Bbuomuka, 2016, Tom 8, Ne 2, 76-81

I

IBG USC RASI

bHOMHKA/BIOMICS

http://biomics.ru

OINTUMAJIBHBIE YCJOBUSA NIPUMEHEHUS IPOBUOTUKOB B KAYECTBE AJAIITOTEHOB
HA OCHOBE AHAJIM3A UMMYHHOI'O CTATYCA MEJOHOCHOM IMTYEJIbI

laripymmmnaa JI.P., CanteikoBa E.C., MatauszoB P.T., Hukonenko A.T.

WucTuTyT OMOXUMUH U TeHETUKN Y PUMCKOTO HAyYHOTO IeHTpa Poccuiickoil akageMun HayK
450054, . Ya, Ip. Oxtsa6ps, 71. E-Mail: lurim78@mail.ru

AHHOTALMUS

HUccnenoBano Bnusinue npobuoTrka Bertocmopuna XK Ha ocHoBe crmopoobpasyromnux Oakrepuit Bacillus
subtilis Ha ¢U3MONOrO-ONOXUMHUYECKOE COCTOSIHHE MEIOHOCHOM IT4eNbl B HOPME M TPH Pa3BUTHU
MaTOJIOTMYECKUX MPOLECCOB B KHUINECYHWMKE, BBI3BAHHBIX ACHCTBHEM mMmupaknonpuna. [lokazaHo, dto B
OpraHu3Me MeZOHOCHOW muensl Berocnopun JK BBICTymaeT B KaueCcTBE MMMYHOCTHMYJISITOpPA, aKTHBUPYS
¢aronutel 1 (GepMeHTH (CHONOKCHIA3HON M AHTHOKCHIAHTHOM CHCTEM, a TakKe ITOBBINIAas ypPOBEHb
9KCIPECCHH T'€HOB BHTEIUIOTEHHMHA M abemmHa. Betocmopmu XK oka3piBaeT amanToreHHOE NEHCTBHE Ha
pabounX mues JISTHEH TeHepalyy IPH OCIeTyoIel HHTOKCHKAIINHA HACCKOMBIX MMHIAKIONPHUIOM.

Knroueewvie cnosa: MCIOHOCHAaA 1m4eiia, HpO6I/IOTI/IKI/I, HCOHUKOTHUHOWbI, UMMYHHUTCT.

BBEJIEHUE
B  Hacrosmee BpemMs  cpeid  aJalTOrEHOB,
MPUMEHSAEMBIX JUI1 BOCCTAHOBJICHHS YCTOMYMBOCTH
MEIOHOCHOMH TMuenbl, OCOOBIf HHTEpeC BBI3BIBAIOT
MpOoOHOTHKH. B OCHOBHOM Ha POCCHICKOM pBIHKE IS
ITYENOBOCTBA PEKOMEHIOBaHBI NpOOUOTHKH,

paspaboTaHHbBle U1 BeTepuHaphu, Ha ocHoBe Bacillus
subtilis u B. licheniformis (Berom, Onun, BerocrnopuH,
Tanr) m Lactobacillus, Bifidobacterium, Enterococcus
(Omrpoduno, AmmaMK). [lokazaHo, YTO CTHMYJIHPYIOIINE
MOAKOPMKH, COJIEpIKalllie MPOOHOTHYECKUE Mperaparhl,
VIAYYIIAOT ~ MHUKPOOHMOLEHO3  KHUINCYHHMKA  ITYel,
MOBBIIIAIOT CHIY, 3UMOCTOMKOCTh, MHPOAYKTHBHOCTh
MUENTMHBIX CeMeW, PEeNpOAYKTUBHBIC TOKa3aTeNd MaTOK
[bapmuna u mp., 2011, Mauuamos u Jlapuonosa, 2011,
MumrykoBckas, 2015], mogaBisfOT MaTOreHHbIE AT T4Yel
MuKpopranu3mel [Forsgren et al., 2009, Arredondo et al.,
2014, Janashia et al., 2014]. Ha mpakTuke ke pe3yibTaTsl
NpUMEHEHHs] JAHHBIX IPErapaToB HE CTOJb OJHO3HAYHBI,
YTO, MO-BUIMMOMY, CBSI3aHO C HMMYHHBIM CTaTyCOM,
BOCHPHUUMYHBOCTBIO K 0OJIE3HSIM, COCTABOM MHUKPOMIOPHI

MTUIIEBAPUTEIHEHOTO TpakKTa u JIPYTHIMHA
WHIUBUIYATEHBIMH OCOOCHHOCTSMHU ITYCIHHBIX CEMCH.
MexaHu3M ~ TpSMOro  ACWUCTBHS — NPOOHOTHYCCKHX
MIpenapaToB CBSI3BIBAIOT c reHeparnmueit

