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B 0030pe kparko 006001IeHE! cBeIeHUs 0 (haKTOpPax BHPYIEHTHOCTH YHTOMOIIATOT€HHBIX aCKOMH-
LIETOB M 3ALIMTHBIX PEaKNUsIX HACEKOMBIX-X03seB. Ocob0e BHUMAHNE yAENEHO BIUSHUIO PA3IUIHBIX
9KOJIOTUYECKHX (DaKTOPOB (TEMIIeparypa, TOKCHKAHTBI, COIyTCTBYIOMNE HH(EKIINH, CHMOMOTHICCKHE
OpraHM3Mbl U apa3sUTOMU/Ibl) Ha (PM3MOIOTMYECKUE ACTICKThI B3AMMOOTHOLICHHUI MEXK1y HACEKOMBIMH-
X03s51€BaMHU M SHTOMOIIATOT€HHBIMH Tprbamu. Ha 0cHOBE MPOBEEHHOTO aHAIM3a MBI TMPEATONIaraeM,
YTO JUINTENBHBIE CTPECCHPYIOIINe BO3AEHCTBHS (Takne KaK MOHMKEHHBIC TEMIIePaTyphl, IIPUPOIHEIE
Y CHUHTETUYECKHE TOKCHKAHTBI, OaKTepUaIbHble MHPEKIMN) IPUBOJT K HOJABICHHIO OOJIBIIOT0 KOM-
IJIEKCa KJIETOUHBIX U IyMOPAJIbHBIX 3ALUTHBIX PEAKLMH, a TAKXKE K OHTOTCHETUYECKUM HAPYIICHUAM
Yy HACEKOMBIX. DTO MOXKET NPUBOAUTH K PE3KOMY IOBBIIICHUIO BOCIPUUMYMBOCTH K YHTOMOIIATO-
reHHbIM Tprbam. [ToHnMaHue JaHHBIX MEXaHU3MOB MMEET 3HAYCeHHE JUIS Pa3BUTHs HOBBIX ITOJIXO/IOB

K 6I/IOJ'IOFI/I‘IeCKOMy KOHTPOJIIO SKOHOMHUYECKHU 3HAYUMBIX BUI0B HACEKOMBIX.

KuroueBble cj10Ba: UMMYHHTET HACEKOMBIX, Beauveria, Metarhizium, cuctemMa mapa3uT-X035UH,

9KOJIOTHYECKHe (PaKTOPHI

DOI: 10.31857/S1234567806060012

JHTOMONATOr€eHHbIE ACKOMHUIETHI CPpe/Iv NMAPpasuTOB HACCKOMbIX

K HacrosmeMy BpeMEHH Mapa3uTOB PACCMATPUBAIOT KAK HEOTHEMJIEMYIO 4acTb €CTe-
CTBEHHBIX YKOCHCTEM, OKa3bIBAIOLINX OOJIBIIOE BIMSHNUE HA X (yHKIHOHUpOBaHue. [lanHas
rpyIa OpraHU3MOB 3a4acTyIO UTPACT PEHIAIOIIYIO POJIb HE TOJIBKO B AMHAMUKE MOMYIISAIMNA 1
COOOILECTB X035€B, HO M B CTPYKTypE MUIIEBBIX LIETeH, BHOCS 3HAYMMBIHN BKJIaJ] B Onomaccy
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1 3HepreTudecKkuil motok. Ocoboe MecTo cpeau MapasuTHYECKUX OPraHU3MOB 3aHHMAIOT
rapasuTH4ecKue rpudbl, B TOM YHCIIE ITOPAKAIOIINE HACEKOMBIX.

B cBoro ouepenp HacEKOMBIE TIPEACTABIAIOT CO00H caMyro OONBIIYIO M Pa3HOOOPA3HYIO
IpyIIy >KMBOTHBIX Ha 3emie. OHU Takoke SIBISIOTCS XO35€BaMM WJIM MCTOYHUKAMH ITHTa-
TEJIBHBIX BEIIECTB JUISi OTPOMHOTO KOJIMYECTBA Mapa3uToOB, ATOICHOB M XUITHUKOB. boree
700 M3BECTHBIX BUIOB I'puOOB aanTUPOBAINCH K KHU3HH 3a cueT HacekoMbix (Roberts,
Humber, 1981). 3a uckimodeHeM OCHOBHBIX BBICIIHX 0a3WIMOMHUIICTOB, MApa3UTHUCCKUC
BU/JIbI BCTPEUYAIOTCS B KaXJIOM OCHOBHOM TaKCOHOMUYECKOM I0JIpa3/ielieHH TpuboB 1 00u-
TAIOT MOYTH BO BCEX AKOocHcTeMax. Hanbosblree KommuecTBo BHJIOB IPpHOOB, CIIOCOOHBIX
Mopa)kaTh HACEKOMBIX, OTHOCHTCS K mopsiaky Hypocreales (Ascomycota, Sordariomycetes).
Cpenn npeacrasuteneir Hypocreales maToreHHOCTb 10 OTHOIICHHIO K HACEKOMBIM — JI0BOJIb-
HO JPEBHMH MPHU3HAK, O YEM CBHJICTEILCTBYIOT OKAMEHEJIOCTH B SIHTAPE PAHHETO MEJIOBOTO
nepuoza (B npezaenax 98—112 mumonos ner Hazan) (Sung et al., 2008). Cuuraercsi, 4to
BO3HMKHOBEHHE YHTOMOIIATOTCHHOCTH CPEAM I'pHOOB NMPUXOAUTCS HA MEPUOJ aJalTaliy
HACCKOMBIX K MOKPBITOCEMEHHBIM pacTeHusM (Sung et al., 2008).

B cuty Toro, 4To mapasuTHYECKHe aCKOMHIETHI IUPOKO PACHPOCTPAHEHBI B IPUPOJIE U
AKTHBHO UCIIOJIb3YIOTCS B IPOM3BOJICTBE OMOJIOTMUECKUX MPENapaToB, TO B JAHHOM 0030pe
MBI OCTAaHOBHUMCS Ha B3aMMOOTHOIICHMSAX TPUOOB MIMEHHO ATOH TAaKCOHOMUYECKOH TPYTIITBI
U HACEKOMBIX Pa3jIMUYHBIX OTPSAO0B. DBOJIOIMS ITUX OPraHU3MOB IMPHBENA K CYIIECTBO-
BaHUIO TPYMII C Pa3HBIMU THIIAMHU Pa3MHOXXEHHSA. B gacTHOCTH, TeneoMopdHBIX IpHOOB,
B JKU3HEHHOM I[MKJIE KOTOPBIX BCErJa MPHCYTCTBYET IOJIOBAsl CTAlusl, U aHAMOP(HBIX,
y KOTOPBIX JJaHHAs CTajusl 00pa3yeTcst KpaiiHe PeaKo M JIOKAIBHO JIN0O0 MOIHOCTBIO yTpadeHa.
[ocnenuux panee oTHOCHIH K hopmanmpHOMY oTAeny Deuteromycota (= Anamorphic fungi).
B Hacrosiiee Bpems NIMPOKOE UCIIOIb30BAaHUE MOJIEKYISIPHO-TEHETHIECKUX METO/IOB TPH-
BOJWT K TAKCOHOMHYECKOMY OOBEIMHEHNIO aHAMOP(HBIX U TENEOMOP(HHBIX BUIOB U POJIOB
(Sung et al., 2007; Kepler et al., 2017). Oxgnako 3TH J1Be IpynIbl TPHOOB IEMOHCTPUPYIOT
3HAUUTENBHBIC PA3IHUMS B MX 9KOJIOTHH. B wactHOCTH, U1 anamopdHBIX dhopM (Beauveria,
Metarhizium, Isaria v 1p.) XapaKTEPHBI IIAPOKUI CIICKTP HACCKOMBIX-X0351CB, KOCMOIIOIUTH-
YecKoe PaclpoCTPaHEHUE, SBPUTOITHOCTD, (paKyIbTaTHBHO-CAIPOTPO(HOE MTUTAHNE, BO3MOXK-
HOCTb Pa3BUTHS B pu3ocQepe Hiiu BHYTPEHHHUX TKaHsaXx pactenuit (Vega, 2018). Hanporus,
tesreomopusie rpudsl (Cordyceps, Ophiocordyceps n nip.), Kak NMpaBUIIO, CTEHOTOIIHBI,
UMEIOT OTPAaHMYEHHBIN CIIEKTP XO035€B, JIOKAJIBHOE PACIIPOCTPAHEHHUE, XapaKTEPU3YIOTCS
Gosiee CIOXKHBIMH, JUINTEIBHBIMA XU3HEHHBIMHA LUKIAMH W OOIMTaTHBIM Mapa3suTH3MOM.
Ionanstomee 60bIMIMHCTBO paboT M0 (HU3HOIOTUN MAPA3UT-XO3INHHBIX OTHOIIEHHH BbI-
TIOJTHEHO Ha aHaMOp(QHBIX rpubax Beauveria v Metarhizium.

OHTOMOIIATOTEHHBIE ACKOMHIIETH! M3BECTHHI ¢ TepBoii monoBuHBI X VIII B. U sBIsIOTCA

MEePBBIMU ONMCAHHBIMU B JIUTEPATYpe SHTOMOINATOreHHbIMU opranuzmamu (Kosans, 1984).
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MmuKO3bI, BEI3BIBAEMbIE AaCKOMHLIETAMH, YaCTO BCTPEYAIOTCS B IOMYIISIIMAX HACEKOMBIX CaMBIX
pa3HbBIX OTPSZOB, BBI3bIBAs MX TMOEIb Ha YH300THYECKOM HIIM SMH300THYECKOM YPOBHSIX.
OJHaKo HMCIOIb30BaHME YHTOMOIIATOICHHBIX aCKOMHIIETOB B Ka4eCTBE NMPOIYLIEHTOB OHO-
[IPenapaToB BCTPEYALT Psijl TPYAHOCTEH, CBA3aHHBIX C HECTaOMIBbHOM AP (EeKTUBHOCTHIO. DTO
00YCIIOBJICHO CYLIECTBEHHOH 3aBUCHMOCTBIO BBDKMBAEMOCTH IIPOMIArysl IpuOoB OT (GaKkTopoB
BHEIIHEW CPeJibl, a TAKKe OT (PH3MOIOTHYECKOTO COCTOSIHHS HACEKOMBIX X03s1eB. [1oaTOMy 1ist
MOHMMAaHUsI B3aUMOOTHOIICHHUI B HCCIIEIYEMBbIX [IAPa3UT-XO3SHMHHBIX CUCTEMaX HEOOXOIUM
aHaJM3 MEXaHM3MOB BHPYJICHTHOCTH IPUOOB, 3AIUTHBIX CUCTEM XO35I€B, a TAKXKE BIMSHHS

CpCaOBBIX (I)aKTopOB Ha (I)I/I?)I/IOJ'IOFI/IIO 000HX 3BEHBEB CHUCTEMBEL.

JTansl naroreHe3a u (akTopbl BUPYJIEHTHOCTH IPUOOB

Wudummposanne rppbamMyu HACEKOMBIX MOXKET MPOUCXONTH Yepe3 Pa3iIMyHbIC YYaCTKH
tena. st HeKOTOPBIX TPHOOB MOXKET HAOIIONATHCSI ONIpe/IeTIEHHAst OPraHOTPOITHASI IPUYPO-
YEHHOCTh. DHTOMOIIATOTCHHBIC TPHOBI SIBISIOTCS €AMHCTBEHHBIMU MHUKPOOPTaHU3MaMH1 Ha-
CEKOMBIX, CIIOCOOHBIMH WH(UIMPOBATH XO35IEB Yepe3 MOBEPXHOCTHBIE CTPYKTYPHI, 38 CUET
a/ire3u K KyTHKYJIE U MOCIEAYIOIEr0 MPOHUKHOBEHNUS Yepe3 3ToT 6apsep (bopucos u ap.,
2001; Thomas, Read, 2007). Bo3MokHOCTB TpHOKOBOH TIepopaiibHOI WHPEKINY OblIa TaKkke
onmucaHa B psijie paboT, OJHAKO 3TOT crnoco0 MPOHWKHOBEHHsS HMCCleoBaH ciado (0030p:
Mannino et al., 2019). C nosiBieHneM HOBBIX TEXHOJIOTHH CEKBEHUPOBAHUS CTAJIN JIOCTYITHEI
TEHOMBI OCHOBHBIX PHTOMONATOT€HHBIX I'PHOOB M OBUIO OMHMCAHO MHOTO I'PUOHBIX T'EHOB,
MTOTEHIMAILHO CITOCOOHBIX obecreunTh opasbHyo uHpekuno. Cpenu rpuboB, TEHOMBI
KOTOPBIX OBUIM CEKBEHHPOBaHbI, Beauveria bassiana (Bals.-Criv.) Vuill umeer 6omnbiioe xo-
JIMYECTBO CXOIHBIX TEHOB C HE TPHOHBIMHU MATOT€HAMH, B YACTHOCTH ¢ OaxkrepusMu Bacillus
thuringiensis Berliner, cmtocOOHBIMI CHHTE3UPOBATh BHYTPHKJICTOYHBIN AETBTA YHJOTOKCHH
Y BBI3BIBATH KHUIIIEUYHBIE TOKCUKO3BI Y HacekoMbIX (Mannino et al., 2019).

WndummpoBanie HACEKOMBIX TPHOAMH MOXKHO YCIIOBHO Pa3IeNNTh Ha HECKOJIBKO ATAIOB,
TICPBBIN — 3TO aJre3usi KOHUINI K MOBEPXHOCTH KYTHKYIBL. AJIre3usi IPOMCXOANT 3a CUET
HecrenudrIecknx TuApopOOHBIX U IEKTPOCTATHIECKUX B3aUMOJCHCTBUI MEXY KYTHKY-
JIOW HACEKOMOTO M KOHUIMSMH. BKitag B mpuKperuieHne KOHUIUN K Ky THKYJISIPHOM TTOBEpX-
HOCTH MOTYT BHECTH HEPOBHOCTH, IIEPOXOBATOCTH U PA3IMYHBIC BBIPOCTHI KyTHUKYIIbI. XOTs
OIIPEACIISIONIMM SIBIISICTCS XMMHUUYECKUI COCTAB BEPXHEro CJIOsl, TO €CTh KyTHKYJIHHA, KaK
4acTH SMUKYTHKYITHI (Vega et al., 2012). Borbimoe 3nadenue B GopMUpOBaHUH THAPOPOOHBIX
CBsI3eH MEXIy KOHHUIMSMU W KyTHKYJIOW MI'PAOT HEMOJISIPHBIC JTUITH/IBL: KUPHbBIC KHCIOTHI,
JUTMHHOIIETIOYEYHBIC YTIICBOAOPOIBI U BOCKA (BOCKOBBIC 2(uphl) KyTukymrnHA (Pedrini et al.,
2007). Ha angre3nio KOHUJIWH K KyTHKYJEe MOTYT OKa3bIBaTh CYIIECTBEHHOE BIMSHHE Pl
oenkoB TpuboB. Hampumep, y rpuboB Metarhizium WMerOTCS aJre3uH-TIOA00HBIC OCIKH

Madl u Mad2, urparoriue CynieCTBeHHYIO POJIb IIPH MaTOrCHE3¢ HACCKOMBIX, 8 TAKKE MPU
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B3amMoJIeiicTBrH ¢ pu3ocdepoii pacternii (Barelli et al., 2011). Jlarapie HeOOMBITHE OETKI
(Monexymsipaas Macca MeHee 20 kDa) MOTYT UTpaTh ONPEEISIONIYIO POIb B BUPYJICHTHOCTH
rpudoB (Sevim et al., 2012; Jiang et al., 2020). DHTOMOMATOr€HHbIE ACKOMHILIETHI MOTYT
9KCIIpeccupoBarh Ba kiacca ruapopodunos (HYD), koTopeie MOTyT Mrparh pasindHyo
POJIb B are3un ¥ NOCIEAYIOEeM pa3BuTun 3Tux rpudos (Wosten, 2001; Bayry et al., 2012).
Kpowme toro, ruipooOnHOBBIE OEIKKM MOTYT MOAYJIMPOBAaTh IMMYHHBIE PEaKIMK OpraHu3Ma
xo03stiHa. Cpely SHTOMOIIATOTeHHBIX TPpuOoB ruipodoodrHoBeie 6enkun MacHY D3, nokanu-
30BaHHbBIC Ha MMOBEPXHOCTH KOHUIUN Metarhizium acridium (Driver & Milner) J.F. Bisch.,
Rehner & Humber MoryT akTBHpOBaTh Kak TYMOpPAJIbHBIN, TAK W KIETOYHBIH UMMYHHUTET
capanun Locusta migratoria manilensis (Meyen) (Jiang et al., 2020). Taxxe B KJICTOUHBIX
CTEHKaX KOHHUJIMI SHTOMOIIATOT€HHBIX T'PHOOB UMEIOTCSI HETHAPO(POOHBIE OSIIKH, B YaCTHOCTH
y Metarhizium CPW10, ygacTByrouye BO B3auMO/ICHCTBUM KOHUJUI C NOBEPXHOCTHBIMH
CTPYKTypaMH KyTHKYJbl Hacekombix (Li et al., 2010).

[Tocne aare3un rpuOOB Ha MOBEPXHOCTH KYTHKYJIbl HAYMHAETCS ATall AU PepeHInain
UH(EKIMOHHBIX CTPYKTYP — (POPMHUPOBAHHSI POCTKOBBIX TPYOOK U allpeccopueB. 3HAUNTEIb-
HYIO POJIb B 9THX IIpoLieccax UrpaeT JUIUIHbIH 0OMEH IpuOoB, 3aBUCSIINI OT KOMIIO3ULIU-
OHHOTO COCTaBa yTIIEBOAOPOIOB ¥ KUPHBIX KUCIOT SMUKYTUKYNHI (Ortiz-Urquiza, Keyhani,
2013; Keyhani, 2018). Hacekombie ¢ mpeoOnagaHueM HACBHIIICHHBIX (JTMHEWHBIX FUTH pa3-
BETBJICHHBIX) yIJIEBOJOPOJOB B SMHUKYTHKYJIE OOBIYHO O0Jiee YyBCTBUTEIBHBI K IprOaMm, 1o
CPaBHEHHIO C HACEKOMBIMH, y KOTOPBIX IIPe00IaJaloT HeHAChIeHHbIe yriieBooposs! (Pedrini
et al., 2007). YrieBomopoibl SBISIOTCS BaXKHBIM ITMUTATEIbHBIM HCTOYHHKOM JUISl SHTOMOIIA-
TOreHHbIX rpuboB. Harpumep, Buabl Metarhizium yTUIM3UpyIOT HACHIICHHbBIE JTMHEHHBIC U
passeTBieHHbIC yrieBogoponasl (Napolitano, Juarez, 1997), 9to criocoOCTBYET yCIEUTHOMY
(hOpMUPOBAHHIO POCTKOBBIX TPYOOK M aIlllIPECCOPUEB U B UTOTE€ YCUIMBAECT BUPYIEHTHOCTh
(Jarrold et al., 2007; Lin et al., 2011). Ymanenue yrineBogopomoB ¢ KYTHKYIBI HACEKOMBIX
C TTIOMOIIBIO PACTBOPUTENEH (H-TeKCaH, IIEHTaH) MIPUBOANUT K HHTHOMPOBAHHIO IPOpPACTaHUs
KOHUANH TprOOB. XKUpHBIE KUCIOTHI, KaK IPaBHUIIO, AEMOHCTPUPYIOT (YHTUCTATHUECKUH
3¢ QEKT, IPH ITOM OHH TAK)KE MOTYT OKA3bIBaTh BIUSHNE HA IPOIYKINIO THAPOIUTHIECKUX
(depmenToB rpuboB n nuddepeHnnano HHPEKIHMOHHBIX cTpyKTyp (Ment et al., 2013;
Wronska et al., 2018). [TomrMo yriIeBOIOPOIOB M JKHPHBIX KUCIOT B KyTHKYJIE HACEKOMBIX
MOTYT JIETEKTUPOBAThCS OCH30XMHOHBI (M APYTHE albICTHIIbl U KETOHBI), )KUPHBIE CIIHP-
ThI, TEPIEHBI U JIPyTHE BEIIECTBA, KOTOPbIE MHIMOMPYIOT IIPOpAcTaHHE YHTOMONATOI€HOB
(Pedrini et al., 2018).

IIpu ¢opmupoBanny ykazaHHBIX WHPEKIMOHHBIX CTPYKTYp M IMPOHUKHOBEHUH 4YeEpe3
KyTHKYJIy TPHOBI HAUMHAIOT BBLAEIATH passinuHble (PEPMEHTHI, THAPOIU3UPYIOIINE Ky TH-
KYJSIDHBIE CJIOHM, a TaKkKe TOKCHHBI. Cpeau THAPONHU3UPYIOMINX OENKOB CTOMT OTMETHUTH

rpynny (pepMeHTOB: KOMIUIEKC HUTOXpoMoB P450, smnoxutunas u npoteas. Lluroxpom
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P450-3aBucumMble MOHOOKCUTEHA3bl I'PUOOB y4acTBYIOT B JETPajalliil YIIIEBOIOPOIOB U
JKUPHBIX KACIOT HACEKOMBIX. Tak, psii reHoB murToxpoma P450 ObuT oxapakTepru3oBaH A
rpuboB B. bassiana (CYP52X1) (Zhang et al., 2012) u Metarhizium robertsii J.F. Bisch.,
S.A. Rehner & Humber (CYP52X2) (Lin et al., 2011). MyTtaHTbI ¢ He()YHKIIMOHUPYFOLIUMHU
reHamu CYP52X1 TepstoT BUPYIEHTHOCTh IPU TONHMKAJIBHOM 3apaXKEHUU HACEKOMBIX, HO
COXpAaHSIOT ee NMpHU UHBEKIMsX I'puboB B remoueins (Zhang et al., 2012), uro noka3biBaer
BO)KHOCTh MOHOOKCHI'€HA3 MPH Pa3BUTUH I'PHUOOB HA/B KyTHKYJIE. DHIIOXUTHHA3BI JICHCTBY-
10T HETMOCPEICTBEHHO HA XUTUH, OAWH U3 OCHOBHBIX KOMIIOHEHTOB KyTHKYJIbl HACEKOMBIX.
Hanpuwmep, M. anisopliae mmeeT sam0XxuTHHA3H], Kogupyemble TeHamu Chitl (Anwar et al.,
2019). [Tpoteassl pa3pymaroT OeIKH KYyTHKYIBL, B TIEPBYIO O4epeIsb MPOKyTHKYIH (St. Leger
et al., 1995; 1996; Dhar et al., 2010). B wactHOCTH, CYOTHIH3HHEI cemelicTBa Prl moryT
HMMETh KJIIOUEBOE 3HAUYCHHE BO BPEMsI IPOHUKHOBEHHUS TprOa yepe3 KyTHKYIY U OIpeelsTh
BUPYJIEHTHOCTb BUI0B Metarhizium n Beauveria. OTMETHM, 4TO BUABI TPUOOB C HIMPOKUM
KpYroM xo3sieB 00J1a/1al0T OOJIBIIUMH CIIEKTPaMHU IPOTeas, JIUMa3, MOHOOKCHI€HA3 U APYTUX
(epMEeHTOB 10 CpPaBHEHHIO CO CIelMaIM3UpOBaHHBIMU Bunamu (Zheng et al., 2011; Xiao
et al., 2012; Hu et al., 2014). ®epMeHTHI ACHCTBYIOT B COYCTAHNH C MEXaHUYECKHM JaBJIC-
HueM rpuba Ha KyTukyry. [lokazaHo, 4To ociabneHue TypropHoro aaBieHus y M. robertsii
myteM ynaneHus rena MrHex 1, cBs3anHOTo ¢ )yHKIMOHHMPOBAHHEM TH(ATBHBIX CENT, IPH-
BOJUT K HapyIICHUSM B (DOPMHPOBAHHMH ANINPECCOPUEB U MAJCHUIO BUPYICHTHOCTH IIPH
KyTHKYJISIPHOM MH(UIIMPOBAHIH HACEKOMBIX, HO He pu nHbenuposanuy (Tang et al., 2020).

[Tociie MPOHUKHOBEHUSI Yepe3 KYTUKYJIy B T€MOLEIb Pa3BUTHE I'PUOOB MPOUCXOAUT
B (opme rudanbHBIX TeIl. B nensix mpenoTparieHus AeHCTBHS 3alUTHBIX CUCTEM OpraHu3Ma,
a TaK)Ke JICHCTBUSI OCMOTHYECKOT'O JaBJICHHsI BHYTPU T€MOILIENsi HEKOTOPbIe IPHOBI IKCIIpec-
CUPYIOT PsII TEHOB, OTBEYAIONINX 3a CHHTE3 ocMoceHcopoB Mosl(Wang et al., 2008) mnm
KoIupyromux Oenok 3ammurHoro mokpeITast (Mcll) (Wang, St Leger, 2006). DddexTruBHOE
TIOIVIONICHNE MUTATEIBHBIX BEIIECTB AAET BO3MOXXHOCTD MAPA3UTHUECKUM TprudamM OBICTPO
YBEJINYUBATh COOCTBEHHYIO MacCy BHYTPH X035iMHA. B oprannsme HaceKoMbIX OOJIBIIYIO POJIb
B YCIELIHOM Pa3BUTHH IprOa HAYMHAIOT UT'PATh BTOPHYHBIE METa0O0INTHI SHTOMOIIATOTCHOB,
BJIMsIS HA BBDKMBAEMOCTh I'PHOOB M Ha aKTUBHOCTH (DU3UOJIIOTHYECKUX CHCTEM OpraHu3Ma
nacekombix (Charnley, 2003; Molnar et al., 2010; Donzelli, Krasnoff, 2016). [Ipuuém crout
OTMETHTb, YTO IPUOBI MOTYT IPOJLYIIUPOBATH OOJIBIIIOE KOJIMYECTBO BTOPUYHBIX META0OINTOB,
CIIOCOOHBIX BIUATH Ha Pa3INYHbIe (HH3HOIOTHYECKUE IPOLIECCHl X034€B, HHIHOUPOBAaTh M-
MYHHBIE PEaKILIIH, MEHSTh TIOBECHNE HACEKOMbBIX. Hampumep, TecTpyKCHHBI (IIUKINYECKUE
TIEITU/IHBIC TOKCUHBI) Metarhizium BBI3BIBAIOT HapylIEHHE PAaOOTHI KalbLMEBBIX KaHAJIOB,
(YHKIMH IUTOCKEJICTa W BBI3BIBAIOT ANONTO3 T'€MOIMTOB, YTO NPUBOAUT K 3HAYUTEIHHOU
cympeccuu ¢aronutosa u nakancysinuu (Charnley, 2003; Wang et al., 2012; Lu, St Leger,

2016). Kpome TOro, I€KCTPYKCHHBI CITIOCOOHBI HHTMOMPOBATh CHHTE3 AHTUMUKPOOHBIX TICTI-
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THJIOB, OKa3bIBaTh BIMSHHUE Ha SKCIIPECCHUIO HHTUMOMTOPOB CEPHHOBBIX IPOTENHA3, IOAABIISATh
MEJIAaHM3AIMIO U BIUSATH HA YPOBEHb DKCIPECCHU T'€HOB, KOAMPYIOIIMX aHTHOKCHIAHTHbIC
tdepmentsr xo3smHa (Pal et al., 2007; Han et al., 2013). Oxnako BKiIag IeCTPYKCHHOB
B BUPYJICHTHOCTB I'pHOOB Metarhizium octaeTcsi AMCKyCCHOHHBIM. B HeaBHUX paborax ObUIO
[I0Ka3aHO, YTO YPOBEHb MPOAYKINH AECTPYKCHHOB B X03s€BaX IIPH MAaTOTEHE3aX HAMHOIO
HIWKE J103, HCOOXOMMMBIX ISl Tapaiu3anuu u rudenu xo3ses (Rios-Moreno et al., 2017). Psg
ABTOPOB PETUCTPHPOBAII ITOTOKUTEIILHYIO KOPPEILSLHUIO MEXTY IIPOAYKIHUEH 1eCTPYKCHHOB U
YPOBHEM BHPYJIEHTHOCTH 110 OTHOLICHHUIO K capaH4oBbIM M yenryekpbuibiM (Kershaw et al.,
1999; Wang et al., 2012), torna xax apyrue (Donzelli et al., 2012) mokazanm, 9TO TEHHBII
HOKayT CHHTE3a JAECTPYKCUHOB B M. robertsii He IPUBOIUT K CHIKCHUIO BHPYJICHTHOCTH
Mo oTHOIIeHuIo K Spodoptera exigua (Hbn), Galleria mellonella L. n Tenebrio molitor L.,
10 CPABHEHUIO C MCXOAHBIM IITAMMOM. Psiji BTOpHYHBIX METAa0OIMTOB, 110 BCEH BUAMMOCTH,
CILY)KUT JUIS TIOJAaBJICHHUSI KOHKYPEHTHOW OakTepuasibHOW (IOPHI IPU Pa3BUTHH MHKO30B.
Hanpumep, ycTaHoBI€HO, YTO 00CHOpEnH B. bassiana neACTBYeT Kak aHTHOaKTepUabHbIA
KOMITOHEHT Ha KOHEYHBIX CTaJHAX PA3BUTHS MHKO3a B BOIIMHHON OTHEBKE, IIO3BOJISS TPHOY
MaKCHMaJIbHO HCIIOJIb30BaTh TKaHHM XO3sIMHA W 3aTeM CIIOPYJIMPOBATh HA €ro IOBEPXHOCTH
(Fan et al., 2017).

