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1. HaHMeHoBaHHe HI1P ITO rpaHzy «Hccrrep;osaHHe HMM)'HHOH peaKI(HH 3Hp;eMH1:IHbIX 
6a:H:KarrbcKHX aMdmITop; Ha MHKpocbrropy, Bbip;erremzyK? H3 HX reMOJIHM<born 

2. CTpyKrypHoe ITo,n:pa3,n:erreHHe (Ka<l:>e.n:pa, rra6opaTopIDI) 6Horroro-IT01:1BeHHbIH 
cpaKYJibTeT, Kacbep;pa 3oorrorHH 6ecIT03BOH01:IHbIX H rHp;po6HorrorHH, HHH 6HorrorHH 
«HfY», rra6opaTOpIDI «Ilpo6rreMbI ap;aITTaI.J;HH 6HOCHCTeM» 

3. HcITOJIHHTeJib HI1P WaIToBa EKaTepHHa IIasrrosHa 
(<I>.H.O) 

4. Koop,n:HHaTbI HCITOJIHHTeIDI HI1P . 

5. O)l(H,n:aeMbie pe3yrroTaTbI B cooTBeTCTBHH c 3asIBJieHHbIM ITJiaHOM pa6oTbI: 

0,n:HOH H3 HaH6orree 3Ha1:IHMbIX rpyrrIT 6aHKaJibCKHX rH,n:po6HOHTOB .SIBllileTC.SI 
<PayHa 3H,n:eMH1:IHbIX 6a:H:KarrbCKHX aM<l:>HITo,n: (Amphipoda, Crustacea). ,[(aHHasi rpyITITa 
ITpe,n:cTaBrreHa 6orree 1:1eM 350 BH,n:aMH H ITO,n:BH,n:aMH aM<l:>HITO,n: (99% 3H,n:eMHKH), 
COCTaBllilK?IIJHMH cym:eCTBeHttyK? 1:1aCTb 6HoMaCCbI MaKpo6eHTOCHbIX )l(HBOTHbIX 03epa 
H HrpaIOIIJHMH Ba)l(ttyK? porrb B ITHIIJeBbIX ceT.SIX Ea:H:Karra, 6rraro,n:ap.SI 1:1eMY aM<l:>HITO,n:bI 
HMeK?T 6orrbmoe 3Ha1:1eHHe B 3KOCHCTeMe 3Toro rrry601:1a:H:mero B MHpe 03epa. 
Hccrre,n:oBaHIDI 6ecIT03BOH01:IHbIX B Te1:1eHHe ITocrre,n:HHX ,n:Byx ,n:ec.SITHJieTHH ITOKa3aJIH, 
IJTO BttyTpeHH.SI.SI cpe.n:a paKoo6pa3HbIX (reMOJIHM<l:>a, Me)l(KJieToIJHasi cpe.n:a 
reITaTOITaHKpeaca H ITp.) B HOpMe He Bcer.n:a .SIBllileTC.SI CTepHJibHOH H y MHOrHX BH,n:OB 
MO)l(eT 6oITb HacerreHa MHKpoopraHH3MaMH ,n:a)l(e B OTCYTCTBHe KaKHX-JIH6o 
ITaTorrorH1:1ecKHX ITpou:eccoB B opraHH3Me. IIpoBe,n:eHHbIH paHee aHarrH3 3apa)l(eHHOCTH 
3H,n:eMH1:IHbIX JIHToparrbHbIX aM<l:>HITo,n: Ea:H:Karra TaK)l(e ITOKa3arr HaJIH1:1He p.SI,n:a 
eyrroTHBHpyeMI>IX mTaMMOB 6aKTepHH B HX reMOJIHM<l:>e. 0,n:HaKo ITOJIHOCTbIO 
HeHccrre,n:oBaHHbIM OCTaeTC.SI BOITpoc B3aHMo,n:e:H:cTBIDI MHKpo<l:>rropbI reMOJIHM<l:>oI c 
HMMyHHOH CHCTeMOH 6aHKaJibCKHX aM<l:>HITO,n:. TaKHM o6pa30M, u:errbK? ,n:aHHOH pa60TbI 
.SIBllileTC.SI ou;eHKa peaKI(HH HMMYHHOH cHcTeMbI 3H,n:eMH1:IHbIX 6a:H:KaJibCKHX aMqmITo,n: 
Ha pa3JIH1:IHbie KOHU:eHTpau;HH IDTaMMOB 6aKTepHH, BbI,n:erreHHbIX H3 HX reMOJIHM<l>oI H 



K)'JThTMBMpoBaHHbIX B Jia6opaTopHbIX ycJIOBIDIX. B qacTHOCTM, MMMYHHruI peaKIJ;IDI 

6y,n:eT oueHeHa TIO aKTMBHOCTM cpepMeHTa cpeHOJIOKCM,l(a3bI IIOCJie BBe,n:eHIDI 

MMKpoopraHM3MOB B aMcpMIIO,l(, a TaIOKe c IIOMOI:IJ:blO MeTo,n:a nepBMqHbIX KJieToqHbIX 

K)'JII>TYP reMOUMTOB aMcpMno,n:. Ha ocHoBaHMM nonyqeHHbIX pe3yJII>TaTOB 6y,n:eT 

nonyqeHa MHcpopMaUIDI 06 OTHOCMTeJibHOM CKOpOCTM paCII03HaBaHIDI pa3JIJ1qHbIX ' 

rpynn 6aKTep11ii MMMYHHoii c11cTeMbI aMcp11no,n:. 

