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IIOODABJIEHHUE AKTHUBHOCTH BCTEPA3
KAK OCOBEHHOCTbD ITATOTEHE3A MHKPOCIIOPHIHO3A CBEPYKOB
GRYLLUS BIMACULATUS

© K. 4. Cokonosa, O. B. Cynaykos

IpoBeneHO CpaBHUTeNbHOE H3yueHHe KapGokcunacrepas (KD) B pasnmuuHbIX OpraHax CBEpYKOB
Gryllus bimacularus B HOpMe M TpH 3apaxeHHH MHKpocrnopunueid Nosema grylli. B remonumde
aKTHBHOCTb 3CTepa3 ONpepessiach CeKTpodOTOMETPHYECKH, a B reMonuMde, XHpPOBOM Tele H
HEPBHO# Liernovke — MeToOoM creuuduyeckoro okpamusanus KD nocie anexTpodopeTHyeckoro
pasfesieHUs B MOJIHaKpHIIaMHIOHOM rejie ¥ HHKYOalluHi B pacTBOpax, COAepXalMX THAPOIH3yeMble HMH
cybcTpathl. B MOHOCIIOSX reMOLIMTOB aKTHBHOCTb 3CTepa3 M3ydanach UMTOXHMHYECKHMH METONaMH.
Pesynbrarsl HCClefOBaHHH MOKa3aal MHrHOMPOBaHHE aKTHBHOCTH MPH MHKPOCITOPHAHO3aX BO BCEX
H3y4eHHBIX TKaHAX. OOHHM M3 CIEeACTBHH OOLIEro CHUXEHHS aKTHBHOCTH 3CTepas MOXET ObITh
noseliieHde THTpa IOT" npu MuKpocrmopuavo3ax M HabnmionaeMas «IOBEHWIH3alLMsA» 3apaXeHHBbIX
ocobeit. 3apaxeHHe XHPOBOTO Tejla CBEPYKOB APYrMM BHYTPHKJIETOYHBIM Mapa3suTOM — KOKUHAHEH
Adelina grylli He BBI3BIBAIO CHUXEHHS aKTHBHOCTH (pepMEHTa, a, HAMPOTHB, YCHINBAIO AKTHBHOCTD
OTHE/bHBIX MHOXECTBEHHBIX MOJIEKY/ISPHBIX (hopM acTepas.

Kap6okcunacrepassl (KD) (Hecneuuguyeckue actepasbl) — epMEHTHI, THAPOIHU3YIO-
e acupsl Kap6oHOBBIX KHCIOT. MoeHTH(HKaLMA OTAEAbHBIX THUIIOB 3THX (DEPMEHTOB
(K@ 3.1.1.1.—3.1.1.5.) 3aTpynHeHa U3-3a UX LIMPOKOMH M NepeKphiBalolLeiics cybcTpaTHOH
cneuuUYHOCTH, a TaKXe TeM, YTO MX MHTHOMTOpHas 4yBCTBHTENIBHOCTb OMNpeneseTcs
COCTaBOM CyOBEOMHHL MHOXECTBEHHBIX MOJEKYIsApHbIx (opMm cdepmenta (Choudhury,
1972). Bcrepa3aM NMpPUMUCHIBAETCS BaXHas perylsaTopHas pojib B KJIIOYEBbIX (PU3HUOJIOTHU-
4eCKHMX Ipolleccax y HaCeKOMBIX: OHHM Y4acTBYIOT B MeTabosM3Me JIMMUAOB M B THOPOJIU3E
ApYTHX 3HIOTEHHBIX COeOMHEHHH, OTHOCALIMXCA K Kiaccy apupoB KapOOHOBBIX KHCIOT
(Lands, 1965), B npoueccax BuTe/UioreHe3a 1 penponykuuu (Hooper, Wan, 1966; Bonning
e. a.,, 1997). YcraHoBneHa NpU4acTHOCTh KapOOKCHIIaCTEpa3 reMOMM(bl, TaK Ha3bIBaEMBIX
«[OI'-acrepa3», K perynsauuu TUTpa loBeHWIbHOro ropMoHa (Hammock, 1985; Hoffmann
e. a., 1994; Vermunt e. a., 1997; Woodring, Hoffmann, 1997; Paterson, Weaver, 1997).
[Moxa3aHo, 4TO ypOBEHb aKTUBHOCTH 3CTEpa3 y HACEKOMBIX KOPPEIHPYET C YCTONYHBOCTHIO
K uHcextuuuaam (Oppendorth, 1985), uTo, BEpOATHO, OTpaXaeT MX y4acTHe B 3aLUUTHO-
NPUCNIOCOGUTENBHBIX peakLHaX, MPeNOTBpallalolUX OTpaBieHHe opraHu3Ma (Ishaaya,
1993). HccnemoBaHHe aKTHBHOCTH 3CTepa3 NMPU MHKPOCIMOPUAMO3e NpeACTaBaseT HHTEpeC
no AByM NpU4YMHaM. Bo-nepBhix, acTepa3bl MPUHMMAIOT HEMOCPEACTBEHHOE y4yacTHE B
TMAPOJIH3e TPUALMWIIIHLEPOTIOB — Pe3ePBHbBIX JIMITUAOB XHPOBOIO Tejla HaceKoMbIX. Bos-
AedCcTBHEe MUKPOCIOPUAMH — aHa3po6oB, He 061aialolMX MUTOXOHAPHUAMH H HaXOAALLIMX-
sl B 3HaYUTE/IbHON ®HEPreTHYECKON 3aBUCUMOCTH OT XO35MHa, Ha JIMIMAHBIA OOMEH KJIETKH
X031MHa 10 KOHLa He scHo (Honrux, 1998), 1 obas HoBas HHGOpMaLIUs [0 3TOMY BONPOCY
npeacraensger MHTepec. TeM 6ojiee MHTEPECHO CpaBHHUTEIbHOE H3YYyeHHE BO3NEHCTBHS
MHKPOCTIODUIMIA U afileIeUaHBIX KOKUMANHA (THIMYHBIX a3po60B!) — OBYX BHYTPHKJIETOY-
HBIX MMapa3sWTOB, Pa3BMBAIOLIMXCA B XHPOBOM Tejle Y OOHOTO M TOTO Xe€ XO3iHHa, HO
BbI3bIBAIOLLMX pa3/IM4yHble TUMBI MaToreHesa (Jonrux u ap., 1996; IMackeposa u gp., 1998),
Ha JIMMUAHBIA O0OMeH Xxo3suHa. Bo-BTOphIX, M3BecTHO, yTo KD remonumdsl U XHpOBOro
Tesia MPUHUMAIOT Y4acTHe B PEry/lsauuy THTpa loBeHWwIbHoro ropmona (FOIIII), runponusys
ero o ciaoxHo# acupHoit cea3u (Khlebodarova e. a., 1996), a Bo3gefcTBHE MUKPOCTIOPH-
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OM# Ha OpPraHH3M XO35MHAa MHOTMMH aBTOpaMM cpaBHHBaloch ¢ AeiictBueM IO win ero
aHaJIoroB, B CBA3M C 4YeM AaXe BBICKa3bIBAJIOCH MPEAINoIoXeHHe O BOZMOXHOCTH CHHTE3a
IOT" mukpocnopuauamu (Fischer, Sonborn, 1962). Bo BcikoM ciyyae, MHOTUMH aBTOpaMH
yOenuTeIbHO MOKa3aHO, YTO MHKPOCIOPHINO3 OKa3blBaeT CHIbHelillee BO3ACHCTBHE Ha
PENpONyKTHBHYIO (DyHKLMIO M BBI3bIBAaeT decTabWIM3aLHI0 FOpMOHATBHOTO GaaHca Hace-
KoMbix-xo3geB (Mccu, 1986).

