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AnNeKTPOHHO-MUKPOCKONUYECKass opraHu3auusa cpegHemn
KMLLKM U 3KCKPETOPHOro opraHa y B3pocnbix da3
BoasiHoro knewa Teutonia cometes (Koch, 1837)

(Parasitengona: Hydrachnidia: Teutoniidae)
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PE3IOME: CpenHss KUIIKa ¥ 9KCKPETOPHBII OpraH B3pOCIbIX BOASHBIX Kiemie 7 eutonia
cometes (Koch, 1837) (Hydrachnidia: Teutoniidae) ObLTH HCCIIEI0BaHBI METOIOM TPAHC-
MHCCHBHOH 3JEKTPOHHOW MHKPOCKOIIMM W Ha TOJXYTOHKHX cpe3ax. CpemHsas KHIIKa
IpeCTaBIsieT co00M ¢1ab0 pacusieHEHHbII Ha JIONACTH 3aMKHYTBIH MEILIOK C 0JJHO00pa3-
HBIM CTPOCHHMEM CTEHOK M MOYKET COJAEpKaTh IMHIIEBON CyOCTpaT B BHAE MOMOTEHHBIX
Kameib ¢ COACPKUMBIM HU3KOH DJIEKTPOHHOW IIOTHOCTH. OTHOCIOWHBIA KHIIEYHBIN
STHUTEINH COCTONUT U3 OTHOTUIIHBIX SHTOACPMAIEHBIX MMUIIEBAPUTEIHHBIX KICTOK Pa3Iny-
HOWM (OPMBI U pa3mepa, KOTOpbIC 00pa3yroT BEIPOCTHI B MPOCBET KUIIKUA. CEKPETOPHBIX
KJIETOK B COCTaBe MUTENNS HET. Sapa KIeTOK KPYyIHbIe, YacTO JIOMACTHBIC, C KPYTTHBIM
SPBIIKOM. MIHOTa BUIHBI ABa—TPH SAPBIIIKA. ATHKAIbHAs TTOBEPXHOCTh MHIIEBApU-
TEJILHBIX KIETOK (POPMHUPYET PeAKHe MHUKPOBOPCHUHKH, MEXKIY KOTOPBIMHU HMPOUCXOIUT
MHTEHCHBHOE ()OPMUPOBAHHUE MIMHOLUTO3HBIX My3bIpHKOB. [IHIleBapeHe BHY TPUKIIETOY-
Hoe. KiteTku conmeprkaT 3/IeKTPOHHO-TNIOTHBIE BTOPUYHBIC JTH30COMBI, OCTATOYHbIE TIPO-
JIYKTHI B BUZIC MEIKOTPAaHyISPHOI CyOCTaHITNH, 3alTaCHBIC TUTATEIbHBIC BEIIIECTBA B BU/IE
KHpa ¥ TIMKOTeHa, a TaKKe CBETJIbIe Bakyosau. OcTaTOYHBIC MPOIYKTH BBIBOIATCS U3
KJIETOK B ITPOCBET KUMIKK. VX manpHeimas cyip6a Hen3BeCcTHa. DKCKPETOPHBIN OpraH —
TOHKOCTEHHBIN cl1ab0 Pa3BETBICHHBINA YHTOAEPMATIbHBIA MEIIOK C PEAKUMU MHUKPOBOP-
CHHKAMM Ha allMKaJbHOM IOBEPXHOCTU KJIETOK. KileTKM MMEIOT 3J€KTPOHHO-IUIOTHBIN
LUTOIIA3MATUYECKUNA MAaTPUKC U COAEPKAT MUTOXOHIPHUH, TNIMKOI'€H U PEAKUE DJIEKTPOH-
HO-TUTOTHBIE BKJIOUEHHUS. Slapa OpraHM30BaHBI CXOAHO C SIIPaMH IHIIEBAPHTEIHHBIX
KJIETOK. B mpocBeTe 3KCKpPETOPHOro OpraHa KPUCTAJUIM3YIOTCS U KOHICHTPHPYIOTCS
MPOJYKTHI a30THCTOr0 OOMeHa (I'yaHHH), a TaKk)Ke HaOJIONAIOTCS PEIKUE JIEKTPOHHO-
IUTOTHBIE TeJa. 3aKaHUYUBACTCA SKCKPETOPHBIM OpraH aHaTOMHYECKUM aHYCOM.

KJIFOYEBBIE CJIOBA: Boastabic kieiu, Teutonia cometes, Teutoniidae, cpeHsist KHIII-
Ka, 9KCKPETOPHBIM opraH, MOp(OJIOrus, yIbTPacTPyKTypa.
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Electron-microscopic organization of the midgut and
excretory organ in the adult water mite, Teutonia
cometes (Koch, 1837) (Parasitengona: Hydrachnidia:
Teutoniidae) and its evolutionary implication

A.B. Shatrov

Zoological Institute of the Russian Academy of Science, Universitetskaya emb., 1, 199034 S.-
Petersburg Russia. e-mail: chigger@mail.ru

ABSTRACT: Midgut and excretory organ of the adult water mite Teutonia cometes (Koch,
1837) (Hydrachnidia: Teutoniidae) were investigated by means of transmission electron-
microscopy and in semi-thin sections. The midgut is represented by a weakly divided blind
sac with uniform walls throughout the gut and may contain nutritive (food) substrate in the
form of homogenous electron-clear globules. A single-layered midgut epithelium consists
of'the single-type entodermal digestive cells of various shape and size, which form bulbous
protrusions into the midgut lumen. Specialized secretory cells were not obviously observed
throughout the midgut epithelium. Large nuclei with lobed envelope have large nucleolus,
which may sometimes be counted ina number of two or three. Apical surface ofthe digestive
cells forms scarce microvilli, among which pinocytotic pits and vesicles fusing together and
immersing into the cell are formed in mass. Intracellular digestion is realized in this water
mite species. The cells contain electron-dense secondary lysosomes (heterolysosomes), the
agents of intracellular digestion, residual products in the form of variously granular
vacuoles or substance, as well as reserve nutritive as lipid inclusions and glycogen granules.
Residual masses are released into the midgut lumen, and their further path is unknown. The
excretory organ is a thin-walled weakly divided entodermal sac bearing scarce branched
and curved microvilli on the apical cell surface. The cells possess dense ground cytoplasmic
matrix and contain mitochondria, lipid and glycogen inclusions as well as sparse electron-
dense inclusions of unknown origin. The nuclei are greatly similar with those of the
digestive cells. In the lumen of the excretory organ waste nitrogen products are crystallized
and concentrated, which are disposed together with scarce electron-dense bodies.

KEY WORDS: water mites, Teutonia cometes, Teutoniidae, midgut, excretory organ,
morphology, ultrastructure.

BBenenune

CpenHsis KUIIKa BBICIIUX TPOMOUIHPOPM-
HBIX KJIellel u3 koropThl Parasitengona mpe-
TepIieia 3SHaYMTeNIbHBIC YBOJIIOIIMOHHBIC TPAHC-
(dopManuK B CpaBHSHNUH C TEHEPAIN30BaHHBIM
IUIAHOM CTPOCHUS NMUIEBAPUTEIEHOTO TPAKTa
Y WICHHCTOHOTUX CO CKBO3HBIM KHIIEYHUKOM.
Eciv TMYMHKN y Tapa3uTeHIOH apa3suTHPYIOT
Ha pa3IMYHBIX T03BOHOYHBIX U OECII03BOHOY-
HBIX )KUBOTHBIX, TO ICHTOHUM(EI U B3pOCIIbIe

