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JIvgigcvruil Hayionaavruil yrnigepcumem im. leana Ppankra

OcnosHi cucremu tpauncnopry K+, H*, Cl-, Ca?" uepes
KaHAJM y CIIepMaT030ilaX CCABI[iB

VouHi KaHAIN KIiTHHHOI MeMOpaHH MAalOTh Ba’KJIUBe SHAUEHHA B JKUT-
TEMiANBHOCTI KIiTuHU. BOoHU — OCHOBA JKUTTH, aaKe 3a0e3IeuyioTh 30y /1JI1-
BicTh HEPBOBOI cUCTEeMU, IIepeJaHHAa HEPBOBUX iMIYJbCiB i3 HepBa Ha M’ a3,
CeKpeIio ropMOHiB, pyXJmBic'rL CIIEpMAaTo30iIiB, iX aKPOCOMHY peaxuifo.
AKTuBaIia HOHHUX KaHaJIB 3aIllycKae KacKamau (1)1310J10r1t1H1/1x peaRum,
II[0 3YMOBJIIOIOTH Hallle MUCJIEeHH, poboTy cepiieBOTo M’sf3a i AUXaJbHOI
niapparmu, epPTUILHICTD, 8 HABITh CXUJIBHICTh. 3arajioM BoHU 3abe3meuy-
IOTHh OOMiH KJIITMHU 3 HaBKOJIUIIHIM CepegoBUINEM PEYOBMHOIO, eHepricio,
iHgopmartrieto, mpoitecu 30ym:xeHHs Tomto [7—9]. IIpakTuuno Bci disiosto-
riygi Ipomecyu B OpraHismi iHIIiIOIOTHECA BIIKPMBAHHAM MOHHUX KaHAJIB.

Wouni xamaam — 1me TpaHCIOPTHI OiIKM, 3aBOAKN AKUM IiATPUMYETh-
csd PiSHUILA IOTEHIiaJIiB Mi)K B0BHIIIIHBOIO i BHYTPIIIIHBOIO IOBEPXHAMU
KJiTUHHOI MeMOpaHU BCiX KHMBHUX OpraHiamiB. 3a iX [JOIOMOIOI0 HOHU
TPaHCJIOKYIOThCSA Uepe3d MeMOpaHy BiAMOBIZHO O eJIeKTPOXiMiuHmX rpa-
mientis. Yepes oHHI KaHaau TpaHCIOKyMOThcsa Koumum Na', K, Ca?", HT,
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CI™ ra im. Ilig uac Bi,II;RpI/IBaHHH 3aKpPUBaHHS NOHHUX KaHAJIB 3MiHIOETH-
cs KOHIIEHTpAIlisg HoHiB i3 000X OOKiB MeMOpaHmu, a TaKO:K BiZ0OyBarOTLCSA
3CyB MeM6paHHOI‘O IIOTeHI[iaJy Ta 3MiHAa KOHIleHTpalil ionizosanoro Ca?*
B KJaituni [1, 6, 8].

Memb6panHi KaHaIM MalOTh BiZHOCHY BMOiIPKOBiCTH CTOCOBHO THUIIY MO-
JeKyJI, AKI MOXKYyTh uepe3 HuX mnpoxonutu [6]. Hampurimazx, xanbiiesi,
HaTpieBi, KajJlieBi KaHaJIM He NMPONMYyCKAIOTh iHIMI HOHM, OKpiM cmemudiu-
Hux. Taka BuOipKOBiCTh KaHaJly 3yMOBJIEHA HOTO 3apsSAOM i CTPYKTYpPOIO.

