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BeimmomHeHo MapkupoBaHue 5- HT-UMMyHOpeaKTUBHBIX CTPYKTYP Ha cpe3ax Ivia3 MPeCHOBOMIHBIX MOJLTIOCKOB
Lymnaea stagnalis w Pomacea canaliculata. B iepnokyasipHoit 061aCTU XUBOTHBIX 000MX BUAOB OOHApYXKEeHA
MOBBIIIEHHAs TUIOTHOCTD 5- HT-epruyeckux BoJIOKOH, 00pa3yoInX CTPYKTYPHO BhIpaXKeHHbBIE CTUIETCHUS 1
YaCTUYHO MPOHMKAIOIINUX B CeTYATKy. B TKaHsIX 171a3a oOHapy>XeHa TPaHCKPUITLKS TeHOB PelieNTOPOB Cepo-
TOHUHA: ABYX TUNOB Y L. stagnalis n tpex —y P. canaliculata. Ee oTHOCUTEIbHBIN YPOBEHDb CTATUCTUYECKU 3HA-
YMMO MPEBBIIIAET ATOT MOKa3aTeIb B LEHTPaJbHBIX FAHIIMSIX HEPBHOWM CUCTEMBI U IIymaiblax. JomnoaHu-
TEeIbHO B TKaHsIX P. canaliculata 6p11a 3a¢uKcrpoBaHa TpaHCKpUIIIUS reHa TpaHcnoprepa S-HT. IloxydeH-
HbIEe pe3yJbTaTbl OOCYKTAIOTCSI C MO3UILIMI BO3MOXHOIO CEPOTOHMHEPIrMYECKOrO0 MeXaHM3Ma MOIYJISILIUKA

IIPOLIECCOB B CETYATKE Y 6pIOXOHOFI/IX MOJIJIIOCKOB.
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BBEAJEHUWE

CeporonnH (5-HT) saBisieTcss omHMM M3 CaMBIX
pacipoOCTPAaHEHHBIX MEIUAaTOPOB U MOIYJSTOPOB
HEPBHBIX MPOILIECCOB B OpraHM3Max Kak MO3BOHOY-
HbIX, TaK 1 O€CITO3BOHOYHbBIX XKUBOTHBIX. BiinsiHue ce-
POTOHMHA MPOSBIISIETCS B IIUPOKOM Kpyre OyHKIIUIA,
HauyuHasi OT 0a30BbIX (PU3NOTOTMYECKUX MEXaHN3MOB
JKU3HeoOecIeueHusl, TaKUX KakK JOKOMOIIMSI U TMUTa-
HME, OO IpolleccoB oOydeHus U mamsatu [1, 2]. U3-
BECTHO Takke o mopmysupytommM BiausHuu 5S-HT Ha
ceHcopHEIe [3], B ToM uncie poTopelenTopHEIe [4, 5]
MPOLIECCHl U CBA3aHHbIE C HUMU MEXaHU3MBbl peryJisi-
I GUOJIOTUIECKUX PUTMOB [6].

Penenrtopsl ceporonuna (5-HTR), obecnieunBalo-
1ee ero BIMsSHUE Ha CETYATKY, UICHTU(DUIINPOBAHBI Y
HECKOJIbKUX BUIIOB MO3BOHOYHBIX [7]. I3 HepBHOI
TKaHM OECIO3BOHOYHEIX, B TOM YMCJI€ MOJLUIIOCKOB,
TaK>Ke BBIIIEJICHBI M OXapaKTepU30BaHbl HECKOJIBKO TH-
noB 5-HTR [1], onHako cBeneHus1 00 UX IMIPUCYTCTBUU B
ceTyaTke IoKa OTCYTCTBYIOT. I1pu 3TOM cylecTBOBaHUE
CEepOTOHMHEPIMIECKOI MHHEPBALIMHU IJIa3a MOJLIIOCKOB,
yKa3bIBaloIllee Ha BO3MOXHYIO (PM3UOJIOTMYECKYIO POJIb
3TOTO BEIIECTBA, BLISIBJICHO Y OCBMUHOTA [8], 1 HECKOJIb-
KMX BUIOB OproxoHorux: Aplysia californica [9], Bulla
gouldiana [10] u Lymnaea stagnalis [11, 12].

Heob6oub110it 00beM U (pparMeHTapHOCTDb CBEACHUI
O CEpOTOHMHEPIMYECKOM MEXaHU3Me B Ijla3aX MOJ-
JIIOCKOB CTUMYJIHUPOBAJIM JAaHHYIO padoTy. Ee menbio

ObLTIa ompeaesieHa AeTaau3alusl XapaKTepUCTUKU Ce-
POTOHMHEPIUYECKON MHHEPBAILIMU IJ1a3a MPECHOBO/I -
HBIX OpPIOXOHOTMX MOJUIIOCKOB Ha IpHUMEpE ABYX BH-
noB: L. stagnalis u P. canaliculata. CTpyKTypHOIi 3a1a-
yeil WcclenoBaHUSI CTajl aHajJiu3 Tonorpaduun
CEepOTOHMHEPTUYECKMUX HEPBHBIX 2JIEMEHTOB C TOYKM
3PEHMS X BO3MOXHOCTH OKa3bIBaTh BIMSHUE Ha CET-
yaTKy. 3amadyeil MOJICKYJISIPHOM YacTu padOThl ObLIM
MOCTaBJIEHBI BBISIBJICHUE 1 UASHTU(UKALIMS KOMITOHEH-
TOB CEPOTOHMHEPIMYECKON CHUCTEMBI B IJ1a3y MCCIEIO-
BaHHBIX MOJUTIOCKOB. /17151 3TOro ObL1 MPeANPUHSIT MOUCK
TPaHCKPUIITOB TEHOB PELIENTOPOB U TPAHCIIOPTEpa CEPO-
TOHMHA, a TaKXe OLIEHKAa OTHOCUTEJIbHOIO YPOBHS HX
TPAHCKPUIILIMM B TKAHSIX IJIa3a CPaBHUTEJBbHO C 1LIEH-
TpaJIbHOI HEPBHOM CUCTEMOI U IynaibliamMu. Beioop
00BEKTOB OBIJT 00YCJIOBJICH HAIMUYMEM MHMOpMAILIUU O
5-HTR npynosuka [ 13, 14] u ux reHoB Y P. canaliculata
B ©Oaze manueix Gene NCBI (https://www.nc-
bi.nlm.nih.gov/gene/?term=serotonin%20pomacea;
nmarta oopamenust: 01.11.2022 1.).

METOJbI UCCIIEAOBAHHWA

Kueommuwvie. B3pocable ocodbu TMpyaoBUKOB Lym-
naea stagnalis co CpeTHNM pa3MepOM PaKOBUHEI OKOJIO
3 cM OBIIM cOOpaHBI B MIPECHOBOIHBIX Bomoemax Ka-
JIMHUHTPAJICKON 00JaCTH U COIepXKaluch B jJadbopa-
TOPHBIX YCIOBUSIX. YIuTku Pomacea canaliculata
(cpemHuit pa3Mep paKOBUHBI OKOJIO 2—3 ¢M) ObLIU BbI-

503



504

paleHbl B akBapuymax bantuiickoro deaepaibHOro
yHuBepcutera uMm. M. KaHTta B aspupoBaHHOU BOAO-
MPOBOAHOI BoAe Npu TeMnepatype 25 = 1°C u cBeTo-
BoM peskume 10 C:14T.

