOHTPOJIIOBATM OJHOYACHO 3HAYHY
KinbkicTh ToKcuKaHTiB [51].

Pospobiiennsa OGioaoMiHeciieHTHUX OioTec-
TiB BifilOyBa€eThCA Y TPU eTalu: MiTOTOBKA TeC-
TOBOI KyJbTypHU OaKTepiil; BIacHe BUMipIOBaH-
HA CBiTiHHaA OaxTepiii y mpucyTHOCTi abo 3a
BiJICYTHOCTi aHaJIi30BAaHUX PEUYOBUH; BCTAHOB-
JIeHHA 3B’A3KYy MisK ImapaMeTpaMu CBiTiHHA
i KiTbKicHUMEM XapaKTepUCTUKAMMN TOKCHU-
HOCTi cepemoBuiia. Ko:keH 3 eramiB mMae cBoi
0C00JIMBOCTi, TIOB’A3aHi 3 TUM, AKa KyJIbTypa
OaKTepili BUKOPUCTOBYETHCA AJA aHaxidy. To-

My Bci Bimomi Ha 1eii uac 6ioTecTu 3pydYHO KJa-
cudiryBaTu 3a croco60M TPUTOTYBAaHHS TECTO-
BOi KyJabTypu (mepiogmuHOl UM HemepepBHOI)
abo peareHTiB Ha OCHOBi OakTtepiii. Ha mpuk-
Jafi TOBEePXHEBO-aKTUBHUX PEUYOBUH, (HEHOTY
Ta MikoTokcuny T-2 [52—54] O6yso mokasamo,
AK BUKOHYIOTh BUMipIOBaHHSA B OioTecTax 3 BU-
KOpuCTaHHAM CBiTHuUX GakKrepiii. I3 TecTroBoi
KyJbTypu BimbuparmTh mpobu i B KioBeTi
JIOMiHOMETpa PeecTPYIOTh CBiITiHHA OaxTepiit
3a BimcyrHOCTi amasizoBaHoi peuoBuHuU — I
Hani OyayioTh KOHIIEHTPAIiMHY KPUBY: OOAa-
IOTh ¥ KIOBETY PO3UMH TOKCUHY Pi3HUX KOHIIEHT-
pamiii Ta peecTpyOTh TaciHHS JIIOMiHECIIeHIIil
6axrepiii (I). Iuribytounii edpekT BU3HAUAETHCA
3a BesmumHOio (I/1)),% . ¥ pasi s6impmienaa
KOHITeHTpAIlil TOKCUHY BeJIWYMHA I[HOTO ITapa-
MeTpa 3pocTae. 3a KPUBOIO PO3BEIEHHA MOXKHA
3HAWTU KOHIEHTPAIiI0 TOKCUHY, SKa IMPUTHIi-
uyye cBitimag ma 50% . Ciaig sasmauwmTu;, IO
Y BUIAAKY BUKOPHUCTAHHSA MAaJIOPO3UMHHUX
Yy BOJZi peuoBUH (30KpeMa MiKOTOKCHHIB), 3ac-
TOCOBYIOTH PO3UMHM 1X B €TAHOJII UM iHIIIUX Op-
TaHIYHUX POSUYMHHUKAX, 1 KOHTPOJIEM CJIIYTYy€E
iHTEHCHBHICTDb CBITIiHHSA y IIPUCYTHOCTi PO3-
YMHHUKA.

Hesaki Hemoriky, mMpuTaMaHHi AK mepioguy-
Hill KyJbTypi cBiTHMX OaKTepiii, Tak i Here-
PEepBHili, yCyBalOThCA OTPUMAaHHAM peareHTa
Ha OCHOBi Jio(isbHO BHCyIIeHUX OaKTepiii.
IIpenaparu gioginisoBanux OaxTepiii BUPOO-
asa10Th B IuctutyTi 6iodisuku CO PAH, Iucru-
TyTi 6iokomoiguol ximii HAHY Ta mesaxkux 3a-
py6iskHUX hipmax [55]. Beckman Instruments
mponae JriodisibHO BuUCyIneHi cBiTHI GakTepii
Y KOMILIEKTi 3 Oionmrominomerpom. BakTtepii,
BigmoBiseni B posumui NaCl, s6epiraiors uyT-
JIUBiCTH 40 MiKOTOKCHHIB YIIPOLOBXK b rof i AJis
OeAKUX TOKCUHIB BOHA BUINA, HidK y CBiXKik
cycmeH3ii KiriTuH.

Ilix yac cTBOPEHHS TECT-CUCTEMU Ha OCHOBi
cBiTHUX O6GaKTepili yacTo IocTae 3aBAaHHSA
TiABUIMUTY YYTJIUBIiCTh OaKTEPiaTbHUX KJIITHH
0 HMU3bKUX KOHIIEHTPAIlill TeCcTOBAaHUX CIIO-
ayk. I[boro MoKHa MOCATTH 3MiHOI YMOB
KYJIbTUBYBAHHS, CIIOCO0Yy OOpPOOJIEHHS TOKCH-
KaHTOM, BUKOPHUCTAHHAM CHEeIUDIUHUX Uy TIIN-
BUX MYTAaHTHUX IIITaMiB. Yci 1M migxonm 3acTo-
COBYBaJU y TPOIlECi CTBOPEHHSA TECT-CUCTEMU
Ha pisHi (enosm Ta ixHi moximHi, cysbpdo-
HOXigHI AHTAPHOI KHCJIOTH Ta TIeKCcaXJIOpaH-
mukJorekcany (I'XIIT') [56]. BiorecTtu Ha ocHO-
Bi MyTaHTIB 3acTOCOByBajlu TaKOX 4
3’sCyBaHHSA BYIJIEBOAHOI cIenu@ivyHoOCTi JIeK-
TUHiB cBiTHUX OaxTepiii [57].