Ilis mpoBeleHHSA IOTOKY MOHIB uepe3 CBOIO IIOPY MOHHI KaHAJIU BUKO-
PUCTOBYIOTH pPisHUIIO IMOTeHMiasiB. IlodadAK cTpyM, IO BUHUKAE MiJl yac
PyXy HOHIB, MOKHA BUMipATH, IPUUYOMY HABITH IJIA ITOOAMHOKOTO KaHATY,
3a IOBEIiHKOIO HOHHMX KaHAJiB JIerko cmocTepiratu. Kamaam croHTamHO
M yacTo BiAKpPWBAIOThCS 1 3aKpmBalThesd. I mi mepexonu 3 omHiel gopmu
B iHITy MOXHa BUBYATH BiJIIOBIIHMMHN METOJaMH.

Wouni xaHaiu — BUCOKOOPTaHi3oBaHiI CTPYKTYpPHU, B AKUX IIBUIKO PY-
XalOThCA €JeKTPUUHO HeHTpasbHI Ta 3apAiKeHi MOJEeKYJIAPHiI rpynu.

IcHyOTEH gecATKY pisHOBUAIB HOHHUX KaHaaiB. Haliboiaeily rpymy yTBO-
poOIOTh KajlieBi KaHaau, KYAW BXOAUTHL OJM3BKO COpoKa BHUAiIB. KokeH
pisHOBUI yHiRaJIbHI/Iﬁ 32 XapaKTepHUCTHKaMU i q)yH}cuiﬂMI/I, AK1 BUKOHYE.
Hanpmcna,u;, KajieBi KaHaMM BeJIWMKOI IMPoBigHOCTI (Ueped HUX MPOXOAUTH
OinmbIta KiMbKicTh HOHIB KaJrito, HixK uepes iHImi) CKJIa/iai0ThCHA 3 BEIMKUX
dparmMeHTiB 6iNKa, CyGOAMHUIIH, STOPHYTUX V 0-CIipasb. I1X IOIOBHIOIOTH
JOCUTHL KOPOTKi (hparMeHTH, AKi KpPiM HEepBMHHOI CHipaJIbHOI BOJIOHiIOTH
TaKO0X BTOPUHHOIO CTPYKTYPOIO.

YBamaioTb, II0 BaKJWBa PoJb y (PYHKI[IOHYBaHHI cIiepMaTo30iIiB Bing-
BOJHTECSH K*-ranamam [11]. o K*-kanaiiB, aKi akTUBYIOTECA TIpU AeToJLs-
pnsauu i uepes aki Bl,I[6YBa€TBCﬂ penonﬂpnsamﬂ MeMOpaHu 3a MOTEHIiATY
Iii, HaJeXKUTh POAMHA KaJlieBUX KaHaJiB BXiTHOTO BUNIPAMJIEHHS (1nwardly
rectifying potassium channels, Kir), mo ckiazaeTbcsa 3 ceMu HigpOAUH
(Kirl-7) [11]. IIi mizpoguau MOXKYTh OyTH AudepeHIiioBaHi HAa YOTUPHU
GYHKI[IOHAJBbHI I'pymu: mocTiiHo akTuBHI kjaacuuHi Kir-xkamamu (KIR2),
G-6ismok-peryanoBaHi (G protein-gated) Kir-xamanu (Kir3), AT®-3anexHi
K*-xananu (Kir6), mos’ssaui 3 kaiTuaaum merabosismom i K*-rpancmoprHi
kamaau (Kirl, 4,5 i 7). Cepen 6aratbox KiaiTunHux (yurmiin Kir-kama-
JU BimirpamoTh BaiKJUBY POJIb Y HiATPMMaHHI MeMOpPaHHOI'O IOTEHIiaay i
K*-romeocrasy, 30yaauBoCcTi MeMOpaHHU.

Tpauckpuntu cybommuuilb ATd-3anieXHOTO KajlieBOro KaHaIy (ATP-
sensitive potassium channels, KATP) SUR1, SUR2, Kir6.1 i Kir6.2 6y.JII/I
BUSIBJICHI B IIOJOBXKEHHUX CIIepMaTHUIAX i CIlepMaTo30igax 3piamxX MUIIIeii.
Kir-xananau iHrioyiorbca ausbKuMu sHaueHuamu pH [11]. ImoBipHo, Kir-Ka-
Haau, 3okpemMa K, p-KaHaau, COPUAIOTH TillepHoJiapusaliii, moB’sa3aniii i3
KalamuTallielo B CIepMi MUIIIEH.

