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BBEAJEHUWE

BcackiBaHue, WiM TpaHCIIOPT HYTPUEHTOB Yy PHIO,
KaK 1 y APYTruxX IMO3BOHOYHBIX XXNBOTHBIX, OCYIIIECTB-
JISIETCS IPEUMYILLIECTBEHHO B KuieuyHuke. [1pu aTom y
BBICIIIMX ITO3BOHOYHBIX CYIIECTBYET TECHasl CBS3b
MeXIy MeMOpaHHBIM THIPOIN30M ITHUIIIEBBIX CyOCTpa-
TOB, B pE3yJibTaTe€ KOTOPOTO B 30HE 1LIETOYHOM KaiiMbl
SHTEPOLUTOB 00Pa3yIOTCsS TpHU-, M- 1 MOHOMEPHI, 1
TpaHcniopTHEIMU cucteMamu [1, 2]. WccnemoBanue
MEeMOpPaHHOTO TUILEeBapeHUs Y PHIO MO3BOJIWUIO BbI-
SIBUTHh ITIPUHLUIMAILHOE CXOICTBO CTPYKTYPHBIX U
(YHKIIMOHAIBHBIX OCHOB 3THUX IIPOLIECCOB y PBIO M
miekonutatomux [3—5]. M3ydeHue TpaHCIOPTHBIX
MIpPOLIECCOB, HAIIPOTUB, BBHISIBWIO, HApSAy CO CXOI-
CTBOM, psi CYIIECTBEHHBIX OTJIMYMU OT TaKOBOIO Y
BBICIIMX MO3BOHOYHBIX [4, 6—10].

1. KPATKOE OITMCAHUE MEXAHNU3MOB
TPAHCIIOPTA HYTPUEHTOB

M3ydeHune TpaHCIIOPTHBIX IPOLIECCOB MOATBEPIU-
JIO Hajquyue y pbld ABYX OCHOBHBIX MEXaHU3MOB
TpaHCHOpPTa HYTPUEHTOB — MaKpo- U MUKPOMOJIEKY-
nsipHoro [3,4,6,7,9, 11-14].

Maxpomoaekyaapuoiii  mpancnopm o0OecIiedrBaeT
MEPEHOC KPYMHBIX MOJIEKYJ U HaAMOJEKYJISIPHBIX ar-
peraluii Mo MeXKJIETOYHBIM MpOCTpaHCTBaM (mep-
copOLMs) U IIeaeBbIM KOHTakTaM [2]. ITo MmexkneTou-
HbIM MPOCTPAHCTBAM MEPEHOCUTCS YacTb BOIbI U
SJIEKTPOJIMTOB, a TAKXKE APYTrue BEIeCTBa, B TOM YKCIIe
oenku u rrentuabl. [loMmuMo mepcopOLMu y peid B OT-
JIMYKE OT BBICIIUX ITO3BOHOUYHBIX 3HAUYUTEIbHYIO POJIb
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WTpaeT TPAHCUCIUTIOISIPHBIN ITepEeHOC Pa3IMUHBIX MO-
JICKYJI yepe3 Iuia3MaTU4ecKrue MeMOpaHbl, OCYIIEeCTB-
JIIEeMBI ¢ TTOMOINIBIO 3HIonUTOo3a [15, 16]. DHgoLu-
TO3, BKJIIOYAIONINK (ParonuTo3 M IMMHOIIMTO3, TECHO
CBSI3aH C BHYTPUKJIECTOYHBIM IHIIEeBapeHueM, B 1ie-
JIOM psifie pabOT MpPOAEeMOHCTPHUPOBaHA BO3MOXHOCTh
MOTJIONICHNST KPYITHBIX TIENTUAOB, a TaK:Ke MOJICKYJT
0eJIKOB B IMCTAJIbHOM OTAEJI€ KMIIEUHMKA PHIO ITyTeM
sHgouuTo3a [11—19]. BeickazaHoO mMpeArooXeHue,
YTO SHIOILMTO3Y OCJIKOB IIPEAIISCTBYET UX COCIMHE-
Hue ¢ kuueyHbIM OesikoM I-FABP, cBs3biBaromimm
XUpHBbIE KUCHIOTHL [18]. Poib 3TOro MmexaHmsma oco-
OEHHO BeJIMKa B MPOHMKHOBEHWM MHTAKTHOIO Oelka
yepes3 KUIIeYHbIt 0apbep Ha paHHUX 3Tallax pa3BUTUS
puIO [20].

Muxkpomoaexyaapuoii mpancnopm o0eCIIeYMBaeT
MEPEHOC BO BHYTPEHHIOW Cpely OpraHu3Ma pasjiny-
HBIX MIOHOB, aMUHOKHUCJIOT, CaXapoB U XKUPHBIX KUCJIOT
[12], a TakXke IeNTUIOB C HEOOJILIION MOJIEKYJISIPHOI
Maccoii [21]. PaznmmuaroTt 1Ba TMTIa MUKpPOTIEpPEHOCA BE-
ILIECTB — MACCUBHBIN U aKTUBHBIN. [laccueHuiii mpac-
nopm, peanusylonyiics: oiarogapsi HUIMYUIO 3JIEKTPO-
XUMUYECKOTO IpaJiMeHTa U MOp, BKIIOYAET B ceOsl TaKue
Pa3HOBUIHOCTH, KaK YIbTpa(uabTpalysi, KOHBEHLIUS U
g dy3ust. Bo3aMOXHBI HECKOJIBKO BapUaHTOB TUPDy-
31U BEIIECTB Yepe3 KJIETOUHble MEMOpaHbl — IMPOCTasi,
orpaHU4YeHHasi, oojerdyeHHast 1 ooMeHHasi. IlepBrie n1Ba
MexaHU3Ma OOeCIeurBaIOT MOCTYIUIEHUE B DHTEPOLIUT
pa3IMYHbIX HU3KOMOJIEKYISIPHBIX CyOCcTpaToB (Boza,
MOYEBMHA, XKUPHbIE KUCJIOTHI) IO IPagueHTy KOHIICH-
tpauuu [2]. Hammune Mexanu3ma npoctoii nnudy3un
MPOJIEMOHCTPUPOBAHO Yy 1I€JIOTO psiia MOPCKMX U
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MPECHOBOJIHBIX PHIO TTPU U3YYEHU U BCACBhIBAHUS YTJie-
BOIOB [6, 22] u amuHoKucioT [23, 24]. O6MeHHas
muddy3ns odecrieynBacT MUKPOIUPKYJISIIIUI0O NOHOB
Mexay nepudepruueckoii 06J1acTbio KJIETKU U OKpYXKa-
folIeit ee MUKpocpenoii [7].

Obnecuennas ougghysus, obnanaroiiasi CXOACTBOM
Kak ¢ IpocToii nuddysueii, Tak U ¢ aKTUBHBIM TpaHC-
MOPTOM peajiM3yeTcCs IpU MOMOIIM CIIELATbHBIX IIe-
PEHOCYMKOB — OEJIKOBBIX MOJICKYJI, OOJeTrdalolmnx
MPOHUKHOBEHUE AUITEIITUAOB, aMUHOKMCIIOT U caxa-
poB uUepe3 MeMOpaHy 3a CYET KOHIEHTPAIMOHHOTO
rpagveHTa 0e3 3aTpaThl sHepruu [2]. Hannuume y ppio
obneryeHHoM aUddy3Un H0Ka3aHO TMPU KCCeT0Ba-
HUHM BCACBIBaHMS YITIEBOAOB C MCIIOJIb30BAaHUEM CIIC-
OrUUIECKOro OJoKaTopa OIIOCPEIOBAHHOTO TpPaHC-
noprta — dyopun3uHa [22, 25, 26]. Tak, npu UCHOb-
30BaHMM B KadyeCTBE MHTUOUTOpaA OIIOCPEIOBAHHOIO
TpaHCHOpPTa INIIOKO3bl (hJIOPUI3MHA B KOHIIEHTPAIUU
10~* M y newa Abramis brama BbISIBIIEH 3HAYNTEIbHbII
GJIOpUA3MH-3aBUCHUMBIiIi KOMIIOHEHT, CBUIETEIbCTBY-
IOIIMIT O TOM, YTO Ha AOJI0 OOJieTYeHHOI auddy3umn
npuxonutcs 51% TpaHcIiopTa MIIOKO3HI [26].

