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st mpoBegeHMss OMOAHATM30B OCYIIeCTBIeHa UMMOOUIN3AIINA cBeTAInuXcsa bakrepuit Vibrio fischeri F1, Vibrio
harveyi Msl u Photobacterium phosphoreum F2, Brinenennbix u3 YepHoro mops, u 6axrepuu Photobacterium leiog-
nathi Shl — u3 A30BCKOT0 MOPsI, Ha HEOPTaHNUYECKUX HOCUTEJIAX, B YaCTHOCTHU Ha pocdhaTe u KapOboHATE KATbIIUA, OK-
cuje ¥ TUIPOKCHUe AJIOMUHUA. ¥ CTAHOBJIEHO, YTO IIPU UCIIOJIb30BaHUU (hochaTa Kaabliusd U TUAPOKCHUIA aJTIOMUHUA
HAO0JII0JaJI0Ch YMEHbIIIeHe CYMMAapPHOM NHTeHCUBHOCTY cBeueHus B cpeze 10 20—70% . B cayuae npumenenns KapboHa-
Ta KaJbIlUA U OKCHIA AJIOMUHUAS B KauecTBe COPOEHTOB OMoJIIOMUHECIIeHITnA Bo3pacTasia 10 120-160% oTrHOCUTEIBHO
KOHTPOJILHBIX 3HaueHui. [lociequume 1Ba HOCUTEA BBIOPAHBI AJIA JaJbHEHIIINX UCCAeTOBAHUIN U ITOKAa3aHo, YTO MaK-
CUMAaJIbHBIN YPOBEHD afcOPOIINY HA HUX JOCTUTAETCA B TeUEeHUE 2 U IPU KOHIleHTpanuu 6akrepuit 6osee 2,6-10° Kir/m.
BakrepuanbHble KJIETKHU HOCTATOUYHO IPOYHO YAEP:KUBaAIOTCA Ha copbeHTax um He cMbIBaioTcs 3% -M pactBopom NaCl,
a TaKiKe COXPAHAIT HAUYAJIbHBIA YPOBEHb OMOJIIOMUHECIEHIIUY B TPU pasa A0JbIlle, ueM OaKTepuaIbHas CyCIIEH3UA.
B agcopbupoBaHHOM U CBOOOJHOM BHUE CBETAIINECA OaKTePUU IIPOSBIAIOT CXOAHYIO YYBCTBUTEIBHOCTD K JECTBUIO
TOKCUUECKUX (haKTOPOB, UTO OBLIO ITOKA3aHO C MCIIOJIH30BaHIEM XJIOPUIA IIMHKA B KAUECTBE BEIleCTBa JJIA TeCTUPOBa-
HUSA COCTOAHUSA OMOTIOMUHECIIEHTHBIX CUCTEM.

Knrwouesnvte cnosa: 6I/IOJIIOMI/IHeCLIeHTHLIe 6aKTepI/II/I, I/IMMO6I/IJ'II/I3aL[I/IH, HeoOpraHnm4YeCKue HOCHUTe-

JU, YyBCTBUTEJIBHOCTh K XJIOPUAY IIMHKA, O1MOCEHCOPHBIE YCTPOICTBA.