KJIETIN — XUIIHUKA ¥ TTATAIOTCS MEJIKIMH TI0-
YBEHHBIMH W BOJHBIMH 0O€CII03BOHOYHEBIMH,
MPEUMYIIECTBEHHO HYICHUCTOHOTHMH. B pe-
3yJbTaTe aJaNTalui K BHEKUIICYHOMY ITHIIE-
BAapEHMIO, B BHICOKOM CTETIEHU CBOMCTBEHHOMY
MayKooOpa3HBIM U ATOH TPyTITe KIIeTei B 0co-
OCHHOCTH, CpemHss KHIIKA Yy IMapa3uTeHIOH
MproOpeTaeT MEIKOBUAHYIO (GOPMY U 3aMBbI-
kaercs cieno (Alberti, Coons, 1999; IllaTpos,
2000). 31O MPUBOIUT K TOMY, YTO HHUIIEBOH
cyOcTpaT, 3ariIaTeIBaeMbIii KJICIOM B KHUIIKY,
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KaK M BCE OCTaTOYHbIE IIPOAYKTHI [IepeBapuBa-
HUSI M y THIIM3AIIMH [TUIIH, OCTAIOTCS B KUIIIKE Ha
MIPOTSKEHUH BCETO OHTOTEHE3a KIIeIeH 1 xKU3-
HU B3pOCIIBIX 0COOEH M HHKYJa U3 KUIIKU HE
BBIBOASTCS. | OMOT€HHBIN OCIKOBBIN MUIIEBOIT
cyOcTpar, JIMIIEHHbIH KIETOUYHBIX 3JIEMEHTOB,
TIOTJIOIIAETCS KUILIEUHBIMH THIIEBAPUTEIbHbI-
MU KJIETKaMH IyTeM MHHO- U (arouurosa u
Jlanee yTUIIN3UPYETCsl TOCPECTBOM BHYTpH-
KJIETOYHOTO MUINEBAPEHUsS, YTO MOKA3aHO Ha
IIPUMEPE KPACHOTEIKOBBIX KJICLIEH CeMelCTBa
Trombiculidae (I1latpos, 2000). DtoT apxauny-
HBIH CHOCO0 MHIIEBAPEHHs, YPE3BbIYaliHO Xa-
pakTepHblid st maykooOpasueix (Phillipson,
1961; Alberti, Storch, 1983; Ludwig, Alberti,
1990; Ludwig, Alberti, 1992a, b; Ludwig et al.,
1994), mpuBOAMT y Mapa3uTEHIOH K TOMY, YTO
CpPeHsIsl KHIIKA JINIIAETCS PEryJISIPHOM AIuTe-
JIHATBHON BBICTUJIKH, @ THTAHTCKHE ¢l1ab0 00-
HOBJISIEMbIC ITUIIIEBAPUTEILHBIC KJICTKH BBITEC-
HSIOT ITPOCBET KHUIIKH, KaK ATO HUMEET MECTO Y
B3POCIBIX KPAaCHOTEJOK. Y MOCIEIHUX OHU
BBIMIOJIHSIOT TaKXKE OOJBIIMHCTBO (DYHKIIHIA
pacripeziesieHust 1 0OMeHa BEIIEeCTB B OpraHu3-
Me. [Ipu aToM IupKyIsITOpHas cucremMa y napa-
3UTEHTOH MOJIBEPTIach PeIyKIHH.

[TogoOHast TpaHcopManusi KUMICYHHKA
IIPUBOJIUT K TOMY, YTO 3aJHUE YYACTKH CpeJIHE-
ro OTJeJ1a MUIEBAPUTEIBHOTO TPaKTa y mapa-
3UTEHI'OH TaK)Ke MPeoOpasyloTcst B aHATOMH-
4ecKr 000CO0JICHHBIN U (DYHKI[MOHAIBHO CIie-
LUaJTM3UPOBAHHBIN YKCKPETOPHBIN OpraH, Wr-
paromuil y 3TUX KJeLell OCHOBHYIO POJIb B
BBIBEJICHUH M3 OpraHu3Ma MPOAYKTOB a30THC-
TOro oOMeHa, a UMEHHO TyaHHWHa. DKCKPETOp-
HBIH OpraH INpeJCTaBisieT COOOH TOHKOCTEH-
HBIM AMUTEINAIBHBIM MEIIOK M OTKpPHIBAETCS
HapyxXy aHatomuueckuMm anycom (Lllatpos,
2000). ManbnurueBsl COCyAbl OTCYTCTBYIOT.

BakHO OTMETHTB, YTO Y 3TOU IPYMIIBI T1AY-
KOOOpa3HbIX HET CIIeHaTM3UPOBAHHBIX BUTEII-
no¢aros, a yTHIIN3ALNI0 YMOPHOHATLHOTO JKell-
TKa OCYLIECTBISAIOT SHTOJEPMAIIbHBIE KIIETKH,
peoOpazyoIrecs 3aTeM Y JINYUHOK B IHIIe-
BapuTenbHbIe. Ha MpoTshKeHnn BCero oHTOTe-
He3a apa3suTeHrOH, y aKTUBHBIX U TIOKOSIIHNX-
Cs CTaiui, OpraHu3aLus CpeAHEH KUILKH, KaK U
9KCKPETOPHOTO OpraHa, He IpeTepreBacT
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CKOJILKO-HHOYIb 3HAUNTEIIbHBIX PeoOpa3oBa-
HUI, Uy B3pOCIIBIX KJIIEeH sSBIIeTCs 3aBeplia-
IOIINMM 3TarnoM Mop(OoreHeTHUECKIX Koppes-
i ¥ QYHKIMOHAJIBHOM AMHAMUKH KHIIEYHO-
IO SMUTENHNS B XOJ€ KU3HEHHOTO [UKJIA.

HecMoTpst Ha CylIeCTBEHHOE CPaBHUTEIb-
HO-aHaTOMHYECKOE W DBOJIIOLMOHHOE 3Haue-
HHE MOJ00HOT0 crioco0a MUIIeBapeHHs y Kile-
IIeH-T1apa3uTeHT OH, UX MMUIIEBapUTEIbHAS CHU-
cTeMa Oblla paHee KMcCle0oBaHa B OCHOBHOM
JIMIIb HA aHATOMHYECKOM YPOBHE CBETOOIITH-
yeckumu Metosamu (Henking, 1882; Michael,
1895; Bader, 1938; Mitchell, 1964, 1970). Tomnb-
KO HE/IaBHO OBLIO TPENPUHSTO KOMITJIEKCHOE
UCCIIeJOBAaHNE KPACHOTEIIKOBBIX KJIeH, B TOM
YHCIIE TPOBEJICH 3JIEKTPOHHO-MHKPOCKOIINYEC-
KM aHAJIN3 UX IHILEBAPUTEIILHON CUCTEMBI B
X0/1€ MHAMBUAYAIBHOTO PA3BUTHSI, YTO HAILIO
3aBepiieHue B Monorpaguu Illarposa (2000).
Kpome Toro, 01310 0OCYyIIECTBIEHO CPABHUTEIb-
HOE YJIBTPacTPYKTYPHOE HCCIIEA0BaHNE CPE-
HeH KUIIKK Y TOJIOJHBIX JINYNHOK U B3POCIBIX
Kiemeii-mukporpomouna  Platytrombidium
fasciatum (C.L. Koch, 1836) u Camerotrombi-
dium pexatum (C.L.Koch, 1837) (Microtrombi-
diidae) (Shatrov, 2003).

C 1eJsblo BOCIIOIHEHHSI MMEIOILET0Cs PO-
Oena B OTHOIIGHHM BOJSHBIX KJIEIIEH OBbLIO
MIPEANPUHSTO 3IEKTPOHHO-MUKPOCKOIIHYECKOE
UCCJIeIOBaHNE CPEIHEH KHUIIKH M 9KCKPETOp-
HOTI'0 OpraHay BOAsHbIX Kileuleil 7 eutonia come-
tes (Koch, 1837) (Teutoniidae).

MarepuaJ 1 MeTOABI

B3pocnsie Bonsuble kiemu Teutonia
cometes ObUTM COOPAHBI B IPECHOBOAHBIX BO-
nmoemax (o3epax Kpusoe u Kpyrioe) va bemno-
MOpcKoii Ononorndeckoil cranimu «Kaprenn
3oonornyeckoro nacruryra PAH. Coopsl mpo-
Boawin B JyietHui nepuoxa 2000-2003 rr. mo
CTaHAAPTHON METOAMKE ITyTEeM KOIICHMS cad-
KOM BJIOJIb ype3a BOJbI Ha IITyOMHY 10 | M.
CoOpaHHBIX KJIEMIEeH paccakWBaJIN COTIACHO
BUIOBOM NMPHUHAUIEKHOCTH U (PUKCUPOBAIH B
JieHb coopa. B onpenenennu marepuana cyie-
CTBEHHYIO IIOMOIIb OKa3all coTpyaHuk VIbBB
PAH 1.6.1. I1.B. Ty30BcKwmit.
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Jns uccrnenoBaHuss B TPAaHCMUCCHOHHOM
AJIEKTPOHHOM MHUKPOCKOTIE KJICIIY ObLIH 00pa-
0OTaHBI COTJIACHO MPOLEAYpE CTaHJapTHOU
JIBOMHON 3JIEKTPOHHO-MHUKPOCKONMHYECKOM
¢duKcauu B pacTBOpax IIIIOTapalbAeruaa u
YETHIPEXOKNUCH OCMHUSI C TIOCIIEIYIOIEeH 3aIuB-
KO B CMeCh 3MOKCUAHBIX cMoul apanaut. Ce-
puilHbIE YIBTPATOHKUE CPE3bI KIIEIeH, Kak Mo-
NepeyHble, TaK U CaruTTaJIbHbIE, OBUTH MPUTO-
ToBJIeHBI Ha ynbTpamMukporome LKB-III. TToc-
Jie OKpAIllMBaHUS YpaHUI-alleTaTOM M LUTpa-
TOM CBHHIIA MX M3y4aiu U (oTorpaduposanu
Ha TPAHCMHUCCHOHHOM 3JIEKTPOHHOM MHKpO-
ckorie LEO-900 npu yckopsitolieM Hampske-
Huu 80 kV. J[j1st CBeTOONTHYECKUX UCCIICT0BA-
HUH Oy TOHKHE CPe3bl ObLIM OKPAILICHBI TOJTY-
WJMHOBBIM CHHHMM M M3Y4Y€HBI Ha CBETOBBIX
mukpockonax Amplival u Leica DMLS-2.