KSper (Slo3). K*-ctpym uepes KSper-kananu (Igg,,) € €IMHUM BHUAB-
JIEHVUM TillepIojaApusy0ouuM CTPYMOM y CIepMaTos30ifax i 3HAYHOI Mipoio
BHU3HaYae Iix MeM6paHHI/H/I IIOTEHI[iaJ CIIOKOIO0 [33] Ixsper AEMOHCTPYE MiHi-
MaJbHY 3aJIeKHICTH Bij 4acy Ta Hanpyru i € BigHOCHO K'-celeKTHBHUM.
ITpunyckaeTsed, mo Igg,, pearisyerbca Slod samexHo Bif #oro JoKamisamii
B TKaHMHaxX [33].

TinbKu HemZaBHO II0KaBaHo, II10 Slo3 cy60/:[mmuﬂ IpeacTaBJieHa JIMIIIe
B CIIepMAaTOTeHHUX KJITHMHaAX i cnepmaTosomax [23, 50], Ma€ BaYKJIUBe
3HAUEeHHA IJIA PYHKI[IOHAJIBHOI aKTUBHOCTI CIIepMATO30iiB; ITOKa3aHO, II10
Slo3™/~ camui muimeit 6esmaigui [36, 40].

Temeruuna menernisa Slo3 inrioye mosuicTio pH-s3anexuauit K -ctpym mpu
diziogoriuHMX 3HAUEHHSIX MeMOPAHHOTO IIOTEHIIialy B CIepMaTo30imax
nmpugatka seuka muiineit [566]. Slo3/” mwuimni GesmaigHi i He BUABJISIOTH
3ajie;kHOI Bim Kamamurailii memOpaHHOI Timepmojasdpusallii, Tako:K MoOp-
dostoriuni mopyiienua Slo3-aedinluTHUX CHepPMATO30iAiB TOTINOJIIOIOTHCA
rimorouiunum crpecom. HerkamamuroBani Slo3™/~ cmepmaTo30igy TaKOMK
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MaloTh Ae(eKTH PYyXJUBOCTi, AKi MOXKYyTh OyTH IOB’sA3aHi 3 HeoOXimHicTIO
OCMOJIAPHOI azamTarlrii miJ yac ciepMaToreHesy i mMo3piBaHHS CIepMAaTO30-
igie [66]. Tixpxu 10 % Slo3/~ cmepMaTo30iAiB 3MOIVIM 3AILILAHATHA SHAILE-
KJITUHU ITiJi Yac eKCIIEPUMEHTIiB 3aIllifHeHHA in vitro.

Slo3 cTpymu BimcyTHI B TeCcTHUKYJsapHii cmepmi Slo3/ murrein [47].
Cuepmarosoigu Slo3™/~ muimeil He MOMKYTh PYXaTHCh IOCTYIIAJIbHO, Tilep-
MOJIAPU3YBATUCH i MPOXOAUTH aKPOCOMHY peakitiro [47].

AxruBanis xamany Slo3 Mae BupimainbHe 3HAYEHHs OJIs IIPOIECiB,
OB ’dg3aHNX 3 KallallUTallicl0, HeOOXIiMHUX IJd 3allIiJHeHHICd.