6. OcHOBHI>Ie nonyqeHHI>Ie HayqHI>Ie pe3yJII>TaTI>I: 

:HccJie,n:oBaHMe MMMYffMTeTa 6ecII03BOHOqHbIX cocpe,n:oToqeHO Ha MCCJie,l(OBaHMM 

3aI:IJ:MTHbIX MexaHM3MOB M aKTMBaUMM 6.HOXMM.HqecKMX nyTeii BO BpeMj{ MmpeKD;MM, a 

TaIOKe KJieToqHbIX cpaKTOpax, yqacTB)'lOI:IJ:MX B pa3pymeHMM naToreHOB, peryAAUMM M 

BOCCTaHOBJieHMe IIpM IIOBpe)l(,l(eHMj{X. 

3cpcpeKTOpHbie MexaHM3MbI MMMYHHOro OTBeTa 6ecII03BOHOqHbIX BKJIIOqaIOT B 

ce6j{ KOaryAAUMOHHbIM KaCKa,n:, KOTOpbIM II03BOAAeT M36e)l(aTb IIOTepM reMOJIMM<}lbI M 

CTMMYJIMpyeT OKMCJIMTeJibHbie MeTa6oJIMTbI M npo,n:yu11poBaH11e MeJiaHMHa nyTeM 

aKTMBau1111 c11cTeMI>I npocpeHOJIOKCM.lJ:a3bI. AKTMBaUIDI nponeHOJIOKCM.ll:a3bI 

CTMMYJIMpyeT Ba)l(Hbie npouecCbI B MMMYHHOM OTBeTe, TaKMe KaK cparOUMT03 M 

MHKaIICYAAUIDI. AKTMBaUIDI TaKMX npoueccoB, IIO-BM,l(MMOMY, onocpe,n:yeTCj{ nyTeM 

cneu11cp11qecKoro paCII03HaBaHIDI rJIMK03MJIMpOBaHHbIX naToreH-aCCOUMMpOBaHHbIX 

MOJieeyAApHI>IX CTPYKTYP (PAMPs) 6eJIKaMM paKoo6pa3HbIX. 

M11KpoopraHM3MbI MMeIOT BbICOKOKOHCepBaTMBHbie IIIMpOKO 

pacnpocTpaHeHHbie MOJieK)'JibI B KJieToqHbIX CTeHKax, TaKMe KaK JIMIIOIIOJIMCaxapM,n:bI 

(LPS) MJIM neIITM,l(OrJIMKaHbI (PGN) M ~-1,3-rJIIOKaHOB B rp116KOBbIX KJieTKax, KOTOpbie 

He BCTpeqaIOTCj{ B MHOrOKJieToqHbIX opraHM3Max. MexaHM3M aKTMBaUMM MMMYffHbIX 

6eJIKOB npoMCXO,l(MT 3a cqeT pacII03HaBaHIDI peuenTopaMM 3IIMTOIIa MJIM aHTMreHHOM 

,n:eTepMMHaHTOM TaKMX KaK JIMIIOIIOJIMCaxop11,n:bI, neIITMHOrJIMKaHbI M ~-1,3-rJIIOKaHbI. 

Ba)l(HOii xapaKTep11cT11Koii pa3BMTIDI MMMYffMTeTa paKoo6pa3HbIX j{BAAeTCj{ 

cnoco6HocTb pa3JI11qaTI> CBOM M aHOMaJibHI>Ie qacTMUI>I. EeJIKM c <}lyHKIJ;Meii 

paCII03HaBaHIDI, KOTOpbie j{BAAIOTCj{ npe,n:meCTBeHHMKaMM aHTMTeJI, Ha3bIBaIOTCj{ 

JieKTMHaMM. OHM o6Jia,n:aIOT CBOMCTBaMM pacno3HaBaTI> noBepXHOCTM KJieToK 11 

cnoco6Hbl MH,l(yUMPOBaTb arrJIIOTMHaQMIO, cparOQMT03 .n:eiiCTByj{ KaK OIICOHMHbI. 

B KaqecTBe npoBepKM pa3BMTIDI MMMYHHoro OTBeTa y aMcp11no.n: Ha co6cTBeHHI>Ie 

rpynnbI 6aKTep11ii 6orna npoaHaJIM3MpOBaHa MMKpo6110Ta reMOJIMMcpbI 10 aMcpMIIO,l( 

Eulimnogammarus verrucosus. B xo.n:e 11ccJie,n:oBaHIDI 6orno BI>I,n:eJieHo 311 mTaMMOB 

(Ta6JI. 1), 113 KOTOpbrx 226 IIITaMMOB 113 reMOJIMMcpbI (p11c.l) M 85 IIITaMMOB (pHc.2) c 

IIOBepXHOCTM XMTMHa aMcpMIIO,l(. 
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li1Ae HTV1cpV1 K3L.J,1Ml WT3MMOB 111 3 reMom1Mcpbl aMcplllnOA 

E. verrucas us 

• Pseudomonas sp. 

Rhodococcus sp. 

• Kocuria rhizopila 

PHc. 1. ~eHTHQlHKau;m1 IllTaMMOB BhI):(eneHHhIX H3 reMOITHMQlhI aM<f:>HnO):(. 

4. 

eHTV1cp 111 KaLJ,l"1 f! WTaMMOB c XlllTlllHOBOro noKposa aM¢JllnOA 
-~--

1% 

£.verrucas us 

Pseudomonas sp. 

• Microbacterium sp. 

Rhodococcus sp. 

Sphingobacterium sp. 

• Pseudoclavibacter sp. 

• He onpeoeneH 

• Ha onpeoeneHuu 

PMC. 2 H):(eHTM<i>MKaIJJ151 IIITaMMOB, BbI,J:(eJieHHbIX M3 CMbIBa XMTMHOBoro TIOKpOBa B 

o6nacTM c6opa reMOJIMM<l>o1. 