Pe3yabTarsl u 006Cy:KaeHNE

Cpeonsis kuwika

Cpennsist kumka 7. cometes NPeACTaBISET
co0oii ci1abo pacusIeHEHHbIH Ha JIONIACTH OHO-
POIHBIH MEIIOK C 0JHOOOPa3HBIM CTPOCHUEM
YPE3BBIYANHO PBIXIIO OPraHM30BAHHBIX CTCHOK.
Cxema aHaTOMHUYECKON OpraHU3aluy CpeIHEH
kumku 7. cometes, HapsiAy © APYTUMU BOJISTHBI-
MH KJIeIlaMH, TpuBeneHa B pabore banepa
(Bader, 1954). OgHako pacIiono:KeHue J0Iac-
Teil KUIIKH, TO-BUIMMOMY, JOCTaTOYHO BapHa-
THUBHO JJa’Ke B ITpeJieiax BU/A, TOCKOJIBKY aHa-
TOMUYECKasi OPTaHU3ALMS CPEAHEH KUIIKU HC-
CIICZIOBAaHHBIX MHOH KJemeld OTIMYaeTcsi OT
cxeMmbl, npeioxkeHHon bagepom. Ipocnexu-
BaeTCs CIEAYIOIIee CTPOCHUE KHIIKH, J10CTa-
TOYHO CIIOKHOE 51 00BEMHON HWHTEpIIpeTa-
1ud. JIBe 3aJHHE JIOTTACTH KHUIIKH OXBATHIBAIOT
¢ OOKOB 3KCKPETOPHBII OpraH M OTAEISIOT KIle-
penu Kaxkjasl 10 JIBe BEHTPAJbHBIC JIOMACTH,
3aKaHYMBaromecs: cieno. [lo HampaBieHHIO
BIIEpE/I, 3aJHHE JIONIACTH PACHINPSIOTCS J1aTe-
pabHO M 3aTEM COCAMHSIOTCS MEXIy COOOH,
00pasyst o1 SKCKPETOPHBIM OPTaHOM CHIIBHO
YIUIOUIEHHBIH JI0PCO-BEHTPAILHO CPEANHHBIHA
OTJIeTI KMIIKH, Ky/la OTKphIBAeTCs MUIIEeBoA. Bo
(pOHTAIBHEIX 00JIACTSAX KHIIKA (POpPMHPYET
pa3BUTHIE NTepeIHEO0KOBBIE JIOMACTH, a TAKXKE

A.b. IllatpoB

Y3KUH CpeAUHHbIN BRICTYIL. B 3aBUuCUMOCTH OT
CTaJilU MUTAHUA, CPEIHSS KUIIKA MOXET CO-
Jiep’KaTh TO WM MHOE KOJUYECTBO MOTJIOIIEH-
HOTO [UIIIEBOTr0 CyOCTpaTa B BUJIE TOMOT €HHBIX
MUIIEBBIX KaleJb C COASPKUMBIM HU3KOM 3JIeK-
TPOHHOH TUIOTHOCTH (pHC. 1, 2).
OAHOCTIONHBIHN KUIIEYHBIH SITUTETHH COCTO-
UT U3 OAHOTHUITHBIX HTOAEPMAJIbHBIX MUIIEBa-
PUTEIBHBIX KJIETOK, YPE3BbIYAHO Pa3HAIINX-
cs o ¢opme u pazmepam (puc. 1, 3). Kierku
MOTYT CHJIBHO BBICTYNATh B NMPOCBET KHIIKH,
MIPAKTUYECKH MOJHOCTBIO €r0 BBITECHSS, UTO
0COOEHHO 3aMETHO B LICHTPAILHOM OT/I€JI€ KHIII-
KH. B 3agHUX JOoMacTsAX MpOCBET KHUILIKH, KaK
MIPAaBUJIO, XOPOULIO BhIpaxkeH. BricoTa KieTOK
OT noJcTHIIAIoIIEH 0a3aibHON MeMOpaHbl MO-
JKeT BapprpoBaTh ot 1,5 10 28-30 MkM 1 Ooutee,
KaK B Pa3HBIX JIOMACTSIX KUIIKH, TaK U B COCEI-
HUX y4acTKax MuTenus. B oTauuue ot apyrux
UCCJIEIOBAaHHBIX B 9TOM OTHOILICHHUH MTayK0o00-
Pa3HbIX CO CKBO3HBIM KuinedHukoM (Goyffon,
Martoja, 1983; Becker, Peters, 1985; Ludwig,
Alberti, 1990, 1992a, b; Ludwig et al., 1994),
CHEIMATN3UPOBAHHBIX CEKPETOPHBIX KIETOK B
COCTaBe KUIIEUHOTO SIMUTEIHUS Y BOASHBIX KJle-
el M3y4eHHOro BHMJA HET. DNMUTeNnuil mono-
CTJIaH OJHOPOJHOW Oa3zalbHOW MeMOpaHOU
(T1acTUHKOM ) CpeHel 3JIeKTPOHHOI IIOTHOC-
TH (puc. 2). CrienuaiabHOM MBINICYHOM 00KJIIa1-
KU HET, ¥ KUIIIKAa HETTOCPEACTBEHHO IPAaHUYUT C
MOJIOCTBIO TeNa Ju0O0 C IPYyrMMU OpraHaMu.
Tem He MeHee, B OT/AETBHBIX y4acTKaxX HUXKE
noJicTuIIatoIei Mmemopansl (puc. 2, 6) 1160 B
ee HeryOOKMX MHBarvHalusX B 0Oa3ajbHbIC
30HBI KMIIEYHOTO SMHUTEINsI MOTYT pacroia-
raThCst HeOOJIbIINE MYYKH T8 JKUX MBIILIII.
AnukanbHas TOBEPXHOCTb MUIIEBAPUTEIb-
HBIX KJIETOK HEPOBHAs X 9aCTO POPMHUPYET OyIIb-
OOBHU/IHBIC BBIPOCTHI B MPOCBET KHUIIKH, KaK
MIPABUJIO, HECYIINE MUKPOBOPCUHKH (puc. 1, 3,
4). MUKpPOBOPCUHKHU MOTYT HaXOJIUTHCS TAKKE
1 Ha POBHBIX Y4aCTKaX KJIETOYHOM MOBEPXHOC-
TH. MHUKpPOBOPCUHKH He (DOPMHUPYIOT Xapax-
TEpHOI! IeTOYHOMN KaliMBbI, KaK y >KUBOTHBIX CO
CKBO3HBIM KHIIIEYHHKOM, OHU HEBBICOKH, HE
HECyT KaKnX-JIN0O0 BEIPa’KEHHBIX OCEBBIX CTPYK-
Typ ¥ PacloIOKEHBI JOCTATOUYHO pelnko. Tem
HE MEHee, OHU Pa3BUThI TOPA3/I0 CHIIbHEE, YEM
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Puc. 1. Cxema opranu3anyy SIUTEINEB CPETHEH KUIIKU U SKCKPETOPHOTO OpTraHa B 00IaCTH HX COMPUKOC-
HOBEHUSL.

bl — GazanbHast ruractiHKa; db — 3IEKTPOHHO-IIOTHOE TEJIO B IPOCBETE YKCKPETOPHOTO OpraHa; €0 — KCKPETOPHBIIT
opran; gly — rumkores; hl — rerepoin3ocoMsl; ic — COCAMHUTENIBHOTKAHHAS WHTEPCTULHANbHAs KieTka; li —
JIMIHHBIC BKIFOYCHHST; [u — IIPOCBET KUIIKK M IPOCBET 3KCKPETOPHOTO OpraHa; M — MUTOXOH/PHH; MC — MBIIICYHAs
KJIETKA; MZ — CPEHsIsl KUIIKA; MV — MHKPOBOPCHHKH; N — SIPO; N — IHIIEBbIE KAIUIH B IPOCBETE KUILIKK; NU —
SIIPBILIKO; PP — MHHOLUTO3HAS SIMKA; PV — IIHHOLMTO3HBIH Iy3BIPEK; Ib — 0CTaTOYHOE TENO; rer — rPaHyJIsPHbII
9HIOIUIA3MATHIECKUI PETHKYIYM; I'M — OCTaTOYHbIE MACChI; V — CBETJIbIC BAKYOJIH.