B HacTosIIEee BpeMs AJis OBICTPOTO aHAJIM3a
OMOTMAHOCTY (TOKCUYHOCTH) IINPOKO IPUMeE-
HAI0T OuoTecTupoBanme. Cpeau pasIWUHBIX
paspaboTaHHLIX OMOTECTOB, MCIIOJb3YIOIIHUX
JKUBBIE OPraHMB3MBI B KAUeCTBE YYBCTBUTEJIb-
HBIX CTPYKTYD, OCOOBI MHTEPEC BHI3BIBAIOT OC-
HOBBIBAIOIIIUECA HA MOPCKUX CBETANIIUXCA OaK-
TEepUAX, 00JI1aJaI0IUX CIIOCOOHOCTHIO U3JIYUYATh
B pe3yJbTaTe KU3HeIeATeILHOCTH CBET B CHEe-
3eJIeHOU 00JIaCTU CIeKTpa. BHMOIMuIHOCTL IIpU
9TOM oOIlpefessieTcd II0 YMEHbIIIeHUI0 WHTeH-
CUBHOCTU OaKTepHaJbHOH JIOMUHECIeHIIUN
B OTBET Ha BBeJIeHUE UCCIenyeMoro oobexkTa [1,
2]. C mnenbio HamboJiee IIOJHOTO O0ECIeUeHU s
TpebOBaHMI MPAKTUKU CETOMHS aKTHUBHO pas-
pabaTbsIiBaOTCA OMOCEHCOPHBIE YCTPOMCTBA,
TIO3BOJIAIOIIE TPOBOAUTH IIPOCTO, BEICOKOUY-
BCTBUTEJBHBIN M DKCIPECCHBIM aHAJNU3. ITU
yCcTpo#cTBa HAXOOAT NMPUMEHEHUe BO MHOTUX
cTpaHax MUpa IJid KOHTPOJIA KauecTBa BOMEI,
OIlEHKYM TOKCUYHOCTU CTOYHBIX BOJ, OIIpefeJie-
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HUSA OMOJOTMUYECKOTO AENCTBUS HOBBIX JIEKAP-
CTBEeHHBIX BelrecTB [3, 4]. OcHoBHas mpobyema
IpU UX CO3JaHUM COCTOUT B IIOMCKE IOAXOIOB
I 5PPeKTUBHON NMMOOMIN3any 0aKkTepuii
Ha TBepAou (dase, cCOCTaBIAMIIIEH YYBCTBU-
TeJIbHBIN dJIeMeHT O0moceHcopa. B juTepaType
OMMCAaHO IPUMeHeHNe IIIUPOKOro CIIEKTPa Cop-
OEHTOB [AJIs MMMOOMJIM3aIIUA MUKPOOPTAHUI3-
MOB, BKJIIOYUAs NOJMBWHWJIOBBLIN COUPT, ara-
POBHBIN, ceapOo3HLII M aJbIMHATHBIN Teju,
noJuKapbamMounacyab(oHaT, MUKPOIOPUCTHIE
(UIbTPLI, HOJUMEPHI U3 CyJb(poHATCTUPEHA,
IuBUHMNJIOeH3eHAa 1 ap. [5—11]. OgHaxko MHOTHE
W3 HUX He MOTYT OBITh HCIOJb30BaHBI IJIA
BKJIIOUEHUSA CBETAIINXCA OaKTepuili B OMOCEH-
COp 13-3a KPUTWYECKOTO YPOBHS HOTEPU MMU
(GYHKIIMOHAIBLHBIX CBOMCTB. B wacTHOCTH, COT-
JIACHO HAIUM IIPeJBAPUTENILHBIM HCCJIEI0Ba-
HUSAM Cpeay YKa3aHHBIX BBIIIE Tejieil JIMIIhb
chopMupoBaHHBIN Ha ocHOBe ce()apo3bl II03BO-
JISIJT B KaKOU-TO Mepe PerucTpPUpPOBATH OMOJIIO-
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MuHectieHIIuI0 KiaeToxk [12]. ITosTomy momck
TBepAOi (as3bl AJA BKIIOUEHUSA KJIETOK CBETS-
muxcsa 0akTepuil 1 CO3TAHUSA HAa UX OCHOBE OII-
TUYECKUX OMOCEHCOPOB ABJIAETCS BEChbMAa aKTy-
asbHOUM 3amaueii. Ilenpio HacTosAlmell pabOTHI
SABUJIOCH M3yUeHHe (PYHKIIMOHAJIBHBIX XapakK-
TEPUCTUK CBETAIMXCA OAKTEpPUHl, BBIAEJIEH-
HbIX 13 YepHOro m AB0BCKOI'O MOpeii, mocJe
copOIIMM MX HA HEOPTAHWYECKUX HOCUTEIAX,
a TaKiKe OIleHKA MPUMEHNMOCTH MMMOOUIN30-
BaHHBIX TAKUM 00pasoM OaKTepui AJasa OuoTec-
TUPOBaHUS.

Marepuaabl 1 METOIBI

B pabore mcmoib3oBaHBI MOPCKIE CBETS-
muecss O0axtepuu Vibrio fischeri F1 IMB B-
7070, Vibrio harveyi Msl u Photobacterium
phosphoreum F2 IMB B-7071, BeineeHHBIE U3
YepHoro Mops, a Tak:Ke 6axTepun Photobacte-
rium leiognathi Shl — us AsoBckoro mops [13].
Bakrepuu Bripamusaiau B TeueHre 16—18 u ma
JKUTKOH INUTATEJILHOI cpejie CIeIYyIOIero cocTa-
Ba (T/J1): HeIITOH — 5; IPOIKIKEBOI SKCTPAKT —
2,5; NaCl — 30; K,HPO,7TH,O — 15;
(NH,),HPO, — 0,5; MgSO, — 0,1; rounepos —
1 ma/n. KyapTuBupoBaHWEe MPOBOAUIU IIPU
Pa3IWYHBIX  TeMIIePATYPHBLIX  peRUMax:
P.phosphoreum — upu 15-20° C, V. fischeri,
V. harveyi Msl — 20-25" C, P. leiognathi
Shl — 28-32°C.