MHKPOOPTaHU3MaMU aHTHOAKTEPUATBHBIX COCJUHCHUN
(opraHMYEeCcKHX KHCIOT, IEPEKUCH BOJOPOJA, JHAICTHIIA,
Genzoara W OakrepuworHoB) [Moritz et al, 2010].
OrnocpetoBaHHOE ~ JIEHCTBHE TMPOOMOTHKOB - IyTEM
aKTHBALMM HMMMYHHBIX CHCTEM OpraHH3Ma - XOpOIIO
HU3y4yeHO Yy MIEKONMTAIMX U dYenoBeka [Kamroxus,
2012] n xpaiiHe parMeHTapHO y HaceKOMbIX. B naHHOM
pabote HCCIIEIOBAHO BIIHSIHHE poOHOTHKA
Berocnopuna-’)K Ha nMMyHHBIE (DAKTOPBI MEIOHOCHOM
muensl B HOpME M Ha ()OHE HMMYHOJE(PHIUTHOTO
COCTOSIHMS, BEI3BAHHOTO JIefiCTBEM MMUAKIONPHUIA.

Berocmopun-K - paspaborannsiit OOO BHII
«bammHKOM» KHBOH MHKpPOOHOJIOTHYECKHHA Mpemnapar,
cocTosIuii U3 aByx 1mrtamoB - B. subtilis 11B u 12 B,
KOTOpBIE HaxonsaTcs B cropoBod ¢opme. C xopMoM
CHOpBl IOMAJA0T B KHUIIEYHUK JKUBOTHOTO, THE
MepexoasT B BereTaTHBHYIO (opMmy, MpopactaioT u
MPOAYLUPYIOT aHTHOaKTepHaIbHbIC BEIIIECTBA,
JUTHYECKHUE W THUIICBAPUTEIbHBIC (DEPMEHTHI, BCTYIIAIOT
B KOHKYPCHIIMIO 3a THTATeIbHBIE CYOCTpaThl C
MaTOreHHOH MHUKPO(IOpPOH W BEITECHSAIOT €€ U3
KAIIeYHUKA. J{7s1 METOHOCHOH IMYeNbl peKOMEHIOBAaH B
KayecTBE OCCHHEH W BECCHHEH MOOKOPMKH LIS
0370POBJICHUS KHIICYHHUKA, MPOPIIAKTHKH U JICUCHUS
Oone3Hel, yBENMYEHHUS CHUJIBI M HPOAYKTHBHOCTH
m4yeauHo cembu. Hamu uccnenoBanach BO3MOXHOCTb
MIPUMEHEHHs JaHHOTO Iperapara B JIETHHUH INEpHOI H

€ro HNMMYHHBIC MUIIICHHU HETIOCPEACTBEHHO y
MEJJOHOCHOH ITYEJIBlL.
MATEPUAJIBI U METO/IbI
O6BexToM HCCIIeI0BaHUS CITY KUK

dypaxupyromue padoune ocobu Apis mellifera (8
Bo3pacTe 2-3 HeJenb), KOTOPBIX COJEpXald B
kanpoHoBeIX cankax (30x30x30 cm) nHa 60%-HOM
MenoBoM cupore. OOpaboTKy mm4en HpoOHOTHKOM
npousBomin mmyteM passenenus 0.1 ma Berocmopuna
XK B 100 Mn wmenosoro cupoma. CocrosiHue
UMMYHoOJeHIITa WHTyIUPOBAIIN OJTHOKPATHOM
oOpabotkoit  muen  wmmupakinonpuaom  CK20 ¢
HCTIONB30BaHUEM TOTOBOM IpemapaTUBHONH (GOpPMEI B
Buae mnpenapara Tasmpexk (200r/m), pasBeneHHOW B
MenoBoM cupome. Cxema »SKCHEpHUMEHTa BKIIOYaja
CIIEYIOIIIE BapHAHTHI:

1. Kontponb -  myenbl  KOPMMJIHCH
MEJIOBBIM CHPOIIOM.
2. [MpoOuoTHk - TUeNsl  KOPMMJIHCH
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MEIIOBBIM cHporoM, coaepxkamuMm Betocopun XK.
CITycTs 3 CYTOK B3STHE TIPOO.

3. ITpobuoTnk + UMHJAKIONIPU
(mpemoOpaboTka) - TUENBl KOPMWINCH CHPOIIOM,
comepxamuM  Bertocmopur K, uwepe3 3  cyTok
00pabaThIBAINCh WMUAAKIIONPHIOM, CIyCTA 1 CyTKH
B3sITHE TPOO.

4, Wmunaxnonpun 1 - Ik () 18
00pabaThIBAINCh MMHUIAKIONPHIOM, CIycTst | CyTKH
B3ATHE P00 (KOHTPOJIb ISl 3-TO BapHaHTA).