H):(eHTM<i>MKa:o;mo MHKpoopraHM3MOB npoBO,J:(MJIM c noMOID:bIO MALDI Biotyper 3.0, 
nocpe):(CTBOM np51Moro HaHeceHM51. Pe3yJioTaToI M,J:(eHTM<i>MKa:o;MM MHKpoopraHM3MOB 

IlOKa3aJIM, 1ITO 60Jibllla51 1IaCTb BbI,J:(eJieHHbIX IIITaMMOB OTHOC51TC51 K pO):(y Pseudomanas. 
,[(JI5I npoBepKH MMMyttHoro OTBeTa Ha BbI,J:(eJieHHbie IIITaMMbl M3 reMOJIMM<l>oI aM<i>MTIO,J:( 

6orn Bo16paH IIITaMM Pseudomonas frederiksbergensis, KOTOpbIH OKa3aJIC51 HaM6onee 

IJacTo BCTpe1IaIOm:MMC51 M3 po):(a Pseudomanas. 
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B KaqecTBe AOITOITHHTeITbHOro CHCTeMaTHqecKoro HCCITeAOBaHIUI 

qyBCTBHTerrhHOCTH cpepMeHTa HMMYHHOH CHCTeMbI - cpeHorroKCHAa3bI H rrorryqeHHOH 

rrepBHqHoH eyrrbzypbl reMOQHTOB aMcpHilOA (pHC. 3) K MHKpoopraHH3MaM 

HCITOITb30BarrH cycrreH3HIO KITeTOK Escherichia coli, B KaqecTBe rrorrO)KHTeITbHoro 

KOHTpOllil, B KOHQeHTpa:o;HH paBHOH P. frederiksbergensis. 

6 

A 

~ 
SOMKM 

PHc. 3. feMOUHTbI E. verrucosus. A- KJienrn oKpyrnoH: <PopMI>I; :0- KJienrn BepeTeHoo6pa3HOH: 

<PopMbl. 

Ha pHC. 4 rrpeACTaBrreHbl AaHHbie BITIDIHIDI HH'beK:o;HH MHKpoopraHH3MOB E. coli H 

P. frederiksbergensis Ha aKTHBHOCTb cpepMeHTa <PeHOITOKCHAa3bI. IIo pe3yrrhTaTaM 

HCCITeAOBaHIDI 6bIITO IlOKa3aHO, qTo CTaTHCTHqecKH 3HaqHMbIX H3MeHeHHH B 

aKTHBHOCTH cpeHOITOKCHAa3bI He Ha6ITIOAaITH OTHOCHTeITbHO KOHTpOITbHOH rpyrrrrbl. 
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PHc. 4 BnmrnHe Hm,eKIJ,HH IIITaMMOB E. coli H P. frederiksbergensis Ha aKTHBHOCTh 

<t>eHOJIOKCH.lJ:a3hI y aMcpHITO.lJ: E. verrucosus. 

,[(aHHbie no arpera:UJIOHHOM aKTHBHOCTH reMOI.J,HTOB B npHC)'TCTBHH pa.3HblX 

mTaMMOB npe,n:cTaBJieHbl Ha pHC)'HKe 5. bblJIO nOKa.3aHO, 1ITO CTaTHCTH1IeCKH 3Ha1IHMOe 

nOBbIIDeHHe arperaI.J,HH no cpaBHeHHIO c KOHTpOJibHOM rpynno:ll Ha6n10.n:aeTC5l B OTBeT 

Ha o6a THna Hccne.n:yeMI>IX MHKpoopraHH3MOB y)l(e 1Iepe3 I 1!ac nocne Hal!ana 

HffKY6aI.J,HH (Bee p < 0,01). ArperaI.J,H.a reMOI.J,HTOB B npHcyTCTBHH E. coli H P. 

frederiksbergensis Ha6mo.n:aeTc.a B ,n:HanmoHe OT 30 .n:o 80 % reMOI.J,HTOB B arperaTe, B 

TO BpeM.a KaK B KOHTpone - OT 5 .n:o 30 %. 
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PHc. 5 Arperau;IDI reMOD;HTOB npH BHeceHHH B cpe.Il:y IIITaMMOB E. coli H P. frederiksbergensis. 
+ - CTaTHCTHqecKH 3HaqHMOe pa3JIHqHe p<O,O 1 
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TaKHM o6pa3oM, B ,n:aHHo:H: pa6oTe 6orna oueHeHa HMM)'HHruI peaKIJ.IDI 3H,n:eMHqHI>IX 

6a:H:KaJibCKHX BM.JJ:OB aM<Pmrn.n: Ha pa3H006pa3Hbie lliTaMMbI MHKpoopraHH3MOB. 

HecMoTp51 Ha HCIIOJib30BaHHe mTaMMa P. frederiksbergensis, BDI,n:eneHHoro H3 

co6CTBeHHOH reMOJIHM<l>oI E. verrucosus, Ha6mo,n:aJIH BblpIDKeHHbIH HMM)'HHbIH OTBeT 

cxmKHH c HMMYJIHbIM OTBeTOM Ha E. coli, mTaMMOM, He BCTpeqaJOl1(HMC51 B opraHH3Me 

aM<Pttrro,n:. IlpoBe,n:eHHI>IH aHaJIH3 rroKa3I>IBaeT, qTo rrepBnqHru1 eynozypa reM01(HTOB, 

BbI,n:eJieHHruI H3 aM<Pttrro.n: 51BJI5IeTC51 Hatt6orree tJYBCTBHTeJibHOH .ll:JI5I 01(eHKH 

HMM)'HOreHHOCTH Ha HHOpo,n:HI>Ie o6oeKTbI. 3TO OTKpornaeT HOBbie B03MO)l(HOCTH .JJ:JI5I 

H3yqeHIDI oco6eHHOCTeH HMMYHHOro OTBeTa aM<Pttrro.n: If rrpoBe,n:eHIDI HCCJie,n:oBaHIDI 

CHM6HOT1fqecKHX OTHOllieHMH aM<lJttrro,n: c 3H.JJ:OCHM6HOHTaMH. 

