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OBIIASI XAPAKTEPUCTHKA PABOTHI

AKTYyaJIbHOCTb MCCIeN0BaHHSA. SIOHCKOE MOpe BXOWT B YHCIO HamGolee
IPOAYKTHBHEIX PETHOHOB MHPOBOro OKeaHa 3a CYeT CMEINCHUS XOMOAHBIX M TeIUIBIX
TeUCHHH, a TaKkKe MYCCOHHOIO KJIHMMATa, XapaKTEpU3YETCSd YHHUKAIBHEIM
pasHooGpasueM (ops ¥ GayHsl, B TOM YHCIe LEHHBIX [T TIPOMBIC/Ia BUAIOB PEIO U
ruapo6nonToB (dynemoBa u ap., 2004). Bmecte ¢ 3TuM, B IpHOpeXHBIX BOZaX
HEKOTOPBIX PErMOHOB OTMEYACTCA BHICOKAs CTENEHh aHTPOIOTEHHOIO BO3JEHCTBHS,
CBA3AHHAsA C YBEIMICHHEM YHCICHHOCTH HACENCHHs Ha NOGEPEKbe M AKTHBHEIM
BOBJICYEHHEM INPHOpEXKHOH IONOCEL B cdepy XO3AMCTBEHHOM NeATCIIBHOCTH
4eJIoBeKa.

Cpexn paiioHoB poccuiickoro moGepexps SImoHcKoro MOpsi 0coOeHHO
3arpsA3HEHHBIM cumTaerca llpumopckuit kpait. Ha rore Ilpumopckoro Kpas
HaXoQMTCH OIMH W3 KpYNHEHIIMX 3anuMBOB SlmoHckoro Mopss — samus Iletpa
Benukoro (Hoxnap..., 2017), Ha OGepery KOTOPOro pacHONOXKEHE aBa
TYCTOHACENCHHBIX ropoaa — Buagusoctrok u Haxomka (obmias 4HciIeHHOCTH
HaceneHuA okoyo 1 mimH ven) (Tambimera, 2009). OCHOBHEIMH HMCTOYHHKAMH
3arpASHCHUA MOPCKMX BOJ| ABILIOTCS NPOMBINLIEHHBIE NPEANPUSITHS, KOMMYHAIBHO-
OBITOBEIE CTOKHM, MOPCKHE IIOPTHI, TOPTOBEI U BOCHHO-MOpPCKOif ¢oT. B
MpUOPEKHBIX aKkBaTopusX 3aiuBa Iletpa Benukoro Ha6monaercs XpoHMYecKoe
3arpASHEHHE IIMPOKHUM CIEKTPOM MOJUIIOTAHTOB, BKIIOYas TSDKEIBIE METaJUIBL,
HeQTs, HedTenpomykTsl, IIAB u T.. (Oropoanuxosa, 2001; oxnan. .., 2017). Tem
HE MEHEE, OTMEYACTCA, YTO YPOBEHb M XapaKTep aHTPOIIOTEHHOM HArpy3KH Ha Beeit
NPOTSDKEHHOCTH NpuOpexkHoll monockl IIpuMopckoro Kpas He OJUHAKOB U
BCTPEHAOTCA MOPCKHE YYaCTKH C OJaronpHATHBIM COCTOAHMEM cpeisl (I'anslmeBa,
2009).

HocTymienue OONMBIIOrO KOMMYECTBA 3arPASHAIONIMX BEIMIECTE B MOpCKHE
BOJBI CIIOCOGHO HETaTHBHO BJIMATh KaK HA OT/JENbHBIE OpPTaHM3MEL, TaK M Ha
CTPYKTypHO-()YHKIMOHANBHEIE MOKa3aTenu 6uoreHo30B (M3pasis, 1{pi6ans, 1989).
MukpoopraHusMmb! SBJISIOTCS OJHUMH U3 NEPBEIX, KTO PearupyeT Ha MPOMCXOASIIME
U3MCHEHHS B OSKOCHCTEME B CHJIYy CBOMX YHHKAJIBHBEIX OMOXMMHYECKHX U
IeHETHYECKMX OCOOEHHOCTEH, M B 3aBHCHMOCTH OT SKOJOTHYECKOrO COCTOSHHS
Cpeabl, CIOCOOHBI BHIPAOATHIBATH pa3AHYHBIE AJANTALMOHHEIE MEXAHH3MEI UL
BEDKMBAHMS, CBfA3aHHBIE C H3MEHEHHEM KJIETOYHBEIX CTPYKTYP, AKTHBHOCTH
(epMeHTHEIX cucteM u T.4. (Pomuna, Iletpos, 1997).

Ha cerognsammmii neHb, MHKpOGHOLEHO35! SIIOHCKOrO MOpsA HEZOCTATOYHO
H3YYECHBHI. B malinenHolfi HaMM JHMTEpaType OTCYTCTBYIOT KOMIUIEKCHEBIE
HCCIeJOBAHUA O BJIHMAHHH AHTPOIIOIEHHOM HArpy3KH Ha TAKCOHOMMYECKHI COCTaB M
OHoNoruyecKre CBOMCTBA KyIbTHBHPYEMEIX OaKTepuii.

Crenennr pa3paGoTaHHOCTH Tembl. OCHOBHBIE pPaGOTHI, IIOCBSINEHHEIE
U3yUEHUI0 MHKPOOPraHM3MOB fIIIOHCKOr0 MOpP4, CBOJATCA K H3YYEHHIO MEXAHU3MOB
aJlanTaliy K S9KCTPEMAIBHBIM yCIOBHAM MOPCKUX IiiyOuH (Bale et al. 1997; Nogi et
al. 1998), omucanmro HoBBIX TakcoHOB (Romanenko et al., 2012; Nedashkovskaya et
al., 2014; Doi, Osawa, 2019) nuny yHUKAIBHBIX (H3HOIOr0-0MOXMMUYECKIX CBOHMCTE
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OT/JIbHBIX BUJOB MM IITaMMOB Oakrepuit (Muxaiinos u gp., 2004; Chaerun et al.,
2004; Romanenko u mp., 2013). B paGore Muxaiinosa B.B. (2004) cobpan
OOLIMpPHEIA MaTepHan O BCTPEYAIOMUXCS B poccuiickux Bojax SmoHCKoro Mops
TaKCOHaX Oakrepuif, ofHaKO B Hell He TPUBOAUTCA CBA3B MEXIy HX
PacmpoCTpaHEHNEM U SKOIOTHYECKHM COCTOSHHEM aKBaTOPHIA.

B HayyHBIX HCCIIE[IOBaHMSX IO OLIEHKE COCTOSHHS IpHOPEXHEIX BOJ
IIpuMOpCKOTO  Kpasi IOKasaHO, WYTO AHTPOIOIEHHAs Harpy3ka NPHBOLHT K
YBENMYEHHIO B Cpeje OOIiell YMCIEHHOCTH IeTepOTPO(GHEIX MHUKPOOPraHH3MOB U
TMOSIBICHAIO  CAaHUTapHO-ITOKA3aTENIbHBIX, IAaTOTEHHEIX M  YCJIOBHO-TIATOTE€HHEIX
bakrepnii (Xpucrodoposa, 2012; Xpucropoposa u ap., 2012; Boituerxo, 2019).
Take, 06 ypoBHe M XapakTepe AaHTPONOTEHHOTO BO3NEMCTBHS, 1O MHEHHIO
HEKOTOPBIX aBTOPOB, MOXKHO CyJHTh II0 M3MEHEHHIO YHCIEHHOCTH OTJENIBHEIX
HMHJUKATOPHEIX 9KO0JIOr0-(pM3M0TOTHIECKUX rpynm MHKpPOOPraHU3MOB
(HedTeycToifunBEle, HEeHOMYCTONYNBEIE, METALIOPE3UCTEHTHEIE | T.I1.) (be3repbuas,
2005; Kanuruna 2006; Kamutuna u gp., 2006; Bysonesa, 2012a; Xpuctodopopa, u
Ap., 2012). Onnako, Bompoc, Kak aHTPOIIOI€HHOE 3arpA3HEHHE B IIEJIOM BIMSET Ha
BHJIOBYIO CTPYKTYPY KYJIBTHBHPYEMEIX OakTepuii B MHUKpOOHBIX cooOmecTBax
(u310NI0r0-0HOXMMUYECKHE CBOMCTBA OTAENBHEIX BUIOB OCTAETCA OTKPHITHIM.

IloMuMoO 53TOro, 5KONOrO-3MHAEMHOTOTHYECKHE IIOCIEACTBHS H3MEHEHHIA
buonornyeckux  CBOMCTB  Oakrepmit  (MOp(OIOrHUECKHMX,  KyNBTYpaTbHBIX,
$GU3UOIOro-0MOXMMHIECKMX M T'€HeTHYECKHX) IOJ JeHCTBHEM AHTPONOrEHHOIro
3arps3HEHHA €IIe He [0 KOHIA ONpeJeNieHbl, HO MOXHO IIPEAIONOKUTh, YTO STH
M3MEHEHHS  MOTYT  CONpPOBOX/IATECA  IPHOOPETEHHEM  MHKPOOPraHH3MaMH
NPU3HAKOB, IMPEACTAB/LIOMMX ONACHOCTh IS I'MAPOOMOHTOB, HAa3eMHEIX
opraHusMoB u gejoBeka (Secades, 2001). JlaHHBIE O BIUAHUM 3arpsA3HEHHS MOPCKO
Cpeibl Ha MPOSBJICHHE MATOICHHBIX CBOMCTB Y CalpOTPOGHEIX MHKPOOPraHH3MOB B
Hay4yHOH JTeparype He Obum oOHapykeHbl. OOHAaKo, Mo CoOOLIEHMIO psAma
uccrnefioBareneli, pasinyHble aOHOTHYECKHE (AKTOPHl CpPeAbl MOTYT IPHBOIMTH K
MOBBHIIICHHIO BHPYJIEHTHOCTH Yy NaroreHHbIX Oakrtepmii (BacHakesan, 2003; Comos,
Bysonesa, 2004; Bysonesa u ap., 2014a).