AxmueHblii mpancnopm y pblO, KaK 'y MJIEKOITUTA-
IOLIMX, OCYIIECTBJISIETCS IPOTUB KOHIIEHTPALIMOHHOTO
rpagveHTa ¢ 3aTpaToil SHEPTUU IIPU YyYaCTUM CITeIIM-
aJIbHBIX KaHAJIOB U 0eJIKoB-niepeHocuynKoB. [locnemy-
IOLIMI TPAaHCIOPT MOJIEKYJI HYTPUEHTOB Yepe3 6a3oa-
TepaJIbHyI0 MEMOpaHy B KPOBSHOE PYCJIO OCYIIIECTBIISI-
eTcs C IOMOIbIO obJierdyeHHoit nuddy3uu [6, 9, 12].
AXTUBHBII TpaHCIIOPT, KaK M obyieryeHHast mudy3us,
XapaKTepr3yeTcsl ITOPOrOM HACBIIIEHUsI, OOYCJIOBJICH-
HBIM OTrPaHMYEHHOCTBHIO KOJIMYECTBA TPAHCIIOPTEPOB
(HacocoB, TIEPEHOCUMKOB, KaHAJIOB U ITOp) B MeMOpa-
He KUIIIeYHOM KJTeTKH [6, 11, 25].

IlepeHoCcUMKM WJIM KaHAJBI yYaCTBYIOT B MIepeHOCE
OIHOIO WJIM OTPaHMYEHHOIO YMCJIa TUIIOB MOJEKYI
gyepe3 MeMOpaHy JIM0O IT0 3JIEKTPOXUMUIESCKOMY Tpa-
IUEHTY, MO0 OJlarogapsi COMPSIKEHUIO ¢ TpaHCIIOp-
TOM JIPYrOro BellecTBa, IBMXKEHUE KOTOPOro Io rpa-
IUEHTY KOHLIEHTPAILIMU CIY>KUT UCTOYHUKOM SHEPTUu
IUJTSI COMPSIKEHHOTO ¢ HUM Tipoliecca. Mcnoab3yroTest
pa3IuYHbIe MOHHBIE TPAIUEHTHI 0e3 HEeIOCPEICTBEH-
Horo ydactusd AT®, B 60JIbIIMHCTBE CIy4aeB 2JIeKTPO-
xuMmmnyeckuit rpaguent Na't, pexe — rpagueHtsl Cl-,
K*u H* [1, 2, 9]. TpaH3UTHBIHA IIepeHOC HYTPUEHTOB
co3maerca Onaromapd Haauuuio Na'-3aBHCUMBIX
TpaHCHOPTEPOB Ha allMKaJIbHOII MEMOpaHe, a HaTpue-
BbIX HAacocoB — Ha 0a3zojiarepaibHoii. MCTOUHUKOM
SHEPrUM B OOJIBIIMHCTBE CJIy4acB CIIYXUT DHEPTUs
Makpoapruyeckux cpsseii AT®D, a pojib HACOCOB BbI-
MOMHAIOT TpaHcrmopTHble AT®M-a3el, Takne kak Ca?™—
Mg -AT®a3za u, ocobenno Na"- K*-AT®asza, nox-
nepxkupamomiasg rpagyedt Na* u K* Mmexny BHe- u
BHYTPUKJIETOYHBIMHU XUIKOCTSIMH. MOOWIILHBIN TIe-
PEHOCUMK CBSI3bIBAaET TPAHCIIOPTUPYEMbIe CyOCTpaThl
Ha OJHOI ITOBEPXHOCTU MeMOpaHbI, OCBOOOXmas UX
Ha npyroil. KaHan xapaktepusyeTcsi HUIMUYMEM IMOCTO-

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3UOJIOTUU

SIHHOM WJIM WHAYLMPOBAHHOI MOPHI, Yepe3 KOTOPYIO
MIPOXOOUT TpaHCIIOPTUPYEMoOe BellecTso [1, 2, 9].

2. OCOBEHHOCTH TPAHCITIOPTA
PA3JIMYHbBIX HYTPUEHTOB V Pblb

M3yyeHne MexaHM3MOB IIEpeHOCa BO BHYTPEHHIO
cpely opraHu3Ma rekcos, JUITMI0B, aMUHOKMCIIOT U
MENTUIOB U3 MPOCBeTa KUIIEYHUKA PbI0O MHTEHCU(U -
LIMPOBAJIOCh BO BTOPOI TTOJIOBUHE ITPOIILIOTO BeKa [6,
11, 22, 23, 25, 26]. 'unepboandeckast KWHETAKA HACHI-
LIEHUS, XapaKTepHas IS aKTUBHOI'O TPAHCIIOPTA HYT-
PUMEHTOB, BBISIBIIEHA MPU MCCICAOBAHUM BCAChIBAHUS
[JIIOKO3bI, TajakTo3bl U psiga aMUHOKUCIIOT, IpUYEM
KOHCTaHThI cpoAcTia (K,) 11eTouHOKaeMHOro npsiMmo-
ro IMOTOKa CaXapoB ¥ aMUHOKWCJIOT B KMIIIEYHUKE PHIO
Kkoseomorcs B peaenax 0.1—20 MM [6, 23]. Hamuaue
aKTUBHOTI'O TPAHCIIOPTa aMUHOKMCJIOT U TeKCO3 B KU-
IIEYHUKE PHIO OBLIO ITOATBEPXACHO B OMNBITaX C MC-
MOJIb30BaHUEM 2,4-TWHUTpOMEHOIIA, TTOAABIISIIONIECTO
MPOLIECCHl OKMUCIUTENbHOTO (ochopunnupoBaHusi, u
¢Topuma HaTpusl, HOHAABISIONIETO MPOLECCHl ITUKO-
m3a [7, 22].