Ta6nnua 1 

feMOJIHM<l_}a, IIIT. CM:OIB, IIIT. 

Pseudomonas sp. 179 42 

Microbacterium sp. - 2 

Rhodococcus sp. 15 13 

Kocuria rhizopila 1 -

Sphingobacterium sp. - 1 

Pseudoclavibacter sp. - 1 

He onpe,D;eJieH 26 17 

Ha onpe,D;eJieHHH 5 9 

o6mee KOJIHqeCTBO 226 85 

7. Ilpe,n:rrorraraeMoe ttcrrorrI>30BaHHe pe3yrrI>TaTOB, B TOM qlfcne B yqe6HoM rrpouecce 

IlorryqeHHbie pe3yJII>TaTbI 5IBJI5IIOTC51 He TOJibKO <l>YH.n:aMeHTaJibHbIMH 

ttccrre,n:oBaHIDIMH, Ho H HMeIOT rrpaKTHqecKoe 3HaqeHHe. B ,n:aHHOH pa6oTe 6orn 

pa3pa6oTaH 3<lJ<lJeKTHBHbIH HHCTpYMeHT, c IIOMOl1(bl0 KOTOporo MO)l(eT 6oITb 01(eHeHa 

HMMYHHruI peaKIJ.IDI 3H,n:eMHqHbIX 6a:H:KaJibCKHX BM.JJ:OB aM<Pttrro.n: Ha pa3HOo6pa3Hbie 

~epo,n:Hbie o6oeKTbI. BbI,n:erreHHI>Ie lliTaMMbI 6aKTepHH, KOTOpbie MOryT )l(lfTb B 

reMOJIHM<l>e paKoo6pa3HbIX B BbICOKHX KOH1(eHTpa1(ll5IX 6e3 HHH1(HHpOBaHIDI 

HMM)'HHOro OTBeTa, 5IBJI5IIOTC51 1(eHHbIM 6HOTeXHOJIOrnqecKHM pecypcoM. 

8. IlepeqeHb rry6rrttKa1(HH<**) no pe3YJII>TaTaM pa6oTI>I (cTaTI>H, ,n:oKJia,n:I>I) c 

rrpHJIO)l(eHHeM OTTHCKOB HJIH PYKOIIHCe:H:, HarrpaBJieHHbIX B rreqaTb 

1. HMIIJiaHTHpyeMbie IIOJIH3JieKTpOJIHTHbie MHKpoceHCOpbI KaK HHCTpYMeHT .JJ:JI51 

IIpll)l(M3HeHHOH .JJ:MHaMHqecKOH ,n:HarHOCTHKH <l>H3HOJIOrHqecKoro COCT05IHIDI 
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paKoo6pa.3HbIX 11 ou;eHKa MX BJIIDIHIDI Ha opraHl13M/IlJ;arroBa E.II., Ha.3apoBa 
A.A., rypKOB A.H., ,[(M11Tp11eB II.A.// Me)l()zyllapo.ri;HbIH Ha)"-!HbIH cpopYM 
«noMoHocoB-2019», MocKBa PoccIDI, 8-12 anpeIDI 2019. - C. 1-2; 

2. Ou;eHKa BJIIDIHIDI 11MIIJiaHT11pyeMbIX IIOJil13JieKTpOJil1THbIX MHKpoceHcopoB Ha 

opraHH3M Eulimnogammarus verrucosusl IIJ;arroBa E.II., Ha.3apoBa A.A., rypKOB 
A.H., ,[(M11TpHeB M.A., P)l(eq11u;KMi1: JI.A./ I II Me)l()zyHapo.ri;Hrui Ha)"-IHO

rrpaKTHqecKrui KOHcpepeHU:IDI CTY,I(eHTOB, acrr11paHTOB H MOJIO,I(bIX )'1-IeHbIX 
"Cou;11arrbH0-3Korror11qecKMe rrpo6rreMbI 6ai1:KarrbcKoro perHoHa 11 corrpe.ri;errbHbIX 

TeppHTOpHif", 22 arrpeIDI, MpeyTcK- C. 1-2; 

3. l13)"-IeHHe HMMYff OreHHOCTH IIOJil13JieKTpOrrHTHbIX MHKpoKarrcyrr B rrepB11qHoi1: 

KYITbTYpe reMOU:11TOB aMqmrro,I(/ Ha.3apoBa A. A., rypKOB A. H., IIJ;arroBa E. II., 
T11MocpeeB M. A. 11 EHorrorIDI - HayKa XXI BeKa: 23-~ Me)l(.I(yHapo.ri;Hrui 
IlymHHCKllil illKOJia-KoHcpepeHU:IDI MOJIO,I(bIX )'1-IeHbIX. 15 - 19 arrpemI 2019 r., 

Ilym;HHO. C6opHHK Te3HCOB, 2019. - C. 56-57. 

HcnonHHTeJlh Hl1P no rpamy ~ c?IJ ~ (<l>.H.O.) 
( IIO,I(IIHCb) 

* AHHOTHpoBaHHbie oTqeTbI 6y;zyT pa.3Mem;eHbI Ha caiiTe liJTY 

** yqHTbIBaIOTCjl TOJibKO rry6JIHKaI . .J;HH co CCbIJIKOM Ha qrnHaHCOBYlO rro;:ui:ep:11<1<:y liJTY 
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I1p:m10:>KeH1rn .M~6 

K oTqeTHbIM ,D;OK)'MeHTaM, Tipe,n;cTaBIDieMbIM 

MCTIOJIHMTeJieM I-IMP TIO rpaHT)' .D:IDI 

TipOBe,n:eHID.I TIJiaHOBOro KOHTpOIDI 

AHHOTHPOBAHHhfil OTlffiT C*) 

o pe3yJII>TaTax I-IMP TIO rpaHT)' 3a 2018-2019 r 

KoHeypc 2018 ro,n:a Ha concKaHMe rpaHTOB 

,n:IDI TIO.n,n:ep:>KKH HayqHO-MCCJie,n:oBaTeJibCKOH pa60Tbl 

acTinpaHTOB M MOJIO,D;bIX coTpy,n:HMKOB WY. 