Fig. 1. Diagram of organization of the epithelia of the midgut and excretory organ in the place of their contact.
bl — basal lamina; db — dense body in the lumen of the excretory organ; eo — excretory organ; gly — glycogen; hl —
heterolysosomes; ic — interstitial cell; li — lipid inclusions; lu — lumens of the midgut and of the excretory organ; m
— mitochondria; mc — muscle cell; mg — midgut; mv — microvilli; n — nucleus; ng — nutritive (food) globules in
the midgut lumen; nu — nucleolus; pp — pinocytotic pit; pv — pinocytotic vesicle; rb — residual bodies; rer — rough
endoplasmic reticulum; rm — residual masses; v — clear vacuoles.

Y B3pOCIIBIX KPACHOTEIKOBBIX KJIEIIEH, Y KOTO-
PBIX MUKPOBOPCHHKH Ha allMKaJIbHOM MTOBEPX-
HOCTH KHIIICYHBIX KJIETOK, KaK MPaBHIIO, BOOO-
mie orcyteTByoT (Illatpos, 2000), u B 1IemoM
COOTBETCTBYIOT II0 CTEIIEHH CBOETO Pa3BUTHS
AQHAJIOTHYHBIM 00pa30BaHUAM MHUKPOTPOMOU-
nmun (Shatrov, 2003). Mexay MHKpOBOPCHH-
KaMH MTPOMCXOANT WHTEHCUBHOE (hOPMUPOBa-
HUE€ NMHOLUTO3HBIX My3bIpbKOB 0T 0,08 10 0,9
MKM B JHaMETpe, HE UMEIOMINX BBIPAKCHHON

KIaTpUHOBOH Kaitmbl (Bowers, 1964; Fawcett,
1965). B orcyTcTBHE Kakoi-mnbo cexpenuu B
MIPOCBET KUIIKH TPYAHO JIONYCTHTH BO3MOX-
HOCTb M30MpaTEeIHHOT0 MUKPOIIMHOIIUTO3A I10-
CpPE/ICTBOM OKalMJICHHBIX ITy3bIPHKOB. DTO yKa-
3bIBaCT Ha HECTECHU(PHUUECKUN XapaKTep Ipo-
Hecca NMHOLUTO3a y . cometes, KOTOPBIii, BU-
JIUMO, OCYIIECTBISAETCS IPEUMYIIECTBEHHO 110
THUITY MaKpONMHOIUTO3a. [Ty3bIpbKH 3aTEM CITN-
BaloTcs B OoJiee KpyImHbIe Bakyonu (puc. 1, 4,
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Puc. 2. Y4acTok CTEHKM OZHOW W3 3aJHMX JIONAcTell KHIIKH C aapoM (n) u rerepoinzocomamu (hl) Ha
TpaHHMIle ¢ TIOKpoBaMu — rumnoepmoii (hy) u kyTukymoii (cut).

[MuiueBapuTenbHBIC KICTKHA COACPIKAT MUTOXOHAPUH (M), nunuaHbie Bkaoyenus (1i), ocrarounsie Tena (rb) u cHadxe-
HBI MEKPOBOPCHHKaMH (V) Ha alMKalbHO# ITOBEPXHOCTH KIETOK, oOpatieHHoi B mpocBeT (1u), B koTopom Haxomsatest
muniessie Kam (ng); bl — GaszanpHas MemOpana, tr — Tpaxes.. Macmrad: 2 MKM.

Fig. 2. Part of the wall of the posterior midgut lobe with nucleus (n) and heterolysosomes (hl) bordering
hypodermis (hy) and cuticle (cut).

Digestive cells contain mitochondria (m), lipid inclusions (1i), residual bodies (rb) and bear short microvilli (mv) on the apical
cell surface, facing the lumen (lu) with nutritive (food) globules (ng); bl — basal lamina, tr — trachea. Scale bar: 2 pm.

5). B nenom Takoi ke XapakTep anuKaIbHOU
30HBI NMUIIEBAPUTEIBHBIX KJIETOK, KaK M Mpo-
iecca NMUHOIMTO3a, HAOI0MaeTCs U Y JIpyTuX
naykooOpa3ubeix (Goyffon, Martoja, 1983;
Ludwig, Alberti, 1990, 1992; Ludwig et al.,
1994). Tem He MeHee, OUEBUIHO B CHITY OIIpe-
JIeICHHOW IIMKJIMYHOCTH TIpoliecca IHIIeBape-
HUS, NPSIMON 3aXBaT KJIETKAMH TOMOTCHHBIX
KareJsb MUIIEBOT0 CyOCTpaTa U3 IPOCBETA KHIII-
KM Ha0IItoqaTh He mpuxoamiock. Haobopor, y
B3POCIIBIX KPACHOTEIIOK, B3SITHIX U3 KYJIbTYPHI
(IIatpos, 2000), a Taxke y nurarommxcs ad
libitum wmuxpotpomOuauuy (Shatrov, 2003)
(bopMupoBaHNE MUIIEBAPUTEIBHBIMH KJICTKA-

MH KPYIHBIX MHHOCOM WM Jaxe (arocom ¢
MUIIEBBIM CyOCTPaTOM XOpOMIO 3aMETHO. Y
MHKPOTPOMOUIIUHI, B OTIHYHE OT B3POCIBIX
KPACHOTEJIOK, MTOKA3aHO TAK)Ke HAMYHE MHO-
TOYHCIICHHBIX KaK MTHHO-, TAK U 9K30L[UTO3HBIX
cTpykryp (Shatrov, 2003).

B moboM ciydae, clIeCTBHEM aKTHBHOTO
nporecca MUHOLUTO3a SBISETCS 00JBLIOE KO-
JMYECTBO MUHOLIUTO3HBIX My3bIPHKOB pa3iny-
HOTO pa3Mepa, a TaKXKe CBETIBIX BaKyolleH B
aNMKaJIBbHBIX YacTsX Ki1eTok (puc. 1, 3-5). Kpo-
M€ TOT0, KJIETKH COACPKAT ANEKTPOHHO-ILIOT-
HbIC OJIHOPOJIHBIC MIIH TeTEPOreHHBIC 10 CBOE-
MY COCTaBY BTOPUYHBIC JIU30COMBI (T€TEPOITH-
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Puc. 3. Y4acTok CTEHKH KHIIKH, TPaHHYAIIel C IKCKPETOPHBIM OpraHoM (e0) u (opMUpYIOLIel BEIPOCTHI
B ripocBeT KUk (lu), HecyIine MUKPOBOPCHHKH (MV) Ha alTHKaIbHOM MOBEPXHOCTH, a TAKIKE HEYITOPSII0-
YEHHBIE OCTATOYHBIC MACCHI (rm).

Kunreunslit snuTenuii IMeeT HEpOBHYIO 0a3albHYI0 IIIa3MaTHYECKY0 1 mojcTHIaonyo (bl) MeMOpaHsl, a ero KieTkn
coziepKaT spo (n) ¢ KPYIHBIM SAPBIIIKOM (nu), TiukoreH (gly), munuasele BaoueHus (li) 1 31eKTPOHHO-TUIOTHBIE
ocratounble Tena (rb). B monoctu tena (hs) BumHbl Tpaxeu (tr). Macmrad: 3 MKM.

Fig. 3. Part of the midgut wall bordering the excretory organ (eo) and forming large protrusions into the
midgut lumen (lu).

Protrusions arm with microvilli (mv) on the apical cell surface and may contain large irregular residual mass (rm). The
midgut epithelium has a bent basal plasma membrane and is underlined by a basal lamina (bl). The midgut cells contain
nucleus (n) with large nucleolus (nu), glycogen (gly), lipid inclusions (li) and electron-dense residual bodies (rb).

Tracheae (tr) are situated in the haemocoelic space (hs). Scale bar: 3 um.