Tpaucnopm amunokucaom. B Hacrosiiee Bpems
TBEPAO YCTAHOBJIEHO, YTO B TPAHCHIOPTE HEUTPaATIbHBIX
AaMMWHOKMCJIOT Y4YacTBYeT TpaHCHOpPTHBIA Oegok BO
[27, 28], OCHOBHBIX aMMHOKMCIIOT — y- [27], ou- 1 Tpu-
nenTuaoB — TpaHcnoptepsl Pepl. Tpancropt nn- n
TPUIIETITUIOB, OOPA3YIOIINUXCS B pe3yabTaTe TUAPOJIM-
3a OeJika, 1 aMMHOKKCJIOT, peajiu3yeTcsl Tpu y4acTUuu
H*-3aBucuMoro  TtpaHcnoptHoro ©Oeinka PepTl
(SLCI15A1), a Takxke TpaHcrmopTHoro Oeika Pepl2
(SLC15A2). Tpancnoptrepsl PEPT konupyrorcs reHa-
mu slcl5a [10, 13, 29—37]. IlepBblit U3 HUX OOaagaeT
0OoJiee HU3KNM CPOACTBOM K CyOCTpaTy, a BTOpoii — 00-
Jiee BBLICOKUM CPOJICTBOM K TPaHCTIOPTUPYEMBIM MOJIe-
KyJiaM JUIIenTUI0B. B aHTepolMTax 4yacTb MenTuaoB
TUAPOIM3YETCSd [0 YPOBHSI aMMHOKUCIOT, Hpyras
yacThb TPaHCIIOPTUPYETCS dYepe3 OazonaTepabHYIO
MeMOpaHy, OYEBUIHO, C TTOMOIIbIO TPaHCIOPTHOTO
Oenka. B mocinenHue roapl NoKa3zaHo, YTO B OTJIUYME OT
MJICKOTIUTAIOIINX, 00JIaJalolInuX IBYMSI TpaHCIIOpTe-
pamu nentunoB (Pepl'l m Pepl2), v prib ecTth Tpu
TpaHcIopTepa ¢ iByms rmapanoramu Pepl'l [14, 30, 31].
OaHako MEXaHM3M 3TOTO TPAHCIOPTa OCTAETCS MaJlo-
u3ydyeHHbIM [29]. Takke BakHO OTMETUTh, YTO MpPU
WCCIIENOBAaHUM SIIIOHCKOro yrps1 Anguilla japonica
tpaHcrioptep PEPT1 BwIsIBICH B anuKajibHON MeEM-
OpaHe dHTEePOLIMTOB JUUYMHOK, a Hayajlo 3KCIIPeCCUu
MPHK PEPT1 coBmamaet ¢ TakoBO# TpUIICMHOTEHA,
OIHOBPEMEHHO YBEJMUYMUBASICh HA 5—7-€ CyTKU MOocJie
BbUIyTUIeHMS [37].

BMecTe ¢ TeM B KUIIIEUHUKE PHIO HE BBISIBJICHBI Ta-

ke Na'-3aBUCHMBIE TPAaHCIIOPTEPHI AMWUHOKMCIIOT,
0,+

kak A, ASC, b”" u apyrue tTpaHcroptepbl, GyHKINO-
HUPYIOIIYE Y BBICIIUX MO3BOHOYHBIX KMBOTHBIX [9].
HMuTtepecHble MaHHBIC IIOJXYYEHBI IIPU WCCIASOOBAHUU
BCaChIBaHMUSI aMMHOKMCJIOT B KMIIEYHUKE €BPOIEH-
Ne 2
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CKoTO yrpst A. anguilla, moKa3aBlllve HAJIMYUE YEThIPEX
pasiInYHbBIX cucteM Na*-3aBUCMMOro TpaHcIiopTa
aAMUHOKMUCJIOT, aHAJOTUMYHBIX TPAHCIIOPTHBIM CHUCTE-
MaM MJICKOTIUTAIOIIUX. DTO CUCTEeMa BKIIIOYAET TPaHC-

noptepbl KUCABIX (X ,;), OCHOBHBIX (Y~) XU HEUTpaIb-
HbIX (B0) aMMHOKMCIOT, a TAKXKe TPaHCIIOPTEPHI UMM -
HokuciaoT (IMINO/PAT), JnoKalu3oBaHHBIX B
anmMKaJIbHOUM MeMOpaHe sHTepounToB [27, 38]. TpaHc-
HOPTeP MMUHOKMUCIIOT CYIIECTBEHHO OTJIMYAETCS OT
aHAJIOTUYHOMN CUCTEMBI MJIEKOIMUTAIOIINX, TOCKOJIBKY
MOJHOCTBIO MHIMOUpyeTcs ajaHuHoM [38], 1, yacTud-
HO, peHMnamaHnHOM [27].

Hapsany ¢ Na™-3aBucuMbIM cyiiectsyeT Nat-Hesa-
BUCUMBIII MEXaHW3M TPaHCHOPTa, peaanu3yIOIIUCs
Omaromapst crieIM(pUUYECKUM OJIMTOMEPHBLIM CTPYKTY-
paM — IIMIIEBapUTEILHO-TPAHCIIOPTHBIM KOMILIEK-
caM [1]. ¥V pui6 o6HapyxeH Nat-He3aBucuMBIi TpaHC-
MOpTep I aJlaHWHA, [JIMLIMHA U JIM3WHA, aHAJIOTUY-
HbIA TPaHCIIOPTHOM CUCTEME HEUTpaJIIbHBIX U
OCHOBHBIX aMMHOKMCIIOT Y MJIeKoIuTaomux [27, 39].
I1pu 3ToM L-TMcTUAVH B KUILIEYHUKE PBIO, MTO-BUIU-
MOMY, TPAHCIIOPTUPYETCS C Y4aCTUEM BBICOKO CITCIIM -
(UYHOro TPAHCIIOPTHOTO OeJIKa, TaK KaK Ipyrue aMu-
HOKWCJIOTBI, IIPUCYTCTBYIOIIME B IIOJIOCTA TOHKOM
KMIIKU, HE OKa3bIBAIOT BIIMSIHE HA MHTEHCUBHOCTD U
KMHETUYECKHE XapaKTepUCTUKM ero TpaHciopTa [40].
Cyb0cTpaTtHast crieupUIHOCTh TPAHCIIOPTEPOB aMU-
HOKHUCJIOT MOXET BapbUpOBaTh Y pa3HbIX BUIOB PbIO
[12].

BakHO OTMETUTD, YTO IKCIIPECCHUS CIIeIIUMATU3UPO-
BaHHBIX HACOCOB, TPAaHCHOPTEPOB M KaHAJIOB, OTBET-
CTBEHHBIX 32 TOMIOIIEHUE MUTATEIbHBIX BEIIECTB Ye-
pe3 anuKaabHyI0O MEMOpPaHY MUKPOBOPCHUHOK IIETOY-
HOM KaiiMbl BHTEPOLIMTOB, OTMEYaeTCs Ha paHHUX
aTamnax pa3BuTus pbi6o. OMHAKO UCCASIOBAaHMIA, ITOCBSI -
IIIEHHBIX 3KCIIPECCUM MENTUIHBIX TPaHCIIOPTEPOB Ha
paHHUX CTagMsIX Pa3BUTHUS PBIO, Mao. Bo3MOXKHOCTh
MOMIOIIEHUSI aMIHOKHKCJIOT Ha paHHUX CTaIUsIX OHTO-
reHe3a pbeIO OBIIa JOKa3aHa IIPU MCCIECIOBAaHUU a0-
CcOpOLIUM CBOOOIHBIX aMUHOKMUCIIOT, Me4eHHbIX C!4,
JIMYUHKAMM aTjlaHTU4YecKoro manryca Hippoglossus
hippoglossus, nepelmieAIIMMU Ha 3K30T€HHOE TIUTaHUeE.
ABTOpaMU UCIIOJIb30BAIMCh PACTBOPHI, II0aBaeMbI€ B
KMIIEYHUK Yepe3 30H1. bblTo mokazaHo, 4To mpubIn-
3uTebHO 71% 3aMeHUMBIX (aJJTaHWH, TJIyTaMaT) W He-
3aMEHMMBIX (apTMHUH, JU3WH) aMUHOKHUCIOT abcop-
oupyetcs B TeueHre 30 MUH MOCJE UX IMOCTYIJIEHUS B
KuieyHukK. I1pyu 3ToM 3Bakyalusi aMUHOKHUCIIOT JIM-
YMHKaMM OblIa HU3KOM U COCTaBJISLJIa B CPETHEM TOJIb-
Ko 6% OT N03bI, MOJAYyYEeHHOM yepe3 30H/ [41].