Ilodeomoska mamepuana 041 NPUSOMOBACHUSL 2UCTO-
noeudeckux npenapamos. VI3 Tena XKUBOTHOro (mo
4 0coOu KaxkIoro B1a) U3BJIeKaIn I1a3a (n = 16) ¢ He-
OoJpIIMMHU (hparMeHTaMM OKpyKalollux TKaHeil. Bce
o6pasubl pukcupoBan B 4%-HOM pacTBOpe Iapa-
dopmanbaeruaa B reueHue 48 4 ipu remriepatype 4°C.
IMocne dpukcanmy MpoOBOAIIN IIPOOONOATOTOBKY IJia-
3a Iieped MPUTOTOBJICHUEM CPE30B Ha MHUKPOTOME-
kpuoctare (KD-3000, KEDEE) mpu —20°C. 1151 3TO-
ro 06pasbl moMemanu B 30%-HbIi pacTBOpP caxapo3bl
U BblIEPKUBaJIU B HEM 48 4 ipu TeMiieparype 4°C. O6-
pa3ubl Hape3anau TojuuHoit 70 MKM. IloiaydyeHHBIE
Cpe3bl pacKjiagblBaIM B 12-TW JIyHOYHBIN IJIAHIIET B
pactBop Hatpuii-pochaTHoro 6ydepa (pH = 7.6) ¢
0.1%-M a3ugoM HaTpHs.

Hmmynoeucmoxumuueckoe oxkpawueanue. Ilepen npo-
BellCHWEM OKpalllMBaHUSI HA CEPOTOHUH Cpe3bl Tpo-
MbIBau B pacTtBope (ocdarHoro 6ydepa (pH = 7.6)
3 pa3a o 10 MUH U TTOMEIIAJIM B OJIOKUPYIOIIMNI pac-
TBOP, KOTOPBII1 BKIIIOYal B cebsl HaTpuli-pocdaTHbIiA
oydep (pH = 7.6), 3% GBIYBETO CHIBOPOTOYHOTO allb-
oymuHa (BSA, Sigma) 1 0.3% neteprenTta Triton X-100
(0.3% Triton X-100, Sigma), B KOTOPOM OCTaBJISITA Ha
30 MmmH TIpM KOMHaTHOI TeMmIiepaTtype. [daee cpe3bl
MHKYOUPOBAIU C MOJUKJIOHAJBbHBIMUA TMEPBUYHBIMU
antutenamu K 5-HT (kponuk, PAA8808Ge01, Cloud-
Clone corp.) ¢ pa3Begenuem (1:1500) m ocrasisiiu B
teueHue 48 4 nipu 4°C Ha mieiikepe. 1o 3aBepiieHUM
WHKYOAIluu ¢ NEPBUYHBIMU aHTUTEJIAMU CPE3bI MPO-
MBIBAJIM 5 pa3 B HaTpuii-pochaTrHoM Oydepe (pH =
= 7.6), a 3aTeM Ha 30 MUH ITOMEILAIN B OJJOKUPYIOIIHIA
pactBop. Ilocne sTana 6JJ0KMpoOBaHUSI Cpe3bl MHKYOU -
pOBaid CO BTOPUYHBIMU MOJUKIOHATbHBIMU aHTUTE-
JmamMu, KoHblorupoBaHHbiMU ¢ Cy3 (SAA544Rbl6,
Cloud-Clone corp.) ¢ pazBeneHueM (1:500) B TeueHUE
48 4 nipu 4°C Ha 1eiikepe B TeMHoTe. [1o nucteueHun
3TOTO Tlepuoa Iepell MPOMbIBAHUEM B KaXIYIO TYHKY
nobapnsuii ¢aryopecueHTHBIM Mapkep JHK Hoechst
33342 (2 MKT/MJT) IJIs1 OKpalllMBaHUA s1aep KiieTok. Ye-
pe3 10 MyuH cpe3bl MpOMbBIBAJIU 110 5 pa3 B HATpUii-doc-
datHOM Oydepe (pH = 7.6).

OxpanieHHbIe Cpe3bl pacKIaablBaJid Ha IpeIMeET-
HBIe CTeKJIa TOJINWHOI 1 MM, 3aKkiIiodaid B cCpemy
Mowiol (Sigma-Aldrich) m HakpbIBaIu MOKPOBHBIM
CTEKJIOM TOoJIIUHOMI 0.17 MM.

Mukpockonus. ToToBble mNpenaparbl IpenBapu-
TEeJIbHO M3y4yalli Ha (IyOPECLIEHTHOM MUKPOCKOIIE
(Axio Imager A2, Carl Zeiss) c ucronb3oBaHueM Quib-
tpoB 11 Hoechst (355 um) u Cy3 (550 um). Haubonee
yIadHble MpenapaTbl OTOMpau IS JadbHEHUIIen pa-
0oT1hI Ha KOH(poKaTbHOM Mukpockore (LSM 780, Carl
Zeiss). J1J1s1 TOTy4eHUs UETKOTO IpeACcTaBIeHUS O pac-
MOJIOXKEHUN CEPOTOHMHEPTUUECKUX BOJOKOH B CeET-
YaTKe MOJUTIOCKOB IIPOBOAWIN CKAHUPOBAaHMUE Ha pas-
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HBIX (POKANBHBIX TIJIOCKOCTIX ¢ 1mraroM 4.33 MKM, HMC-
Moab3ysd GyHKUUIO Z-ynpaiaeHue (Z-stack). Cepun
N300pakeHUl ObUTM OOBEIUHEHBI C TTOMOIIBIO TTPO-
rpamMMHoro obecrieueHnsT ZEN KoH(pOKaIbHOTO MUK-
pockora.

Ob6pabomka uzobpaxceruii. KonmmaecTBEHHYIO OLICHKY
CEpOTOHUHEPTUYECKUX BOJIOKOH MPOBOAWJIU B IPO-
rpamme Imagel. [yis1 3TOr0 Ha U300paXKEHUSIX, TIOIY-
YeHHBIX C UCHOIb30BaHUeM 00beKTuBa 20X, BRIOMpa-
u 110 3 30HBI MHTEepeca (200 x 300 px) BOAM3M U Ha
yIaJIeHUU OT CETYATKU, B KOTOPBIX OMpPeaessiiv YHUCIO
BU3YaJIM3UPOBAHHBIX BOJIOKOH.

Cmamucmuyeckuil aHanu3 0aHHbIX UMMYHOSUCIOXU-
Muueckoeo okpawusanus. OOpabOTKy pe3yabTaToOB
MPOBOJMIN C TIOMOIIBIO ABYX(PAKTOPHOTO AUCIIEPCU-
oHHoro aHaiau3a ANOVA ¢ nocJienyolmnm post hoc Te-
ctoM ¢ nmomomibio kputepust Treioku B ITO GraphPad
Prism 9. Paznuuusi MexXay rpyrmnamMu CYUTaJIUCh CTa-
THCTUYeCcKH 3HaunMbIMU Tipu p < 0.05. Ha rpacdukax
pe3yabTaThl IIPeACTaBIEHbI Kak cpeaHee = SD.

Ilodeomosexka mamepuana 018 aHAAU3Q OMHOCUMENb-
Hoix ypoeHeli mpanckpunyuu (OYT). 13 Tena XKMBOTHO-
rO U3BJIEKAJIM IJ1a3a, OKOJOIIIOTOYHOE KOJIbIIO TaHTJIM -
€B, a TaKXKe IIyMnajiblia. BeiaeneHHbIe 00pa3lbl XpaHU-
Jm ipu —80°C.