HanpaBJieHMe 6nonorID.I II.hicpp rpattTa 091-18-221 

1. HanMeHOBaHMe I-IMP TIO rpaHT)' «I1ccne,n;oBaHMe MMMYHHOH peaKI.J;MM 3H,I.I;eMMqHbIX 

6aiiKaJibCKMX aMcbMTIO,l.J; Ha MMKpodmopy, BbI,I.I;eJieHII)'lO M3 MX reMOJIMMcbbI» 

2. CTpYKT)'pHoe Tio,n;pa3,n;eneHMe (Kacpe.npa, na6opaTopIDI) 6nonoro-TioqBeHHbIH 

cpaI<yJibTeT, Kacbe,n;pa 300JIOrMM 6ecTI03BOHOqHbIX M rn,n;po6MOJIOrMM, HI1I1 6MOJIOrMM 

«llfY», na6opaTOpID.I «I1po6neMbl a,n;anTau;MM 6MOCMCTeM» 

3. HcTIOJIHMTeJib I-IMP IUanoBa EKaTepnHa IlaBJIOBHa 

(<l>.H.O) 
4. Koop,n;HHaTI>I MCTIOJIHMTeIDI I-IMP +79149533627, shchapova.katerina@gmail.com 

(TenecpoH, cpaKc, E-mail) 

5. 0:>KM,n;aeMI>Ie pe3yJII>TaTbl B COOTBeTCTBMM c 3a5IBJieHHbIM TIJiaHOM pa60TbI: 

0,n;HOH M3 HaM6onee 3HaqMMbIX rpynTI 6aiiKaJibCKMX rn.npo6MOHTOB 5IBIDieTC51 

cpayHa 3H,n:eMMqHbIX 6aiiKanbcKMX aMcpHTio.n (Amphipoda, Crustacea). ,[(aHHa51 rpyTITia 

Tipe,n;cTaBJieHa 6onee qeM 350 BM,D;aMM M TIO,D;BM,D;aMM aMcpHTIO,D; (99% 3H,n:eMHKH), 

COCTaBIDIIOII(MMM cyrn:eCTBeHttyIO qaCTb 6MOMaccbI MaKpo6eHTOCHbIX )l(MBOTHbIX 03epa 

M HrpaIOII(MMM BIDKttyIO pOJib B TIMII(eBbIX ceT5IX EaiiKana, 6naro,n:ap51 qeMY aMcpHTIO.D:bI 

MMeIOT 60JiblllOe 3HaqeHMe B 3KOCMCTeMe 3TOro rny6oqaifmero B MHpe 03epa. 

Hccne,n;oBaHID.I 6ecTI03BOHOqHbIX B TeqeHMe TIOCJie,D;HMX ,n;Byx ,n;eC5ITMJieTMH TIOKa3aJIM, 

qTo BttyTpeHH5151 cpe.na paKoo6pa3HI>IX (reMOJIHMcpa, Me:>KKJieToqHa5J cpe.na 

reTiaTOTiaHKpeaca M rrp.) B HOpMe He BCer.na 5IBIDieTC51 CTepHJibHOH M y MHOrMX BM,D;OB 

MO:>KeT 6bITb HaceneHa MHKpoopraHM3MaMM ,D;IDKe B OTCYTCTBMe KaKMX-JIM6o 

naTonornqecKMX rrpou;eccoB B opraHM3Me. IIpoBe,n;eHHI>Iii paHee aHaJIM3 3apIDKeHHOCTM 

3H,D;eMnqHI>Ix JIMTopanI>HbIX aMcpnrro.n EaiiKana TaK:>Ke IIOKa3an Hannqne p51,n:a 

KYJII>TMBHpyeMI>IX mTaMMOB 6aKTepnii B MX reMOJIHMcpe. 0,n:HaKo TIOJIHOCTI>IO 

HeMCCJie,n;oBaHHbIM OCTaeTC51 BOIIpoc B3aMMO,D;eHCTBID.I MHKpocpnopbl reMOJIHMcpbl c 

MMMyttHOH CMCTeMOH 6aiiKaJibCKMX aMcpHIIO,D;. TaKMM o6pa30M, u;eJiblO .naHHOH pa60TbI 

5IBIDieTC51 ou;eHKa peaKD;MM MMMyttHOH CMCTeMbI 3H,n:eMlfqHbIX 6aiiKaJibCKMX aMcpHIIO,D; 

Ha pa3JIMqHbie KOHD;eHTpau;MM lllTaMMOB 6aKTepnii, Bl>I,n:eneHHbIX M3 MX reMOJIHMcpbI M 



K)'JihTHBHpoBaHHhIX B na6opaTopHbIX ycnoBIDIX. B qacTHOCTH, HMM)'HHllil peaKIJ;IDI 

6y.n;eT OQeHeHa no a.K.THBHOCTH ~epMeHTa ~eHOJIOKCH~a3hl rrocne BBe~eHIDI 

MHKpoopraHH3MOB B aMqmrro~, a TaIOKe c IlOMOII(blO MeTo~a rrepBH1IHbIX KJieT01IHbIX 

KYJibTyp reMOQHTOB aM~Hrro~. Ha ocHoBaHHH rroJIY1IeHHhIX pe3ynJ>TaToB 6y~eT 
IlOJIY1IeHa HH~OpMaQIDI 06 OTHOCHTeJibHOH CKOpOCTH pacrr03HaBaHIDI pa3JIH1IHbIX 

rpyrrrr 6aKTepHH HMMYHHOH cHcTeMbI aM~Hrro~. 