Takke npu UccaeaI0BaHUU JUUMHOK 3HAUNUTEILHOE
BHUMaHUe ObLIO yIeJIeHO NENTUIHBIM TpaHCIIoOpTepaM
PepIs. Kak yka3bpIiBajoch BbIIIE, 3TU TPAHCHOPTEPHI
UTpaloT 0co00 BaXKHYIO pOJib Mpu abcopOuuu Av- U
Tpunentuaos. Y Danio rerio sKcnipeccusi reHa nenTu/I-
Horo TpaHcriopTepa Pepl'l 3apeructpupoBaHa g0 Ha-
Yajia 3K30r€HHOI'O0 IUTAHUS JTWYMHOK [13]. AHanus
9KCIPECCUU TEHOB TENTUAHBIX TPAHCTIOPTEPOB Y MO-
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3aMOMKCcKoM Twiarmuu Oreochromis mossambicus Ha
npoTsekeHuu 12 cyT pasputust (oT 3 go 14 cyT mocie
OIIJIONOTBOPEHUSI — MOMEHTA 3aBepIIeHUsT a0copOoIIm
KEJITOYHOIO MEIIKa) IMMO3BOJIMJI BEISIBUTD CYIIIECTBEH-
HbIE pa3In4us KaK BO BpEMEHU MOSIBJICHUS, TaK 1 B Xa-
pakTepe IMHAMUKU KcIpeccun BapuaHToB Pepl'l u
PepI2. ITpu aToM aKkcnipeccus slc15ala BeisiBisieTcst Ha
4-e CYTKM IIOCJI€ OILIOOOTBOPEHMSI, YBEJIMINBACTCS B
repuon oT 6 1o 10, ymeHbImaeTcsa Ha 11-e u 12-¢ cyTKu
MocJjie OIUIOJOTBOPEHMS, a 3aTeéM CHOBA YBEJIUYMBACT-
cs1. Dkecnpeccus TpaHcIopTepa slcl5alb mosiBisteTcst
Ha 6-€ CyTKU MOCJIe OIJIONOTBOPEHUSI, PE3KO YBEINYU -
BaeTcs B epuon ot 7 mo 10 cyT mocie oruiomoTBope-
HUSI, a 3aTeM U3MeHsIeTCs Nogo0Ho slc15ala. Dkenpec-
cusI TpaHcIopTepa slc15a2 3HaunTeTbHO He U3MEHSIET-
cs B nepuog ot 3 xo 10 cyT mocie onjaogoTBOpeHus, a
3aTeM IIOCJIeI0BaTEIbHO YBEJIMYMBAETCSI C MAaKCUMY-
MOM Ha 14-e cyTku mocJe oruionoTBopeHus. [1pu atom
PepT'la oOHapy:KeH B 330(aryce, a TakKxXe B IepeaIHeM
U cpelHeM oTnenax KuiedHuka, Pepl'lb — Toibko B
paiioHe cpenHero oTnelsia KuiieyHuka, Pepl2 onpene-
JISIeTCSI JIAIITB B 3aJHEM OTIeNIe KUIIeuHnKa [ 14].

Ilpu uccienoBaHUM IOBEHWIbLHBIX OCOOEM aTiaH-
TH4ecKou Tpecku Gadus morhua sKcrnipeccuss MPHK
PepI'l BeIsIBIEHA B MWJIOPUYECKUX IMPUAATKAX U BO
BCex oTaeax KulleyHuka. CiaeaoBaTeibHO, Y MOJIOAY
pbIO BeCh KMIIIEYHUK YYacTBYET B aOCOPOLIMU TIEINITU-
noB. OmHaKO B JOUCTaJbHOM CETMEHTE 3KCIpeccus
PepI'l Obuta HUZKE MO CPAaBHEHUIO C TIPOKCUMAIbHBIM
cermeHTOM. [Ipu 3TOM BBISIBJIEHA 3aBUCUMOCTDH COOT-
HomeHus akcnipeccurn MPHK PepT'l B muiopuyeckux
MPUIATKAX U B Pa3JIMUYHBIX CETMEHTaxX KUIIEYHUKA OT
cocraBa KopMma [24].

Tpancnopm yeneeodoe. TpaHCIIOPTEPHI caXapoB OT-
BETCTBEHHBI 32 BCaChlBAHWE MOHOCAXapuaoB (TJIIOKO-
3bl, TAIAKTO3bI U (PPYKTO3bI) U3 MPOCBETA KUIIIEYHUKA
B KpoBb. Jloka3aHo, uyro TpaHncroprep SGLT1, pacno-
JIOKEHHBI Ha anuKaJdbHOM MeMOpaHe IIeTOYHOI
KaliMbI SHTECPOLIUTOB, IICPEHOCUT TJIFOKO3Y U rajlakTo-
3y Tipy yyactii Na™ U3 nmpocBeTa KAILIEYHUKA BHYTPb
SHTEPOLUTOB Y Pa3INYaIOLINXCS TI0 TAKCOHOMUM MJIE-
kormraromnx [42—44]. Tparckpunuusg SGLT1 mpo-
HWCXOOUT MPEUMYIIECTBEHHO B KPUIITaX, IIPUYEM OHU
BCTPAMBAIOTCSI B MEMOpPaHY 110 MEPe MUTPALIMU KJIETOK
K BepxylIKaM BOpPCHHOK. TpaHcmoprep (QpyKTO3bI
GLUT)S Takke JIOKaIM3yeTcsl Ha anMKaJbHOW MeM-
OpaHe 3HTepouuTOB. IlokazaHo, YTO TpaHCIIOpPTHAasI
aktuBHocTb GLUTS, B otitnuue ot SGLT 1, MmoxeT pe-
TyJanpoBaThCcs aueToil. [1penronaraercsi, 4YTo 3TO CBsI-
3aHO ¢ cuHTe30M de novo MPHK GLUTS B kierkax,
BBICTUJIAIONIINX BOPCUHKU. Ilepexom rekcos m3 sHTe-
pOLIMTOB B KPOBb O0ECIIEUMBAET PaCIIOIOXKEHHBIN Ha
OazosnaTtepaiabHbIXx MeMOpaHax TpaHcroptep GLUT2
[42]. KpoMe Toro, BhIsiBIIeH Na'-He3aBUCUMBII Mexa-
HU3M TpPaHCIOpTa I'eKCO3, CBSI3aHHBIA C MEPEHOCOM
yepe3 MeMOpaHy IIIOKO3bl, 00pasyolleiicss mpu MeM-
OpaHHOM ruaponmse [1].
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Ve B paHHIX paboTax ObLIO TTOKa3aHOo, 9T0 D-1I110-
Ko3a, D-ramakroza n 6-me30kcu-D-IIoKo3a MOTyT
aKKyMYJIMPOBAaTbCSI BHYTPUKIIETOYHO B KOHIIEHTpa-
LIVU, TIPEBHIIIAIOIICH TAKOBYIO B ITIOJIOCTH KAIIIEUHM -
Ka pb10. IIpu 3TOM 3mUTEeNNI KUIIEYHUKA PBIO MO-
KEeT peaau30BaThb TPaHCIMUTEIUATIbHHBIN TpaHC-
nopt D-rtmoko3sl u  D-rajmakTtos3sl  IpOTUB
3JIEKTPOXUMHUUECKOTO IPaieHTa B YCIOBUSIX in Vivo
u in vitro |6, 25, 26, 45—48]. PacTutenbHOSAHbIE U
BCesITHbIE BUIBI MOTYT aJallTUPOBATh TPAHCIIOPT TJTIO-
KO3HI Uepe3 anuKaJabHYI0 MEMOpaHy IIeTOYHOM KaiiMbI
SHTEPOLIUTOB B COOTBETCTBUY C U3MEHEHUSIMU B YPOB-
HE YIJIEBOAOB MUILIU, U3MEHSS V,,,, [12]. BaxHOo oT™Me-
TUTb, YTO KOHKYPEHTHBIII UHTUOUTOP TPaHCIIOpTa Ca-
xapoB ¢uopuazuH (1074—10—> M) BBI3BIBa€T CHUXKE-
HUE aKKyMyJISILIMM M TpaHCIIOpTa MOHOCaxXapuaoB B
KHUIIIEYHKE MOPCKHUX Y IPECHOBOMHEBIX PhIO [22, 25, 26].