Hacros1uee HccnenoBaHue MOCBAIIEHO H3YYEHHIO aKTUBHOCTH KoMIutekca KD B xupo-
BOM Tele — MecTe OOMTaHMd Mapa3MTOB U B reMoluMe, Ife NPeanoJOXHUTENbHO U
ocyuecTaiseTcs padtoxenue 0@, u npencrasnser co6oil NONBITKY BHIACHUTH XapakTep
H3MEHEHHUl aKTHBHOCTH 3CTepa3 B MaToreHe3e MHKPOCIIOPHIHO3A.

MATEPHAJIbI H METOTUKA

Hccnenopanus nmposoawnch Ha nabopaTopHOH KynabType cBepukoB Gryllus bimacula-
tus, copepXauuxcs B cTaHAapTHBIX ycinoBHax (Kusazes, 1985). CeepukoB Gryllus bimacu-
latus 3apaxaqy MUKpPOCIOpHIUAMH NMyTeM BHeceHHs cycneH3uH crop (10%) B nmousnky, Kak
6su10 onucaHo paHee (Dolgikh e. a., 1997). [ina usydeHus Bo3feHcTBUS KoKuunui Adelina
grylli ucnosnp30BaIM CMIOHTAHHO 3apaXeHHBIX 0co0eil, KOTOphle NOCTOSTHHO MPUCYTCTBYIOT
B 3KCMIEPUMEHTaNbHON KyNbType. 3apaXeHHe KOHTPOJIMPOBAIH MPHUXH3HEHHBIM MHMKpPO-
CKONUPOBAaHHEM YYacCTKOB XHPOBOIO Teja C MOMOLIbI0 (ha30BO-KOHTPAaCTHON ONTHKH.

LIMToXHMMHYeCcKOe BBISBJIEHHE 3CTepa3 B IeMOLMTax MPOBOAWIH B COOTBETCTBHH C
METONMKOM, onucaHHON paHee (I'mynmos u ap., 1997) mng aHanusa remouutoB Galleria
mellonella c noMo1pio epMEHTHBIX MapKepoB, MOIHGMHLMPOBAHHOMN M4 Halero oobeKTa.
I'emonmnMpy cobupanu OT KaXIOro cBepyka MHAMBHAYaIbHO MyTEM MpPOKOJa MOKPOBOB
MEXJy FOJIOBHOM KarCyJOH M TEpPrHTOM MepefHerpyau. U1 nomy4eHus reMOLUHUTOB reMo-
numepy (20—50 Mxi1) cobupanu B anneHAopdbl, cogepXalile paBHOE KOJIHYECTBO aHTH-
KoarynsaHta. Iemonumdy uentpudyrupoBaiy npu 500—1000 g 5 mun. CynepHataHT
UCIONB30BaANIM U1 CNEeKTPO(OTOMETPHUYECKOTO U aneKTpodopeTHyecKoro aHanu3oB. Oca-
JOK, coflepXalluil reMOLMTHI, ABaXAbl NIPOMBIBAJIM B aHTHKOAIy/ISHTe, a Nepel UCIONb30-
BaiueM — B 0.1 M docarHom 6ydepe (PB). CycreH3Hio reMOUMTOB HaclauBald Ha
NpEIMETHOE CTEKJIO U MHKYOMpOBAaIH BO BIaXHOH Kamepe IDH KOMHATHOH TeMIlepaType
15 MuH. Afre3dpoBaBlIHE K CTEKJIy IeMOLMTH (PMKCHpOBaIH B (hOpMaTHH-IIYyTapOBOM
cukcarope (1.5 % napacgopmansaeruna, 0.25 % miyrapansgeruga, 0.1 M @B). Ilocne
¢ukcauuu MoHocnol HHKyOHpoBanu 30 MUH B pacTBope, codepxauieM 0.5 Mr/n a-HadTH-
nanerata U 0.5 Mr/n mpounoro cuHero RR B 0.1 M ®b. Crexia ¢ OKpalleHHBIMH
MOHOCJIOSIMH TeMOLMTOB (pHUC. 1) U3ydald B CBETOBOM MHKPOCKOIE: MOACUHTHIBAIM OO
OKpalIEHHBIX TEMOLUTOB OT oOLIero yucia KJIEeTOK B Mojie 3peHHs MHKpockomna. CraTuc-
THYecKylo 06paboTKy MPOBOIWIIH C MOMOILBIO OJHO(AKTOPHOrO JUCNIEPCHOHHOIO aHalIU3a.