Zuzaiin npaiimepos. TlocnienoBaTeIbHOCTh HYKJIEO-
TUOOB IIpaiiMepoB UISI TpaHCKpUIITOB reHa LymHTR2
(U50080.1) L. stagnalis 0pu1a B3siTa U3 padotsl [15].
Huist ipyrux n3y4aeMbIX TeHOB 000OMX BUIOB OPIOXOHO-
TMX MOJUIIOCKOB IIpaiiMepbl MOAOHMPAIN C MOMOIIBLIO
nporpammuoro obecrneueHnss NCBI Primer-BLAST
(https://www.ncbi.nlm.nih.gov/tools/primer-blast/in-
dex.cgi? LINK _LOC=BlastHome; mara oOpameHus:
20.11.2022 1.). ITomyyeHHBIC TpaiiMepPhl aHAJIM3UPOBA-
qu u oueHuBaiu B IIO Nucleotide BLAST
(https://blast.ncbi.nlm.nih.gov/Blast.cgi? PRO-
GRAM=blastn&PAGE_TYPE=Blast-

Search&LINK_ LOC=blasthome; mata oOpallieHUs:
20.11.2022 r.) 110 CJIeOyIOIINM ITOKAa3aTEIsIM:

1) TeMnepatypa otxura forward u reverse npaiime-
poB 53—63°C;

2) cogepxanue GC B mocjieqoBaTeIbHOCTHU Ipaii-
MepoB — 50%;

3) nnuHa npaiimepa — 17—25 HyKJI€OTUIOB;

4) pazmep amrimkoHa — 100—300 map ocHOBaHMIA;

5) KOMIIEMEHTapHOCTh MCCJIEAYEMOI TTOCea0Ba-
TETBbHOCT TOJBKO ODHOM TOCIEIOBATECIILHOCTH
kAHK uccnenmyemoro Buaa;

6) criocoGHOCTH hopMHUpoOBaTh IMILKU (hairpins) —
AG (eHeprust [u66ca) 3'-koHI11a 60JbIIe —2 KKaJl/MOJb,
AG BHYTpeHHero yyacTka 00Jibliie —3 KKaj/MOJb;

7) crmocoOGHOCTh (POPMUPOBATh AUMEPHI C TaKUM
ke npaiitMepoM (self-dimer) — AG 3'-koHua GoJibliie —
5 xkan/Monb, AG BHYTpEHHETO ydacTKa OOJIblle —
6 KKaJi/MOJIb;

8) c1rmocoOHOCTh (popMHUPOBATH OUMEPHI C APYTUM
npaiimepoM (hetero-dimer) — AG 3'-KoH11a OOJIblIIE —
Ne 6
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5 kxan/monb, AG BHYTpEHHETO ydJacTKa OoJblle —
6 KKaJ1/MOJIb.

Bce mapsl npaiiMepoB ObUIM TOJ00paHbl TAKUM 00-
pa3om, 4yToObI obactu orxkura Ha KJIHK pacnomnara-
JIMCh Ha CThIKax 9K30HOB [16].

ITocinenoBaTeIbHOCTM MNOAOOpPaHHBIX IIpaiiMepoB
OpuBeIcHBI B Ta0. 1.

Anaau3z ypoeueii mpauckpunuyuu eenos. Kosuue-
CTBEHHBII aHAJIN3 DKCIIPECCUU TeHOB PELEeNTOPOB U
TpaHCIlopTepa CepOTOHWHA MPOBOAUJIICS B TpeX 00pas-
11aX TKaHe MOJUTIOCKOB: IJ1a3a, IEHTPaJIbHbIX TAHTJIU -
eB M 1ynansleB. Y P. canaliculata, vicriojib3oBaju ro-
JIOBHBIE 1IIyTTa/Iblia, PACTIOJIOXEHHbIE PSIIOM C IJIa3HbI-
MU CTEOETbKaAMU.

PHK Brigensiii ¢ momomipio peareHTa ExtractRNA
(EBporeH) B COOTBETCTBUM C MHCTPYKIIMEI TTIPOU3BO-
IUTENsI C OONOJHUTENbHOU oOpadotkoii JIHKazoii.
Jns oopadorku ncnonw3oBanu 10X JIHKazHbrit Oydep
n AHKa3y I (Thermo Fisher) ¢ nocneayrolieit MHKyOa-
muei ipu 30°C B teyenue 10 muH. 3arem JIHKa3zy I
HelitpamuizoBanmu 0.5 M DJITA n mHKyOMpoOBaIu TIpnu
75°C, a ouniennyio PHK ucnonb3oBanu ajist oopat-
HoOM TpaHckpunuuyu. KoHIeHTpaluio BBIASICHHONI
oomeit PHK wusmepstin ¢ momomipio ¢iryopumeTpa
Qubit 2.0 (Invitrogen) u Habopa Qubit RNA BR Assay
Kit (Invitrogen).

Brinenennasa PHK ucnonb3oBanache 1jid MocTaHOB-
KM peakiuy 00paTHOU TPaHCKPUITIIMY C UCTTOJIb30Ba-
HUEM CcMecu Je30KCUpUOOHYyKIeo3uaTpudochaTon
(“Cmecy ANTP (10 MM)”’) B 9KBUMOJISIPHBIX KOHIICH-
Tpauusix, Oligo(dT) 15MM mpaitmMepa 1 Habopa peareH-
ToB “O0parHas TpaHckpunTaza MMLV” (Bce EBporeH)
B COOTBETCTBUU C TIPOTOKOJIOM, PEKOMEHJIOBAHHBIM
npounsBoauTesieM. OOpaTHYIO TPAHCKPUITLIMIO IIPOBOIM -
JIV C UCIIOJIb30BaHUEM TEPMOLIMKIIepa JJIsl aMIInpu-
Kauuy HykJIenHoBbIX Kuciaor C1000 (Bio-Rad).
Ha npoBeneHue peakiimm oGpaTHOM TpaHCKPUITIIUU
opanu okoio 500 ar PHK kaxmoro o6pasua. B kaue-
CTB€ KOHTPOJIbHBIX pEeaKIIMii ObUIN BBIOpPAHBI CIAEAYIO-
e paCTBOPHI:

1) oTpuiiaTebHbIN KOHTpOJb (BMecTo PHK — Boma),

2) KOHTpOJIb 0€3 00paTHOM TpaHCKpunTazsl MMLV
(Hy>KeH IJIsd ompenesicHHWsT 3arps3HEeHUsT TeHOMHO
AHK),

3) KOHTpOIb 6e3 ImpaiiMepoB.

YpOoBHM TpaHCKPUIILIMU TE€HOB PELIENTOPOB U
TpaHCIopTepa CEPOTOHUHA OIPENEISIIM METOIOM KO-
nuuectBeHHoU [TLIP. B xauecTBe pedpepeHCcHOTO reHa
OBLI BEIOpaH I'eH InLepanbaerua-3-docdar geruapo-
reHasbl (Gapdh), Tak KaK OH SIBISIETCSI OMHUM U3 Hau-
0oJjiee CTaOUIIBHO 3KCMPECCUPYIOLIMXCS T€HOB MOJ-
mockoB [ 17]. st kommuectBeHHoM [T P ncnons3ona-
au caenywouuii Haoop peareHToB: 5X qPCRmix-HS
(EBporen), 50X SYBR Green I gnsa ITHP-PB (EBpo-
TeH), TpaiiMephbl 1J1s KaXKI0ro reHa (CUHTE3UPOBaHbI B
“EBporeH”, IocjienoBaTeJbHOCTU TIPUBEIECHBI B
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tabi. 1). Takum o6pa3zoM, peaKilMOHHasi CMECh COAep-
Kaua:

1) 1X gPCRmix-HS;
2) nipaiimep (0.3 MM, cmech R n F);
3) 1X SYBRGreenl;

4) x/IHK, cuHTe3mpoBaHHas Ha MaTpPUIE BBIIC-
nenHoit PHK;

5) mQH,O0.
CyMMapHbIit 00beM cMecr cocTaBisil 20 MKJL.