Taxke mOKa3aHa BaXHOCTb MOHOB Na™ U1l aKTUB-
HOTO TPaHCITOPTA [IIOKO3bI y pbIO. T1pH MccieqoBaHnm
LIEJIOTO PsIa BUAOB PHIO YCTAHOBIIEHO, YTO OyabauH
(102—10=> M), Guokupyrommii Nat—K"—AT®d-azy u
COTpPSKEHHBIN ¢ Na™ akTUBHBII TPAaHCIIOPT IITIOKO3bI,
CHITXAET JOJII0 aKTUBHOIO KOMITOHEHTA IPU HU3KHUX
KOHIIEHTPAIKIX TIIOKO3bI moutH 1o 1/3 [23, 26, 49].
Bauskue 3¢ deKThl BHI3BIBAIOT MOHBI IMAaHAIa, MHTY-
oupyloliero oodbpaszoBaHue ATP, a TakkKe 3aMeHa
nonos Na* monamu K* wiu Li* [50]. Cna6blii addexT
TOPMOXKEHUSI UJIU €0 OTCYTCTBHE Y PBIO IpU I€ACTBUI
MHTUOUTOPOB B KOHLEeHTpauuax 107°—10"7 M, a¢-
(EKTUBHBIX IS BBICIINUX IMO3BOHOYHBIX KUBOTHBIX,
TTO3BOJIVII TIPEAIIONOXUTH MEHBIIIEE KOJIMYECTBO TEPE-
HOCYHMKOB OIMOCPEIOBAHHOIO TPAHCIIOPTA B KUIIICYHM -
Ke pbiO [7].

Y peIO B TpaHCHOPTE INIIOKO3HI U, ITO-BUIUMOMY,
D-ramakTo3bl Takxke HamboJiee BaXKHYIO POJIb UTpaeT
Na‘*-3aBucuMblii TpaHcnoprep Imoko3sl SGLT1 u
tpadncnoptep GLUT?2 [9, 12, 47, 51, 52]. IlepBslii J10-
KaJIM30BaH Ha alMKaJlbHOl MeMOpaHe 3HTEpPOILIUTOB,
BTOpOII — Ha 0as3ojiaTepaybHOM MemOpane [12, 53].
IIpn 3TOM CcKOpOCTH Oa3zojiaTepaibHOTO TpaHCITOpTa
HIKE, 4yeM Y MJIeKoIuTalomux. Tak, mpu ucciaeaoBa-
HUU OOBIKHOBeHHOTO Kapra Cyprinus carpio n 6eJ10ro
amypa Ctenopharingodon idellus noxazano, yro MPHK
glut2 B OCHOBHOM 3KCIIpECCUPYETCS B TIEYEHU, TIEPe.I-
Hell U cpenHel yacTsax KullledyHuka. Yepes 3 9 mocnie
BBEICHMS TIIOKO3BI 3KCIpeccus reHa glut2 3Hadum-
TeJIbHO MOBBIIIAETCS B TIEpeaHEeM OTAe/Ie KUIIeYHNKA.
IMTockonbky n3ameneHus B yposHe MPHK glut2 B mreue-
HM He OOHapy:KEHBI, aBTOPHI 3aKJIIOUMIIM, 4To glut2
Y4acCTBYET B MOTJIOIIEHUM TIIOKO3bl TOJILKO B KMUIIIEY-
Huke [54, 55]. IlepeHocuuK D-(ppyKTO3HI, TAKOI KaK
GLUTS, y psI6 He HaliieH, HO €CTh CBEICHUS O TOM,
yto ¢pykro3a (10 MM) moriolaeTcss KUIIEYHUKOM
nema A. brama n o6s1KkHOBeHHOTO Kaprma C. carpio [46].
IIpenmomaraercs, 4To B abcoponm GpyKTO3bI IIPUHU-
MmaeT ydyactue TpaHcnopTep GLUT?2, nokaim3oBaH-
HBIII Ha MeMOpaHaxX IIeTOYHO KailMbl HTEPOILIMTOB

[9].

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3UOJIOTUU

Bcacvisanue aunudos. MexaHU3MBbI BCACBIBAHMS
KMpa B KMILIEYHUKE PHIO HE BITOJIHE SICHBI, HO IIPEIITO-
JlaraeTcsi CXOACTBO C TAKOBBIMHM Y MJICKOITUTAIOIINX
[56]. Bo3aMOXHOCTE aGCOpOITNM XK1pa SHTEPOIIUTAMU
pBIO OBLIA TIPOAEMOHCTPUpPOBAHA €Ile B Haydalle
XX Beka M 3aTeM NOATBEPKICHA B MHOTOYMCJICHHBIX
paboTax IIpY MTOMOINY TUCTOJIOTUYECKNX Y IIATOJIOT M-
yecKnx MeTonoB [57]. B MeXKIeTOUHBIX MPOCTpaH-
CTBax W lamina propria CIVU3UCTONW OOOJIOYKU KUIIIEY-
HUKAa JAMUIHBIE YaCTUIIBI TTOSIBIISIFOTCS B BUIE JIMIIO-
MIPOTENHOB OYEeHb HU3KOM IJIOTHOCTU u
XUJTOMUKPOHOB [58]. Ilpennonaranoch, 4To XUp Bca-
CBhIBAeTCS MyTeM SHaoLuTo3a. OOHAKO MaHHBIE psaa
9JIEKTPOHHO-MUKPOCKOMUYECKUX U OMOXMMMYECKUX
HCCJIENOBAaHUI CBUOETEIBCTBYIOT O IIPEUMYILIECTBEH-
HOM BCaCbhbIBaHHUU JUIIMAOB nyTeM nuddys3uun [59, 60]
B (opMe MOHOTIJMIEPUIOB M CBOOOIHBIX KUPHBIX
KMCJIOT, KOTOpPbIE MOTYT MOCTYHaTh B KPOBEHOCHYIO
CHCTEeMY PBIO B CBOOOTHOM BHE MJIA B POpPME TPUTIIN -
LIEPUAOB, PECUHTE3UPOBAHHBIX BHYTPU HTEPOILIMTOB
Y BKITFOYEHHBIX B COCTaB XMJIOMUKPOHOB [61, 62]. T1o-
CKOJIbKY OIMCIICPCHBIC JTUITUABL XOPOIIIO PacTBOPSIETCS
B MeMOpaHax, a UX KOHIIEHTPAL1s B ITOJOCTU BbICOKA,
BO3MOXHO, 4YTO JIMOUILI MOTYT ITAaCCUBHO IIepeMe-
IIAThCS IO TPagUeHTY X KOHIEHTPALIMH U3 II0JIOCTHU
KMIIIEYHMKA Yepe3 almrKajlbHyl0 MeMOpaHy HTEPOIIM -
TOB B LIUTO30J1b [8]. EcTh mMaHHBIC O TOM, UTO JIMITUI-
HbIe KaIUId HaKaIjIMBalOTCS B HaTbSIASPHOM IIPO-
CTPaHCTBE DHTEPOLIUTOB [63], peacTepuPUIPYIOTCS B
TpUALMITIULEPUIbI [S8] M BEIXOOAT U3 SHTEPOLIUTOB
IMyTeM 3K301L1uTo3a [63].