AKTHMBHOCTH 3CTepa3 OIpeAe/ssid B XUPOBOM Tejle U B [U1a3Me reMOIMMGBI B3POCIIBIX
CaMLOB U CaMOK Ha 3—5-# IHH MocJie JIMHBKH Ha HMaro WM y JITYUHOK nocnegHero (6-ro)
Bo3pacTa. CpaBHHUBaIMCh 4eThipe BapHaHTa (B 3—4 NOBTOPHOCTSX): a) He3apaXeHHOe
XHpOBOE TeJIo (KOHTpOIIb); 6) XHPOBOE TeNo, colepXalliee FaMOHThI, CIIOPYJITMPOBaHHBIE U
HECMIOPYJIMPOBaHHblE OOLUMCTH KOKUMAWU Adelina grylli (kokumanos); B) XHpOBOe Telo,
cofiepXalllee NPEeHMYLLECTBEHHO MEPOHTBI M CIIOPOHTH MHKpocnopuauu Nosema grylli
(MHKpOCIMOpHIHO3, CTafiMH); I') XHUPOBOE Teso, CofepXallee MPEHMYLLECTBEHHO CIOpEI
MHKPOCIOPHANH (MUKPOCTIOPHAMO3, criophl). [Ipo6bl XHUpOBOro Tejga roMOreHH3MpOBallH,
a mpoGbl reMoiuMcbl B aHTHKOAryJasSHTE CMEIIHBAIH ¢ paBHbIM 0ObeMoM 40 %-Ho#H
caxapo3bl U 1 %-noro TputoHa X-100. BcTepa3bl pa3gensin B NOJIHAKPUIAMHIHOM reiie
(KOHLeHTpauMsl aKpWwiaMuia B pasaensiowmeM rene 7.5 %, tpuroHa X-100 — 0.2 %) c
HCTONIb30BaHHEM TpHC-BepoHaroBoro Oydepa (pH 7). [o okoHuanuu snextpocopesa reau
MHKYOHpPOBaM B pacTBope, cofepXaieM 0.56 %-Hblil o-HapTUIaLeTaT (MM aleTHIITHO-
XONMMHUOOMA IS BISBIEHHS aueTWIXxonuHacTepasbl) B 0.2 M docdatHoM Gydepe (DB)
(pH 7.0), 2 %-nunrii auetoH ¥ 0.2 %-Hylo aua3ocons npoyHoro cMHero RR (Sula, Weida,
1983).
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Puc. 1. T'ucroxumuyeckoe BBISBJIEHHE 3CTEpa3sHOH AKTHBHOCTH B MOHOC/IOE TEMOLIMTOB CBEpYKa
Gryllus bimaculatus.

Fig. 1. Hystochemical localization of the esterase. activity (reaction with o-naphtylacetate) in
haemocyte monolayer of the cricket Gryllus bimaculatus.

CnekTpodoToMeTpHYECKOe OINpefie/ieHHe aKTHUBHOCTH 3CTepa3 MPOBOAWIM Mo Acre-
peHy (Asperen, 1962) B reMonuMde KOHTPOJbHBIX M 3apaXeHHbIX MHKPOCIOPHIMIMH
CBEpPYKOB, OCBOOOXIEHHON OT reMOLMTOB MyTeM LeHTpUdyrupoBaHHusd. B kauectBe cy6-
ctpata Hcnonb3oBaid 0.03 M pactBop a-HadTHnauerata (MpeaBapUTEIbHO PacTBOPEH-
Horo B aueroHe) B 0.04 M ®DB. AKTHBHOCTh (hepMEeHTa PETHCTPUPOBATH C MOMOILBIO
LIBETHOH peakuuH oOpasyloliuxcss HadTOJNIOB ¢ AHa30coibl0 MpoyHoro cuHero RR. Omnru-
4ecKylo IUIOTHOCTb M3MepsiH Ha cnekTpodoroMerpe CP-46 mpu miHHe BosiHbl 600 HM.