Hene pabGorbl: H3y4YNTh BIMAHME AHTPOIIOTEHHOW HArpy3ku Ha
TAKCOHOMUYECKOE pa3sHooOpasne M OHONOrMYECKHE CBOMCTBA KYyJIBTHBHPYEMEIX
OaxTepHil, BEIAENEHHBIX U3 IIOBEPXHOCTHEIX BoJ akBaTtopuii IIpuMopckoro kpas c
Pa3HOM CTENEHBIO 3arPA3HEHMUS.

sl BEINOJHEHMA Lead paboThl OBUIM IOCTAaBJIEHHI CIEAYIOLIHE 3a4a4H:

1. Ompepmenmuts TaKCOHOMHYECKMH COCTaB COOOIIECTB KYJLTHBHPYEMEIX
GakTepuii, BBIZCNCHHBIX H3 aKBaTOpPHHl C pasHOM CTENEHBIO AaHTPONOreHHOMH
Harpy3Ku;

2. H3y4yute CnocoOHOCTh K YTHIM3aIUM pPa3AMYHBIX OPraHMY4ECKHX
cyOCTpaToOB y KyIBTHBMPYEMBIX OGaKTepuil, BBIIENICHHBIX M3 aKBATOPHil C pasHOM
CTEIICHBIO aHTPOIIOT€HHOM Harpys3Ku;

3. Hccnenosate  (akTropsl  MaTOreHHOCTH, BUPYJCHTHOCTD U
aHTUOMOTHKOYYBCTBUTEIBHOCTE Y KYJBTHBHPYEMEIX OaKTepHii, BEIJCICHHBIX H3
aKBaTOpHi ¢ pa3HOH CTEMEHbI0 aHTPOIIOreHHOM HArPY3KH.
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Hayunasi HoBM3HA. BrepBhle mokasaHo, yTo B 3arpA3HEHHBIX AKBAaTOPHAX
IIpuMOpPCKOTo Kpask TaKCOHOMHYECKOE pasHooOpasue KyJbTHBUpYeMBIX GakTepuii
YBEIIMIMBACTCS 3a CYET AJIOXTOHHOM MHUKPOGHOTEL BriepBhie ycTaHOBNEHO, 4TO noa
AICHCTBHEM  aHTPONOTE€HHOrO  3aIPSASHEHHMS H3MEHSIOTCS  KAYeCTREHHEIE U
KOTMYECTBCHHBIE II0Ka3aTeJ (EPMEHTATHBHOH AKTHBHOCTH KYJIbTHBHPYEMBIX
OakTepuii B OTHOINCHMHM XApaKTePHBIX IS MOPCKOH Cpeibl OpraHM4ecKHX
cyberparos. BrepBsie mokasaHo, 4To y CanpoTPOQHEIX OaKTepuil, BHIAETEHHBIX M3
aKBATOPHH,  HCHOBITHIBAIOMUX  AHTPONOrEHHYIO HAarpy3Ky,  yCHJIMBaeTcs
BUPYJICHTHOCTE 32 CYET CHHTe3a (DAKTOPOB INATOTEHHOCTH, @ TAKKE IIOSBISETCS
MHOXKECTBEHHAs yCTOMYMBOCTS K JIEKAPCTBEHHBIM IIPENAPaTaM.

TeopeTuueckasi ®  npakTHYecKassk 3HAYHMOCTb. AHTponoressoe
3arpA3HCHHE KaK OSKOIOTHYECCKHH (akTop BIMAET HAa KAYeCTBEHHEIE W
KOJMIECTBEHHBIC W3MCHEHHS COCTaBa KyJIbTHBHPYEMBIX GakTepuit B MHKPOGHBIX
coolImecTBaX, a TaKKe HAa HX OHOJOrMYECKHE CBOMCTBA. Ilpu cpaBHHUTEIBHBIX
MCCIIC/IOBAHUSAX BOJHBEIX AaKBATOPHUA YCTaHOBICHO, 9YeM BbINIE€ AHTPONOrCHHAA
Harpyska, TeM Oosblne nomd Gakrepuii B MHKPOGHEIX coobIiecTBax c IIPOKUM
HabOpoM  (aKTOpOB  HATOr€HHOCTH H  YCTOWYHMBOCTBIO K PasIUMIHBIM
NPOTHBOMUKPOOHEIM Ipenaparam. YCTaHOBIICHO, YTO JETHAPOTeHa3Has aKTHBHOCTD
KyIBTUBUDYEMBIX OakTepuii MOXeET OBITh HCIONB30BaHA A  ONpe/eNeHus
OpPraHM4eCKOro 3arpAsHEHUA MOPCKHX aKBaTOPHil B KAYECTRE NOIIOJHUTEILHOrO MK
AJIBTEPHATUBHOI'O METOda H3YUYCHHA 3KOJIOTHYECKOI'0 COCTOSSHHUA BOJOHEIX 0OBEKTOB.
IIpeanoxen coctaB cped A1 BHIABICHHA (epMEHTATHBHO aKTHMBHOCTH IIO
OTHOWICHHIO K CyOCTparam, XapaKTepHEIM IS MOPCKHX BOJ (XHTHH, XHTO3aH,
XUTHH-TIIOKaHOBBIA KOMIUIEKC, QyKOM/aH, albriHAT U KJIETIaTKa). Hcnonezyemsie B
paboTe MeTomMKM ompefeneHHs (EPMEHTATHBHOM aKTHBHOCTH, dbaxropos
NaTOTeHHOCTH, LHUTONATHYECKMX CBOMCTB U BHPYJIEHTHOCTH Y CalpoOTPO(HBIX
KyJTbTHBHDYeMEIX  OakTepuii MOryr OBITH MCHOJB30BAHEL I OINEHKH
OKOJIOTUECKOTO COCTOSHHS MOPCKHMX aKBaTopuil. Pesynprarel Hayumoif paGoTsr
MOXHO HCIIONE30BATE B KypcaX JIeKIHil 171t iporpaMM GakallaBpuarta, MarucTparyphl
H acmupaHTyphl OHONOIMYECKOrO HANpPABJAEHHA IO TAKMM JUCLIAILIHHAM Kak
«JKOIOrHs», «IKOJOTHS MHKPOOPTaHH3MOBY», «MOHMTOPMHT H GHOpeMeHaIuAY,
«Mopckas MUKPOOHOJIOTHS», «OCHOBEHI perynsamuu MeTabonu3zma
MHUKPOOPraHU3MOBY», «@DHU3HOJIOTUS MHKPOOPTaHU3MOB», «MHuKpoOHONTOrHS 1
BUpyconorms», «CaHuTapHad MukpoOuonorus», «bBonbmoN NpakTHKYM IO
MHKpPOOHOJIOT .

ITonosxenns, BLIHOCHMbIE HA 3AIHTY:

1. AuTponoreHHoe 3arps3HeHHe NPUBOAUT K YBEIHUCHHIO TAKCOHOMUYECKOTO
pa3HooOpasusi  KyJIbTUBUpYeMBIX OakTepuil B NOBEPXHOCTHBIX BOJAX aKBATOPHIA
IIpumMopcKoro kpasi 3a CYET aJUVIOXTOHHOH MUKPOGHOTEL

2. AnTpomoreHHOe 3arpAsHeHHe IPHUOPEXHEIX BOJ INPHBOAHT KaK K
YMCHBIICHMIO  Jofi  OaKTepuii-IECTPYKTOPOB ~ OpPraHMYeCKHX  CyOCTpaToB,
XapakKTePHBIX JUII MOPCKOH cpeJisl (XUTHH M €ro IPOM3BOJHEIE, KJIETYATKA, albIHHAT
HaTpusi, GpyKOMJAaH), TAK M K CHIDKEHHIO CKOPOCTH YTH/IM3AIUM GAKTEPHAMH 3THX
COEAMHECHHUM.
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3. AHTPONOreHHOe 3arpsA3HEHHE MOPCKHX NpHOPEKHBIX BOJ BIHMSET HA
pasBuTHE y OaKTepuii MyJETHPE3HCTEHTHOCTH K AHTHGMOTHKAM H YCHIHBAET HX
BUPYJIEHTHOCTB 32 CUET LIMPOKOro Habopa (hakTOpOB IATOreHHOCTH.

Crenens [10cTOBEepHOCTH pe3yabTaTOB. J[OCTOBEPHOCTE NOATBEPKIAeTCS
BOCTIPOM3BOJMMOCTBIO  IONYYEHHBIX pE3ylbTATOBR MpPH MOBTOPEHMH YCIOBHA
SKCIICPUMCHTOB, ~ MCIIONB30BaHME B paboTe OOIIENPHHATEIX METONUK U
CTaTUCTUYECKUX METOAOB. BCe IMOJIyuyeHHEIe B X0A€e paGoThl JaHHEIE MCCIIEM0BAHMA
3a[JOKyMEHTHPOBAaHEI U BHECEHEI B JIa60pPaTOPHEIE XXy pHAJIEL.

OGOCHOBaHHOCTE ~ HAYYHBIX  TOJOXEHMH  JUCCEPTAIIHOHHON paboTe
NOATBEPXKIACTCA NpPHBICYCHUEM OONBIIOr0 MacCHBa HAy9HBIX ITyOIMKAnmii 1o
HCCIe/lyeMOii TeMaTHKe, KaK OTE€IECTBEHHbIX, TaK H 3apyGeKHBIX aBTOPOB.

Anpobanusi paborel. PesynsraTsl HayuHOMH paGoThl GBLIM IIPEICTaBIEHH! HA
BCEPOCCHMCKHX M MEXAYHApDOAHEIX KOHQEPEHIMAX M CHMIO3MyMe: IecTas
Mex/lyHaponHas baiikansckas xonpepenmus, 7-12 cenrsiops 2015 r. HUpkyTek; 4-if
Muxkpobuonoruueckuii CHMIIO3HYM c MEXyHapOgHBIM y4acTueM
«MHKpOOPraHU3MEL U BHPYCHI B BOJHEIX 5KOCHCTeMax», 7-12 centsbps 2015, r.
HUpkyrck; International conferees Unique Marine Ecosystems: Modern Technologies
of Exploration and Conservation for Future Generations, August 4-7, 2016,
Vladivostok (MexmyHapogHas KoHbepeHIHS «YHHUKAIBHEIE MOPCKHE DKOCHCTEMBL:
COBPEMEHHBIC TEXHOJIOTMHM HCCIIEOBAaHUA M COXpaHEHHE OYAyIIMX MMOKOICHMiA, 4-7
aBrycra, 2016, BinaauBocToK); Bcepoccuiickas Hay4qHO-IPaKTHYECKas KOH(EepeHIMs
«DyHnaMeHTaNbHAA JATbHEBOCTOYHAS HayKa-MeIHMIMHEY» MOoCBAmeHHoM 100-1eTHio
co aHsa poxaenus akagemuka I'.II. ComoBa, 11 okrabpsa, 2017, BiaauBocTok;
MEXAYHApoJHasd HAay4YHO-IpaKTH4YeCKas KoH(pepeHIus «CHCTEMBl KOHTPOJA
OKpyxatomeii cpegsr — 2019», 12-13 cenra6ps, 2019 r. CeacTomoib;
BCEPOCCHICKasA Hay4HO-NpakTuyecKas KoHpepeHuus «IIoHT DBKcHMHCKMI — 2019y,
23-27 centabps, 2019, r. CeBacTomnois.

Pesynprarel wHcClieoBaHMsA BKIIOYEHBI B OTYETHl TIpaHTa Poccuiickoro
HayyHoro ¢Qonma Nel4-50-00034 mo Teme: «TeXHONOrMM MOHHMTOPHHIZ U
palOHAJIEHOTO  HCMOJIB30BAaHUA  MOPCKMX  OMOJOTHYECKMX pecypcoB» IO
HanpaBieHHIO Ne 5 «CoOBpeMeHHBIE TEXHOIOTHH KOHTPOJA pAa3IHYHEIX THIIOB
AHTPOIIOT€HHOTO 3arpsA3HEHUs BOJHOM Cpelsl M OIEHKM HX BIHMAHHA Ha MOPCKHE
Ouonormyeckue pecypce», 2017-2018 rr.