I1pu uccaemoBaHUM apKTUYECKOIO Tojiblia Salveli-
nus alpinus ToKa3aHO, YTO HaUOOIbIIAsk CKOPOCTh a0-
COpOLIMM XapaKTepHa IS HACBIIIEHHBIX KUCJIOT C
mmHHOM menu 12:0, cKopocTh abcopOLMM KUCIOT
14:0,16: 01 18 : 0 ¥ MOHOHEHACHIIEHHBIX C JUIMHHOMI
enu 22 : 1 orpaHndeHa CKOPOCTBIO JMIioau3a [64].
2KypHbIe KUCITOTBI C KOPOTKOM 1 CpeaHEe LIeIbIo, OT-
JIMYAIOIINECSI OTHOCUTEIBHO BBICOKOM pacTBOPHMO-
CTBhIO B BOJIe, OBICTPO aOCOPOUPYIOTCSI B CaMOI MMPOK-
CUMAaJIbHOI YaCcT KMIIIEYHUKA, BEPOSITHO, HE BKJIIOYA -
sChb B MuLe/UIbl [65, 66]. HackblllleHHbIE KUPHBIE
KMCJIOTHI C IJIMHHOM LIeTbI0 a0COpOMPYIOTCS TpYAHEE,
YyeM HEHAaCBIIIEHHbIC XXKUPHbIE KMUCJIOTHL C aHAJIOIM4-
Hoi nnuHoM nenu. I[Ipenmomnaraercst, YTo CBOOOMTHbBIE
SKMPHBIE KUCIOTHI M (hOChaTUIUIXOJINH YCBAUBAIOTCS
Jlerde, 4eM TpHALINIUIEeposibl [67]. Takke mpemmno-
JIaraeTcs, YTO XXMPHbIE KMCJIOTHI, BEICBOOOXIaeMBbIE 13
MUILEJJI, TTOTJIOIAOTCS NPU ITIOMOIIU O0JIErYEHHOIO
TpaHcnopTta. OQHAKO y4acTHe TaKOTO pojia TpaHCIOp-
TEPOB NPU MCCIIEIOBAHUU PbIO HE TTOATBEPXKIEHO [9].

Bwmecte ¢ TeM nipu ucciaemoBaHuu ganuo D. rerio u
00bIKHOBeHHOTO Kapria C. carpio HalineH OeJIOK, CBsI-
3bIBaOIIMi XXKupHbIe KUCI0TH (FABP), TpaHCKpUITTHI
KOTOPOI'0 3KCIIPECCUPYIOTCSI B KUIIEYHUKE U MOTYT
Y4acCTBOBATh B MHTEPHAJIM3ALIMM XUPHBIX KUCIIOT [18,
68]. I1py 3TOM y IMYMHOK JaHUO D. rerio CUIbHAsI DKC-
IIpeCCHUsi TeHa 3TOI0 BBISIBIISICTCS A0 IIOJTHOI'O Paccachl-
BaHUSI KEITKA M IIEPBOIO KOPMJICHUSI, a YPOBHU
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MPHK u 6enka FABP nocreneHHo cHUXarwTca B IU-
CTaJILHOM HaIllpaBieHuu KuieyHuka [68]. Ciaenoa-
TEJNBHO, Y IMYMHOK, KaK 1 Y B3pOCIBIX KOCTUCTHIX PBIO,
OCHOBHOE MECTO aObCOpOIIMM JUITMIOB HAXOIWUTCSI B
NPOKCUMaJIbHOM oTaesie KuniegyHuka. I[lokasaHo, 4yto
reH, kogupytouuiit FABP B kuieynuke nanuo D. rerio
nosgBIsieTcs yepe3 12 9 mocnie onaomoTBopeHus [8].

ITockonbpKy IIONIy4eHBI IaHHBIC, ITI03BOJISIOIINE
MPEeaNOI0XKUTh, YTO KMPHbBIE KMUCIOTHI IMUIIU B KOM-
mwiekce ¢ FABP, cBSI3bIBalOIIMMU BHYTPUKIIECTOUHbBIE
JIMOUABI, MOTYT JOCTUTATD SIIEP SHTEPOLIMTOB U BIIU-
SITh Ha SIIEPHYIO aKTUBHOCTD, CIEeAyeT MOAPOOHO OCTa-
HOBUTLCSI Ha pe3yJbTaTax paboThl, BEIIIOJIHEHHON Ha
naHuo D. rerio. Tak Kak O€JIKH, CBSI3bIBAIOIINE XUP-
Hele kuciaotel FABP1 u FABP2, BeIcOKO aKcripeccu-
pYIOTCS B TKaHSIX, Y9aCTBYIOIINX B aKTUBHOM MeTabo0-
JIM3Me TUIMOOB (IIeYeHU, IIepeaHeM OTAcje KHIIed-
HMKa M TOJOBHOM MO3re), OblIJla ucciiefoBaHa
muddepeHagbHas  OKCIOPECCUsT  TPAaHCKPUIITOB
fabplb.1, fabp1b.2 u fabp2 B aTux TKaHaXx. bbuto moka-
3aHO0, yTo FABP nokann3oBaHbl B MUKPOBOpPCUHKAX,
LIMTO30J1e U s1ipaX O0JbIIUHCTBA SHTEPOLIUTOB CIU3U-
CTOIi OO0OJIOUKM IIEpedHEero OoTaeja KWIIeYHHKa, a
TpaHckpunuus fabplb.1 u fabp2 akTuBupyeTcs mocie
KOPMJIEHUS 1 PEryJIMPYETCSI B COOTBETCTBUU C COCTa-
BOM KopMa. BaxHo, uto B sapax FABP nokanusyroTcs
OoJibllleif 4YacThl0O B MEXXPOMAaTUMHOBOM IPOCTpaH-
ctBe. TakKe IMPOaeMOHCTPUPOBAHO CBSI3bIBAHME Me-
YEHHBIX KHPHBIX KHCJIOT C pPeKOMOMHAHTHBIMU
Fabp1b.1 u Fabp2 [69].