B kauecTBe HocuTeel Ay copOIiuu 0aKTe-
puit ucnosb3oBaiu (pochar M KapOOHAT Kab-
IMUsI, OKCUJ U TUAPOKCUA amtoMuuusa. CopOeH-
THI TIPEABAPUTENBLHO MPOMBIBAIHN (hochaTHBIM
o6ydepusiMm pactBopoMm (pH = 7,1). HaBecky
copbeuTa 50 mr cmemusaiu ¢ 0,9 M TUTaTEND-
Hoit cpeanl 1 0,1 MJI cyTOUHOITI OaKTepUATBLHOI
KyJabTypbl. CcTeMy mOMeIIlaJd B TePMOCTAT U
HUHKYyOMpoBaau B TeueHue 2 u 20 U Ipu ONTH-
MaJILHOM JJIs KasKA0ro BuAa GaKTepuil TeMIie-
parype: P. phosphoreum — 20° C; V. fischeri
u V. harveyi — 25° C; P. leiognathi — 30° C.
KouTpoabHbIe 06pasiibl roToBUIN 6€3 go0aBIie-
HuA copberToB. Hocuress ¢ acopdrpoBaHHBIMU
0aKTepUSIMHU OTAEJSAIN OT CPEIbl IIeHTPUPYTH-
poBaHueM B Teuerue 10 mun opu 1 000 06/Mmun
C IocJIeAYIOIIell TPeXKPaTHON IIPOMBIBKO
3% -M pacTBOPOM XJOpHUJIa HATPUA.

KosnnuecTBo amcop6upoBaHHBIX HA HOCHUTE-
Je OaxTepuii 1 MX OMOJIOMUHECIIEHIINIO OIIpe-
IeJsSad TI0 PA3HOCTU OITHUYECKOU IIJIOTHOCTH
Y MHTEHCUBHOCTHU CBEUEHUS CYCIIEH3UU B KOHT-
poJBHOM 00pasiie U B Cpelie IOcje OTAeIeHUs
copbenrTa.

CTabuIbHOCTD IIOJYUEeHHBIX 00pas3IoB OIle-
HUBAJIHU TI0 YMEHbBIIIEHNIO0 MHTEHCUBHOCTH OMO-
JIIOMUHECIIeHITUY BO BpeMeHu. [ aToro 6ak-

Tepuu, UMMOOUJIN30BAHHBIE HAa HEOpraHUYec-
KUX HOCHUTEJSAX, IIOMEINAaJN B XOJOSUJIbLHUK
npu Temueparype +8° C. Ilepuoguyecku, B Te-
YyeHMe HEeCKOJbKUX [THel, oTOmpaum HPOOLI
U OIIPEeAeJsiy HWHTEHCHUBHOCTh MX OMOJIOMMU-
HecIeHIIUY. B KauecTBe KOHTPOJISA UCIIOJIb30BAa-
JIA CYCIIEH3MIO CBETAIUXCA OaKTEePHUil, KOTOPYIO
TOTOBUJIM TAK Ke, KaK U MMMOOUJIN30BAHHYIO
KYJBTYPY, X BEIAEPKUBAJIN B Te€X 2Ke YCIOBUAX.

B mporiecce m3ydeHUA TPHUMEHUMOCTH IIO-
JIYYEeHHBIX MMMOOMIN30BAaHHBIX ()OPM CBETSI-
muxcsa OGakTepuil Oad OMOTECTHPOBAHUA MC-
MOJIb30BAJIM XJOPUM IIMHKA (meiicTBue Zn?*)
B KauecTBe BeIlleCTBa, IMOAJeKAIIero aHaIusy.
PesynbTaThl GMOTECTUPOBAHUS ITPEACTABJISIIN
B Buje 3(p(peKTUBHOI KOHIIEHTPAIIUU BeIlecT-
Ba, MHrubupymwoilmneii O0MOJIOMHUHECIIEHIIUIO Ha
50% , — 9K;,. Kornenrpanuio 6axkTepuii onpe-
IeJIAJIN II0 OINTUYECKOH IIJIOTHOCTH CYCIHEH3UH
mpu A = 600 am. smepeHue OMOJIIOMUHECIIEH-
UK TPOBOAMJIM Ha OuosmroMuHoMeTpe BJIM-
8801 — CKTB «Hayka» (Poccus).

Pe3yasTaTsl U 06Cy:KAEHIE

YcTaHOBIEHO, UTO CBETAIUECS OGaKTepuu
IPpU KOHTAKTE C HeOPraHMYECKUMU HOCHUTEJIA-
MU KOHIEHTPUPYIOTCS HA HUX, UTO COIIPOBOMK-
IaeTcsl YMEHbIIIEHEM UNCJIa KJIETOK B JKUIKO
dase. Ilpu amanamse OUMTUUECKOHN ILJIOTHOCTH
SKHUAKOM (passl BBIABJIEHO, UTO 0K0J10 90% Bcex
OaxTepuil mepexoqAT Ha TBEPAYIO (hasdy. ITa Be-
JUYNHA 3aBHUCEJIA OT THUIIA HOCUTEJIA U IIITaMMa
cBeramuxcsa Oaxktepuii (Taba. 1). MHTEHCUB-
HOCTH OMOJIOMUHECIIeHITNU OaKTepuil B IIPO-
mecce afcopOIly MOMKET KaK YBeJIUYnBaTbCS,
Tak U yMeHbIIaThbcsa. Tak, Ipu NCIOJIbL30BAHNNI
(dochara xanabliusd W TUAPOKCHUIA ATIOMUHUSI
Ha0J[0a/I0Ch YMEHbIIIeHe CyMMapHOIl MHTeH-
CUBHOCTHU cBeueHHusA B cpene no 20—70%, a qua
KapOoHaTa KaJbIUA U OKCHAA aJIIOMUHNI O1O0-
JIOMUHECIIeHIIUS Bo3pacTaja OO0 VPOBHS
120-160% oT KOHTPOJBLHBIX 3HAUEHU.