IIporon-cenexkTuBHMII MoTeHniadKkepoBauuii kanaa Hvl (voltage-gated
proton channel, HVCN1) kaonyBanu B 2006 p. [43, 48]. IloTeHnIiaakepo-
BaHUII IPOTOHHUI KaHAJ OYB imeHTHu(hiKOBaHUU Y CIIepMaTo30igax JIOAUHI
[34]. Hen He3BUYAWHWN KaHaJ CKJIajaeTscd 3 JOMEHY CeHCOpa Halpyru
TOMOJIOTIYHOTO A0 TAKOTO K Yy IOTEHIliaJKepOBaHMX KAaTiOHHMWX KaHaJjax
[43, 48]. Hvl moJseKyaum AuUMepu3yOTbCs, aje KoskHa Hv1 cybommuuis
MOsKe (PYHKI[IOHYyBaTU CAMOCTiMHO AK IIOTEHIiaJIKePOBAHUN ITPOTOHHUN Ka-
maxa [30, 31, 51]. OcuoBHa Gyukiia Hvl, manpukiaazn y ¢garonurax, mIoJsd-
ra€ B TOMY, I00 MO3BOJUTU BHYTPIMTHBOKJiITUHHUM HIPOTOHAM 3MEHIITUTHU
€JIEKTPOXiMIiUHUN IPaZliEHT, OCKIIbKY €JIEKTPOHU BUTICHAIOTHCSA 3 KJIITUHU
yepes NADPH-okcugasy (NOX), 6mokyBamus Hv1l mpurHiuye Bpom:KeHy
dyurio imyritery NOX [42, 44]. Hv] xapaKTepu3yeThCcA CUIbHOIO 3aJIEK-
HIiCTIO BijJf HATIPYTW Ta aKTUBAIi€l0 BUCOKUM BHYTPiNIHbOKJITHHHUM [H'].

Xouya HmOTeHIiaJKepoOBaHMI IPOTOHHUU KaHaJ, ileHTu(iKoBaHUN Yy
cIiepMaTo30ifax JIOANHN, BOJIOAiE€ eJeKTPo(i3ioIoriyanMy BJIaCTUBOCTIMM
Hv1 [34, 35], itoro (¢yHKIIi€l0 B clepMaros3oifax MoOKe OyTH He TiJIbKU
nigrpumyBanuaa NOX. Hv1l aktusye pH-3ane:xHi 6i1K1u akCOHEMH i, TaKUM
YMHOM, KOHTPOJIOE PYXJUBicTh cmepmarosoixis [29, 34, 35].

Hv1 cmepmaTo30ifiB IPOBOAUTL HPOTOHUM HabaraTo IIBUAIIE T edeK-
TUBHiIIIEe, Hi’K OOMiHHMKHK ab00 TpaHCIOPTEPHU, i TPAHCIOPTYE iX OSHOCIPSI-
MOBAHO B MO3aKJITHHHUUN IIPOCTIp.

Imma moskamuBa poJib, BigBemena Hv1l, — perymroBaHHs roMeocTasy BHY-
rpimubokIiTuHHOrO Ca?". fK BiZmomoO, cepen ycix HaABHHX HEOPraHiuHMX
enemventriB jgwuiiie Ca?’ € BTOpUHHHM MeCeHIKepoM i Bimirpae yHikamabHy
poJib ¥ KJITWHHIN curHasmisarmii Ta peryasamii 6araTbox KJIITUHHUX (QYHK-
min [7-9, 11, 38, 45].

Ca?*, rparckIoKkoBauuii uepes pH-peryaposaunii (pH-regulated) Ca?*-ce-
aexktuBHuit kanan CatSper (cationic channel of sperm), BiaHOMHOByeTLCH
3a JOIIOMOTOIO Ca?"-AT®asu JUKTYTHKA, KA TPAHCIOPTYE Ha30BHI IIUTOII-
gasmarnunuii iton Ca?'t Bzamin Ha BXOJI3KEHHA HpOTOHlB Ile mpusBOAUTH
Io sumKeHHA pH, y MKIyTUKy Ta moTeHmiiHoro npuruiuenns CatSper Ka-
Hany. 11106 YHUKHYTH IILOTO SBUINA i MOBEePHYTU CUCTEMY M0 CTATYC-KBO,
Hv1 mae sbamarcyBatu pHi mIpoTOHHOIO eKCTpy3i€io.