ITo Teme pnuccepranuu omyGiaukoBaHO 14 paGoT, M3 HUX B IKypHaTax
pexoMenioBanHEIX BAK — 3, momydyeHo 3 cBupeTenscTBa O TrOCYZapCTBEHHOIM
peructpanuy 6a3sl JaHHBIX.

Crpykrypa pa6otsl. JuccepranuonHas paboTa cOCTOMT M3 BBEJEHMS, MATH
I71aB, BEIBOJIOB, CIIMCKAa COKpamleHHi u o0o3HadeHwii, crucka jureparypsl (231, B
ToM uuciae 156 oTedecTBeHHBIX M 75 3apy6eXKHBIX HMCTOYHHMKOB) M IPHIIOMKEHMIA.
Pabora m3noxena Ha 134 crpammuax, comepxur 14 pucyskoB, 7 tabmum u 7
IIPUTTOKEHHUIH.

JInuneii BRI, JHCCEPTAHT MPUHUMAI HEIOCPEICTBEHHOE y4acThe B chope
MaTepuaia, MPOBEAEHUHM OKCIEpUMEHTOB, 00paboTke, 0000IeHNH ¥ aHamuse
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PE3YJIBTATOB MCCIEN0BAHMA, (OPMUPOBAHMM 3afad U (OPMYIHMPOBKE BEIBOJOB
AUCCepTaly, 8 TAKKE B IIOATOTOBKE MATEPHANIOB K I1yGIHKAIMHL.

baarogapnoctn. ABrOp  BEIpaxcaer HCKPEHHIOI  OJaroapHocTb u
[PUSHATEJIBHOCTE 33 MOCTOAHHYIO NOMOIIb, BHHMAHHC H_NOMIEPKKY IpH
BBINIONHEHUM PAabOTl HayYHBIM PYKOBOAMTENAM — |1.G.H., npodeccopy Bysonegoii|
ITro60BH Crenanopne, u K.6.H. Borateipenko Enene AnexcammpoBre, a Takxke
KojuteraM Kageapel GHopasHooGpasus H MOPCKUX 6uopecypcor IIIEH JIB®Y Ben.
umk. Jynkaéi T.M., x.6.n. Cugopenxo M.JL Oco0yro mpH3HaTenBHOCTH aBTOp
BeIpaxkaeT kojuteram u3 HUW smunemuonorun u mukpo6uonorun um. I'.IT. Comosa
H.c. IlonomapeBoit A.JI., M.n.c. EcbkoBoit AU, nab.-uccien. O6yxosoit B.C. u
I'om3za JL.H. 32 moMoImE B IPOBEJEHAN SKCIIEPHMEHTOB KOHCTPYKTHBHYIO KPUTHKY.

COJIEPXKAHHUE PABOTBHI

Bo BBexennn 06ocHOBaHA aKTyalibHOCTE TEMEI, c)OPMYIMPOBAHBI mens U
319 MCCIENOBAHMA, ONpEJEeNIeHEl OCHOBHEIE IIONOXEHHS HCCEpTal,
BEIHOCHMEIE Ha 3alUTy.

I'naBa 1 «O630p JuTEpaTYpBI»

B rmaBe 1 coOpaHbl JaHHEIE OTE€YECTBEHHOH M 3apybGexHOI JIUTEPATypPEI 110
BIMSAHHIO a0HOTHYECKMX, GMOTHYECKHX (AKTOPOB Cpefsl H aHTPOIIOT€HHOI'0
3arpA3HEHMA HA MMKPOOHMOLICHO3BI B MOPCKOH cpese. M3ydeHB! IHTEpaTypPHEIE
AQHHBIC, CBS3aHHBIC C 3arpA3HCHHEM MOPCKHMX akBaTopmit IIpmMmopckoro Kpas.
Cobpan MaTepmanm o0 B3aMMOCBS3H MEXIY CanpoTPO(PHEIMH H IIATOreHHBIMH
MHKpPOOpPIraHU3MaMH.

I'nasa 2 «O0BeKTbI H MeTOABI HCCJICA0BAHMS

Paiionvt  uccnedoeanuii BKIIOYANTH aKBaTOPUM C pasHOM aHTPOIIOTe€HHOM
HarpysKoii.

B. 3onomoii Poz Bnanaer B cepepHbii Geper mposnusa Bocdop Bocroumsii,
Mex Ty MBICOM TuUrpoBsM 1 MbIcoM "onno6una, ¢ ceBepo-3anaga Gyxra orpaHuueHa
nonyocTpopoM Illkora. Ha moGepexbe akBaTopum pacmonaraercsi KpyIHBII
HaCeJIeHHBI MyHKT I. BraguBocTok, MOPCKOM IOPT, CyAOPEMOHTHEIE Tpe/NpHSTH,
HepTeOasa, aJMUHMCIPAaTHBHEIE W  CKIAACKHE IMOMEMEHH. OCHOBHBIMH
MCTOYHHUKAMH OPraHMYECKOro 3arpsA3HEHMs NPUOPEXHBIX BOA OyXTH SBIIOTCA
XO3HCTBEHHO-OBITOBEIE M NPOMBINUIEHHEIE CTOYHEIE BOJBI, pP. OGBACHEHHS,
GanacTHEIE ¥ JIbAUIBHEIE BOJBI BOGHHOIO, TPAHCIIOPTHOrO M PHIGOIOBHOTO ¢oTa
(CaBpunesckuii u ap., 1998; Oropoanuxosa, 2001).

b. Haxooxa pacmonaraercsi Ha 3amaje 3anuBa Haxonxa. Ha mo6epesxse GyxTe1
pacnonoxkeH r. Haxonka u Mopckoi mopt. OCHOBHBIMU HCTOYHMKAMH 3arps3HEHHA
3amMBa U B TOM yucie OyxTel Haxonxa ABIAIOTCA CHELMATH3UPOBAHHEI MOPCKOI
HeTeHanuBHOW 1OPT KO3BMMHO, OTXOJBI NPOMBIIUIEHHBIX M KOMMYHANBHEIX
NpeNpUATHH, CyAa U IOPTOBEIE COOPYKEHHMS, a Taloke pedHsle cToku (["aisnmeBa,
2009; Joknan..., 2017).

3an. Bocmok HaxOJUTCA B IOr0-BOCTOYHON 4acTu 3ai. Ilerpa Benmkoro Ha
3amajie oMbiBaeT Oeper M. IlemypoBa, Ha BocToke M. II0ZOCEHOBaA, OTKPHIT ¢ IOTa.
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3anuB BOCTOK HCHBITHIBAET HEGOJEBIIYIO aHTPOIIOT€HHYIO Harpy3Ky, B TOM 4YHCIIE
PEKpeallHOHHBIH mpecc, OcobeHHO B JerHuii mnepuop BpemeHn ([ansimesa,
Xpuctodoposa, 2007; Xpucrodoposa u ap., 2012). He cMorps Ha 310, 3a cueT
MHTCHCHBHOM LHMPKYJIALME BOJ M BBIHOCY 3arpA3HEHHBIX BOJ M3 aKBATOPHMH 3a/IHBa
Ha0IIIOIA€TCSI BOCCTAHOBIICHNE BKOJOTHYECKOTO COCTOSIHHS, OCOGEHHO B OCCHHE-
3UMHe-BeceHHee BpemA (Xpuctodopora u ap., 2019).

B. Kueexa pacnonaraercsi B IOXKHOW 9YacTH  TNOGEpexKbs IIpuMopess u
npuneract K Gepery mexay aByms Meicamu CYTKOBOTO M OctpoBHoit. [lanHas
aKBAaTOpHsA IPE/CTABIAETCA Kak (OHOBEIA pailioH HpM CpPaBHUTENHHOM OLEHKe
9KOJIOTMYECKOr0 COCTOAHMA aKBaTOPUM, OTHOCHTCA OTKPHITOMY THILy, IO3TOMY
NPOCIIEXXUBAETCA MPOHMKHOBEHHE B HMX MpeAensl pasHooGpasHodt ¢daymsl. Ha
noGepexbe OTCYTCTBYIOT KpYNHBIC HACENCHHBIE IYHKTHI M IIPOMBIIIICHHBIE
npeanpusatus (I'anennesa, Koxxenxosa, 2006; ansmesa u Ap., 2008).

Ombop u nocee npob nosepxnocmuoix 600. MarepuanoM paGoTH! IOCITYKHIH
00pasibl IOBEPXHOCTHEIX BOA, OTOOpaHHEIX B 6. 3omotoii Por, 6. Haxogka, ©.
Kueska u 3an. Bocrok B urone-asrycre 2015 u 2016 rr. cornacao 'OCT 31942-12
(2013). Ilocer mpo6 mpoussommmu MerozoMm [puramsckoro (Iepxapm, 1983) na
IIUTATEIBHYIO CPeny I MOPCKUX MuKpoopranusmos (CMM) (Byzonesa, 2012a).
IlonyyeHHsle YuCTEIE KyTBTYpHl OakTepuii MCIONL30BAIM IS BCEX IOCIEYIOLIMX
OIIBITOB.

Hoenmugpuxayuio 6videnennvix Kynvmusupyemvlx 6akmepuii TPOBOIHIH Ha
OCHOBE MOpGOIOTHYECKUX, KYJIBTYPAIbHEIX, (DU3HONIOro-0HOXMMHMYECKUX CBOMCTR
(bepmxu, 1980; The Prokariotes, 1992) ¢ mcmonssoBanuem API-cTpumsl GupMEI
BioMerieux (API 20 E, API 20 NE, API 50 CH, API Staph, API 20 Strep, API
Listeria), a Taxke Ha OCHOBE aHamM3a CTPYKTYphl uX rera 16S pPHK (mpaiiMeps
27F/1350R) (HenucoBa u ap., 1999; Lane et al, 1985). C momompio mporpamMMsI
NCBI  BLAST  (http://www.ncbi.nlm.nih.gov/blast)  mpoBogmmun  momck
TOMOJIOTHYHBIX THocienoBareasHocTeli B GenBank (MexayHapopuHom GaHke
naHHbIX) (Altschul et al., 1997).

Hezudpozenasuyio axmuenocmv 4YHMCTHIX KynbTyp OGakTepumii ompenemsan
TETPa30JIMEBEIM MeToAoM (MeToauueckue peKoMeHAaltH. .., 1978). Hcmons3oBanu
B K@YECTBE TECTUPYEMOro 00bEKTa CYyCIEH3HIO CYyTOYHBIX YHUCTHIX KY/IBTYp OaKTepuii
(10° xo/m).