AMInduKanuio MpoBOAWIN C TOMOIIBIO TEPMO-
mkiepa CEFX96 Thermal cycler (Bio-Rad) ipu cnemy-
IOIIMX YCIIOBUSIX: TIEpBUYHAs AeHaTypauus rmpu 95°C B
TedeHHe 5 MUH, 3aTeM 50 LIUKIIOB: AeHaTypalus Mpu
95°C B teuenue 20 ¢, oTXuUT npaiiMepoB Tipu 57°C u
64°C B 3aBUCUMOCTH OT aMILUIM(PULIPYEMOIl MUILIEHU
B TeueHue 30 ¢ u syoHrauus uenu rnpu 72°C B TeueHUE
20 c. Bce uccinemyeMmble 1 KOHTPOJIbHBIE 00Opa3libl aM-
TUTMDUITMPOBAIM B IECITUKPATHON MTOBTOPHOCTH.

OVT BbIOpaHHBIX TEHOB PACCUUTHIBAIU C MOMO-
o MeTona 2-24Ct [18].

Cmamucmuueckuii anasu3 OYT TeHOB pelLieNTOpOB
U TpaHCIIOpTepa CEPOTOHMHA OCYILECTBJISIJIA C TTOMO-
1IbIo mporpaMMHoro obecriedyeHuss GraphPad Prism 9.
OO0OpaboOTKy MAaHHBIX BBIMOJHSIIA ONHO(MAKTOPHBIM
IrcrepcnoHHBIM aHaM30M ANOVA ¢ mocnenyommm
post hoc TecToM ¢ moMoliiblo Kputepus Thloku. Paznu-
YUl MEXAY TpyIinaMy CUMTAJIUCh CTAaTUCTUUYECKY 3HA -
yumbiMu nipu p < 0.05. Ha rpacdmkax pe3yabraThbl
MpencTaBlieHbl Kak cpenHee + SD.

PE3YJIBTATbBI MCCIIEAOBAHUSA

Hmmynoeucmoxumuueckuil anaiu3 MokKasan IpucyT-
CTBUE Yy UCCJIEIOBaHHBIX MOJITIOCKOB S5-HT-epruue-
CKMX BOJIOKOH KaK BOJIM3M I71a3a, TakK W Ha ydaJeHUUN
ot Hero (puc. 1 u 2). II1oTHOCTH ceTH BOJOKOH, Olie-
HUBaeMasi Kak UX YMCJI0, 3aKJIFOYEHHOE B PaBHbBIX IJIO-
mansix, y L. stagnalis Hike, yem y P. canaliculata (puc. 3).
IIpu aToM y L. stagnalis NT10THOCTb BU3yaJM3UPYEMBbIX
CTPYKTYp BOJIM3M ceTyaTKu BbIIIE, YeM B Oojee yna-
JICHHBIX OT Hee obyacTsax tena. Pacnipenenenue 5-HT-
epruuyecKnx BOJOKOH Y P. canaliculata BHITIISIIUT Ooee
paBHOMepHBIM. OIHAKO U Yy 3TOT0 MOJUIIOCKA Ha cpe-
3aX, CIEeJIaHHBIX BO (DPOHTAILHOM IUIOCKOCTH, BUIHO
YeTKO 000CO0JIEHHOE KOJIBIIO BOJIOKOH, OKPY>KAIOIIINX
mIa3HOW OOKaJl U MPOHUKAIOINX K 0a3aibHBIX OTHAe-
JIaM KJIeToK cetdaTtku (puc. 2). IToxoxkast KoHLIEeHTpa-
LIMS1 BOJIOKOH TakKKe BBISIBISICTCS Ha (ppOHTAJIbHBIX
cpe3ax maza npyaoBUKa, OCOOEHHO B MPOKCUMATbHOMN
YacTH, HauMHasl C BEPIIMHBI TPeOHSI, pa3aeisioniero
nBa yrnyOJieHUs B CTpYyKType cetdyaTku (puc. 1c m d) mo
OCHOBaHUs Ta3Horo 6okana (puc. leuf). Y L. stagna-
lis oxonuanwms, comepxamiue 5S-HT BosokHa, B oCHOB-
HOM COCPEIOTOUYEHBI B 0a3aJIbHBIX 00JIACTSIX CeTYaTKU
(puc. 4a). Tem He MeHee HEOOBIIIOE UX KOJIUYECTBO
MOXHO OOHApPYXXUTh TAKXKE CPEIU TEJI, COCTABIISTIONINX
ceT4yaTKy Kj1eTok (puc. 4b). ITo cpaBHEeHMIO ¢ IPYIOBU-
Ne 6
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Ta6mmmua 1. [TocnenoBaTeTbHOCTH MpaiMepOB, MCIIOJIB30BaHHBIE UIST aHAJIM3a YPOBHEW TPAHCKPUIIIIUY TEHOB PEIeTITOPOB

JOMMUHOBA u np.

U TpaHCIIOpTepa cepoToHuHa Lymnaea stagnalis u Pomacea canaliculata

Ten

NCBI Accession #

ITocnenoBarenbHOCTh
npaiimepos (5°-3°)

JlnuHa
aMIUIMKOHA, I1.H.

Temnepatypa
otrxura, °C

Lymnaea stagnalis

glyceraldehyde 3-phos-
phate dehydrogenase

serotonin receptor

serotonin receptor 5-
HT2

MH687363.1

L.06803.1

U50080.1

Forward— AGGCGC-
GTCCTATGAGGATA
Reverse— GCCTTGG-
CATCGAAGATGGA

Forward— TGGCTA-
CATTCTGACCTG-
GGA

Reverse—
CCATTTTCCGTAAA-
CAAACGGCTTC

Forward— ACACCTG-
GAGTATTCTCATC
Reverse— GAAG-
TAGTTGGTCAC-
GTTCT

144

148

116

64

64

64

Pomacea canaliculata

glyceraldehyde-3-phos-
phatedehydrogenase-like

5-hydroxytryptamine
receptor 1-like

5-hydroxytryptamine
receptor 4-like

5-hydroxytryptamine
receptor 2C-like

sodium-dependent sero-
tonin transporter-like

XM_025226530.1

XM_025238755.1

XM_025238614.1

XM_025223758.1

XM_025237076.1

Forward— CAACCT-
CAAAACCGATGCCA
Reverse— GACAAAG-
CGATTAGTCAGT-
GGA

Forward— ATCTTTG-
GCTGGAAGAGCCC
Reverse— TTGGC-
GATCTTGGAGGA-
CAC

Forward— GCAAG-
CAGGCGTAC-
CAAATC

Reverse— AGCCCAT-
GATGATCCCCAAC

Forward— AAC-
GAGTTCACAGG-
CAAGTGG
Reverse— TGC-
GCTTG-
GACTTGTTCTTG

Forward— ATTCGCT-
GGCAACTTCTCCT
Reverse— GCAGT-
GATCCAAACAG-
CCTTG

184

158

129

166

104

57

57

57

57

57
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Puc. 1. KoHdoxkabHble N300pakeHUsI COOTBETCTBYIOIIMX IPYT IPYTY CATUTTAIBHBIX (a ¥ ¢) ¥ (hpoHTanbHBIX (b 1 d) cpe3oB mia3a
U TIepUONTUYECKOl obnactu Lymnaea stagnalis, cnenanHble B pexxume diiyopecueHmu (a u b) u npoxozsiuem cete (¢ u d). Bu-
syanusauus 5S-HT-uMMyHOpeakTUBHOCTM Ha caruTTaibHOM (a) u dbpoHTanbHoM (b) cpesax miasza. (c) u (d) — M3o0paxeHus B
MPOXOASIEM CBETE CPE3OB, CAETaHHbIE B YPOBHSIX, COOTBETCTBYIOLIMX KOH(POKAIbHBIM CHUMKaM. YcioBHbIe o603HayeHus: C —
poroBuiia; L — xpycranuk; PL u RCB — nurmeHTHBIe ciiou Tena KiaeTok cetyaTku; VRP u DRP — BeHTpaibHOE U 10p3ajibHOE
yoyoneHue ceryatku. Kanu6poska — 50 MKM.