KoamuecTBO amcopOMpOBaHHBIX OaKTepuin
U UX CBeUEHUeE He BCeraa KOpPearnpoBail MeiK-
Iy co00ii, UTO CBUAETEIbCTBYET O BIUIHUMU COP-
OeHTa U IIpoIlecca agcopoIuy Ha MeTaboImyec-
Kue IIpomecchl B OaKTepHaJbHBLIX KJIETKaX.
HanpHelmme 9KCIIEPUMEHTHI ITPOBOAUIIN C VC-
MOJIb30BaHMEM OKCHIa ATIOMUHUSA 1 KapOboHaTa
KaJbIIudA, aAcopOIusa OGaKTepuil Ha KOTOPBIX
COMPOBOMKAAIACH OOIIINM YBeJINUYEHNEM NHTEH-
CHUBHOCTU MX CBEUEHN.

HeTtanbHOEe M3yueHHe Ipoliecca aacoporum
CcBeTAINUXCA OaKTepuil Ha BRIOPAHHBIX Heopra-
HUYECKUX HOCUTEJIAX OCYIIECTBJISIIMN, OIIpele-
JIsis 3aBUCHUMOCTh OMOJIOMUHECIIEHIINN HOCH-
TeJsA C aAcOpPOMPOBAHHBIMHU OAKTEPUIAMU OT
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Tabauya 1. XapaKTepUCTHKH aCOPOIUHN
cBeTANUXCcA 0aKTepHit
HA HEOPraHNYECKNX HOCUTEIIX

HuTeHCUB-
KoauuectBo
HOCTH 0MO- .
IMIramm CopOenTt TOMUHEC- 0aKTepuii,
uennuu, % %
CaCOs 188,9 48,4
V. fischeri Al,04 51,4 71,5
F1 Cag(POy), 13,9 92,5
Al(OH); 14,5 75,9
CaCOg 101,6 34,5
V. harveyi Aly,04 152,8 24,3
Ms1 Cag(POy), 34,5 43,2
Al(OH)4 25,4 27,9
CaCOg 126,8 19,3
P. phospho- Al,04 159,2 48,2
reum F2 | Cag(POy)qy 58,8 71,4
Al(OH)4 5,4 77,2
CaCOs 116,8 14,5
P. leiog- Aly,04 83,8 71,9
nathi Sh1l Cag(POy), 43,6 42,8
Al(OH); 6,4 35,9

KOHIIEHTpPAI[NM BHECEHHBIX OaxkTepuii. Pe3yb-
TaThl IPEACTABJANNA B BHUAE U30TEPMbBI aicopo-
IUU, JalOIeli BO3MOMKXHOCTh OI[€HUTh 3HAUEHIIE
MAaKCHUMAJLHOM aAcopOIUy M MOJYUYUTEL IIPeJ-
CTaBJIEHUE O TOJIIUHE aJCOPOIMOHHOI0 CJIOS.
JommoMHUTEeNbHBIN aHaJau3 M30TePMbI MOKET
IaTh MaTeMaTHUYecKoe ONMCcaHUe Ipollecca aj-
copOruu. /i ee mocTpoeHuA ObLT BHIOpAH IIe-
puon nHKyO6anuy 6akTepuil B IPUCYTCTBUU HO-
CUTeJA B TeueHMe 2 U, ¢ TeM UTOOBLI JOCTHUUDL
anCcopOIMOHHOI0 paBHOBecusA. VIMEHHO 3TOT
IIePUOJ, COIJIACHO HAIINM KOHTPOJILHBLIM HAal-
JIIOEHUSAM, ObLI HeJOCTATOUHBIM IJIA 3aMETHO-
ro pocTa baKkTepuaJbHOU KyJabTyphbl. Kak moka-
3aJI1 MCCJeN0BaHMUA, MaKCUMAaJbHBLIN YPOBEHb
amcopOmu HabJOmaicsad IIPU HAYaJbHOM KOH-
meuTpanuu 6akrepuii ot 2,6+10°% KJ1/MJI 1 BBIIIIE
(puc. 1). OrcyTcTBHEe BTOPOTO MaKCMMyMa Ha
IMOJIYYeHHOM KPUBOII JaeT OCHOBAHNE CUNTATD,
uyTO0 00pasyeTcs TOJBKO OAUH alCOpPOIIMOHHBIN
cJIoit (II0 aHAJOTUM C MOHOMOJIEKYJISIPHOM a-
copbrmeii 'u66ca).