5. Wmupnaknonpun + IPOOHOTHK
(moctobpaboTKa) - ITYEITBI 00pabaThIBAIUCH
UMHIAKIONPUIOM, Yepe3 | CyTKH KOPMHIIUCH CHPOIIOM,
copepxkamuM Berocnopun 2K, crycra 3 cyTok - B3sITHE
mpod.

6. Nmunaxnonpun 3 - YeJIbl
00pabaThIBAINCh WMHUAAKIONPHIOM, CIYCTS 3 CYTOK
B3sITHE IPOO (KOHTPOIH IS 5-TO BapHaHTa).

O1eHNBAJIM COCTOSIHUE KMIICYHUKA U )KUPOBOTO
Tena, Mopdo-QyHKIMOHATBHYIO CTPYKTYPY T€MOIIUTOB U
OIIpEeIsUT aKTUBHOCTh (DepMEHTOB (PEHOIOKCHIa3HOM
W aHTHOKCHJAHTHOM CUCTEM B TeMOJIMM(pE U KUIICYHHKE
I4el, a TaK)Ke YPOBEHb IKCIIPECCHH T'€HOB alOelnHa |
BUTEJIOTEHUHA B )KHPOBOM TeIIe.

s reMaToJIOTHYECKOTO aHaIn3a IIperapaThl
reMoauM¢sl  GUKCHPOBAIM STHIOBBIM CIUPTOM H
OKpAIIMBAIH a3yp-303WHOM. ['eMaToI0TH4ecKuii aHamm3
IPOBOAMIN B 5 TIOBTOPHOCTAX M KaXAOTO THIA
IpenaparoB c HCTIOJIb30BAHIEM MHKPOCKOTIa
Axiolmager M1 (Carl Zeiss). CremeHp pa3BuTHs
KHPOBOTO Tejla OLEHMBAIM MO IIKajie Maypuuuo
[Maypunmo, 1958], cocrossHue kuieyHuka - 1o 4-
6anpHO# mkane [CeparoueHko, 2009].

Beinenenue (bepMeHTaTUBHOM cyOcTaHIUH
npoomin B Tpruc-HCl skcrparupyromem Oydepe (pH
7.5). AxtuBHOCTH (eHONOKcHAassl (o-gudenom: O2
okcumopenykraza HO 1.10.3.1) oueHnBamm 1o CKOpPOCTH
okucnieanss L-JIODA [Paymenbax, 1997]. AkTHBHOCTBH
(epMeHTa BEIpaXKAIH B €]1.aKT./MAH/MT OeNka. AKTHBHOCTh
TIEPOKCHIA3BI (monop: TIEPEKHCh BOJIOpO/Ia-
okcumopenykraza HO 1.11.1.7) oueHnBamm 1o CKOPOCTH

okucienus Oemsumuna  [bospkun,1957].  YaenbHyro
aKTUBHOCTh ~ BBIp@XKaJd B  €I.aKT./MHUH/MI  Oerka.
AKTUBHOCTB CYIIEPOKCUIIUCMYTa3bl

(cymepokcu'cynepokcua-okeuaopeaykraza, HO 1.15.1.1)
PETHCTPUPOBATM [0 WHTCHCHBHOCTA WHIHOMPOBaHHUS

AKTUBHOCTH (DEPMEHTOB OIIEHUBAIN B 3-X OHOJIOTHUECKHX
1 3-X aHAJIMTUYECKUX TOBTOPHOCTSAX B TepecdeTe Ha 1 mr
Oenka, KOHIEHTPALMIO KOTOPOTO  ONPENCISI IO
Bpeadopmy, mcmomp3ys B KkauecTBe CTaHAapTa OBIMHiA
CBIBOPOTOYHBIHN anms0ymuH [Ckoyric, 1985].

Beinenenne PHK u3 sxupoBoro Tena muesn mpoBOAUIN
¢ wucnonb3oBanueM “Trizol Reagent” B cooTBeTcTBUM C
npoTokosioM ¢upmbl-usrorosurens (Invitrogen). xJIHK
nonydamu u3 cymmapaoit PHK ¢ ncrnons3oBanuem Habopa
peareHToB Ul TPOBEACHMS OOpaTHOM TPaHCKPHUIIIMU
(CUHTOJI). IIIIP B pexume peaabHOTO BpPEMEHU
MPOBOJMIM C HCIIONB30BaHHEM Habopa peareHToB JUIs
nposenerns [1IIP-PB B mpucyrcteim SYBR Green | Ha
npubope iCycler iQ™ Real-Time PCR Detection System
(Bio-Rad, CIIIA). PeaknuOHHBIE CMECH COJCPIKAIH
reHocTer(deckue mpaiMepsl: i TeHa abenmHa
(mpsmoit  CAGCATTCGCATACGTACCA, obpatHslit
GACCAGGAAACGTTGGAAAC) [Evans et al., 2004],

BUTEJUIOTCHUHA (psimoi
CCGACGAGGACCTGTTGATTA, 00paTHbIH
CTAGGATACGTGGTCATGACA) [Koywiwattrakul,

2005] ¥ MHTOXOHIpPHATBHON TIyTaTHOH-S-TpaHcheppasbl
(mgst) (mpsmoit  TTGCTCTGTAAGGTTGTTTTGC,
oOpaTHbIit TGTCTGGTTAACTACAAATCCTTCTG)
[Gregory, 2005]. YpoBeHb 3KCIpPECCHH T€HOB abeluHa U
BUTCIUIOTCHUHA BBIPABHUBAINA TI0 «TCHY JOMAIITHETO)
xo3stiicTBa MQst.

