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Ecological Niche as the Factor Determining
Cryoresistance in Fish Spermatozoa

PedepaTt: B paboTe npoBefeHO CpaBHEHWE KPUOPE3UCTEHTHOCTU CNepmMaTo3ouaoB pblb M3 pasHbIX 3KONOrMYECKUX HULWW U
obbsicHeHa NpupoAa pasnuuuii Ha OCHOBaHWM Pe3ynbTaToB COBCTBEHHbIX MCCNEAoBaHUA U AaHHbIX Apyrux aBTopoB. C ucnonb-
30BaHMEM METO[OB KPUOKOHCEPBUPOBAHWSA U BU3yanbHOW OLIEHKN MOABWXHOCTU CMEpMbl YCTaHOBIEHbl pasnuynsi Kpropesuc-
TEHTHOCTW crnepmaTo3ouaoB pbib, HepecTswmMxcs B npecHon Boge npu temnepatype 0...10°C (6 BugoB rnococeBbix pblib),
18...25°C (5 nopoa kapnoB) 1 Mmopckon Boge npu 16...25°C (kedanb-CUHIUMb). YCTAaHOBNEHO, YTO KONMUYECTBEHHbIE N KaYeCTBEHHbIE
pasnuunst B NOABMXHOCTU Pa3MOPOXEHHOW cnepmbl pbl6 U3 pasHbiX 3KONMOMMYECKMX HULL, 06YCnoBneHbl PasHoW NPOYHOCTLIO MEX-
MOMNEKYNSPHbIX CBA3EW NUNMAOB MEMOPaH M COOTHOLLEHNEM MeXAy KOMMOHEeHTamu, ornpeaensiowmm obpasoBaHne ruapodunbHbIX
nop npu a3oBbIX Nepexoaax NMnuaoBs.

KnioueBble cnoBa: dKofornyeckas Hulwa, Temnepatypa, COneHocTb BoAbl, pbibbl, cnepmMaTto3onabl, KpMOMNOBPEXAEHUS,
KPMOPE3NCTEHTHOCTb, MAPOMUIbHBIE NOPbI.

Pecbepat: Y poboTi NnpoBeaeHO MOPIBHSHHS KPiOPe3MCTEHTHOCTI cnepmaTo30ifiB pub i3 pisHUX eKOMOriYHUX Hill Ta NOSICHEHO
npupoay BiAMIHHOCTEN Ha OCHOBI BRaCHMX OOCHISKEHb Ta AaHWUX iHWKUX aBToOpiB. 3 BUKOPUCTAHHAM METOZIB KPiOKOHCEpPBYBaHHS
cnepMu Ta BidyanbHOI ouiHkK ii pyxnuBocTi Gyna BM3Ha4YeHa Kpiope3nCTEeHTHICTb cnepMu pub i3 HepecToM y npicHin Bodi 3a
Temnepatypu 0...10°C (6 BuaiB nococesux pub), 18...25°C (5 nopig koponis) Ta mMopcbkin Boai npu 16...25°C (kedanb-CiHrinb).
BcTaHoOBNEHO, WO KiNbKiCHI Ta siKiCHi BiAMIHHOCTI B PyXNIMBOCTi pO3MOPOXEHOT cnepMu pub i3 pi3HUX EKOMNOriYHMX Hill 06yMOBnEHi
Pi3HOI MILHICTIO MiXXKMONEKynsipHMX 3B'A3KiB Ninigis MeM6paH Ta criBBiOHOLIEHHSM MiX i1 KOMNOHEHTaMU, sike BU3HAYaE YTBOPEHHS
rigpodinbHMX Nop npu gasoBux nepexoaax ninigis.

KniouoBi cnoBa: ekonoriyHa Hila, TeMnepartypa, CONnoHicTb Boau, pubu, cnepMaTo30iam, KpioyLUKOAXEHHS], KPIOPE3UCTEHTHICTb,
rigpodineHi nopu.

Abstract: In this research we have compared the spermatozoa cryoresistance of fish species from different ecological niches
and explained the nature of differences based on our own results and published data. Differences in spermatozoa cryoresistance
of fish species, spawning in fresh water at 0...10°C (6 species of salmonids), 18...25°C (5 species of carp) and in marine water at
16...25°C (mullet-golden mullet) were established using cryopreservation and visual assessment methods for sperm motility. Quantitative
and qualitative differences in motility of frozen-thawed fish sperm from different ecological niches were established as stipulated by
different strength of molecule-to-molecule bonds of membrane lipids and the ratio between components, determining the formation of
hydrophilic pores at lipid phase transitions.

Key words: ecological niche, temperature, water salinity, fish species, spermatozoa, cryoinjuries, cryoresistance, hydrophilic
pores.