[Tocne kogoHM3aLMK Tesla X03I1MHa TU(aIbHBIMU TeJIaMHU B TeMolielie 00pa3yercsl cKiie-
poruii (TIOTHOE CKOTIICHNE MUIIETHS ), a 3aTeM HaOomaeTcss 00paTHeIid poctT Tud u hopmu-
pOBaHME JOYEPHETO CIIOPOHOUICHUS! B BUIe KOHUMN (Ju1st aHaMOop(dHBIX (OpPM) WM CTPOM
¢ mepurerusaMu (s TeneoMopdHBIX (GopM) Ha MOBEPXHOCTH XO3siMHA. VIHTEepecHO, 4TO
JIAaHHBIH MpOIIecC HE BCEria MOXKET ObITh peann3oBaH. MHOTHE reHeTHYeCKUe JIeperyIsiuu
MOT'YT IIPUBOAUTH K HapyIICHHIO ()OPMHPOBAHUS JIOYEPHETO CIIOPOHOIICHUS M OaKTepH-
anpHOMY pacnany TpynoB (Huang et al., 2015; Fan et al., 2017; Kryukov et al., 2019; Xie
et al., 2019). BeposiTHO, popMupoBaHHE MHUIIEIHS U CTIOpP Ha MOTHOIIHX OT IPpUOHOI HH(pEK-
LM HACEKOMBIX, — BEChbMa JICJIMKATHBIN ITPOLIECC, KOTOPBII 3aBUCUT OT MHOTHUX T€HETUYECKUX

N3MEHEHUH y IpHOHBIX TaTOTCHOB.

HMMyHHBIN OTBET X03IMHA

IIpy MpOHMKHOBEHHM Yepe3 KYTHKYIy U (OPMUPOBAHUM TH(AIBHBIX T B TEMOICIE
IpUOBI CTAJIKUBAIOTCS C IMMYHHOM CHCTEMOW HAaCEKOMBIX, C TYMOPAJILHON M KJICTOYHOIA.
OTH BE CHUCTEMBI JEHCTBYIOT CHHXPOHHO, 00€CIeYnBas JOCTAaTOYHO BBICOKHH ypOBEHB
3alIUThl OpraHu3Ma. B nepByto odepeqb CTOMT OTMETHTB, YTO B COCTAaBE IPUOHBIX CTEHOK
TIPUCYTCTBYIOT KOMIIOHEHTBI, copepkanye f-1,3-IIMKaHbl, KOTOpBIE MPEACTaBISIIOT COO0M
HaTTEePHBI, CIIOCOOHBIE MOAYJIMPOBATH MMMYHHBINA oTBeT Hacekombix (Hillyer, 2016; Chen,
Lu, 2018). Tak, B-1,3-mmkansl MOTYT CBsI3bIBaThCs B-1,3-TNIMKaH pacrio3HAIOIUMHK Oelka-

mu (BGRP), Takke U3BECTHBIMH KaK TpaM-HeTaTUBHBIE cBs3biBaromue 6enku (GNBP), uto
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MIPUBOANT K akTuBaruu npodenonokcuaaznoro (IIOO) kackama u cHHTE3a aHTHMHKPOO-
Heix nientuoB (AMII). B Drosophila mellanogaster Meigen B-1,3-TIIMKaHbl paclio3HAOTCS
GNBP-3, xotopsie 3amyckarot aktuBanuio Toll mytu (Hoffmann, 2003; Gottar et al., 2006).
Cuuraertcs, uro skcnpeccuss AMII, Takux kak mekponuHsl Al, IpO3OMHUIIMHBI, MEYHUKO-
BUHBI U JIp., MHIYIUPYET 3aIIUTy MPOTHB IPUOHON MHPEKIHU. Y TYTOBOTO ILIEJIKOIpPSIa
Bombyx mori L. umeercs dyersipe BGRP (Tanaka et al., 2008), koTOpble UTPaIOT BaXKHYIO
ponb B aktuBanuu [1PO, B wactHocTn PGRP-1 n BGRP-2 cBsazpiBatores ¢ B-1,3-mmkanom
u BoBJekaroTcs B akTuBaiuio [1MO kackaga (Chen, Lu, 2018). BGRP-1 menkonpsiaa uMeeT
B-1,3-mKaH-CBS3bIBAIONIMN OMEH M TIIOKOHa3a-1o00HbIH 1oMeH. Pacuienienne 3Toro
Oeka XeMOTPUIICHHOM 1aéT aBa (hparMeHTa, OAMH ¢ MOJCKYIsIpHbIM BecoMm 20 kDa cBs-
3b1BaeT P3-1,3-mmkanel, npyroit 43 kDa, mpencraBisronuii co00i MTIOKOHA30-TIOT00HBIH
noMmeH, cnocobeH aktuBupoBarh [1DPO kackama. Mcromenne PGRP-1 B mmazme nmpuBoaut
K CyILIECTBEHHOMY CHIDKeHHIo aktuBaimu [1PO kackasa mivkaHaMu, HO BOCCTaHABIMBACTCS
pu nobasieHnn pekomOuHanTHOTO BGRP-3, T.e. B aktuBanmu [1PO kackaga IpUHIMAIOT
yuactue kak BGRP-1, rak u BGRP-3 3a cuér pacnoznaBanus B-1,3-rmukanoB. B pesynbrare
TPAaHCKPHUIITOMHOTO aHaIn3a OBbLIO YCTAHOBJIEHO, YTO BO BPEMsI MUKO3a TyTOBOTO HICJIKOMIPSI-
J1a, BEI3BAHHOT'O SHTOMOIIATOTEHHBIM IpUOOM B. bassiana, TpOUCXOANUT IKCIPECCHsT OCHOBHBIX
TEHOB HMMYHHTETA, BKIIIOYAsi T€HbI, KOJUPYIOIINE MOPHIINH, IEKpOMH B, yOukBuTHH, ITH-
3oumM U npeamectBeHHUK BGRP (Chen, Lu, 2018). Otmerum, yro sxcnpeccus AMIT npu
MHKO3aX MOJKET IPEAOTBPAIaTh BTOPHYHbIC HH(PEKINH, B IEPBYIO OUepe/lb, OaKTepruaibHbIC.
[Tpu B3aumoneiicteun AMII ¢ rpubamu B reMonuMQy MOXKET BBIOPACHIBAThCS ONPEICIEHHOE
KOJIMYECTBO BELIECTB, BXOJSIIMX B COCTAaB IPUOHBIX CTEHOK, KOTOPBIE, B CBOIO OYEpEb,
OyzmyT 00nanaTh IMMYHOMOAYIUPYIOLIIMMHU CBOHCTBAMH.

Bonbiryto posb B 3amyTe opraHu3mMa HaCEKOMbIX OT IPUOHOI MH(EKIMN NTPAIOT aKTHBH-
poBaHHBIE KHCIOpoaHbIe MeTabonThl (AKM), B TOM gmcie CBOOOIHBIE pauKaIbl pa3InIHON
MIPUPOJIBI, IPU ITOM KIIIOUEBYIO POJIb UTPAIOT MOJTYXUHOHOBBIE pajukaisl (Slepneva et al.,
1999). Tak, ¢ momomsto DITP-CrIeKTPOCKONIH C UCTIOIE30BAaHUEM CITHHOBBIX JIOBYIIIEK MBI
BIIPSIMYIO 3apErUCTPUPOBAIIM T'€HEPALMIO IOy XHHOHOBBIX PaJIMKaIOB B reMOIMMde ryCeHUIl
cubupckoro menkonpsna Dendrolimus superans sibiricus Tschetv. 1 BOITMHHOW OTHEBKH
G. mellonella (Slepneva et al., 1999). [Ipuuém mpu 0CTPOM MHKO3E, BHI3BAHHOM TPHOOM
M. anisopliae s. 1., y muunHok G. mellonella oTMeuyanoch CyneCTBEHHOE CHU)KEHHE KOJIH-
4yecTBa 00pa3yrONIMXCsl TOJyXHMHOHOBBIX PaIMKAJIOB, KaK M (DEHOIOKCHIa3HON aKTHBHOCTH
B remonmMe (Slepneva et al., 2003). B pesynbrare B3anMoAeHCTBUS MOITyXHHOHOBBIX pa-
JIMKAJIOB C KUCIOPOJAOM 00pa3yeTcs IEPEKNUCh BOIOPOA, KOTOpast 001agaeT IUTOTOKCHYHOM
AKTHBHOCTBIO, B TOM YHCJIE 10 OTHOLICHHUIO K IAaTOTeHHbIM MHKpoopranniMam (Komarov
et al., 2005). [TomyXHHOHOBBIE pagUKaIbl M PaJdKaIbl aCKOPOMHOBOW KHUCIOTHI OBUTH 00-

Hapy»KE€HbI ¢ NOMOIIbBIO 3HP—CH€KTpOCKOHI/II/I B KMIICYHUKE I'YCCHHUI BOJHSIHKHA Orgyia
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leucostigma (Smith) m xompgaroro menkonpsaa Malacosoma disstria Hbn. (Barbehenn
et al., 2003). [Ipuuém THD pagukana ONMpenessuics KauecTBOM kopma. Kpome Toro, B re-
MOITUTaX HACEKOMBIX MOXKET 0Opa30BBIBATHCS OKCHA a30Ta (MOHOOKCH]), 00JaXaroIinid
BBICOKOPEAKIMOHHOM akTUBHOCTHIO (Semenova et al., 2014), B TOM 4Kcie HTUTOTOKCHYHOIA,
U CITIOCOOHBIN BIUATHh Ha aKTHBHOCTH (DEHOJOKCHU/IA3, B TO JK€ BPEMs IOBBIIIAS TPOAYKITHIO
JOITA-xpoma B remosiumde Hacekombix (Sanzhaeva et al., 2016). B kuiieunuke psiia Ha-
CEKOMBIX TIEPOKCH 1a3a OMOCPEYeT OKUCICHNUE TAHUHOB, IOTOM 00pa3yeTcst IEPOKCHU]T BOIO-
pona, a 3aTeM B pe3ylIbTare B3auMOACHCTBHUS IIEPOKCHIA C )KEIe30M, KOTOPOE PETHCTPUPYETCS
B OOJIBIIIOM KOJIMYECTBE B JIHICTHAX, 00Pa3yIOTCS IUTOTOKCHYHBIC paguKaisl (peakuns OeH-
tona) (Barbehenn et al., 2005; Barbehenn, Constabel, 2011). IIpu 3ToM MBI MOXEM TIpej-
MTOJIOXKHTh, YTO AHTUMHUKPOOHBIC MENTH/IBI, SKCIIPECCUPYEMbIC B OpraHU3ME IIPU MHKO3aX,
CIIOCOOHBI YCHIIMBATH JACHCTBHE Pa3IMYHBIX aKTUBHPOBAHHBIX KUCIOPOAHBIX METa0OIHTOB.
Br16poc 6oipmIoro xonudecTBa CBOOOAHBIX pagukanoB, kak 1 AKM, MOXeT BBI3BaTh
okucaUTeNbHbIH cTpecc opranusMa (Lushchak, 2014; Forman, 2016). B cBsi3u ¢ atum
B JF0OOM OpraHu3Me, B TOM YHCIIC Y HACCKOMBIX, CYIIECTBYET JOCTATOYHO MOIIHAS AHTH-
OKCHJIAHTHAs CHCTeMa. JTa CHCTeMa MPEICTaBlIeHa KOMIUIEKCOM (DepMEHTOB U HEEepPMEHT-
HBIX COEAMHEHUH, CIIOCOOHBIX AIMMUHUPOBATh BHICOKOPEAKIIMOHHBIC MPOAYKTH. Kpome
TOr0, HEMAJOBAKHOE 3HAYCHHE OyJeT MMETh JCTOKCHUIMPYIOIIAasl CHCTeMa, KoTopasi Oyaer
B3aMMOJICHICTBOBATH C IPOIAYKTAMHU, KOTOPhIC 00Pa3yrOTCs IIPU Pa3IMYHBIX BO3ICHCTBUAX HA
OpraHu3M, B TOM YHCIIE MIPH OKUCIUTEIFHOM CTPECCE U IPU MATOJOTHYSCKUX M3MCHCHHSIX.
MBI yCTaHOBHIIH, YTO Pa3BUTHE MHUKO30B ¥ HACEKOMBIX COIIPOBOXKIACTCS PE3KUM YBEIHU-
YCHHEM aKTHBHOCTH (DEPMEHTOB, y4aCTBYIOIIUX B MPOIECCAX JACTPATIAINN U ICTOKCHKAIIUN
KCEHOOHMOTHKOB PA3]IMYHOTO MTPOUCXOXKIICHUS. B 4acTHOCTH, HAMH TIOKa3aHO, YTO UH(UIUPO-
BaHUE YHTOMOITATOTeHHBIMY T'PUOAaMU T'YCEHHII BOIIHHOW OTHEBKH ITPUBOIUT K U3MCHECHUIO
CTIEKTpa ¥ aKTUBHOCTH DTy TaTHOH-S-TpaHC(hepa3, Hecnenn(puIecKnX 3cTepas, KUCIbIX H IIe-
J04HBIX (ocdaras. MI3MeHeHne akTHBHOCTH JIAaHHBIX (DEPMEHTOB SIBJISICTCS] HeCTIeU(pUIeCKOn
peaxiueil opraHu3Ma HaCEKOMBIX M OOYCJIOBJIMBACTCSI MOBPEKICHUEM MOKPOBHBIX TKAHEH
WM WHTOKCUKanmel opranmsma (Serebrov et al., 2001). I[To-BuauMomy, MOBBIIIIEHUE aKTHUB-
HOCTH JIETOKCHUIMPYIOMHX (HePMEHTOB IIPH MHUKO3aX M IPYTUX MHPEKIHUAX — 3TO OTBETHAS
peaKiiysi HaCEKOMOTO HA MHTOKCHKAIIUIO OpPraHM3Ma TOKCUYHBIMH METa0OIMTaMH I1aTOreHa
WM TPOIYKTaMH pacrajia TKaHel Xxo3suHa. [lonTBepKIACHUEM ydacTUsl WHIYIHOCITBHBIX
(hepMEHTOB B IETOKCHKAITMOHHBIX IIPOIIECCaX MOJKET CITyKUTh CHIYKCHUE TYBCTBHTEIIEHOCTH
TYCEHHI] MYETHHON OTHEBKH K XUMHYECKOMY WHCEKTHIIHIY MaJaTHOHY, B ACTOKCHKAIINN
KOTOPOI'0 MOTYT y4acTBOBaTh BCE M3y4YeHHbIEe HamMK (hepMeHTHbIe cucteMbl (Serebrov et al.,
2003). CiencTBreM JaHHBIX H3MEHEHUH SIBJISICTCS MOBBIIICHUE aIalTAIIMOHHBIX BO3MOXKHO-
CTEi OpraHru3Ma HaCEKOMbIX, B YaCTHOCTH CHIDKCHUE MX YYBCTBHTEIBHOCTH K XMMUYCCKUM
nHCcekTHIuAaM. C Apyroi CTOPOHBI, HHTHOUPOBAHKE JETOKCHIIMPYIOMNX (PEPMEHTOB Pe3KO
yBeJIMYMBaET rubesb HACEKOMBIX OT rpuOHOM nH(pekuuu (Serebrov et al., 2006), 4TO CITyIKHUT

KOCBCHHBIM JOKa3aTCJILCTBOM YHACTUA ACTOKCULIUPYIOLIUX (1)epM€HTOB npu q)OpMHpOBaHI/II/I
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PE3UCTEHTHOCTH HACEKOMBIX K dHTOMOIIATOTEHHBIM TprOaM, a TaKKe OTKPHIBAET HOBBIE
BO3MOYKHOCTH JUIsi co3JaHusl 2(p()EeKTUBHBIX KOMOMHUPOBAHHBIX OHOIpENnaparoB Ha OCHOBE
SHTOMONATOTEHHBIX TPUOOB M MHTHOUTOPOB JAETOKCHUITPYIONNX (EPMEHTOB.

KiroueByto poiib B 3allUTE HACEKOMBIX OT IPUOOB BBIIOJIHAET KIETOUHBIH MMMYHHBIH
oTBeT. B mepByro ouepenb CTONT OTMETHTh MHKAMCYIALH0. Ha mepBom sTare nHKancymsum
TeMOLIUTHI B3aUMOJICHCTBYIOT C TIOBEPXHOCTHBIMU CTPYKTYypaMu IPUOHBIX IIAPa3UTOB, 3aTEM
BOKPYT TH(ANBHBIX TEJI HAYMHAET (hOPMHUPOBATHCA MHOTOCTIONHHAas Karcyia (Chouvenc et al.,
2009). ITpu 5TOM BHYyTpEHHHE CIOM TEMOIMTOB pa3pyIIAOTCsl, B Pe3yJbTare BEIOpachIBacTCsl
00IBIIIOE KOJTUYIECTBO THAPOIUTHYECKUX (DEPMEHTOB, a TAKXKE aKTUBHPYETCS] MPO(EHOIOK-
CHJIa3HbIA Kackaja. VIHKancyssiust TECHO CBsi3aHa C MPOLIECCOM MEJIaHU3alui U BHIOPOCOM
AKM, xoTOopbIe BO3MOXXHO CIIOCOOHBI YHHUYTOXKATh TUdanbHbie Tena (Slepneva et al., 2003;
Komarov et al., 2005; Semenova et al., 2014). IIpu 3TOM U3BECTHO, YTO TPUOBI CIIOCOOHBI
BBDKMBATh BHYTPH JIJaHHBIX KaTICYJI ¥ BEIXOAUTH M3 HUX 3a CUET JCHCTBUS THAPOIUTHIECKUX
(epmeHTOB 1 npoxykuuK TokcuHoB (Wang et al., 2012; Feng et al., 2015). Beokuanue rpu-
00B B METTAHOTHYECKOH KaIlCyle TaKXKe BEPOSITHO MOXKET ITPOUCXOIUTD 3a CUET TOBBIIICHHON
9KCIIPECCHU TPUOAMH aHTHOKCHJAHTHBIX (PepPMEHTOB, KOTOpPBIE B IIPUPOHOMN Cpejie aKTHBHO
3aIIMIIAI0T TPHOBI OT BHEIIHHUX (PAaKTOPOB, B MIEPBYIO OUEPEIb OT YIbTPa(hnoIeTOBOro n3iy-
yenus (Xie et al., 2012; Zhang, Feng, 2018). [1o Bceil BUANMOCTH, MHKAIICYJISIHS SIBISIETCS
3¢ PEKTHBHBIM MEXaHH3MOM WHAKTHBAIIUH TPHOOB MPH WHPHUIUPOBAHIH HU3KUMH J03aMHU
WIN C1a0OBUPYJICHTHBIMU IITAMMaMU U MOXKET HPUBOJIUTH JIMOO K OCTAaHOBKE IaToreHesa,
00 TIepexoay MEKO3a B MEPCHUCTHUPYIOIIEE COCTOSHHE B opranmiMe xo3smHa (Chouvenc
et al., 2009; Kryukov et al., 2018a).

K HacrosimeMy BpeMeHH HOSBISIFOTCST paOOTHI 110 TaK Ha3bIBAEMOMY 1TaTOTEHHOMY ITpaii-
mupoBaHuio (priming of pathogen resisance) opranuszma xo3sinHa. CyTh €ro 3aKJIH04aeTcs
B TOM, YTO IIPEIBAPUTEIBHOE HHPHUIIMPOBAHNE HACEKOMBIX CyOJIETalbHBIMHI JI03aMHU T1aTOT€HA
MIPUBOAUT K IOBBIILICHUIO YCTOMYMBOCTH K 00Jiee BBICOKMM J103aM (B HEKOTOPBIX CIIydasx
K cMepTensHbIM 103aM) (Mikonranta et al., 2014). DTr aBTOpPBI CAUTAIOT, YTO 3TO 00YCIOBICHO
noBbInIeHHOH renepanueid AKM B opraHn3mMe HaCEKOMBIX, XOTS JI0 KOHILIA MEXaHH3M JTOTO
SIBJICHUS HE siceH. [10 HalreMy MHEHHIO, 3/1€Ch UTPAIOT KIIFOYEBYIO POJIb HE TOJIBKO PAANKAIIBI,
HO M JICTOKCHLIUPYIOIINE U aHTHOKCHJAHTHBIE (DEpPMEHTBI, YPOBEHb U aKTHBHOCTbH KOTOPBIX

MOXET MEHATHCS NTPU cy6neTaanHx BO3ICHCTBHUAX MHUKPOOPTaHN3MOB Ha HAaCEKOMBIX.

BiausiHue 3K0JI0ri4ecKux (l)aKTOpOB Ha q)I/I3I/lOJIOFl/I'l€CKl/Ie BSaHMOIIeﬁCTBHH
MEXKAY IHTOMONATOI€HHBIMHA rpnﬁaMn U HACEKOMBbIMH
Veneninoe pa3BUTHUC FpI/I6OB B OpraHU3MC HACCKOMBLIX B 3HAYUTEIHHON CTCIICHHU
3aBHCHUT OT (bPI?,I/IOJ'[OFI/I‘IeCKOFO COCTOSAHHSA XO35CB. BepOHTHO, YTO B €CTCCTBCHHLIX YCJIO-
BHUAX SHTOMOIIATOICHHBIC ACKOMUIICTHI HanboJiee 4acTo MMOPaAXXarT HACCKOMBIX, ocabieH-

HBIX Pa3IMYHBIMU CTPECCOBBIMH Bo3aercTBHsAMEU (Boomsma et al., 2014). {nst 3apaxeHus
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HACEKOMBIX YaIlle BCEro0 HEOOXOMMMBI BRICOKHE JT03bI KOHU/IHI TPHOOB — JECATKH M COTHH
THICSY KOHUIUH Ha ofHy 0co0b (Jaronski, 2010; Ment et al., 2010; Kryukov et al., 2018b).
OnHaKo TOJ JCHCTBUEM Pa3IMUHBIX CTPECCUPYIOIMINX (PAKTOPOB MIIA COMYTCTBYIONIIMX HH-
(eIt MOKET IPOMCXOAUTH MHOTOKPATHOE MOBBIIIEHIE YYBCTBUTEILHOCTH K TPUOAM M VTS
Pa3sBUTHS MHKO3a CTAHOBSITCS JOCTATOUHBIMH HU3KHUE J03bl. B Apyrux ciydasx, HapoTHUB,
BO3JIEHCTBIE CTPECCOB MIIM MPUCYTCTBUE TEX MIIH WHBIX MUKPOOPTAHU3MOB B XO3SHHE MPH-
BOJIMT K MOBBIIICHUIO YCTOWYUBOCTH K TPUOHBIM naroreHam. Hike paccMotpum Haubosee
XOPOIIIO M3yYCHHBIC (AKTOPHI, TAKHEC KaK CyOONTHMAIbHBIC TEMIICPATYPhl, TOKCHKAHTHI,

COIMYTCTBYIOIIHC I/IH(i)eKIII/II/I " Mapa3suToubl.

dakTop TeMmneparypsbl

Temneparypa — BaXHEHIINI (axkTop, BIUAIOMMNA Ha pa3BUTHE TPHOHBIX MTATOTCHE30B
y HaCEKOMBIX. Pa3BuTHE M MCXOJ MUKO3a 3aBUCST OT JABYX COCTABIISIIOIINX — TEMIIEPATypPHOTO
ONTHMyMa (M JIMMHTOB POCTa) CaMOT0 MaToreHa M (yHKIMOHUPOBAHMS 3alIUTHBIX CHCTEM
x03siuHa. ONTUMYMBI POCTa OOJIBIIMHCTBA YHTOMOIATOICHHBIX aCKOMHUIIETOB HAXOASTCS
B ananazoHe 20-30 °C ¢ mumurtamu 835 °C, HO 3TH TIOKa3aTeNN 3HAYUTECIHFHO BaphUPYIOT
KaK y pasHbIX BHJIOB, TaK M y Pa3HbIX M30JLITOB B mpesenax Buaa (003op: Vidal, Fargues,
2007). 3nadeHue TeMIeparypHOil OMOJIOTHH XO35MHA B Pa3BUTHHU TPUOHBIX OONE3HEH K-
NEePUMEHTAJIBHO M3Y4aloCh NPEHMMYIIECTBEHHO Ha MOJIEIISIX C MCIIOJIb30BAHUEM TPUOOB U3
ponoB Metarhizium n Beauveria, a naHHbIe, Kacaromuecs: 6oyee CrennaIn3upOBAHHBIX
TeneoMOp(HBIX TPUOOB, MPAKTHUCCKUA OTCYTCTBYIOT. B OONBIIMHCTBE CIIydacB IJIUTEIbHOC
WIA KPaTKOBPEMEHHOE MOBBIIICHNWE TEMIIEPATyphl MPUBOIUT K IOBBIIICHUIO KICTOYHOTO
U TYMOpPaJbHOTO MMMYHHUTETA U, COOTBETCTBEHHO, ITOBBIIICHUIO YCTOHYMBOCTH K HTOMO-
maToreHHBIM Tpubam (Zibaee et al., 2009; Fuller et al., 2011; Catalan et al., 2012; Kryukov
et al., 2018a, b; Shamakhi et al., 2019), x0T KpaTKOBPEMEHHBII XOJOI0BON CTPECC MOKET
TaKKe aKTHUBHPOBATh aHTHTPUOHBIC 3amuTHEIe cucTteMbl (Mowlds, Kavanagh, 2008). Hampo-
THB, B YCJIOBHSIX TIOCTOSIHHOW TIOHM)KEHHOM TeMIepaTypbl BOCIIPUUMYHMBOCTD K TpHOaM vaiie
BCETO Bo3pacraeT. Harpumep, orpaHnueHne NOBEJCHIECKOH TEPMOPETYIIALINH Y CapaHIOBBIX
NPUBOJIMIIO K MX ITOBBIIIEHHON BOCIPUUMYUBOCTH K M. acridum w B. bassiana (Blanford,
Thomas, 2001). Orparndenue TepMOperyisuu y Locusta migratoria L. mpuBomuiio k 6ornee
PE3KOMY TIOJIAaBJICHUIO KJIETOYHOTO UIMMYHUTETa rpudboM M. acridum 1o cpaBHEHHIO C 0CO-
0sMH, Yy KOTOPBIX ObLIIa BO3MOXKHOCTE peryanpoBaTh Temmeparypy (Ouedraogo et al., 2003).
Jl1st TMYMHOK BOLMHHOM OTHEBKH TIOKAa3aHO, YTO CHI)KEHUE TEeMIIEpaTyphbl OT ONTUMAJILHOM
(35 °C) no cy6onrumansHOH (25 °C) MpHUBOIUT K YCHICHHIO BOCIPHAMYHBOCTH K TPHOY
M. robertsii B 10 pa3 (Kryukov et al., 2018b). [Ipu noHmxeHun TeMiieparypbl y OrHEBKH
N3MEHSAJIOCH COOTHOIICHNUE SMUKYTHKYISIPHBIX JKHPHBIX KHCIIOT, HAPYIIAINCh MEXaHU3MBI
AQHTUTPUOHOM 3allUTHI, CBSI3aHHBIC C AKTHBHOCTBIO (DEHOJIOKCHIA3 M YPOBHEM UHKAIICYJISILIUH.

@amnep ¢ coaBropamu (Fuller et al., 2011) moxa3amu Ha Tepmurax Nasutitermes acajutlae
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(Holmgren), 4ro Temmeparypa MX THE3] IO3UTUBHO KOPPEIHMPYET C YPOBHEM (PEHOJIOK-
CH/Ia3HOM aKTHBHOCTH W HETaTHBHO KOPPEIHPYET C YPOBHEM BOCIPHUMYHBOCTH K TpUOY
M. anisopliae.

OTenbHOTO BHUMAHUS 3aCITy’KHBAeT BOCIPUUMYHUBOCTH K TPHOAaM B COCTOSHHUH XOJIO-
JIOBOH amarnay3bl. Bo Bpems 3Toii Juanay3bl MIMMYHHTET HACEKOMBIX IPOJIOJIKAET paboTaTh
(Nakamura et al., 2011), Bce ke HaHHOE COCTOSIHHE, MO-BHAMMOMY, SIBIISICTCS OJIarompu-
SITHBIM JIUISL pa3BUTHsI MUKO30B. Tak, y cBepuka Gryllus veletis Alexander & Bigelow Bo
BpeMs 3UMHEH Juarnay3bl HaOIIogaeTCsl CHIDKEHHE YPOBHS MENaHU3AIMH M BO3pacTaHUE
BOCIIpUUMYUBOCTH K M. anisopliae (Ferguson et al., 2018). ¥ muuunok Eurosta solidagnis
(Fitch) B ycioBusix 3uMHEH amarnay3bl YCTOMUUBOCTE Tpuly Metarhizium brunneum Petch
ObuIa CHMDKCHHOW 110 CPaBHEHUIO C HACEKOMBIMH, COOpPaHHBIMH BECHOH M OCEHbBIO, XOTS
y Curculio sp. HanubobIIas BOCIPUUMYNBOCTD PETUCTPUPOBANIACH B OCEHHUH MEPHOJ, YTO
TaKke OBUIO aCCOLMMPOBAHO C HU3KUM ypoBHeM Menanuzauuu (Ferguson, Sinclair, 2017).