CraTHCTHYECKHIT ~ aHAM3  TONyYeHHBIX  JTAHHBIX
TIPOBOMIIM C HCIIOJIB30BAHUEM CPEIHEAPUPMETHIESCKOTO
3HAYeHMs], CTAaHAAPTHOW owKMOKy, t kpurepus CTrofeHTa
MOMOIIBI0 TIporpammHoro obecnedenuss MS  Excel 98
(Microsoft). JloctoBepHbiMU curTaiy pasmidus mpu p<0.05.

PE3YJIBTATBI 1 OBCYXJIEHUE

Du3uon020-6UOXUMUYECKOE COCMOAHUE NYell
npu oeticmeuu eemocnopuna. COCTOSTHUE KUIIEYHUKA U
’KHPOBOTO TeJa 3aBHUCST OT IKOJIOTHYECKHX (PakTOpoB M
SIBJISIFOTCSI WHIIUKaTOpaMu (U3MOTIOTHUECKOT0
cocrostHus Hacekomoro [[TamasH u ap., 2008]. B panee
MPOBEEHHBIX  HCCIEAOBAaHUAX  OBUIO  TIOKa3aHO
TMIOJIO>KUTEIIBHOE BIIASTHHE MIPOOHOTHKOB Ha
MHUKpPOOHOIIEHO3 KHIIEYHUKA 1 Pa3BUTHE KHUPOBOTO Teja
[Mannanos u Jlapuonona, 2011, MumykoBckas, 2015]
B HameMm oSKcrepuMeHTE JEHCTBHE BETOCHOpHHA
JIOCTOBEPHO HE W3MEHMIIO TPOAOIDKUTEIHLHOCTD )KU3HH B
CpaBHEHHM C KOHTPOJEM U HE CKa3aJoCh HAa COCTOSHUU

romoreHatoM  BocctaHoBiieHns HCT.  Onrmdeckyro KHNICYHMKa M ypOBHE DasBUTHA XXMPOBOTO TeEjIa
IUTOTHOCTh M3MEpsUIM Ha criekTpodoTtomerpe Shimadzu. (TaGmuua 1).
Tabmuma 1.
JKu3HeHHbIe TOKa3aTeny paboyuux Mm4es MpH JAeHCTBUM NPOOMOTHKA U UMHUAAKIONpHUIA
Cpennsist
CreneHp pa3BUTHA CocTostHIE KUIIEYHHKA,
Bapuanr TIPOJIOIKUTENEHOCTD
JKMPOBOT'O Telna, 0ast Gan
JKM3HU, CYT.

KOHTPOJIb 11.8+1.2 2.84+0.3 3.8+0.4

poOHOTHK 11.0£1.0 2.7£0.4 3.8+0.6

UMUJIAKIOIPHT 9.0+1.4 1.4+0.4 2.2+1.2

IPOOHOTHK+HUMHIAKIIONIPU 12.2+1.4 1.8+£0.2 3.6+0.8

UMHIAKIONPUAFHTIPOOHOTHK 8.0+£0.9 1.6+£0.3 1.8£0.4

B X0a€ TIeMaToJIOrH4€CKOIro aHajiu3a ObLIN
I/I,Z[eHTI/I(bI/IIII/IpOBaHBI poaAoHa4YaJIbHbIC KJICTKH
MIPpOreMOLUTEI, (1)aFOIII/ITI)I . T'paHyJIOIUTBI n

IUTa3MaTONUTHl aMeOOHTHON U BEPETEHOBUIHOM (POPMBEL,
MeTa0OJIMYECKUE KIIETKU C(HEepyIOUTEH H YHOIUTOHUIBI
(Pucynok 1).
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Pucynox 1. VI3MeHeHHe IPOLEHTHOTO COOTHOUIEHHSI UMMYHHBIX KJIETOK TeMOJIUM(BbI paboumx Mm4ei npu JeHCTBUN
BeTocnoprHa 1 nMuaakionpuna CK20. I1 - npobuotuk, U - nmunaxnonpua, 1 u 3 - 1 u 3 cyrku, [1+U - npobuotux ¢
mociuenyromeit 0opadotkoit umumakmonpuaom, M+I1 - mMaakionpua ¢ mocieayrome 00paboTKoH IpoOHOTHKOM.