Hv1l akTuByeThCcsa 3a gomomororo KoMmoOimaiiii rpamienra pH i memoss-
pusarii membpanu [17, 34, 43, 48].

CroromHimiHi meTy-KJIeMI-eKCIIEPUMEHTH 3i cliepMaTo30ifjaMu IpUAaT-
Ka s€YKa MUIIell He BUABWJIM NPOTOHHUX cTpyMmiB [34], i Hvl-gedinuTHi
MUIIL He OeMOHCTPYIOTH JedeKTu HapomKyBamocTi [42, 44].

Hv1 Bixmirpae BasKJImBY poJib y peryiadiii pH, cmepmaTos3oiniB JoauHM.
Bin mo:ke IOTEHIIIITHO BILTMBATH Ha MalyKe KOMKEH acIIeKT IIOBEeIiHKU CIIep-
MaTO030iIiB y KiHOUMX CTaTeBUX MLIAXAaX, BKJIOUYAIOUN iHiIiaIiio pyxauBo-
CTi, Kamaurailio, rimepakTuBaIlifo i akpocomuy peakritiio [17, 34, 43, 48].

AT®-zanexuuii P2X2 wkaman (the ATP-Gated P2X2 channel). Hoci
IIPO PeIeNTOPKEePOBaHiI CTPyMU B CIIEpMAaTO30iJax MUIIlell He ITOBigoMJIs-
Jock. Ilicia mepeBipKu AeaKUX HeHpPOTpPAHCMIiTEpiB Ta iHIIMX GioJOTiUHMX
MOJIEKYJI Ha 1X 3JaTHICTH iHAYKYBATH CTPYMH HMOHHUX KaHAJIB y IiJIoMYy
cIepMaTo30igi 3HalfeHo KaTioH-HecejdeKTuBHUK, Ca?'-mpoBigHuii crpym,
AKUN aKTUBYETHCA 30BHIMTHBLOKJIITHHHOIO AT® (I,p) [39].

Pisui mypuHepriuHi penenTopu maasmatTuuHoli memOpanu ATP (P2
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peuenTopH) 6ym/1 3HaWeHi B cmepMaTo30izax 3a AOIIOMOTOI0 iMMYHOITUTO-
XiMmiuHMX ,Z[OCJIl,D;)ReHI) [1]. 3’sacoBamo, mo AT® Bucrymae IIOCEPeSHUKOM
3pocTaHHA BHyTpimuboKJiTHHHOrO Ca?" [54]. IlokasaHo, 10 IOBETiHKA
IIbOT'O OBLIBHO JeceHcnbinidyouoro i AT®-aKTHBOBAHOTO CTPYMY IIPSAMOTO
BUIIPAMJIEHHS Mae OiodismunHi Ta dpapmMarosoriuHi BIACTHUBOCTI, AKi imi-
TYIOTh BJIACTMBOCTI OJIiITOMEPHUX KaTiOHHUX KaHAaJIiB reTepoJIOTiuHO BHUpa-
Keraux P2X2 [39]. Kpim nworo, I, BifcyTHiTT v ciepmaTo30oigax MUIei,
moa30aBiaenux rena P2rx2. HesBarkawoum Ha BTpaTy l.p, P2rx2-medimurhi
MMUIITL q)emeIBHl T8 MalOTh HOPMAalIbHY Mopd0JIoTifo, KiJTbKiCTh, PyXJH-
BiCTb i BiICOTOK CIIEPMAaTO30iAiB, 10 IPOXOAATH AKPOCOMHY peakuiio. Xoua
depruabHicTs P2rx27/° caMIliB 3HUKYETHCSA IPU YACTOMY CIAPIOBAHHI.