Hawmu mpoBenieHa cepus SKCIIEpUMEHTOB Ha JIMYMHKAX BOITMHHONW OTHEBKH, 3aPaKCHHBIX
rpuboM ¢ orpanndeHHol cnenuanuzauueid Cordyceps militaris (L.) Fr. (Kryukov et al., 2018a,
2020). DxcriepuMeHTHI TPOBOAUIUCH Tipu 25 °C (aKTUBHOE COCTOSTHUE HAaCEKOMBIX) U 15 °C
(dpakynpraTuBHas nuanaysa). JIMYMHKN OBLIIM BeChbMa 4yBCTBUTENIBHBI K TPUOY B COCTOSTHUN
JUarnays3bl, TOrna Kak B aKTHBHOM COCTOSTHHM OHH OBUTH CTIOCOOHBI «BBI3IOPABINBATE» U
YCIIENTHO 3aBepiaTh MeTaMopdo3. B akruBHOM coctostHun (25 °C) Mbl HaOMIOATHN TOBBIILIE-
HUE ypOBHsI (DEHOJIOKCH/1a3 M MHKAIICY/ISILIMKU B OTBET Ha MH(EKIMIO, TOTa KaK B COCTOSIHUH
auanayssl (15 °C), HanpOTUB, PErNCTPUPOBAIIOCH MAJEHUE ITUX ITaPaMETPOB UMMYHHUTETA
(Kryukov et al., 2018a). Kpome Toro, mpu BBICOKOW TeMIIEpaType pPEeruCTpUpoBacs Ooiee
BBICOKHH IOJBEM DKCIIPECCUN aHTUTPUOHBIX MENTHA0B TaJIHMOMUIMHA U TajlIepUMHIIIHA
(Kryukov et al., 2020). IaTepecHO, 4TO B aKTHBHOM COCTOSTHHH JIMIMHOK (25 °C) uHbeKIus
Tepexo/iiiia B IEPCUCTUPYIONTYIO (POPMY, HO MOIVIa OBITh aKTHBHPOBAHA B CTAJMU KYKOJIKH
WM UMaro, 0COOCHHO MPH MOMEIIECHUHM HACEKOMbIX B xosoaHbie ycioBus (Kryukov et al.,
2018a). MBI mpeAnoIoKIINA, YTO TPUOBI C OTPAHUYCHHOW CICIUATH3AIUeH TaKue Kak
C. militaris IMEIOT MeHee Pa3BUTHIE MEXAaHU3MBI YIPABICHUS UMMYHHUTETOM XO3€B IO
cpaBHeHUI0 Metarhizium v Beauveria, 410 COOTHOCHUTCS C IOJIHOT€HOMHBIMH HCCIIE/IOBaHUSI-
MU 3THX rpymi rpu6os (Zheng et al., 2011; Xiao et al., 2012). Bo3moxHO, TesieoMophHbIE

r‘pI/I6BI HpI/ICHOCO6J'[eHI)I K pa3dBUTHUIO B XO34€BaX, HAXOAAIUXCA UMCHHO B CTalMU JUAlldy3bl.

Bo3neiicTBHEe TOKCUKAHTOB

BO3,Z[€I7[CTBPI€ CUHTCTUYCCKUX WJIM NPUPOAHBIX HHCCKTUIIMAOB, KaK IIPAaBUJIO, IPUBOAUT
K YCUJICHUIO BOCIIPMUMYHMBOCTH HACCKOMBIX K S3HTOMOIIATOT€HHBIM FpI/I6aM Ha YpOBHC al-
JAATUBHOTO WJIN CUHECPTUCTUYICCKOT'O 3(1)(1)€KTOB. HpH‘H/IHOﬁ 9TOTO SABJISICTCA PAA H3MCHCHUM

KaKk B MMMYHHOM OTB€TC, TaK U B O6H_le(1)I/ISI/IOJ'IOFI/I‘ICCKI/IX 1 TIOBCIACHYCCKHX MOI[I/I(bI/IKa-
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nusax. B o63ope [xeiimca u Key (James, Xu, 2012) moka3aHo BIUSHHE PaCTHTEIHHBIX
W CHHTETHYECKMX MHCEKTHIMJIOB Ha IapaMeTpbl MMMYHHTETa HAaCEKOMBIX: KJIETOYHOTO,
B T. 4. aKTUBHOCTb MHKAICYISIIIMU U TYMOpaiIbHOTO — 3Kcnpeccuio AMII, aktuBHOCTH (e-
HOJIOKCH/Ia3, aHTHOKCHIAaHTHBIX, AETOKCHIMpYomuX ¢GepmentoB. CyiiecTByer psj pador
10 MCCIIEA0BAHUIO KOMOMHUPOBAHHOTO BO3/EHCTBHSI MHCEKTHLIIOB U SHTOMOIIATOTEHHBIX
rpuboB Ha (u3NOIOrHYEcKHe CUCTEMbl HaceKOMbIX. XupoMopu u Hummraku (Hiromori,
Nishigaki, 2001) ycTanoBwin, 9To CHHEPru3M Mexay M. anisopliae s. 1. 1 nHCEKTHIHAA-
MU ((eHnTpoTHOH U TeduryOeH3ypoH) Ha JmuuHKax Anomala cuprea Hope accouuupoBan
C CHUJIBbHBIM Ia/ICHUEM aKTHBHOCTH ()EHOJOKCHJAa3bl U IyJia TPAHYJIOLUTOB IIPH COBMECT-
HOM JICHCTBUM yKa3aHHBIX areHToB. 3ubau c¢ coaBropamu (Zibaee et al., 2012) nokaszanu,
YTO COYETaHWE aHajora IOBEHWJIFHOTO TOPMOHA MHUpHUIpokcudeHa u rpuda B. bassiana
MIPUBOJUT K WHTMOMPOBAHUIO Psijia MApaMETPOB KIETOYHOI'0O MMMYHHTETa M CHHIKCHUIO
(heHOMOKCHIA3HOW aKTUBHOCTH Y Kiona Eurygaster integriceps Puton. Ilapk u Kum (Park,
Kim, 2011) ycranoBuiH, 4T0 MeTabOIUT OAKTEPHAIBLHOTO MTPOMCXOXKICHUS OCH3MINICHA-
LETOH YCHJINBACT BOCHPUUMYUBOCTh JUYMHOK COBKH S. exigua K rpuby B. bassiana na
OCHOBE HapyIlIEHUS] IMMYHHOTO OTBETa K MUKO3y CO CTOPOHBI KJIETOYHOTO UMMYHHUTETa U
psma AMIIL. CoBMecTHOE BO3/IEHCTBHE MHCEKTHIIAA Ha OCHOBE PACTUTEIHHOTO aIKAIONIa
MarpuH u rpuba Lecanicillium muscarium R. Zare & W. Gams Ha OeJlOKpbUIKY Bemisia
tabaci (Gennadius) 6put0 m3ydeHo A ¢ coapropamu (Ali et al., 2017). ABTops! ToKa3anm,
YTO CHHEPIru3M OOYCIJIOBJIEH HapyLIEHHEM psiJia aHTHOKCHJIAHTHBIX M JIETOKCHUIMPYIOIINX
peaKIuii, a TakXKe aleTIIXOIMHOBOTO OallaHca y HACEKOMBIX MPU KOMOMHHPOBAHHOM JI€ii-
CTBMM MarpuHa M rpuOHOI uHpexnuu. Cxonubie 3G ¢GeKThl OblIM BHISBICHB HA capaHye
L. migratoria nipu KOMOMHMPOBAHHOM JEHCTBUHM PHAHOWAA XJIOPAHTPAHWINIPOI U rpuda
M. anisopliae (Jia et al., 2016). ABTOpBI TIPESIIOIOKIIIH, YTO OCHOBHASI IPUYHMHA CHHEPTH3Ma
CBsI3aHA C HapylIeHHEeM OajiaHCca MOHOB KaJbIHs B HACEKOMOM-XO3SIMHE.

[Ipu cunepruzme Mexay rpudamMy U MHCEKTHIMJIAMU Ba)KHYIO pOJIb UTparoT olriedu-
3MOJIOTMYECKNE HAPYIICHUS Y HACEKOMbIX, TAKNE KaK HapyIIeHHE NMUTAHUS W OTCTaBaHHE
B paseutuu (Furlong, Groden, 2001, 2003; Akhanaev et al., 2017; Fisher et al., 2017). Ha-
mpumep, @umrep ¢ coasropamu (Fisher et al., 2017) mokazanm, 9To CHHEPTH3M B CMEPTHOCTH
xyka Anoplophora glabripennis (Motschulsky) npu koMOMHUPOBaHHOM BO3/I€HCTBUM TpHOa
M. brunneum ¥ HEOHUKOTHHONA UMUAOKIAIPH/IA aHAJIOTHYIEH TAKOBOMY TIPH BO3JEHCTBUN
M. brunneum w rononanus. OJHONW M3 NPUYUH CHHEPrH3Ma SBISETCS TO, YTO JICHCTBHE
MMHJIOKIIANPUAA Ha )KyKOB, KaK M TOJIOJJAHUE, ITPEAOTBPAIIACT MOBBIIICHUE YPOBHS MHKAII-
CYJISILIMY, BbI3bIBaeMoe rpubHoN nHpekueid. OnHaKko moj BO3AEHCTBHEM WMHJIOKIIANpUIa
JMaHHOE MHrHOMpoBaHMe ObUTO Oosiee CHIIBHBIM, YeM NpH Tojomxanuu. Hamu B cepum padot
Ha JINYMHKAaX KOJIOPAJICKOIO KyKa MOKa3aHO, YTO MPUPOJIHBIE M ITOJYCHHTETUYECKHE WH-

CEKTUIH/bI (aBEPMEKTHHBI, ()TOPUPOBAHHBIC TPOM3BOIHBIC YCHUHOBOIN KHCIIOTHI) SBIISIOT-
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CSl CHIIBHBIMH CHHEPTUCTaMU TpuOoB M. robertsii m B. bassiana (Tomilova et al., 2016;
Akhanaev et al., 2017; Kryukov et al., 2018c). Cpeau ¢puznonorunueckux U3MEHEHUI MBI
PETHCTPHUPOBAIIN HAPYIIIEHHE KJIETOYHOTO IMMYHHOTO OTBETA M aKTHBALIMH AaHTHOKCHIAHTHBIX
1 JICTOKCUIUPYIOMUX (PEpMEHTOB K IPHUOY IO/ BIMSHHEM HOJYJIETATBHBIX HIH CyOIeTaabHBIX
7103 3TUX TOKCHKaHTOB. OHaKO OoJiee CyIecTBEHHBIM (JaKTOPOM, BIMSIOIINM Ha YCHIICHHUE
BOCIIPUMMYHMBOCTH K IpuOy, ObUIa 3a7iep)KKa B Pa3BUTHU IO BIUSHHEM WHCEKTHIHJIOB,
MIPUBOAAIIAS K «(UKCAMN HA ONPEIEIICHHON BOCIIPUIMYHNBON CTaINH OHTOTeHe3a (Hadaio
IV nmuuunounoro Bo3pacra) (Tomilova et al., 2019). Bricokast BOCIPUUMYUBOCTD ATOM CTAIUN
OblJ1a aCCOIMMPOBAHA ¢ HAMOOJIBIINM OOHMIMEM HACHIIIEHHBIX YIIIEBOAOPOAOB STHUKY THKYJIbI,
BBICOKOW aTTPaKTUBHOCTBIO KYTHKYJIBI JUIsl KOHUAWH, TOHKOW KYTHKYJIOH, a TaKkKe HU3KHM
YPOBHEM OOIIEro Yucia TeMOIUTOB M MHKAICYIALUH, IO CPAaBHEHUIO ¢ Oojee MO3AHUMHU
CTaJusMU OHTOreHe3a. TakuM 00pa3oM, YCHIICHHE BOCIIPUUMYMBOCTH HACEKOMBIX K TprOaM
10 BCEH BUIIUMOCTH TPOUCXOHT M3-32 HAPYIICHMS 1IEI0TO KOMIUIEKCA MMMYHHBIX PEaKIIUH
B pe3ysbTaTe BO3AEHCTBUSI TOKCMKaHTOB. KpoMe TOro, CyliecTBEHHYIO POJIb 3/I€Ch HUIPaIOT

OHTOI'CHECTUYCCKHUEC U3MCHCHUA, HaOIrOmaeMbIe IO/ ICHCTBUEM MHCEKTHIHUIOB.

Poab COMYTCTBYHOLIMNX I/IH(i)eKlIl/Iﬁ H CHMOMOTHYECKHX MHUKPOOPraHu3smMoB

CormyTcTByromue 6akTepuaIbHbIE TATOTEHBI MOT'YT 3HAYUTEIBHO YCHIINBATh BOCIPHUUMYH-
BOCTh HACEKOMBIX K TprOaM. XOpOIIO U3BECTHO, YTO CYO- M MOIYJICTabHBIE J103bI OaKTepUH
B. thuringiensis CyleCTBEHHO MOBBIIIAIOT BOCIPHUMYUBOCTD pa3HbIX BUIOOB Coleoptera
n Lepidoptera k rpudam Beauveria v Metarhizium Kak B 71a0OpaTOPHBIX IKCIIEPUMEHTAX,
Tak ¥ B moseBbix ycimoBmsax (Wraight, Ramos, 2005, 2017; Kryukov et al., 2009; Sayed,
Behle, 2017). Ha npumMepe JIMUMHOK KOJIOPAJCKOTO XKyKa IMOKAa3aHO, YTO NMPUYMHAMH JIaH-
HOTO CHHEpTuU3Ma SIBJISIIOTCS 3aJiepKKa pa3BUTHS TOJ nelicTBueM Oaktepmosa (Wraight,
Ramos, 2005), a Takke HapyIICHHs] KJICTOYHOTO MMMYHHOI'O OTBETa, N3MEHEHHS B aKTHB-
HOCTH ()EHOTOKCHIA3, aHTUOKCUIAHTHBIX U JETOKCHLIUPYIOMINX (PEPMEHTOB 10 BIMSHUEM
B. thuringiensis (Yaroslavtseva et al., 2017). MUKpoCrIOprIM03bl TAK)K€ MOBBIIAIOT YYB-
CTBUTEJIHOCTb X0351€B K I'pUOHBIM HH(DeKuusAM Beauveria u Metarhizium, 410 MOKa3aHO Ha
capaH4yoBbIX ¥ 4enryekpslibix (Tounou et al., 2008; Rahman et al., 2010; Tokarev et al.,
2011), XOTst UMMYHHBIA OTBET K TPUOY MO IEHCTBUEM MHKPOCIOPHIMO30B CIEIHAIBHO
He uccnenosaicsi. Hemaronsr Sychnotylenchus sp., acCOIMUPOBAHHBIE C YCCYPUHCKHUM I10-
murpadom Polygraphus proximus Blandford, BbI3bIBatoT moBbiieHHE BOCIPUUMYHBOCTH
HACcEeKOMOro-xo3siuHa K rpudy B. bassiana (Kerchev et al., 2017). IIpu 3ToM y simHMHN T10-
aurpada, 3apaKeHHOM HEMaTOaaMu, OTMEYEH CHH)KCHHBIH ypOBCHb (DEHOJIOKCHUIAA3HON U
9CTEpa3HON aKTHMBHOCTH I10 CPABHEHMIO C JIMHHMEH, CBOOOJHOM OT HEMATO.

IIpu pa3BuTHH MHUKO30B TPHOBI BCTYNAIOT BO B3aWMOOTHOLICHHS ¢ CUMOMOTHYECKON

¢utopoit x03s51MHA, JIOKAIU3YIOLIEiCcsl Ha TIOKpOBax, B remolene U kumednuke (Boucias
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et al., 2018). OTi B3anMOAEHUCTBUSA MOTYT OBITh IPSIMBIMU (HA OCHOBE QHTarOHUCTHYECKHUX
B3aMMOJICHICTBUH MEX/Jy MHUKpPOOpPraHW3MaMH) JIMOO ONOCPEJI0BAaHHBIMU Yepe3 peakiuu
TYMOPAJIBHOTO ¥ KJIETOYHOTO MMMYHHUTETa X03siMHA. B mepBoM cirydae OakTepHaIbHbIE ac-
COLIMAHTBHI Yallle BHICTYNAIOT KaK 4acTh 3alUTHOIM CHCTEMbI HACEKOMOTO, BO BTOPOM — MOT'YT
MIPUBOANTH KaK K @aHTArOHU3MY, TaK U K CHHEPTU3MY C TPUOHBIM NaTOTEHOM.

YCcTaHOBJIEHO, YTO TPAMIIOIOKUTENbHBIE OakTepun Bacillus sp., acCOMMPOBAHHBIE C
KyTHKYJION IIMKAI0BBIX U A€Nb(AINI, TPOSBIISIOT aHTAaTOHU3M 10 OTHOIIEHHUIO K OOJIBIIOMY
KOJIMYECTBY H30JIITOB B. bassiana u M. anisopliae (Toledo et al., 2011, 2015). BonbIoit muki
paboT Mo KyTHKYISIpHOH (hr1ope OBLT ITpoBeieH Ha MypaBbAX-THCTOPe3ax pona Acromyrmex
(Mattoso et al., 2012; de Souza et al., 2013; Couceiro et al., 2016 u np.). Ha kytukyne stux
MypaBbEB Pa3BUBAIOTCS MyTyallICTHUECKIE akTHHOOakTepnn — Pseudonocardiaceae, koTopsie
CIIOCOOCTBYIOT 3all[UTE BHIPALIMBAEMbIX MYPaBbsMH 0a3UIMOMHLIETOB (MCIIOJIB3YEMBIX JUIs
MIUTAHUS) OT CHENNAIN3UPOBAHHBIX I'PHOOB Escovopsis, a TaKKe OT Pa3IMdHBIX SHTOMO-
raroreHoB, BKimodasi Metarhizium. TloBepxHOCTHast 00pabOTKa MypaBbeB aHTHOMOTHKAMH
TIOBBIIIaIa BOCIIPUUMYHNBOCTE MypaBbeB K Metarhizium.

B3auMozelicTBHsS SHTOMONATOT€HHBIX IT'PHOOB ¢ OaKTEpPHSIMHU TEeMOLENsT ¥ KUIIEeYHHKa
MOTYT OBITh KaK AHTarOHUCTUYECKUMHM, TaK U CHHEPTUCTHUCCKUMH. TeOpEeTHUECKN INpH
Pa3BUTHH MHKO3a TPUO JOJDKCH MHTHOMPOBATh MUKPO(DIOPY X03sMHA, B OCOOCHHOCTHU ac-
COIIMMPOBAHHYIO C KHIIEYHBIM TPAKTOM, HOCKOJIBKY 3TO KPUTHYHO JUISl 3aBEPIICHUS [UKIIA
1 00pa3oBaHus Io4YepHero nmokojeHus rpuda (Boucias et al., 2018). OxgHako sKcrieprMeH-
TaJbHBIC JIAHHBIC Yallle CBHJICTEIBCTBYIOT O MOABEME OOIIEro Iysa KUIICYHBIX OaKTepui
WM OTJEJBbHBIX IpecTaBuTeNel IpH pa3BUTHHU Ipubda B KyTHKyie U remouene (Wei et al.,
2017; Ramirez et al., 2018; Xu et al., 2018). Ha npumepe umaro komapoB Anopheles mo-
Ka3aHo, 4TO NMEPKYTUKYISIpHOE HHpUIIMPpOBaHUE TpUOOM B. bassiana TPUBOIUT K CHUKECHHIO
B KHUIIEYHHMKE akTUBHOCTH ayanokcuaasbl (DUOX), orBeTcTBeHHOM 3a mpoaykuuio AKM,
a TaKKe K CHIDKCHHIO ECHPECCHH TCHOB KOAMPYIOIINX aHTUMUKPOOHbIE menTuasl (Wei
et al., 2017). DTo compoBOXKAacTCsI MOIBEMOM YHCIICHHOCTH YCIOBHBIX TIATOTCHOB Serratia
marcescens  00yCIOBIMBaeT X NPOHUKHOBCHHE M3 KHIIeYHHWKa B remorens (Wei et al.,
2017). danHble mporecchl criocoOCTBYIOT Ooliee ObICTPOMY pa3BUTHIO I'PHOHOIN MHDEKIHH
y Anopheles. Y xyxoB-kopoenoB Dendroctonus valens LeConte epKyTHKYIIpHOE WHPHUIIH-
POBaHNE KOHUAUAMMA B. bassiana MIPUBOANIIO K IMOBBIMICHUIO OTHOCUTCIILHOTO OOMIIHSI KHILIEY-
HBIX IpoTeobakTepuii Erwinia, a CKapMIIMBaHUE JaHHBIX OaKTEpUH aKCEHHBIM JKyKaM BbI3bI-
BAJIO MOBBIIIEHUE BOCIIPUUMYHBOCTH K TpruOHO# nHpekun (Xu et al., 2018). Takum oOpazom,
B JIAaHHBIX B3aMMOOTHOUIEHUSX (POPMHUPYETCST KOMIUIEKC IPSIMBIX M 0OpaTHBIX CBsI3el, IpH-
BOZSIINX K CHHEPTru3My. I pub crocobeH «MaHUITyIMpOBaTh KUIIEYHOH MUKPOOHOTOM uepe3
KOMIIJIEKC IMMYHHBIX pEaklnii X03sIMHa, YTO MPUBOIUT K 000CTPEHUIO IPUOHON HH(EKINH.
ComnocraBumble pe3yasTarsl nomydeHsl Kpamce ¢ coasropamu (Krams et al., 2017) Ha Bo-
IMHHOW orHeBKe. COIVIACHO 3TUM JIaHHBIM JIMYMHKH C 00eJHEHHOI KuineuHoW (iopoii
XapaKTEpU3YIOTCA 0osiee BHICOKMM YPOBHEM HHKAICYISAINH W TOBBIIIEHHOHN 3KCIpeccuei
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AMII B remonumde, 4TO MOXKET KOCBEHHO CBHAETENHCTBOBATH O MOBBLIICHUH PE3UCTEHT-
HOCTH K TPUOHBIM MH(EKIIUSIM.

AHTaroHUCTUYECKHE B3aWMOOTHOIICHUS TPHOOB C KHIICYHBIMH OAKTEPHAMH OIHCAHBI
MIPEMMYLIECTBEHHO B CIIy4asiX IIepopasibHOT0 HHHIUpoBanus. Hanpumep, npu nogasieHun
KHImeyHoi (uiopsl pepKero TapakaHa Blatella germanica (L.) ¢ mOMOIIbI0 aHTHOMOTHKOB
HACEKOMbIC CTAHOBHMJIMCh 3HAYUTEIBHO Oojiee BOCHPUMMYMBLI K TpuOy M. anisopliae nipu
ckapwinBaHuH KoHUAWH (Zhang et al., 2018). Wxoy ¢ coaBropamu (Zhou et al., 2019) mo-
Kazayu, 4yto Myxu Delia antiqua (Meigen), BbICOKO-PE3UCTEHTHBIC K TPHOHBIM HHPEKIUSIM,
yTpaunBaroT 3TO CBOMCTBO IPH MHIMOMPOBAaHUU MHUKPO(MIIOPHI C MOMOIIBI0 aHTHOMOTHKOB.
HHTepecHO, 4TO HEKOTOpbIe OOIUraTHbIE BHYTPUKICTOYHBIE CHMOUOHTHI CIIOCOOHBI MHTHU-
OupoBaTh pa3BUTHE MHKO30B. B wactHOCTH, MOKa3zaHo, uTo npucyrcreue Wolbachia moxer
YCHJIMBAaTh PE3UCTEHTHOCTH Nipo3o¢un D. melanogaster x rpuly B. bassiana (Panteleev et al.,
2007). CxonHbIM 00pa3oM y TIeH MPUCYTCTBUE IHAOCUMONOHTOB Rickettsia n Spiroplasma
TIPUBOJIMIIO K TTOBBIMICHUIO YCTOWYMBOCTH K SHTOMOGTOpOBOMY Tpudy Pandora neoaphidis
(Remaud. & Hennebert) Humber 1100 k CHHXEHHIO CHOPYJISILMHA ATOrO rpuda Ha Tpyrax
et (Lukasik et al., 2013).

BosneiicTBre pa3nmuyHbIX OMOTHYECKMX M a0MOTHUYCCKUX (PaKTOPOB MOXKET HMPUBOAUTH
K U3MEHEHHIO BOCIIPUUMYHBOCTH K TPHOHBIM HHPEKLHUSIM Yepe3 N3MEHEHHS B MUKPOOHOMe
HaceKoMbIX. Hanpumep, Bo3neiicTBHe HU3KHUX 103 HEHPOTOKCHUECKUX MHCEKTUINAOB (KOM-
TUIEKC aBEPMEKTHHOB) Ha JIMUMHOK Komapa Aedes aegypti (L.) IpUBOIUT K MEpecTpOrKe MU-
KpoOHOMa B CTOPOHY CHM)KEHHSI OTHOCUTEIILHOTO 00MiIMs akTuHoOakTepuid Microbacterium
paraoxydans — aHTarOHUCTOB TPUOOB U YBEIUYCHUSI OTHOCHTEIBHOTO OOMIINS HEKOTOPBIX
CHHEPIHUCTOB TpHOOB, Takux Kak Pseudomonas sp. (Noskov et al., 2020). D10 npuBogut
K Oonee OBICTPOI KOJOHM3ALUM I'€MOLENS JIMYMHOK I'HaabHbIMU TeldaMu M. robertsii u,
COOTBETCTBEHHO, OoJiee OBICTPOil rude HaCeKOMBIX. B 11esioM u3yueHue B3auMoeicTBHi
MEXy TTaTOreHHBIMU IpUOaMH U CUMOMOHTHON MUKPOQIIOPOH HAaCEKOMBIX HaXOIUTCS Ha

HadaJIbHBIX 9Talax nu Tpe6yeT Ooiee FJ'Iy6OKI/IX PICCJ'IG,I[OBaHPIfI.