Puc. 2. 5-HT-uMMyHOpeaKTUBHBIE CTPYKTYpPhI, BU3yaIU3UPOBaHHbIE Ha cpe3ax mia3a Pomacea canaliculata ¢ ynaneHHbIM (a) U cO-
xpaHuBMMcs (b) xpycTannkoM. YcioBHble o6o3HaueHus:: EC — BHyTpuriasHas nojaocts; L — xpycranuk; VB — crexinoBuaHoe
Tesio; ML u PL — MUKpOBWIISIpHBI M MATMEHTHBIN clion cetdyatku. KanubpoBka — 50 MKM.

KYPHAJI DBOJIIOLIMOHHON BUOXUMUU U GU3UOJIOTUMU  TtomM 59 Ne 6 2023
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Puc. 3. CpenHue 3HaUYe€HUsT YMca UMMYHOPEAKTUBHBIX K
5-HT Bon0KOH, BU3yaTU3UPOBAHHBIX U MOICYUTAHHBIX B
npeaenax paBHBIX IJIOLIAAEH BbIIEICHHBIX Ha KOH(MOKab-
HBIX MUKpodoTorpadusx cpe3oB Ij1a3 MOJJIIOCKOB B 00-
JIaCTHU CEeTYATKU M Ha yaajeHuu ot Hee. Yucio npoaHa-
JIM3UPOBAHHBIX CPe30B: Lymnaea stagnalis — 20; Pomacea
canaliculata — 11. Bce pe3ynbTaThl IIpeACcTaBIeHbl KakK
cpennee + SD. *** — p <0.001; **** — p < 0.0001.

KoM y P. canaliculata 5-HT-eprudeckue BoJIOKHA IIPO-
HUKAIOT B CJION TeJ KJIETOK CETYaTKU 3aMETHO TTyoke
(puc.2aub).

MapxkupoBanue JIHK BoisiBaser y L. stagnalis psi-
JIOM CO CJIOEM YIIOPSITIOYEHHBIX SIIep KIETOK CeTYATKU
MPOCTPAHCTBEHHO pa3bpoCcaHHBIE SIIpa KIETOK OKPY-
Karolux TKaHeit (puc. 4). OgHaKo HET OCHOBaHMII MO~

JOMMUHOBA u np.

JlaraTh, 4TO 3TU SIApa MPUHAIJIEKAT KJIETKAM CepOTO-
HUHeprudyeckoro cruieteHus. [loaToMy Bompoc o Me-
CTOMOJIOXEHUU TeJd KJIETOK 3TOro CIUIETEHUSI MOoKa
OCTaEeTCS OTKPBITHIM.

Pacuer OYT nByx reHoB pelenToOpoB CEPOTOHUHA
L. stagnalis mokasai, 4To HaUMEHBIITWI YpOBEHb TPaH-
CKpUNIIMU HabJomaeTcs B I1a3ax 10 CpaBHEHUIO C
LIEHTPAJIbHBIMU TaHTIUAMU U 1ynaibiamu (p < 0.05)
(puc. 5). [1pu 3TOM CTaTUCTUYECKU 3HAYNMBIX Pa3jin-
YUl MEXIy YPOBHSIMM TPAHCKPUTILIMW B TaHIIUSIX U
1IyTnagbliax HeT.

Cxoxasg kaptiHa 1o OYT reHoB pelenTopoB cepo-
TOHMHA ObLIa MOJiydeHa U I oOpa3loB TKaHek
P. canaliculata (puc. 6), B KOTOPBIX HanboJIee HU3KUIA
OVYT reHOB pellenTOpOB CEPOTOHMHA TaKXKe BBISTBUIIN
B TKaHSIX I71a3a, a HauOOJIbIIUI — B TKAHSIX IIyNajblia.
HcxiroueHueM ctan reH S-hAydroxytryptamine receptor
4-like (puc. 6b), OYT KOTOPOro OLLIM IPUMEPHO OIM-
HaKOBBI BO BCEX TPEX NMPOaHAIM3UPOBaHHbBIX 00pa3iax
TKaHel. [TpOTUBOMOIOXKHBIN pe3yabTaT ObLT MOJYYeH
IIJISI TeHa TpaHCIopTepa cepoToHuHA sodium-dependent
serotonin transporter-like (puc. 6d), Gojee BBICOKOE
3HauyeHre OYT KoToporo OBIIO BEISIBICHO B 00pa3liax
TKaHel I1a3a CpaBHUTENbHO C TAHIJIMSIMU U 1IyNalb-
mamu (p < 0.05), Torga Kak ypoBHU TPaHCKPUIILUU B
MOCJeNHUX IBYX oOpa3liax TKaHel ObLIM cTaTucTuye-
CKM Hepa3IuuuMbl.

OBCYXJIEHWE PE3VIIbTATOB

CepOTOHMHEPTUYECKUIT MeXaHM3M Yy XUBOTHBIX
SIBJISIETCSI OMHUM M3 0a30BBLIX B CUCTeME KOHTPOJISI U

Puc. 4. 5-HT-uMmMyHOpeaKTUBHbIE CTPYKTYPbI, BU3yaJIU3UPOBAHHbBIE HA Cpe3ax Iia3a U MepuonTuieckoii oonactu Lymnaea stag-
nalis. (a) — @oTorpacdus cpesa, CaIaHHOTIO B INIOCKOCTH, OJIM3KOM K CAarUTTaJIbHOM, U MOJydeHHAasl COeTIMHEHUEM CTeKa KOH(O-
KaJIbHBIX ONTHYECKUX CEUeHU I U M300pakeHUsI IperaparTa B IPOXOsIieM cBeTe. XpYCTaIUK U CTEKJIOBUIHOE TEJIO OTCYTCTBY-
10T. (b) — TaHreHUMAIbHBIN Cpe3, OKpallleHHbIIT HA UMMYHOpPEaKTUBHOCTb aHTuTes oM K S-HT (3enensiit) u mapkepom JHK
(KkpacHBbIit). YcinoBHble 0603HayeHus: E — snunepmuc; PS — nepuontuueckuii cunyc; C — porosuna; L — xpycranuk; EC —
BHYTpUTIJIa3Has nojocth; ML 1 PL — MUKpOBWUISIpDHBIN U TUTMEHTHBIN ciou cetyaTku; RCB u NL — Tena u simpa KJ1eTok ceT-

YyaTku cooTBeTcTBeHHO. Kanuoposka — 50 MKM.

KYPHAJ 3BOJIIOLIMOHHON BUOXUMUU U GU3NOJIOTUH
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(a) Serotonin receptor

(b) Serotonin receptor 5-HT2
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Puc. 5. OTHOCUTENbHBIE YPOBHU TPAHCKPUIILIMU T€HOB PELIENTOPOB CEPOTOHUHA Lymnaea stagnalis, HOpMaTu30BaHHbIE HA pe-
depeHcHbI TeH (Gapdh) v mpeacTaBieHHbIE B TorapudMuieckoii mkasne. Bece pe3ynbTaTsl mpeacTaBieHbl Kak cpenHee + SD.

o —p <0.01; ** — p <0.001.

(a) 5-Hydroxytryptamine receptor 1-like
®
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(c) 5-Hydroxytryptamine receptor 2C-like
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(b) 5-Hydroxytryptamine receptor 4-like
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(d) Sodium-dependent serotonin transporter-like
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Puc. 6. YpoBHM TPaHCKPUIILIMU T€HOB PELIENITOPOB U TPAHCIIOpTepa cepoToHuHa Pomacea canaliculata, HopMalIn30BaHHbBIC Ha
pedepeHcHbiit TeH (Gapdh) v ipencTaBieHHBIE B JoraprudMudecKkoit mkaie. Bee pe3yabrarhl IpeacTaBieHbl Kak cpenHee + SD.