Poab omdenbHbix MEXAQHU3ZMOG MPAHCNOPMA MOHOME-
pos. CoIocCTaBJIeHWE POJU OTAEIbHBIX MEXaHU3MOB
TpaHCIOPTa MOHOMEPOB CBUAETEILCTBYET O TOM, UTO Y
PBIO IIpU HU3KMX KOHLIEHTpalusx cyoctpara (<0.5 MM)
HauOoJiee 3HAaYUTEJbHYIO POJIb UTPAIOT MPOIIECCHI aK-
TUBHOI'O TpaHCHopTa M obyerdeHHoil guddysumn. B
cJIydae TJIIOKO3bl aKTUBHBIN TPAaHCHOPT MOXKET Ha0JTI0-
naTtbest mpu KoHeHTpauusx 0.05—2.5 MM [7, 11]. T1pu
0OoJjiee BBICOKMX KOHIIEHTpalMsIX CyOcCTpaTa 3Ha4du-
TEJIbHO BO3pacTacT HOJIS MAaCCUBHOW M OO0JeTYeHHOMN
muddysuu [7, 22, 26]. CooTHOIIEHUE YKa3aHHBIX Me-
XaHM3MOB TPAHCIIOPTA Y Pa3HBIX BUAOB PhIO pa3IMIHO
U B 3HAYUTEJIbHOI Mepe 3aBHUCUT OT XapakTepa MmuTa-
HUS, QYHKIIMOHAJIbHOTO COCTOSIHUSI OpraHu3Ma, Tpu-
POIbI M CHJIBI BO3OEHCTBHS a0MOTUYECKUX (haKTOPOB.
O06sg3aTeIbHBIM 3TAIlIOM TpaHCIIOpPTa ITMIIEBBIX CyO-
CTpaTOB BO BHYTPEHHIOIO Cpelly OpraHU3Ma sIBJISICTCS
UX TIEPEHOC Yepe3 CIOM CIM3UCTHIX HAJIOXKEHUI KH-
II€YHWKA, yCTAaHOBJICHHBIN MIPU UCCJIETOBAHMUM TPAHC-
nopTa HeopraHnudeckux noHosB [70] u caxapos [7].

3. TOINIOT'PA®UA TPAHCITOPTHLIX
ITPOLECCOB VY PbIb

J1Ist KMIIIeYHUKa pbIO, KaK U IJISI APYTUX IIO3BOHOY-
HBIX, XapakKTepHO HaJWuue KpaHUO-KaydaJbHBIX
(TIPOKCUMO-AUCTAJIbHBIX) TPagudeHTOB BCAaChIBAaHUS
MUILIEBLIX BelllecTB. Bojee BBICOKAass CKOPOCTh BCACKI-
BaHUS 3apEeTUCTPUPOBAHA B MPOKCUMAJIbHBIX OTHEIaX
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TOHKOI KNIIIKH, a 00j1ee HNU3Kast — B MUCTANBHBIX [17,
46, 50, 51, 63, 66, 71—73]. OqHAKO Y HEKOTOPHIX BUIOB
BCESITHBIX U IJIOTOSIIHBIX PHIO pa3IMuusl B CKOPOCTU
BCaChIBAHUSI aMUHOKWCJIOT M CaXapoB B Pa3IWYHBIX
yJacTKax KMIIKHU oTcyTcTBYIOT [50]. I1pu aTOM cucre-
MbI aKTUBHOTO TPAHCIIOPTA XapaKTePHBI IIPaKTUUECKU
IUIT Bcero KumredHuka [17], BKiodass HamboJiee IH-
cTaJIbHBIE eTo Yactu [16, 17, 37, 73].

KpomMme Toro, BaxkHO OTMETUTH KaK CXOICTBO, TaK U
BapraOeIbHOCTb MPOKCUMO-INCTAIbHBIX T'PaIUEeHTOB
TpaHCIIOPTa OJTHOTO 1 TOTO K€ BEIIECTBA y PhIO pa3HbIX
BUIOB. Tak, IMONUILI BCAaChIBAIOTCS IIPEUMYILIECTBEH-
HO B NWJIOPMYECKMUX IMpPUIATKAX U IIPOKCHUMAaJIbHBIX
yJacTKax KuIleyHuka [3, 4, 9, 57, 63, 66]. IIpokcumo-
IVCTaJbHbIE TPAaAXEHTHI TPAHCIIOPTa aMUHOKMCIIOT 1
TeKCO3 Y PEIO pa3HbIX BUIOB pa3muaHkl [51, 71, 72]. B
YCJIOBUSIX in Vitro aKKyMYJISILIUS U TPAHCIIOPT aMUHO-
KMCJIOT MaKCHUMaJIbHBI B MIWIOPMYECKUX IIpHUIaTKax
[17], cpemnux [23] mniM 3agHNX yYacTKax KUIIIEYHUKA
[72, 74], MOHOCaXapuIOB — B IMTUJIOPUYECKUX TPUAAT-
Kax [17], mepenneM [6, 74], cpeqHeM [45] uim 3agHeM
oTIeJie KMIedyHuKa [46, 74].

Bmecte ¢ TeM pyHKUIMOHaNbHAsT Tormorpadust Ku-
IIeYHNKa pbI0 HEOOBIYAailHO IJIACTUYHA U MOXET M3-
MEHSTBCS B 3aBUCHUMOCTH OT CTPYKTYpPBI MHILEBBIX
cyOcTpaToB, BUAa phl0, NX GYHKLIMOHATIBHOTO COCTOS -
HUSI, a TAKKe LEeJIOro psiga OMOTUYECKUX U aOMOTHYIE-
cknx dakropoB [7]. B wacTHOCTH, XapakTep IIPOKCH-
MO-IVCTaJIbHBIX TPaAWEHTOB TPAHCIOPTa OAHOIO M
TOTO K€ BEIIeCTBAa B 3HAYMTEJILHOM Mepe 3aBUCUT OT
ocobeHHoOcTel nmutaHus peio [51, 74], a Takke MHTEH-
CUBHOCTM MUTAHUS PbIO — TP Mepexoae OT roJ0aHO-
I'0 K CBITOMY COCTOSTHUIO CKOPOCTb TPaHCHOPTAa HYTPH -
€HTOB YBEJIMYMBACTCSI HA BCEM ITPOTSKCHUM KUIIICU-
HUKa, YTO OOYCJIOBJIEHO JIOKAJbHON CTUMYJISIIIUEH
TPaHCITOPTHEIX IIpoueccoB [23, 46, 75]. Tak, moBTOp-
HOE KOpMJIeHUE MOpcKoro okyHs Dicentrarchus labrax
crumysmpyet akcrnpeccuio MPHK PepIl'l B mpokcu-
MaJIbHOM OTAejie KuinedyHuka [75]. Ilpu uccinemona-
HUM KpaHMO-KaydaJbHBIX TPaIUEHTOB TpaHCIIOpTa
CBOOOIHOI TJIIOKO3bI, a TakKXKe TJIIOKO3bI, 00pa3ylo-
Iieiics U3 MOJM- U OucaxapunoB y jaema A. brama n
kapra C. carpio ObLIa BBISIBJIEHA 3aBUCUMOCTD BEJINYM -
HbI a0COPOLIMY OT CTENEHU MOJIMMEPU3alIMU TeKCO3 U
cnocoba pacueta [46].