Mapa3uTouasl

KoHKypeHTHbIE B3aMMOJCHCTBHSI MEXK/Ty TTapa3UTONIaMH U SHTOMOIIATOTEHHBIMH TpUdamMu
Yalle BCero CKJIa/IbIBAIOTCS B MOJIb3Y TPUOOB, ITPU 3TOM UCXOJ] B OTHX OTHOLICHUSIX 3aBHCHUT
OT TIOCJIEI0BATEIBHOCTH M MHTEPBAJa BpEMEHH MEX/y OTKIIAJKON SHUII Mapa3uTONIOM B/HA
xo3suHa " ero mHpummposanuem rpudamu (Roy, Pell, 2000). Kakx mpaBuio, demM MeHbIIe
MHTEPBAJl MEXK/y OTKJIQJIKOHN SIUI] U TIOCIIETYIONIMM HHPHUIMPOBAHHEM IPUOOM, TEM MEHBIIIE
IIAHCOB y Mapa3uTouja MPOWTH ycleurHoe pa3Butue. [Ipu 3ToM mapa3uTouasl 4yacTo He
crocoOHbI uddepeHInpoBaTh 3apakeHHBIX U HE 3apaKCHHBIX I'pHOaMu X03s1€B, 0COOCHHO
€CJIM pedb WICT O PaHHUX CTAAWAX pa3BUTHS MUKO30B (Baverstock et al., 2010). ITapa3u-
TOUABI BBIACIAIOT PAa3IMYHbIE aHTHOMOTHYECKHE KOKTEHIN JUIS MOJABICHUS IaTOr€HHbBIX

U CUMOMOTHYECKMX MHKpoopraHusMoB xo3simHa (Weiss et al., 2014). C npyroit ctopoHsl,
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9TH METAOONIUTHI IPUBOIST K PE3KOMY MTOAABIEHHIO KJIETOYHOTO ¥ T'yMOPAJIbHOTO HMMYHH-
TeTa X035eB, YTO HEOOXOAMMO it pa3BuThs napazutonoB (Richards, 2012; Becchimanzi
et al., 2017). Kpome Toro, napa3suTonHbIe HHBa3HH MOTYT MPUBOJUTH K MOP(OIIOTHYECKUM
1 OMOXMMHYECKUM M3MEHEHHUSIM KyTHKYJbl HacekoMbix-xo3sieB (El-Sufty, Fuhrer, 1981b).
VYka3aHHbIe (PU3HOIOTNIECKUE U3MEHEHUS y X035€B MOTYT JIEJIaTh MX BEChMa «JIETKOIOCTYII-
HBIMI» ISl SHTOMOIIATOTCHHBIX TPUOOB. YCHUIIEHHE BOCTIPHUMYHBOCTH HACEKOMBIX K IprOam
noj BiausHHEeM mapasutounoB (Braconidae u Ichneumonidae), ux s10B WM OTAEIBHBIX
KOMITOHCHTOB SIJIOB 1oka3aHo B psijie padot (King, Bell, 1978; El-Sufty, Fuhrer, 1981a; Dani
et al., 2004; Dos Santos et al., 2006; Richards et al., 2011). CorracHO HaIlIUM HCCIICTOBAHUSIM
mapagu3anys JHYUHOK BOIIMHHON OTHEBKH sITOM dKTomapasutouna Habrobracon hebetor
(Say) mpuBOIUT K Pe3KOMY YCHJICHHIO BOCIPHUMYHBOCTH K 3HTOMOIIATOTCHHBIM T'prOam
Beauveria, Metarhizium wn Isaria (Kryukov et al., 2013). B wacTHOCTH, BOCTIPpHUMYHBOCTh
MapaJin30BaHHbIX JIMYMHOK K TpuOy B. bassiana yBenmuuuBaiach IIOYTH B ISATh THICSY pas.
[Nocnenyronue nccaea0BaHMs BBISIBHIIM IEIbIH KOMIUIEKC MEXaHU3MOB JAHHOTO TTOBBIIICHUS
YyBCTBUTEJILHOCTHU. BBIIO yCTAaHOBIIEHO, YTO Y MMAapaN30BaHHBIX JINUMHOK N3MEHSIOTCS (DyH-
THCTaTHYECKHE CBOICTBA KyTHKYJIbI, YTO OOYCIOBIMBAET BEICOKYIO CKOPOCTH IIPOPACTaHUs
rpuda (Kryukov et al., 2018d). YV napain3oBaHHBIX JMYMHOK HAOIIOIAIOCH PE3KOE MaICHHE
KJIETOYHOTO MMMYHHUTETA, B YaCTHOCTH — CHIDKCHHE CITIOCOOHOCTH T'€MOILUTOB K aJire3nH,
magenne ux BebkuBaemoctd (Kryukova et al., 2015) u mageHue ypoBHS WHKAICYISLIAN
(Kryukov et al., 2018d). MaTepecHo, 9TO TpH Mapanu3aliyl Napa3uTOUAOM y JTHIHHOK
OTHEBKHM TakKXe HaOIIONAIHCh pe3KHe M3MEHEHHA B OaKTepHaIbHOM COOOIIECTBE KHIICY-
HMKa, BBIp@XKAIOUIMECS B MOIbEME YUCICHHOCTH Enterobacter sp., Serratia marcescens n
Enterococcus faecalis (Polenogova et al., 2019). CkapmimBaHue TaHHBIX OaKTepHUil TMINHKAM
OTHEBKH ITPUBOJIMIIO K YBEITMUCHUIO YyBCTBUTENBHOCTH K B. bassiana, HO ¢pusnonornyeckue
MEXaHHW3MBbl JJAHHOTO TOBBIIICHUS! OCTAJINCh HE BBIICHEHHBIMH. MBI MPEANIOI0XKNIN, YTO
H. hebetor nmeet cnalOble MeXaHU3MBbl M30eraHUs] KOHKYPEHLIUH C SHTOMOIIATOTCHHBIMHU
rpudamu, MOCKOJIBKY JUIsl Tapa3uToOu/ia XapakTepHa BechbMa KOpPOTKasl 10 BPEMEHH JINUH-
HouHas cragust (3—4 cyToK), KOTopast MOXKET ollepexars pazsurue rpuda. [Tockonbky camMkn
TapasuTonIa Mapaan3yoT N30BITOYHOE KOJMUYECTBO JIMYMHOK (O0JblIe, YeM HeoOXOAnMO
JUISL OTKJIAJKH SIUIT), ¥ JINYMHKH HE YIOTPEOISIOT B MUILY XO35MHA MOJHOCTBIO, TTapain3o-
BaHHBIE HACEKOMbIE MOT'YT IPEJICTABISITh cOOOW BechMa JOCTYIHBIN pecypc AJisl pa3BUTHS

MHUKPOOPIaHU3MOB, B TOM 4HKCIIEe SHTOMOIAroreHHbIx rpubos (Kryukov et al., 2018d).

3AKJIIOYUEHUE

DHTOMONATOICHHbBIC ACKOMMUIIETHI XapaKTEPU3YIOTCA OOJIBLINM M CIIOKHBIM KOMILJICKCOM
OMOXHUMHYECKUX MCXaHU3MOB, HAIIPaBJICHHBIX Ha PAa3BUTUC B HACCKOMBIX, @ HACCKOMBIC-
X035€Ba UMCIOT pa3H006pa3HLIe U MHOTOCTYHNCHYATBIC MEXAaHU3MbI 3alllUThI OT 3TUX IIa-
TOr€HOB. buoTnueckre U abOMOTUYECKUE (I)aKTopLI MOT'YT OKa3bIBATh CUJIbHOC BJIMSIHUC Ha

BBaHMOHeﬁCTBHﬂ MEXAY HACCKOMBIMH U DOHTOMOITATOTCHHBIMU l"pI/I6aMI/I B IIOJIB3Y IIEPBOTO
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1100 BTOPOTO 3BE€HA CHCTEMbI. Borpocsl, kacaromyecs BIUSHUS (aKTOpOB BHEIIHEH U BHY-
TPEHHEH cpelibl HACEKOMBIX Ha MX BOCIPHUMYUBOCTH K ITpHOaM, H3y4eHbl HEAOCTATOUHO, U
0COOCHHO 9TO KacaeTcst ONOTHYECKUX BO3ACHCTBIN. [IpUUMHbI yCUIICHNS] 4yBCTBUTEILHOCTH
HACEKOMBIX K I'pr0aMm I0J] BIUSHHEM CyOONTHMAJIBHBIX TEeMIIEpaTyp, HHCEKTHIUI0B, CO-
ITyTCTBYIOUIMX MH(EKINH 1 Mapa3uTOUI0B UMEIOT KOMIUICKCHYIO OCHOBY, BBIPQXKAIOIIYIOCS
B OJHOBPEMEHHOM IIOJIaBIIEHUY MHOTHX 3aIlUTHBIX CHCTEM, a TAK)KE B OHTOT€HETHYECKHX
HapylieHusiX. JlaHHas 0COOCHHOCTh MOXKET ObITh BOKHOM JUIsi Pa3BUTHSI TIOJIXO/IOB K OHO-
JIOTHYECKOMY KOHTPOJIIO XO3SICTBEHHO 3HAUYMMBIX BHJIOB. BeposiTHO, oOliee yrHereHue
OpraHu3Ma HaCEKOMBIX MOXET ObITh Oosiee 2 (h(heKTUBHBIM, YeM HHTHOMPOBaHNE KOHKPETHBIX
3BEHBEB IMMYHHTETA, IOCKOJIBKY Y XO351€B MOT'YT IIPOSIBIATHCS Pa3IMUYHbIE KOMIEHCATOPHBIE
MeXaHu3Mbl 3amuThl. [loaTOMy mocnenyromnme nccaeq0BaHus MOTYT OBITh HAIPaBICHBI HA
UHTrHOMpOBaHHE (PH3HOJIOTMIECKUX MEXaHU3MOB, ONPEACISIONIMX IIMPOKUH CIIEKTp 3aIlInT-

HBbIX peaKuHﬁ HACCKOMbLIX POTUB MHUKPOOPraHU3MOB.
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PHYSIOLOGICAL AND ECOLOGICAL ASPECTS
OF INTERACTIONS BETWEEN ENTHOMOPATHOGENIC FUNGI
(ASCOMYCOTA, HYPOCREALES) AND INSECTS

V. Yu. Kryukov, O. N. Yaroslavtseva, V. V. Glupov

Keywords: insect immunity, Beauveria, Metarhizium, host-parasite system, nvironmental
factors

SUMMARY

In the review, we briefly summarized virulence mechanisms of entomopathogenic ascomycetes
and the defense reactions of host insects. Special attention is paid to the influence of environmental
factors (temperature, toxicants, concomitant infections, symbiotic microorganisms and parasitoids) on
the physiological aspects of the relationship between insect hosts and entomopathogenic fungi. Based
on the analysis performed, we suggest that the increase in the susceptibility of insects to fungal infec-
tions under the influence of various stresses has a complex basis, which is expressed by suppression of
defense reactions set, as well as by disturbance ontogenesis. Understanding these mechanisms is im-

portant for the development of new approaches to biological control of economicaly important species.

469



TTAPA3UTOJIOTUA, 2020, mom 54, Ne 6, c. 470—-490.

VIIK 576.895

CTPOEHUE OPTAHA TAJUIEPA U CUCTEMATHUKA
UKCOJOBBIX KJIEIIEN MMOJCEMEVMCTBA IXODINAE
(CEMEMCTBO IXODIDAE)

© 2020 r. C. A. JleonoBnu#*

3oonoeuueckuti uncmumym PAH,
Vuusepcumemckas na6. 1, Cankm-Ilemepoype, 199034 Poccus

* e-mail: leonssa@mail.ru

Hocrymuna B pexakuuto.10.09.2020 r.
[Mocne nopadotku 20.09.2020 r.
[MpunsTa x myonukamun 25.09.2020 1.

Ha ocHoBaHMN COOCTBEHHBIX M JIMTEPATYPHBIX JAaHHBIX IIPOBEJICH aHAIN3 CTPOeHust oprana [asmiepa,
[JIABHOTO PELENTOPHOTO OpraHa MKCOMOBBIX KJICIIeH, H3y4eHHOTO METOJIaMH PACTPOBOIT AJIEKTPOHHOM
MHUKpOCKOTIHH, Y 43 BUI0B Kiemieit poaa Ixodes Latreille, 1795, emuHCTBEHHOTO poja B COCTaBe IMOA-
cemetictBa Ixodinae. Ommcano crpoenne oprana ['amnepa y mpeacraButeneit 13 moxponos: Ixodes
s. str. (14 BunoB), Pholeoixodes Schulze, 1942 (3 Buna), Ixodiopsis Filippova, 1957 (4 Buna),
Ceratixodes Neumann, 1902 (1 Bun), Scaphixodes Schulze 1941 (2 Buna), Trichotoixodes Reznik,
1961 (2 Buna), Partipalpiger Hoogstraal, Clifford, Saito and Keirans 1973 (1 Bun), Pomerantzevella
Feider, 1965 (1 Bun), Eschatocephalus Frauenfeld, 1851 (2 Buna), Afrixodes Morel, 1966 (1 Bux),
Sternalixodes Schulze, 1938 (8 BunoB), Multidentatus Clifford, Sonenshine, Keirans and Kohls, 1973
(3 Buma), Endopalpiger Schulze (1935) (1 Buzx). BoigeneHsl TAKCOHOMUYECKHE MPH3HAKH (YUCIO H
Tororpadusi CEHCUIUT B Pa3HbIX OTAENaX OpraHa, Halu4dHue U (popma KarcymnspHOTO OTBEpPCTHs, hopma
yIIyOneHnst CeHCHIIT MepeHe rpynmsl U 1p.). [lokazano, uto crpoenue oprana ['amiepa crienngmd-
HO ISl OTAGNBHBIX ITOJPOIOB, B TO BPeMs KaK BHIOBBIE pazinuus (B Ipeenax KakIOoro MOoIpoaa)
MPAKTUICCKU HE BbLIPAXKCHBI. HpOBe)lCHO CpaBHEHUE MMOJYUYCHHBIX JaHHBIX C CYHIECTBYIOLIIUMHU MIPEA-

CTaBJICHUAMH O TaKCOHOMHUHU poaa Ixodes.

KuroueBblie cioBa: opran ['ayuiepa, pacTpoBasi 3JIeKTpOHHAs MHKpockomus, Ixodinae, Ixodes,

CHUCTEMaTHUKa

DOI: 10.31857/S1234567806060024

Opran ["amtepa, BIiepBBIC ONICaHHEIN ecTecTBoMCHBITaTeneM [ amrepom B 1881 1. (Haller,

1881), — OCHOBHOI UyBCTBUTEJIBHBIA OpraH MKCOAOBBIX KIEIIEH, IEPEHOCUUKOB OMACHBIX
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TPaHCMHUCCHBHBIX 3a00J1€BaHUI. Y Kiemel, Kak H3BECTHO, HET aHTEHH — IPUAATKOB TOJIOB-
HOM Karcynbl, HECYIINX OCHOBHYIO MAcCy CEHCOPHBIX 00pa30BaHUi, KaK 3TO HaOIIOmaeTcs
Yy HACEKOMBIX, TIOATOMY POJIb aHTCHH HACEKOMBIX Y KJICIICH BBIMOJIHSIOT MEPEIHUE HOTH.
Kremm nepememniarorest Ha Tpex Imapax HOT, a MEePeIHsIst Tapa HOT CIYKHUT UM CBOCOOpa3HBI-
MU aHAJIOTAaMH aHTEHH HACEKOMBIX. FIMEHHO MO3TOMY Ha MEPEIHUX HOTaX, a TOYHEe, Ha MX
JIICTaJBHBIX CETMCHTAX, JIANKAX, PACIIONIArar0TCs OCHOBHBIC OPTaHbl YyBCTB, IIO3BOJISIONINE
00Hapy>KUBATh UCTOYHMK IMUILU WJIM [TOJIOBOTO MapTHepa. Y ramMa3oBbIX KJelield — 9To Tap-
3anmpHBIN penenTopHseiid oprad (Leonovich, Stanyukovich, 2011; Leonovich, Dimov, 2012),
a y MKCOIOBBIX Kielmieil — 3to opran ['aymuiepa. Kpome Toro, y GOnbIIMHCTBA KJICHICH OT-
CyTCTBYIOT ma3a (Jleonosuy, 2005)

Opran ['aniepa — upe3BbIYaliHO CJIOKHO YCTPOCHHBIN OpraH 4yBCTB, B COCTaBE KOTOPOTO
0OHapy>KeHBI CEHCHUIUIBI (JIEMEHTApHBIE TyBCTBUTEIBHBIC 00pa30BaHMS WICHHCTOHOTHX),
pearupyroniie Ha 3amax, TPaAHeHTHl TEMIIEPaTyphl, BIAKHOCTH W Ha HEKOTOPBIE IpyTHE
ctamynsl (Jleonosud, 2005).

B crpoennn oprana [amiepa ecTb 4epThl, OMPENEISIONIIE ero (PYHKIIHOHAIBHBIE 0CO-
oerrocTH. 11 omHOBpeMeHHO ecTh MOP(OIOTHIeCKUEe MPU3HAKU, HUKAK HE CBSI3aHHBIC
¢ (YHKIMOHAIBHBIMA OCOOEHHOCTSIMHU. [IprMepsl — MOPHUCTHIN BOJIOCOK TEpeaHel Tpyn-
IIbI CEHCHIIT (OOOHSATENBHBIA PEENTOpP) MOKET pacIoaraTbes Mo-pasHOMY CPEIH OCTallb-
HBIX CEHCHMJUI TEPEHEH TpyIIIbl, HO IPH 3TOM OH OCTAeTCsl CEHCHJUION, PacroI0KEeHHON
B TIEpEAHEM yIIyOJICHHH, U, BMECTE C TAaKHM K€ BOJIOCKOM (CEHCHILIOH), pactoIOKEHHBIM
Ha CUMMETPHYHOMW TIepeHeil J1ankKe, crioco0eH onpeessiTh HanpaBlIeHne HCTOYHNKA 00OHSI-
TEJIbHOTO CTUMYJIA. Y UUThIBasl Mejbyaiilive pasmepsl oprada ["annepa, pacrnonoxeHue 3Tou
CCHCHUJUIbI OTHOCHTENILHO OCTaJIbHBIX CEHCHIUI (2 OHO MOYKET 3HAUUTENILHO Pa3inyarhes ) Ha
(bU3NOTOTHYECKYI0O U OCOOCHHO MOBEACHUYECKYIO PO TaKOW CEHCHIUIBI HUKAK HE BIIUSCT.
Janee, ocHOBHOE (DyHKIIMOHAJIFHOE 3HAYCHHWE OTBEPCTHS KAICYNIBI — 00ECHEUUTh JTOCTYI
OOOHATENBHBIX (JIETYYNX) MOJIEKYI K OOOHATEIBHBIM CeHCHIIIaM Karcyisl. [Tpu atom dopma
OTBEPCTHS, T.€. BBITSHYTO OHO BJIOJb FIJIH ITOTIEPEK MPOIOIBHOIN OCH WICHUKA, OKPYIJIIOE OHO
WJIA OBaJBHOE, WITH H3PE3aHHOE — HUKAKOTO (DYHKIIMOHAIFHOTO 3HAYEHUsI He nMeeT. To ecTb,
1oso0HBIe MOP(HOIOTHYECKUE TPU3HAKHU, Ha KOTOPBIC IBOJIIOIIMOHHBIN TIPECC HE OKa3bIBaeT
JIABIICHUS, MOTYT OBITh UCIIOJIb30BaHbI B KAYECTBE TAKCOHOMHUYCCKUX TPU3HAKOB (CM. HIDKE).

Crenyer OTMETUTD, YTO HU B OJHOW M3 TAKCOHOMUYECKHX pabOT JaHHbIE 110 CTPOCHUIO
oprana ['aniepa HUKaK He WCIIOJIB30BAINCH (M HE MCHOJIB3YIOTCS J0 CUX Iop). Bmecrte
C TEM UTHOPUPOBATH AJAHHBIC IO TAKOMY BaXXHOMY OpraHy BpsJ JIM IIPaBOMOYHO.

Ananus COBPEMEHHBIX pa60T, KOTOPBIC MOCBALICHBI TAKCOHOMHUUN UKCOJOBBIX Knemeﬁ
U B KOTOPBIX B TOM YHCJIC HMCIIOJIB30BaHbI MOJICKYJISAPHBIC JAHHBIC, IMOKAa3bIBACT, YTO Ha
OCHOBAHMHU ATHX JAaHHBIX JICIAIOTCS BEChbMa CKOPOMAIUTENIBFHBIC BBIBOJIBI, HUKaK HE COOT-
BETCTBYIOIIHE MOP(HOIOTHUECKOMY aHAJH3y. B CBSI3M C ATHM aBTOPY MPENCTABIACTCS BaK-

HBIM PacCMOTPETh CTPOCHHE opraHa ['amiepa, OCHOBHOTO CEHCOPHOTO OpraHa MKCOIOBBIX
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KJIEIEH, HE B CBS3M C €r0 (PyHKINOHAIBHBIMH OCOOCHHOCTSIMH, & B CBSI3M C TAKCOHOMHUEH
STOM IPyMIIBL.

JlanHOE TIepBOE COOOIIEHUE OCBSIIIEHO PACCMOTPEHUIO 0COOCHHOCTEH CTPOEHHS OpraHa
lannepa y xiemedd noacemeiictsa Ixodinae, npejcTaBieHHOr0 B MUPOBOH (ayHe ennH-

CTBEHHBIM pozioM [xodes.

MATEPHAJI U METOAUKA

Bcero B manHO#1 paboTe OBIIO MpOaHaIM3UPOBAHO CTPOCHHE OpraHa ['amepa y cieayrommx BUI0B
HKCOJIOBBIX Kilemiel poxa [xodes: (IoapomoBast IPHHAUIEKHOCTh BHA NpuBeaeHa rno: Omimmnmosa
(1977) u Clifford et al. (1973).

Honpox Ixodes s. str.

1. persulcatus Schulze, 1930

L. redicorzevi Olenev, 1927

1. ricinus (Linnaeus, 1758)

1. paviovskyi Pomerantzev, 1946

Honpon Pholeoixodes Schulze, 1942

1. arboricola Schulze & Schlottke, 1930

1 lividus Koch, 1844

Honpon Ixodiopsis Filippova, 1957

1. angustis Neumann, 1899

1. granulatus Supino, 1827

Honpoxn Ceratixodes Neumann, 1902

1. uriae White, 1852

Toapon Scaphixodes Schulze, 1941

1. caledonicus Nuttall, 1910

1. signatus Birula, 1895

Tonpon Trichotoixodes Reznik, 1961

1 frontalis Panzer, 1795

Honpon Partipalpiger Hoogstraal, Clifford, Saito & Keirans 1973

1. ovatus Neumann, 1899

Honpon Pomerantzevella Feider, 1965

1. simplex Neumann, 1906

Tonpon Eschatocephalus Frauenfeld, 1851
1. vespertilionis Koch, 1844

Honpox Afrixodes Morel, 1966

1. rubicundus Neumann, 1904

Kpome Toro, OpumM MCIIONBE30BaHEBI JaHHBIC, IPUBEICHHBIE B padoTax JAPYruX aBTOPOB, KakK IO-
CBSILIICHHBIX M3y4eHHIO opraHa [‘amiepa HENOCPEeICTBEHHO, TaKk M B paboTax, HE MOCBSIICHHBIX He-
TIOCPEICTBEHHO opraHy ['amnepa, HO CofepsKaluX EKTPOHHBIE (HoTorpadun OpraHa, MOMydIeHHbIE

Ipy IIOMOIIHU PaCTPOBOIro 3JICKTPOHHOTO MUKPOCKOIIA.
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Honpox Ixodes s. str.

1. acutitarsus Karsch, 1880 (Ronghang, Roy, 2014)

I. asanumai (Hayashi, Hasegawa, 1983)

1 boliviensis Neumann, 1904 (Homsher, Sonenshine, 1975)

1. dentatus Marx, 1899 (Homsher, Sonenshine, 1975)

1. granulatus Supino, 1897 (Homsher, Sonenshine, 1975)

L laguri Olenev, 1929 (Honzakova et al., 1975)

L loricatus Neumann 1899 (Homsher, Sonenshine, 1975)

L luciae Senevet, 1940 (Homsher, Sonenshine, 1975)

1. muris Bishopp et Smith, 1937 (Homsher, Sonenshine, 1975)

1 scapularis Say, 1821 (Homsher, Sonenshine, 1975)

Toapon Pholeoixodes Schulze, 1942

1. texanus Banks, 1909 (Homsher, Sonenshine, 1975)

oapon Ixodiopsis Filippova, 1957

1. cookie Packard, 1869 (Homsher, Sonenshine, 1975)

1. marxi Banks, 1908 (Homsher, Sonenshine, 1975)

Hoapon Trichotoixodes Reznik, 1961

1. brunneus Koch, 1844 (Homsher, Sonenshine, 1977)

Honpon Sternalixodes Schulze, 1938

. anatis Chilton, 1904 (Homsher et al., 1988)

1. confusus Roberts, 1960 (Homsher et al., 1988)

1 cordifer Neumann, 1908 (Homsher et al., 1988)

1. cornuatus Roberts, 1960 (Homsher et al., 1988)

1. dendrolagi Wilson, 1967 (Homsher et al., 1988)

1 hirsti Hassall, 1931 (Homsher et al., 1988)

L holocyclus Neumann, 1899 (Homsher et al., 1988)

L trichosuri Roberts, 1960 (Sternalixodes) (Homsher et al., 1988)
Honpon Multidentatus Clifford, Sonenshine, Keirans & Kohls, 1973
1. paranaensis Barros-Battesti, Arzua, Pichorim & Keirans, 2003 (Barros-Battesti et al., 2003)
L percavatus Neumann, 1906 (Homsher, Sonenshine, 1979; Homsher et al., 1988)
1 auritulus Neumann, 1904 (Barros-Battesti et al., 2003)
Tonpon Endopalpiger Schulze (1935)

1. woyliei Ash et al., 2017 (Ash et al., 2017)

Tonpon Eschatocephalus Frauenfeld, 1851

1. ariadnae Hornok et al., 2014 (Hornok et al., 2015)

YacTh UCCIICI0OBAHHBIX BUIOB, HEMOCPEICTBEHHO COOPAHHBIX aBTOPOM, ObLiIa H3y4eHa B PACTPOBOM
ANEKTPOHHOM MuKpockorie (POM) 1o nmecsti u 6oiee SK3eMILUTIPOB KaXKI0TO Moia H a3kl pa3sBUTHS
(L. ricinus, 1. persulcatus, 1. redicorzevi, 1. rubicundus, 1. lividus). COOpbI TPOBOIIIIH B Pa3HBIX palloHaX
Poccun u apyrux crpan. OcTanbHbIe H3yYCHHBIC aBTOPOM BH/IbI OBUTH B3AThI M3 KOJUICKIIMH HKCOIOBBIX

knemeit 3VH PAH u m3ydenst B POM no nByM-TpeM K3eMIUIIpaM KaXKIo# (a3l pa3BUTHS U I10JIA.

473



Jlnst nccnenoBaHus B PaCTPOBOM JIEKTPOHHOM MUKPOCKOIE KiIemy Obun 3adukcuposasl B 70 %
pacTBOpE STHIIOBOTO CITHPTA, OYUIIECHEI B YIIBTPa3ByKOBOH BaHHE, @ 3aT€M BBICYIICHBI METOJIOM KPUTHYE-
ckoii Toukn B ycranoBke Hitachi Critical Point Dryer (HCP-2) ¢ ncrionb3oBaHHeM XUJIKOH YIIIEKHCIOTH
B KauecTBe pabodero areHTa. BriCylieHHble Npenapars! Kiellel HaKJIenBaiu Ha CTOMHKU-TIOAIOKKI
NP TIOMOIIY JIBYCTOPOHHE-JIUIKOW JICHTBI, HAMBULUTH IIaTHHOW B ycTaHoBKy EIKO-5 (Slmonus), u

HCCIIEN0BAIN B PacTPOBOM 3MIeKTpoHHOM MuKpockore Hitachi S570.

PE3VJIbTATBI 1 OBCYXJEHUE

YV Bcex uccneqoBaHHBIX BUIOB Kilellled opraH ['amiepa cOCTOMT U3 HECKOJIBKUX MOp-
(omornyeckn 000COOICHHBIX YaCTEi: Karcyibl, MepeHel TPyIIbl CEHCHUIUI, CEHCHUILI
JUCTAJBLHOTO Oyropka M MOCTKAanCyIspHbIX ceHcwut (puc. 1). Kamcyma — otmen opra-
Ha [annepa, B cocTaB KOTOPOTO BXOIST OT 5 10 7 TOPUCTBIX BOJOCKOB OOOHSTEIHHBIX
cencrmiul. CeHcWlla — 2JI€MEHTApHBI OpraH YyBCTB WICHHCTOHOTHX, BKIIOYAIOIINN
B ce0s KyTHKYJSIPHBIH OT/EN, MPEACTABICHHBII BOJIOCKOM (B TAaKCOHOMHYECKOH JINTEepa-
Type Ha3bIBaeMBbIil TaKkKe CETOH, IETUHKON, XeTOH | T. II.), HHHEPBUPYEMBIM OJHUM WU
HECKOJIbKUMH JCH/IPUTaMH OWIIOISAPHBIX CEHCOPHBIX HEHPOHOB M OMPEIEIISIOIINM MOJalTh-
HOCTh ((DYHKIIMIO) ceHCHUTbI. Tak, B OOOHSATEIBHBIX CCHCUIUIAX TOJIbI TOHKOCTEHHBIN BO-
JOCOK (ceTa, XeTa) MPOHU3aH MHOTOYHMCIIEHHBIMI MEJIKUMH TIOPaMH, a B TIOJIOCTH BOJIOCKA
00HapY>KUBAIOTCSI MHOTOYKCIICHHBIE BETBICHHSI PELENTOPHBIX pecHnuek (JleoHoBud, 1985;
2005). KoHTakTHBIE XeMOPELETITOPHBIE CEHCHIUTBI (OPTaHbl BKYCa) XapaKTepU3YIOTCS MOJTBIM
BOJIOCKOM, B IOJIOCTHU KOTOPOT'O IMTPOXOAAT HEBETBAIIMECA ACHAPUTEI, @ Ha BEPIIMHE BOJIOCKaA
HaXOMATCSI OJfHa KPYIHAs MOpa WM HECKOJBbKO Oojee MENKMX MOop (OAHAKO B CpPaBHEHUH
C mopaMu OOOHSITEIBHBIX CEHCHJUI OHHM 3HAYMTENBHO OoJyiee KpymnHble. bonee moapoOHO
0 CBSI3W YIIBTPACTPYKTYPHI CEHCHIUI Kiemeld ¢ X (yHKIHEHl MOXXHO y3HaTh W3 MOHOTpa-
¢uu Jleonosuua (2005). Kancyna npezacraisier co0oi yriyOneHne, 4acTo MOrPyKCHHOE
IO/ TIOKPOBBI, U COOOIIAETCST €O CPeoi TOCPEACTBOM KalCyIIsIPHOTO OTBepCcTus. Y Kile-
el nmogcemeiicTa Ixodinae karicysaa MOXKET ObITh OTKPBITOH, Y TpEICTaBUTEICH BTOPOTO
moncemeiictBa (Amblyomminae mmm Metastriata) ona Bcerna 3akpbiTasi. OOOHSATETBHBIC
CEHCHJUTBI KallCyJlbl pearupyroT Ha JIETy4He 3alaxy XO3SWHa, B YACTHOCTU Ha YIIIEKHCIIbIH
ra3 u ammuak (Jleonosud, 2005).