30COMBI) — OYEBU/HBIC arcHTbl BHYTPHKJIE-
TOYHOT'O MEepeBapUBAHUS OEITKOBOTO MHIIEBO-
ro cybcTpara (puc. 1,2), a Takyke HEMHOTOUHC-
JICHHBIE OCTATOYHbIE TIPOJYKTHI, KaK ITPABUIIO,
B BH/IE JIOBOJIbHO MEJIKHX DJICKTPOHHO-IIIOT-
HBIX BKJIIOYCHHUI, YaCTO HMMEIOIIUX IOJOCTH
(puc. 1,2, 4, 5). OCHOBHOI KOHEUHOH CTaueH
BHYTPHKJICTOUHOTO HIieBapenus y I. cometes
SIBIISIFOTCSL pa3HOOOpasHbIe 110 pazmepy u dop-
M€, 4acTO T'MI'aHTCKHE IUIOXO O(OpMIICHHbIC
BKJIFOUEHHS C PBIXJION IpaHyJIsIpHON cyOcTaH-
nueit (puc. 1, 3, 6). OTH BKIIOYCHHUS MOTYT

Ype3BbIYaHO BHINAYNBATH TOBEPXHOCTH KIIET-
KI U Pa3pbIBaTh €€ alMuKaIbHYI0 MEMOpaHy, ¢
BBICBOOOJKICHUEM COJEPKIMOT0 B IIpocBeT. B
HEKOTOPBIX CIIydasX MOXKHO IIPOCIEIUTh HHBO-
JIFOIMIO0 BTOPUYHBIX JIN30COM OT TOMOTE€HHBIX
OKPYTJIBIX BKJIFOUEHHH /10 0OJIBbIINX HEODOPM-
JICHHBIX PBIXJIBIX KOMIIAPTMEHTOB B KIIETKaX,
HE OrpaHHYCHHBIX MeMOpaHoil. BriBemenme
HOZOOHBIX OCTATOYHBIX IIPOLYKTOB MOYKET IIPO-
UCXOAUTH MU OoJyiee MEJIKUMH HapTusMH. Bo
BCEX 3THUX CITy4asix IMEET MECTO POJI 3K30I[HTO-
3a, HO HE PETYJIIPHBII, a C HEIIPEMEHHBIM Hapy-
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Puc. 4. AnnkanpHas 30Ha KHIIEYHOTO SIUTEIHS C BBIPOCTOM ITHIEBAPUTEIHHON KICTKH, HECYIIUM
MHUKPOBOPCHHKH (MV) Ha alIMKaIbHON IIOBEPXHOCTH, OOpaIIeHHOH B IpocBeT KumkH (lu).

BBIpoCT COAEPHKUT PasHOOOPA3HbIC IMHOLMTO3HbIC [Ty3bIPHKH (PV) M CBETIIBIC BaKYOIIH (V); M — MUTOXOHAPHH, N —
SIAPO, rb — OCTATOYHBIE TEa, I'M — OCTATOYHBIC Macchl. MaciuTab: 2 MKM.

Fig. 4. Apical zone of the midgut epithelium with protrusion of the midgut cell bearing microvilli (mv) on

the apical cell surface facing the lumen (lu).

Protrusion contains various pinocytotic vesicles (pv) and clear vacuoles (v); m — mitochondria, n — nucleus, rb —

residual bodies, rm — residual mass. Scale bar: 2 pm.

LIEHUEM KJIETOYHOM MOBEPXHOCTH. B criy 3am-
KHYTOCTH KHIIKH, AajbHEHmas cyap0a 3Tux
BBICBOOOYKIEHHBIX 13 KJIETOK OCTATOYHBIX MPO-
JIyKTOB Y BOJSHBIX KIICIICH, KaK M y APYTHX
Mapa3uTeHroH, HescHa. CTONUT 3aMETHTh, YTO
MHOT/Ia B KPYIHBIX MMHOIIUTO3HBIX SIMKAaX MO-
TYT TIPUCYTCTBOBATh OTIEIbHBIC MEIKHE Tpa-
HYJBI OCTaTOYHBIX BEIIECTB, paHEEe BBHIBE/ICH-
HBIC B NPOCBET, YTO MHOTAA 3aTPyHSET YeT-
KyI0 MHTEPIIPETalrIo MPOIECCOB B ANHMKAIb-
HOW 30He KIeTOK (puc. 5). Ha moit B3rman,
OJTHAaKO, 3TO CBHJIETEIBCTBYET HE O PEATbHOM
MTUHOIINTO3€ OCTAaTOYHBIX MPOJYKTOB M3 MPO-
CBETa KHIIKH, a O CIIyJaiiHOM ITOTIaIaHHH T10-
JIOOHBIX I'paHyJI B TMHOLIUTO3HBIE BaKkyouu. [To-

BUIUMOMY, JIaXKe Y HE MMUTAIOIETOCs B JAHHBIN
MOMEHT KJIeTI[a IMEEeT MECTO HeM30upaTeapHas
MTUHOIIUTO3HAS aKTHBHOCTD, B PE3yJIbTaTe KO-
TOPOM OKa3bIBAIOTCS 3aXBAYCHHBIMH KaKOE-TO
KOJIMYECTBO OCTATOYHBIX MPOJYKTOB, paHee
BBIBEJICHHBIX U3 KJIETOK B MIPOCBET KUIIIKH.

VY Bcex APYrux MCCIEIOBAHHBIX MayKo00-
pa3HBIX OCTATOYHBIC MPOIYKTHI TaKXKe B TOH
WJIA HHOH ()OpPME BBIBOJIATCS B IIPOCBET KUIIIKH
(Goyffon, Martoja, 1983; Becker, Peters, 1985;
Ludwig, Alberti, 1990, 1992a, b; Ludwig et al.,
1994). Ognako, y 7. cometes, B OTIHYUE OT
MpEeACTaBUTEIICH MPOYNX IPYII, B MHUILEBAPH-
TETBHBIX KIIETKaX, B YACTHOCTH, B DKCKPETOP-
HBIX BaKyOJIsIX, HE 00pa3yIOTCs HU KPHCTAILITH-
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Puc. 5. IlnHOIMTO3HBIE (UTYPHI B AlIMKAIBEHOH 30HE MHUIIEBAPUTEILHON KIETKH — IHHOIUTO3HAS SIMKa
(pp), MUHOIUTO3HBI ITy3BIpEeK (PV) U CBETIIast BAaKyoIb (V).

lu— TIPOCBET KMUIIKH, M — MUTOXOHAPHUH, MV — MUKPOBOPCUHKH, rb — ocrarounoe TEJI0, I'M — OCTATOYHBIC MACCHhI.
Macmra6: 0.5 MKM.
Fig. 5. Pinocytotic figures in the apical cell zone of the midgut epithelium — pinocytotic pit (pp), pinocytotic
vesicle (pv) and clear vacuole (v).
lu — midgut lumen, m — mitochondria, mv — microvilli, rb — residual body, rm — residual mass. Scale bar: 0.5 pm.

YecKre OpraHnIecKHe OCTATOYHbBIE KOHKPEIINH,
HU c(hepOKPUCTAIIBI.

B kneTkax colepKHTCSl TaKkKe JTOBOJBHO
00JIBIIIOE KOJTMIECTBO IEKTPOHHO-TIPO3PAYHBIX
BaKyoJIeH, JIMMUIAHBIX BKIIOUCHUH W TpaHyll
TJINKOT€HA— 3aMaCHBIX I TATEIIbHBIX BEIIECTB
(puc. 1,2, 6,7), a Takxke CBOOOAHBIX pHOOCOM.
Tem He MeHee, TpaHyJISIPHBIN SHAOIIA3MATH-
YEeCKH PETUKYJIYM BBIpa)KEH YMEPEHHO, ¥ €T0
LIUCTEPHBI PACTIONIOKEHBI B OCHOBHOM IT0 TIEpH-
(epun 1 B Ga3aIbHBIX YACTIX KJICTOK M MHOT /A
B OKOJIOS,IEpHBIX 30HaX. Komruiekcs! Iombuxn
HE BBISIBJICHBI, YTO, BUANMO, CBSI3aHO C OTIpE/Ie-
JICHHOW IMKJIMYHOCTBIO TIpoliecca IHIIeBape-
HUSI M yTHITU3AIMH TTHIIN B PA3HBIX KJIETKAX Uy