B mporiecce anmTenbHOM ABOJIONUH cpenia o0uTa-
HUS pBIO pacmIMpuiack OT APKTHUKH U AHTapKTUKH
¢ Temneparypou Boas! ot —1,91°C no ropsiaux Box
ITyCTBIHB ¢ TeMHepaTypoil 52°C, 0T MeNKoBOAbA Ipec-
HBIX 03€p M PeK J10 ITyOOKUX COJIEHBIX BOI MOpEH H
okeaHoB [ 13]. YcTaHOBJIEHO, YTO YCIOBHSI OOMTAHUS U
Pa3MHOXEHUS pbIO OKa3zanu BIMSHHE Ha CBOMCTBA
PEeNpPONYKTUBHBIX KJIETOK, OJHAKO CPaBHUTEIBHBIX
JAHHBIX OTHOCHUTEIFHO KPHOYCTOMYHUBOCTH CIIEPMATO-
30HMI0B PBIO M3 Pa3HBIX FKOJIOTHUECKUX HUII TIOTY9IEHO
HepocTtatovHo [5]. Kpome Toro, ObuTH M3y4eHBI pa3-
JMWYHS KPUOYCTOWYHNBOCTH CIIEPMATO30UIOB PBIO
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During long evolution the fish habitat extended
from the Arctic and Antarctic with water temperature
from —1.91°C to desert hot waters of 52°C, from
shallow of freshwater lakes and rivers to deep salt
water of seas and oceans [32]. Fish habitat and repro-
duction conditions were established to affect the
properties of reproductive cells, but there were not
enough comparative data on fish spermatozoa cryo-
sensitivity from different ecological niches [7]. In ad-
dition, the differences in fish spermatozoa cryoresis-
tance of only two spawning niches have been studied,
but the mechanism of their cryodamage and the
1
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TOJILKO U3 ABYX HUII HEPECTA, HO MEXaHU3M HX KPHO-
MTOBPEK/ICHUS ¥ IPUYHHBI ITOSIBIICHHS KAY€CTBEHHBIX
paznuunii He BhIACHEHBI. [103TOMY Lenbo paboThI
OBLIO CPaBHUTH KPUOPE3UCTCHTHOCTh CIIEPMATO30HU-
JIOB PBIO U3 pa3HBIX IKOJOTHYECKUX HHUII, OOBSICHUTD
MIPUPOJTY YCTAHOBJICHHBIX PA3IUYNNA U MEXaHU3M
MTOBPEX/ICHUI Ha OCHOBAaHUH PE3yJbTaTOB COOCTBEH-
HBIX UCCJIEZIOBAHUH U JAHHBIX IPYTHX aBTOPOB.

MaTtepuaJibl M METOIbI

OOBEeKTOM M3Yy4eHHUs ObUIM CTIEPMAaTO30UABI pa3-
HBIX TIOPOJ] KaproB, HEPECTALINXCS B MIPECHOM BOJE
npu Temneparype 18...25°C, nococeBrix Kamuatku,
Caxanuna u [Ipubantuku ¢ TeMnepaTypoil HepecTa
0...10°C, a taxxe xedanu-cunruns Liza aurata
(Risso0), HepecTsIIeHcs B COIEHOH BOie A30BCKOTO
Mopst ipu 16...25°C. [{iist uiccnie0BaHUs CIIEPMBI PBIO,
HEPECTSINXCA B PECHO BOJIE, HCIIOIB30BAIH paspa-
00TaHHYIO HAaMU ISl CIEPMBI KapITOB KPHO3AITUTHYIO
cpeny, conepxamtyto 60,06 MM NaCl; 0,67 MM KCI;
0,68 MM CaCl,x6H,0O; 1,75 MM MgS0,x7H,0; 27,8
MM NaHCO,; 3,3 MM caxapo3sl; 68,8 MM MaHHWTA,
117 MM Ttpuc-okcumerui-amuHomerana; 1,39 MM
BOCCTaHOBJIEHHOTO ITyTaTHoHa, pH cpeasl oBoauIH
1o 3HadeHus 8,1 nobasnennem HCI. 3atem moiyuen-
HYIO Cpely CMELINBAJIH C XKEJITKOM KypHHOTO AiIa B
cooTHoeHnu 9:1.

K oxHoii yact ciepmbl 10COCEBBIX PHIO IPH MOC-
TOSIHHOM TIepeMENTMBaHUH MEJJICHHO JI00ABIISLIIH MIPH
5°C mo creHke (rakoHa TpU YaCTH pacTBOpPa, COmep-
Karrero 6,67% (06/06) mimetrmncybdokcraa (JIMCO),
KOHEYHast KOHIICHTPAIUsI KOTOPOTO B CYCIIEH3HH KIIETOK
cootBercTBOBana 5%. CrepMmy KapmoB paz0aBisiu
1:1 cpenoii ¢ STUICHIIIMKOIEM JI0 KOHEYHOH KOHIIEHT-
pauunu Kpuonpotekropa 8,2% (06/00).