[Tepen xaricynoi y BceX MKCOMOBBIX KIICIICH pacriojokeH HabOp M3 4 THUIIOB CEHCHILI
(TTOpHUCTBIHN, TOHKUH, KOHNYECKNI M IBYCIIOWHBIN BOJIOCKH CEHCHIUT COOTBETCTBYIOIINX TH-
noB) (puc. 1). IlopucTblil BOIIOCOK TPUHAMIEKUT OOOHSITEIBHONW CEHCHILIE, OOpo3aUaThie
BOJIOCKH COJIEPXAT XeMO-TEePMOPEIETITOPhI, TOHKHH BOJIOCOK — TUTPOPEIENTOp, (QYHKINS
KOHMYECKOTO BOJIOCKA J0 KOHIa He BbIsicHeHa (puc. 14). KomndecTBO CeHCHIIT pa3sHBIX
THITOB MOXKET BAPbUPOBATh, HO MX HAOOp (M3 4 THMOB) ocTaeTcss HeM3MeHHbIM (JleoHoBHY,
2005). Y kinemed noncemeiicta [xodinae 3TH CeHCHIIBI pacrioyiararoTcsl Ha JHE OOIIHp-

HOTO yrny6neH1/I${ AUCTAJIbHEC KaIICYJIbl — IIJIOCKOT'O (I)OpMI/IPOBaHI/IH, CJICTKA IOTPYKECHHOT'O
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07T TIOBEPXHOCTh KyTHKYJIbI Tap3aJbHOTO WICHWKA M YacTO OTTPAaHWYEHHOTO KyTHKYJIp-
HBIM BanukoM (puc. 1). V xmemei momcemeiictBa Amblyomminae (Prostriata) obmmpHOe
yIIyOneHue, B KOTOPOM PacHoaraloTcs CEHCHIUIBI NEPefHeH IPyMIIbl, OTCYTCTBYET U BCE
CEHCHJUTBI IIepe/IHeH TPYNIIbI CKOHIIEHTPUPOBAHBI Ha HEOONIBIIOM yJacTKe, OTTPAHHYCHHOM
OOIIMM KYTHKYJSIDHBIM BaJIMKOM (CM. BTOPYIO YacTh HACTOSIIETO COOOIICHHS).

Jist KaXJI0r0 BUAA KIICIIEH XapaKTep B3aMMHOTO PACIOJIOKEHHSI CEHCHIUT IepegHen
IPYIIIBl OCTAETCSI CTPOTO IMOCTOSIHHBIM. B CrielMalibHBIX HCCIIEIOBAHUSX, MOCBSIIEHHBIX
perenepanuu oprana ['amnepa y kiema Ixodes ricinus, myTeM CyNnepuMITO3UINH (TTOCIEN0-
BaTEJIbHOTO HAJIOKEHUS M300paXeHUi, MOTYYEHHBIX B OJJHOM paKypce U IMPHU OJMHAKOBOM
YBEJIMYCHUH PACTPOBOTO JIEKTPOHHOIO MHKPOCKOIA), ObLIO MOKa3aHO, YTO PACIIOJIOKEHHE
CEHCWJIJI MepeHEN IPYIIbl BAPbUPYET B ONPEACIICHHBIX MPEAEiaX, HO 3T Mpe/ebl HUKAK
HE MEHSIOT XapaKTep OTHOCHTEIHHOTO B3aUMOPACIIONIOKEHUS CeHCHIUT (puc. 2).

Te ke pe3yisTarTsl OBUIM MOTYYEHHI Ha adpukanckoM Bune I. rubicundus, pudeM BbI-
SICHUJIOCh, YTO BHUAOCIICHU(UIHOE B3aMMOPACIIOIOKEHNE CEHCHIUT MEPEHEH TPyIIbI Xa-
pakTepHO a7 BeexX (a3 pa3BUTHSA (JIMYMHOK, HUM( U mMaro) (puc. 3)

OTMeTHM, YTO y JIMYMHOK XapakTep PaclOIOKEHUS] CEHCHUIIT OCTACTCS THITUYHBIM UL
BU/Ia, IPU TOM B TIEpPEAHEH TpyIIe OTCYTCTBYET OJIMH M3 TOHKHX BOJIOCKOB, a YHCIIO KaIl-
CYJISIDHBIX CEHCHJUI TaKKe yMEHbIIEHO. J[ucTanbHee mepesHero yriyOiaeHns HaXOAUTCs
muctanbHbii Oyropok [distal knoll, mo repmunonoruu Jieonosuua (Leonovich, 2004)], Bbi-
paKECHHBIN TOJILKO y TpeNCTaBUTENCH mojcemelicTBa [xodinae (puc. 1). Ha stom Oyropke
pacrnioniararorcsi onHa wik ase (y oonpiirHacTBa IX0dinae) map cencwut. OnHa U3 CEHCHILT
napsl BCerna MpeJCTaBiIeHa IOPUCTBIM OOOHSTENILHBIM BOJIOCKOM, @ BTOpAasi — PelyLUpO-
BaHHOH BKycOBOH ceHcmiion (puc. 1). [TopucThIli BOJIOCOK AMCTAIBLHOTO Oyropka — OJuH
13 BOXKHEWIINX PELEeNTOpOB opraHa ['amiepa y kiemeil moncemeiictsa Ixodinae. Y kiemeit
pona Ixodes 3T0 camasi OObIIas CEHCHIDIAa B COCTaBe opraHa [ amiepa (ecim cpenHuii pasmep
CEHCHJUI TIepeaHEeH TPYIBI cocTapmsieT npuMepHo 10-20 MKM, a pa3Mep CEHCHIIT KarCyIbl
xonebmercs B mpenenax 20—-50 MM (y pa3HBIX BHIIOB), TO pa3Mep MUCTAIBHON MOPHUCTON
0OOHATENEHOW CEHCHIUTBI TIepenHero Oyropka cocraBiser 150-200 Mrm).

VY knema [xodes ricinus 3Ta CEHCHIIIA COICPKUT (DEHONBHBIN 1 JTAKTOHOBBII PELETITOPEI,
TI03BOJISAIONINE ONPEAEIATh NPHOIKEHHE TOTCHIIMAIBFHOTO X035IMHA C OOJBIINX PACCTOSIHUM
(Leonovich, 2004).

[IpokcuMabHee KaricyIibl paciioiaraeTcsi rpyIia MoCTKaNCyIsIPHBIX BOJIOCKOB (CEHCHILT)
(puc. 1). JlatepanbHble CEHCUIIIBI MPEICTaBICHBI BKYCOBBIMH PELIENTOpaMH (Tak XKe KakK U
JlaTepasibHbIe BOJIOCKH 10 OO0KaM CEHCHJUI AUCTAbHOTO Oyropka), HEeHTPaIbHbIE CEHCUILIbI
9TOH TPYIIBI OTHOCSATCS K JIBYXCIOWHBIM CEHCHUIIIaM (KOMOWHHMPOBAHHBIM XEMO-, TEPMO-,
rurpopenentopam). OyHKIHUS 3TUX CEHCHIUT OCTAETCS HESCHOM.

Kaxk OymeT mokaszaHo B TanbHEHIIeM, CTPOCHNE YIITyONeHNs I CeHCUITT TIepeHeH Tpy-

161, (popMa KarcyJsipHOro OTBEPCTHs (WJIM €r0 OTCYTCTBHE B CIIydae OTKPBITOW Karicyibl),
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Ha0Op M PACIONIOKEHNE CEHCHIUI TEPEIHEH TPYIIbI, KOTUIECTBO OOOHSITENIBHBIX CEHCHILT
Karcyibl — SBISIOTCA CHENM(UYHBIMU AJIST KQKIO0TO IOJPoJia, B TO BPeMs KakK Pacrolio-
JKeHHUE (a B HEKOTOPBIX CIy4asX W HaOOp) IMOCTKANCYJISAPHBIX CEHCHIUT BHJIOCHEIN(UYHBI.
Tak xak B 3a/1a4u aBTOpa HE BXOJUT OOCYXK/ICHHUE BUIOBBIX Pa3IMyMii, a TOIBKO PA3IHUMii
MOJPOJOBBIX, B JaJIbHEHIIEM 0COOCHHOCTH TOMOTrpaduy M CTPOEHUSI ITOCTKAINCYISIPHBIX
CCHCHJUT TIPUBEACHBI HE OymyT.

Pesynbrarel uccienoBaHuil aBTOpa M aHAJIU3 JUTEPATyphbl IPOJEMOHCTPUPOBAIIHU, YTO
cTpoeHue oprana ["annepa siBisiercst crieuUUHBIM ISl IPeICTaBUTENeH TTOPOIOBbIX IPyII-

MIpPOBOK pona Ixodes. [IpuBenem 3tu nanusie (puc. 4-7).

Tlonpon Ixodes s. str. (puc. 44-4F, 64—6D)

BceceTHo pacnipocTpaHeHHbIN TOAPOJ, XapaKTEPUIYIOIUNUCS [UPOYAUIITIM CIEKTPOM
X0351€B, OMOTOIOB U Napa3UTO-XO3SIMHHBIX CBsI3el. Brurtouaer kak HeMOOHOHTOB (TTacTOMII-
HBIX MApa3uTOB), TaK M HUIOOMOHTOB (rHE370-HOPOBBIX Hapa3utoB) (Jleonosuu, 2019).
Camplii KpyImHBIHA TI0 KOJTMYECTBY BHIIOB 1O/poJ (cBbimre 60 BumoB) (Punummosa, 1977).

Jucranpabrii Oyropok (anterior knoll) kpymHBIH, XOpOIIIO BEIpaskeH, HA HEM pacIiojiara-
I0TCSI /IB€ Mapbl CEHCWILT (TIOPUCTHI BOJIOCOK OOOHSATENEHON CEHCHILTBI M KOPOTKUH TIIa/IKUH
BOJIOCOK KOHTaKTHOTO Xemoperenropa) (Jleonosuu, 1977, 1985) (puc. 1).

VYrayOneHue ais CeHCHIUT mepeaHeil rpymmsl (anterior trough) oOmupHOE, TOBOIBHO
DIyOOKOe, TPaIeIeBUIHOE, OKPYKEHO KYTHKYIISIPHBIM BatukoM (puc. 44, 4C, 4E, 4F).

B niepenneii rpyrime onuH MOPUCTBIN, OMH TOHKUH, OTMH KOHUYECKUH U J]Ba OOPO3IYaThIX
Bosiocka (JleonoBuu, 1976) (repmunonorusi cMm. Jleonouu, 2005) (puc. 14; 4C, 4D). Ilo-
PHCTBIN BOJIOCOK MEPEIHEH IPYIIBI CEHCHUIIT 3aHUMAET TUCTAIBHO-TIATePATbHOE TOIOKEHIE
(puc. 4). [TopucTsIii BOIOCOK MIEpeIHEH TPYIIIBI MPIMEPHO B MOATOpA pa3a JUTMHHEE OCTallb-
HBIX (puc. 4C, 4D).

Karcyna 3akpbitasi, cooOIIaeTCss CO CPEeIoi JOBOJIBHO KPYIHBIM KarlCyJISIPHBIM OTBEp-
CTHEM OKPYIJIOil (DOPMBI, y HEKOTOPHIX BHJIOB OTBEPCTHE MOXKET OBbITh MPOKCHMAIILHO H3-
pe3ano (puc. 44, 4E, 4F). B kamncyne pacroiararoTcsi TOPUCTHIE BOIOCKH 7 0OOHATEIHHBIX
cencwt (JleonoBud, 1977), OOBIYHO OIAHMH BOJIOCOK JTAJICKO BBICOBBIBACTCS M3 OTBEPCTHS
Hapyxy (puc. 4).

[TocTKancyIApHBIX BOIOCKOB 6: HMEIOTCS IIEHTPAIbHAS TPYIITIA U3 YEThIpeX OOPO3IUaThIX
BOJIOCKOB JIBYCIIOMHBIX XeMO-TepMoperenTopoB (JleoHoswd, 2005) u mapa maTepanbHBIX
BKYCOBBIX CEHCHJUI (puc. 4).

VY JMYUHKY AUCTATbHBIA OYrOpOK HECET HE JIBE, KaK Y B3POCIbIX KIICIICH, a OJHY mapy
CEHCHJUI, OTCYTCTBYET TaK)Ke OJUH M3 O0pO3IYaTHIX BOJIOCKOB MEPETHEH TPYIIIBI CEHCHILT
(puc. 4B).

VY u3y4eHHBIX IpeAcTaBUTENEH MOApoIa CTpOeHHe opraHa [amiepa MOXET JOBOJILHO
CHJILHO BapbHpOBaTh, 0COOEGHHO ATO KacaeTcs pa3Mepa KalCyJIsipHOrO OTBEPCTHSI, CTEIICHU

€r0 OTKPBITOCTH, & TAKKEC HAJIUYUA W OTCYTCTBUA U3PE3aHHOCTHU KPacCB.
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Pucynok. 1. Crpoenue oprana ['amnepa kiemieid moncemeiictsa Ixodinae Ha mpumepe TaeKHOTO
knema Ixodes persulcatus. A — BHyTpeHHee cTpoeHHe opraHa [‘anepa TaeKHOTo Kiera

10 JaHHBIM TPAaHCMHCCUBHOH 3JIEKTPOHHON Mukpockonuu (rmo: Jleonosuu, 1977, 2005).

B — obumii Bux oprana ["aimiepa B pacTpoBOM 3JIEKTPOHHOM MHKpockorie. C — cXeMaTH4ecKoe
n3o0paxeHue oprana ['ayuiepa (JIOKajanM3amus CCHCHIIT B OCHOBHBIX OTZENax, Gopma mnepeaHero
yIIyOJIeHHUS M KalCY/IIPHOTO OTBEPCTHs) opraHa ['ajuiepa TaeXHOro Kiela, II0Ka3aHHOTro

Ha puc. 14 u 15. Takue cxeMbl UCTIONB30BAHBI MIPU MIUTIOCTPAIIMU TEKCTa (CM. puc. 4-5).

AT — nepennee yrnyonenue (anterior trough), B KOTOpOM pacroiioKeHa MepeaHssi IPyIIia CeHCHILT
ATS (anterior trough sensilla); DK — nuctanbusiii 0yropok (distal knoll); CA — karcyna (capsule);
OR - kancyssipHoe otBepetre (capsular orifice); DKS — cencruier mucransaoro Oyropka (distal
knoll sensilla); CAS — xancymsapasie cencuimisl (capsular sensilla); PCS — moctkancymnsipasie
cercmmibl (postcapsular senssilla); PoS — cencmna ¢ mopamu (porous sensillum) (oGousTenpHAS
cencmiia); DwS — cencuia ¢ pononautenbHbiME nojoctsimu (dowble-walled sensillum)
KOMOMHHMPOBaHHBIA XeMO-TepMopeLenTop; BS — KOHTaKTHBIA XeMOpenenTop, BKycoBasi CeHCHILIA
(gustatory (upper-pore) sensillum); TS — Tepmopenentopras cencuuia (thermo—sensitive
sensillum).

Figure 1. Structure of the Haller’s organ in ticks of the subfamily Ixodinae with an example of the
dog tick Ixodes ricinus. A — inner fine structure of the organ by the data obtained in transmissive
electron microscope (from: Leonovich, 1977; 2005). B — general view of the Haller’s organ in
scanning electron microscope. C — scheme of the organ (localization of sensilla in main parts of the
organ, shape of the anterior trough and capsular orifice) of the taiga tick /. persulcatus, shown in
Figs. 14 and 1B. Such schemes are used in graphic schemes in Figs 4 and 5).
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Pucynok 2. Tonorpadust cencuut B epenHeii rpymme (anterior trough sensilla) y kiema
Ixodes persulcatus, oTy4eHHOE ITyTeM HAIOXKEHHS H300paskeHUH 63 HK3eMIUIIPOB (M3 PaboTHI
Leonovich, Belozerov, 1992). ¢! — kouudeckas ceHCHiIa, p> — HOpUCTasi CeHCHILIA, t* TOHKAsI
cencmua; (t°) ToHkast cencwinia; () aByxcioiiHas cencumia; (g*) IBYXCIOMHAs CEHCUILIA.

Figure 2. Topography of anterior trough sensilla in the tick Ixodes persulcatus created
by superimposition of 63 images obtained in scanning electron microscope (from Leonovich,
Belozerov, 1992).
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Pucynox 3. Tonorpadus ceHcniut B nepeaneii rpyrime (anterior trough sensilla) y xierma

Ixodes rubicundus (Neumann, 1904) Ha pa3HbIX (a3ax OHTOTCHETHYCCKOTO Pa3BUTHS, MONTYUCHHOE
myteM cynepumnosunun (rmo: Belozerov et al., 1996). YenoBHble 0003HaueHnsT Kak Ha puc. 1.

C — xoHHMYeCKHil BOIOCOK (TepMoperienTtop); T — TOHKHI BOJIOCOK (TUTPOPELENTOP);

G — DwS (dowble-walled sensillum); P — mopucTsIit Bomocok (00OHATENbHAS CEHCUILIA).

Figure 3. Topography of anterior trough sensilla in the karoo paralysis tick Ixodes rubicundus
(Neumann, 1904) at different developmental stages obtained by superimposition of scanning
electron images (from Belozerov et al., 1996).
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Pucynok 4. Crpoenue oprana ['amiepa y kiemeit poga /xodes B paCTpOBOM 3JI€KTPOHHOM
MHKpocKore: 4 — camka Ixodes ricinus (JeBas yanka); B — nuuunka [. ricinus (npaBas Jlanka);

C — I. redicorzevi, nepenusist Tpynna ceHcwut, D — 1. persulcatus, 9acTh TiepeHEN TPYMITbI CCHCHILT
C COHOBHBIMH THIIAMH CSHCWILT; E — 1. persulcatus, camka; F — I. persulcatus, aumoa.

Macrabnast aunerika, Mkm: A4, E, F — 50; B —20; C— 10 ; D — 1.

Figure 4. Structure of the Haller’s organ in ticks of the genus Ixodes in scanning electron
microscope: 4 — female of Ixodes ricinus (left tarsus); B — larva of 1. ricinus (right tarsus);
C — I redicorzevi, anterior group of sensilla; D — I persulcatus, part of anterior pit sensilla
with main types of the latter; £ — 1. persulcatus, female; F' — I. persulcatus, nymph.

Scale, um: 4, E, F —50; B —-20; C—10; D — 1.
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Kamncynsapaoe orBepcTre MOXET ObITh MaJEHBKUM (COCTABIISIONINM MEHEE IISITOH 9acTH
JIOP30-TIPOKCHMAIIBHOTO pa3Mepa ynTyOJeHus! Julsl CeHCUILT niepeiHeid rpynsl) (1. dentatus,
1. scapularis, 1. loricatus), cpennero pasmepa (oJHa TPeTh - OJHA YETBEPTh IJIUHBI
yrnryOuieHust auist nepeaHel rpynnsl cencwn) (1. ricinus, 1. persulcatus) wim G0NbIINM
(MoJOBMHA WIIM TPETh JJIMHBI yIIyONeHus AJisi CEHCHILI mepenHeld rpymmsl (1. muris,
L boliviensis, 1. asunumai). 3aHUi Kpail OTBEPCTHSI MOXKET ObITh u3pesaH (1. redocorzevi),
a MoxeT ObITh U miankuM (1. scapularis, 1. rubicundus).

Cpenn M3y4eHHBIX BUIOB OCOOHSIKOM CTOUT /. [uciae, OTIMYAIOMINICS 0COOBIM PaCIIOIo-
JKEHUEM CEHCWJII TepeaHeil rpymiibl (TIOPUCTBI BOJOCOK PACIOIOKEeH OTAEIBHO OT IPO-
YHX, 3aHUMasi CaMyl0 TUCTAIbHYIO TIO3UIIMIO) U TAHTEIEBUIHBIM KaICYISIPHBIM OTBEPCTHEM
y B3pocibIx kienieid. [Ipu atom crpoenue oprana 'ayuiepa y JHYMHKHA TUOHYHO JUIS TTOJ-
poxna (Onofrio et al., 2010).

Taxyxe coBeplIEHHO HETUITMYHO ISl TIO/IPO/Ia PACIIONOKEHNE CEHCUILT TIEPEAHEH TPYIIITbI
y 1. acututarsus, y KOTOPOTO CEHCHJUIbI MEPETHEN IPYIIBI PACIIOIOKEHBI HE KOMIIAKTHO,
a B JIMHUIO, IPH 3TOM ITOPHCTHIN BOJIOCOK 3aHMMAET LeHTpajibHOoe nojoxenne (Ronghang,
Roy, 2014)

Takum o0paszoM, JuIs BCex NMpeAcTaBHTENCH moapona Ixodes s. str. XapaKTepHbI Tpare-
UEBUIHOE YIIIyOJeHHe JIUIsl CEHCHIUT MepellHel IPYIIIbl, KaKk MPaBUiI0, OKPY>KEHHOE BbI-
PaKeHHBIM KyTHKYJISIPHBIM BAaJIMKOM, a TaKkKe CHenu(HUUIHAas TOmorpadus CeHCUIIT Mepe-
Hell rpynnel (puc. 3, 4, 64—6D). BmecTte ¢ TeM pa3nuuus B CTpOCHHUHU opraHa ['amiepa
y M3y4YCHHBIX NIPEACTaBUTEINEH moapona [xodes s. str. TOBOPSIT 0 BO3MOXKHO COOPHOM, TIOJTH-
(uneTnyeckoM xapakrepe JaHHOro nojpoaa. [Ipu sTuM crpoeHne opraHa HUKaK He CBSI3aHO
HHU C XapaKTepoM MapasuTu3Ma (HHAOOHOHTHI MM HEMOOHMOHTHI), HU C TIPUPOAOI XO3SsHHA.
Taxk, I persulcatus, 1. redicorzevi, I. ricinus — HEeMOOUOHTBI C CaMbIM IIHMPOKHM KPYrOM
xo3seB (Pwmmmnmosa, 1977); 1. acutitarsus — pactipoctpaneHssiii B FOro-Bocrounoit Aznn
HemoOuoHT (Ronghang, Roy, 2014); 1. boliviensis 4ame Bcero mapasuTupyeT Ha cobakax
B HoBowm Csgere, 1. dentatus — Hu0OMOHT, Jallle BCETO BCTPEYAETCS HA KPOJIUKAX, TMUMHKN
napasuTupyror Ha ntunax (Smith, 1945); 1. asanumai — napasur pentunuii: 1. granulatus —
HUJIOOMOHT, Mapa3suTHPYeT Ha Tynausx; . laguri — HUJOOMOHT, TUIIMYEH B HOPAX CYCJIHMKOB;
L loricatus — napa3ur ornoccymMoB B IOxHoIt Amepuke; [. [uciae — HUIOOMOHT, TakxKe Ma-
pasur ornoccyMoB; 1. scapularis — HEeMOOUOHT.

Taknum 00pa3oM, BBISIBICHHBIEC PA3IH4Ms B CTPOSHUH opraHa [‘anepa qanHOTO moapoxaa
KOCBEHHO TOBOPST O ero nonuwinu. s pemeHus 3Toro Bonpoca HeoOXOAUMBI  1ailb-
HeHIIe TaKCOHOMHUYECKHe HccaenoBannsa. MHueHne o nmonummmu moapona Ixodes s. str.

pasenseTcs U akapoJIoraMu, CIOIb30BaBIIUME MOJICKYJISIpHBIC MeTobl (Xu et al., 2003).

[onpon Pholeoixodes (puc. 5SA, 6E—6H).
[IpencraBieH HCKIIOYUTENHHO HUIOOHOHTAMH, B OCHOBHOM IapasWTaMH ITHII H,

B MCHBIIIEH MEpEC, MIICKOIIUTAIOMINX.
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JucTanbHbIH Gyropok XOpOIIO BEIPaKEeH, HA HEM PACIHONArarTcs 2 mapbl CEHCHILT ANC-
TanbHOrOo Oyropka (puc. 54). YriyOnenue Juisi CEHCHII TEpPEAHE IPpyIIbl OKPYINIOe WIIH
oBanbpHOE (puc. 5S4, 6E—6H), ceHCcHII nepeaHel rpymnmsl 6, oOBI9HBIN HAbop. Y Bcex m3y-
YEHHBIX MPE/ICTaBUTENCH MOAPO/Ia UMEETCsl OIHA BECbMa XapaKTepHas yepTa, OTIIHJaronas
knemeit Pholeoixodes ot Bcex ocTanmbHBIX [xodes. KancynspHoe OTBEpCTHE MMEET 0COOYIO
(opMy — OHO BBITSHYTO B J0OP30-TIPOKCHMAJIEHOM HalpaBlieHHH, 00paTHO-KaljIeBHIHOE
(puc. 54, 6E—6H). CodetaHue OKPYIJIOrO YIIyOJICHHS I CEHCWIUI MepeAaHed TPYIIbl ’
M3PE3aHHOr0 00paTHO-KAIUIEBUIHOTO KalCYJISIPHOTO OTBEPCTHSI XapaKTepHO ISl BCEX M3-
YUCHHBIX NIpEACTaBUTENEH moapona. Y JIUYMHKH OTCYTCTBYET OfHA M3 JIBYX Iap CEHCHILI
JIMCTAJILHOTO Oyropka M OjiHa M3 CEHCHJLI IIepeHel rpymniibl (II0J0OHO TOMY, Kak 3TO ObLIO
MTOKa3aHo [UIA Kieme noapoxa Ixodes s. str. (puc. 6).

Crpoenue oprana ['ajuiepa y kiemied 1mojapoja He 3aBUCHT OT Kpyra xossieB. Tak,
L arboricola — mapasut ntun-gymiorae3gaukos (Heylen et al., 2014), 1. lividus — BcTpeua-
eTcsl B Hopax Jiactouek-OeperoByiiek (Dunummosa, 1977), a 1. texanus — B HOpaX MEIKUX
muexonutatonux (Darsie, Anastos, 1957).

MC)KBI/I)IOBLIX paSJ’II/I‘II/Iﬁ B CTPOCHHUU OpraHa Fanepm BBISIBUTH HE YIaJIOCh.

Ionpon Sternalixodes (puc. 61-6L, 7A)

[IpencraBieH UCKITIOYUTENBEHO aBCTpaTHACKUMU Buaamu (ABctpanusi, HoBas 3emanus,
[Mamya) (9 BUIOB) M XapakTepu3yeTcsi pa3HOOOPa3HbIMU MECTOOOUTAHUSIMU U XO35ICBAMH.

JucTanbHbI Oyropok HE BBIPAXEH, CEHCHILIBI MEPEAHEro Oyropka pacronararorcsi Ha
MJI0CKOM IOBEPXHOCTHU JIAIIKH. B oTanume oT BBIICONMCAHHBIX moaApoaAOB, 3TOT MOAPOL
MMEeT BCEeTO OfIHY Mapy 3TUX CeHCHWI (puc. 6/-6L, 7A). YrmyOneHnue s CEHCUIUT TIepe-
Hel rpymnmnsl oBasibHOE. B mepenneilt rpymnne He 6, a 7 CEHCHIUI, /IBa IMMOPUCTHIX BOJIOCKA,
OYEHb KPYIHBIX, OIMH 3aHMMAeT CaMOe AMCTAJIbHOE, a BTOPOH — caMoe MPOKCHMAalIbHOE
nosioxenue B rpymmne (puc. 6/-6L, 74). KancynsipHoe orBepcrue 0ojblloe, B Karcye
5 0OOHSTENBHBIX CEHCHILIL.

VY mpezacraBuTesiel ATOTO MOJPOJA, TAKXKE KaK y mpeicraButenel Ixodes s. str., of-
HOOOpa3HOe, XapaKTepHOE JUIsl MOAPOAa CTPOCHHE OpraHa laiimepa cBsI3aHO TOIBKO
C TAKCOHOMUEN U HE CBA3AHO C XapakTepoM napasutuzmMa. Hampumep, 1. anatis — HUj00MOHT,
nmapasuTupyromuil Ha kuBu B HoBoit 3emanmum; I. cordifer — mapa3uTupyer Ha CyMUaThIX
JYIUIOTHE3JHHKaX (T0JI0caThlid KycKyc) (T. €. Toxke HUI00uoHT), a . hirsti u 1. holocyclus —
HEMOOHMOHTBI, BHI3BIBAIOIIHE MTAPAINY CKOTa Ha acToOnmax. TeM He MeHee CTPOeHUE OpraHa
Tannepa y HUX NpakTUYECKU UIEHTUYHO.