Hccnedosanue cnocobnocmu bakmepuii pasnazame pasnuuHvie op2anuyeckue
cybcmpamur. JIns omnpepnenenuss (pepMEHTATUBHOM aKTHBHOCTH MCIIOJIB30BaIH
arapusoBaHHBIC CPelBl, COJAEPXKAIlME OAMH M3 CIEAYIONHMX CyOCTpaToB:
obexupenHoe Moioko, Teun (20, 60, 80), xpaxman (Bysomepa, 2012a).
UnkybupoBamu B Teuenwe 3-4 cyrok mpu Temmeparype 25°C. O mamuuun
MIPOTEOIMTUYECKOM AKTMBHOCTH CYJWIM IO IOSBICHHIO BOKPYI KOJOHHH 30H
rHfposmsa cyocTparta, a IIpH ONpeAeICHHH JUIOJNTHIECKON aKTHBHOCTH OTMEYaIn
[OSBICHHE IIOMYTHEHHSI BOKPYI KONOHMH OakTepuii 3a cueT o6pazoBaHud
KPHUCTAJIOB KAJIBLIMEBOr0 MbLIa. /1 BBIABICHUA aMHJIOJIMTHUYECKON AKTHBHOCTH B
YalKy ¢ KpaxMajibHOil cpeoit noGapnsnu pacteop JIIorois U oTMeUaIH IOSBIEHHE



CBCTJIBIX KOJIel] BOKPYI KOJIOHHMH, CBUACTCIBCTBYIOIIMX O HAIMYMM aMHja3
(by3onesa, 2012a).

Cnoco6HOCTE pasiarare XWTHH, XWTO3aH, KJIeT4aTKy, QyKoMJaH, aJbrHHAT
HaTpuA M XUTHUH-TTIOKAHOBBIH KOMIUIEKC OMNpEJEsIM MyTe€M BHICEBA CYTOYHBIX
KyJIBTYp OakTepHii Ha CO3aHHBIX HAMM ITHTATeIBHEIX Cpeaax. 3a OCHOBY Gblla B3siTa
MOAMGUIMPOBAHHAS MUHEpalbHas cpefa Bopommnosoii-/[uaHoBoii (Bopommunoga,
Huanosa, 1952). B kauecTBe €JMHCTBEHHOTO MCTOYHHKA yriaepoaa HCIOIb30BaIH
COOTBETCTBYIOINMH IONIMCaxapuy B KoHIeHTpaiuu 1%. JInsa KoHTpons mapasiensHo
BEICCBAIM INTaMMbl OakTepuii Ha MHHEpalbHyIO cpedy 6e3 moGaBieHus
opraHpyeckoro cyGcrpara. Muxybuposaiu o 10 cyTok nNpH  KOMHATHOM
Temneparype. OTMedanu poct Gaktepuii Ha cpejie ¢ CyGCTPaToM U OTCYTCTBHE POCTa
Ha rojJI0AHON MUHEpaIsHOH cpege.

A usydeHusa xumunasHou axkmueHocmu OBUIA NpPOBEJEHA HE TOIBKO
Ka4YeCTBEHHAs, HO M KOJMYECTBEHHAs OLIEHKA IO BHIXOAY 00pasylomerocs IpH
rugponuse xutuHa N-anetnnrmokosamuta (GIcNAc) (Peicakosa u ap., 2006).

Hns onpenenenus adzusueHocmu OaKTepwii HCIONb30BaIM MeToq B. H.
Bpunmue (1986). ocHORaHHEI HA CIIOCOGHOCTH MUKPOOPTaHH3MORB IPHKPEIUSETCS K
IOBEPXHOCTH KJIETOK, B YaCTHOCTH SpHurTponurax denoeka 0 (I) rpymmsr Rh (+)
KpOBH.

Onpedenenue 2eMOnNUMUYECKOTl, NIAIMOKOA2YNA3HOL U 2UANYPOHUOAZHOT
axmueHocmeii. Ilna3sMOKoarylasHyl0 aKTHBHOCTh ONpeIesUId 10 00pa3’0BaHMIO
XJIOTBEB Y€pe3 5 MHHYT IIOCI€ CMEMIMBAHMSA NMTPATHOM IUIa3MBI C CYTOYHOI
KynbTypoii Gakrepmit (10° ki/mi). [eMONMMTHYECKYI0 aKTHBHOCTb OIpENENSUIH IO
00pa30BaHMIO 30HEI TMAPONW3a Ha KPOBAHOM arape BOKPYI KOJIOHMI GakTtepmit
(JIaburckas, 2005). 'manypoHHIa3HYI0 aKTHBHOCTH OIpPEAC/SUIM 0 CBEPTHIBAHUIO
THAyPOHOBOM KHCIJIOTHI, NIPH J00aB/IeHHM K HEH CYTOYHOH OaKTepHaJbHON B3BECH
(10° xi/mi) 1 15% yKCyCHOM KHMCIOTHI, BHI3HIBAIONIM CBEPTHIBAHME THATLYPOHOBOM
KUCIOTEL.  IlonmokuTeneHyI0  peakmui0  YYUTHIBAIM  I[PH  OTCYTCTBHHU
KoaryuposaHHoro crycrka (Kysapos, Caiirymega, 2012).

Onpedenenue yumonamuyveckux ceoticme. JIis H3y4eHHUsA CIOCOOHOCTH
OakTepuil HpOABIATE LUTONATHYeCKHe CBOMCTBa ObLIa MCIONb30BaHA KYIETYpa
KIeTOK 3eneHod MapThinku (muuaus Vero E6) (Tan, et al., 2004). I'otoBmam
CYCIICH3MIO CYTOYHBIX KyIbTyp Gakrepuii B koHuentpanumum 10° xiu/mi Ha cpene
CMM, panee MeTOJOM IOCIIE[OBATENEHOIO JECATHKPATHOrO pa3BeJeHHS JOBOIMIN
paboure koHueHTpauuu GakrepuansHoii B3Becu or 10° mo 10* xi/mi. CycneHsum
KaXKJ0# KOHIIEHTpaIUy KIeTOK Oakrepuii mobGarisiim B MoHOCHOM Kierok Vero E6,
uHKy6upoBamu 3 cyTok npu temmneparype 36 °C. Uepes 24, 48 u 72 uaca oneHuBanm
pesynbraT. lluTOomaTmdeckme cBoiicTBa OaKkTepHWil CUMTaNM BBIPAKECHHBEIMH IIPH
HAOMIOleHUY B IIOJIE 3PEHHS MHKPOCKOINA [JEreHEpaTHBHEIX M3MEHEHHII MOHOCIOS
Vero E6.

Bupynenmnocms  omnpefenann 1no mokxasatemo LDsp. Mcmonesszoranu
CYCIIEH3MIO CYTOYHBIX KyNeTyp OGakrepuii B KoHnentpamuu 10° xin/mn, pamee
METOIOM  IIOCIEJOBAaTENBHOrO  ACCATUKPATHOTO  pa3BeJeHHs  JOBOMMIH
KOHIIEHTpanuu GakTepuansHoii cycnmemsuu oT 10° mo 10* x/mn m 3apaxam mo 5
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MBIlIeH BHYTpuOpromuHHO (BBOoAuMas mosa 0,5 mu). HaGmoganum B Teuenme 30
CYTOK €XEOHEBHO, OTMe4Yas B INPOTOKOJE OIBITA KOJHYECTBO IABINMX M IKUBEIX
KHUBOTHBIX. LDso paccuuteiamu mo dopmyne KepGepa (JlaGuuckas u ap., 2004;
Tuxonosuy, 2013).

Onpeoenernue  anmubuomukouyscmeumenshocmu.  Jlus onpeeneHus
aHTHOUOTUKOYYBCTBUTENBHOCTH GaKTepuil MCIONB30BaIH JUCKO-¥( b y3UOHHBIA
metoz Ha cpeae AI'B (MVK 4.2. 1890-04, 2004). B pa6oTy GBUIM B3THI 7 BHJIOB
aHTHOMOTHKOB  (KapOeHMIWIMH, TETPalWMKIMH, aMIOMIMIUIMH, LehOTakcM,
uunpodokcauus, nehrosuauM, nedonepason) dupmsr HULD CIIB. BriOpaHHEIE
aHTHOMOTHKM 00/1aaI0T aKTHBHOCTHIO IPOTHB IPaMOTPHIATENbHEIX OakTepuii, B
TOM uHcne M OGakrepuit poma Pseudomonas (Crtpauynckmii, Kosmos, 2002;
Cynotuunkuii, 2011).

Cmamucmuueckasn obpabomka Oaunwix. J{NIs ONpeNeNeHNs CXOJCTBA MEXAIY
cocTaBaMy  OakTepHanbHBIX  cooOmecTB  akpatopuii  IIpumopckoro  kpas
ACIIONB30BANIM  PACUETHl K/IACTEPHOIO pACCTOSHHS HA OCHOBE HBKIHIOBEIX
auctaHiyii (BopobGres u ap., 2006). Jlng ompepeneHus BUAOBOrO pasHOOOpasms
OakTepHanbHBIX COOOINECTB HCIONB30BAMM pacyeT MHIEKCA o pPasHOOGpasus
Oumepa (Fisher et al, 1943). Cratuctudeckyo o6paGoTKy HMaHHBIX OPOBOJMIH C
nomompio makera Vegan (https:/github.com/vegandevs/vegan/issues) B R v. 3.5.0
(https://www.r-studio.com). 3HaueHHS ypOBHE# IerMIpOreHasHOHl H XWUTHHA3HOM
aKTHBHOCTCH OaKTepwi, BBIIENICHHBIX M3 pa3sHbIX akBaTopuii [IpMMOpPCKOro Kpas,
cpaBHuBanu ¢ nomomelo U-xkputepus Manna-Yutau (I'y6nep, I'emkuu, 1973).
Menuany [nd 3Ha4YeHHWE JeTHApOTreHa3HON M XWTHMHA3HOM  aKTHUBHOCTEH
KyJIbTUBUPYEMEIX OaKkTepuil paccuMTHIBaIH B mporpamme Microsoft Office Excel
2010.

InmaBa 3 «TakcoHoMuveckoe pasHooOpasHe KyJbTHBHpYeMbIX Gakrepuii
H3 MOBEePXHOCTHBIX BoJ akBatopmii IIpumopckoro Kpasi ¢ pasHoi
AHTPONOIreHHOH HATPY3KOMH»

B xonme paboThl M3 MOpPCKOH cpelsl M30JMPOBaHO 259 mrramMMoB GakTepmii
oTHocamuxca K 33 poxam, u3 HuX 77 mramMoB - u3 6. 3osotoi Por, 99 mramMmoB -
0. Haxoaka, 41 mrramM - 3a1. Boctok u 41 mtamm - 6. Kueska. B 6. 3omnoroii Por Bce
BBIJe/IeHHBIe OaKkTepuu oTHOCHIKCH K 22 pojaM, B 0. Haxoaxka - k 21, B 6. Kueska - k
12 u 3an. Boctok - k 11.

HccnenoBanne TaKCOHOMMYECKOTO pPa3sHOOOpasMsA IOMYYEHHBIX YHMCTHIX
KyJbTyp OaxTepuii moxasayo, 4To BO BCEX aKBaTOPHMSAX BCTpedanuch GakTepuu poOIoB
Vibrio, Pseudomonas, Micrococcus, Bacillus, Chryseobacterium, Acinetobacter
Actinomyces. Ilo nutepaTypHbIM HCTOYHMKAM M3BECTHO, YTO MPEACTABUTEIH JaHHBIX
TAaKCOHOMHUYECKUX IPYNI SIBJISIOTCS TUMHYHBIMH JISI MOPCKHX BOJ M BCTPEYAIOTCS
noBceMecTHO (Manbiruna, Kanes, 2003; Muxaiinos, 2004; Muxaiinor u ap., 2004;
MorunsHuKOBa ¥ Jp., 2009; Cycnosa u ap., 2012; CemeHos u ap., 2014).