PE3YJIBTATBI

[luToxuMHYecKoOe BBISIBJIeHHEe HecneUHPHYECKHX 3CTepa3 B MO-
HOCIOAX reMOLHTOB. Peakuus BbISBIISUIach B BUIE TEMHO-KOPHYHEBBIX TOYeK, AH-
thy3HO pacrnipemeneHHBIX MO BCe#l LMTOIUIa3Me IeMOLMTOB M MPHCYTCTBYIOLIMX B TOH HIIH
HHOI cTeneHH BO BceX (hopMeHHBIX aneMeHTaX. ONHaKO MHTEHCHBHOCTb OKpallMBaHHUA
CYLLECTBEHHO pa3iMyaach. Tak, BepeTeHOBHAHbIE FEMOLMTBI U MEJIKHE OKpYIJIble KJIETKH,
HAEHTHDHULMPYyeMble HaMH KaK INPOreMOLMTBI, MPaKTHYECKH He OKpalIMBAIUCh — B
KJIETKax MPUCYTCTBOBAJIO JIMLIb He3HAYHUTEJbHOE YHCIIO IpaHys MpoayKTa peakuuH. He-
Gonbluas rpynna KjieTok Obula okpauleHa ci1abo, B HUX XOpPOLIO pa3jiMyaioch SApo, a
rpaHyJibl pacnpeessuich Augddy3Ho, U, HAKOHEL, TPEThs IPyMNa KJIeToK 6bu1a HHTEHCHBHO
OKpallleHa B KOPHYHEBBIH LBET, FPaHMLbl IpaHyl H SApO KJIETKH ObUTM HepasIHYHUMBI
(puc. 1). KneTku mocnemHe#t rpynnsl Ml pacCMaTpUBaIM Kak o6Jafalollye MoJ0XHUTENb-
HOH peakuHed Ha 3cTepa3bl. B HOpMe [0S MOJOXHTENIbHO OKPALIEHHBIX TEMOLIUTOB OT
obLuero yucia KJIETOK B Iojie 3peHHs MHKpockomna BapbupoBala oT 0 no 80 %, omHako
Haubosee 4YacTo BCTpevalollHecs 3HauyeHHs (MeluaHbl BbIOOPOK) Jiexand B obmacTH
40—60 %. 3HayeHHs HOJIe TeMOLIMTOB C IONIOXHTENIBHOM peakLHeill Yy HaceKOMbIX,
3apaXeHHBIX KOKLIMAMSMH, HaXOOHJIUCh B 9TOM X€ JHana3oHe H COOTBETCTBOBAIHM MaKCH-
MaJIbHBIM KOHTPOJIbHBIM 3HadyeHWsM. [IpM MHKpOCNOpHMAHO3€, HANpOTHB, KOJIHYECTBO
KJIETOK C MOJIOXHUTENbHOM peaklideit 65U10 B GOJIBIIMHCTBE CITyYyaeB JOCTOBEPHO HHXE, YeEM
B IpyrMX BapHaHTax; Haubosee YyacTo J0JIs MOMOXHTENbHO OKpPALUIEHHBIX TEMOLIMTOB B IoJIe
3peHHs MHKpockona He npessimiana 10—20 % (puc. 2).
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Puc. 2. AKTHBHOCTB HecrnieuH(pHYeCKHX KapOOKCHI3CTepas, BBIIBICHHAS UIMTOXMMHYECKH B MOHOCTIO-
AX reMOUHTOB CBep4KOB Gryllus bimaculatus.

[To ocu opaMHaT: OONA KIETOK C MOJOXHMTENBHOH peakuueit; mo ocu abcumcc: /—3 — KOHTpOns, 4—7 —
3apaxeHue MHKpocnopuaueir Nosema grylli, 8, 9 — 3apaxenne koxuunueit Adelina grylli.
Pe3ynbTaThl cTaTucTHYECKO# 06paboTKH MpeacTaBneHbl B BHAE KBAHTHIbHOM quarpammel. MenuaHa BeIGOpKH 1aHa
€ 95 %-HbIM NOBEPHTENbHBIM HHTEPBAIOM. ['paHHLbI GOKCOB ONpENENA0TCS HUXHUM (25 %) u BepxHuM (75 %)
KBAHTHIIEM; TPaHHLBI BEPTHKANBHBIX JIHHUI — HUXHUM (10 %) u BepxHuM (90 %) neuentuneM. BriGopouHsie
3HaYeHHs, NeXalue BHE ITOr0 MHTEepBala, 0603HaYeHbI «+» (110 pe3ynbTaTaM 0OAHOGaKTOPHOrO AUCIEPCHOHHOTO
aHanu3a).

Fig. 2. Unspecific carboxylesterase activities, revealed cytochemically in the haemocytes’ monolayers
from the crickets Gryllus bimaculatus.

A b I A L A B A r

I I 11 I

Puc. 3. dpakuuoHHBI cocTaB acTepas B reMoiiMe CBepuKa B HOPMe M NP 3apaXeHUH MHUKPOCIO-
PHIMSAMH U KOKLUHIUSAMH.

A — KOHTponb (OTCYTCTBHE 3apaxeHus); b — 3apaxeHHe MHKDOCHOPHAMAMH (CTalMH MEpO- H CIIOPOrOHHH);
B — 3apaxenne MuKpocnmopuausaMu (cmopsl); I — 3apaxeHHe KOKUMAMAMH; | — umaro camusl; I] — umaro
caMKH; [I] — NTMYHHKH NOCNENHEro BO3pacTa, CaMIbl.

Fig. 3. Carboxylesterase fractions in the haemolymph of the cryckets, infected with a microsporidian
Nosema grylli and a coccidian Adelina grylli.
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Puc. 4. ®pakuvoHHHIA COCTaB acTepa3 B XHPOBOM Telle CBEpYKa B HOpME H IIpH 3apaXeHHH
MHKPOCTIOPUIMSIMH M KOKLMIHAMH.

O6o03HaYeHNs TakHe Xe€, KaK Ha puc. 3.

Fig. 4. Carboxylesterase fractions in the fat body of the crickets, infected with a microsporidian
Nosema grylli and a coccidian Adelina grylli.