CrniepMy KapIioB 1 JIOCOCEBBIX PhIO KPUOKOHCEPBH-
poBanu B ammynax 1o 0,7 Mi B mapax >KHAKOTO a30Ta
o cleyIoieil mporpaMMe OXJaxAeHHUs: OT 5 10
—15°C co ckopoctbio 1-2 rpag/mus; ot —15 10 —70°C
co ckopocThio 15-20 rpan/MuH Mpu MOCIEAYIONEM
MOTPYKEHUH B KUJIKUH a30T.

Crepmy kedamu-cuarmis pazdoasmsuiy 1:4 cpenoi,
conepxkarmieit 0,102 M caxapo3sl, 0,176 M KCI u
1,26 M IMCO (9,9% 06/00) B kOHEUHO KOHIICHTpPA-
rU. AMITYJIBI € cycrnier3uei kietok (0,5 mir) momera-
JIM Ha TOPU3OHTANBHYIO IJIACTUHY, HAXOSIIYIOCS Ha
BBICOTE 7 CM HaJ MMOBEPXHOCTHIO )KHUJKOTO a30Ta, B
KOTOpbIN UX norpyxanu depe3 30 mun. Cnepmy
pa3MopaxuBaIi B BOsIHOM Oane rpu 40°C 1o mosiBiie-
HUA XKUAKON ¢assl. PasMopakuBaHue 3aBepliaiy,
WHTEHCHUBHO BCTPAXHUBAsl aMITyJIbl IPU KOMHATHOM
TeMIlepaType.

[TomBMWXHOCTB CIIEPMATO30MAOB JI0 U MTOCIIE KPHO-
KOHCEPBUPOBAHUSI OI[CHUBAIIN BU3YAJILHO MO MUKPO-
ckortoM ripu X800. CriepMy KaprioB 1 IOCOCEBBIX PHIO
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reasons of occurred qualitative differences have re-
mained unclear. Therefore, the research aim was to
compare the cryoresistance of fish spermatozoa from
different ecological niches, to explain the nature of
differences set and the mechanism of injury based on
own results and data reported in literature.

Materials and methods

The research objects were spermatozoa of diffe-
rent carp species spawning in fresh water at 18...25°C,
those of salmon fishes of Kamchatka, Sakhalin and
the Baltic states with 0...10°C spawning temperature,
as well as mullet-golden mullet Liza aurata (Risso),
spawning in saltwater of the Sea of Azov at 16...25°C.
To study the sperm of fish spawning in fresh water
we used the cryoprotective media designed by us for
carp sperm containing 60.06 mM NacCl; 0.67 mM KClI;
0.68 mM CaCl,x6H,O; 1.75 mM MgSO x7H,0O;
27.8 mM NaHCO,; 3.3 mM sucrose; 68.8 mM man-
nitol; 117 mM Tris-hydroxymethyl-aminomethane;
1.39 mM reduced glutathione, medium pH was ap-
proached to 8.1 by adding HCI. Then the obtained
medium was mixed with egg yolk in 9:1 ratio.

The one part of salmon sperm was slowly sup-
plemented with three parts of the solution containing
6.67% (v/v) dimethyl sulfoxide (DMSO), final
concentration of which in cell suspension corresponded
to 5%, under continuous stirring at 5°C, and on the
flask wall. The carp sperm was 1:1 diluted with ethy-
lene glycol-containing medium up to 8.2% final con-
centration of cryoprotectant (v/v).

The sperm of carp and salmon fishes were cryo-
preserved in 0.7 ml vials in liquid nitrogen vapors by
the following cooling program: from 5 down to —15°C
and —15 down to —70°C with 1-2 and 15-20 deg/min
rate respectively, followed by immersion into liquid
nitrogen.

The mullet-golden mullet sperm were 1:4 diluted
with the medium containing 0.102 M sucrose, 0.176 M
KCI and 1.26 M DMSO (9.9% v/v) in final concen-
tration. Vials with cell suspension (0.5 ml) were placed
on a horizontal plate, located at 7 cm height above the
liquid nitrogen surface, wherein they were immersed
30 min later. The sperm were thawed in a water bath
at 40°C until liquid phase appeared. Thawing was
completed by intensive shaking of vials at room tem-
perature.

Spermatozoa motility prior to and after cryopreser-
vation was visually assessed with microscope at x800.
The carp and salmon sperm were activated by 40-
fold water dilution, and the ratio of forwardly moving
cell number to the total number of spermatozoa in a
visual field was determined, expressed in percentage.
Spermatozoa motility of mullet-golden mullet was
determined in marine water.
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aKTUBUPOBAIH pazbaBieHueM Bool B 40 pa3 u cpazy
OTPECIISIIA OTHOIICHHE KOJTMYECTBA MOCTYyIaTeIbHO
JBIOKYIIUXCS KJIETOK K 00IIeMy KOJHMYECTBY CriepMa-
TO30MI0B B IOJIC 3PEHUS, KOTOPOE BhIpaXKaiau B MPO-
reHTax. [{oABMKHOCTE CIIepMaTo30mI0B Kedamu-cuH-
TWJISL OIIPENENSUIA B MOPCKOH BOZE.