IIpunyckawoThb, IIIO cepel BeImMKOl pisHO-
MaHITHOCTI MyTaHTiB MOJKHa BHUOpaTH IIITaMMU,
BUOipKOBO UYTJUBI [0 TeBHUX peuoBUH. OgHAK
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YCIIHMX pobiT y IbOMY HAIIPAMi IOKH III0 Ma-
Jgo. ITpore 3’aBuincsa mpaili, BUKOHAHI 3 BUKO-
pUCTaHHAM pPEKOMOIHAHTHMX CBiTHUX Oak-
Tepili, e YCIIIIHO eKCILIyaTyeEThCsS iles IIpo
Te, 10 BUIPOMiHIOBaJIbHI eH3UMU — Jronudepa-
31 Ta IXHi reHy € BapTUMU yBaru Ta IpULaTHU-
MU i BUKOPUCTAHHA AK MapKepu y MOHITO-
PUHTY HaBKOJUIITHBOTO CEPEIOBUIIA, a TAKOMXK
I 6OioxiMiuHOI JiarHOCTUKY B MeTUITMHI.
JlitepaTypHi m:Kepesa HaIOBHEHI TaHUMU
PO PO3po0JIeHHSA HOBUX HaNpAMiB GioTecTy-
BaHHA i OMHUM 3 HUX € 3aCTOCYBaHHS SIK TECT-
00’eKTa JIIOMiHECI[eHTHUX PEeKOMOiHAHTHUX
mramMiB  pisHMX  OakTepiit (E. coli,
Pseudomonas, Rysobium rta iu.) ¥ pobori [58]
onmcaJu KJOHYBAaHHS Ta eKCIPeciio TeHiB
JIIOMiHECIIEHTHOI CUCTEeMM CBIiTHUX OaKTepii
Vibrio harveyi, V. fischeri, Photobacterium
leiognati B mnaasMiZfHOMY BeKTOPi KJiTHH
pisHEX MiKpoopraHismiB. ByJio BcTaHOBJIEHO
OPUHIIUIIOBY MOJKJIMBICTH BUBHAUEHHS MiKO-
TOKCHUHIB 3 ZOIOMOIOI0 OiOJIIOMiHECIIEHTHOI'O
MeTony. B HacTymHUX JOCITisKeHHAX 0YJI0 PO3-
pobaeHo JronudepasHuii 6ioTecT A1 BUABJIEH-
Hs 3epHa, ypaskeHoro gysapiosom [59]. BapTo
3a3HAUYUTU, M0 B JwmudepasHux OioTecrax
BILIMB TOKCUYHUX PEUOBUH BifOyBaeThcsa 0ea-
mocepenHbo Ha Jionudepasy — KJIUYOBUN eH-
3uM MeTaboJIidMy CBiTHUX OaKTepiii. ¥ Bumaj-
Ky minux OGaxkTepiaJbHUX KJIITUH IPAMUKI
BIIJIUB TOKCUKAHTIB Ha Jionudepasy obmesxe-
HUU KJIITMHHOIO CTiHKOIO i MeMOpaHOIO OaK-
Tepili, AKi IepelKomKalTh BIJIBHOMY IIPO-
HUKHEHHIO CTOPOHHIX peuoBWH y KJaituHu [60,
61], onHak BimOyBaeThCA BILJIMB Ha iHIIN BaK-
JIUBI IpoIecu KUTTEMIAIBHOCTI KIITUHU, TaK
yy iHaxime moB’sa3aHi 3 OiosroMiHeclieHIi€rO.
CyMicHe BHKOpPHCTAaHHSA O0i0JIIOMiHECIEeHTHUX
6ioTecTiB in vivo Ta in Vitro OJHOYACHO 3MOKE
rapaaTyBaTH IIOBHe OOCTe)KeHHs 00’ €KTiB
IOOBKiJNJIA Ha TOKCHUUYHICTHL, He3aJe)XHO Bif
CTPYKTYpH Ta (PiBMKO-XiMiUHMX BJaCTUBOCTEM
PEYOBUH, TOKCUYHUX SK IJA I[iJIOr0 OpraHis-
My, Tak i JJs KJIiTuH i eH3uMiB. A CcTBOpeHHA
i po3po0IeHHA BHUCOKOUYTJUBUX OioJroMiHec-
IMEeHTHUX CEHCOPiB 3 iMMmoOimizoBammmu Gak-
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B 0030pe maH KpuUTUUYeCKUil aHAINU3 METO/IO0-
JOruu OMOTECTUPOBAHUS TOKCUUYHOCTH BOIHOI
cpenbl ¢ UCIOJh30BAHMEM TAKUX TECT-00HEeKTOB,
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MM JIFOMHUHECIIEHTHOI'O 0MOTeCTUPOBAHM.
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CORRELATION BETWEEN METABOLIC
ACTIVITY OF SOME AQUEOUS
ORGANISMS AND CONDITIONS
OF LUMINESCENT ECOTOXICOLOGICAL
BIOTESTING
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A critical review of methodology for biotest-
ing of environmental toxicity based on water
fleas and luminescent bacteria was carried out.
Some peculiar properties of aqueous organisms’
metabolism in toxic environment were shown to
establish a theoretical dependence of their acti-
vity on luminescent testing conditions.
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