Kanaau, xKepoBani muriaivauvu nyraeorumamu (Cyclic nucleotide—
gated channels, CNG), Mo:XyThs OyTHu BigmosigannHi 3a Hagxomxennsa Cazt
Yy cIIepMaTo30i[, BUKJINKAaHe MUKJIiYHIMET HyKJaeotuaamu [53]. HattHoBimne
baueHHA Iiel Momesii HIPUIIYCKAaE, IO IIUKJIIUHI HYKJIEOTHUIN aKTUBYIOTH
KaHaJHU, [0 AKTUBYIOTHCA TillepIoJIIpH3aIlicIo i MUKIIYHUMU HyKJIeOTHIa-
mu (Hyperpolarization-activated cyclic nucleotide-gated channels, HCN),
YVHAaCJHiOK YOTOo BimOyBalOThCA AEHOJNApH3allid i momaabllie BiAKPUTTSA
Ca?'-kanauis [15, 28] Murmi i sfofn 8 HEIOBHOIIHHMMU KaHAIaMM CNG
i HCN (pepTHJIbm ¥ He IIOKA3aHo, IO y HUX HasIBHi AedexrTH byHKITIH
CHepMaTOBOLL'[lB Kpim mworo, goci CNG a6o HCN cTpywmiB y CIIepMaTo30-
imax muiei abo JoauHU He 3apeecTpoBano. Hapermiri, CatSper Bigmosizae
3a cAMP/cGMP-ingykoBane Hamxomskenasa Ca?" y cmepmarosoigu [45];
IMUKJIYHI HYKJEOTHUIN MOMKYTH HempsaMo aktuByBatu CatSper, iiMmoBipHO,
yepes IMpoTeiHKiHaza A-zajie:KHUI MexaHisM.

Poguna OHHMX KaHAJNIB TPAH3i€HTHOTO PEIENTOPHOIO IOTEHIIiaxy
(transient receptor potential ion channels, TRP) cknagaersca 3 28 uieHis,
noxinenux Ha 6 miapogua: TRPC, TRPV, TRPM, TRPA, TRPML i TRPP
[21, 27, 37]. HemtogaBHO BUABJIEHO, 1110 AeAKi 3 uieniB TRP dyHKIioHYyIOTH
y 3pinmux cumepmarosoimax. o Hux mane:xars TRPMS8, TRPV1, TRPC2 ra
in. [21, 27, 37]. Hanpukaan, 6imoxk TRPC2, BusaBieHnuii y criepmaTosoigax,
i aamu-TRPC2 amTuriio moHmskye crabinpumii Ca?'-curman y cuepmaro-
3o0igax MuIlei, iHAYKOBAaHUM NMpoTeiHAMU OOOJOHKU SHIEKJITHHU i zona
pellucida-innyKoBaHol aKpPOCOMHOIO peakiiiero [27].

Ponuui TRPC BigBomuThcsa iMOBipHa poJsib AemokepoBaHuX (storeo-
perated) i penenropkepoBanux (receptor-operated) kariounux xKanajais. Y
faraTbox KJiiTmHax cuycromeHHa Ca?' gemo remepye BOPITHHMI CTPYM, IO
0B’ I3y€ BUBLIbHEHHsS BHYTPIMIHbOKJIITHHHOrO Ca?' 3 BIAKPUTTAM LemoKe-
poBaHUX KaHaJiB y miaasMatuuHiii memOpaui. TRPC-kaHaau MOXKYTb OidTH
AK KaHIUIATH MOJEKYJIAPHUX CyOCTaHI[IH AJA AeIOKepoBaHUX KaHaJiB,
110 BiAmoBizaroTh 3a Tpusaie migsumienns Ca?’, HeoOXigHe AJIA HOPMAJIb-
HoTo (piziomoriumoro ¢pyukriionyBanua [32].