BrgdBneHrne MHOXeCTBEHHBIX (popM HecnmeUH(pHUUYECKHUX 3CTepas B
XHUPOBOM TeJie U TeMonHUM®Pe KOHTPOJbHBIX U 3apaXEHHBIX CBEPUYKOB.
B ofpa3uax remomuMmdbl U XHpOBOro Teja OBUIM BbBIABIEHBI 3—5 MHOXECTBEHHBIX
MOJeKynapHBIX ¢opM HecneuudbUudeckux sctepas (puc. 3, 4) U ¢pakUMH XOIMHH3CTEPa3bl
co crnaboil aKkTUBHOCTBIO (He NoKa3aHo). CpaBHeHHE CIEKTPOB MHOXECTBEHHBIX MOJIEKY-
JIApHBIX POPM 3CTepa3 y caMOK, CaMLIOB H JINYHHOK KOHTPOJIbHBIX CBEPYKOB M0KAa3aJIo, 4TO
MX aKTHBHOCTb Y CONOCTABIIAEMbIX TPYNIN CHJILHO BapbUpYyeT. B 3T0i CBA3M Bce nanbHelue
OMBITH MPOBEACHBI Ha CBepYKax Ha 3—>5-#1 AHHU Nociie IMHBKH Ha UMaro 60 Ha JIMUHHKAX
Noc/ieHero Bo3pacTa. AKTHBHOCTh 3CTepa3 B XHPOBOM Telle caMOK B Oosiblueil cTelneHH
noaBepxeHa koneGaHUAM, yeM y caMLOB. DpaKIIMOHHBIA COCTaB CYLIECTBEHHO HE OT/IHYa-
eTCs Y CaMLOB M CaMOK. Y JIMYHHOK 060ouX MnosioB Habmonanu 6osnee HU3KYI0 aKTHBHOCTb
HEKOTOPbIX MHOXECTBEHHBIX MOJEKYIAPHBIX (DOPM 3cTEpa3 MO CPaBHEHHIO CO B3POCIIBIMH
ocobsMu. CpaBHeHHE aKTHBHOCTH MHOXECTBEHHBIX (DOpPM HecneLH(HUYECKHX BcTepas
reMonumcbl BeIABUIIO ciefylomiee. [lpy Mukpocnopuanose ¢ npeobaagaHUeM BHYTpPHKIIe-
TOYHBIX CTaAHMA HMHTCHCHBHOCTb PEaKLMH He HM3MEHSUIach MO CPaBHEHUIO C KOHTPOJEM
(puc. 3, A, b). Ecnu xe XUpoBoe TeNlo ObUIO 3aMOHEHO CIOpaMH MHKPOCIIOPHAMIA, TO B
reMonuMepe Habmoganoch obilee CHUXEHHE aKTHBHOCTH H YMEHbIICHHE YHCJIA BbISBIIsE-
MBIX 3cTepa3HbIX (pakuuit (puc. 3, A, B). Ilpu xokuuauo3se akTHBHOCTb Bcex hOpM acTepas
6o He U3MEHATAch, THOO HE3HAYHTENIBHO YBeIHYUBanach (puc. 3, A, IN. B xupoBoM teae
pacripefeneHre aKTHBHOCTH HeclielMpHyeckux (popM acTepas o BapuaHTaM MOXYHHANOCH
TaKoMH Xe 3aKOHOMEPHOCTH (pHC. 4). Pe3ynbpTaTsl ONMBITOB MOKAa3bIBAIOT, YTO NP 3apaXeHUH
MUKPOCIOPUAHIMH HabnionaeTcs TeHACHUMS K CHUXEHHIO aKTHBHOCTH KapOOKCHIIaCTepas
KaK B reMonuMde, Tak H B XHPOBOM TeJle CBEPYKOB.

CnexTpooToMeTpHYECKHii aHaIU3 M1a3Mbl FeMOTUM(BI TaKXe MoKa3ajl JOCTOBEPHOE
CHMXEHHE YIENbHOH aKTHBHOCTH HecneUM(HYECKUX 3CTepa3 y 3apaXeHHBIX HaceKOMBIX
000HX MOJIOB MPH aKTHBHOM CNOpoOOpa30oBaHUH MHUKpOCHOpUAMii (cM. Tabnuuy). Xapak-
TEPHO, YTO Yy CBEPUYKOB, B KOTOPBIX BBISB/ISUIM B OCHOBHOM BHYTPHKJIETOUHBIE CTaJuH
pa3BUTHSl Mapa3HTa, a He CHOPBl M BHEIIHWE CUMNTOMBI 3apaxXeHHUs He ObLIIM 3aMeTHBI,
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YpenbHas aKTUBHOCTh OGLIMX 3cTepa3 B reMoiuMbe
cBepukoB Gryllus bimaculatus

Specific activities of general esterases in the haemolymph
of the cricket Gryllus bimaculatus

BapuaHT Asoo/Mr Genka X+SE

M1 7.826 20.72 + 8.915
16.521
37.826
K1 80 80.435+£2.145
80.348
76.957
M2 42.647 46.08 £5.295
56.471
39.118
K2 94.118 99.61 +3.419
105.882

s 98.824

IIpumevaHue. Abcopbumst (onrTuyeckass IUIOTHOCTb) IpH
nnuHe BOJHBI 600 HM (Ago0) M3Mepsitach 4epe3 30' mocie
nobaBiaeHUs1 a-HadTHIauerata npu Temnepatype 20°. K —
KOHTpoJib; M — cBepukH, 3apaXXeHHble MUKPOCIIOPMAMAMM; 1 —
caMIIbl; 2 — CaMKH.

3HayeHHs yAeIbHOH aKTHBHOCTH 3CTepa3, BblpaXeHHble B eIHHULIAX ONTHYECKOH IOTHOCTH
Ha Mr Oesika, GbUIM [IOCTOBEPHO BbILLE, YeM IMpPHU CHOpPOOOpa3OBaHHUH, U HHUXE, YEM Y
KOHTpPOJIbHBIX ocobert. OHu cocTaBuiH 37.83 Ay, / Mr Genka and caMLOB H 72.65 Agy/Mr
6enxa U1 caMoK.