pa3ubIxX ocobeil. [1o Bcelt BeposATHOCTH, Haxe
npH GuKcanuy Kiewei B 1eHb coopa, B cpel-
HEW KUIIKE KIIENEer ObIIO JOBOJHHO MaJIO Ka-
TeJTb IMMIIEBOTOo cyOcTpara, M03TOMY MX IHIIE-
BapUTEIbHBIC KIETKH HAXOAWINCH, MO-BHIH-
MOMY, Ha 3aKJIIOYUTENFHBIX CTaIUSX MpoLecca
MUIIEBAPEHNUS U aKTHBHO ITHIIY YK€ HE MOTJI0-
manu. Takxke, BO3SMOXKHO, B CBSI3H C 9TUM, Ka-
Kasi-In00 CeKpenus MUIEBAPUTEIbHBIMH KJICT-
KaMH B IIPOCBET KHUIIKH HE HAOJIO1aJ1aCh.
KpymHsle siipa nuIeBapuTeNbHbIX KIETOK,
110 7-9 MKM B AMAMETpE, UMEIOT, KaK ITPaBUIIO,
HEPOBHYIO ()OPMY M BOIHUCTYIO 000IO0UKY, H
PacIoI0KeHbI MPON3BOJILHO B PA3ITMYHBIX Yac-
TSX KJIETOK, B TOM YHCJIC, HEPE/IKO U B AITHKAITb-
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Puc. 6. Y4acTok CTeHKH KHIIKH ¢ ManoguddepeHInpoBaHHOM KIETKOH (SC) ¢ sapoM (n) U JIUIHIHBIMA
BritoueHnsIMH (1i) B OCHOBaHUM AMUTENHS HAa TPAHHUIIEC C SKCKPETOPHBIM OPraHoM (€0).

ITumeBapurensHas kierka (dc) conepiKHUT BIJIIOUCHNE OCTATOYHON MacChl (rm), IMKoreH (gly), U IHbIC BKIIOUYCHUS
(i), ocrarounoe Temno (rb), MUTOXOHpHHU (M), @ TAKXKE CBETIIbIE BAKYOJIH (V), IHHOLUTO3HBIE SIMKH (PpP) U ITy3bIPbKH B
anMKalbHOM 30HE KJIETKH, 0OpalieHHoil B ipocseT (lu) u Hecymielr MUKpoBOpCcHHKH (mv). Macmitad: 2 MKM.

Fig. 6. Part of the midgut wall with a semi-differentiated cell (sc) with nucleus (n) and lipid inclusions (li)
in the basal epithelial region bordering the excretory organ (eo).

Digestive cell (dc) contains irregular body of residual mass (rm), glycogen (gly), again lipid inclusions (li) with partly
extracted contents, residual body (rb), mitochondria (m), as well as clear vacuoles (v), pinocytotic pits (pp) and vesicles

in the apical cell zone facing the lumen (lu) and bearing microvilli (mv). Scale bar: 2 pm.

HBIX BbIpocTax (puc. 1-3). Sapwlmiko Takxe
0oJbII0C, 10 3,3 MKM, IPUYEM HHOT/IA B KJICT-
KaxX MOYKHO HACUMTATB JI0 TPEX SIPBILIEK. XPo-
MaTHH B BHJI€ MEJIKHUX 3€PEH paclpeieIcH paB-
HOMEpHO B HyKJeoIula3Me. Takoe coCTOosHHE
s7iep yKa3bIBaeT Ha NHTEHCHBHBIC CHHTETHYEC-
KHe MPOLIECCHI B KJIETKax. MUTOXOHIPUU OTHO-
CHUTEJIbHO HEMHOT OUHUCIICHHBIE, OKPYTJIIBIE, AJIEK-
TPOHHO-CBETJIBIE WJIM JK€ CO CPEIHEH HJIeKT-
POHHOM TIOTHOCTBIO U PACIIPE/ICIICHBI B KIIET-
Kax MpOU3BOJILHO (puc. 2, 4, 5).

Kuineunsle KJIETKH HWMEIOT HM3BHIINCTBIC
OOKOBBIE I'PaHHUIIbI 0€3 BBIPAKEHHBIX MEKKIICT-

HHUKOB U COEAMHEHBI TPYIHO BBISBIISIOIIUMHUCS
AMMAKATBHBIMI CENTHPOBAHHBIMU JECMOCOMA-
mu. [InieBapuTeabHbIC KICTKH, TaXke CHIBHO
BBICTYIAIOIIKE B IPOCBET KUIIKH, THKOPIIOPH-
POBaHBI B SIIUTENNH U, TO-BUANMOMY, B THTIHY-
HOM CTy4ae He CIIOCOOHBI OTPHIBATHCS OT CTCH-
KM KHIIIKH 1 TaBath B ee mpocsete. [locnennee
He XapaKTepHO Takoke g kpacHoTenok (Iat-
pos, 2000), HO, HA0OOPOT, CBOHCTBEHHO MUK-
porpomoOuauuaam (Shatrov, 2003) u Terpanu-
xoBbIM KiemaM (Mothes, Sietz, 1981). Kamou-
ANBHOM CHCTEMBI KaK TaKOBOW y KHIIICYHOTO
snutenusi T. cometes HeT. B psiie MecT BUAHBI
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YIUTOLICHHBIC KIIETKH, JIeXKaIue 6a3aabHo (puc.
6), KOTOpbIC MpPHU OIPEACICHHBIX YCIOBHUIX,
BUJIUMO, CIIOCOOHBI BOCHIONHSITh LIETOCTHOCTh
SMUTEIHATBHOTO 1ACTa, XOTS JCTeHEPHPYIO-
[IUX Pa3pyIIAIOIINXCS KICTOK B COCTABE 3ITH-
Tenus He ObUIo oTMeueHo. BmecTe ¢ TeM, 1mo-
Jo0HbIe Maso (G depeHIIpPOBaHHbBIC KIETKU HE
00pa3yroT Kaknx-JIM00 XapaKTEepPHBIX CKOTLIe-
HUI B CTEHKE KHIIIKA U COJICPIKAT TE KE BKITFO-
YEHHS, YTO U MUICBAPUTEIBHBIC, 32 HCKITFOUe-
HUEM CHUCTEMbI AllMKAJIbHBIX ITY3bIPHKOB. ba-
3abHas TUIa3MaTHYeCKas MeMOpaHa KHIIed-
HBIX KJIETOK MOET (OPMHUPOBATH BIISIYMBA-
HUS, Ky/Ia 3aXO0/SIT MHBaTWHAI[MN TTO/ICTUNIAIO-
et 6a3aabHON MEMOpPaHBbI, 0 YeM FOBOPHIIOCH
Beimie (puc. 1, 3, 7).

XapakTepHO, UTO, B OTIUYHE OT B3POCIBIX
kpacHoTenkoBbix kiemieit (Lllatpos, 2000) u
CXOIHO ¢ MHUKpoTpomOuauuaamu (Shatrov,
2003), y B3poCIIbIX BOASIHBIX Kitemiei 7. cometes
JIOCTATOYHO XOPOIIO BBIPAXKEH MPOCBET KHUIII-
KH, 4TO OCOOCHHO 3aMETHO B €€ 3a/IHUX U Mepe-
I[He6OKOBI)IX JIOIMacCTAX. O}]HaKO B IICHTpaJib-
HOM OT/IeJIe KHIIIKH TPOCBET MOYKET HCYe3aTh
Kak 3a CYCT CAaBJIMBaHUA APYIMMU OpraHaMu,
TaK ¥ 3a CYET YBEIHMUYCHUS B pa3Mepax MUIeBa-
PHUTENIbHBIX KIETOK, 3aMOJHEHHBIX B OCHOBHOM
OCTATOYHBIMH IIPOIYKTAMH, & AITUTENN T CTAHO-
BUTCS YPE3BBIYANHO PHIXJIBIM.

DxckpemopHulil opear

DKCKPETOPHBIN OpraH y B3pOCIBIX KIICHICH
T. cometes mpencraBisieT coOOW TOHKOCTCH-
HBIH AIUTENUANbHBIA MEUIOK, Pa3BETBICHHBIN
B OOJIBINICH CTEICHH, YeM Y KPaCHOTEIKOBBIX
wienieil. Ecin B 3a7HEl NOJOBHHE Tella OH
OpPUEHTHPOBAH BEPTHKAILHO, TO BO ()POHTAIIb-
HBIX 00JTaCTSIX, HAOOOPOT, IKCKPETOPHBIN OpraH
BBITSIHY T TIOTNICPEK M YIUIOIICH TOPCO-BCHTPAITb-
HO, 3aHMMasl BCIO IIIUPHHY Telia Kiema. B 3aBu-
CUMOCTH OT (PU3HOJIOTHYECKOrO0 COCTOSHHUS
KJICII[a, 3KCKPETOPHBIN OPraH MOXKET OBITh CHITb-
HO pacIIMPEHHBIM WJIH, HA0OOPOT, CIIABIIIUMCSI.
VY pa3HbIX 0co0eii ero CTeHKH MOTYT OBITh TOH-
KHMH W Ke O0oee Toicteimu (puc. 3, 7). Ux
TOJIIIIMHA BapbUpyeT oT 6 MKM (penko) no 0,4
MKM, 4TO IIOKA TPYIHO OIICHUTH C TOUKH 3PCHHSI
MPOTCKAHMSI T€X MM MHBIX (PU3UOJOTHUCCKUX
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nporeccoB. [1o-BuuMOMYy, B CHITY CKJIa4aTo-
CTH JIaTepaJBbHBIX TPAHUIL KJIIETOK OpraHa, ero
CTEHKHU 00J1a/Ial0T HEKOTOPOH 371aCTHYHOCTHIO
U PacTsHKHMOCTBIO.