HecMoTpsi Ha CXOACTBO COCTaBa aBTOXTOHHOM MHKpPOOHOTEI B HCCIELyEMBIX
paiioHax, 3HaYEeHNA MHIECKCa 0 pa3HOooOpasus Puinepa ObLUIH BHIINIE B 3arpA3HEHHBIX
akBaTopuax - 10,29 u 8,77 nna 6. 3onoroii Por u 6. Haxogka, cooTBeTCTBEHHO. B TO
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BpeM: Kak 1A 0. Kueska u 3an. Boctok uHAexc Geut paBeH 4,93 B oGoux ciaydasx.
[lomoGuble pasnuyua MOryT OBITh CBA3aHBI C NPHCYICTBHEM B 3arpA3HEHHEIX
aKBaTOPHAX NATOI€HHEBIX M YCIOBHO-NATOreHHEBIX Oakrepuii. Tak, 0 BEIIEIEHHBIX
MaTOTEHHEIX M YCJIOBHO-NATOreHHBIX GakTepuii B 6. Haxoaka 6suia pasna 21,4%, 6.
3onoroit Por - 30%, a ¢oHOBBIX paifioHaX O5TH MHKPOOPTraHM3MBI He OBLIH
00HapyKeHBI.

Y u3 6. 3om0to0ii Por u u3 6. Haxonka GbLIH BBIIENCHE IIPEACTABUTENH POJOB:
Escherichia, Klebsiella, Ewingella, Hafnia, Yersinia, Pantoea, Proteus, Serratia.
Taxxe, B 6. 3onoroit Por mpucyTCTBOBaNM NATOreHHEIE M YCIOBHO-IIATOI€HHEIE
Oaxtepun pofoB Salmonella, Enterobacter, Listeria, Staphylococcus, a B 6. Haxoaxa
- Staphylococcus u Kocuria.

KnactepHelii aHanu3 nokasald, YTO aKBAaTOPHM, HCIIBITHIBAIONIHE MOIIHOE
aHTPOIIOT€HHOE 3arpsA3HCHHME Hambolee CXOKH Mexay coboif 1o cocramy
MHKpPOOHOro coolmecTBa, TO K€ caMoe HaOmomaeTrci M B akBaTOPUAX C
MHHHMAJIbHBIM aHTPOIIOT'€HHBIM IIpeccoM (puc. 1).

Cluster Dendrogram

>
" r !
- . 3oao7oi Por 6. Haxoaxa
o]
% 5 | 1
6. Kuenxa san. Bocrow
d_suc
helust (% "averages™)
PHcyHOK 1 - KHaCTepHaﬂ OCHOIporpaMMa, XapakKTepH3YIInad pasiIndud

MEXIy COCTaBaMH KyJIBTHUBUPYEMEIX OakTepuii B MHKpPOOHBIX cooOmecTBax
akBatopuii IIpumopckoro kpas

I'maBa 4 «bHOXHMHYECKHE CBOHCTBA KYJILTHBHPYEMbLIX OaKTepHH H3
MOBePXHOCTHBIX BoA aKkBaTopuii IIpuMopcKoro Kpasi ¢ pasHol aHTPONOreHHOM
HarpysKoi»

H3BecTHO, UTO OmpeAeneHue AeruaporeHasHoii akrusHocTd ([A) ABnsercs
OJHHM H3 OCHOBHEBEIX METOAOOB OLI€HKH 3KOJIOTHMYECKOI'0 COCTOSIHHA (TYI'IPIH u ap.,
2010), T.K. MO3BOJIAET B KpaT4aillle CPOKH OMpPEIEIUTh MPOUCXOAANINE U3MCHEHUS
B OKpY)KaloIeil cpefe 3a CUET OKHCIUTENBHEIX MPOLECCOB. DEpMEHTHI
JETUIpOreHas3bl OTHOCATCA K KIaccy OKCHAOpEeIyKTas, KaTalu3HpYIOLMX peaKIuH,
CBA3aHHBIE C MPOLECCaMH JBIXaHMA, IIMKOJM3a U OpOXKeHMs, yIaCTBYIOT B IIEpEeHOCE
aTOMOB BOJOpOJa OT cyOcTpaTra-foHOpa K akmenTopy. Ilo BenuyuHe mnokasarens
JOICA  MOXHO  ONpeNeNUTh  KOJMYECTBO  JIETKOOKMCIIieMoro  cybcrpara
YTUIHM3MPYEMOr0 MAKPOOPTraHH3MaMu B uccaeayemMoM akororne (KoGenesa, 2014).
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B ocuoBHOM cymmapHoe 3HaueHue [I'A ompenensior B npobe IOYBEIL,
crounsix Bog wm wia (Tymud u fp., 2010), npu 5TOM HE YyIUTHIBACTCA COCTaB M
YHCIEHHOCTE MHKPOOPTaHM3MOB, YYACTBYIOIMX B OKHMCIHMTENBHBIX MpOLECCax. B
Hameii paGore onpenenenue JII'A MCTONB30BANH MJsi BBLABJICHHA HU3MEHEHUI
AKTHBHOCTH ()eépMEHTOB JEIHAPOreHas y KyJIbTHBUPYCMBIX GakTepuii o JEHCTBUEM
AHTPOIOT€HHOI0 3arpASHEHMA.

B pa6ore GbUIM HCCIEZ0BaHB 95 MTaMMOB OaKrepuil, BBIJCHCHHEIX B 2015
roay, u3 HuX 21 mraMMm u3 6. 3omoroii Por, 27 - u3 6. Haxonka, 24 - u3 3a1. Boctox
1 27 - u3 6. KueBka Ha Hanmuue [IA.

VIHTepecHO OTMETHTh, YT0 Gonbmias jons Oakrepuit ¢ Beicokoii JII'A Oblia
o6uapyxena B 6. 3omoroii Por u 6. Haxonka (MakcuManbHble 3HayeHHd 8 u 6,8
yCILE/l. COOTBETCTBEHHO). Jliist CpaBHEHHS HCCIIEYeMBIX aKBaTOPHil MEXAY 00O 1Mo
IITA KylIsTHBHpyeMBIX OakTepuil ONpeJeNAld 3HAYCHHe MEIHUaHBl, KOTOpOe
paBHsIock 3 yci ed. CornacHO IPOBEIEHHBIM HCCICIOBAHIM, B 3arpsA3HEHHBIX
Oyxtax noisi OGakTepHalbHEIX MITAMMOB CO 3HAICHIAMHU JIT'A Beume 3 yci. en.
cocraBmia B 6. 3onoroit Por 71,4%, 6. Haxonka- 85,2%, 6. Kueska - 11,1%, B 3ai.
Boctok- 8,3%.

ITpy aHanu3e MOJYyYEHHBIX NAHHBIX C IOMOIIBIO KPUTEPHs ManHa-YUTHH, HE
6EUI0 BBIBIGHO CTATHCTHYECKM [OCTOBEPHBIX PpasiM4dil B 3HAYCHIAX ATA
KYJIBTHBUPYEMBIX GakTepHii, BEIENCHHEIX U3 O. 3onoroit Por u 6. Haxonka, 4to
MOKET yKa3blBaTh HA CXOXXHe YPOBHM aKTHBHOCTH (GepMeHTOB AeruaporeHas y
reTepoTpodHbIX OakTephii B 3arpA3HCHHBIX paiionax. Iloxoxue pe3yJIbTaThl
MONYYWIA TpH CPABHEHWH 3Ha49CHUi JITA Gakrepuii, BBEIIENCHHBIX H3 YCIOBHO
YUCTHIX aKBaTOPHIHA.

[lpz  oleHKe pasmuuuii  MEKAY  KyJIbTHBHDYEMBIMH OakTepuaMH,
BBIIEJIEHHBIMI U3 3aIPA3HEHHBIX aKBATOPHH (6. 3omoroii Por u 6. Haxonka) u u3
ycnosHo yucThX (0. Kuepka u 3aml Boctok) mo JT'A, BeisiieHo, 9to U-KpuTepui
HAXOJMTCA B 30HE 3HAYMMOCTH, CII€[I0BATEIBHO, MOXHO TOBOPHUTE O CTATUCTUYECKH
OCTOBEDHOM pasiIMYMy B aKTHBHOCTA JCTHAPOreHas MExy OakTepusaMH,
BRIICNCHHBIME M3 aKBaTOpHil, OOPEMEHEHHBIX aHTPOIIOreHHOH Harpy3kod u
GaKTepHIMM U3 yCIOBHO YACTEIX PaliOHOB.

OueBHIHO, YTO MOCTYILIEHHE B BOJBI 6. 30/10TOH Por u 6. Haxoaxa 60BIIOro
KOJINYECTBA OpraHu4ecKux COeIMHEHUI c KOMMYHAJIBHO-OBITOBBIMH,
MPOMBILIUICHHEIMA ¥ PEYHBIMU  CTOKAMH IPHBOAUT K YCHICHHIO AKTHBHOCTH
(epMeHTOB [JEruporeHas y rerepoTpoHEIX OakTepuil. Y4MTEIBas IOJy4CHHBIC
pesy/nbTaThl, TECT Ha JIA OTAeNBHBEIX INTaMMOB GakTepuii MOXeT OBITH
JCIIONB30BAH IS OMPEACICHUsl yPOBHS OPraHMHYECKOTO 3arpsA3HCHMA B KadeCIBe
aNBTEPHATHBE XUMHYECKIM METO/aM.

Ha crnefyiomieM dTane IPOBOJMIN KayeCTBCHHYIO OLICHKY aMHJIOJIUTHYECKOM,
IIPOTEONUTHIECKOH H JIMTONATHYECKOR AaKTHBHOCTEH HCCIEHyEeMBIX GakTepuil.
JlaHHBI MOAXOJ HEPEAKO HCIONB3YIOT JUIA OTIpE/IENICHUs YPOBHS aHTPOIOTCHHOI0
BO3MEHCTBUA HAa MOPCKYIO Cpeny (Uspasns, L{pi6ans, 1981; IImutpuea, 19990,
1999g; Kanuruna, 2006; Kanutuna 1 1p., 2006).
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B Hameii pa6oTe GBUIO YCTaHOBICHO, YTO YaCTOTa BCTPEIAEMOCTH Yy OaKrepuii
AMIIIOJIMTAYECKOH M TPOTEONUTHYECKONH AKTMBHOCTH B 3arpA3HEHHBIX H (OHOBBIX
paifoHax MpaKTHYECKH HE OTIMYAnachk Mexay coboii. Hampumep, moms Gakrepuii,
BEIACNEHHEIX u3 OyxT 3omotoit Por m Haxoaxa, obnamaromux MpoOTEONUTHIECKOH
AKTHBHOCTBI0 cocTaBuna 51% u  37%, ammionutuyeckoir 37% u  41%
cootBeTcTBeHHO. A B 6. KneBka momns 6aktepuil ¢ NpoTeoNMTHYIECKOH aKTHBHOCTEIO
coctaBmia 41%, ¢ amunoauTHdeckoii — 37%, B 3an. Boctok — 46% m 41%
COOTBETCTBEHHO.