[Ipu cratucTrueckoit 00paboTke pe3yIsTaTOB HUC-
rop30Baim rporpammy «Excel» («Microsofty, CILIA).
3HAYMMOCTH Pa3IMIAi MEKIy BBIOOpPKAMHU OTIpese-
JISTH C TIOMOIIIBIO HeTrapameTpudeckoro U-kputepus
ManHa-YuTHu.

Pe3yabTarsl n 06cyxkaeHune

YcraHoBIIEHO, YTO TeMIeparypa BoJbl IPH Hepec-
T€ y KapIloB U JIOCOCEBBIX PHIO 3HAYMMO BIIHSIIA HA
MOJBMKHOCTH Pa3MOPOKEHHON CIIEPMBI (PHCYHOK).

ITocne pazMopakuBaHusi CpeHSS MOABUKHOCTD
CIIEPMATO30U 0B JIOCOCEBHIX P10 (17,4 £ 5,9)% (n =
36) 6p11a B 2,8 paza Hmxke (p < 0,01), yem xkapmoB
(48,5 +10,8)% (n=30). Cpenu 10cOCEBHIX PHIO HEPKA
HEepeCTUTCS pU caMoil Hu3Kou Temneparype. [loja-
BIYKHOCTB €€ CIIepPMAaTO30UJI0B TIOC)IE Pa3MOpaKHBa-
HUs camasi HU3Kas. KpoMe Toro, cnepmMaTo30uibl
JIOCOCEBBIX PBIO Oe3 100aBIeHHs aKTUBATOpa BUOPU-
pOBaJIU Ha MECTE, a PU aKTHUBAIIMH B COJICBBIX Cpeiax
numenu 0oJiee BEICOKYIO MOJABMKHOCTD, YEM B IPECHOM
Boze. IIpu MoBTOPHOI OLIEHKE KauecTBa CIIEPMBbI Kap-
OB B TECUECHHUE HECKOJIBKUX CEKYHJ MOABM)XHOCTD
KJIETOK B OTHAENBbHBIX oOpa3nax Oputa Ha 20-40%
HIJKE, 9eM cpa3y mocje pasMopaxuBanus. Panee
HaM# OBIJIO OTMEYEHO, YTO CIEPMATO30HUIBI PHIO,
HEPECTAIINXCS B MPECHOW BOJAE, CTanu 00iamaTh
00JIbIIIel YyBCTBUTENBHOCTHIO K I3MEHEHUSIM OCMO-
TUYHOCTH Cpelbl 10 CPABHEHHUIO CO CIEPMOH 110 3a-
MopaxuBaHus [6, 23]. [loaToMy npu oceMeHEHUHU
STALEKJIETOK KapIOB UCIIOIb30BaJIU COJIEBbIE CPEIIBI, a
JUISL CTIEPMBI OCETPOBBIX PHIO YMEHBIIATU CTEICHb
pa3basnienus [6].

Pa3zmopokenHnas criepma kedanu-cuaruis Liza
aurata (Risso) nmena moaBMmXHOCTH (65,8 + 7,3)%
(n=6) nmm 95,1% 1o OTHOIIEHNIO K KOHTPOJIO JI0 3a-
MopakuBaHu (69,2 + 6,1)% (n = 6). i 3T0i criepmbl
XapaKTepHa BBICOKask KpHOPE3UCTEHTHOCTh, KaK U JJIst
JIPYTUX UCCIICIOBAaHHBIX HAMH MOPCKHUX PBIO [5, 19].

[Tomy4ueHHBIE pe3ynbTaThl CBUAETBCTBYIOT O CBSI3H
KPHOPE3UCTEHTHOCTH CIIEPMAaTO30U 0B PBIO C HUILIEH
pa3sMHOXEeHUS (PA3TUIUAMU B TEMIISPATYPE BOJIBI ITPH
HEpEeCTEe U COJICHOCTH BOJIbI). B mporecce anutenbHOM
SBOJIFOIMY U aKKJIMMATH3AI[UH OPTaHU3MOB C Pa3HBIMU
TCHOMaMH K OIIPEJICIICHHBIM YCIIOBUSIM OOUTaHUS I
Pa3MHOXEHHUsI CPOPMHUPOBAIHCH CIIEPMATO30UIBI C
pa3Ho# MOpQOJIOTHEH, CTPYKTYpOit MEMOpaH 1 IPyTH-
MH XapakTepucTHKaMu. Cpemu pei0, HEPECTAIIMXCS B
IIPECHO BOJIE, CIIEPMATO30U Bl OCETPOBBIX B OTIINIHE
OT KapIoB ¥ JOCOCEBBIX UMEIOT akpocomy. [l moco-
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Results were statistically processed using Excel
software (Microsoft, USA). Significance of differen-
ces between samples was determined using the
nonparametric Mann-Whitney U-test.

Results and discussion

The water temperature during carp and salmon
spawning was established to significantly affect the
frozen-thawed sperm motility (Figure).