*_p<0.05; % —p<0.0l

peryassuuu pU3noJIOTMYEeCKMX IIPOILIECCOB, BKIIOYas
caMble cJIOKHbIe 13 HUX. OH IIMPOKO TIpelCcTaBlieH B
OpraHu3Me XUBOTHBIX Pa3JIMYHOTO YPOBHS (DUJIOTEHE -
TU4YeCcKoro pa3Butus [19]. ¥ OproxXoHOTHX MOJIJTIOCKOB

KYPHAJ 3BOJIIOLIMOHHON BUOXUMUU U GHU3NOJIOTUN

CEpOTOHMH BOBJIEUEH B yIpaBJieHUE MHOTUMU (DYHKIIH-
SIMU, HAYHAS C PETYJISILIMA MBIIIIEUHOM aKTUBHOCTH [20]
JIO CJIOXHBIX (pOpM ITOBENEHMSI, BKIIIOYAsl acCOLIMATUB-
HO€ HaydeHMe, ITaMSITh U IpUHSITHE perteHnii [21]. CBo-
Ne 6
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el paboTOi MbI TTPOIOJIKAEM HAKOTUIEHWE CBUIETENIbCTB
y4acTUsI CEPOTOHMHA B KOHTpOJIe (DOTOPELIEITTOPHBIX
MPOLIECCOB Y OPIOXOHOTUX MOJUIIOCKOB. B TmoJb3y
MPENIoa0XEeHNsI O CyIIECTBOBAHUU TaKOTO0 MEXaHU3-
Ma CBMUIETENLCTBYIOT ONMCAHHbIE BBILIE PE3YbTAThI.
B uyactHocTH, y L. stagnalis Hanuuue BOKPYT IJ1a3HOTO
0oKaJia TPOCTPaHCTBEHHO OPraHM30BAHHOIO CIUIETEHUS]
BOJIOKOH, conep:xammx 5-HT, a Takke oOHapyXeHHEe B
TKaHSIX [la3a TPAHCKPUITOB PELENITOPOB CEPOTOHMHA
JIOTIOJTHSIOT TOJIlydeHHble paHee (akThl W3MEHEHMS
3JIEKTPOPETUHOTPAMMBI B pE3YJIbTaTe anilIMKalluyl 3TO-
ro Mmenuartopa [22]. I1pu atom Hanuuue y P. canalicula-
fa B obnactu miaza tonorpauyecku BbIPaXKEHHOTO
cruteteHust S-HT-mMMyHOpeaKTUBHBIX BOJIOKOH XO-
pOIIIO COOTBETCTBYET OOHAPYKEHUIO TaM TPAHCKPUII-
TOB reHoB He ToibkKo 5-HTR, HO n TpaHcnoprepa ce-
POTOHMHA. DTO TO3BOJISIET MPENNOIOXKUTH BO3MOX-
HOCTb MOAYJISIUMK CEPOTOHUHOM BJICKTPUUYECKUX
MPOLIECCOB B CETYaTKe 3TOr0 MOJUIIOCKAa 4YTO, HECo-
MHEHHO, JOJDKHO OBITh MPOBEPEHO B (pU3MOJIOTHYE-
CKOM 3KcriepuMeHTe. OTMETUM, YTO pa3BeTBJICHHAs
CeTb CEPOTOHUHEPTUYECKUX BOJIOKOH MPOCTUPAETCS Y
HUCCIEJOBAHHBIX MOJUIIOCKOB 3a MpeIesibl IJ1a3a U BHE
CTPYKTYpHOU CBsi3u ¢ HUM. OmHaKo MOBbIIIEHHAs
TUIOTHOCTB pacripeieieHUs U MPOCTPaHCTBEHHAs OpU-
eHTauus S-HT-uMMyHOpeakKTUBHBIX BOJIOKOH B 00J1a-
CTU CeTYaTKM Aal0T OCHOBAaHWUsI TIpeanogaraTb UX crie-
MbuYeCcKyo pojb B OTHOLIIeHUHU 11a3a. Kpome Toro,
HaJIM4YMEe B TKAHSIX I71a3 TPAHCKPUIITOB T€HOB PELIETITO-
poB 5-HT cBumeTenbCcTBYeT O MPUCYTCTBUM, CKOpPEE
BCEro B ceTyaTke, KJIEeTOK-MUIlIEHE CEPOTOHUHEPTU-
yecKoil uHHepBauuu. Hamuuwme cepoToOHMHepruye-
CKUX HEHpOHOB B LIEHTpaJbHbIX raHIIUsX L. stagnalis
¥ BbICOKOe comepxkanue B Hux 5-HT [23] npenmona-
raloT HaJludde TaM MEXaHU3MOB €ro TpaHCMeMOpaH-
HOTO TpaHCINoOpTa, 4YTO JOJDKHO CTaTh IPEIMETOM
NaybHeliero aHanusa. PasButas nepudepuyeckas
CEeTh CEPOTOHUHEPIrNYECKMX BOJOKOH OITMCaHa Takxke
B KOXe pa3JIMuHbIX OTAENOB Tena [24] u penpoayKTUB-
HBIX opraHax L. stagnalis [25], 4TO, BEpOSITHO, MOAYEP-
KUBAET TUMTUYHOCTb TAKOTO MEXaHW3Ma PeryJisiliii B
OpraHu3Me MOJUTIOCKA.

PesynbTarhl KonuuectBeHHOU omleHKu OYT reHoB
peuentopoB 5-HT mpexnae Bcero moarBepXXaarT pac-
MPOCTPAHEHHOCTb CEPOTOHUHEPIMYECKUX MEXaHU3-
MOB B OpraHM3Me MOJITIOCKOB, B TOM YHCJIie U repude-
pUYECKUX €TO OTAesax, KOHKPETHO B IJ1a3ax 1 IIynajib-
11ax 9TUX XXKUBOTHBIX. B mepBOM NpUOIMKEHUU OHU
MOTYT OBITh MHTEPIPETUPOBAHBI KaK IMOKa3aTeslb KO-
JINYECTBA WJIM TUJIOTHOCTU TIOCAAKU MOJIEKYJISIPHBIX
muiiieHei. OmHaKo OHU He Aal0T MOKa OCHOBaHUM Jie-
JIaTh BBIBOABI 00 UX OTHOCUTENbHOU 3 (PEeKTUBHOCTHU
U dyHKIIMOHaNbHOM BaxkHOCTH 5-HT B aTUX opraHax.
Pacnionarass Ha JaHHbBI MOMEHT TOJBKO JTaHHBIMU O
COJlepKaHUW CEPOTOHMHA B LEHTPATbHBIX TaHTIUSIX
L. stagnalis [23], Mbl He MOXKEM TIPOBECTU KOPPETSIIUIO
MeEXIy 3TUM TToka3aTtenaeM n OY'T reHOB pelienTopoB.

IMonygeHHBIE pE3yABTaTEl YMECTHO PacCMaTPUBATh
B KOHTEKCTe (PYHKIIMOHAJIBHOTO 3HAUYEHUS CEePOTO-

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3UOJIOTUU

JOMMUHOBA u np.