Kak H3BeCTHO, MHOTHE MHKPOOPTaHH3MBI MOTYT CHHTE3HPOBaTh (DEepMEHTHI
aMHJIa36l ¥ IpOTeashl B IIPUCYTCTBUM JIETKOpasjIaraeMuIx coequnenuit (Jlumurpuesa,
19996). JlaHHsle OpraHM4ecKHe CyOCTpaThl MOCTOSHHO HPUCYTCTBYIOT B MOpPCKOM
BOJIE 33 CUET ECTECTBEHHEIX IIPOIIECCOB JKU3HEAEATEIPHOCTH MOPCKHUX OPIaHU3MOB H
TeppUreHHLIX CTOKOB B YCIOBHO YMCTHIX paifoHaxX. J[ONOMHUTENBHO OHH MOTYT
IOCTYIIaTh BMECTE€ C KOMMYHAJIBHO-OBITOBBIMH M IpPOMBINUICHHBIMH COpocamMH B
paiioHax ¢ aHTPOIIOreHHOH HArpy3Koii. B 9T0M clly4yae CII0MKHO pasrpaHMIUTh MEKIY
coGoff TpUPOJHEIC ¥ AHTPONOTCHHBIE HCTOYHHKH IIOCTYIUICHHA OPTraHHIECKUX
BEIECTB. BEpOATHO, IOITOMY HacToTa BCTPEYaEMOCTH aMIJIOJINTHYECKOH U
IPOTEOIUTHYECKOHl AKTHBHOCTE y MHKPOOPraHM3MOB M3 PasHBIX aKBaTOpUi
MPaKTHIECKH HE OTIHYaNach.

Ions GakTepuil ¢ JIMIOIMTHICCKOH aKTUBHOCTBIO COCTABUIIA B 3arpA3HEHHBIX
paifonax 6. 3onoro#t Por mo 80%, B 6. Haxoznka 10 45%, B TO BpeMs Kak B YCJIOBHO
upeTex akBaTopmsax 6. Kueska mo 19% wu 3am Boctok mo 17%. IIpuponHEIMH
HCTOYHHKAMM JIMITHAOB MOTYT OBITH OCTAHKM MEPTBHIX JKMBOTHBEIX M DPacTeHHIL.
OpHako OCHOBHOM BKIaj B IOCTYIUIGHME JHMIHMIOB B MOPCKYIO Cpefly BHOCAT
KOMMYHAJIBHO-OBITOBEIE M MPOMBIIUIEHHBIE CTOKH, 2 TalOKe aBapUiHbIE Pa3/IMBEI
HehTH M HEPTENPOLYKTOB (IIp16anp, Temmmuckas, 1982; TemmmHckas, 1990;
Kupeesa, 2006). YuMTEIBas, CyIIECTBEHHOE 3arps3HCHHC 6. 3omoroit Por u 6.
Haxonka HedTsHsIME yriesogopomamu (Hoxmaj..., 2017), craHOBATCA BIOIHE
OOBACHUMBI MOJYYEHHEIE HAMM De3yJbTaThl IO JIMIONHTHYECKOH aKTHBHOCTH
KyJIBTHBUPYEMEIX OaKkTepuil.

[lockonbKy MO pe3ylbTaTaM MCCIeJOBAHHN HE BBISBICHO PASHHUIBI IO
AMIIOJIUTHYECKOM H IPOTEOJUTHICCKON aKTHBHOCTH Y KyJIBTHBHPYCEMEIX GaKrepHii,
BBIJETECHHBIX M3 3arpA3HEHHBIX M YCJIOBHO YHCTBIX aksaropuii. To GBLIO C/eNaHO
Tpe/NoJIoXKEHHE, YTO MOJ JeHCTBIEM AHTPOIOTEHHON HArpy3KH, BO3MOKHO, Oyz1er
MSMEHATBCS AKTHBHOCTB APYTMX (EpPMEHTOB II0 OTHOIEHMIO K cyGcTparam
XapaKTepHBEIM MOPCKHM BOJaM.

Jlna 5TOro HaMp OBLTM CO3JaHBI CIEIHMAJIBHEIE [HTATCIBHBIC CPCIBL,
CofepiKalllie B KadecTBE €JMHCTBEHHOTO HCTOYHMKA YIJIEPOJa OpraHMdeCcKie
cyGCcTparhl, THINUYHEIC I MOPCKHX aKBaTOpMif, Takue KaKk XHTHH H €ro
MPOM3BOHBIE, KIETYATKA, PyKOM/aH, aJIbruHAT HATPHA (puc. 2 A, B).
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PucyHok — 2 Poct mramMMoB GakTepuil Ha MUHEPAIBHOM cpefie © nobaBneHHEM
B KayecTBE €MHCTBEHHOr0 HCTOYHMKA yIiiepoja: A — XuTo3aH; b — kieryaTka

V CTAHOBIIEHO, YTO B CIOBHO YHCTHIX aKBATOPHAX [0S GaKTepHil, CTIOCOOHEIX
K JECTPYKIMHM XWTHHA, XUTO3aHa, XT'K, dykougaHa, KIETIATKH U aJBrMHAT HATPUA
BBIIIE 110 CPABHEHHUIO C 3arPA3HEHHBIMI PaiiOHaMHU B CPEJHEM HA 15-20% (puc. 3). B
OCHOBHOM (pepMeHTaTHBHAas AKTHMBHOCTh K STHM cyOcTpaTaM BEISBIEHa Y
mpejCTaBUTENell aBTOXTOHHOH ~MHKPOQIOPEL, HAmpumep vy Gakrepuii poja
Pseudomonas, Micrococcus, Bacillus, Chryseobacterium u PEIKO BCTpe4anach y
YCIOBHO-TIATOTeHHBIX 1 IATOTEHHEIX OaKTepHil.

90%
80%
70%
60%
50%
40% -
30%
20%
10%

0%

B. 3onoroii
Por

BF5. Haxonka

®3. Boctok

Anprunar Kineruatka ®@ykoupan XutuH — XHT03aH XTK B 5. Kueska
HATpUA

Pucynox 3 - Jlona 6akTepHanbHBIX IITAMMOB, 0671a1210KX (PepMEeHTaTHRHOM
AKTHBHOCTBIO IO OTHOLIEHMIO K XWUTHHY, XWUTO3aHy, XT'K pakooOpasHBIX,
dyKkouaaHy, albIMHATY HATPHS U KICTIATKH OypBIX BOAOpOCIEH

VHTEepeCHO OTMETHUTh, YTO POCT KYIbTYp GakTepuii, BEIIEIEHHBIX U3 YCIIOBHO
YMCTEIX paiioHOB, OTMeYanu Ha 3-4 CyTKH KyIBTUBUPOBAHHA, B TO BpeMs KakK H3
aKBATOPHil C BEICOKOH AHTPOTIOreHHO! HArpy3KOH TOJBKO Ha 7-8. BeposiTHO BCErO, Y
GaKTepHii, BBIAECTCHHBIX U3 3aTpA3HCHHbIX paiiOHOB, 9TO CBS3aHO C y/IMHEHUEM Jar-
asel mpH TEpeXOAe K yTHIH3AIHH Golee CIONHEIX OPTAHUUECKHX COEIUHCHMI

(Torrwank, 1982).
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VuuTHIBas, YTO AHTPOIOIEHHOE 3arpA3HEHHME MOXKET BIMATE HE TOJIBKO Ha
CKOpPOCTh pocTa OakTepuil Ha oONpeAeneHHBIX CcyOcTparaX, HO M Ha 3HAYCHHA
(epMEeHTAaTHBHOM AaKTHMBHOCTH, OblIa MpPOBEJEHA KOIMYECTBEHHAas OLEHKa
aKTHBHOCTH XUTHHA3bl. B paGoTy ObUIM B3ATHI Bce IITaMMBbl OaKTepHii, BEIPOCIIME HA
MHHepalbHO# cpeme ¢ HoOaBneHHEM B KavyecTBe €JMHCTBEHHOI0 HCTOYHMKA
yraepoaa xutuH. Beero ucenenoBano 94 mramMma 6akrepuii: u3 6. 3onotoii Por - 25,
0. Haxonka - 31, 3ai1. Boctok - 17, 6. KueBka - 21.

[TokazaHo, YrOo MJOJAA INTAMMOB OakTepuwii oOjajarmMX XUTHHA3HOMH
aKTHBHOCTBIO CO 3HAYeHHMEM MeauaHEI paBHO# 4 E/r u BeimIe coctaBuia B 6. Kuepka-
71%, 3an. Boctok - 59%, 6. Haxoaka - 42%, 6. 3omoroit Por - 20%.

IIpy aHanwM3e MOIYYEHHBIX NaHHBIX C MOMOMIBIO KpuTepus MaHHa-YuTHU He
BEISBIEHO CTATHCTMYECKM JIOCTOBEPHBIX pasiuyuii B 3HAYECHWIX XHTHHA3HOI
aKTHBHOCTH KyILTHBHpPYEMBIX Oakrtepuii, BeIfeNeHHEIX M3 6. 3omoroit Por u 0.
Haxoixa, YTO MOMKET YKa3hIBATE HAa  CXOXHME€ YPOBHHM AaKTHBHOCTH XHTHHA3 Yy
rerepoTpodHbIX OakTepuii B 3arpA3HEHHBIX paifoHaX. IIOXOXHE pe3yJIbTaThl
MONyYHIMCh NpPHM CPABHEHHHM 3HAYEHUH XWTMHA3HOH aKTMBHOCTH OaKTepwii,
BBIZICJICHHBIX U3 YCIIOBHO YHCThIX aKBATOPHIA.

3Hayenusa U-KpUTepuil HaXOAWIMCh B 30HE 3HAYMMOCTH NpH CPaBHECHHUU
XMTHHA3HOM aKTHBHOCTH OaKTepmii, BEIENCHHBIX M3 aKBATOPHH C AHTPONOreHHOMH
Harpy3skoii 6. 3omotoit Por u 6. Haxoaxka ¢ ycIOBHO YHCTEIMH palioHAMU 6. Kuepka u
san. Bocrok. Takum oGpa3om, 3arpsAsHCHHE NPHUBOAMUT K CHIDKCHHMIO aKTHBHOCTH
XUTHHA3 Y TeTepOTPOdHBIX OaKTEPHid.

CJle0BaTeIbHO, MOKHO C/ENIATh BEIBOJ, YTO IIOJ J€HCTBUEM aHTPOIIOI€HHOTO
3arpA3HEHUs CHIDKAETCS YacToTa MpPOSBIEHHS (EPMEHTATHBHOM AKTHBHOCTH Y
Ky/JIBTHBHPYEMBIX Gakrepuii II0 OTHOIICHHIO K CyOCTpaTaM, XapaKTepHBIM Ui
MOPCKOH CPe/IBl, 2 TAKXKe CKOPOCTh yTH/IH3ALMHA OaKTePUAMH 3THX cyOcTparoB.