C yBesmueHNEeM BpeMeH! NHKYOAI[uU HOCH-
TeJisd U 6aKTepHaJIbHON KyabTyphl A0 20 u mjisa
obecrieueHus: pocta GaKTepuil B cpeje IO cTa-
IMUOHAPHON CTaguy HaOJIOLAIOCH CHUMKEHIE
KOJIMUeCcTBa aJcOpOMPOBAHHBIX OaKkTepuii 1 00-
el MHTeHCUBHOCTH OMOJIIOMUHECIIEHIIUU 00-
pasios. IIporecc ancopOIIuy B STUX YCIOBUSIX
YCJIOKHSJICA, YPOBEHb MAKCUMAJBHOM aacopo-
IIUU CABUTraJICA B 00JaCTh OOJIBINMNX KOHI[EHT-
parnuii 6aKTepuaJbHBIX KJIETOK, a Ha U30TepMe
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afcopOIIY MOABISAICA JOMOJHUTENbHBIN MaK-
cumyM. Cyna mo xapaxkrepy KpuBoii npu 20 u
KYJIbTUBUPOBAHUS, MOXKHO IIPEIIOJOMKUTD,
YTO IIPOUCXOIUT afcopOIud ¢ PopMUPOBaAHUEM
HECKOJBbKUX aJCOPOITMOHHBIX cJoeB. IlepBuIit
cJI0i obpasyeTcsa B TeUeHIe IIEePBhIX 2 U UHKY-
banuu TpU KOHIEHTPAIMu OaKTepuaJbHBIX
KJIeTOK B cpene 2,6-10° xu/ma u Boimne. [Ipu
60JIbIlIell KOHIIEHTPAIIUN KJIETOK CBETAIUXCS
0aKTepuil B cpejfie IPOUCXOAUT (POPMUPOBAHUE
CJIEYIOILIETO CJI0s, YTO IPUBOJUT K 3aTyXaHUIO
OMOJIOMUHECIEHIINN VoKe aAcopOMpOBaHHBIX
KJIETOK ¥ CHUKEHUIO O0Iell MHTEeHCUBHOCTU
cBeueHUA 00pasIoB.

Puc. 1. U3orepma axcopouuu P. leiognathi Shl
Ha OKCHIe aJIOMUHUSI

ChopmMupoBanubie agcOpOIIMOHHBIE CJIOU
CBETAIUXCA 0aKTEPUN OTHOCHUTEJIBHO IIPOYHO
YIEeP:KUBAJINCH HOCUTEJIEM, YTO OBLIO YCTAHOB-
JIEHO TIPU MBYYEHUU AEeCOPOIMOHHBIX HPOIIEC-
COB Ha okcuie ajdioMuHusdA. IIpu TpexKpaTHOMI
mpoMBIBKe copbeuToB 3% -M pactBopom NaCl
KOHIleHTpaInusa O0aKkTepuili ¥ MHTEHCUBHOCTH
CBeUeHUA B HAJOCAMOUHON KUAKOCTU CHUMKA-
auck B 2—2,5 pasa 3a IIMKJ, B TO BpeMs Kak
B TBepAoi hase 0CTaBAJIUCH OTHOCUTEIBHO II0C-
TOAHHBIMU.