After thawing an average motility of spermatozoa
in salmon species equaled to (17.4 = 5.9)% (n = 36)
was 2.8 times lower (p < 0.01) than in carp ones
(48.5 £ 10.8)% (n = 30). Among salmon species the
Blueback salmon spawns at the lowest temperature.
The motility of its spermatozoa after freeze-thawing
is the lowest. In addition the salmon spermatozoa
vibrated in situ if no activating agent was added, but
when activated in saline media they had a higher
motility than in fresh water. During repeated assess-
ment of carp sperm quality within a few seconds the

MoasuxHOCTb, %
Motility, %
30 40 50 60 70

o
=
o
N
o

Hepka
Blueback salmon
[opbywa
Hunchback salmon
Cewmra
Salmon
Knxyy
Coho
®openb
Rainbow trout

KeTa
Chum salmon

3aropckui
Zagorskiy carp

MHBepcaHTbl
Inversant carp

YewynyaTbini
Common carp

Mapckui
Parskiy carp

AnoHckun
Japanese carp

——

MoABWMXXHOCTbL Pa3MOpPOXEHHbIX cnepmarto3ongos: O —
BUAbI N1OCOCEBLIX pbib (TEmMnepaTtypa BoAbl Npy HepecTe
0...10°C); O — nopogabl kapnoB (TemnepaTtypa BoAbl nNpu
HepecTe 18...25°C); gaHHble npeacTaBneHbl B BuAe
cpeaHero * ctaHgapTHOE OTKITOHEHME.

Motility of frozen-thawed spermatozoa: [0 — salmon
species (0...10°C water temperature during spawning);
O — carp breeds (18...25°C water temperature during
spawning); data are means * standard deviation.
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CEBBIX U OCETPOBBIX PBIO XapaKTepHA pa3Has TeMIIe-
partypa BoJbl Ipu HepecTe. B mponecce akknnmarunsza-
UM PBIO K IPECHO U MOPCKOM BOZIE BOSHUKIIN pa3HbIe
MEXaHU3MBbI aKTHBALUH CIIEPMAaTO30H/I0B, CYILICCTBEH-
HO TIOBJIHSIBIIIE HA KPHOPE3UCTEHTHOCTH. CriepMaro-
30HUIBI PEYHBIX PHIO MPU BBIXOJE B MPECHYIO BOLY
C OCMOTHYHOCTHIO HIKE 250 MOCMOJIB/KT HAOyXaroT
u aktuBHUpyIOTC [ 19]. CriepmMaTo30ua6I MOPCKHX PBHIO
AKTUBUPYIOTCS TIPU TIOBBIIIEHNH OCMOTHYHOCTH Cpe-
161 oT 350 mo 1100 MOcmons/kr [33], HE U3MEHSSA
o0bem [19]. Jlnst criepMaTo30Ua0B PO, HEPECTSIUX -
csl B IPECHOW BOJE, XapaKTepHa HHU3Kasl MPOHUIae-
MOCTh MEMOpaH, Tak KaK MpU COJCHOCTH BOJIbI HUXKE
5—-8%o moBpexaaroTcst HekoTopsie Oenku, JJHK u rua-
nmypoHoBas kucnota [10]. [IpornniaeMocTs A7 BOBI
MeMOpaH crepMaro3ouaoB Xiphophorus maculatus
coctasiser 0,005-0,009 mxm/mun/at™ [34], 3e6pa-
¢um Danio rerio — 0,021 mxm/Mun/at™m [22], kapmia
Cyprinus carpio — 0,16 mxm/mun/at™ [7]. Y criepma-
TO30HIOB MMPECHOBOIHBIX PHIO O0JIee KOPOTKOE BPEMS
MTOJBMYKHOCTH TI0 CPABHEHHIO C HEKOTOPBIMU BUAAMHU
MOPCKHUX PBIO. DTH TaHHBIE CBUACTEILCTBYIOT O TOM,
YTO KPHOPE3UCTEHTHOCTD CIIEPMaTO30UI0B PHIO, He-
pECTALINXCS B IPECHON Boje (KapIoB H JIOCOCEBBIX
pBIO), HIDKE, YEM y CIIEPMAaTO30H0B MOPCKUX PHIO
(keasb-CHHT D).