I'naBa 5 «PDaKkTOopbI NAaTOreHHOCTH, BHPYJIEHTHOCTh U
AHTHOMOTHKOYYBCTBHTEIBHOCTE OaKTepuii, BbICJCHHBLIX H3 MOBEPXHOCTHBIX
Boz IIpumopckoro Kpasi ¢ pa3Hoii aHTPONOreHHOH HArpy3Koi»

Ilo nuTepaTypHBIM JAaHHBIM, H3BECTHO, 4YTO Pa3IHMYIHBIC (akTOpEl CPEEI
(Temmeparypa, pH, cOTeHOCTh U T.A.) MOTYT BJIMATh Ha M3MCHEHHC IATOrEHHOTO
MOTeHIMaa ¥ BO30yUTEIICH canpo300H030B (Bacnaxbsn, 2003; Comos, by3onesa,
2004). Ilpu 5TOM, YCTAaHOBIEHO, YTO HANMYME B CPEJC 3arpA3HAIOIIMX BCIICCTB,
TakuX KaK TsOKeIble METaUlbl, TaKKe OKashBaloT CTHMYJHpYHoliee, mbo
yrHeTaromee JAeHcTBME HA (AKTOPH BHPYJICHTHOCTH IATOT€HHBIX H yCJIOBHO-
aToreHHBIX MEKpoopranusmos (Bysonesa u ap., 2014a).

Mcxomsd ®3 NPEANONOKEHHA, YTO IOA JCHCTBHEM AHTPOIOre¢HHOro
3arpsA3HeHUA campoTpodHble  MHKPOOPraHH3MBI ~ MOTYT — H3MEHATE  CBOU
6UONOTMYECKHE CBOMCTBA, B YacTHOCTH, IATOTCHHBIH MOTeHUHAT, OBLTH
NpOBENEHE HCCIEI0BaHUA [0 BBLABICHHIO Y MOJy4eHHBIX HaMH Oakrepuii
CIIOCOGHOCTH K ajir€3HH, CHHTe3y [UIa3MOKOaryiashl, rHalrypOHHM/Iassl, FEMOIU3NHOB,
IIUTOTOKCHHOB, a TAaKXKe BUPYICHTHOCTH 1 yCTONYMBOCTH K aHTHOMOTHKAM.
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Hccnenosanusa 1MoKasald, YTO JOJIA BBICOKO- M CPEHEaJre3HBHBIX INTaMMOB
Gaxrepuii Gbuta Bemme B 6. Haxoxka u 6. 3omoroii Por mo cpaBHEHMIO C YCIOBHO
YUCTHIMU akBaropusaMu (puc. 4). B 3an. BocTok BEICOKOaAre3MBHEIE GAKTEpUM He
00Hapy KEHBI.

30% -
25% -

A
Fd
20% 47 N
15%-/
Ve

7. 0. 3onoroii Por

B 6. Haxonka
10% -

5% -
0%

#6. KueBka

# 3a1n. BocTok

Peny KO
eazr, anr
Hize SUByge C3HBHEe

Pucynokx 4 — CpaBHUTENbHAs XapaKTepPUCTUKA aare3MBHOCTH reTepOTPOGHEIX
GakTepuii, BRIIETICHHBIX U3 aKBaTOPHIA C Pa3HOI CTENEHbIO aHTPOTIOreHHOro mpecca

Jlong OakTepHaNBHEIX INTAMMOB C IUIA3MOKOAryJIa3HOi M TI'HMalypOHHIA3HOi
aKTHBHOCTAMH ObLIa Taroke Bhlme B 0. 3omoroit Por u 6. Haxonka nmo cpaBHEHHIO C
GOHOBEIMU paiioHaMH. A TIE€MOJIMTHYECKas AKTUBHOCTH OOHapy»XeHa TOJBKO Y
IITAMMOB OaKTepHii, BBIJIEIEHHBIX U3 3arpA3HEHHBIX aKBaTOpHii (puc. 5).

0,

35? B. 3onoroii
30%
25% NN - Por
20% B b. Haxoznka
15%
10% \ _

5% —\ 5. Kueska

0%

[TnasmokoaryiasHas I'uamyponnnasHas I'emonuTHYeckas @ 3a,1. BocToK
aKTHBHOCTB aKTHBHOCT AKTHBHOCTh
PucyHok 5 — CpaBHuTenbHas  XapaKTEPUCTHKA  [eMOJMTHYECKOH,

I1a3MOKOAry/Ia3HOH M THATypOHMAA3HON aKTMBHOCTH reTepoTpodHBIX Oakrepuii,
BEIIENICHHBIX U3 aKBATOPHii C Pa3HOH aHTPOIIOTeHHOM Harpy3Koi

Jnd TMOATBEPXKIAEHHS THUNOTE3bl O BIMSHUAM AHTPOIOIEHHOTrO 3arpsA3HECHHUS
NPOBOAWIM  WUCCIEJOBaHMA HA  NpPOsBICHME  LUTONATHYECKHX  CBOMCTB,
BUPYJIEHTHOCT H aHTHOMOTHKOYYBCTBUTEIBHOCTD Y Oaktepuii popa Pseudomonas,
KOTOphlE BCTpEYANHCh BO BCEX MCCIEIYCMBIX aKBaTOpuAX M IO MHCJICHHOCTH
SBJISUIACH OJHUMH M3 JOMHMHHPYIOIIUX IPYIIIT MHKPOOPTraHU3MOB.

Beero 6bu1o B3ATO B pabory 19 mraMMoB OakTepuil, OTHOCSAIIUXCA K POy

Pseudomonas, 9 - u3. 6. Kueska, u 10 - u3 6. 3omotoii Por.
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3HAYUTEIBHBIH IMTONATHYECKUH 3PdeKT
Ha0mopany y mraMMoB OakTepuii, BeigeneHHEIX u3 6. 3omnoroii Por. 80% mrammoB
Pseudomonas, BeigeneHHbIX u3 0. 3onoToit Por paspymamu xieTku MOHOCTOS MpH
pasBefeHun KyinbTypsl Gakrepuii o 10* kn/mn. Ilpu stom mrammel u3 6. Kuepka
cnaGo paspyland KIE€TKH MOHOCIOS IPH pasBefCHHH KyIbTypsl mo 107 xi/mi, u
NpaKTHYeCKH He Ha0mojany LUTONATHYECKOro JMAeHCTBHA IIpH MOCIHCAYIOLIHX
pa3BeJIeHIIX KyIbTYpHI 3THX OakTepuii (Tab. 1, puc. 6).

Pucynok 6 — PaspymieHue KIE€TOK MOHOCTOA IIOA MHKPOCKONOM: A) He
paspylIeHHBIH; B) paspylneHHEIH

Ta6muna 1 — OneHka DUTONATHYECKUX CBOMCTB OakTepuii pona Pseudomonas

Bakrtepun poga Pseudomonas K/mn
100 (108 107 [10°110° [10°
b. KueBka
Ps. putida 1K o+
Ps. psychrophila 2 K + + T
Ps. putida 3 K +
Ps. putida 4 K + +
Ps. putida 5 K + + 3
Ps. panacis 6 K + I
Ps. stutzeri TK & +
Ps. azotoformans 8 K + +
Ps. psychrophila 9 K + +
B. 3oJi0T0ii Por
Ps. psychrophila 1 3P + o+ +
Ps. putida 2 3P - + + |+ |+ s
Ps. putida 3 3P + + + |+ |+ +
Ps. fluorescence 4 3P + + + |+ [+ e
Ps. azotoformans 5 3P + + + |+
Ps. fluorescence 6 3P - + + |+ |+ e
Ps. fluorescence T 3P + + + |+ |+ +
Ps. fluorescence 8 3P + + + |+ |+ +
Ps. fluorescence 9 3P - + O = + o
Ps. fluorescence 10 3P + + + |+ |+ o

Ipumeyanue: “+” - paspywenue k1emox, “-" omcymcmeue paspyuenis
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Illtammel OakTepuii ¢ BHIp@XKCHHBIMH (DaKkTOpaMH MAaTOr€HHOCTH OBLIH
IpOBepEeHbl Ha BUPYJIEHTHOCTb, T.€. OIpeJelieHa CTeleHb NaTOreHHOro IOTeHIMaa
uccineayeMsIx Gakrepuii (LDsp) Ha GecriopoaHbIX GeNbIX Mblmax (Tabn. 2).

Tabnuua 2 — OnpeneneHue BUPYJIEHTHOCTH y Oaktepuil pona Pseudomonas,
BBIIEICHHBIX 3 PAifOHOB ¢ pa3HOil aHTPOIIOreHHON Harpy3Koii

Mecmo M HImamma | 3apaxca | Beezo Ilepuoo unxybayuu, cymxu | %
ebl0eneHU owas s3apagcer | 1 2 |5 |10 | 15 | 20 | "emanvHOC
A 003a HbIX mu
KO E /JW! 0 6'bercmo KonudecTBO BEDKHBILHX
8 JKXHUBOTHEIX
B. Pseudomonas | 10° 5 5 21212 |2 |2 |60%
3onoToit putida 2 3P 107 5 5 515 1|5 5 5 0%
Por 10° g 5 515105 |5 [5 [0%
10° 5 5 51518 |53 |5 |0%
10! 5 5 515105 |5 |5 |0%
Pseudomonas | 10° 5 5 313113 [3 [3 |40%
fluorescence 6 | 10’ 5 5 515(5 [5 [5 [0%
3P 10° 5 5 51414 |4 [4 [20%
10° 5 5 51414 (4 [4 [20%
10! 5 5 51515 |5 [5 |0%
B. KueBxa | Pseudomonas | 10° 5 5 5151(5 [5 |5 [0%
putida 5 K 107 5 5 5155 |5 [5 |0%
10° 5 5 555 |5 [5 |0%
10° 5 5 51505 |5 [5 |o%
10! 5 5 5[(515 |5 |5 |0%
Pseudomonas | 10° 5 5 51515 |5 |5 |0%
psychrophila2 | 107 5 5 5 (515 1§ |3 |0%
K 10° 5 5 5(5([5 |5 |5 [0%
103 5 5 51515 |5 [5 |[0%
10! 5 5 51515 |5 [5 |0%
Kontpoas 5 5 5 19 15 |5 15 |0%

B pesyisTaTe SKCIEPUMEHTA BBISBIEHO, YTO y mTamMMOoB u3 6. 3omotoii Por
Pseudomonas putida 2 3P LDsp = 6,3% 108 £+ 0,55 KOE/mn, a y mramma
Pseudomonas fluorescence 6 3P LDsy = 6,3 107 £ 0,53 KOE/Mn. Illrammsl,
BeigesieHHbIe u3 6. Kueska ObUIH aBUPYJICHTHEL.

Ipu HCCIe[OBAHUN aHTHOHOTHKOTYBCTBUTENBHOCTH OaKTepHil 0Ka3aloCh, UTo
HamOo/JblICE TMOJABICHHE pOCTa OaKTepHalbHBIX KJIETOK OTMEYECHO IIPH
JICTIONB30BAHMH LunpodIokcanuua 1 nedomnepo3ona kak B 6. 3omoroii Por Tak u B
6. Kuegka.