JleficTBUE BETOCIOPHHA BBI3BAIO YBEIMUEHUE
JIOJIM BEPETCHOBHUAHBIX TPAHYJIOINTOB U IIa3MaTOLTOB
32 CYET COKpAIlCHHsS WX amMeOOMAHBIX (hopM, MHBIMH
CIIOBaMH, XapaKTEpHYIO ISl IMPOTHBOMH(EKIIMOHOTO
OTBCTAa AaKTHUBaIIUIO (baFOIlI/ITOB 0e3 KadyeCTBEHHBIX
MaTOJOTYCCKUX H3MCHEHMI FCMOJ’II/IM(I)I)I, TaKuX KakK
BaKyoJM3anus, (bparMeHTaum[ U JIM3UC LUTOIIIIa3MbI

T€MOIUTOB, ACUCHTpaIu3auus u IIMKHO3 aaep,
YBCJIUYCHUEC KOJINMICCTBA MEPTBLIX KJICTOK.
0.1
BHT€JLTOT ¢HITH
0,08 b
0,06 —
0,04 —
0,02 1
0 Y
K II

IIpu JIENCTBUM BETOCIIOPUHA TaKXe
PETUCTPUPOBAIIOCH 3HAYUTEIBHOE IOBBIIIEHUE YPOBHS
HKCTIPECCH TeHA BUTEIJIOTCHHHA M a0CIMHA B KUPOBOM
tene (Pucynox 2). BerocmopuH Takke HHAYIHMPOBAI
3HAYUTCIIBHOC TIOBBIIICHUC YpPOBH:A AKTUBHOCTH
(hepMEeHTOB  (PCHOJIOKCHIA3HOW ¥ aHTHOKCUAAHTHOM
CHCTEM B FeMOJ’lI/IMq)e U KHIICYHHUKC pa60q1/1x I (S8
(Pucynok 3).
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Pucynok 2. YpoBeHb 3KCIIPECCHH T'€HOB BUTEJUIOTCHHHA U a0ellHa B )KUPOBOM TeJle pabovHX myeln
pu aevicteun Berocnopuna. K - koHTpOIs, IT - npobuoTtuk.
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Pucynok 3. AktuBHocTs pepmerToB AO u @O cucrem npu aerictsun Berocnopuna n mmuaaxnonpuaa CK20. IT -
npobrotuk, U - mmuaaknonpua, 1 u 3 - 1 u 3 cyrku, [I+U - npobroTuk ¢ nocnenyromiei 00paboTKoH
nMugakionpuaom, M+I1 - umaakionpua ¢ nociaeayromnein o0padboTkoi MpoOOHOTHKOM.
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V3meHeHHss B ypOBHE SKCIPECCHH T'CHOB
BUTEIUVIOTGHHHA U abenuHa, a TakkKe aKTHBHOCTH
(hepMeHTOB  (EHOJIOKCHIA3HOW ¥ aHTHOKCHUIAHTHOMN
CHCTEM  JAEMOHCTPHUPYIOT yCWJIEHHE TyMOpalbHOU
3alUTBl MMYEI B pe3ynbTaTre JAeHCTBUS MPOOOTHKA.
@deHOMOKCHIA3HAs CHCTEMa BBICTYNIAET B KadecTBE
MHTETpaJbHOTO 3B€HAa MMMYHHBIX pEakIMi HaCEKOMBIX,
y4acTBysh TPAaKTHYECKH BO BCEX KICTOYHBIX W
ryMOpajbHBIX MMMYHHbBIX peakiuusx [Theopold et al.,
2004], 1 QyHKIIMOHATHHO CBsI3aHA C AHTHOKCUIAHTHOM
CHUCTEMOM, CHIDKAIOIEH OKHCIMTENbHOE IOBPEKIACHHUE
COOCTBEHHBIX KJIETOK M TKaHeil [[mymoB m ap., 2009].

AbGennH -  TPONMHOOTATHIM  UIMHHOIETIOYECYHBIIH
He3aMeIeHHBIN TCTITH]T, crennUIHBII s
Hymenoptera w  obnmamatomuii  OaKTepHIUIAHOMN

AKTHBHOCTBIO I10 OTHOLICHHIO K TPaM-IIOJNOKHUTEIbHBIM
W TpaM-OTpHIaTeNbHbIM Oaktepusm [Garrido et al.,
2013]. YpoBHHN JaHHOTO TIENTHIA BO3PACTAIOT, KaK MPH
MIPOHUKHOBECHUUN B OpraHusm IS Ppa3InIHbIX
MaTorcHoB, TaK W IIpU HeﬁCTBHH C€CTCCTBCHHBIX
NpoOMOTHKOB, YTO MOXET CIYKUTh KpHUTEpUEM
UMMYHOKOMIICTCHTHOCTU OTACJIBHBIX MYCITUHBIX cemeit
[Evans and Lopes, 2004]. BuremrorennH - OeloK,
BBINIOJIHSIOIIMA B OpPraHM3ME MEJOHOCHOW  IT4eINbI
MHOKECTBO (DYHKLMH, B TOM YHCJIC aHTHOKCHIAHTHBIC