Kpome croco6oB akTHBalMU U MPOHUIIAEMOCTH
MeMOpaH, ciepMaTo30UIbl PHIO, HEPECTAIMXCS B
MPECHOU ¥ COJIEHOH BOJIE, UMEIOT Pa3HbIil COCTaB MEM-
OpaH, 4TO TaK)Ke CYIIECTBEHHO BIISET Ha KPHOPE3HC-
TEHTHOCTH [5]. ¥ cliepMaTo30mua0B MOPCKHUX PBIO C
BBICOKOM KPHOPE3UCTEHTHOCTHIO COOTHOIIEHHE XOJIeC-
tepuH:hochomumuasl (XJ1:DJI) B 2,5-3 pasa Brie,
YeM y CIIepMaTO30HI0B MMPECHOBOAHBIX PHIO ¢ Oolee
HU3KOH KpHOpEe3UCTEHTHOCTHIO [5]. IlpakTnyecku nom-
Hasi COXpPaHHOCTh Pa3MOPOKEHHBIX KJIETOK MOPCKUX
pPBIO MOXET OBITH OOYCIIOBIIEHA BIMSHUEM BBICOKHX
KOHLIEHTpALMH XoJecTeprHa Ha (a3oBble TEePEXO/bI
nunuAoB MeMOpaH u Goyee BHICOKOW MpoHHUIae-
MOCTBIO MEMOpaH, 94eM y PbIO, HEPECTAITUXCS B TIpeC-
HO# Boje. [laxke B mportecce akKIMManuu Gopenn K
COJICHOH BOJI€ YBEIMUMBACTCS MPOHHUIIAEMOCTh MEM-
OpaH CIIepMaTo30HIOB K IponuanyM woaumy [25]. Kak
OBLIO TOKa3aHO Ha MOJCIBHBIX 00BEKTaxX, (ha30BBIC
MePeX0bl MOTYT OBITh MICKITFOUEHBI ITPH BRICOKUX KOH-
ueHTpanusax xonecrepuna [ 16, 30]. Ilo naHHBIM HEKO-
TOPBIX aBTOPOB (PAa30BBIN MEPEXOA JIUTHIOB MEMOpaH
MOKET OBITh IPUYMHON TOBPEKICHUI U THOEIHN KIIETOK
[3, 11, 21]. bnaromapst BEICOKOM KOHIIEHTPALIUU XOJIEC-
TepUHa U MPOHUIAEMOCTH MEMOpaH CIepMaTO30UIbI
MOPCKHX PBIO, [0 HallleMy MHEHHUIO, MEHEE 1yBCTBHU-
TENBHBI K peXXKHMaM KPHOKOHCEPBUPOBAHHS K COCTABY
cpen, 4eM CIepMaTo30UIbl phI0, HEpEeCTAINXCS
B pecHoi Bome. Kak mokazan J.H.S. Blaxter [14],
KYCOYKH MOJIOK CeJbJIH, KPHOKOHCEPBUPOBAHHBIC
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motility of cells in certain samples was by 20—40%
lower than right after thawing. Previously we have
noted that the spermatozoa of fish spawning in fresh
water have become more sensitive to changes in
medium osmolarity as compared to the sperm before
freezing [17, 18]. Therefore, for carp egg insemination
we used the saline media, and for sperm of sturgeon
species we reduced the dilution rate [18].

Frozen-thawed sperm of mullet-golden mullet Liza
aurata (Risso) had motility of 65.8 = 7.3% (n = 6) or
95.1% relative to the control 69.2 + 6.1% (n = 6) be-
fore freezing. This sperm is characterized by a high
cryoresistance, as well as that for other marine fishes
we studied [7, 10].

Our findings testify to the relationship of fish sper-
matozoa cryoresistance with reproductive niche (dif-
ferences in water temperature during spawning and
water salinity). During long evolution and acclima-
tization of organisms with different genomes to certain
conditions of habitat or reproduction there were for-
med the spermatozoa with different morphology,
structure of membranes and other indices. Among the
freshwater spawning fish the sturgeon sperm unlike
carp and salmon ones have an acrosome. For salmon
and sturgeon fishes different water temperatures
during spawning are characteristic. During acclima-
tization of fish to fresh and marine waters there have
been appeared various mechanisms of sperm activat-
ion significantly affecting the cryoresistance. River
fish spermatozoa when releasing into a fresh water
with an osmoticity below 250 mOsm kg swell and are
activated [10]. Marine fish spermatozoa are activated
with increasing the osmoticity of the medium from
350 to 1,100 mOsm/kg [28] without changing the
volume [10]. For the sperm of fresh water spawning
fish, membrane low permeability is characteristic,
since when the water salinity is below 5-8%o some
proteins (DNA and hyaluronic acid) are damaged
[16]. Permeability for water of the sperm membranes
of Xiphophorus maculatus makes 0.005—0.009 pm/
min/atm [29], 0.021 pm/min/atm [14] for zebrafish
Danio rerio, 0.16 pm/min/atm for common carp
Cyprinus carpio [30]. In freshwater fish sperm the
motility time is shorter as compared with certain types
of marine fish. These data suggest that sperm cryore-
sistance of fish spawning in fresh water (carp and
salmon) is lower than that of marine fish spermatozoa
(mullet-golden mullet).

In addition to the methods of activation and per-
meability of membrane, the sperm of fish spawning in
fresh and marine waters, have different compositions
of membranes, also significantly affecting cryoresis-
tance [7]. In marine fish sperm with a high cryoresis-
tance the cholesterol: phospholipid ratio (CL:FL) is in
2.5-3 times higher than that of freshwater fish sperm
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B pazbaBneHHON Mopckol Boze ¢ 12,5% muuepuHa co
CKOPOCTBIO | Tpaji/MUH WM TIyTEM UX TIOTPYKEHHS B
cyxyto ymiekucioty (—79°C), omnomoTBopuin 85 u
80% SHIEKIETOK COOTBETCTBEHHO.