CornacHO HEKOTOPBIM COBPEMEHHBIM padoTaM, OCHOBAHHBIM Ha MOJEKYJISIPHO-
FCHETUYCCKUX NAaHHBIX, [xodes anatis HE MPUHAIICKUT K monponay Sternalixodes (Kwak
et al.,, 2017). OnHako cTpoeHme opraHa ['ajuiepa HECOMHEHHO TOBOPHT O TOM, YTO ITOT

BH/J] — TUIIMYHBIN MPEICTABUTENb YKa3aHHOTO MOIpona (CpaBHUTH puc. 74 u puc. 6/-6L).
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Pucynok 5. Ctpoenue oprana ['amiepa y kiemeit poga /xodes B pacCTpOBOM 3JIEKTPOHHOM
MHKpocKone: A — camka /. [ividus (neBast nanka); B — camka Lsimplex; C — I. uriae, camka;
D — I uriae, nuuunka; E — I. vespertilionis, camka; F — 1. ovatus, camxka.

Macmrabuas nunelika, Mem: A, B — 30; C, D — 30; E, F' — 50.

Figure 5. Structure of the Haller’s organ in ticks of the genus Ixodes in scanning electron
microscope: A — female of 1. lividus (left tarsus); B — female of Lsimplex; C — I. uriae, female;
D — I uriae, larva; E — I. vespertilionis, temale; F' — I. ovatus, female.

Scale, um: 4, B — 30; C, D — 30; E, F — 50.
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Pucynok 6. Cxema BHelIHero ctpoeHus oprana [amiepa y kieeii poxa Ixodes:
MPEACTABUTENN TOAPOIOB Ixodes S. str. (A—D), Pholeoixodes (E—H), Sternalixodes (I-L):

A — I ricinus; B — I ricinus maunnka; C — [. persulcatus; D — I redicorzevi; E, F — 1. lividus
(camka u muuuskKa); G — I. arboricola; H — I. texanus (pucyHok 1o ¢ororpaduu u3 padoTsl
(Homsher, Sonenshine, 1979); I — 1. dengrolagi; J — I. confusus; K — 1. hirsti; L — I. holocyclus
(Bce u3 paborer Homsher et al., 1988).

Figure 6. Scheme of the structure of the Haller’s organ in ticks of the genus Ixodes:
subgenera Ixodes s. str. (A—D), Pholeoixodes (E-H), Sternalixodes (I-L):

A — I ricinus; B — L ricinus larva; C — I persulcatus; D — 1. redicorzevi; E, F — I. lividus
(female and larva); G — I. arboricola; H — I. texanus (drawing on the basis of image from
Homsher, Sonenshine, 1979; I — 1. dengrolagi; J — 1. confusus; K — 1. hirsti; L — 1. holocyclus
(all from Homsher et al., 1988).
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Pucynoxk 7. Cxema BHenIHero crpoeHus oprana lamnepa y xiemeit pona Ixodes:

MpeACTaBUTENN NMOAPoRoB Sternalixodes (A), Ceratixodes (B), Multidentatus (C),

Trichotoixodes (D), Pomerantzevella (E), Endopalpiger (F), Ixodioipsis (G) n Eschatocephalus (H).
A — L anatis; B — 1. uriae; C — I. percavatus, D — I. frontalis; E — I. simplex; F — I. woyliei;

G — I. marxi; H — 1. vespertilionis.

Figure 7. Scheme of the structure of the Haller’s organ in ticks of the genus Ixodes:
subgenera Sternalixodes (4), Ceratixodes (B), Multidentatus (C), Trichotoixodes (D),
Pomerantzevella (E), Endopalpiger (F), Ixodioipsis (G) and Eschatocephalus (H).

A — L anatis; B — 1. uriae; C — I. percavatus, D — I. frontalis;, E — I. simplex; F — I. woyliei;
G — I marxi; H — 1. vespertilionis.

Ha mpumepe sToro noaposa (kak M BBIICOMHCAHHOTO Tosipoaa Pholeoixodes) ocoden-
HO Y€TKO BHJHO, YTO IMOJPOIOBBIC YEPThl COXPAHSIOTCS Y BCEX IMpEACTaBUTENEH Moaposa
(y uccrienoBaHHBIX 8 BUIOB 13 9 BUIOB, BXOAAIINX B COCTaB MOJPOAA) U 3aBUCAT TOJIBKO OT
TaKCOHOMHYECKOTO TToNiokeHus. [1oaToMy J1ajiee Ha pUCYHKaX aBTOp IPUBOAUT U300paKEHHs
HE BCEX M3YYCHHBIX BHIOB JAHHOTO IOAPOJA, & TOJIBKO OJAHOTO M3 HUX, UMEs B BHAY, 4TO

y OCTaJIbHBIX OpraH l'ajmiepa ycTpoeH Tak ke.

484



Honpon Ceratixodes (puc. SC-5D, 7B)

[IpencraBieHn eQMHCTBEHHBIM BHAOM I[xodes uriae, KOTOPBIH pacrpocTpaHEH
B MIPUMIOILIPHBIX 00macTsax CeBepHoro u KO)KHOTO MONyIIapuid U SABISETCS THUITUIHBIM 00H-
TareJeM NTHYbUX 0a3aposB.

[Nepennuii Oyropok, Kak W yniyOiaeHHe JUId CeHCHIUI IepefHel TpyImbl, OTCYTCTBYET,
BCE CEHCHIJIIBI 00OMX OT/IENIOB PacIojaraloTcsl Ha INIOCKOW IMOBEPXHOCTH IMEPEIHEH JIaKu
(puc. 5C).

CeHcnin ucranbHOro Oyropka Jige, Ho 00€ OHU IPEJCTaBICHbI KPYITHBIMUA OPUCTBIMU
BOJIOCKAaMH, T.€. PEIyLMPOBAHHbIE BKyCOBBIE CEHCHIUIBI OTCYTCTBYIOT.

B niepenneii rpyrmiie 7 CeHCHIUT, UMEIOTCS JIBa MTOPUCTBIX BOJIOCKA, KaK y TIpeJICTaBUTENeH
noapoxa Sternalixodes (cM. BBIIIE), TaKKe TIOXOXK Ha IpeCTaBuTeNel noapona Sternalixodes
U 10 XapakTepy pacHoyoKeHus 3TuX ceHcuiul (puc. 7B). Kancymna oTkpsiTas, UMeeTcs: He-
OonbLioe yriryOneHne, B KOTOPOM BUIHBI 7 TIOPUCTBIX BOJIOCKOB OOOHSATENBHBIX CEHCHILI
(puc. 5C).

VY JIMYUHKH OTCYTCTBYIOT OIMH IOPHCTBIH W OZMH OOpPO3AYATHI BOJIOCKH B COCTaBe

repetHel rpyMbl CEHCWLI, B Kalcyie TOJIbKO 4 000HSTENbHbIE CEHCHIUIBI (puc. 5D).

Honpon Multidentatus (puc. 7C)

[IpencTaBuTenn MOAPOAA CBA3aHBI HCKIIIOUUTENBEHO C NTUIIAMH, TIPEUMYIIIECTBEHHO MOP-
ckumu (Hoogstraal, Aeschlimann, 1982).

BosBsinieHne AncTaabHOrO Oyropka He BBIPaKEHO, ABE MApbl CEHCHIUI, KaXIas U3 KO-
TOPBIX BKJIIOYAET JJIMHHBIA IIOPUCTBIH U KOPOTKUI BKYCOBOH BOJIOCKH, PacIONararoTcs Ha
NPSIMOM MOBEPXHOCTU NEPETHEN JalKy.

B nepenneii rpymmne ceHCHILT 6 BOJIOCKOB, IOPUCTBIH 3aHUMAET MOJIOKEHNE, TOKA3aHHOE
Ha puc. 7C. Kancyna oTkpsITas, conepxut 7 o00oHATENbHBIX ceHcmt (puc. 7C). Y obomx
U3Y4eHHBIX BUIOB (. paranaensis u I. percavatus) crpoenue oprana ['ajuepa npakTudecku

UACHTUYHO.

Honpon Trichotoixodes (puc. 7D)

[Mapazuter nrun (Buczek et al., 2016).

VY nByx usydeHHbBIX BUIOB (1. frontalis v I. brunneus) opran ['annepa yCTpOeH CXOIHO.

[epennuii Gyropok XOpoIIo BbIPaXeH, KPYIHbBI, Ha HEM pacroyiaraloTcst 6 CEHCHILI:
4 NITMHHBIX TOPHUCTHIX OOOHSTENBHBIX BOJIOCKA M 2 KOPOTKHX BKYCOBBIX BOJIOCKA (XapakTep
PacToiIOKEeHNUs CeHCHIUT TIoKa3aH Ha puc. 7D). YryOreHne CeHCHUT IepeHe TPYIIIbI OT-
YETJIMBOE, OKPY)KECHO KYTHKYISIPHBIM BaJIMKOM, PACIIOIOKEHHE CEHCHILI CXOHO C TAKOBBIM
y Ixodes s. str. KancynspHoe orBepcTe 0ONbIIOE, OKPYINIOE, YUCIO CEHCHUIT B KarcyJe

OIIPCACIINTL HC yNaJI0Ch.
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Honpon Pomerantzevella (puc. 5B, 7E)

Iupoxo pacnpocrpanennsie (EBpomna, Adpuka, IOro-Bocrounas Aswus, ABcTpanus,
Hosas 3enanans) napasuTsl pyKOKpbUIBIX. Kpome u3yueHHoro aBropoM /. simplex, noapon
BKITIOYACT eIIe onuH BUA — Ixodes spiculae Arthur, 1956, U3BECTHBII TONBKO IO OTHOMY
camiy u3 Adpuku (6e3 AaHHBIX O MecTe HaxoAku u xo3suHe) (dunmnnosa, 1977).

[lepennuii Oyropok Xopomo pa3BHT, ¢ AByMs napamu ceHcuiul (puc. 5B, 7E). Cencui-
JBI IEpEeJHEN TPYIITBI M CEHCHIUIBI KAICY/Ibl HAXOSATCS B OTHOM O0IIeM yriTyOiIeHuH (puc.
5B). Pacniono)xeHre CeHCHIUT MepeHEel TPYIIIBI CXOIHO ¢ TAKOBBIM MpeacTaBuTenei Ixodes
s. str. (puc. 7E).

[oapon Endopalpiger (puc. TF)

I[MpeuMynIeCTBEHHO ABCTPATUUCKHU pPOJ, B OCHOBHOM Mapa3uThl CyM4YaThIX
1 OJIHOTIPOXO/IHBIX.

VrnyOnenne Assi CCHCHILT MEPEIHEH TPYIIIbl OBATBHOE, OKPYKCHO BAJIHKOM, BOJIOCKOB
JCTanbHOro Oyropka ojina mapa (puc. 7F). CeHcusut nepejiHeid rpymisl 7 (1Ba MOPHCTHIX
BOJIOCKa, PAaCIONIOKEHHE TTOKa3aHo Ha puc. 7F). KamncymsapHoe oTBepcTHE OBATBHOE, CIIETKa

BBITSHYTOE B IONEPEYHOM HAIPABICHUH, B KalCyle 5 CEHCUI.

Honpon Ixodiopsis (puc. 7G)

TlonapkTryeckuii mMoapoj BKIIFOYACT HUAOOHOHTOB M HEMOOHWOHTOB, IUJISl MOCJICIHUX
OOBIYHBI KAMEHHCTBIE MECTOOOUTAHHS, HAITAJAI0T Ha XO35€B ¢ MOBEPXHOCTH MOYBHI (Du-
munmosa, 1977).

Crpoenne oprana ['amnepa Onusko TakoBoMy Ixodes s. Str., OZHAKO yniyOineHue Juist
CCHCHJUT TIEPEIHEH TPYIIIBI ClierKa BHITSHYTO B MONEPEYHOM YIICHUKY HAIpPaBICHUH, OT-
BEpCTHE KarcCyibl Takke MouTu meneBunHoe (puc. 7G). K coxaneHunio, mioxoe KadecTBO
¢dororpaduii, npuBenennsix B pabore Homsher, Sonenshine, 1975, He no3sosnser paccmo-

TpeTh CTPOEHHE OpraHa OoJsiee OxPOOHO.

Honpon Eschatocephalus (puc. SE, 7F)

CornacHo ganaeiM Ounmnmosoii (1977), 1ocTOBepHO U3BECTCH OIUH BUJI — U3YUCHHBIN
aBTOpoM [xodes vespertilionis, napa3uT pykokpbuibiXx. HeaBHO ObLT OmmcaH BTOPOH BHUI
atoro noapona-. ariadnae Hornok et al., 2014, opran ['anepa koToporo 0bUT UCCICIOBaH
XoprokoMm ¢ coaBropamu (Hornok et al., 2015). Crpoenue oprana ['amiepa y o6enx BUIOB
NPaKTHYECKU HICHTHYHO.

JlucraapHbI OyrOpoK pa3BUT, TIEPEIHSS YacTh Oyropka CriiakeHa, Ha Oyropke pacroJia-
rarorcs aBe napbl ceHewut (Puc. 5E). YrnyOnenne misl CEHCHIUT TIEpeIHEH TPYyIIbl y3KOoe,
CHIIbHO BBITSHYTOE€ B JIOP30-TIPOKCUMAIIbHO HarpapieHnd. CEeHCHILIbI TIepeIHel IPyIIIbI
PACTIOIOKEHBI B IMHUIO, TIOPUCTHIA BOJIOCOK HAXOAUTCS MPUMEPHO MOCEPEIHHE IMHUHU (PHC.
SE, 7F). Karncyna OTKpbITasi, OTAEIeHa OT MEPEJHEro YIIyOIeHUsT KY THKYISIPHBIM BaJTUKOM.

Nmerorest 7 KancymasipHbIX CEHCHILIL.
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Honpon Partipalpiger (puc. 5F)

Crpoenue oprana lamnepa odeHb ONM3KO K TakoBoMy [xodes s. str. s moppona
Partipalpiger xapakTepHbl OKpPYIJIO€ KallCyJISPHOE OTBEPCTHE C HEH3PE3aHHBIMU KpasMy,
COMMKEHHOE TI0JIOKEHUE BOJIOCKOB JIUCTAIBHOTO Oyropka M MEJKHE pa3Mepbl pelylupo-

BaHHBIX BKYCOBBIX CEHCHUILI.

Honpon Afrrixodes (puc. 3)
Crpoenue oprana ["annepa Ha Bcex (pazax pa3BuTHs 10Ka3aHo Ha nipumepe I. rubicundus
(Belozerov et al., 1996).

Takum 0Opa3oM, aHANIHU3 CTPOCHHUs opraHa [amiepa y kiemiei nogcemeiicta I[xodinae,
NPE/ICTABICHHOT0 B MUPOBOi (hayHe eqMHCTBEHHBIM POAOM [xodes, 1okaszai, 4To Cyle-
CTBCHHBIC PA3INYHsi B MOP(HOJIOTHU KACAIOTCS MPEIACTABUTEICH OTACITHHBIX MOAPOIOB, B
TO BpeMsl KaK MEKBHUJIOBBIC Pa3Myus B MpelesiaX OTISIbHOTO MOAPOoJa MPAKTHUECKH He-
cymecTBeHHbI. OCOOEHHO 3TO KacaeTcst YeTKO YCTAHOBJICHHBIX U SIBHO MOHO(HMIIETHUECKUX
MOJPOIOB, TakuX Kak Pholeoixodes, Sternalixodes, Ceratixodes, Multidentetus. B 10 xe
BpeMs HauOOJbIIINE BHYTPHUIIOAPOAOBBIC BapHAllMU HAONIOMAIOTCS B TPEIeax MOAPOIOB,
Yell TAKCOHOMHYECKHI CTaTyc OKOHUYATENLHO HE OmpeeNneH (Hanpumep, Ixodes s. str.). Otu
00CTOSTEIHCTBA MTO3BOJISIOT PEKOMECH/IOBATh UCIIOIE30BAHKE TAHHBIX 110 CTPOCHHUIO OpraHa
lannepa B cucremaruke kiemel pona Ixodes (M Apyrux ponoB, 4yTo OyaeT MoKa3zaHO BO
BTOpOM coobmieHn#). OTMETHM, YTO BO BceX pabOTax, MOCBSIICHHBIX CHCTEMAaTHKE KIICTIeH
pomna Ixodes, nannabple o oprany ['amnepa HHUKaK He MCHOIB3YIOTCS. Mcmoiap30BaHHE 3THX
JAHHBIX, HAPSAIY C JTaHHBIMH, TI0JTy9CHHBIMHA MOJICKYJISIPHBIMHA METOIAMH, B CITydae HEsICHON
KapTHHBI, [T03BOJIMIIN Obl CKJIIOHUTH Yallly BECOB Ha Ty WJIH HHYIO CTOPOHY.

Hanpumep, B pabore Kmuddopna ¢ coasropamn (Clifford et al., 1973) non-
pon Trichotoixodes BkiO4eH B cocTaB Ixodes s. str., B TO BpeMs Kak opran [ aniepa
y TpEICTaBUTEIICH 3TUX MOIPONIOB Pa3IMUacTCs OYCHb CHIIBHO (CpaBHU puc. 64—6D u puc.
7D). oapoxa Phoileoixodes CAHOHUMHU3UPYETCSI C MTOAPOIOM [xodiopsis, YTO HUKAK HE CO-
OTBETCTBYET CTPOCHHUIO opraHa [‘aiepa y mpencraButeneii STux moapoaos (M. puc. 6E—6H
u puc. 7G). Eme oaun npumep. B padore Charrier et al. (2019) ¢unorenernyeckne pekoH-
CTPYKIIMH, BHIITOTHCHHBIC IT0 TaHHBIM TPAHCKPUIITOMHOTO aHaJIH3a MpeacTaBuTene [xodes
s. str., mokasanu, 4to I. holocyclus (nonpon Sternalixodes) n Ixodes uriae (Ceratixodes)
00pa3yroT o0MIyI KIIaay, OTACIBHYIO OT Kianabl, 0Opa3oBaHHOW BuUmamu [. ricinus,
L pertsulcatus, I. scapularis (moapon Ixodes s. str.). DTO B 1I€JIOM COOTBETCTBYET 0COOCH-

HOCTSIM CTPOEHMS Y HuX oprana [amiepa.
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THE STRUCTURE OF THE HALLER’S ORGAN AND TAXONOMY
OF IXODID TICKS OF THE SUBFAMILY IXODINAE
(FAMILY IXODIDAE)

S. A. Leonovich

Keywords: Haller’s organ, scanning electron microscopy, Ixodinae, Ixodes, taxonomy

SUMMARY

The analysis of the structure of the Haller’s organ, the main sensory organ of ixodid ticks, was
performed on the basis of own and literary data, obtained by methods of scanning electron microscopy.
A total of 43 hard tick species of the genus Ixodes Latreille, 1795, solitary genus of the subfamily
Ixodinae, were examined, including representatives of 13 subgenera of the genus: Ixodes s. str.
(14 species), Pholeoixodes Schulze, 1942 (3 species), Ixodiopsis Filippova, 1957 (4 species), Ceratixodes
Neumann, 1902 (1 species), Scaphixodes Schulze 1941 (2 species), Trichotoixodes Reznik, 1961
(2 species), Partipalpiger Hoogstraal, Clifford, Saito & Keirans 1973 (1 species), Pomerantzevella
Feider, 1965 (1 species), Eschatocephalus Frauenfeld, 1851 (2 species), Afrixodes Morel, 1966
(1 species), Sternalixodes Schulze, 1938 (8 species), Multidentatus Clifford, Sonenshine, Keirans &
Kohls, 1973 (3 species), Endopalpiger Schulze (1935) (1 species). Taxonomic characters in the structure
of the organ (the number and topography of sensilla in different parts of the organ, the presence and
shape of the capsular orifice, shape of the anterior trough, etc.) were revealed. It was demonstrated that
that the structure of the Haller’s organ is specific for each subgenus, whereas interspecific differences
within each certain subgenus are virtually very poor. Comparison of the obtained data with existing
views on taxonomy of the genus Ixodes was performed.
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Mudsnails Peringia ulvae serve as hosts for many digenean species; some of them differ a lot in
their life cycle pattern. In the north of Europe two contrasting examples are Cryptocotyle concava
(Heterophyidae) with a trixenous life cycle and Bunocotyle progenetica (Hemiuridae) with a mon-
oxenous life cycle. A ~ 870 base pairs long fragment of cox1 gene sequence was used to evaluate
and compare genetic structure within these two species. Our findings suggest that high dispersal of
C. concava keeps differentiation between different locations minimal and haplotype diversity quite

high. In B. progenetica two haplotypes dominate and have at least limited dispersal.

Keywords: Digenea, life cycle, intraspecific diversity, Bunocotyle progenetica, Cryptocotyle con-

cava
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Monoxenous life cycles are not common in Digenea, but they occur and represent an
extreme limitation of transmission (Poulin, Cribb, 2002). Such a limitation may offer some
benefits, but also has significant drawbacks. One of the key concerns is the impact of
one-host life cycle on the genetic diversity in a parasite. This impact may seem straightfor-
ward, but it has never been experimentally tested.

When a single host remains in the digenean life cycle, it is always a first intermediate

host. Snails, the typical first intermediate hosts, usually harbour few clones of a parasite
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following few infection events (Theron et al., 2004; Rauch et al., 2005; Keeney et al., 2007,
2008). Reproduction of the parthenitae — the sporocysts and rediaec — does not produce ge-
netic exchange and is in effect asexual. When the life cycle runs within one snail up until
production of eggs or miracidia, these cannot be a result of mating between non-related
parasites. So, in species with a monoxenous life cycle we expect lack of advantage from
sexual reproduction and low genetic diversity.

Apart from sexual reproduction, intraspecific genetic diversity is also supported by spatial
distribution and associated mixing opportunities. The most vagile host in the life cycle —
for digeneans this generally means a vertebrate definitive host — largely determines genetic
structure of a parasite. Birds and mammals provide better dispersal and less structure than
fishes (Blasco-Costa, Poulin, 2013; Feis et al., 2015). Birds can even sustain connection
between parasite populations that are geographically isolated (Gonchar, Galaktionov, 2020).
In a monoxenous life cycle, the most vagile and the only host is a snail.

In the White Sea, the snails Peringia ulvae (along with their close relatives, Ecrobia
ventrosa) serve as hosts for Bunocotyle progenetica (Markowski, 1936) Chabaud & But-
tner, 1959 — the only monoxenous digenean in this region. These snails are also first in-
termediate hosts of other digeneans with more transmission events in their life cycles, for
example, several species from families Microphallidae and Notocotylidae, and a heterophyid
Cryptocotyle concava (Creplin, 1825) Liihe, 1899. The latter is an abundant parasite with
a trixenous life cycle that involves fish second intermediate host and bird definitive host
(a range of species with fish component in their diet, mainly gulls). It thus presents a con-
trasting example to B. progenetica regarding the expected genetic structure. Several studies
have compared these two parasites of P. ulvae (Levakin, 2004, 2005; Levakin et al., 2013),
but never in this particular aspect.

Here I for the first time assessed genetic structure of a monoxenous trematode
(B. progenetica) and that of a trixenous one (C. concava) found in the same region and in
the same molluscan host species.

MATERIALS AND METHODS

The mud snails Peringia ulvae were collected in 2018-2019 in two regions: the Chupa Inlet in
the Kandalaksha Bay of the White Sea (Russia) and the Varangerfjord in the south-western Barents
Sea (Norway). The distance between these regions is about 500 km directly and about 1000 km along
the shore line. In Varangerfjord, all the samples were taken from the same location, the large mudfiat
in the head of the fjord. In the Chupa Inlet, sampling took place in four locations within 10 km from
cach other. Sampling sites are summarized in fig. 1 and table 1.

Mud snails were collected during low tide using a sieve with a 1 mm mesh size, taken to the
laboratory and dissected under a stereomicroscope to detect infection by digeneans. I selected rediae
of Cryptocotyle concava and Bunocotyle progenetica from an infected snail, rinsed them in sea water
and preserved in 96 % ethanol. Prevalence and intensity were not recorded.

492



Table 1. Collection sites

Region Site Coordinates
Varangerfjord, south-western Barents Sea | Varangerbotn 70°10'19.31"N, 28°33'52.42"E
Chupa Inlet, Kandalaksha Bay, White Sea | Sukhaya Salma Bay 66°18'42.12"N, 33°39'18.58"E
Lebyazhya Bay 66°17'39.95"N, 33°35'04.88"E
Levin Navolok Bay 66°17'50.57"N, 33°27'37.51"E
Krasnyi Island 66°25'06.74"N, 33°44'09.03"E

Barents Sea

Q
- <ok Ry
1km
“ White S€°
e AW Q
2 Inlet =
= 100 km

Figure 1. Schematic map showing collection sites in the Barents and White Seas.
Sampling locations are marked with circles: VB — Varangerbotn, LN — Levin Navolok Bay,
LB — Lebyazhya Bay, SU — Sukhaya Salma Bay, KR — Krasnyi Island.

To extract DNA, the ion exchange resin Chelex ® 100, 200—400 mesh, molecular biology grade (Bio-
Rad) was used. A single redia in a small drop of ethanol was transferred to a new 1.5 ml microtube;
any remaining ethanol was evaporated by incubating an opened tube at 35 °C for 1-3 min. Then 200 pl
of 5 % Chelex in Milli-Q water and 2 pl of proteinase K (20 mg/ml) were added to each tube and
samples were incubated at 56 °C for 1618 hours while mixing at 750 rpm on thermomixer (Eppen-
dorf). Next, the samples were boiled at 90 °C for 8 min and centrifuged at 16,000 g for 10 min while
cooling to 4 °C. DNA in supernatant was carefully transferred to a new tube and stored at —20 °C.

The fragment of cytochrome ¢ oxidase subunit I (cox1) gene sequence was amplified with PCR

in 20 pl reaction mixtures containing 13 pl Milli-Q water, 4 pl ScreenMix HS (Evrogen, Russia),
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0.5 pl of each forward and reverse primer diluted to 10 pmol/ul and 2 pl of DNA template. I used
JB3 forward primer (TTTTTTGGGCATCCTGAGGTTTAT, Bowles et al., 1993) and trem.cox1.rrnl
(AATCATGATGCAAAAGGTA, Kralova-Hromadova et al., 2008) or COIRtrema (CAACAAAT-
CATGATGCAAAAGG, Miura et al., 2005) reverse primer. PCRs were run on a Veriti thermal cycler
(Thermo Fisher Scientific) with the following thermal profile: initial denaturation at 94 °C for 3 min;
35 cycles with 40 s at 94 °C, 40 s at 48 °C (trem.coxl.rrnl) or 51 °C (COIRtrema) and 40 s at
72 °C; final elongation at 72 °C for 7 min; and cooling to 4 °C. PCR products were size-separated with
electrophoresis in a 1 % agarose gel (5 min at 60 V and 40 min at 80 V), stained with SybrGREEN
(Invitrogen); results were visualized and photographed using ChemiDoc MP (Bio-Rad). Sequencing
of fragments was performed directly from PCR mixture and with PCR primers in both directions on
the automated ABI 3500x1 genetic analyzer (Applied Biosystems).

To process chromatograms I used Geneious 11.1.4 (https://www.geneious.com). Forward and re-
verse reads were assembled to verify resulting sequence, and the quality was checked by eye. Further
quality control involved ensuring no inappropriate stop codons in a translated sequence (translation
table 21), and testing for the functional effect of the amino acid substitutions using Provean with
a default threshold — 2.5 (Choi et al., 2012). I also used the translated sequence to search for similar
proteins using BLASTP 2.10.1 + (Altschul et al., 1997). The boundaries of cox1 gene were estimated
by aligning to the annotated mitochondrial genome of Metagonimus yokogawai (NC _023249) as
a reference. The alignment of all the obtained sequences was exported in *.nex format for further
analysis. To construct a haplotype network, I used Integer NJ Net method with reticulation tolerance
0.5 in PopART 1.7 (Leigh, Bryant, 2015). To estimate sequence divergence | used MEGA7 (Ku-
mar et al., 2016). Using DnaSP6 (Rozas et al., 2017) I calculated F and Tajima’s D; built a mis-
match distribution graph using population growth-decline model and tested the fit to this model with
a Harpending’s raggedness index r. To test the significance of differences in haplotype diversity between
the Chupa Inlet and the Varangerfjord for C. concava 1 used the R script “genetic_diversity diffs
v.1.0.6” (R Core Team, 2015; Alexander et al., 2016).

For comparison, I used partial cox1 sequences of European Cryptocotyle lingua isolates (Blake-
slee et al., 2008; EU876333-EU876430). These were aligned and analyzed in DnaSP6 and MEGA7,

as described above.

RESULTS

A total of 102 specimens were collected: 54 Cryptocotyle concava and 48 Bunocotyle
progenetica. In Varangerfjord only C. concava were found. In Chupa Inlet, Sukhaya Salma
and Lebyazhya Bays were major sampling sites, while from Levin Navolok Bay there were
only five isolates and from Krasnyi Island only one.