4. COITPAXEHHME TTPOLECCOB I'MAPOJIN3A
N TPAHCIIOPTA

Panee ObL1a BBICKA3aHa TMIIOTe3a O CYIIECTBOBa-
HUM (HEepMEHTATUBHO-TPAHCIIOPTHBIX KOMILIEKCOB,
obecrneynBalolInx NpsMylo nepeaady mpoayKToB TU/-
poJIM3a OJIMTOMEPOB Ha BXOH B TPAHCIIOPTHBIE CHUCTE-
MBI 0€3 paccenBaHMs B BOJHOM (pa3e U HE3aBUCUMBIX
TPAaHCHOPTHBIX IyTEU IJIsi CBOOOAHBIX MOHOMEPOB U
MOHOMEPOB, OOpa3yloIInXcs M3 OJuroMmepon [1].
Ilo3mHee Obla TIpeajioXkeHa MOAECTb MYJIbTHKAaHaIb-
HBIX KOTpaHcnopTepoB Wil Na* 1 IIIOKO3bI, a TaKXKe
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Na* u npyrux nyrpuentos [1, 2]. CBeneHus1, Kacaroo-
IIMecsl COMpPsIXKEHUs TMUIleBapUTEIbHO-TPAHCIOPT-
HBIX IIPOLIECCOB Y PbIO, HEMHOTOUYMCIIEHHBI U TOBOJIb-
HO TIPOTUBOpPEeYNBHI. B psige paboT ycTaHOBJIEHO, YTO
CKOPOCTb aKKyMYJISILIMU TJIOKO3bI, OOpasyloleiics
MpU TUAPOIN3E MAIbTO3bl Y IIYKU Esox lucius, oKyHs
Perca fluviatilis n xapna C. carpio, Bblllle CKOPOCTU a0-
copbumu cBOoOOMHOTO MOHOMepa [22]. BcacrkiBanue
IIMIMHA B KUIIIEYHUKE paaykHoi chopenu S. gairdnerii
MPOUCXOAUT OBICTPee M3 ITULWITIUIIMHA, YeM U3 pac-
TBOpa, C 9KBUBAJEHTHBIM KOJUYECTBOM CBOOOIHOM
aMWHOKMCIIOTHI [23].

CormocTaBiaeHNUE B YCIOBUSIX in vitro 3¢ (OEKTOB UH-
rUOMTOpa OIOCPENOBAHHOTO TPAHCIIOPTA TJIIOKO3BI
dopunzuna (10~4) M Ha TpaHCIIOPT CBOOOIHOM IJIIO-
KO3BbI, a TAKXKE TJIFOKO3bI, 00pa3yIolIeicst U3 MaJabTO3bI
¥ KpaxMmaja y jiema A. brama, 110Ka3aio, 4To GJIopu-
3MH-3aBUCUMBII KOMIIOHEHT B CIy4Jae OJITUTOMEPHOTO
TpaHcnopTa (MajibT03a) HECKOJILKO BBIIIIE, YEM B CITy-
yae MOHOMepHOTO (56 1 51% COOTBETCTBEHHO), TOJIM -
MepHoTro (KpaxMmain) — eme Hxke (32%). [lpu nsyue-
HUU BIUSIHUSI oyabavHa B TOM XXe KOHLIEHTpalluy Ha
TPAHCIIOPT CBOOOIHOM TITFOKO3bI, TITIOKO3bI, 00pa3yro-
IIeiicsa 3 MajbTO3bl M Kpaxmaja B 3KBUMOJSIPHOM
KoHILIieHTpauuu (2.5 MM), y pbIO 3TOTro XK€ Buaa MoKa-
3aHO, 4yTo MHruourop Nat—K*-AT®da3nl Gi10Kupyer
MOHOMEPHBII TpaHCIOPT ITIOKO3bI Ha 30%, oiuro-
MepHBIN — Ha 32%, monmuMepHbIit — Ha 18% [27].

OnHako B psiie padOT, BBIMTOJIHEHHBIX Ha pbhIOaX,
HaMpoTHUB, BbISIBJIEHO MpeobaagaHie CKOPOCTH aKKYy-
MYJISIIMUA CBOOOJHBIX MOHOCAXapyJI0B U aMUHOKHUCIIOT
M0 CPAaBHEHUIO C OJIMTOMEPHBIM TpaHCHOPTOM [3, 22].
VYKazaHHbIE TIPOTMBOpPEUYMS, BEPOSTHO, CBUIETEJb-
CTBYIOT O CJIaOOM pa3BUTUM y PbIO (pepMEHTATUBHO-
TPaHCIIOPTHBIX KOMILJIEKCOB.

SAKIIIOYEHHUE

Takum oOpazoM, MeXaHM3Mbl TPAHCIIOPTA HYTPU-
€HTOB y PHIO M BBICIIMX MO3BOHOYHBIX HOCTATOYHO
6mu3ku. OgTHAKO CKOPOCTh TpaHCIIOPTa HYyTPUEHTOB Y
MIEPBBIX Ha IIOPSIIOK HIXKE, YeM Y BTOPBIX. Y BBICIINX
MO3BOHOYHBIX JOMUHUPYET aKTUBHbBIMA TPAaHCIIOPT, HE-
KOTOpYIO POJIb Ha paHHUX dTallaX OHTOTeHe3a UrpaeT
obJreryeHHast nudy3usi, a gojs Ipoctoit auddysumn
HHUYTOXHO MaJia. Y pbIO, HAIIPOTHUB, B CIydae BEICOKUX
KOHIICHTpaLU CyOCTpaTOB MpeodIagaloT MeXaHU3MbI
OpOoCTOi K obaerdeHHon nuddys3un. 1o akTuB-
HOTr0o KOMIIOHEHTa TpaHCIIOpTa Y PhIO 10 CPaBHEHUIO C
BBICIIMMUM MO3BOHOYHBIMM HU3Ka. HecMoTpsi Ha 3T
pa3nuuusi, TPaHCIOPTHEIE OEJIKM SHTEPOLIUTOB, ITO-
BUIMMOMY, JOCTaTOYHO KOHCEPBAaTUBHBI U1 HE U3MeE-
HSIIOTCSI B TIpOLIecCe 3BOIIOLUY TTO3BOHOYHBIX. BMecTe
C TeM Yy pbIO 3aMETHO HMKE OTHOCHUTEIbHAS IUIOLIaAb
BCACHIBAIOIICH IMOBEPXHOCTU KUIIEYHMKA U MEHBIIIE
YUCJIO TPAHCHOPTHBIX OEJIKOB Ha €AUHUILY TTOBEPXHO-
CTU KUIIIEYHHUKA, IO CPABHEHUIO C MJIEKOIUTAIOIIVIMH.
Kpowme Toro, nj1st ppIO XapakTepHa cjiabast CTereHb CO-

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3UOJIOTUU

NPSKEHHOCTU MUIIEBAPUTENBHBIX U TPAaHCIIOPTHBIX
MIPOLIECCOB, MEHbIIas 3aBUCUMOCTbL TpaHCIIopTa OT
KOHIIEHTpAllMM KUCJIOpOoAa, 3HAYUTEIbHASI POJIb IU-
CTaJIbHBIX OTHEJIOB KMIIKM BO BCACBIBAHUU HYTPUEH-
TOB 10 CPAaBHEHMIO C BBICIIMMM MO3BOHOYHBLIMU XM~
BOTHEIMU. DTU OCOOEHHOCTH, IIO-BUANMOMY, CBSI3aHBI
¢ 001ee HU3KUMHU METa0OJIMIECKUMU ITOTPEOHOCTIMI
M 3Hepro3aTrpaTaMy Ha JIOKOMOLIMHM y PhIO, 00YyCIOB-
JICHHbIE B 3HAYUTEIILHO Mepe C MX OOMTAaHUEM B TUIIO-
rpaBUTALlMOHHOM cpejie.

OPMHAHCHUPOBAHUE PABOTHI

Pabota BeIMOJIHEHA B paMKax IoCyIapCTBEHHOIO 3ama-
Hust (Tema Ne AAAA-AI18 118012690102-9).
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The review briefly addresses the mechanisms underlying the micro- and macromolecular transport of proteins,
fats and carbohydrates in the fish intestines. A special focus is on the specific features of some mechanisms of the
micromolecular transport of peptides, amino acids and hexoses, as well as craniocaudal transport gradients, in
fish compared to mammals. Transport proteins emerge at the earliest stages of fish ontogenesis, before the tran-
sition of fish larvae to exogenous feeding. The reasons behind the differences in the intestinal transport systems

are analyzed.
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