OBCYXIEHHE

CHHXeHHe aKTUBHOCTH 3CTepa3 MpH MUKPOCIOPHAHO3E UMEET MECTO KaK B HHBAa3HpO-
BaHHBIX TKaHIX — B kuweyHUke (Komnbuesckad, KonpuesckHii, 1988) U B xupoBoM Tene
(HacTosuias paboTa), Tak ¥ B CBOOOIHBIX OT Mapa3UuTOB TKaHAX 60JIbHBIX MUKPOCTIOPHAHO30M
HaceKoMbIx — B HepBHO# ienoyke (Edumenxko, 1989) u B remonuMde (HacTosias pabora).
ITajgeHHe aKTMBHOCTH MOXET SBJIATHCS C/IEACTBHEM HecnelrgHUUYeCKOro CHUXEeHHUs ob1uero
MeTabonn3Ma Ha (PUKCHpyeMbIX (MO3OHUX) cTajusx 3aboneBaHuss. OOQHAKO MPOTHB 3TOrO
NpeaNoIOXEeHHS! TOBOPUT TOT (akT, YTO pa3THyHble (EPMEHTHBIE KOMIUIEKCHI O-pPa3HOMY
peardpyioT Ha 3apaXeHde: aKTHBHOCTb OJHHX (PEepMEHTOB HAOCTOBEPHO YBEJIHYHBAaeTCH,
IOpyrHX — CHHXaeTcs, a TpeThUX — ocTaeTcs 6e3 U3MEHEHHUS M0 CPaBHEHHIO C KOHTPOJIEM
(Donrux u ap., 1996; Honrux, 1998). Bo3aMoXHO TakXe, 4TO MUKPOCIOPUAHH clieHUHIECKH
HHIHOUPYIOT aKTHUBHOCTh 3CTepas3, HallpuMep MHAYLHUPYsS KaKOH-TO HEM3yYeHHBIH akTop.
H3BecTHO, YTO HEKOTOpbIE SHTOMOIAaTOreHHbIE 6aKTEpHUH U HEMaTOMbl BHI3bIBAIOT CHUXEHHE
aKTHMBHOCTH TMAPOJIUTHYECKUX (pepMeHTOB — acTepas, ¢ocdaras, mporeas U Op., YTO
00bacHSEeTCS BbIIEJIEHHEM STHUMH NIaTOreHaMH TOKCHHOB, KOTOpbIe HeclielHHYeCcKH oaaB-
JISIOT aKTHUBHOCTHh (DEPMEHTOB, Y4aCTBYIOLIMX B 3alLIUTe HACEKOMBIX OT UH(pexuuit (I'mynos,
Baxsanos, 1998). U3 reMmonumdsl rycenun Pseudolitia separata BblaeNeH W OYHILEH
HU3KoMoJeKynsapHbii nentua (4500 Ha, 23 aMMHOKHCIIOTHBIX OCTaTKa), MOSBJISIOLUKACS NpU
3apaxeHHH Apantheles kariyai, KoTOpbIi crielMHYECKH HHTMOMPYET aKTHBHOCTh 3CTepas
1oBeHWIbHOro ropMoHa (Hayahava, 1990). [Ipu Mukpocnopuanosax y HacCeKOMbIX TaKXe
3a(pMKCHpPOBaHO CHUXEHHE aKTUBHOCTH KHcIoi pocdarasel (Sokolova, Issi, 1990). Kpome
Toro (MpH BCeil HEOMHO3HAYHOCTH BO3MOXHON HHTEPIIPETallMH), YIbTPaCTPYKTypHBIH aHaTH3
3apaXeHHBbIX TKaHeH CBHIETEJIbCTBYET O BHICOKOH CEKPETOPHOI aKTHBHOCTH AOCMOPOBBIX

532



BHYTPHKJIETOYHBIX CTaJMH Pa3BHUTHUS MHKPOCHOPHUAMH: B 30HE MEPOHTOB M CHOPOHTOB
HabmogaeTcs oOUIMe MEJIKUX My3bIpbKOB, YacTO CBSI3aHHBIX C MJIa3MaIeMMOH [apa3ura, KakK
6bl «OTMOYKOBBIBalOIUXCS» OT Hee (CokosoBa u ap., 1994).

K3 urpalot HCKIII0YHTENIBHYIO POJIb BO BHYTPHKJIETOUHOM MeTaboIH3Me: B3auMOfeHCT-
Byd c ¢oc¢onunuaaMyu, OHH TNPHHHMAIOT aKTHBHOE Y4YacTHe B (QyHKLHOHHPOBaHHH
KJIETOUHbIX MeMOpaH M peryasuud ux nponuuaeMmoctd. Ilpu astom K3 u3 pasHbix
KJIETOYHBIX KOMIAPTMEHTOB (M3 MUTOXOHAPHAIbHON!, MUKPOCOMHOM MM JIM30COMaNbHON
(pakumit) ornuyarTca o cBouM cBoiicTBaM U yHKUMAIM (Bpokepxod, IIxeHceH, 1978).
Ha opraHu3MeHHOM ypOBHE CHHXEHHE AKTHBHOCTH HecHeUu(pHYECKHX 3CTepa3 MOXET
NPUBOAUTH K JUC(YHKLMH MHOXECTBA PeryJMpyeMblX STHMH (hepMEHTaMH npoLeccoB. B
4acCTHOCTH, [M0Ka3aHo, 4TO 3CTepa3bl HIPaloT BaXHyIo pollb B BUTeIUtoreHese (Hooper, Wan,
1966), a TakXxe B JIU3UCE XEJITOUYHBIX KJIETOK H aKTHBHO Pa3BUBAIOIUMXCH 9HL Y Bombyx
mori (Kai, Hasegava, 1973). Bo3MOXHO, HMEHHO MHTHOHpOBaHHE 3CTepa3HOH aKTHBHOCTH
ABJIIETCA ONHON M3 NPHYUH HaOlI0JaeMOro NPY MUKPOCIOPHAKO3€E HapyLIeHHs TPaHCIIopTa
BUTE/UIOTEHHHOB, HakanauBalomuxcs B reMonumde (CenesHeB u ap., 1997), a rtakxe
HeJOpa3BUTUS TOHal Y caMOK cBepuykKoB Gryllus bimaculatus (Qonrux u ap., 1996).