Taxkum 00pa3zoM, KPUOPE3UCTEHTHOCTH CIIEPMATO-
30M/I0B MOPCKHX PBIO TI0 CPAaBHEHHUIO CO CIIEPMOM PBHIO,
HEpEeCTSIINXCS B MPECHON Boje, Oojee BhICOKAA U
cBs3aHa ¢ BbICOKUM cooTHoueHueM XJI:@JI. Ho ona
HEOJMHAKOBA y BCEX BUAOB KaKIOW HUIIIM, TaK Kak
HCXOJIHBIE TEHOMBI BCeX pbIO pasHbie. COOTHOIICHUE
XJI:®JI B MeMOpaHax criepMaTo30HI0B PBIO U IPYTHUX
YKUBOTHBIX B K&yKAOH 3KOJIOTMUECKON HUILIE PAa3IIUYHO,
MOTOMY YTO IPH JTFOOBIX YCIOBUSIX (PYHKIIMOHUPOBAHHS
KJIETOK OHO TOJJIEPKUBAET KUJIKOKPHUCTATIINIECKOE
coctostare MmemOpan. Ho C. Labbe u G. Maisse ucxomst
W3 pe3yJbTaTOB dKCIEPUMEHTOB MO aKKJIMMaIUU
panyxxHoit popenu (Mukmxu) Oncorhynchus mykiss
K pa3HbIM Temrieparypam [24] u dhopenn Salmo trutta
f- fario x pa3HO#l cOIEHOCTH BOABI [25] mpuIIn K
BBIBOJlY, UYTO XOJIECTEPUH HE MOBBIIIAET KPUOPE3HC-
TEHTHOCTH CIIEPMAaTO30UA0B, a COAECPKaHUE PHIObI
B COJICHOW BOJIE HE BIHSIET HA €ro KOHIEHTPAIHIO
B MeMOpaHax. OTHaKO Takoe 3aKJII0YEHNE HE COBCEM
KOPPEKTHO, TaK KaK aBTOPbl CPABHUBAJIN PE3YyJbTaThI
SKCIEPUMEHTOB I10 aKKIMManuu peio [24, 25] ¢ nan-
HBIMH TI0 aKKiMaTu3atud [S). [Ipu sTom oHu oy yn-
JIU UHTEpPECHBIE Pe3ynbTarhl [24], moATBEepKIatoIIre
HaIpaBJICHHOCTH 001IeONO0IOTHYECKUX MTPOLIECCOB,
MpouCXoAsIuX B mpupoze. Ilocie Tpex net BeIpamiy-
BaHus Gopenu npu 8 u 18°C [24] B MemOpaHax criep-
MaTo30M10B ObLIN UAEHTUYHEI cCOOTHOIIeHN XJI:DJI,
a TaKkKe OIUIOOTBOPAIOLIAs CLIOCOOHOCT Pa3MOpO-
YKEHHOM CHEPMBI, YTO CBHAETEIHCTBOBAJIO O 3aKpET-
JIEHHBIX B T€HOME CBOWMCTBAaX KJIETOK W IMpeajarnTa-
nroHHOM cuHapoMe [8]. Tlocne mepemenieHus peIo B
BaHHY c Temneparypoii 13°C B MemOpaHax criepMaTo-
30M10B 00eNX TPy U3MEHHUIAch KOHLIEHTPALUs XO-
JIeCTepHHA — OCHOBHOTO MOZYJISITOpAa MEMOpaH, IPOTH-
BOJICHICTBYIONIETO HW3MEHEHUAM TeMIeparypsl U
coxpanstoniero ux ¢asosoe cocrosiaue [16]. Y prio,
BbIpaleHHbIX pu 8°C, Ha 21-e cyTKH Ioce nepeHoca
cootHomenue XJI:®JI B MemOpaHax criepMaTo30MI10B
YBEIMUMIIOCh Ha 23,5%, 9TO OTpUTIATETHHO ITOBJIHSIIO
Ha OIJIONOTBOPSIONLYIO CIIOCOOHOCTD KPUOKOHCEPBU-
POBaHHOI1 CIIEpMBI U3-32 OTCYTCTBUS Y (OpEIH cucTe-
MBI YCTpaHEHHUS M30BITKA XOJeCTepruHa. A B APyTOi
rpymme pei0, BelpamenHoi npu 18°C, cooTHOmeHNe
XJI:®JI ymenbimunock Ha 18,2%, 4To He MOBNUSLIO HA
Ppe3yabTaTh OMIOA0TBOPEHH. Eciin n3MeHeHue cooT-
nomerns XJ1:DJI B ciepme 610 B (GPU3NOIOTHUECKUX
mpeaenax, TO OHO He OKa3bIBAJI0 OTPUIIATEIHLHOTO
BIIMSIHUS HA OTUIOIOTBOPSIONIYIO CIIOCOOHOCTH KPHO-
KOHCEPBUPOBAaHHBIX CIIEPMATO30M10B. B wacTHOCTH
C. Pustowka u coaBt. [35] yctaHoBWIH, 9TO (hOPETH,
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with lower cryoresistance [7]. Quite a complete pre-
servation of marine fish thawed cells may be due to
the influence of high cholesterol concentrations on the
phase transitions of membrane lipids and higher mem-
brane permeability than the ones in fresh water
spawning fish. Even during the trout acclimation to
marine water the sperm membrane permeability to
propidium iodide increases [20]. As it was shown in
the model objects, the phase transitions could be
excluded at high cholesterol concentrations [6, 25].
As some authors reported the phase transition of the
membrane lipids can be the cause of a damage and
death of the cells [3, 12, 15]. Due to a high cholesterol
concentration and membrane permeability the marine
fish spermatozoa from our point of view are less sen-
sitive to cryopreservation regimens and the compo-
sitions of media than the fresh water spawning fish.
Blaxter J.H.S. showed, that herring milt pieces cryo-
preserved either in diluted marine water with 12.5%
glycerol at 1°C/min or by immersing them into a dry
carbon dioxide (—79°C) fertilized, respectively 85 and
80% of oocytes [4].