AMMyHHBIE. HemocpencTBeHHBIE — AHTHOKCHIAHTHBIE
(GYHKIUM BWTEJUIOTEHHHA B OpTaHW3ME MEIOHOCHOM
TYeITBI 00YCIIOBIICHBI ero ZN-CBS3BIBAIOIICH
cnocobnocteto  [Amdam et al, 2004] wu
MPEUMYIIECTBEHHBIM OKHCJIUTETBHBIM

KapOOHUITUPOBAHHEM MPH OKCHIATHBHOM CTpECCe MYel
[Seehuus et al., 2006]._MMMyHOTHCTOXMMHUS MUETAHBIX
TkaHell u BecTepH-OJOTTHHT MOKa3bIBAIOT, 4TOo V(
CBSI3BIBACTCS C KJIETKAMH U MEMOPaHHBIMH CTPYKTypaMu
3JI0pPOBBIX TKaHEW M 00ECTeurBaeT HEMOCPEICTBCHHYIO
3aIUTY KJIETOK OT aTaKd PEaKTUBHBIX (OPM KUCIOpoIa
[Havukainen et al., 2013]. BmecTe ¢ TeM, BUTEJLIOT€HUH
obmamaer rTopasmo  Oompmeid  adhGUHHOCTRIO K
MeMOpaHaM MEPTBBIX H IOBPEIKICHHBIX KIIETOK, 8 TAK¥Ke
JIMIOCOM, COJICPXKAIMX OTPULATENBHO 3apasiKCHHBIH
¢docharunmincepuH, B CpaBHCHHH C MeMOpaHamu
3JI0POBBIX KJIIETOK W JIMIOCOMAaMH C HEHTPaibHBIM
dochaTuauIXOTHHOM. Ipeanonaraercs, 4TO
pacrio3HaBaHHE KJICTOYHBIX MOBPEXKICHUH M 3aIHTHOC
OKHCIICHHE - JIBA MEXaHW3Ma, KOTOpbIe MO3BOJISIOT
BUTEIUIOTCHUHY TIPOJIATh CPOK JKU3HH MEIOHOCHOM
nyensl. [JoMUMO aHTHOKCHIAHTHOW 3aIUTBHI MOKa3aHO
y4acTHe  BHUTEIUIOTCHMHA B HMMMYHOJIOTHYECKOM
pacnio3naBanuu [Zhang et al., 2011]. Tak, ButesutoreHuH
CBSI3BIBACTCS C PA3IMYHBIMU BHIAMH OaKTepH: TpamMM-
noJjiokuTeabpHOU Oaktepueit Paenibacillus larvae, u
rpaM-oTpuuaTenpHoil  Oaktepueit Escherichia coli, a
TaKKe C MaTOTeH-aCCONUMPOBAHHBIMEI MOJEKYISIPHBIMH
narrepuamu [Salmela et al., 2015]. Bomee Toro, B
JAHHBIX MCCICIOBAHUSIX BBISIBIICHA POJIb BUTEIUIOTCHUHA
B TPAaHCTEHEPAIMOHHOM WMMYHHOM MPHMHPOBAHHH
KauecTBe  MEePEHOCYMKa  HMMYHHBIX  3JHCHTOPOB
[Salmela et al., 2015].

Du310N020-OUOXUMUYECKOE COCMOsIHUE NYel
npu deticmeuu 6emMOCnOpUHA Ha gone
Hetipounmoxcukayuu. Panee HaMu OBUIO TTOKa3aHO, YTO
OJIOKMpOBaHHE HWMHUAOKIONPHIOM AaLETUIXOJIMHOBBIX
pELEnTOpOB U Mepenad HEPBHOTO HMITYJIbCa OKa3bIBaeT