HUHA B IJla3aX XUBOTHBIX Pa3JIMUHOTO YPOBHS 3BO-
JIIOIIMOHHOTO Pa3BUTUS, XOTsI, HECMOTPS Ha IIUPO-
KYI0 pacrpoCTpaHEHHOCTh CEPOTOHWHEPTUUYECKUX
MEeXaHU3MOB B HEPBHOI cCTEME XXKUBOTHBIX [26], 00
X YYaCTUU B OCYIIECTBICHUU 3PUTEIbHBIX (PYHKIIUA
U3BECTHO He TaK MHOTO [7]. ECcTb CBUOETENIbCTBA, UTO
5-HT wurpaet ponp HeifipoMoaynasaTopa B ceTyaTKe MO-
3BOHOYHBIX, aMaKPUHOBBIE KJIETKM KOTOPOI CUHTE3M -
pyioT 1 BoimeasioT 5S-HT, a OumtonsipHbie, raHIIMO3-
HbI€ KJIETKU U TEPMUHAIU (DOTOPELIENTOPOB IKCIIpEC-
cupyloT Heckojibko TuroB 5-HTR [7]. Ilpu sTom
TaHIJIMO3HbIC KJIETKU CeTYAaTKU Takke comepxkaT 5S-HT
U, BO3MOXHO, MOTYT OCYIIECTBJISATh CBOE BJIMSIHUE Ha
LIEHTPaJIbLHOM YPOBHE MO CEPOTOHUHEPTUYECKOMY Me-
xaHu3My. 5-HT oGHapyXeH TakXe B CTPYKTypaXx peTH-
HOIETAJIbHOM CUCTEMBI TO3BOHOYHBIX U, TAKMM 0bOpa-
30M, BO3MOXHO, OMOCPEAYET MOAYJIUPYIOIIEe BIIMSI-
HHe MO3Ta Ha (DYHKIIUM ceTIaTKu [27].

Cpenu 6eCro3BOHOYHBIX KMBOTHBIX MPUCYTCTBUE
CEepOTOHMHEPTUYECKUX BOJIOKOH, a TakXe (DYHKIIUO-
HambHOe BausgHue 5-HT Ha ceTyaTKy yCTaHOBJICHO Y
MOJUJTIOCKOB U UWJIEHMCTOHOTMX HECKOJIbKHUX BUIOB.
V psina n3y4eHHBIX XKUBOTHBIX 3TUX TAKCOHOB (DM3HO-
Jorndeckast aktuBHocTh S-HT mposBisieTcst B Momy-
JIUPYIOLIIEM BJIMSIHUM Ha LIMpKaauaHHbIE PUTMbI U Te-
Hepupyloline ux HeiipoHbl. Takoe BIMSIHUE OKa3bIBa-
IOT CEepOTOHUHEPrMYeCKre KIIeTKH Ha CBETOBYIO
YYBCTBHUTEJIBHOCTE (POTOpPELIENTOPOB 6-TO abaoMM-
HaJILHOTO TraHmms pakoB [28]. B raHmmo3HoM cioe
ONTUYECKOM monu Mo3ra Procambarus clarkii BolokHa
¢ 5-HT-nmogo6Holfi UMMYHOPEaKTUBHOCTBIO OOHapy-
KMBAIOTCS B HEMMOCPEICTBEHHOM OJIM30CTH OT aKCOHOB
dotopenerrtopoB. IIpn 3ToM TMOKa3aHO, YTO aHTAro-
HUCTHI 5-HT crmocoOHEbI 0JIOKMPOBATh peTPaKILMIO rpa-
HYJI 3KpaHMPYIOIIETOo MUIMEeHTa B (hOTOpeleNITOpax B
HouHoe BpeMs. Ilo-Buanmomy, 5-HT neiictByeT Kak
MOJIYJISITOPp HOUHOM (ha3bl LIMPKATHOTO LIMKJIA CBETO-
BOM YYBCTBUTEJIILHOCTH (POTOPELENTOPOB CEeTYATKU
paka [29]. CyToyHass mepuMOAMYHOCTh HAOJIOTAEeTCS
U B ypoBHe 3kcrnpeccuu 5S-HT-peuentopos B rinas-
HBIX cTeOenbpKax paka [30]. B ontuueckoii nojie Mo3-
ra myxu Calliphora Takxe TPUCYTCTBYIOT TPYNIbI
5-HT-uMMyHOpeaKTUBHBIX HEUPOHOB, KOTOPHIE MO-
JIyJaroT BXOJbI OT aKCOHOB (poTopenentopoB. Bepo-
SITHO, YTO 3TU HEHPOHBI YIIPABASIOT HMPKaAUAHHBI-
MU PUTMaMU CBETOBOM YYBCTBUTEJIBLHOCTU (hOTOpE-
LIETITOPOB IJ1a3a, YTO ObLIO ITOKAa3aHO B OIILITax C
WHBEKIMEN CEpOTOHNHA U €TI0 aHTaroHucToB [31].

V roJI0BOHOTMX MOJIIIOCKOB BIMSIHME CEPOTOHMHA
Ha I71a3 CBSI3aHO C PETYISILIMEN €ro CBETOBOM YyBCTBU -
TeIbHOCTU. Tak, B ceTyaTke ocbMuHora Octopus vul-
garis TMHAMWKA MUTPALIMM 9KPaHUPYIOIIETO ITMTMEH-
Ta, IIepeMelleHre KOTOPOTO SIBJISIETCSI OMHMM U3 MeXa-
HM3MOB CBETOBOI1 afanTalluy Ij1a3a, YIIpaBJsieTcs, o
KpaifHe Mepe YaCTUYHO, CepoTOHMHOM [32]. UMeroTcst
JIaHHBIE O TPUCYTCTBUU KJIETOK M BOJOKOH ¢ 5-HT-
nogo0HOIT UMMYHOPEaKTUBHOCTBIO B CeTYaTKe, 3pHU-
TEeJILHOM HEpPBE, a TAKXKe 3pUTEIBLHOM T0JIe OCBMUHOTra
M Iaxe ero xpycraiuke [8].
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OpHako HauboJllee IeTaabHbIC UCCICAOBAHUS POIU
5-HT B ocyliecTBIeHUU 3aBUCSIINUX OT CBETa LIMpKa-
IUAHHBIX IIPOLIECCOB BBLIIIOJIHEHLI Ha OPIOXOHOTUX
MmoJumiockax. Tak, y Hermissenda crassicornis cepoTo-
HUH M3MEHSIeT peaKIIMu Ha cBeT (oTopenentopa B,
SIBJISIIOILIETOCST JIEMEHTOM HEMpPOHAJIBLHOIO MEXaHU3-
Ma acCOUMAaTUBHOIO HaydeHUs B BuAe OOpa3OBaHUS
OKyJIo-BecTuOyIsipHoro pedaekca [33—35]. V A. cali-
Jfornica [6, 9] ueHTpudyraibHbIe BIUSHUS Ha IIHpPKa-
IUAHHBIA MecMeKep Ia3a OCYIISCTBISIIOTCS IIpU
yyactum 5-HT-epruueckoit maHepBauuu. S-HT-nm-
MYHOPEAKTUBHOCTD BHISIBJIEHA B CETYATKE €IIIe OJTHOTO
MOPCKOTO OpIOXOHOTOro MoJjuiocka Bulla gouldiana
[10], B cocTaBe m1aza KOTOPOTO TAKKE HAXOASITCS KJIeT-
KU IUPKaAUaHHOTO MeiicMeKepa.