6. OcHOBHbie rroJIY1IeHHhie HaYlJHbie pe3yJIJ>TaThI: 

Mccne~oBaHHe HMMYHHTeTa 6ecrro3BOH01IHhIX cocpe~oTo1IeHo Ha Hccne~oBaHHH 

3all(HTHbIX MexaHH3MOB H aKTHBaQHH 6HOXHMH1IeCKHX rryTeH BO BpeM.S HH~eKIJ;HH, a 

TaIOKe KJieT01IHbIX <l_}aKTOpax, YlJaCTBYJOII(HX B pa3pymeHHH rraToreHOB, peryMQHH H 

BOCCTaHOBJieHHe rrpH IlOBpe)l()J;eHIDIX. 

3~<l_)eKTopHbie MexaHH3MbI HMM)'HHOro OTBeTa 6ecrr03BOH01IHbIX BKJII01IaIOT B 

ce6.s KoaryMQHOHHbIH KaCKa~, KOTOpbIH Il03BOMeT H36e)l(aTb IlOTepH reMOJIHM<l_}bI H 

CTHMYJIHpyeT OKHCJIHTeJibHbie MeTa60JIHTbI H rrpo~HpOBaHHe MeJiaHHHa rryTeM 

aKTHBaQHH cHcTeMbI rrpo<l_}eHoJIOKCH~a3hI. AKTHBaQIDI rrporreHOJIOKCH~a3hI 

CTHMYJIHpyeT Ba)l(Hbie rrpoQeCCbI B HMMYHHOM OTBeTe, TaKHe KaK <l_)arOQHT03 H 

HHKaITCYMQIDI. AKTHBaQIDI TaKHX rrpoQeCCOB, ITO-BH~HMOMY, orrocpe~eTC.S rryTeM 

crreQH~HqecKoro pacrr03HaBaHIDI rJIHK03HJIHpOBaHHbIX rraToreH-aCCOQHHpOBaHHbIX 

Moneeyn.spHhIX CTPYKTYP (PAMPs) 6enKaMH paKoo6pa3HhIX. 

MHKpoopraHH3MbI HMeIOT BbICOKOKOHcepBaTHBHbie H IIIHpOKO 

pacrrpocTpaHeHHbie MOJieK)'JibI B KJieT01IHbIX CTeHKax, TaKHe KaK JIHITOITOJIHCaxapH~bI 

(LPS) HJIH rrerrTH~OrJIHKaHhI (PGN) H ~-1,3-rJIIOKaHOB B rpH6KOBbIX KJieTKax, KOTOpbie 

He BCTpe1IaIOTC.S B MHOroKJieT01IHbIX opraHH3Max. MexaHH3M aKTHBaQHH HMM)'HHblX 

6eJIKOB rrpOHCXO~HT 3a C1IeT pacrr03HaBaHIDI peQerrTopaMH 3IlHTorra HJIH aHTHreHHOH 

~eTepMHHaHTOH TaKHX KaK JIHITOilOJIHCaxopH~bI, rrerrTHHOrJIHKaHhI H ~-1,3-rJIIOKaHbI. 

Ba)l(HOH xapaKTepHCTHKOH pa3BHTIDI HMM)'HHTeTa paKoo6pa3HhIX .sBn.seTc.s 

crroco6HocTh pa3JIH1IaTh CBOH H aHOMaJihHbie qacTHQhI. EenKH c <PYHKIJ;Heii 

pacrr03HaBaHIDI, KOTOpbie .SBMIOTC.S rrpe~IIIeCTBeHHHKaMH aHTHTeJI, Ha3bIBaIOTC.S 

neKTHHaMH. OHM o6na~aIOT CBOHCTBaMH pacrro3HaBaTb rroBepXHOCTH KJieTOK H 

crroco6Hbl HH~HpOBaTb arrJIIOTHHaQHIO, ~aroQHT03 ~eHCTBY.S KaK OilCOHHHbI. 

B KaqecTBe rrpoBepKH pa3BHTIDI HMMJHHoro OTBeTa y aM<l_}Hrro~ Ha co6cTBeHHbie 

rpyrrrrhI 6aKTepHH 6J>rna rrpoaHaJIH3HpOBaHa MHKp06HOTa reMOJIHM~bI 10 aM~HilO~ 

Eulimnogammarus verrucosus. B xo~e Hccne~oBaHIDI 6J>rno BhI~eneHo 311 IIITaMMOB 

(Ta6JI. 1), H3 KOTOpbIX 226 IIITaMMOB H3 reMOJIHM~bI (pHc.l) H 85 IIITaMMOB (pHc.2) c 

IlOBepXHOCTH XHTHHa aM~HilO~. 
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V1p,e Hn1cj:>VIK3 Lf,VIH WT3MMOB 1.1 3 r e MOJH1Mcj:>bl a Mcj:>vinop, 

E. verrucosus 

• Pseudomonas sp. 

Rhodococcus sp. 

• Kocuria rhizopi/a 

Pnc. 1. fueHTM<PnKaum1 rurnMMOB BbI.D;eJieHHbIX M3 reMOJIMM<Pbl aM<Pnno.D;. 

eHTV1cj:>l-1KaU,VIH WTaMMOB c XVITl.1HOBOro noKposa aMcj:>1.1nop, 

1% 

E. verrucosus 

Pseudomonas sp. 

Microbacterium sp. 

Rhodococcus sp. 

Sphingobacterium sp. 

Pseudoclavibacter sp. 