Tabauya 2. U3yuyenue gecopoiuuu GaKTepui
C OKCH/Ia AJIIOMUHUA

HNuTtencuBHOCT, | HTEHCHBHOCTH
KosnuecTBO | OMOJIOMUHECICH- | OMOJIIOMUHECIEH-
NPOMBIBAHMI | I[MU B TBEPAOH | IIMU B HAJOCAA0Y-
dase, % HOM KUIKOCTH, %
0 100 100
1 100 40
2 97 15
3 93 6
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IIpu cosganuu GHOCEHCOPHBIX YCTPOMCTB
HAa OCHOBE MMMOOUMJIM30BAHHBIX CBETAIIUXCS
OaKTepuil BaKHOU 3aJauell ABJISIETCS COXpaHe-
HUe UYYBCTBUTEJIBHOCTU OWOJIOTHUECKOTO 3Je-
MeHTa IIpu OmoTecTUpOoBaHUU. AZcopoImsa 6aK-
Tepuil Ha HEOPraHMYECKMX HOCUTEJIAX, KakK
OTMEYaJOCh BBIIIE, MOXKET IIPUBOAUTD K IIOBBI-
IIeHUIO 00Iero YPOBHS 6aKTepUaJIbHOMN JIOMU-
HECIeHI[UHU, UTO, OUEBUIHO, CBUIETEIbCTBYET O
0JIaTONIPUATHBIX (PM3UOJOTUUECKUX YCIOBUAX.
C mesibio onpeesieHns CTA0MILHOCTH IOJIYUYeH-
HBIX UMMOOMJIN30BaHHBIX (DOPM OaKTepuil ObI-
Jla M3yuyeHa 3aBUCHUMOCTb WHTEHCHUBHOCTH HX
OuoJIIOMUHECIIeHIIUY BO BpeMeHH (puc. 2). Uc-
cJIeJOBaHUS TPOBOAMIIU C MCIIOJIE30BaAHUEM HO-
cureJsieii, BRIOPAHHBIX Ha MPEIBIAYIIUX CTALM-
AX paboThI: OKCUIOM AJIOMUHUA 1 KapOOHATOM
Kanbiud. Kak ciengyer ns mpuBeJeHHOMN TICTO-
T'paMMBbI, TMMOOMIN3AIIN S CBeTAIIXCS OaKTepui
cIocoOCTBOBaIa 3HAUUTENIHLHOMY YBEJIUUYEHUIO
CTabUJIBHOCTH II0 CPABHEHHUIO C KOHTPOJEM.
B xauecTBe KOHTPOJISI UCIIOJIb30BATIN OAKTEPH-
aJbHYIO CYCII€H3WIO HA JKHIKON IMUTATEJbHON
cpelie, KOTOPYIO OOBIYHO HIPUMEHSAIOT AJIA Ouo-
TECTUPBOAHUA TOKCUUHOCTHU. Pe3ysabTaThl IO-
Kasaju, 4TO MoJyueHHble ()OPMBI CBETAIUXCS
faKTepWil MOTYT XPAaHUTHCA B TPU pasa AOJb-
e, COXpaHssA IPU dTOM BBICOKYIO MHTEHCHUB-
HOCTH OMOJIIOMUHecCIeHInu, B mpegeaax 80%
OT HAYAJIbHBIX 3HAUCHUH.

Puc. 2. Ouenka cTa0OMIbHOCTH OMOJIIOMUHECIHEHI[UH
MMMOOUJIN30BaHHBIX MMPENapaToB:
1 — KoHuTpOJb (cycuensusa 6akTepuii); 2 — OGakTepuu,
MMMOOMJIN30BaHHbBIE Ha KapOoHAaTe KaJbIUs; 3 — OaK-
Tepuu, UMMOOUIN30BAHHLIE HA OKCHULE AJTIOMUHUSA

VBenuuenue cTaOUIBLHOCTU W OOIIENH WH-
TEHCHUBHOCTU OMOJJIIOMUHECIIEHIINY NMMOOUJIN-
30BaHHBIX 00Pa3Il0OB CBETAIUXCA OaKTepuii, Ha
HAaIll B3TJIAL, MOKET ObITH 00YCJIOBJIEHO TAKUM
uX CBOWCTBOM, KaK quorum sensing (mucram-

IMUOHHBIE MHUKPOO-MUKPOOHBIE B3amMOIe-
CTBUs). 3aKJIIOYAETCS OHO B TOM, UTO ITPY HU3KOM
colep:KaHUM B cpele (HampuMep, B MOPCKOM
BojZie) GaKkTepralbHbIe KIETKU IPAaKTUUECKH He
M3JIy4aioT c¢cBeT. IIpu GOJIBIION KOHIEHTPAIuU
(hoTobaKTEpPUil JOCTUTAETCSA IOPOTOBas KOHIIE-
HTpalus aBTOMHIYKTOpPa, KOTOpasd 3aIlycKaeT
SKCIIPECCHUI0 COOTBETCTBYIOIIIUX T'€HOB, OTBET-
CTBEHHBIX 34 UX OMOJJIIOMUHECIEHIINIO, 1 KJIeT-
Ka HaumHaeT cBeTuThcsa. Ha gyacTtuiiax copoen-
Ta BO BpeMsA UMMOOHIN3aIIuy 0aKTepuil MOKeT
MIPOUCXOIUTL aHAJOTUYHOe sBjeHue. KieTku
0aKTepuil KOHIIEHTPUPYIOTCSI HA MOBEPXHOCTHU
HOCHUTEJISI, UYTO MPUBOAUT K BBICOKUM JIOKAJIb-
HBIM 3HAUEHUAM KOHIIEHTPAIIUY aBTOMHIYKTOPA.
PesyabTaToM sTOrO0 sABJseTcd 0oJiee BBICOKAS
MHTEHCHUBHOCTL 0aKTepHUAaJbHOM OMOJJIIOMUHEC-
meHIuu. BakTepuu, MMMOOMJIN30BAaHHBIE Ha
copOeHTe, CYIIeCTBYIOT M PearupyioT y:Ke He
Kak OoTAeNbHbIEe KJIEeTKH, a KaK COOOIIecTBO,
4TO 00YCJIOBJIMBAET U OOJIBIITYIO CTAOUIBHOCTD
cBeueHUs 06pasIi0oB BO BPEMEHH.