I obtained high quality sequences covering 3'-region of the coxl gene and adjacent
tRNA-coding region for 40 C. concava and 32 B. progenetica isolates. High AT content was
observed in both species: 63.5 % in C. concava and 67.5 % in B. progenetica. Stop codon
was TAA in both species. All the sequences were submitted to GenBank under accession
numbers MT422274-MT422345.
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Sequences of C. concava were 872—881 base pairs (b. p.) long after trimming, and the
resulting alignment contained 869 positions of which 27 were polymorphic (table 2). Average
genetic divergence within the species was 0.31 + 0.09 %. In the translated sequence, the
majority of substitutions appeared synonymous, with two exceptions: Val > Ile (position 56
of the amino acid alignment) and Ser = Pro (236). None of these changes were predicted to
have functional effect. Position 264 was a stop codon at the end of the cox1 gene sequence.
The closest BLAST hit was Metagonimus suifunensis (QFS15968) with 87.6 % identity.

A total of 23 C. concava haplotypes were discovered; five of them were shared between
Varangerfjord and Chupa Inlet. The average number of nucleotide differences between these
populations was 2.885 and F_ was 0.12. The differences in haplotype diversity between the
populations is not significant (p = 0.195). The cox1-based haplotype network for C. concava
is in fig. 2a; it has reticulated structure and a repeated starburst pattern. Most haplotypes
differed by one or two substitutions; the maximum difference between the two neighbouring
haplotypes was four substitutions. Haplotype A was dominant in Varangerfjord; haplotype
B occurred in all five sampling sites; 17 haplotypes were unique. Mismatch distribution
was unimodal (fig. 3a).

For B. progenetica sequences were 853—-860 b.p., and the alignment was 853 b.p. Aver-
age pairwise distance per site between all sequences was 0.21 + 0.1 %. Four positions were
polymorphic (table 2). In the translated sequence, three of them appeared non-synonymous:
Ser = Asn (position three of the amino acid alignment), Ile = Val (4), and Thr > Met (239).
None of these changes were predicted to have functional effect. Position 260 was a stop
codon at the end of the coxl gene sequence. The closest BLAST hit was Isoparorchis
eurytremum (BAO74170) with 74 % identity.

The cox1-based haplotype network for B. progenetica is in fig. 2b. A total of three hap-
lotypes were discovered, the neighbouring haplotypes differing by two or three substitutions.
Haplotypes C (frequency 16) and D (11) were dominant, and were found in both major
sampling sites (Sukhaya Salma and Lebyazhya Bays). Haplotype E (frequency 5) occurred
in all the three sampling sites. Mismatch distribution was bimodal (fig. 3b).

I analyzed 98 cox1 sequences of C. lingua from GenBank. The samples originated from
16 sites in Europe: seven in southern Scandinavia, six in the UK and three along the conti-
nental coast of central Europe. The alignment was 1043 b.p. long, overlapping by 372 b. p.
with the 5'-region of the cox1 alignment for C. concava. There were 19 non-synonymous
substitutions across the whole alignment. The fragment overlapping for C. lingua and
C. concava included 123 amino acids and had 10 fixed differences between the species.
The total number of cox1 haplotypes for C. lingua was 72, with haplotype and nucleotide
diversity values Hd = 0.984 and © = 0.00379.
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Table 2. Genetic diversity indices based on cox1 sequences

Dataset b.p. | N S H Hd T K Tajima’s D
B. progenetica | all | 853 | 32 4 3 0.627 0.00208 1.97 n.s.
C. concava all | 869 | 40 | 27 | 23 0.932 0.00312 2.715 —1.95%*
VB | 869 | 20 | 14 | 12 0.879 0.00249 2.163 —1.65%
CH| 869 | 20 | 18 | 15 0.942 0.00335 2911 —-1.6*

VB — Varangerfjord, CH — Chupa Inlet, b.p. — length of alignment, N — number of samples,
S — Number of polymorphic sites, H — number of haplotypes, Hd — haplotype diversity, n— nucleotide diversity,
K — average number of nucleotide differences, * p < 0.05, ** p < 0.005, n.s. not significant.

10 samples

5 samples

1 sample

O Levin

O Krasnyi
® Lebyazhya
Q Sukhaya

Varangerfjord

Figure 2. Haplotype networks based on cox1 sequence data for (a) Cryptocotyle concava, n=40;
and (b) Bunocotyle progenetica, n=32. Circles indicate haplotypes, their frequencies correspond
to circle sizes. Haplotypes connected by line differ by one (no hatch marks) or more (number

of hatch marks) substitutions. Black dot illustrates a missing haplotype. Capital letters 4—E mark
haplotypes mentioned in the text. Sampling locations are represented by different fill patterns.
Levin — Levin Navolok Bay, Krasnyi — Krasnyi Island, Lebyazhya — Lebyazhya Bay,

Sukhaya — Sukhaya Salma Bay.
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Figure 3. Mismatch distributions based on cox1 haplotypes for (a) Cryptocotyle concava
and (b) Bunocotyle progenetica. Solid lines show observed frequencies,
dashed lines show expected frequencies.
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DISCUSSION

This study dealt with two species of trematodes that share the same first intermediate
host, Peringia ulvae, but have a contrasting life cycle strategy. I obtained 72 sequences of
a ~ 870 b.p. long fragment that included a 3'-region of cox1 gene. For Cryptocotyle con-
cava this was the first molecular genetic evidence. Data on Bunocotyle progenetica were,
to the best of our knowledge, the first intraspecific genetic diversity data for a monoxenous
digenean. The study had relatively small sample sizes, relied on one DNA marker and pro-
vided non-exhaustive geographic range of sampling. The latter was especially critical for
B. progenetica which I did not find in northern Norway. Despite these limitations, the results
contribute to building a global picture of genetic diversity in digeneans.

For C. concava, the samples from two distant locations (Varangerfjord and Chupa Inlet)
have shown lack of genetic differentiation. The haplotype network illustrates this well: five
haplotypes are shared between the two locations, and haplotype pattern does not match
a location pattern (fig. 2a). To test these observations I calculated F measure. It infers ge-
netic differentiation from comparing genetic diversity within and among (sub)populations
(Holsinger, Weir, 2009). In C. concava, F = 0.12 indicates gene flow between Varanger-
fjord and Chupa. This gene flow is consistent with the vagility of definitive hosts: birds can
maintain long-distance dispersal of the parasite. This type of life cycle is called allogenic;
the opposite is autogenic when the definitive hosts are fish, and colonization potential is
smaller (Esch et al., 1988). Meta-analysis has also found that genetic structuring is lower
in allogenic trematodes (Blasco-Costa, Poulin, 2013). The study of the two trixenous trema-
tode species — autogenic and allogenic — in a marine environment gave the same result
(Feis et al., 2015). Our results are thus consistent with the established ideas.

The results of this study were compared with those on three other representatives of
Heterophyidae. All of them have a three-host life cycle where a definitive host is a fish-
eating bird or mammal (including humans). First, I re-analyzed the published dataset for
a closely related marine species C. lingua in Europe (Blakeslee et al., 2008), and proved no
differentiation across sampling locations (F_= 0). Then, the freshwater species Metagonimus
suifunensis in the Russian Far East also follows this trend (F = 0.05, excluding the only
sample from the northernmost location which had a highly diverged haplotype) (Tatonova
et al., 2019). However, Haplorchis taichui forms several isolated populations in Vietnam
(Dung et al., 2013) and, at the broader scale, in the mainland Southeast Asia (Thaenkham
et al., 2017). These examples highlight that, although some trends in population genetics
of trematodes have been identified, the case of every species adds new information.

Demographic history of C. concava inferred from sequence data suggests recent popu-
lation expansion. The first evidence is the haplotype network that has star-like features,

showing many unique haplotypes closely related to few central ones (structure similar to
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type ii “complex star” in Jenkins et al., 2018). Population expansion can also be detected
by neutrality tests, for example Tajima’s D that compares average pairwise differences with
the number of segregating sites. For populations that underwent bottleneck recently it takes
negative value, which is the case for C. concava. Further evidence is the unimodal mismatch
distribution (fig. 3a). Probably the traces of bottleneck event that are observed in C. concava
and C. lingua (Tajima’s D = -2.59) date from the last glacial maximum.

In the Chupa Inlet, C. concava and Bunocotyle progenetica were collected in the same
sites, and even though sample sizes were not equal, the dataset is suitable for comparison.
The number of detected haplotypes (H), haplotype diversity (Hd) and nucleotide diversity
(m) were higher in C. concava (table 2). The difference is also evident from the haplotype
network (fig. 2). Low intraspecific variability in B. progenetica is likely due to its life cycle
that runs within one mollusc individual. This favours local expansion of single haplotypes
but limits dispersal and genetic exchange.

Dispersal of B. progenetica relies on dispersal of its only host, the mollusc. P. ulvae
may spread at the larval stage, but veligers cannot carry a parasite. Juveniles and adults
of mud snails can float at the water surface and thus move much faster than by crawling
(reviewed in Anderson, 1971; Armonies, Hartke, 1995). They may also be able to disperse
once ingested by a bird, passing through the gut still alive (Haase et al., 2010; Cadée, 2011;
van Leeuwen et al., 2012). At the local scale, either of these processes must be happen-
ing in the Chupa Inlet, as we find the same haplotypes of B. progenetica in different spots
throughout the inlet (fig. 2). At the larger scale, biogeographic data on P. ulvae suggest
that gene flow is quite high between the Baltic and the White Sea, probably due to disper-
sal by birds (Wilke, Davis, 2000). It is thus likely that B. progenetica was transferred to
White Sea also from the Baltic, which is consistent with the records of this parasite there
(Markowski, 1936; Reimer, 1961).

Since three B. progenetica haplotypes were detected at the White Sea, at least three
P. ulvae infected with genetically distinct B. progenetica had arrived here at some point. This
could have happened on a single occasion (for example, if snails were carried by the same
bird) or as several independent events. The number of such events may be underestimated
judging from present data: some parasite haplotypes may be unsampled; some could have
become extinct at the White Sea; and some arriving snails could carry genetically identical
parasites.

In any case, we assume that divergence of B. progenetica into the three haplotypes
differing by 2-3 substitutions could not happen within the White Sea. It is a geologically
young water body which formed and was colonized after the end of the last glacial maximum
(LGM), not before 20 kya (Svendsen et al., 2004; Hughes et al., 2016). Considering the

estimate of mutation rate for cox1 gene in digeneans as 2.5 % per Ma (Attwood et al., 2008),
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the three haplotypes could not have formed at the White Sea. The Baltic Sea was also under
ice during the LGM; the mud snails and parasites could spread here from the refugia at the
Atlantic coast of Europe where B. progenetica is also documented now (Deblock, 1978).
Summing up, our findings on the genetic diversity in C. concava and B. progenetica
illustrate some differences that would be expected between a tri- and monoxenous digenean
species. Data on C. concava expand understanding of dispersal in species with an avian
definitive host. As for B. progenetica, further study of intraspecific variation patterns could
clarify more on its dispersal and persistence abilities. This will require sampling at a larger
geographic scale, and sampling across several years to test whether the same haplotypes

continue to dominate.
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BHYTPUBUJIOBASA T’EHETUYECKAS U3MEHUYMBOCTD
Y TPEMATOJl C MOHO- 1 TPUKCEHHBIM ITUKJIOM
13 OJHOI'O BUJA MOJIJIFOCKOB-XO3SEB

A. T Tonuap

KiaioueBrnlie ciioBa: Digenea, TpEMAaTobl, JKM3HEHHBIN LUKJII, BHYTPUBUAOBAA IrCHETHUYC-

CKasi I3MEHYNBOCTb, Bunocotyle progenetica, Cryptocotyle concava

PE3IOME

Momnmtocku Peringia ulvae city>ar Xo3si€BaMH JUIi MHOTHX BHJIOB TPEMATo[], KOTOPbIC IIPU 3TOM
MOTYT CHJIBHO PA3JIMYaThCs 10 CTPYKTYype CBOMX JKM3HEHHbIX LUKI0B. Ha ceBepe EBporbl 1Ba KOH-
TpacTHBIX IpuMepa — 3T0 Buasl Cryptocotyle concava (Heterophyidae) ¢ TpUKCEHHBIM >KH3HEHHBIM
LUKIIOM ¥ Bunocotyle progenetica (Hemiuridae) ¢ MOHOKCEHHBIM. MBI CEKBEHHPOBAIN (h)parMeHT reHa
cox1 muHO# ~ 870 map HyKJICOTHAOB /Ul OLICHKH M CPABHEHUS T€HETHYECKOIl CTPYKTYpBI BHYTPH
9TUX BUJIOB. Halu pe3ysbrarhl CBHICTEIBCTBYIOT O TOM, YTO aKTHBHOE pacnpocrpanenue C. concava
orpaHn4uBaeT AU GepeHInann0 MEXIAY PA3IHYHBIMU TeorpadMuecKuMH PErHOHAMH U MOACPIKH-
BaeT ZI0BOJILHO BBICOKOE Pa3HOOOpasHe raryioTHIioB. Y B. progenetica IiBa raljioTHIIA JOMHHHPYIOT

1 UMCIOT I10 KpaﬁHefI MEpE HeKOTOpBIfI MOTECHIMAI JJIs1 paClpoCTpaHCHUs.
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Malaria still remains one of the oldest documented diseases of humans in the world. This study
was aimed to measure the concentration of cytokine levels (IFN-y, TNF-a, IL-10) in Sudanese malarial
patients in serum specimens. 148 malaria positive patients were included in this study. The specimens
were collected from three different areas: Kosti, Al-Greif Sharq, and El-Jayli Area. All specimens
were examined using both blood films and ICT Pf/Pan. The overall mean of parasite counts were 22.36
x 109 parasite/L. After 14 days 54 of the participants returned back for follow up after completion
of the anti-malarial treatment and the same previous tests were repeated again. 70 participants were
selected to measure the concentration of cytokines according to the inclusion and exclusion criteria
of the study. They were classified into two groups endemic and non-endemic and compared to their
corresponding control groups and to the treated participants. The mean levels of IFN-y, TNF-a, and
IL-10 in serum of malarial patients from non-endemic area, was 59.94 pg/mL, 42.78 pg/mL, and
109.87 pg/mL respectively. The mean level of IFN-y, TNF-q, and IL-10 in the serum of the malarial
patients from the endemic area, was 14.26 pg/mL, 52.26 pg/mL, and 131.99 pg/mL respectively.
IFN-y and IL-10 showed a higher concentration when compared to a healthy control group (IFN-y:
E: p = 0.040/NE: p < 0.000; IL-10: p < 0.000 for both areas). Also showed higher concentrations
when compared to the treated groups in both areas (IFN-y: p = 0.010; IL-10: p < 0.000; TNF-a: E: p =
0.760/NE: p = 0.650). In the opposite TNF-o showed a significant difference with lower concentration
when compared to the healthy group in both areas (p < 0.000). In this study both pro-inflammatory
(IFN-y, TNF-0) and anti-inflammatory (IL-10) cytokines for both endemic and non-endemic areas
were elevated during infection and both decreased after treatment.

Keywords: Malaria, IFN-y, TNF-a, IL-10, cytokines, Sudan, ICT Pf/Pan
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Malaria is one of the most common diseases in the world. More than half the world
population lives in malaria infected areas specially in Sudan where the latest WHO data
published in 2017, reported that the number of malaria cases was 1305000 and the number
of deaths reached 3,471 (Malaria in Sudan, 2017). Although it is a treatable disease, it has
severe and may be deadly complications like cerebral malaria if doesn’t treated (Centers for
Disease Control..., 2015). There are many reviews about the relation between the clinical
symptoms that caused by malaria parasite and the imbalance between cytokines that can
lead to serious complications with regard to the main function of them by activating the
effective molecules that kill malaria parasite (Perlmann, Troye-Blomberg, 2002; Nmorsi et
al., 2010; Perera et al., 2013). However sometimes the over production of certain cytokines
may lead to a serious deadly complications (Mandala et al., 2017). This concept can be
used to minimize the complication of malaria by using them in vaccine, immunotherapy,
or as diagnostic markers (Angulo, Fresno, 2002). In order to determine how cytokines vary
with disease severity and syndrome, a study enrolled in the year 2017 in Malawian children
presenting with cerebral malaria (CM), severe malarial anaemia (SMA) and uncomplicated
malaria (UCM), with healthy controls. They analyzed serum cytokines concentrations in acute
infection, and in convalescence. With the exception of IL-5, cytokine concentrations were
highest in acute CM, followed by SMA, and were only mildly elevated in UCM. Cytokine
concentrations had fallen to control levels when re-measured at one month of convalescence
in all three clinical malaria (Mandala et al., 2017). In endemic area of Brazil there was
study that aimed to characterize alterations in haematological patters and circulating plasma
cytokines and chemokine levels in patients infected with Plasmodium vivax or Plasmodium
falciparum during the acute and convalescent phases of infection whom compared with
a healthy control. Thrombocytopenia, eosinopaenia, lymphopaenia and an increased number
of band cells were observed in the majority of the patients during acute phase which returned
to normal values at convalescent phase. This study was found a significantly higher for both
P. vivax and P. falciparum patients of interleukin (IL)-6, IL-8, IL-17, interferon gamma
(IFN-y), tumour necrosis factor alpha (TNF-a), macrophage inflammatory protein-1p and
granulocyte-colony stimulating factor levels than controls during acute phase which maintained
high levels during the convalescent phase. IL-10 was detected at high concentrations during
the acute phase, but returned to normal levels during the convalescent phase (Rodrigues-
da-Silva et al., 2014). In Nigeria Nmorsi et al. (2010) examined the array of some pro- and
anti-inflammatory cytokines, namely, interleukin-4 (IL-4), interleukin-10 (IL-10), interferon-y
(IFN- vy), interleukin-5 (IL-5), interleukin-6 (IL-6), interleukin-12 (IL-12) and tumor necrosis
factor-a (TNF- o)) concentrations in some Nigerians with falciparum malaria. They concluded
that IL-4, IL-5, IL-6, IL-10, IL-12, TNF-a, and IFN-y are involved in the immune-pathology

and immune-regulation of uncomplicated and complicated malaria infections. IL-6, IL-12,
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IFN-y and IL-10 depressed in complicated/severe malaria may not provide any protective
immunity and may be indicators of poor prognosis in Plasmodium falciparum infected
Nigerian children. In this study is meant to look for the levels of some cytokines in the

serum of Sudanese.

MATERIALS AND METHODS

This is a case control study conducted in three famous areas known to have a high prevalence of
malaria. The study was approved by the Ministry of Health and The National Ribat University ethical.
One hundred forty eight malaria positive patients recruited from the medical center in Aljraif East (n =
40), the medical center in El-Jayli (n = 23) area (Non-endemic areas/NE), and malaria center in Kosti
(n = 85) (Endemic area/E) during period 2015 to 2018. Ninety four of the participants were males
and fifty four were females. All samples were collected under special criteria: patients diagnosed as
having malaria, permanent resident in the study area, not taking anti-malarial drug at least 2 weeks,
free from other common infectious diseases, and willing to be involved in the study by signing a
consent form. All specimens were diagnosed by both Giemsa stained thick-thin blood film (10 % v/v)
and ICT Pf/Pan (Healgen Malaria Pf/Pan One Step Rapid Test). The parasite density was determined
per uL of blood by counting the asexual form of them against TWBCs.

Serum was obtained the collected blood in plain vacutainer tube to measure the cytokines. The levels
of cytokines (TNF-a, IFN-y, and IL-10) were measured by sandwich ELISA kit (biolegend/ ELISA
MAX™ Deluxe Sets). Each cytokine included with standard curve as directed by the manufacture
that started from top standard concentration (IFN-y: 500 pg/mL, TNF-a: 500 pg/mL, and IL-10 250
pg/mL) then six two fold serial dilutions of these top standard which run by ELISA parallel with the
specimens. The absorbance of the ELISA was read by spectrophotometer at 450 nm within 15 minutes.
Using Graph Pad Prism 7 program the standard curve was plotted with analyte concentration on the
x-axis and absorbance on the y-axis. After 14 days all the steps of diagnosis were repeated for the
cured patients. All data were analyzed online on web site http://www.socscistatistics.com considering

0.050 as significant values using Microsoft Office Exel 2007.

RESULTS

The overall mean of parasite counts were 22.36 x 10° parasite/L. The mean of parasites
count in endemic area was 30.46 x 10° parasites/L and in the non-endemic area 13.28 x 10°
parasites/L. The most prevalent Plasmodium species was P. falciparum 93.24 % (n = 138),
then mixed infection of P. falciparum + P. malariae as 3.38 % (n = 5), and both P. vivax
alone and mixed infection of P. falciparum + P. vivax with the same percentage 1.35 %
(n = 2), and finally P. malariae alone was 0.68 % (n = 1) (fig. 1).

After fourteen days 54 of the participants returned back for follow up after completion
of the anti-malarial treatment and the same previous tests were repeated again. 85.19 %
(n = 46) of participants were free of malaria parasite and the parasiteamia of 14.81 % (n =
8) was decreased significantly to 0.03 x 10° parasite/L (p < 0.000).
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Figure 1. The percentages of the detected Plasmodium species: P.f — Plasmodium falciparum,
Pm — P. malariae, P.v — P. vivax.

Seventy participants were selected to measure the concentration of cytokines (IFN-y,
TNF-a, IL-10) in serum according to the inclusion and exclusion criteria of the study. They
were classified into two groups according to the endemicity of malaria parasite at these
areas (endemic and non-endemic) and compared to their corresponding control groups and
to the treated participants.

The group from non-endemic area was thirty three that compared to twenty participants
of control group and twelve of the treated participants. The mean levels of IFN-y, TNF-a,
and IL-10 in serum of patients from non-endemic area before anti-malaria treatment was
59.94 pg/mL, 42.78, and 109.87 pg/mL respectively. All values of the cytokines in the
serum of the malaria infected group showed significant difference when compared to the
control group. The levels of the cytokines in the control group as follows: IFN-y 6.57 pg/mL
(» <0.000), TNF-a 70.22 pg/mL (p < 0.000), and IL-10 1.16 pg/mL (p < 0.000). After anti-
malarial treatment the level of the cytokines showed variations as follow: IFN-y decreased
significantly to 9.99 pg/mL (p = 0.010), TNF-a decreased insignificantly to 41.88 pg/mL
(p = 0.650), and IL-10 decreased significantly to 5.02 pg/mL (p < 0.000) (table 1).

The group from endemic area was thirty seven that compared to twenty four participants
of the control group and eighteen as a group of after treatment. The mean level of the [FN-y,
TNF-a, and IL-10 of the patients from the endemic area before anti-malarial treatment

was 14.26 pg/mL, 52.26 pg/mL, and 131.99 pg/mL respectively. The mean level of the
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cytokines of the control group (IFN-y, TNF-a, IL-10) was 9.62 pg/mL, 117.06 pg/mL, 1.51
pg/mL respectively. There was a significant difference between the patients and the control
group as follows: IFN-y (significant, p = 0.040), TNF-a (significant, p < 0.000), and IL-10
(significant, p < 0.000) (table 2).

After the anti-malarial treatment the cytokines showed variations as follow: IFN-y was
decreased significantly (7.90 pg/mL, p = 0.010), TNF-a was decreased insignificantly (51.84
pg/mL, p = 0.760), and IL-10 was decreased significantly (3.91 pg/mL, p < 0.000) (table 3).

There is a significant difference between cytokines of endemic and non-endemic sera
of healthy control as follows: IFN-y: p = 0.010, TNF-a: p < 0.000, and IL-10: p = 0.010
(table 4).

Table 1. Mean of cytokines levels in the non-endemic area

Patients Control (n = 20)
Cytokines Before treatment | After treatment P-vales Cytokines P-vales
(n=33) (n=12) level
TFN-y 59.94 9.99 0.010 6.57 <0.000
TNF-a 42.78 41.88 0.650 70.22 <0.000
IL-10 109.87 5.02 <0.000 1.16 <0.000

Table 2. Comparison of the mean cytokines levels (pg/ml) in the serum between the patients
and controls in the endemic area

Cytokines Patients (n=37) Control (n=24) P-vales
IFN-y 14.26 9.62 0.040

TNF-a 52.26 117.06 <0.000
IL-10 131.99 1.51 <0.000

Table 3. The difference in the mean cytokines levels in serum (pg/ml) after treatment

in the endemic area

Cytokines Before treatment (n=37) After treatment (n=18) P-vales
TFN-y 14.26 7.90 0.010
TNF-a 52.26 51.84 0.760
1L-10 131.99 391 <0.000

Table 4. Comparison of the mean cytokines levels in serum of healthy control among
non-endemic and endemic areas

Cytokines Non-Endemic Areas Endemic Areas P-value
IFN-y 6.57 9.62 0.010
TNF-a 70.22 117.06 <0.000
IL-10 1.16 1.51 0.010
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DISCUSSION

Malaria is one of the most common diseases in Sudan. The World Health Organization —
WHO published data in 2017 reporting the rate of total death due to malaria was 1.30 %
(Malaria in Sudan, 2017). Now a days there are many trials to eradicate this disease and their
complications permanently (Pan American Health Organization / World Health Organization —
PAHO/WHO, 2018; WHO, 2018). These complications are shared between parasites and/or
immune responses where the cytokines are one of them (Medina et al., 2011). This study
aimed to measure the concentration of cytokines levels (IFN-y, TNF-a, IL-10) in Sudanese
malarial patients in serum samples.

During infection there are several pro-inflammatory cytokines like IFN-y and TNF-a
induced by many inflammatory cells like Thl cells, CD8+ cells, NK cells, and macrophage.
These cytokines are stimulated by malarial antigens leading to elimination of parasite or
immuno-pathological effects in case of persistent response (Goldsby et al., 2002; Khan, 2008;
Medina et al., 2011). In contrast the anti-inflammatory cytokines like IL-10 which induced
by Th2 cells mainly and other inflammatory cells inhibit the pro-inflammatory cytokines
(Couper et al., 2008; Akdis et al., 2016). As seen in this study both pro-inflammatory (IFN-y,
TNF-a) and anti-inflammatory (IL-10) cytokines in serum for both endemic and non-
endemic areas were elevated during infection and both were decreased after cure maintaining
the balance between them (pro/anti-inflammatory) as reported by Rodrigues-da-Silva et al.
(2014) to avoid any immuno-pathological effects that mentioned by Medina et al. (2011).
These cytokines showed significant difference to IFN-y and IL-10 (endemic IFN-y: p = 0.040;
non-endemic IFN-y: p < 0.000; IL-10: p < 0.000 for both areas) with higher concentrations
when compared to healthy control group which agreed with Mandala et al. (2017), Medina
et al. (2011), and Tatfeng, Agbonlahor (2010). Also the concentrations were higher when
compared to the treated group in both areas (IFN-y: p = 0.010; IL-10: p < 0.000) which
agreed again with Mandala et al. (2017). TNF-a showed insignificant difference with higher
concentration when compared to treated group (endemic area: p = 0.760; non endemic-area:
p = 0.650) which agreed with a previous studies in elevation but not in significance. But
this result agreed with Gandapur, Malik (1996) where the difference between the levels
of TNF-a cytokine showed insignificant higher concentration in severe malaria than mild
one and suggested that the population has some degree of immunity. Also they reported
that the young trophozoite may be microscopically undetectable which support the positive
correlation between parasite count and concentration of TNF-a in their study. TNF-o showed
significant difference with lesser concentration in healthy group in both areas (p < 0.000)
which disagreed with previous studies, where the TNF-a as pro-inflammatory cytokines
should be increased during infection for protection to be higher than healthy one. But the

inhibition of production of TNF-a is reported by many authors to be due to many possible
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factors that act as anti-TNF-o during infection. Some microbes can act as immunosuppressive
by enhancing production of IL-10 leading to decreasing in neutrophil counts and tumor
necrosis factor a level (Hellgren et al., 2009). Another reason for this concept, the co-infection
with some helminthes can modulate the immune response to malarial parasites by making
more anti-inflammatory cytokines (IL-10) (Hartgers et al., 2009). Also the co-infection with
Gram negative enteric bacilli can inhibit the production of TNF-a. This organism may be
related to counter regulatory activities of IFN-induced increased nitric oxide (NO) that down
regulate nitric oxide synthase (NOS) inducing cytokines, such as TNF-a, through a feedback
mechanism (Davenport et al., 2016). The co-infection with HIV leading to depletion in CD4,
CDS8 and lowered serum levels of immunological mediators (Tatfeng, Agbonlahor, 2008).
There are some foods which naturally inhibit the production of TNF-a like fatty fish, red
fruits, tomatoes, red meat, nutritional yeast, honey, caffeine, dates, lactoferrin, ginger, Hibiscus
sabdariffa (Karkadt) (Fakaye, 2008; Isa et al., 2008; Cohen, 2018). Beside that there are
certain drugs can suppress TNF-a like aspirin, artemisinin, erythromycin, and paracetamol
(Brandts et al., 1997; Schultz et al., 1998; Wang et al., 2011; Lutgen, Munyangi, 2018).
During the disease the rate of consumption of patients may be reduced leading to reduction
in expression of mRNA of TNF R2 in muscle (Hofmann et al., 1994). Finally the presence
of certain genes can inhibit the expression of TNF-o (Mendonga et al., 2014). Beside that,
there are other factors which increase production of TNF-a as seen in healthy control people
like a long exposure to sun-light which contain UV-A irradiation that induces synthesis of
IL-6 and TNF-a (Avalos-Diaz et al., 1999). Also the consumption of large amount of caffeine
(coffee) can increase the level of TNF-0; and insufficient ingestion of fruit or vegetables
may increase the TNF-o (Cohen, 2018). The continuous exposure of the immune system to
malaria parasite leads to a high concentration of cytokines. That was obvious in the detected
levels of the cytokines from the healthy candidates in the endemic area when compared to
those from the non-endemic one. The difference was significantly higher in those from the
endemic area (IFN-y: p = 0.010, TNF-a: p < 0.000, IL-10: p = 0.010). Also this was true
about parasite counts (endemic area: 30.46 x 10° parasites/L; non-endemic area: 13.28 x
10° parasites/L) which agreed with Wroczynska et al. (2005).