• He onpeoeneH 

•Ha onpeoeneHuu 

Pttc. 2 ll):(eHTH<i>HKa:a;IDI IIITaMMOB, BbI,ZJ;eJieHHbIX H3 CMbIBa XHTHHOBOro IIOKpOBa B 

o6rracTH c6opa reMOJIHMcpoI. 

ll):(eHTH<i>HKa:u;mo MHKpoopraHH3MOB nposo,n:ttrrH c noMOIII;bIO MALDI Biotyper 3.0, 
nocpe,n:cTBOM npxMoro HatteceHIDI. Pe3yrroTaToI tt,n:eHTH<i>HKa:a;HH MHKpoopraHH3MOB 

IIOKa3aJIH, qTo 6oJibIIIa51 qacTb BbI,n:erreHHbIX IIITaMMOB OTHOC51TC51 K po.n:y Pseudomanas. 
,[(JI5I nposepKH HMMYHHOrO OTBeTa Ha BbI,n:erreHHbie IIITaMMbI H3 reMOJIHMcpbI aMcpHIIO,n: 

6orn Bo16paH IIITaMM Pseudomonas frederiksbergensis, KOTOpoIH OKa3aJIC51 HaH6orree 

qacTo BCTpeqarorn;HMC51 H3 po,n:a Pseudomanas. 

3 



B KaqeCTBe ~OITOITHHTeITbHOro CHCTeMaTHqecKoro HCCITe~OBaHJUI 

qyBCTBHTeITbHOCTH cpepMeHTa HMM)'HHOM CHCTeMbl - cpeHOITOKCH~a3bl H rrorryqeHHOM 

rrepBHqHQM K)'ITbTYPbl reMOD;HTOB aMcpHrro~ (pHc. 3) K MHKpoopraHH3MaM 

HCITOITb30BaITH cycrreH3HIO KITeTOK Escherichia coli, B KaqecTBe IlOITO:>IGITeITbHOro 

KOHTpOIDI, B KOHD;eHTpau;HH paBHOM P. frederiksbergensis. 

SOMKM 

PHc. 3. feMOl..(HTbI E. verrucosus. A- KJieTKH oKpyrrroif cpopMbI; E- KJieTKH BepeTeHoo6pa.3HOH 

cpopMbl. 

Ha pHC. 4 rrpe~cTaBrreHbl ~aHHbie BITIUIHIUI HH'beKD;HH MHKpoopraHH3MOB E. coli H 

P. frederiksbergensis Ha aKTHBHOCTb cpepMeHTa cpeHOITOKCH~a3bl. Ilo pe3yITbTaTaM 

HCCITe~OBaHJUI 6brnO IlOKa3aHO, qTo CTaTHCTHqecKH 3HaqHMblX H3MeHeHHM B 

aKTHBHOCTH cpeHOITOKC~a3bl He Ha6ITIO~aITH OTHOCHTeITbHO KOHTpOITbHOM rpyrrrrbl. 
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KOHTpOllb E.coli • P. frederiksbergensis 

P11c. 4 BJrn.SlHHe HHoeKI.J;HH IIITaMMOB E. coli 11 P. frederiksbergensis Ha aKTHBHOCTh 

Q:>eHOJIOKCH.D:ll3hI y aMQ:>Hrro.n: E. verrucosus. 

,[(aHHbie no arperau;MOHHOH aKTMBHOCTM reMOU:MTOB B npMCYTCTBMM pa3HbIX 

IIITaMMOB npe,n:cTaBJJeHbl Ha pMCYHKe 5. EoIJIO noKa3aHO, 1ITO CTaTMCTWieCKM 3HaqMMOe 

nOBbIIIIeHMe arperau;MM no cpaBHeHinO c KOHTpOJibHOH rpyrrnoil Ha6mo.n:aeTC51 B OTBeT 

Ha o6a TMna wccne.n:yeMDIX MMKpoopraHM3MOB )')Ke qepe3 1 qac nocne Haqana 

MHey6au:1111 (Bee p < 0,01). Arperau;M5I reMOU:MTOB B npwcyrcTBMM E. coli M P. 
frederiksbergensis Ha6mo.n:aeTC51 B ,n:Mana3oHe OT 30 .n:o 80 % reMOU:MTOB B arperaTe, B 

TO BpeM51 KaK B KOHTpone - OT 5 .n:o 30 %. 
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BpeM>1, yac 

P11c. 5 Arperal.\H.SI reMOl.\HTOB rrpH BHeceHHH B cpe.n:y IIITaMMOB E. coli 11 P. frederiksbergensis. 
+ - CTaTHCTHqecKH 3HaqHMOe pa3JIHq11e p<0,01 
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Ta.IillM o6pa3oM, B ,n:aHHOM pa6oTe 6orna ou;eHeHa MMMYHHruI peaKII;IDI 3H,n:eMMqHhIX 

6aiiKaJibCKMX BM.ll:OB aMqmrro.n: Ha pa3HOo6pa3Hbie IIITaMMbI MHKpoopraHM3MOB. 

HecMOTp51 Ha MCIIOJib30BaHMe IIITaMMa P. frederiksbergensis, BhI,n;erreHHOro M3 

co6CTBeHHOM reMOJIHMcpbI E. verrucosus, Ha6mo,n:aJIM BblpIDKeHHbIM MMMYHHbIM OTBeT 

cxm1rnif c MMMJHHbIM OTBeTOM Ha E. coli, IIITaMMOM, He BCTpeqaIOIII;MMC51 B opraHM3Me 

aMcpHrro,n:. IlpoBe,n:eHHbIM aHaJIM3 IIOKa3bIBaeT, qTo rrepBifqHruJ: K)'Jlb'I)'pa reMOD;MTOB, 

BhI,n:erreHHruI M3 aMcpHrro.n: 51BJI51eTC51 HaM6orree qyBCTBMTeJibHOM .ll:JI51 ou;eHKM 

MMMyHOreHHOCTM Ha MHOpo,n:Hbie o6oeKTbI. 3TO OTKpbIBaeT HOBbie B03MO)KII0CTM .ll:JI51 

M3yqeHIDI oco6eHHOCTeif MMMJHHOrO OTBeTa aMcpHIIO,I:( M rrpoBe,n:eHIDI MCCJie,I:(OBaHIDI 

CMM6MOTMqecKMX OTHOIIIeHMM aMcpHIIO,I:( c 3H,n:OCMM6MOHTaMM. 