TRPC-kaHamu QpyHKI[IOHAIBLHO BaKJIWBI AJd aKTHUBAIlil cliepMaTo30igiB
[19]. TRPC1, 2 (tinbku y mwuimreit), 3, 4, 6 i TRPP2 excmnpecyrmorbcsa B
criepMmaTosoizax ccaniiiB [41].

MPHK nna TRPC1, 3, 6, i 7 6ysnu imenTudikoBaHi B cliepMaTOreHHUX
KJiTHHAX JIIOOWHN 3a AOIOMOIOI0 3BOPOTHO TPAHCKPUHIIIMHOI IIoJIiMepas-
Hol JaHIToroBoi peakii [41]. Kordorkanrbua Henpama iMyHOMIyOpecIeH-
mia moxkasana HagsHicTe TRPC1, 3, 4 i 6, mo-pisHoMy JoKadi3zoBaHUX Y
cIiepMaTo30igaxX JIIOJAUHU.

Xoua koporkouacue migsuiriens [Ca?']; uepes Ca?'-kaunanu T-tumy mosxe
OyTH HeOoOXimTHUM IJig 3aIyCKy MeXaHisMy KalaluTallili cliepMaTo30imiB,
aKpOCOMHA peakIlis BHUMAarae IocTiiHoro mHaaxomkenHHsa Ca?’, axe Moxxe
BimoyBaTuca uepes TRPC-kamamu. TRPC-rkamanu, #iMOBipHO, He MalOTh
BUPIMIAJIBHOTO 3HAYEHHA MJIA TillepakTuUBaIrii.

TRPM-kaHa u BigmoBimaioTh 3a CIPUNAHATTS, cepel iHIIUX IOAPasHU-
KiB, TeMIepaTypu, OCMOJIAPHOCTi, HAIpyru, i pH [52]. ¥V mekinbkox mocJri-
JUKEHHAX MOBIIOMJISAETHCSA IIPO HAABHICTH TePMOUYYTJIUBOTO KaHaay TRPMS
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y cuepmarosoigax jioguuu [16, 37]. Ileit kamaa MoKe BimirpaBaTu meBHY
poab yV KIITHMHHIN curHasisamii (HampuKJIazm, y MexXaHisMaX XeMOTaKCUCY
i TepmMoTakcucy, 1o 0epyTh y4yacTh y KepyBaHHI cIIepMaTO30ifiB mmim uac
3aIlIiTHeHHT).

TpancmeMOpauHuil peryaaTop MyKoBiciiumosy — cAMP-moayaboBaHMii,
AT®-3anexunii Cl -kaumaa (cAMP-modulated, ATP-dependent Cl -channel,
CFTR (cystic fibrosis transmembrane conductance regulator)) 6y BusBe-
HUU y cepemHill yacTHHI IKTYTUKIB criepMaTo30ifiB murtiei i sroguau [22,
55]. BumiproBanHsa MeMOpaHHOTO HOTEHIIiaNy ImokKasanu, 1o cAMP moxxe
3akpuBaTu emiteaianbHi maTpieBi ramamu (Epithelial sodium channels,
ENaCs) muiaxom aktusaiiii CFTR i Tum camMmuM cunpusaTu rinmepmoJispusa-
11ii, moB’sI3aHol 3 KamaruTailieio [22].

Kpim mporo, mokasano, mo Cl -kaHaa raimuHoBoro penentopa (glycine
receptor/Cl™ channel) 6epe yuacTs y soHaingykoBaniii (zona-induced) akpo-
COMHIi# peakriii sioguuu [49].