AKTHBHOCTh KOMIUIEKCAa KapOOKCHIIaCTEPa3, BhIABISIEMasl B XUPOBOM Telle, BEPOSITHO,
CBsI3aHa C peryasuuei qunuaHoro obMeHa xo3aHHa. Tak, yBeTHUeHHe aKTHBHOCTH 3CTepa3s
NpH KOKLMIHO3e MOXET CBHAETEbCTBOBATh O MOOHIM3aUMH TPHALMIIIHLEPUIOB B CBA3H
C BO3POCIIHMH 3HEpreTHYeCKHMMH MOTpeGHOCTAMH OpraHM3Ma XO3dMHa, YTO NMOATBepXaa-
eTcsl JaHHBIMH O OBICTPOM MCYE3HOBEHHH JIMITHIOB M3 XupoBoro Teia {Ilackeposa u np.,
1998). Ilpu MukKpocrnopuaHo3e HapyweHHs JUMHAHOro oOMeHa HOCAT, INO-BHAMMOMY,
NPUHLIMITHAJIBHO HHOM XapaKTep: BO-NEPBbIX, TUMHAHBIE KAIUIH He Hcue3aloT U3 LIMTOIUIas-
Mbl 3apaXeHHBIX KJIETOK TaK OBICTpO, KaK NMpH KOKLHMIHO3€, a BO-BTOPbIX, Habmogaercs
3amMeTHas runepTpocusl 3apaXeHHOro OpraHa, KoTopasi CMEHSETCS PE3KUM €ro HCTOLLEHUEM
TONBKO Ha caMbIX MOC/IeIHUX 3Tanax 3aboyieBaHHs.

Ipu u3ydyeHuH naToreHe3a MHKPOCHOPHAMO30B HACEKOMbIX HauboJiee MPUCTAIBHOrO
BHMMaHH4 3aCJTyXXHBaeT, Ha Hall B3N, U3y4eHHe 3CTepa3 B CBA3U C UX POJIbIO PETyIsSTOPOB
TUTpa IoBeHWIbHoro ropmona (IOI') (Hammock, 1985), Tak KaKk HMEHHO «IOBEHUJIH3ALUSI»
3apaxeHHbIX ocobel SBSETCS XapaKTEPHBIM MMPU3HAKOM MHKPOCHOPHIHO30B HACEKOMBIX.
Y HaceKOMBIX ¢ MOJIHBIM H HEMOJIHbIM MpeBpallieHHEM NPH 3apaXeHHH MUKPOCTIOPHIUIMH
HabmogaeTcs pacTAriBaHue IMYMHOYHBIX BO3PACTOB, YBeJIHUEHHE YHCITA JIMHEK, HapyLIeHHS
Metamopdo3a U MopdoreHesa OTAENbHBIX OpraHoB. MBbl NpeanonaraeM, 4TO CHHXEHHe
aKTHBHOCTH 3CTepa3 reMoiuMbl, y4acTByIOLIUX B gerpagauny IOI', MoxeT npHBOOMUTH K
HaKOIUIEHHIO TOpMOHa M K 3(hdeKTy IOBEeHHIH3aLHUH, peryaapHo HabmiogaeMoMy IpH
MHKPOCIIOpHAHO3€e. ¥ HECKOJNIPKUX BHIOB HAaCEKOMbIX, B TOM YMCJIe H Y CBEPYKOB, yXe
BbIB/IEHBI H OXapaKTepH30BaHbl clleLUHUecKHe 3CTepa3bl I0BeHUIbHOTO ropmMoHa (F0I-ac-
Tepasbl), U3yueHa UX AMHAMHKa B XoIe XH3HeHHOro uukia xo3auHa (Hoffmann e. a., 1994;
Vermunt e. a., 1997; Woodring, Hoffmann, 1997; Patterson, Weaver, 1997; Stauffer e. a.,
1997). Ilokaszano, uto t¢hepMeHT HHrHOHpyercs cneuucuyeckum uHruburopom OTEP
(3-Octylthio—1,1,1,-fluoropropan—2,1), KoTopblil, N0 KpailHe#l Mepe YacTHYHO, CHHTE3H-
pyetca B corpora cordiaca W Bblgensercs B reMonuMdy. IOI-actepasa neiicTByeT kak
antaronuct IOI'. Ha Manduca sexta noxasano, uto u3 remonumosl FOI" acTepasa anumuHu-
pyeTcs nepHKapAHalIbHBIMH KJIETKaMH C IMOMOILBIO OMOCPEAOBaHHOTO peLleNTOpaMH 3HAO-
LUMTO3a M MonsepraeTcd Aerpafauuu B Ju3ocoMax. C MOMOLIBIO BeCTepH-THOpHOM3alLMH
NoKa3aHo, YTO B NMepUKapAuanbHbIX Kietkax I0I-acTepasa cBs3biBaeTcs ¢ 6enkaMu Tenio-
Boro woka (HSP), npeanonoxXuTenbHO y4acTBYIOLIMMH B «COPTHPOBKe» OeIKOB, MpeaHa-
3HAYEHHBIX AJI MOMafgaHMs B Ju3ocoMbl (Bonning e. a., 1997). XapakTepHo, YTO MHKpO-
CHOPUAMO3 BBI3BIBAET 3aMeTHOe YyBelu4yeHHe KonudyecTBa HSP70 B 3apaxeHHBIX TKaHAX
aBynsaTHUCTOro cBepuka (CenesHes u ap., 1994). Beisinenve cneuududeckux I0I-actepas
U3 KOMIUIeKca HecreUu(UYEeCKHX 3CTepa3 U W3yuyeHHe BO3AEHCTBHA Ha HHX MHKPOCMOPH-
JIHUH — CleqyIOLIMii 9Tal UCC/IeflOBaHUA NMaToreHe3a MUKPOCIIOPUAHO30B HaCEKOMBIX.

Pabora nomnepxana POOU: 97-04-48383, 96-04-48985 u OUIl HHurerpauus
K-—0955.
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SUPPRESSING OF ESTERASE ACTIVITIES AS A SPECIFIC FEATURE
OF MICROSPORIDIOSIS IN CRICKETS GRYLLUS BIMACULATUS

Yu. Ya. Sokolova, O. V. Sundukov

Key words: microsporidiosis, Nosema grylli, Adelina grylli, esterase activity, Gryllus
bimaculatus.