HETaTUBHOE BIIMSIHHE Ha  (yHKIHMOHMPOBaHHE
KJIETOYHBIX M TYMOPAJIbHBIX CHCTEM HMMYHHTETA
HACEKOMBIX, BBI3BIBAsl B HUX JIECTPYKTHBHBIC IPOIECCHI
[Tatipymmmaa, 2013]. UMmMyHOCympeccnBHOE neiicTBHE
MMHIAKIONPUIA HA MEAOHOCHYIO ITYEITy TTO3BOIMIO HaM
NPUMEHUTh JaHHBIH WHCEKTUIMJ U1 MOJCITHPOBAHUSA
coctosinusl MMMyHonedunura muen. IIpemoOpaboTka
T4el TPOOMOTUKOM 32 3 CYTOK J0 HEHPOMHTOKCHKAIMN
MMHUJIaKJIONIPUAOM CK20 YBEIUYUIA
MPOJIOJDKUTENEHOCTh KHU3HU HAaCEKOMBIX JI0
KOHTPOJILHOTO ypOBHs. JleiicTBHE BeTocmopuHa Iocie
CYTOYHOTO JICWCTBHSI HEOHMKOTHHOHMJA HE CKa3aloch
MOJIO’KUTETBHO Ha BBDKHBAaEMOCTH ITYeI.
[IpenobpaboTka BETOCIIOPHHOM TaKKe KOMITEHCHpPOBAaja
HETaTUBHOE BIIMSHHUE WMHIAKJIONPHIA HAa COCTOSHHE
KUIICYHNKAa [YeJ, 4Yero He HaOMoNanocs IpH
MPUMEHEHNH IPOOHOTHKA TOCIEe HEHPOMHTOKCHKALINH.
CreneHp AECTPYKTHBHBIX IIPOLIECCOB B JKUPOBOM TEle
HE CHIWXKajJach HU TMped-, HU 10CcTOOPabOTKOi
MIPOOHOTHKOM.

HeliponHTOKCHKALMsL MUEN CONPOBOXKAANIACH
YMEHBIICHUEM JIOJIM  aKTHBHBIX (BEPETCHOBH/HBIX)
rpanyigonroB. CnenctBueM — npenoOpabOTKM — mueln
BETOCIIOPHHOM SIBIJIACH AaKTHUBAIUS TPaHYJIOLUTOB H
IUIa3MaTOLMTOB, a  TakXKe  yBEIWYCHHE  JIOJH
chepymounTtoB u SHOmHTOWIOB. (OOpaboTka mYen
BETOCIIOPHHOM I10CJI€ MHTOKCHUKAIMN UMHAAKIOIPUIOM
HE CKa3ajgach IIOJOXKUTEIbHO Ha KAYECTBEHHBIX H
KOJIMYECTBEHHBIX N3MEHEHHAX B MOMYJISAIINH T€MOLUTOB.

Mmupaxnonpun CK20 BBI3BaJ
HaOMIOZABIIYIOCS ~ paHee  PEeaKlHIo: yTHETEHUE
(eHonoKCHAA3HOU aKTHUBHOCTH u aKTHBAIIMIO
dhepmeHTOB AHTHUOKCHIaHTHOM 3aIlUTHL.

[IpensaputensHass 00pabOTKa MMYeNl BETOCIOPHHOM
CrocoOCTBOBala  COXPAHEHHMIO  BBICOKMX  yYPOBHEMH
AKTHBHOCTH  ()EHOJOKCHAa3kl B  remMomuMbpe W
KUIEYHHKE Ha (POHE TOBBIMIEHHON aHTHOKCHIAHTHOM

3a0UTBl TP TOCICOYIOMEeH  HEHPOWHTOKCHKAIUH
umupakiaonpuaoM. IloctoOpaboTka TYen  JaHHBIM
MIPOOHOTHKOM BBI3BIBAJIA MeHee BEIPQXCHHYIO

AKTUBAIIMIO JAHHBIX ()EPMECHTOB.

MuxkpoGHOIIeHO3 OpraHU3Ma MEJOHOCHOH MTUeIB
COCTOMT W3 Pa3HOOOPa3HBIX CaNpPO(UTHBIX, YCIOBHO-
MATOTEHHBIX M MATOT€HHBIX MHKPOOPTaHU3MOB H BO
MHOTOM OIpeNeNsieTcss Ccpelod OOWTaHMA HACEKOMBIX
(Yeuetkuna u np., 2011). [TokazaHo, 4YTO Ha COCTOSTHUH
KUIICYHUKA TTYell O3UTHBHO CKa3bIBACTC MpeodIaaHme
KUCIIOTOIIPOIYIUPYIONINX OAKTepHid - JAKTOOAKTEpHA U
SHTEPOKOKKOB, TOTAa KaK K PAa3BUTHIO IUCQYHKIIHA
MUIIEBAPUTENBHOTO TpPaKTa HACEKOMBIX, BIUIOTH [0
BBIPOKCHHBIX ~ AHATOMHYECKHX Je(EeKTOB IPUBOIMT
HOBBIIIEHHOE coJiep kaHue SHTEpPOOAKTEPU,
CTa(hMITOKOKKOB, IICEBAOMOHAJ W IIIECHEBBIX TI'pHOOB
(Cepmrouenko, 2009). ITocneqnue, Mo BCEl BHIUMOCTH,
MOJIBEPraroTCsl aHTATOHUCTUYECKOMY JICHCTBHIO IITAMMOB
B. subtilis, ymydmatomeMy MHKPOGHOIICHO3 KHIIICTHHKA
myes nepes UMUAAKIONPUIHON WHTOKCHKAIMEd U BO
Bpemss Hee. CocrosHMe WMMyHOJehHIUTA y MUel,
BBI3BAHHOE  HEHPOMHTOKCHKAIME HMMUAAKIONPHUIOM,
OYEBUJIHO, COIPOBOXAETCS CMEIICHHEM MHKPOOHOTO
OajaHca B KHIIEYHWKE B CTOPOHY ITATOICHHOH (IIOPHI,
JIOCTUTraloumiel ypoBHs, KOTOPbIA He HeHTpamusyeTcs
MOCIeAYIoIIeH 00paboTkoit BeTocmopuHoM.
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3AK/IIOYEHUE