BucnoBku. VzaraabHeHO ¥ IIpoaHasi3oBaHO cydacHi JiteparypHi mami
o0 GYHKIIIOHYBAaHHS i BJIACTHBOCTEIl OCHOBHUX CHCTEM TPAHCIIOPTYBAH-
HA UWoHIB (MOHHI KaHaau), AKi Oyam imeHTudikoBaHi y cmepmarosoigax
ccaBiis. Onucano TpancnoptHi cucremu K', H", CI", Ca?" Ta ix BILIMB Ha
(GYHKI[IOHAJIbHUHN CTAH CIEPMATO30igiB i (epTuabHiICTH ccasiliB. Oxapakx-
TePU30BAHO CHCTEMM TPAHCHOPTY HMOHIB uUepe3 KaHAJU, HAABHICTHL SAKHX
BUSBJIEHO Y CIIEPMATO30iax JIIOJWHU.
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Principal Passive K*, H*, Cl-, Ca?*" Transport Systems
in Mammalian Spermatozoa

N. MAKAR
Ivan Franko Lviv National University

The article summarizes and analyzes published material related to the functioning
and properties of passive ion-transporting systems in mammalian, in particular human
spermatozoa. Transporting systems of K*, H', Cl, Ca?' and their impact on sperm func-
tional status and mammals fertility were described. Close attention was given to ion-
transporting systems, the presence of which is proved in human spermatozoa.

Spermatogenic cells and sperm have been reported to possess Ca?"-activated K*-chan-
nels, voltage-gated K*-channels, two-pore domain K* channels, inwardly rectifying K*
(Kir) channels and Slo3 K* channels.

The potassium voltage-gated channel Ksper (Slo3) expressed only in spermatogenic
cells and sperm, has only recently been shown to be fundamental for sperm function.
Ixgper is the only detectable hyperpolarizing current in spermatozoa and largely sets its
resting membrane potential. It is suggested that Ixg,, is encoded by Slo3 on the basis
of its tissue localization and other properties. Slo3—/— mice are infertile and do not ex-
hibit capacitation-dependent membrane hyperpolarization. Incapacitated Slo3—/— sperm
also have modest defects in motility. Only 10% of Slo3—/— sperm were able to fertilize
oocytes during in vitro fertilization experiments. Slo3 channel activation is pivotal for
the capacitation-associated processes necessary for fertilization.

It is feasible that K" inwardly rectifying channels Kir such as the K,;» channels con-
tribute to the capacitation-associated hyperpolarization in mammalian sperm.

Recent evidence has revealed that mammalian sperm, particularly those of human,
express HV channels. A voltage-gated proton channel Hvl (HVCN1) appears to play an
important role in the regulation of human sperm pH,. Another possible role assigned to
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Hv1 is the regulation of intracellular Ca?" homeostasis. By functioning so, it can poten-
tially influence almost every aspect of sperm behavior in the female reproductive tract,
including initiation of motility, capacitation, hyperactivation, and the acrosome reaction.

Cyclic nucleotide-gated (CNG) channels have also been proposed as mediating sperm
Ca?' influx. CNG channels may be responsible for the cyclic nucleotide-induced Ca?" influx
in sperm. A more recent variation of this model proposes that cyclic nucleotides activate
the hyperpolarization-activated and cyclic nucleotide—gated (HCN) channels, resulting in
the depolarization and subsequent opening of Ca?" channels.

Several of the 28 members of the transient receptor potential (TRP) ion channels
were recently proposed to function in mature spermatozoa. Particularly, TRPC chan-
nels may act as candidate molecular entities for storeoperated channels that are re-
sponsible for the sustained Ca?" elevations necessary for normal physiologic function.
Some of TRPC channels, that are functionally important in sperm activation, have been
expressed in mammalian sperm. Few studies have reported the presence of a thermo-
sensitive channel TRPMS8 in human sperm. This channel might have a role in cellular
signaling (i.e. thermotaxis and chemotaxis mechanism involved in guiding the sperm
during fertilization).

CFTR - cAMP-modulated, ATP-dependent Cl- channel have been detected in the mid-
piece of mouse and human sperm flagella.

Other channels, that regulate the membrane potential and intracellular ionic concen-
tration and thus serve a central role in various cellular processes in spermatozoa, have
also been mentioned.

Key words: spermatozoa, ion transport, ion channels, potassium.