B nipocBeTe 3KCKpEeTOpPHOTO OpraHa coaep-
JKUTCSI pa3HOE KOJIMYECTBO KPUCTAIIIOB IKCK-
pPETOB, OUEBUIHO, I'yaHUHA — IIPOAYKTA a30THU-
cToro oOMeHa naykooOpa3HbIX, KOTOPbIE KPUC-
TAJUTU3YIOTCS U KOHIICHTPUPYIOTCSI B TIPOCBETE
opraHa, 00JaJaroT JBOWHBIM JIy4erperomIie-
HUEM, a Ipu pe3Ke BhIKpamuBaiores (puc. 1, 3,
7). Kpome Toro, B mpocBeTe oprana HaOuo/a-
I0TCSI OKPYTJIbIe TOMOT€HHBIE DJIEKTPOHHO-TUIOT-
HbIC BKJIFOYCHHS HE COBCEM SICHOM MPHPOJIBI
(puc. 1, 7). M0XHO TOMyCTUTh, YTO OHU B TOM
WITH HHOM BHUJIC CEKPETHPYIOTCS Yepe3 CTCHKY
oprana, a 3areM KOHCOJIMJUPYIOTCS B OoJjee
KpyIHbIe 00pa3oBaHusl.

CTteHku oprana o0pa3zoBaHbl 0JIHOCIOHHBIM
STHUTEITUEM U COCTOST M3 CHIIBHO YIUIOMIEHHBIX
9HTOJCPMAIIBHBIX KJIECTOK, HECYIIMX Ha armu-
KaJIbHOU MOBEPXHOCTH HEYTOPSI0UCHHBIC MUK-
POBOPCHUHKHU Pa3HOOOPa3HOH (HOPMBI U pa3mMe-
pa (puc. 7). Y pasHbIX Kiellel anukalbHas
Iu1a3MaTuyeckas MeMOpaHa KIeTOK MOXKET He-
CTH C BHEUIHEH CTOPOHBI KOMOYKH WITH JaXe
IUIOTHO aJCOPOMPOBAHHYIO IUICHKY PBIXJIOTO
3JIEKTPOHHO-TIOTHOTO BewlecTsa (puc. 7) nim
)K€ TIOJTHOCTBIO CBOOOJIHA OT KaKHUX-JIHOO COo-
IIyTCTBYIOIIUX BellecTB. MOKHO Ipeanono-
KUTb, YTO Y Kﬂel].[eﬁ Ha 3aKJIFOYUTCJIbHBIX CTa-
JIVSIX TIMIIEBApPEHUs TAKOTO po/ia BEelecTBa Ka-
KHM-TO 00pa3oM CEKPEeTHUPYIOTCS CTCHKaMHU
oprasa, a y KJemieil Ha 0oJjice paHHUX CTaUsIX
MUIEBAPSHHUS] TAaKOW MpoIece elle He POouc-
XOOUT.

Kietku cTrenok opraHa BbITJISAAAT MOHOTOH-
HBIMA U WHTCHCHBHO SJICKTPOHHO-TIOTHBIMU
3a CYeT TIOTHOTO LUTOIJIa3MaTHYECKOT0 MaT-
pHKca, a TAK)Ke NPUCYTCTBHUS 3¢PCH MIHKOreHa
(puc. 3, 7). Ilo GosnpLIOMY CUETy, KIETKH CO-
JACPIKaT TC )K€ OpraHeJlJIbl U BKIIFOYCHUA, YTO U
MUIIEBAPUTCIIbHBIC, B YaCTHOCTU MHUTOXOHI-
pun, pubOCOMBI ¥ JINMUAHBIC BKIFOYCHHS, HO
JIMIICHBI ammapara nepeBapuBaHus mumm. B
KJIETKaX MOTYT HAXOIUTHCSI TAKIKE OT/ICIIbHbIC
SJICKTPOHHO-IUIOTHBIC BKJIIOYCHUA HESICHOM
MIPUPOJIbI, KOTOPbIE, BO3MOXHO, IIpe/IHa3HaYe-
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Puc. 7. Y4acTok CTEHKH 3KCKPETOPHOTO OpraHa (€0), IPUMBIKAIOMIEH K CTEHKE CpeAHeH KUIIKH (mg),
KOTOPBIE OINHAKOBO CO/ICPKAT MUTOXOHApHH (m), riukorer (gly) u munuauasie Braodenust (li).
IMoncrunaromas 6a3anpHas MemOpara (bl) oOpa3yer WHBarMHaIMM B KJIETKH KHIIKM M SKCKPETOPHOTO OpraHa M
OTIPaHHYMBACT MBIIICYHbIC BOJOKHA (mc). B mpocsere oprana (lu) HaXoATCA BEIKPAUIMBAIOIIMECS KPHCTAJLIBI
9KCKPETOB, a TakXKe dIEKTPOHHO-IUIOTHEIE Tena (db). Macmrab: 2 MKM.

Fig. 7. Part of the wall of the excretory organ (eo), adjoined to the midgut wall (mg), which both contain
mitochondria (m), glycogen (gly) and lipid inclusions (li).

Basal lamina (bl) forms invaginations into the excretory organ and midgut cells, and isolates muscles cells (mc). Crystals
of excretes as well as dense bodies (db) are situated within the lumen (lu) of excretory organ. Scale bar: 2 pm.

HBI JUISl BEIBEJICHUS B TTPOcBeT. Hukakux oue-
BUIHBIX TPAHCHIOPTHBIX NTPOIIECCOB, HATIPUMED
MIOCPEICTBOM YNAKOBAHHBIX B MEMOpaHBI Be-
IIECTB, UePe3 CTEHKY OpraHa He HaOroqaercs,
MIO3TOMY CaMo 10 ce0e MPUCYTCTBHE B IIPOCBE-
T€ 9KCKPETOPHOTO OpraHa KaKMX-THO0 MPOTyK-
TOB WJIM KOHKpEUHWi MpeacTaBiseTcs Mopdo-
JIOTHYECKN HE COBCEM IMOHATHBIM. BecbMa Be-
POSITHO, OJTHAKO, YTO PACTBOPHI 1 HOHBI (DHITb-
TPYIOTCS Uepe3 CTEHKY OpraHa, B IPOCBETE KO-
TOPOTO Jajnee MyTeM peagcopOInu KUIKOCTH
KPHCTAJUTN3YIOTCSL MPOIYKTHI a30THCTOTO 00-
MeHa. bazanbHas muiazmarndeckas MeMOpaHa
KJIETOK OpraHa, Kak M y KHIIEYHOTO TIHTEIHS,

MOXeT (POpMHUPOBATH OT/AEIBHBIC HETITyOOKHE
nHBaruHanyH (puc. 1, 7), Ho He 0Opa3yeT pery-
JSIPHBIX BIITYMBAHUN C MUTOXOHJIPHUSIMH, YTO
KaK pa3 XapaKTEPHO ISl TPAHCHIOPTHBIX AIINTE-
JIVEB.

SInpa KIIeToK 3KCKPETOPHOTO OpraHa CXO/-
HBI C JIPaMH KUIIEYHBIX KJIETOK, YTO JJOKa3bI-
BAaCT €IMHYIO SHTOICPMAIIBHYIO IPUPOJLY 3THUX
OPTaHOB, HO UMEIOT HECKOJIBKO MEHBIIINE Pa3-
Mepbl. OHU pacIoNOkKEHbI PEAKO M HAXOIATCS
B YTOJIIEHUAX CTEHOK opraHa. CTEeHKHN 3KCKpe-
TOPHOTO OpraHa JH00 HEMOCPEACTBEHHO KOH-
TaKTHPYIOT C KUIICYHBIM SUTEIHEM, JINOO OT-
JIeJIEHbl OT HEro TOHKOM IpPOCIONKOM HMHTEp-
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CTHIUAJIBHBIX COCIMHUTCIIBHOTKAHHBIX KJIICTOK
(puc. 1,3). 3akaHunBaeTCs SKCKPETOPHBIN OpraH
KOPOTKHM 9KTO/IePMaJIbHBIM BBIBOTHBIM ITPOTO-
KOM, BEIYILM K aHaTOMHUYECKOMY aHyCy, pac-
T0JIOKEHHOMY Ha BEHTpaJIbHOII CTOpOHE Heza-
JIEKO OT 3a/IHEr0 KOHIa Tela Kiema. BeiBogHOi
IIPOTOK CHa6)KeH MBIIICYHBIM alIiapaTom, Cro-
COOCTBYIOIMM PACIIMPEHUIO €ro KaHaja.