Takum obpazom, Berocnopun JK okaspiBaeT Ha
OpraHu3M MEJOHOCHOM IMYeNIbl MMMYHOMOIYIHPYIOIIEE
neiictBue, cMsArdas ~— HETaTHBHBIM  3¢p¢ext npu
MOCNEAYIONe  MHTOKCHKAlMd — HEOHHMKOTHHOMIAMH,
OIHOTO M3 KIIOYCBBIX COBPEMEHHBIX (DaKTOpPOB pocTa
CMEpPTHOCTH MTYETTHHBIX ceMei. IIpumenenue
poOHOTHKa Ha (POHE Y)KE COCTOSIBLICHCS HHTOKCHKAILIIH
W CHWKEHHOTO HWMMYHHUTETa TOJBKO  YXyJIIaeT
¢usunonornyeckoe  cocrosHue muen.  IlocnenHee,
OUYEBH/IHO, COIPOBOXKAACTCS CMEIIEHHEM MHUKPOOHOTO
OanaHca B KMIIEYHUKE B CTOPOHY IAaTOI'CHHOH (hIIOpHI,
JIOCTUraloulel ypoBHS, KOTOPBIH HE HEUTpanusyercs
Berocnopunom. Kpome toro, 31eck Mbl IOATBEPKAAEM
MPEATONOKEHNE OBaHCa, O pealM3allid aJalTHBHBIX
CBOHCTB MPOOHMOTHIECKUX MHUKPOOPTaHH3MOB HMEHHO y
ITYEIMHBIX CEMEH C [JOCTaTOYHO BBHICOKUM YPOBHEM
NMMYHOPEAKTUBHOCTH. Y POBEHb IMMYHOPEAKTHBHOCTH,
IIPY BBE/ICHUU MTPOOUOTHKOB B KUIICYHUK MUEJIBI MOKET
CITYKHUTh HOBBIM BBICOKOMH(OPMAaTHBHBIM
CENIeKIIMOHHBIM KPUTEPHEM JIJIs HUCKYCCTBEHHOTO 0TOOpa
MMUENUHBIX CeMeH, YCTOMYMBBIX K HWH()EKIHOHHBIM
3a0oJieBaHUSIM, YTO KpailHe aKTyalbHO B CBETE
COBPEMEHHBIX TPOOJEM, CBSA3aHHBIX C HPHUMEHEHHEM
AHTHOMOTHKOB W CHIDKGHHEM OOmeH yCTOHYHMBOCTH
MEIOHOCHOH ITYEJIBI.

Pabora  BemonmHeHa ~ mpu  (PUHAHCOBOWM
nmonaepxke rpaHToB PODU 13-04-01802 u 14-04-97084
p_moBomwkee a Ha obOopymoBanmu LIKII «buommkay
OTJIeJIeHUs] OMOXMMHUYECKHX METOJIOB HCCIENOBaHUNA U
HanoouotexHonoruu PIIKIT « Arumenby.
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OPTIMAL CONDITIONS FOR APPLYING OF PROBIOTICS AS ADAPTOGENS
BASED ON THE ANALYSIS OF THE HONEY BEE IMMUNE STATUS

Gaifullina L.R., Saltykova E.S., Matniyazov R.T., Nikolenko A.G.

Institute of Biochemistry and Genetics, Ufa Scientific Center, Russian Academy of Sciences
450054, Ufa, Prospekt Octyabrya, 71, E-Mail: lurim78@mail.ru

ABSTRACT
The effect of the probiotic Vetosporin based on spore-forming bacteria Bacillus subtilis on the honey bee
physiological and biochemical status in health and against a background of immunodeficiency caused by the
action of imidacloprid has been studied. It is shown that in the honeybee organism Vetosporin acts as an
immunostimulant activating phagocytes and phenoloxidase and antioxidant systems enzymes, as well as
increasing the level of gene expression of vitellogenin and abaecin. Vetosporin has an adaptogenic effect on
the summer generation worker bees during the subsequent imidacloprid intoxication of insects.

Keywords: honeybee, probiotics, neonicotinoids, immunity
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