60% (6 mrammoB) Gakrepuii u3 6. 3os0Toi Por nokasanu YCTOMYMBOCTE KO
BceM aHTHGHOTHKAM, B3STHIM B paboty, mpu 9toM 20 % (2 mTamma) GaxTepuit 30071
yeroifunes k 6onee 5 u3 7 anTHOMOTHKAM. l1I0 TMTEpAaTypHEIM [JAHHBIM H3BECTHO,
yro B palfoHaX AKTHBHO MCIIOJIB3YEMBIX B XO3AWHCTBEHHOHW JEATCIBPHOCTH U
NPUHAMAIOIMX HAUGOMbIIEe KONMYECTBO 3ArpASHAIONMX BEIIECTB, NOABILIOTCA
ycToiYMBEIE (POPMBI MUKPOOPTaHH3MOB K aHTHOAKTepPUAIbHBIM BEIIECTBAM 3a CUCT



19

HAaKOIUICHUA M pPacHpOCTpaHEHHMsA IUIa3MMA, HECYINMX T[EHBl YCTOMYMBOCTH K
aHTHOMOTHKAM M T/KEIBIM META/UIaM, KOTOPHIE MOIYT IE€peAaBaThCs OT OIHHX
Gaxtepmit gpyrum (Burton et al., 1982; Tenover, 2006).

Cpenu Oakrepumii, BeimeneHHBIX u3 6. Kuweeka, Tonmsko 22,2% (2 mramma)
NpOSABJIAIN YCTOMYMBOCTE KO BCEM HCIOJB3YEMBIM aHTHOMOTHKaM, OOJbIIAs e
4acTh OBLIM YyBCTBUTENBHBI NPAKTHIECKH KO BCEM aHTUMUKpPOOHEIM Ipemnapartam. B
HpUPOJIe AHTUOMOTHKY CUHTE3HUPYIOTCS HEKOTOPEIMU MUKPOOPIaHM3MaMy M CIIY>KaT
€CTECTBEHHBIM CPEJCTBOM MEXXBHIOBOH OOpBHOBI y HHX, IIOTOMY OakTepuu MOIYT
npHoOpeTaTh YCTOWYMBOCTh K MX ACHCTBHUIO, CIIEIOBATENBHO, He OOJNBIIONH IMPOLEHT
IITAMMOB YCTOMYMBEIX K QHTUMHKPOOHEIM IIpemaparaM B YCJIOBHO YHCTHIX
aKBaTOPHSIX BIIOJIHE 00BAcHUM (AGmyumH u 1p.,1997).

[lonmyyeHHple [JaHHBIE @0 LUTONATHYECKOM  akTUBHOCTH, LDsp u
AQHTHOMOTHKOYYBCTBHUTEIBHOCT TaKXKE€ MOJTBEPXAAIOT THIOTE3y O BIHIHUH
pas3IMYHEIX ()AKTOpPOB Cpelbl, B TOM YHCI€ M AHTPOIIOICHHOIO 3arpA3HECHHA Ha
yCHJIEHHE IIATOTEHHOI'0 TIOTeHIKaNa y GakTepuid.

Kpome Toro, coriacHO JaHHBIM JIUTEpaTyphl, B BoAax 0. 3omotoii Por BeIcOKa
YHCIEHHOCTh OakTepuii, YCTOWYMBBEIX K TOKeIBIM MeTamiaM (BessepOnas u ap.,
2005), a  MeramioycToiiuMBOCTh y  Oakrepmii  9acTo  CBA3aHa  C
AHTHOMOTHKOPE3HCTEHTHOCTBIO, YTO MOXKET OBITH OOYCIOBIE€HO MPHCYTCTBHEM B
OakTepuaJdbHOM KIE€TKe OJHHMX M TeX K€ IUIAsMHUJ, T/€ JIOKAIM30BaHEI
cooTBeTCTBYIOIIME I'eHEl (Alonso et al, 2001).

OueBHAHO, HYTO IIOCTOAHHOE [JUTENbHOE OMOJIOTMYECKOE 3arpsA3HeHMe
MHKPOOpraHu3MaMH, KOTOpele ImocTymaioT B 6. 3omoroit Por m 6. Haxoxka
PasIMYHBIME CTOKAMH, MOXET OBITh NPHYMHON MpHOGPETeHHs CcampoTpodHBEIMU
GaKkTepUsAMH TE€X WM MHBIX (DaKTOpPOB IIATOT€HHOCTH. B OCHOBE 3THX INPOLECCOB
JeKaT 3aKOHOMEPHOCTH (YHKIMOHMPOBAaHHA IE€HOB IIATOI€HHOCTH, MYyTalWH, a
TalOKe IIEPeHOC TEHOB MEXKJy MUKPOOPTaHM3MaMM OIHOIO MJIM Pas3HBIX BHIOB.
VYUTEIBad, YTO IeHBI, OTBETCTBEHHEIE 32 MATOreHHBIE CBOWCTBA, 4acTO cOOpaHbl B
ocTpoBku narorensocty (Juhas et al., 2009) wiu 10Kann30BaHsI B INIa3MHAAX (Top et
al., 2000), MOXHO HpEINONOKUTh, YTO OHH MOTYT MHUIPHUPOBaTk B KICTKH
campotpodHeix OakTepmii. Kpome TOro, He HCKIIOYEHA BO3MOXHOCTH BIMAHHUA
[OUTIOTaHTOB  (He(hTEeyriIeBoopoaoB, (EHONOB, TOKENBIX METAVIOB)  Kak
CTpeccoBEIX (DAKTOPOB, SBIAIOIMXCA MPUYMHON HE TOJIBKO (heHOTHIIHYECKO
MOIM(HKAIMOHHON M3MEHYMBOCTH, HO U T€HETUIECKUX M3MCHCHHH (IIpi6ans u ap.,
2000; UBanos, Eropos, 2007).

Takum o6pasoM, Oakrepuy IOJ BIMAHUEM AHTPOIOIEHHOTO 3arpA3HEHHS
CIIOCOOHBI M3MEHATh CBOM OMOJIOTHYECKHE CBOMCTBA B CTOPOHY IIOBBIICHHSA
[IATOTEHHOro IOTEHIHaNa. 3arpsA3HeHne MOPCKOH Cpesl NPUBOIUT K NMPOSABJICHUIO
TIOSIBJICHMIO ArPECCHBHBIX CBOMCTB y OakTepuif, B KaueCTBe OTBETHOH pEakuuy Ha
po3jeiicTBie cTpeccoBoro (Qakropa. IlonydeHHBIe pe3yJNBTaThl HMEIOT —Kak
06111e61O0TOrHIECKOE, TAK ¥ BAXKHOE 3KOJIOT0-3MHIEMUAOIOrMIECKOC 3HAICHHUS.
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BBIBO/bI

i W3 npubpexnsix Bojg IlpuMopckoro Kpas OBLUIO BEIIEICHO U
TAKCOHOMHYECKH 0XapakTepu3oBaHo 259 mraMMoB OakTepuii, 13 HUX 77 IITAMMOB —
u3 6. 3onoroii Por, 99 mrrammoB — 6. Haxoaka, 41 mramm — 3a1. Boctok ¥ 41 mrramMm
— 6. Kueska.

2. TakcoHOMHUYECKOe pasHOOOpasye W YacToTa BBIAEICHUS KYyJBTHBHPYEMBIX
Oakrepuii U3 aKBaTOpPUIl C XpPOHUYECKUM aHTPOIIOT€HHBIM 3arpsA3HEHHEM OKa3aluCh
BBIIlE, YeM B (OHOBHIX paioHaX, 3a CYET IATOT€HHOM M YCIOBHO-IIATOI€HHOM
Mukpo6uoTEl. KnacTepHslil aHanu3 BRISBHI Haubolbllee CXOACTBO OGaKTepHalbHBIX
coobmecTs Mexay 6. 3omotoii Por u 6. Haxonka, a Takoke 6. KueBka u 3ai1. BocTok.

3. BrepBele NOKa3aHO, YTO AHTPOIOreHHas HArpyska He BIHSET Ha YacTOTY
BBEIABIIEHHSA Y KyJGTHBHPYEMBIX OakTepuil aMHIOIMTHYECKOH M IIPOTEOIHTHIECKOH
akTuBHOcTell. Yacrora BEIABICHHS Juma3 Yy Oakrepuii, BBIAEICHHBIX U3
3arpA3HEHHBIX akBaTopuii, 65uta Beime (o 80%), yem us onoBEIX (H0 19%), uro
YKa3hIBa€T HA 3HAYMTE/IFHOE BIMSIHHE TEXHOT€HHOIO 3arpsA3HEHMs MOPCKOM Cpelbl
Ha M3MEHEeHHe OMonoruuecKux cBoicTB Gakrepuit. 3Hauenus JII'A y Gaxrepuii us 0.
3onoroii Por u 6. Haxonka 6BUIH TaKke TOCTOBEPHO BhILIE, YyeM y Gakrepuii u3 O.
Kueska u 3a;1. BoCTOK.

4, YCTaHOBIEHO, YTO A0S IITAMMOB GakTepuii, IPOSBUBIINX CIOCOOHOCTH K
paslIOXKEHUI0 XHTHHA, XxuTo3aHa, XI'K, dykonnana, albruHaT HAaTPHA U KICTYATKH B
6. Haxonka u 6. 3osotoii Por Geiia cyuiecTBeHHO MeHbIne, yeM B 0. KueBka u 3ai.
Bocrok. JIna Gakrepuii, BBIJCICHHBIX M3 3arpsA3HEHHBIX aKBAaTOPHH, OTMEYaloCh
3aMe/ieHHe POCTa Ha NHUTATENBHHIX Cpeax co cremududgeckumu cybcrparamu
Gollee HU3KHE KOIMYECTBEHHBIE 3HAYEHH XUTHHA3HOM aKTHBHOCTH 110 CPaBHEHMIO C
OaKTepUsAMH U3 YCIOBHO YHCTEIX PaliOHOB.

5. JlokasaHo, 4YTO INTaMMbl OakTepuii U3 aKBaTOpHil C XPOHHIECKHAM
AHTPOTIOTEHHEIM 3arpA3HEHHEM, 4Yalle IPOSBIIAIM BBICOKYIO aIre3dBHOCTE H
061312/ TI1a3MOKOAryJIa3Holi, MHaly pOHHIa3HOM 1 reMOJIUTHYEKOM aKTHBHOCTAMH,
YyeM INTaMMEI H3 YCIIOBHO YUCTHIX PalOHOB.

6. BriepBEIe II0Ka3aHO, YTO BUPYJIEHTHOCTBIO U YCTOHYMBOCTBIO K IIMPOKOMY
CHEKTPy AHTHMHUKPOGHBIX COefMHEHHME OOnajany INTaMMEL Gakrepuil poja
Pseudomonas TONBKO M3 AKBATOPHH C CYILIECTBEHHOM aHTPOIIOT€HHO HArPy3KO#.
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