B cBsA3U ¢ BBIABUHYTHIM IIPEIIOJIOKEHIEM
Ba'XHBIM BOIIPOCOM SIBJISIETCS UYBCTBUTEJb-
HOCTb UMMOOMJIN30BAHHBLIX OAKTEPUN K HeicT-
BUIO TOKCUUYECKUX (PaKTOPOB, UTO W OyIET OII-
pefendaTh MepCHeKTUBHOCTb WX IPUMEHeHUS
B cocTaBe OMOCEeHCOPOB. B KauecTBe TOKCUUeC-
Koro (pakTopa B paboTe ObLJI BBIOPAH XJIOPUI
IUHKA, YaCcTO WCIIOJb3YyeMBIN [Jisi IPOBEPKU
paboTOCIIOCOOHOCT KOMMEPUECKUX TEeCT-CHC-
TeM Ha OCHOBe cBeTAIuxca 6axktepuii. [Ipu 15-
MUHYTHOM TecTe 3(pPeKTuBHAA KOHIEHTPAIUA
cyabdara IMUHKA, OPUBOAAIIAA K YMEHbIIIe-
HUIO ypoBHA OumosmomMuHecueHumuum mHa 50%
(9K;,), corysacHO MeXXIyHapOLHBIM CTaHJap-
Tam cocrasiser 3,0—10,0 mr/n [14, 15].

CpaBHeHIe UYBCTBUTEJIbHOCTUA Pa3JIUUYHBIX
IITAMMOB CBeTAIUXCA OaKkTepuil, UMMOOUIN-
30BAHHBIX HA HEOPraHUYECKHX HOCUTEJIAX,
K JelfiCTBUIO MOHOB IIMHKA, IOKA3aJI0, UTO MaK-
cuMaJbHBIE 3HAUEHUSA BTOTO MOoKasaTesas Hab-
awopanuck nasa P. phosphoreum F2 u P. leiog-
nathi Shl mpu uCIOJb30BAHHUN B KadyecTBe
HOCHUTeJIS OKCHUIa aJloMUHUS. B 1esom coxpa-
HSJIACh CXOJHASA YYBCTBUTEJIHHOCTh OMOTECTOB
Ha MMMOOHJIN30BAHHLIX U CBOOOLHBIX (popMax
cBeTAlUXCa 6akTepuii (Tabda. 3).

Takum o6pasoM, MHKYOAIlUsA CBETAIUXCSA
0aKkTepUil ¢ HEOPraHUUYECKUMU HOCHUTEJIIMU
MO3BOJISET TMOJYYUTh UX WMMOOUIN30BAHHYIO
opmy nas mpoBeleHUS OMOAHANIM30B. YCTa-
HOBJIEHO, UTO IIPY MMMOOUIMN3AIuU OaKkTepuii
Ha KapboHaTe KaJbIlUd U OKCHUIE AJIOMUHUSI
uX OMOJIIOMHUHECIIEHTHBIE CBOMCTBA YCUJIWBa-
I0OTCA, a B cJydae HCIOJb30BaHUA (Qocdara
KaJbIuA U T’NAPOKCHUIA aIIOMUHISA B KaUuecTBe
copbeHTa — CHHMKalOTCsA. MaKCHMaJIbHBIN

"
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Taobruya 3. CpaBHeHue 3hdexkTHBHOI KOHIeHTPanuu (K 5,) xIopura HUHKa B OMOJIOMUHECLIEHTHBIX TeCTax

Ha CBOGOI[HLIX M MMMOOUJIN30BaHHBIX CBeTAIINUXCA 6alcTemex

9K 5( (ZnCl,), MEr/mu
IIItamm
Kourtpouas CaCOgq Al,04 Cag(POy)y | Al(OH)3 |Cpen.smau.
V. fischeri F1 26,2 2,6 18,6 27,2 2 15,3
P. phosphoreum F2 0,9 3,8 4,0 1,9 1,3 2,4
V. harveyi Ms1l 4,8 35,2 1,9 47,6 34,3 24,8
P. leiognathi Shl 7,2 22,5 6,3 19,6 6,0 12,3
Cpennee spauernne K5, MKT/MI 9,8 16,0 7,7 24,1 10,9 13,7

ypOBeHb ajcopOiuu OGaKTepuil HAa HeOprauu-
YeCKMX HOCHUTEJNAX JOCTUTAeTCA B TeueHue 2 U
IpyM WX HAYAJLHON KOHIeHTpamuum 0o0Jee
2,6 - 108 xui/mu. BakTepuanbHbIe KJIETKU OTHO-
CUTEJILHO MMPOYHO YAEP;KUBAIOTCA Ha cOpOeHTe
¥ He CMBIBAIOTCA IPU OGBIYHOI TPOMBIBKE 3% -M
pactBopom NaCl. Ceersmiuecsa 0axTepuu, NM-
MOOUMIN30BaHHbBIE HA OKCH/E ATIOMUHUS U Kap-
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Excnepumenmaanvni cmammi