Ta6rrnu;a 1 

f eMOJUiM<fla, lllT. CMbIB, lllT. 

Pseudomonas sp. 179 42 

Microbacterium sp. - 2 

Rhodococcus sp. 15 13 

Kocuria rhizopila 1 -
Sphingobacterium sp. - 1 

Pseudoclavibacter sp. - 1 

He orrpe.n;eneH 26 17 

Ha orrpe.n;enemm 5 9 

o6mee KomrqecTBO 226 85 

7. Ilpe,n:rrorraraeMoe ncrroJib30BaHMe pe3yrrI>TaToB, B TOM qncrre B yqe6HoM rrpou;ecce 

IlorryqeHHbie pe3yrrbTaTbI 51BJI5IIOTC51 He TOJibKO cpyH,n:aMeHTaJlbHbIMM 

MCCJie,n:oBaHIDIMM, HO M MMeIOT rrpaKTMqecKoe 3HaqeHMe. B ,n:aHHOM pa6oTe 6bm 

pa3pa6oTaH 3cpcpeKTMBHbIM MHCTpYMeHT, c IIOMOIII;blO KOTOporo MO:JKeT 6bITb ou;eHeHa 

MMMYHHruI peaKII;IDI 3H,n:eMnqHhIX 6aiiKaJihCKMX BM,I:(OB aMcpnrro.n: Ha pa3Hoo6pa3HI>Ie 

qy:JKepo,n:Hhie o6oeKTbI. BbI,I:(eJieHHbie IIITaMMbI 6aKTepnif, KOTOpbie MOryT :JKMTb B 

reMOJIHMcpe paKoo6pa3HbIX B BbICOKMX KOHD;eHTpau;M5IX 6e3 MHMD;HHpOBaHIDI 

MMMYHHoro OTBeTa, 51BJI5IIOTC51 u;eHHbIM 6MOTeXHOJIOrMqecKMM pecypcOM. 

8. IlepeqeHh rry6rrnKau;nif<**) no pe3yrrI>TaTaM pa6oThI (cTaThM, ,n:oKJia,n:I>I) c 

rrpMJIO:JKeHMeM OTTMCKOB MJIM PYKOIIMCeif, HarrpaBJieHHbIX B rreqaTb 

1. MMrrrraHTHpyeMbie IIOJIM3JieKTpOJIMTHbie MHKpoceHCOpbI KaK MHCTpYMeHT .ll:JI5I 

IIplf)KM3HeHHOM ,I:(MHaMMqecKOM ,n:narHOCTMKM cpH3MOJIOrMqecKoro COCT051HIDI 
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paKoo6pa.3HbIX H oueHKa HX BJIIDIHIDI Ha opraHH3M/II(arroBa E.Il., Ha.3apoBa 
A.A., rypKOB A.H., ,l(MHTpHeB M.A.!! Me)l()zyHapo~Hl>IM HaycIHl>IM <i>OPYM 
«JloMoHocoB-2019», MocKBa PoccIDI, 8-12 arrpeIDI 2019. - C. 1-2; 

2. OueHKa BJIIDIHIDI HMIJJiaHTHpyeMI>IX IIOJIH3JieKTpOJIHTHDIX MHKpoceHcopoB Ha 
opraHH3M Eulimnogammarus verrucosus/ :W:arroBa E.Il., Ha.3apoBa A.A., rypKOB 
A.H., ,l(MHTpHeB M.A., P:>KeT.JHUKHM 5LA.// II Me)l()zyHapo~HCUI HayqHo
rrpaKTHT.JeCKCUI KOH<i>epeHUIDI czy~eHTOB, acrrHpaHTOB H MOJIO~l>IX yqeHbIX 
"COUHaJil>H0-3KOJIOrHT.JeCKHe rrpo6rreMoI 6aiiKaJibCKOro perHOHa H corrpe~eJioHl>IX 
TeppHTOpHii", 22 arrpeIDI, MpKYTCK- C. 1-2; 

3. M3yqeHHe HMMYHOreHHOCTH rrorrH3JieKTporrHTHI>IX MHKpoKarrcyrr B rrepBHT.JHOM 
eyrrozype reMOUHTOB aM<PHrrow Ha.3apoBa A. A., rypKOB A. H., :W:arroBa E. IT., 
THMo<PeeB M. A. II nHOJIOrIDI - HaYKa XXI BeKa: 23-}I Me)l()zyHapo~HCUI 

IlymHHCKCUI IIIKOJia-KoH<PepeHUIDI MOJIO~l>IX yqeHoIX. 15 - 19 arrpeIDI 2019 r., 
Ilyrn;HHO. C6opHHK Te3HCOB, 2019. - C. 56-57. 

HcnoJIHHTenoHHPnorpamy ~ c!f:/? ~ (<l>.H.O.) 
(rro~rrHco) 

* AHHorn:poBaHHhie OTqeTbl 6y.eyT pa.3Mem:eHbl Ha caifTe 11TY 

** YqMThIBaIOTC>I TOJihKO rry6JIMKaUMM co cci>mKoif Ha qmHaHCOBYIO no.z:u:i;ep)l(ey HrY 
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