CONCLUSION

In this study both pro-inflammatory (IFN-y, TNF-a) and anti-inflammatory (IL-10)
cytokines in serum for both endemic and non-endemic areas were elevated during infection
and both decreased after cure maintaining the balance between them (pro/anti-inflammatory)

to avoid any immuno-pathological effects.
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YPOBEHb ITUTOKMHOB IFN-y, TNF-qa, and IL-10 B KPOBU CYJAHLIEB,
MH®ULIMPOBAHHBIX MAJISIPUMHBIM ITAPA3ZUTOM

Anp Caiten C. E. A., Manuk A. X., Myca X. A.
KuroueBble ciaoBa: maysipust, [IFN-y, TNF-q, IL-10, nutokunsl, Cynan, ICT Pf/Pan tect

PE3IOME

Mansapusi mo-pekHEMy OCTaeTCs OJHOW M3 CTapeHIINX 3aperHCTPUPOBAHHBIX B MHpe Ooines-
Hell denoBeka. Llenbio mpeamaraeMoro MCCIeJOBaHuUs SBISETCS H3MEPEHHE YPOBHEH KOHIEHTPAINN
utoknHoB (IFN-y, TNF-0, IL-10) B 00pa3nax ChIBOPOTKM KPOBH y OOJIBHEIX MaJIsipHell NMalueHTOB
B Cynane. Becero 6buto n3ydeno 148 GonbHBIX Mansipueidl manueHToB. OOpasibl CHIBOPOTKH OBUIN
coOpanbl B Tpex pasnuuHbix pernonax Cymana: . Koctu, Anp-I'peitd Ilapk u Teppuropus Bo3ne
r. Dnp-/Ixaiinn. Bee 00pasipl OblIM M3YYEHBI C MCIOIB30BAaHUEM KaK Ma3KOB KPOBH, TaK M METO-
Ia UMMyHHOU xpomarorpaduu (tect Pf/Pan). CpenHee uncio mapasuToB B 00pasnax COCTABUIIO
22.36 x 10° mapasutoB Ha | 1. Uepe3 14 mueii 54 namueHTa, JTEUUBIIMXCS OT MaJSIpHH, ObLIH BHOBb
HCCIIEN0BaHbI C MPUMEHEHUEM BBIICOIMCAHHBIX METOOB. 70 ManneHToB ObLIM OTOOPAHBI IS H3Me-
PEeHUSI KOHIIEHTPAMK IUTOKMHOB COIIACHO KPUTEPUSAM BKJIIOUEHHS U UCKIIIOUCHUS, UCIIOIb30BAHHBIX
B pabore. DTH ManMeHThl ObIIM pa3/iefieHbl Ha JBE IPYMIbI (M3 YHAEMHYHBIX U HE SHAEMHUYHBIX IO
MaJIipuu pailoHOB), JaHHBIE IO KOTOPHIM CPAaBHUBAJIHM C COOTBETCTBYIOUIMMHU KOHTPOJIBHBIMH I'PYTI-
MaM{ ¥ C JJaHHBIMH T10 TAIMEHTaM, MOJBEpraBIINMCs JeueOHbIM nponenypaM. CpeaHuil ypoBeHb
kxoHueHTpauu TUTOKHHOB [FN-y, TNF-o u IL-10 B chIBOpOTKE KpOBH OONBHBIX Malspueil U3 He
9H/IEMUYHBIX PaiiOHOB COCTABHJIM COOTBETCTBEHHO 59.94 mr/mur, 42.78 u 109.87 nr/mn. Cpenauit
ypoBeHb koHneHTparnuu TUTOKHHOB IFN-y, TNF-a u IL-10 B chiBOpoTKe KpoBH OONBHBIX Masipueit
W3 SHJCMUYHBIX PalOHOB COCTABHIU COOTBETCTBEHHO 14.26 mr/mu, 52.26 wu 131.99 nr/mu. IFN-y
n IL-10 xapakTeprn3oBaiuch 0ojee BHICOKMM YPOBHEM KOHLICHTPAIMH B CPAaBHEHHH C KOHTPOJBHON
rpynmnoii 3p0poBsix manuentoB (IFN-y: E: p = 0.040/NE: p < 0.000; IL-10: p < 0.000, s o6oux
peruonoB). boree BBICOKYIO KOHIIEHTPALUIO HAOMIOAAIN U TIPY CPABHEHNH C TPYTIIAMH JICYUBIIUXCS OT
MaJSIpUU MaeHToB u3 obonx pernoHoB (IFN-y: p = 0.010; IL-10: p < 0.000; TNF-a: E: p = 0.760/
NE: p = 0.650). Kpome toro, mutoknd TNF-o 1ocTtoBepHO oTinyascs 6onee HU3KOH KOHIIEHTpaNnei
IIPU CPaBHEHHH C TPYIIOI 370pOBBIX MaleHTOB B obonx pernonax (p < 0.000). CornacHo HammMm
JIAHHBIM, KOHLIEHTparus Kak npo-socrnannTenbHbix (IFN-y, TNF-a), Tak ¥ MpoTHBOBOCHIAIUTENBHBIX
(IL-10) OMTOKMHOB y NALMEHTOB U3 SHAEMHUUYHBIX M HEIHAEMHUUYHBIX PEIMOHOB IOBBIIIAIACH IIPHU 3a-

pakeHHM MalsipHell U MOHMXKAIach MOCIE MPOBEACHUS JIYEOHBIX TPOIEAYP.
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A cross sectional study was carried out in September 2017—April 2018, in Gwagwalada abattoir to
determine prevalence of Paramphistomum spp. in slaughtered cattle. Six hundred and forty eight (648)
cattle were subjected to standard meat inspection procedures for the presence of Paramphistomum spp.
Parasites were determined during initial examination and then determination was clarified microscopically
to appreciate the morphology of adult Paramphistomum spp. The overall prevalence of Paramphistomum
spp. in the study was (59.7 %). The prevalence was higher in male than in female cattle with prevalence of
51.4 % and 48.6 % respectively. A statistically significant difference (P<0.05) in prevalence of
Paramphistomum spp. due to season of sampling, and to cattle species, sex, and age was observed.
The highest infection rate of cattle with Paramphistomum spp. was observed in October. The revealed
high infection rate of cattle with Paramphistomum spp. testifies to an intensive transmission of these
parasites in the region, potentially resulting in immense economical losses in the area examined.
Therefore, it is recommended to cattle breeders to improve feeds provision in order to obtain good
body condition providing sufficient level of resistance against Paramphistomum infections. Integrated
control approach using selected anthelmintic therapy and snail control to reduce the magnitude of the
problem is also recommended.

Keywords: Paramphistomum spp., prevalence, cattle, Gwagwalada, Nigeria
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In Nigeria, 13.9 million cattle population provides not only the main source of animal

proteins; by-products, such as bones and skins also play a vital role in economic well-being
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of the human populace (Sani, 2009; Lawal-Adebowale, 2012). A considerable socio-economic
importance is therefore attached to ownership of these animals that in some cases may be the
only realizable wealth of a rural household (Omeke, 1988; Bettencourt et al., 2015). Their
production is however constrained by a variety of gastrointestinal helminthes, which are
characterized by decrease in milk production, reduced product quality, mortality and other
secondary infections (Saha et al., 2013). Helminthes including trematodes are known to be
potential health hazard to cattle population and are therefore major impediment to efficient
livestock production, characteristically affecting their growth and productive performances
(Bisset, 1994; Charlier et al., 2015).

Among the plethora of Trematodes, Paramphistomum infection is established to have a
devastating effect to cattle production globally, but the highest prevalence has been reported in
tropical and subtropical regions, particularly in Africa including Nigeria (Khedri et al., 2015;
Elelu et al., 2016). The epidemiology of Paramphistomum infection in cattle is determined
by several factors governed by parasite-host-environment interactions (Martinez-Ibeas et al.,
2016). Adults of Paramphistomum are found in the rumen and reticulum whilst immature
parasites are found in the duodenum. Adult Paramphistomum flukes parasitize mainly in the
fore stomachs of cattle causing irregular rumination (ruminitis), lower nutrition conversion,
loss of body condition, decrease in milk production, and reduction of fertility rate (Mogdy
et al., 2009; Ayalew et al., 2016). The immature flukes occur in the upper part of the small
intestine (duodenum and ileum) causing hemorrhage, which leads to anaemia, weight loss,
decreased production; death of animals may also occur (Maitra et al., 2014).

The taxonomy of paramphistomes has been extensively studied by light and electron
microcopy, yet there are still areas where consensus is lacking. The major species that cause
the disease include Paramphistomum cervi (Zeder, 1790), P. cotylophorum (Fischoeder,
1901), P. gotoi Fukui, 1922, P. gracile Fischoeder, 1901, P. hiberniae Willmott, 1950,
P, ichikawai Fukui, 1922, and P. epicitum Fischaedar, 1904. The ones that are predominantly
found in Africa are P. cervi and P. microbothrium Fischoeder, 1901 (Smyth, 1996). Although
Paramphistomum infection outbreaks in different communities have been extensively studied
in different states in Nigeria (Biu, Oluwafunmilayo, 2004; Bunza et al., 2008; Njoku et
al., 2009; Adedipe et al., 2014; Afolabi et al., 2017; Shola et al., 2020), there is paucity
of information on the prevalence of this parasite in the Federal Capital Territory. This
is essential for the design of an effective control strategy. The study was conducted to
determine prevalence of Paramphistomum species in cattle slaughtered at Gwagwalada

abattoir, Abuja, Nigeria.

MATERIALS AND METHODS

The study was carried out in Gwagwalada Area Council, one of the six councils of the Federal
Capital Territory (FCT), Abuja — Nigeria. It is located geographically in the central part of Nigeria
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between latitude 8°25'-9°9' N and longitude 6°29'-7°45' E. It has a Guinea Savannah type of vegetation,
with rainy season stretching from April to October and dry season from November to March. The climate
of the study area is tropical: non-arid climate with only two seasons throughout the year: wet and dry.
The mean temperature in the study area ranges between 30-37 °C yearly with the highest temperature
in March and the mean total annual rainfall of approximately 1650 mm per annum (NPC, 2006).

A cross sectional study was carried out on slaughtered animals in Gwagwalada abattoir for 3 days
in a week during early dry season (September—December 2017) and 2 days in a week during the late
dry season (January—April, 2018). The animals were randomly selected for sampling. Six hundred and
forty-eight (n = 648) cattle slaughtered in Gwagwalada Area Council abattoir, Abuja, Nigeria were
examined for the presence of Paramphistomum species. Adult worms were collected from the rumen
and reticulum of the animal sampled using a standard meat inspection procedure that involves both
primary and secondary examination.

Ante mortem inspection was carried out in animals before slaughter, to assess them generally.
During the ante mortem examination, detail records about the species, sex, age, and breeding status
of the animals were recorded. Ageing of the cattle was based on rostral dentition as described by
Lasisi et al. (2002). Cattle aged (< 3 years old) were classified as young while (> 3 years old) were
considered as adults. Sexual differentiation was based on the appearance of external genitals while
breed identification was based on morphology as described by Yunusa et al. (2013).

Rumen of slaughtered animals selected to be sampled were inspected for the presence of rumen
flukes. The collected flukes were transported to the laboratory in plastic containers with 10 % formalin.
The flukes were washed several times in running tap water to remove debris and ruminal content.
The flukes were later prepared for identification under stereomicroscope. Furthermore, collected flukes
were preserved for further identification.

Rumen and reticula were systematically inspected for the presence or absence of adult
Paramphistomum to estimate fluke burden using standard meat inspection procedures which include
primary and secondary examination. The primary examination includes visualization and palpation.
During the secondary examination further incision of the rumen and reticulum was made to check
presence or absence of Paramphistomum spp. as described by Urquhart et al. (1996).

Rumen flukes were preliminarily identified under microscope using low power magnification
and then slides were prepared for detailed morphological studies and identification. Flukes collected
in Petri dishes were observed using stereoscope to appreciate the morphology. Final identification
of Paramphistomum was done based on morphological features, such as shape, posterior sucker
(acetabulum), anterior sucker, terminal genitalium and tegumental papillae following the standard

guidelines given by Urquhart et al. (1996).

DATA ANALYSIS

Data were collected during the study and fed into a computer using Microsoft excel
spreadsheet and analyzed with Statistical software (SPSS — 20.0). Descriptive statistics
was employed and expressed in terms of frequency and simple percentage. Chi square (i),
ANOVA (F-Test), and t-test statistics were used to test the relationship between variables.
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RESULTS

The overall prevalence of Paramphistomum spp. in cattle slaughtered at Gwagwalada

abattoir was 59.1 %. Higher prevalence of Paramphistomum spp. was recorded in adult

cattle (62.0 %) than in young ones (42.1 %). There was statistically significant difference

(P <0.05) in the prevalence of Paramphistomum between two age groups and female cattle

showed a higher prevalence (61.0 %) than male (57.4 %). Similarly, there was no statistically

significant difference between the breeds examined (P > 0.05) (tabl. 1). Identification result

showed statistically significant variation in prevalence of Paramphistomum spp. between
both sexes (P < 0.05) (tabl. 1).

Table 1. Prevalence of Paramphistomum spp. in cattle slaughtered in Gwagwalada abattoir

Sample parameter No. examined (%) No. infected (%) t P- Value

Age Young 95 (14.7) 40 (42.1) 4.231* 0.001"
Adult 553 (85.3) 343 (62.0)
Total 648 383 (59.1)

Sex Male 343 (52.9) 197 (57.4) 6.114* 0.000°
Female 305 (47.1) 186 (61.0)
Total 648 383 (59.1)

Breed WF 374 (57.7) 216 (57.8) 15.250%* 0.762
ND 152 (23.5) 95 (62.5)
SG 70 (10.8) 41 (58.6)
K 52 (8.0) 31 (59.6)
Total 648 383 (59.1)

*not significant at a = 0.05, “significant at a = 0.05, * t — test, **chi square ()?).

Key: WF — White Fulani, ND — Ndama, SG — Sokoto Gudali, K — Keteku.

The infection rate is higher during early dry season (October—December), reaching its

peak in the rainy season (tabl. 2).

Table 2. Monthly prevalence of Paramphistomum spp. in cattle slaughtered
at Gwagwalada Area Council abattoir, Abuja

Months Cattle examined % Infected cattle %

September 73 11.3 58 79.5
October 92 14.2 77 83.7
November 70 8.8 25 35.7
December 70 8.8 32 45.7
January 75 11.6 27 36.0
February 86 13.3 37 43.0
March 102 15.7 66 64.7
April 80 12.3 61 76.3
Total 648 36.0 383 59.1
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DISCUSSION

In this study, the overall prevalence of Paramphistomum spp. was 59.1 %; similar high
prevalence (56 %) was recorded in Sokoto, Northern Nigeria (Bunza et al., 2008), 51.82
% in Ethiopia (Ayalew et al., 2016), and 53.1 % in Bangladesh (Paul et al., 2011). Lower
prevalence rate was however, recorded in Turkey (8.95 %), Spain (18.8 %), and France (20
%) by Ozdal et al. (2010), Gonzalez-Warleta et al. (2013) and Szmidt-Adjidé et al. (2000),
respectively. The great variability shown in both cases is probably due to ecological and
climatic differences between different locations throughout the continents of Africa, Asia
and Europe. The other most important factors that influence the occurrence of trematodes
in an area include availability of the suitable snail habitat (Dodangeh et al., 2019).

Findings of this study are in accordance with the reports of Davila et al. (2010), Raza
et al. (2010) and Al-Shaibani et al. (2008) who had also revealed higher prevalence of
helminthes in female. In this study, variation in occurrence of such helminthes in males
and females might be due to variation in sample size (Bachal et al., 2002), stress, genetic
resistance of host and insufficient/imbalanced feed against higher needs (Raza et al., 2010).
Higher prevalence among females may be explained by loss of immunity during pregnancy,
birth and lactation (Alade, Bwala, 2015).

The study did not identify any statistically significant difference in the rate of infection
among the breeds (P > 0.05) examined.

Monthly prevalence showed that infection rate was higher in October and gradually
fell down in November and increased in March. Similar work by Gul-E- Nayab et al.
(2017) showed that prevalence of Paramphistomum spp. was highest in cattle in March
and the lowest in November. Similar work by Chaudhri (2000) showed that there was
significant decrease of the rate during raining season. It has been described that the bionomic
requirements for breeding of Planorbis snails and development of intramolluscan stages of
flukes often reach the optimum threshold during the wet months (Radostits et al., 2000).

However, during dry periods, breeding of snails (intermediate hosts) and development of
larval flukes slow down or stop completely and snails undergo the aestivation state (Boray,
1994; Urquhart et al., 1996).

Although a decrease in prevalence was observed along with the advancement of dry
season, relatively high prevalence rates were recorded, this may be due to infections acquired
during previous peak of the snail activity season. The present study agrees with the finding
of Akanda et al. (2014), who reported that parasitic infestation was highest in rainy season

followed by summer and winter season.
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CONCLUSION

In this study, Paramphistomum spp. was found to be prevalent in cattle. This will be a
hindrance to the livestock production by causing remarkable direct or indirect losses in the
study area. Moreover, the study area is suitable for the survival of the molluscan hosts that
worsened the situation for the future. Therefore, taking into account the aforementioned
conclusion, integrated control approach using selected anthelmintic therapy and snail control
should be implemented to reduce the magnitude of the problem. In addition, awareness of
the cattle breeders about the disease should be raised to enable them actively participate

in control programs.
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3APAXXEHHOCTb BUJAMU PARAMPHISTOMUM
KPYITHOI'O POIATOI'O CKOTA HA CKOTOBOWMHE B I'BATBAJIAJIA
(ABYII)KA, HUTEPUS)

O. b. Aposoino, b. P. Moxammen, M. H. Omnapa

KuwueBsble cioBa: Paramphistomum spp., 3apaXeHHOCTb, KPYIHBIA POTAaTBI CKOT,

I'sarBanana, Hurepus

PE3IOME

B nepuon ¢ centsiops 2017 1. mo anpens 2018 . Ha ckoToOoiiHe ['BarBanana ObUIO MPOBEICHO
o0creoBaHme 3a0UTOTO KPYITHOTO POTaToro CKOTa ISt ONpeeIeH s 3apaXeHHOCTH Paramphistomum
spp. CrangapTHON MHCIEKINH MSCOIPOIYKTOB Ha Hanmmaue Paramphistomum spp. IOIBeprHyTo 648
ocobeil. HaliieHHBIX ITapa3uToB ONPEAEISUIN IIPH IIEPBUYHOM 00CIIEI0BAHUU U YTOYHSUIN IIPU MUKPO-
ckonrpoBaHuy. OOmmast 3apakeHHOCTh KPYIHOTO POTaToro cKoTa Paramphistomum spp. B HEpHON
nccienoBanus cocrasmia 59.1 %, npudeM 3apakeHHOCTb caMIoB Obuta BhIe (51. 4%), yeM camok
(48.6 %). Cratuctnuecku 3HaunMele pasnuuaust (P < 0.05) B 3apaxennoctu Paramphistomum spp.
JKUBOTHBIX OOHApY)KEHBI B pa3HbIC CE30HBI, a TAaK)Ke€ B 3aBHCHMOCTH OT MX BHJA, MOJNa M BO3pac-
ta. HanborpIee 3apaxkeHne KpymHOTO poraToro ckota Paramphistomum spp. OTMEUEHO B OKTSOpe.
BEIsSIBIICHHBIN BBICOKHI YPOBEHb 3apa’keHUsI KUBOTHBIX Paramphistomum spp. CBUAETEILCTBYET 00
MHTEHCUBHON TPAHCMUCCHH ITUX Iapa3UTOB B PETHOHE, YTO MOXKET MPHBECTH K OTPOMHBIM SKOHOMH-
YeCKNM MoTepsiM. [109ToMy KHMBOTHOBOZAM PEKOMEHIYETCS YIyUIIHTh 00SCIIeUeHNE BEIPAMNBAEMBIX
JKUBOTHBIX KOPMaMH, YTO ITO3BOJHT MOBBICHUTH UX YCTOWYHMBOCTB K 3apaskeHuto Paramphistomum
spp. IIpn 3ToM HEOOXOAMMO MPOBOAUTH KOMIUICKCHBIE MEPONPUSTHS MO CENICKTUBHON ITIMCTOTOHHOM
Tepanuy 1 60psOe ¢ yIUTKaMH — IIPOMEKYTOUHBIMH X03sieBaMu Paramphistomum spp.
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Bacunenko A. B. Cm. KyneMuH M. B. HLIP. ceoiviiiiiiiiiieiceeeeee 1 25
Boponun B. H., Crorkun U. B., l'onuaesa E. A., lynun A. C., Uepnbimésa H. b.
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DUHCKOTO BAITHBA. ......cveevuitieeuteteaeeeieeseesese et eeesesee e seseeseeae e sese e eeeseeneeee e eneeenenas 2 117
TanaktrnoHoB K. B. Cm. TIpokodbeB B. B. H AP, ..voveiiiieiieiciceee 3 179
lamaktioHOB K. B. CM. PeIcc A. FO. B IIP. weoveeiiiiiiiiiiicicieeeeeeceesee 1 57
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Jonrux B. B. CM. TUMOGDEEB C. A HJIP. «oevverieieiesieeiectieiieteeieieie e see e see e

Jyrapos XK. H., Bypaykosckas T. I, Xamuyesa T. P., banganosa /1. P.,
Kykeun A. H. Tlapasutst anraiickoro ocmana Oreoleuciscus sp. (Cypriniformes,
Cyprinidae) B o3epe Tope-Xonb (YOcyHypckast KOTIOBHHA, THIBA).......cc.ceveeuenenee.

Hyrapos XK. H., XKerxomnosa O. b., Tonouxo JI. B., Connyesa JI. /1.,

[TeoxbstroB C. B., Hlectepukos /1. C., [TenkesiHoBa M. C., lllabaranosa 1. B.
O6Hapy>xenue Tpemaronsl Petasiger radiatus (Trematoda: Echinostomatidae)

y GOJIBIIOTO OAKIIAHA B 03. BAMKAI.....vivieiiieiiiiiieiiieeice e
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CBs3b BUIOBOTO OOraTcTBa COOOIIECTB TEIBMUHTOB U YHCICHHOCTH XO35SHHA
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Kaprienxo C. B., [Tanos B. B. Calodium soricicola (Yokogawa et Nischigori,
1924) (Nematoda: Capillariidae): skonorn4eckne 0COOCHHOCTH 3apaKCHHOCTH
3eMJICPOEK FOTA 3AMATHOU CHOMPH. .. .eevvereerienieniirrierieriesieeietesessessessessessesseessessesens
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Kopauitayk FO. M. CM. Peicc A. FO. ML IP. wooveeiiiiiiiicieieieeeee e
KopocoB A. B. Cm. Menmiko E. I1. B ZIP. veoveviiniiiiieiiiieieeesec e
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Kyxenn A. H. Cm. HyrapoB K. H. M AP. oo
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JleBakun U. A. Cm. TTpokodbeB B. B. H AP, cveovieiieiiiiiiicceeeeee e

JleonoBuu C. A. III MexayHapoaHblil Iapa3UTOIOrHUECKUI CUMIIO3UYM
«CoBpeMeHHbIE TPOOIEMbI O0IIICH U YaCTHOW Mapa3UTOIOT N
(Cankr-ITetepOypr, 18-20 meKaOp 2019 T)eeeeeeiieieieieeiece e

JleonoBuu C. A. Ctpoenue oprana [anmiepa 1 cucTeMaTHKa HKCOIOBBIX KJICIIeH
(cemeiicTBo Ixodidae): momceMeRCTBO IXOAINGE. ....c..eveveiiriiiieiieiieieeeiee e

JleonoBuu C. A. ®epoMOHBI HKCOIOBBIX KIICIIEH U UX UCIIONB30BaHME B O0ph0e
C KJICTI[AMHU: TISITBASCSIT JIET HCCIIeJOBAHUM, HA/ISKT ¥ PA309APOBAHMM. ...

Jlynuna I A. Cm. I'puropbeBa JI. AL K ZIP. oooviiiiiiiiiiiiiiicccccccccee

Mengenes C. I, Bepxxynkuii [I. b., Kortu b. K. Paznoo6pa3ue nepenocunkon
BO30YIUTEISI YyMbI: ITOJUracTaIbHBIC MTAPa3UThl — OI0XH pona Rhadinopsylla
Jordan et Rothschild, 1911 (Siphonaptera: Hystrichopsyllidae)...........c.cccccoeeennee.

Mengsenes C. I. CM. Aracoil B. B. HAP. c.ooeviiiiiiiiiiicccccccee

Mengenes C. I, [TeunuxoBa H. A. Axagemuk E. H. ITaBnoBckuii — aHanus
TBOPUYECKOM IEATEIIBHOCT . ..cuveenerenreenteenteenteenteeseeeateemeesasenseesiresueenssenneenseenseeseensennne
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MuxaiinoBa E. A. Cm. I'puropbeBa JI. AL M JIP. covevieiiiiieiecececee e

Muxaiinosa E. U. O pacnipoctpanennu ckpeOHst Neoechinorhynchus tumidus
(Eoacanthocephala: Neoechinorhynchidae) B ceBepHOI A3HH........ccvevveeereereneanenenn

Muxaiinosa T. B. Cm. KopmumunbiHa M. WL M IP. coveviiininiiiiiicicccce
Huxonae K. E. Cm. [TpokodbeB B. B. M IP. wovvoveiiiiiiiiciceeeee
Huxonoposa H. A. CM. Memko E. IL ¥ AP, .ot
MMaBenko B. Y. CM. CrpbIrHH A. B. HZIP. cvoviiiiiiiciiccccccceee
[TaroB B. B. Cm. KapmeHKO C. B. ...c.oooiiiiiiiiiieeeeeeeeee e

ITanroxora E. B., Lenumesa JI. I, [Tectos C. B., Konecunkosa A. A.,

bakka C. B., Xomx 1. M., IllapaxoBa M. B. ®ayHa u 3K0JI0rUsi KPOBOCOCYILLUX
komapoB (Diptera: Culicidae) rocynapcTBeHHOTO PUPOTHOTO 3aMIOBEAHUKA
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ITacynbkrHa M. A. CM. CHPBITHH A. B. HLIIP. ceveeieiieieeeeeee e
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[TonozoBa T. A. Cm. I'puropbeBa JI. A. HJIP. wooovieiiiiieiiiiecieeecieeee e
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[Ipoxodner B. B. 'anakrronos K. B., Jlepakun U. A., Hukonaes K. E.
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Pricc A. YO. Peuensus na xuury. Ynxos B. H., byropuna H. H.,
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Pricc A. 10., Kopuuituyk 0. M., I'anaktuonos K. B. VII Beepoccuiickas
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MopcKoil napasuronorumy. 9—14 centadps 2019 ., CeBacTONONb...........ccccveunenee. 1 57
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0COOCHHOCTHU KOJKHO-MYCKYJIBHOTO MeIlIKa TenbMuHTa Trichostrongylus tenuis

(Mehlis, 1846) (Nematoda: Trichostrongylidae)...........cceceeveevuenieneninininieeciene 5 402
Cennepcxuii M. B. CM. TUMO(EEB C. A HLP. ..ceevvinieiiieiiniiicicnieieicee e 5 355
Conpyesa JI. JI. Cm. JlyrapoB XK. H. M AP, oo 1 42

Crpeirud A. B., berumc I A., TlaBenko B. ., [lacynpkuna M. A.,
Kononos A. B. Ce30HHasi akTHBHOCTB CaMOK MOKperoB pona Culcioides
(Diptera: Ceratopogonidae) B pa3nuuHbIx pernonax Poccuiickoit denepanun...... 3 231

Crapukos B. I1., Bepumnus E. A. [Tapazutndeckne 4ieHHCTOHOTHE
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Crotku M. B. CM. BopounH B. H. M ZIP. oo 2 117

Tumodees C. A., Cennepckuii U. B., XKypasnes B. C., [lonrux B. B.
MuKpocTopuIuy 1 X OIrKaiiiye pojCTBeHHUKH: COBPEMEHHBIE
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Abdalla S. G., Musa H. A., Adam 1., Elzaki S. E., Malik A. H., Elsheik M. A.,
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