SUMMARY

The goal of the present work is to examine the effect produced by the microsporidian
Nosema grylli (Microspora, Nosematidae) on carboxylesterases’ complex in the fat body
(the site of parasite location), and in the haemolymph of the Gryllus bimaculatus
(Orthoptera, Gryllidae). The simultaneous study of the influence of another intracellular
parasite of the cricket adypocytes — a coccidian Adelina grylli has been performed to
compare the effect produced by two parasites.

Carboxylesterase (CEs) (EC 3.1.1.1.—3.1.1.5.) form a group of enzymes, hydrolyzing
the eithers of carbonic acids. The identification of the separate enzymes inside the group
is hardly possible due to their overlapping substrate and inhibitory specificity (Choudhury,
1972). CEs are believed to play an important regulatory role in the key physiological
processes in insects: in lipid metabolism, vitellogenesis, reproduction and others (Lands,
1965; Hooper, Wan, 1966; Bonning e. a., 1997). CEs from insect haemolymph, so called
JH esterase, participate in the degradation of juvenile hormone (JH) (Hammock, 198S;
Hoffmanne. a., 1994; Vermunt e. a., 1997; Woodring, Hoffmann, 1997; Paterson, Weaver,
1997). CE activity correlates with the insect ability to detoxification (Oppendorth, 198S;
Ishaaya, 1993). Investigation of CEs activities during the microsporidiosis is of interest
mainly for the following reasons. 1) CEs actively participate in the hydrolysis of
triacylglycerids — the main storage lipids in Insects. Thus, the study of the effect produced
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by the anaerobic microsporidians (M) and aerobic coccidians on the activity of CEs in
host tissues might be helpful in understanding the mechanisms of pathogenesis of each
pathogen (Honrux u ap., 1996; INackeposa u ap., 1998). 2) Taking in account the role of
CEs in JH III titer regulation (Khlebodarova e. a., 1996) and since it was shown that M
influence on the host hormonal status similar to JH (Fischer, Sonborn, 1962; Issi, 1986),
it was important to assess the influence of M on the enzyme activities.

Studies were performed on the laboratory culture of Gryllus bimaculatus. Crickets
were infected perorally with the suspension of spores added to the drinking water as
described elsewhere (Dolgikh e. a., 1997). Crickets spontaneously infected with Adelina
grylli, were used in the experiments. Haemolymph (20—50ul) individually taken, was
collected in the tubes, containing anticoagulating solution (0.1 M NaOH, 0.15 M NaCl,
0.017 EDTA, 0.04 M citric acid), and was centrifuged 5 min at 500—1000 G. Supernatant
was used for the spectrophotometry and electrophoresis. The sediment containing
haemocytes, after washing in 0.1 M PBS, was put on slides and incubated 15—20 min
at RT in moisture chambers. The adhered haemocytes were fixed in paraformaldehyde—
glutaraldehyde mixture and incubated 30 min in the reactive solution (0.5 mg/l a-naph-
tylacetate and 0.5 mg/l blue RR stain (Reanal) in 0.1 PBS). Slides with stained monolayers
of haemocytes were studied in the light microscope (fig. 1, 2). Activities of esterases,
separated by gel-electrophoresis were studied in the fat body and haemolymph of the
3—>5 days old males and females or of the last (6-th) instar larvae. Samples were mixed
with the equal volume of 40 % sucrose and 1 % Triton X-100 in PBS. After electrophoresis
gels were incubated in the solution, containing 0.56 % o-naphtylacetate in 0.2 M PBS
(pH 7.0), 2 % acetone and 0.2 mg/l blue RR stain in B 0.1 PBS (Sula, Weida, 1983).
Spectrophotometrical study of esterase activities was performed in haemolymph deprived
of haemocytes according Asperen (1962). Solution of 0.03 M a-naphtylacetate in 0.04 M
PBS was used as a substrate. Enzyme activities was detected by the color reaction with
blue RR stain. Optical density was measured with the help of spectrophotometer SP-46
at wavelength 600 nm.

The obtained results (fig. 1—4; table) point to the inhibition of the esterase activities
in all studied tissues while microsporidiosis. Infection of the cricket with a coccidian
A. grylli did not cause the fall in the enzyme activity, on the contrary it enhance activities
of some of forms of the enzyme.

The CEs activities could decrease due to unspecific fall of general metabolism on the
acute phase of the disease, though this assumption is in contradiction to the data obtained
for other enzymes, which activities essentially increase while microsporidiosis (Joarux u
ap., 1996; Honrux, 1998). Microsporidians may secrete a factor suppressing host hydrolases,
including those, participating in the insect defense reactions esterase activities, like some
of entomopathogenic bacteria, nematodes and parasitic hymenopterans (I'tynos, BaxBayios,
1998). A peptide, specifically inhibiting JH esterase activities, has been isolated from
haemolymph of Pseudolitia separata larvae infected with Apantheles kariyai (Hayahava,
1990). Our previous cytochemical studies showed that microsporidiosis caused the
suppressing of acid phosphatase activity (Sokolova, Issi, 1990). Besides, EM analysis
revealed numerous vesicles associated with a parasite’s plasmalemma suggesting high
secretory activity of the microsporidian prespore stages (Cokosopa u ap., 1994). Activities
of fat body CEs have to play an essential role in a regulation of the lipid metabolism. An
increase of the enzyme activity after the infection with Adelina grylli is presumably
connected with a rapid utilization of triacylglycerids in the course of infection (ITackeposa
nap., 1998). The observed «juvenilization» of the microsporidian infected insects indicating
putative enhancement of JH titer, might be considered as a consequence of the fall of the
JH esterase activity. Isolation of the specific JH esterases and analysis of the alterations in
their activities due to infection with the pathogens is the next spet of the research. Supported
by RFBR: 97-04-48383, 96-04-48985 and «Integracia» K—0955.
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