IMMOBIJII3AIISA BIOJIIOMIHECIIEHT-
HUX BAKTEPI HA HEOPTAHIYHHX
HOCIAX TA OIIIHKA ITPUJATHOCTI IX
JOJISI BIOTECTYBAHHSA

A. M. Kayes'
E. P. A60ypamanosa
M. @.Cmapodyo*

'"KpUMCHLKUH JepsKaBHUM MeIUYHUN YHIBEPCUTET
im. C. I. T'eopriescskoro, Cimpepomoss
*HarmionanpHuit yHiBepcuTeT 6iopecypcis
i mpupomokopucTyBaHHA YKpainu, Kuis
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Ona mnpoBemeHHs O6ioaHatisiB smificHeHO
iMmmob6imizario GioadiomMiHecieHTHUX OakTepiit
Vibrio fischeri F1, Vibrio harveyi Msl i Photobac-
terium phosphoreum F2, mo Bugineni 3 HopHoro
mops, ta Photobacterium leiognathi Shl —
3 A30BCHKOI'0 MOps, Ha HEOPraHiuyHMX HOCiAX,
30KpeMa Ha (ocdari 1 KapboHaTi KaabIliio Ta OK-
cuai i rigpokcuai amrominiro. BeraHoBieHO, 1110
B pasi BukopucTaHHA (ocharTy KaJabIio Ta
riZpoKcuay aJIOMiHiI0 cHocTepiraeTbcsa 3MeH-
IIeHHs 3araJibHOI iHTeHCUBHOCTI CBiTiHHSA B cepe-
poBuirli 10 20—70% . ¥ BUmagKky 3acTOCyBaHHA AK
CcOpOeHTiB KapOOHATY KaJIbIil0 ¥ OKCUAY aJIOMi-
Hito 6iosmromiHecteHIia 3pocranga no 120-160%
BIJHOCHO KOHTPOJILHIX 3HaueHb. OcTaHHi ABa HOCii
OyJI0 BUOPAHO IJIA MOJAJBIITNX AOCIiAKeHb i IToKa-
3aHO, II0 MaKCHUMAJIbHUUA piBeHL amcopOIrii 6ax-
Tepiil Ha HUX AOCATAETHCA IIPOTATOM 2 T'oJi 3a II0YUAaT-
KOBOI KOHIIEHTpAIlil Kiaitud monan 2,6-10° xi/mut.
BakrepianbHi KIITUHM JOCTATHBO MIiITHO TpUMa-
IOTHCA HA COPOEHTAaX i He 3MUBAIOTHCS 3 HUX 3% -M
posunnom NaCl. B agcopboBaHomy i y BilbHOMY
BUTJIAIL CBiTHiI OakTepii BUABIAIOTh CXOMKY UYT-
JUBiCTh D0 Aii TOKCHMUYHHX (PAKTOpPiB, 10 OyJI0
TOKA3aH0 3 BUKOPUCTAHHAM XJIOPUAY ITUHKY AK
PEeYOBUHY IJIs TECTYBAHHSA CTAHy 0i0JIOMiHECIIeHT-
HUX CUCTEM.

Knwuwosi cnoea: GionromiHeceHTHI OakTepii,
iMmmoOGiJrizalliss, HeoprauiuHi HOCil, YyTJIUBIiCTD O
XJIOPUY ITUHKY, 610CEHCOPHi IPUCTPOI.

IMMOBILIZATION OF BIOLUMINES-
CENT BACTERIA ON THE NONORGANIC
SUBSTANCES AND ESTIMATION OF
THEIR ABILITY FOR BIOTESTING

A. M. Katsev'
E. P. Abduramanova'
N. F. Starodub?®

'Crimean State Medical University
named after S. I. Georgievsky, Simpheropol
2 National University of Life
and Environmental Science of Ukraine, Kyiv

E-mail: nikstarodub@yahoo.com

In order to fulfill biotesting it was accom-
plished the immobilization of bioluminescent
bacteria Vibrio fischeri F1, Vibrio harveyi Msl,
Photobacterium phosphoreum F2 and Photobacte-
rium leiognathi Shl isolated from Black and
Azov seas on the nonorganic substances, namely:
calcium phosphate and carbonate as well as alu-
mina oxide and hydroxide. It was stated that the
total intensity of bioluminescence decreased up
t0 20-70% when calcium phosphate and alumina
hydroxide were applied. If calcium carbonate
and alumina oxide were used as sorbents, biolu-
minescence increased up to 120-160% in com-
parison with the control level. Both last sorbents
were chosen for the next investigations and it
was demonstrated that the maximal level of bacte-
ria adsorption may be achieved after 2 hours, when
their concentration exceeded 2,6-10® cells/ml.
Bacterial cells are relatively strong fixed and
they do not remove under washing with NaCl
solution (3%). Similar sensitivity to the influ-
ence of toxic substances of adsorbed and free bac-
teria have been shown. It was demonstrated in
the experiments with zinc chloride as traditional
test for investigation of bioluminescent systems
state.

Key words: bioluminescent bacteria, immobi-
lization, nonorganic sorbents, sensitivity to zinc
chloride, biosensors.
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