TakuM oOpa3oM, TIPUCYTCTBUE CEPOTOHUHEPrUYe-
CKMX MEXaHM3MOB B CTPYKTypax IJla3a SIBJISIETCSI HO-
BOJIbHO TUTTUYHBIM SIBJICHUEM Y XXKMUBOTHBIX Pa3IUYHO-
ro ypOBHSI (PUIIOTEHETUYECKOTO pa3BUTHSI. B 3TOM
CMBICIIE UCCIIeAyeMble TTPECHOBOIHbBIE MOJITIOCKM HeE
SIBJISIIOTCSl  UCKJTIOYEeHHWEeM. 3aMeTUM, OIHaKO, 4To
yTBEPXIaTh (PYHKIUOHAILHYIO POJb CEPOTOHMHA B
IJIa3aX MOXHO ITOKa TOJILKO B OTHOILUEHUU L. stagnalis
[22]. YUto xacaetcs P. canaliculata, To Takoe yTBEpXKIe-
HUE HOCUT XapaKTep IPEAIIOJIOXeHUS N0 MOIydeHUs
dusmonorndeckmx 3P@PeKToB CEPOTOHNHA.

B HacTogiee Bpemsi HET CTPYKTYpHBIX CBUIE-
TEJIbCTB MPUCYTCTBUSI B CTPYKTYype Ta3 L. stagnalis v
P. canaliculata HelipOHOB, KOTOPBIC MOTJIM OBI BBITION-
HATH QYHKIINM [UPKaIUaHHOrO TeiicMekepa [36, 37],
MoJ00OHO TOMY KaK 3TO MPOUCXOIUT B I1a3ax A. califor-
nica n B. gouldiana [38]. TloaToMy GoJjiee TIpaBaOIO-
TOOHBIM MPENCTABISETCS MPEIITOJIOKEHNE O MEXaHW3-
M€ MOYJISILIMKA CBETOBOI UyBCTBUTEIBLHOCTU (DOTOpE-
LIETITOPOB WM XK€ PETYISIUA MHUTPAlUM TpaHyl
9KpaHMPYIONIeTO0 NUTrMeHTa. [{oCTaToyHO TIIOTHAS
CeTb HEPBHBIX BOJIOKOH, OKPYXXaloIIMX IJIa3HOU 00-
KaJl, MOXeT OKa3bIBaTh Ha MHOTOUMCIIEHHBIE (poTOpE-
LIEeNTOPHBIE KJIeTKU ceTyaTku L. stagnalis u P. canalicu-
lata TeHepanM30BaHHOE BIVSIHUE, TPUBOJS UX CBETO-
BYIO YYBCTBUTEJTBHOCTH B COOTBETCTBHE C YPOBHEM
OCBEIIEHUS OKPYKalolei 06CTaHOBKM.

JIpyruM OCTaroIlIMMCS IMOKa HEepEeIIeHHBIM BOIIPO-
COM ocTaeTcsl uaeHTU(UKALIMS TeJT KJIETOK, 00pa3yro-
myx BeTBiaeHUs S-HT-epruyeckux BOJOKOH B MepHU-
OTITUYECKOI 00J1aCTH TJ1a3a MOJIJIIOCKOB. B 31011 pado-
Te Mbl HE IIOJIYYWIM CBUACTENILCTB KOJIOKAIU3aIUU
OKpalllMBaHWU saep ¢ Busyanusauueii 5S- HT-umMMyHoO-
peakTuBHOCTU Yy L. stagnalis. Takxe, 04€BUIHO, 4YTO 5-
HT-uMMyHOpeaKTMBHEIE BOJIOKHA He HpUHAaIjIexXaT
(GOTOpELIENITOPHBIM KJIETKAM CETYaTKM, aKCOHBI KOTO-
puIX popMUpYIOT ontudeckuii Heps [11]. KpoMme Toro,
paHee OBLIO ITOKAa3aHO, YTO LEHTpaJbHbIE HEUPOHHI,
OCYIIECTBJISIOINE OnjlaTepaibHYI0 MHHEPBAIIHIO I71a3
L. stagnalis, He SIBISIOTCS CEPOTOHUHEPTUYECKUMMU U,
clegoBaTe/IbHO, HE MOTYT OBITh MCTOYHUKOM 5-HT-
epTUYeCKNX BOJIOKOH BBISIBJIIEMOIO II€pPUOKYJISIPHOTO
crteteHus [39]. DTo MoXeT o3HayaTh, YTO TeJa Kie-
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TOK, 00pa3yolliux yKa3aHHbIe HEPBHbIE CIIJIETEHUS Y
L. stagnalis, BepOsITHO, JOKQJIU3YIOTCSI Ha nepudepun
BIJIM OT BETBJICHUIN UX OTPOCTKOB. Y P. canaliculata
JIOBOJILHO TUIOTHas cetb 5-HT-epruyeckux BOJOKOH
IoX0Xa Ha BETBJICHUS B ceTYaTKe OTPOCTKOB Heilpo-
HOB HEKOTOPBIX OPIOXOHOTHX MOJIITIOCKOB [40]. OmHa-
KO ITpY 3TOM MBI TaKKe He OOHapy:KMBaeM B HEM TeJ 5-
HT-epruueckux HelipoHOB. B 1j1aHe moHUMaHUs BO3-
MOXHOTO (DyHKIIMOHAILHOTO 3HAUYEHUST MEPUOKYIISP-
HBIX CTUIETEHNI CEPOTOHUHEPTUYECKUX BOJIOKOH 3TOT
BOIIPOC MMeeT NPUHIUINAIbHOE 3HaUYeHUe U TpeOyeT
NaJIbHEHI1Iero u3ydeHusl.

COBJIIOAEHUE 5TUYECKHUX CTAHOAPTOB

Bce npouienypbl, IpOBOAMBILIMECS C yYaCTUEM XMBOTHBIX,
COOTBETCTBOBAJIM 3TMYECKMM HOPMaM, YTBEPKIEHHBIM TTpa-
BOBBIMM akTaMu Poccuiickoii @eaepauuvu, ITpUHLIMIIAM
bazenbckoii nekyiapauuy 1 peKoOMeHIalusIM OMO3TUYECKOM
komuccuun banTuiickoro denepasbHOrO yHUBEPCUTETA UM.
N. Kanra.

NCTOYHUKUN OUHAHCHPOBAHN A

Pabora BeITONHSIIACH 3a CUET CpencTB Oromkera Bric-
mreif mkosbl XXuBbIX cucteM OHK “HMHCTUTYT MeaULIMHBI 1
Hayk o xu3Hu (MEJIBUO)” bantuiickoro denepaibHOTO
yHuBepcuTeTa nMeHn UmManymia Kanra.

KOH®JIMKT UHTEPECOB

ABTOpBI IEeKJIApUPYIOT OTCYTCTBUE SIBHBIX M HOTEHIIU-
aJIbHBIX KOH(JIMKTOB MHTEPECOB, CBSI3aHHBIX C ITyO UKL -
el JaHHOM CTaTbhbu.
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SOME COMPONENTS OF THE SEROTONERGIC SYSTEM
IN THE EYES OF TWO SPECIES OF FRESHWATER MOLLUSCS

I. N. Dominova®, A. A. Husenova“, V. V. Kotova“, M. V. Sidorova“, and V. V. Zhukov+*

“Immanuel Kant Baltic Federal University, Kaliningrad, Russia
#e-mail: valerzhukov@mail.ru

Labeling of 5-HT-immunoreactive structures was performed on eye slices of freshwater molluscs Lymnaea stag-
nalis and Pomacea canaliculata. In the periocular region of both species an increased density of 5-HTergic fibers
forming structurally distinct plexuses and partially penetrating into the retina was detected. Transcription of se-
rotonin receptor genes was detected in eye tissues: two types in L. stagnalis and three in P. canaliculata. Its relative
level is significantly upregulated compared with central ganglia of the nervous system and tentacles. Additionally
transcription of the SHT transporter gene was recorded in P. canaliculata tissues. The obtained results are dis-
cussed in terms of a possible serotonergic mechanism of modulation of processes in the retina of gastropods.

Keywords: Lymnaea stagnalis, Pomacea canaliculata, retina, serotonin, immunoreactivity, gene transcrip-

tion, 5-HT receptors, serotonin transporter
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