3akiaoueHue

IIpoBenieHHbIE HCCIIEA0BAHUS TOKA3AIIH, UTO
OpraHu3alus MUIEBapUTEILHOR CUCTEMBI BO-
JITHBIX KJIIeH XOpOIlIo COOTBETCTBYET aHATO-
MHYECKOMY THITY, Ha0JI01aEMOMY Y 3TOT'0 3BO-
monnoHHoro creoja Actinedida (Alberti,
Coons, 1999): MerkoBuIHAS CIIENO 3aMKHY Tast
CpeHsIs KMIIKa, He pa3/ielieHHas Ha QyHKIIHO-
HaJIBHO pa3jInYaroluecst OTJENbl U TOUYHO Ta-
KO K€ 9KCKPETOpPHBIN opraH. BHekuieunoe
MUIIEBAPEHUE U BHYTPUKJIETOYHAS yTHUIIHM3a-
LU UM PEONPENIeNsIoT B TO K€ BpeMs
OTCYTCTBHE CEKPETOPHBIX KJIETOK B COCTaBe
snurtenus. Tem He MeHee, XapaKTepHOil aHaTo-
MHUYECKOH 0COOEHHOCTHIO aKTUBHO IIABAIOIINX
[IPEACTaBUTEICH BOJSHBIX KJICIIEH, YTO BUAHO
Ha nipumepe 7. cometes U YTO OTIUYALT UX OT
KPacHOTEJIOK M TPOMOMIIUHI, SIBISIETCS Ype3-
BBIYAHO Pa3BHTOE MBIIIEYHOE OOecredeHre
HOT, B YaCTHOCTU MX KOKCAJIbHBIX 3JIEMEHTOB
(ar1IMepoB). DTO IPUBOIUT K TOMY, YTO B CPE/l-
Hell JacTH Teja KIeIIeHd MBIIIeUHbIe My4KH,
3aHUMAaIOIINE BCIO BEHTPAIbHYIO 00JIaCTh, BbI-
TECHSIOT BHYTPEHHHE OPTaHbl, B TOM YHCIIE
CPEIHIOI0 KHIIKY, HaBEPX, YTO 00YCIOBINBAET
3HAYUTEIBHOE COKpAIlleHNEe 00beMa IEHTPaJIb-
HOTO OTJIeNIa KUIIKH.

Pe3ynbTaTthl HACTOSILErO0 HCCICIOBAaHUSA
yABTPACTPYKTYPHON OpraHu3aluu CpeiHen
KHIIKU ¥ 9KCKPETOPHOT 0 OpraHa BOJSHBIX KJIe-
e, a TakKe MOJTydeHHbIE paHee JaHHbIE IO
JIEKTPOHHO-MUKPOCKOITMYECKON OpraHnu3aIiu
KHIIEYHUKa KpacHOTEJNKOBBIX kiemei (IHat-
poB,2000) u mukpoTpomouuu (Shatrov, 2003)
MIO3BOJIAIOT POBECTH HEKOTOPHIN CPaBHUTEIb-
HO-9BOJIIOLMOHHBIH aHanu3 Parasitengona c To4-
KU 3peHMs IIUTOJOTMYECKOM OpraHm3aluu ux
MUIIEBAPUTENLHON cuCTeMBI. [Ipu 3TOM HE0O-
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XO0AUMO NpEeABAPUTEIILHO ITPU3HATL B KAYECTBE
OCHOBOTIOJIATAIOIIETO MOCTYJIaTa, YTO BOJIIO-
LIMOHHAsI TEHICHIIUS B 9TOH TpyIie akapugop-
MHBIX KJIeleil Belpa3uiack B KpaiiHel cenua-
JIN3alun HHH.[CBapHTeHbHOfI CHUCTEMBI U €€ BTO-
PUYHOM YNPOILEHUU BCIECACTBUE afalTALlUN K
BHEKHILEYHOMY IUIIEBAPEHHUIO.

O06001m11ast UMEIOLIMICS MaTepuall, MOKHO
CKa3aTh, YTO MO XapakTepy MoppopH3H0Ioru-
YEeCKOH CIieMain3aiy cpeJHeld KUK Kpac-
HoTeaKH Hajcemeiictea Trombiculoidea, koTo-
pble 00JIaIat0T JIMIIEHHOM TPOCBETa KUIIKOH C
TUTaHTCKUMU NMUIIECBAPUTCIIbHBIMU KIIETKAMHU,
MPUHUMAIOIIUMHU Ha ce0s1 OCHOBHBIC (DYHKIMN
TI0 pacIpeaeIeHUI0 1 0OOMEHY BEIIECTB B Opra-
HHU3MeE, 9BOJIIOIIMOHHO O0JIee TPOIBUHY THI, YeM
TpoMOuIMK bl HaaceMeiicTBa Trombidioidea u
BosiHbIe Kien ((ananra Hydrachnidia). Kie-
U MOCJICAHUX ABYX I'PYIIT UMCIOT 3HAYNUTECJIb-
HO OoJiee AMUTENM30BaHHYIO KUIIKY M Oojee
YIOPSII0UYEHHbIE MUKPOBOPCHHKH Ha MOBEPX-
HOCTH KJeTok. Kpome Toro, y HUX SIBHO BbIpa-
JKEH M IIPOCBET KUIIKY, II0 KpaliHEed Mepe, B
HEKOTOPBIX ee yuacTkax. Haobopor, 1o opranu-
3a1uu 1 MOp(odyHKIHMOHAIBEHO BBIPAKEHHOC-
TH 9KCKPETOPHOTO OpraHa KpacHOTEIIKH CTOSIT B
OJTHOM PsITy C BOASHBIMH KJICHIAMH, TOTIa KaK
MHUKPOTPOMOUTUH/IBI, 00113 1a101IIHE SKCKPETOP-
HBIM OPTaHOM CO 3HAYUTENIBLHO 00JIee TOJICTHIMU
CTCHKaMH, MHOrjga CXOAHbIMH C KHUIICYHBIMH,
3aHMMAIOT 3BOJIIOLIMOHHO OoJtee 6a3aIbHYIO 10-
3UIUIO OJIMKE K HEKOH UCXO0HO# (hopme.

B 1ienom, o1HaKo, KpacCHOTEIIKOBBIE KIICIIH,
oOHapy»KHBasi LEIbIH psiL APYTUX YHUKATBHBIX
MOp(}HODHU3NOTOTHICCKUX CIICHUATH3AIUN |
ynpomenuit (Illarpos, 2000) B cBsA3u ¢ obura-
HUEM B FHyGOKI/IX CJIOAX ITOYBbI, HCCOMHCHHO,
OoJiee MPOABHMHYTHI, YEM BCE JIPyTHE IPYIITBI
Mapa3uTeHTOH, KaX/Jast U3 KOTOPBIX, TPH HaJTU-
YUU COOCTBEHHBIX CIIEIHAIM3ALNM, 00IagaeT
Oosiee TeHepaIM30BaHHBIM MOpPdOPyHKIHO-
HaJIbHBIM IIJTAHOM CTPOCHUA.

baarogapHocTu
Hacrosiuee uccienoBaHue BbIIIOJIHEHO IIPU

nojepxkke PODU o npoekty Ne 06-04-48538-
a. ABTOp MPHUHOCHUT OJIar0JapHOCTh WHIKCHE-
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pam OTaesneHHs: BIEKTPOHHOW MHKPOCKOIHH
3oonoruueckoro nHctutyra PAH A.D. Tenu-
COHY 3a BBICOKOKBaIU(HUIIMPOBAHHOE O0CITY-
’KUBAHUE dJICKTPOHHOTO MUKPOCKOTIA, & TAKXKE
[1.1. T'enkuny 3a moMotils ipu oTorpaduuec-
KOH 00pabOTKEe HEraTHBHOI'O M MO3UTHBHOIO
MaTepHaoB.
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