Thus marine fish sperm cryoresistance if compared
with the one of fresh water spawning fish sperm is
higher and associated with a high CL:PL ratio. But it
is not the same for all the species of each niche, since
the initial genomes of all the fishes are different. The
CL:PL ratio in membranes of fish sperm and other
animals in each ecological niche is different, because
under any conditions of functioning of the cells, it
maintains a cell membrane liquid-crystalline state.
However, C. Labbe and G. Maisse using the results
of experiments on acclimation of rainbow trout (Kam-
chatka steelhead) Oncorhynchus mykiss to different
temperatures [19] and Salmo trutta f. fario trout to
various water salinities [20] concluded that cholesterol
did not increase sperm cryoresistance, and the mainte-
nance of fish in a marine water did not affect its con-
centration in membranes. However, this conclusion is
not quite correct, since the authors compared the
results of experiments on acclimation of fishes [19,
20] with the data on acclimatization [7]. Herewith they
have got some interesting results [19], confirming the
baseline of general biological processes occurring in
nature. After three years of growing the trout at 8
and 18°C [19] in the sperm membranes the CL:PL
ratio was identical as well as thawed sperm fertilizing
abilities, indicating the fixed in genome cell properties
and pre-adaptation syndrome [34]. When placing the
fish into 13°C bath in the sperm membranes of both
groups the concentration of cholesterol as the main
modulator of membrane resisting the temperature
alterations and preserving their phase state changed
[6]. In the fish grown at 8°C, to the 21 post-transfer
day the CL:PL ratio in sperm membranes increased
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MTOTPeOIABIIAas KOPM C OOJIBIIIUM CONEPKAHUEM XO-
JiecTeprHa, UMeJa U CaMyl0 BBICOKYIO KpHOpPE3Hc-
TEHTHOCTH CIIEPMBI.

OcHOBHas MpUYXHA Pa3IUYNN KPUOPE3UCTEHT-
HOCTH HCCJeyeMbIX HAMH BHIOB KapIioB U JOCOCE-
BBIX PBIO CBSI3aHA C TEMITEPATYPOH aKKIMMATH3AIHH.
Oto Hanboee CUITbHBIN (DAKTOP OKPYKAOIICH CPEIbL,
OTIpeeNsIOMnil OCHOBHBIE CBOWCTBA MEMOpaH, Kiie-
TOK ¥ OpraHu3MOB. B cooTBeTCTBHHM C 3aKOHOM Appe-
HUYyca IpU OTKIOHEHUH TemnepaTypsl Ha 10°C B 2-3
pas3a U3MeHseTCsl CKOPOCTh peakuuii u Ha 3% —
KUHETHYECKasi DHEPTUS MOJICKYJI, OMpeestoIias
MIPOYHOCTH CIAOBIX MEKMOJIEKYIISIPHBIX CBSI3€H MeM-
OpaH u npyrux cTpykryp. Kinerku MoryT QpyHKIIHOHH-
pOBaTh MPH Pa3HBIX TEMIEpaTypax, eCIi MEMOpPaHBI
HaxoJATCS B KUIKOKPUCTAIITNIECKOM COCTOSTHUH,
KOTOpO€ TOCTUTAETCS B Pe3yIbTaTe TOMOBHUCKO3HON
aIaTTaryy JIATTUI0B [36], ceMITaObMITbHOTO COCTOSIHUS
OenkoB [ 1], a Tak:ke U3MEHEHUS TEPMOIUHAMHYECKUX
XapaKTEepUCTHK MeMOpaH u cBoicTB kieTok [11]. Kak
ObLTO MOKa3aHo B pabote J.A. Logue u coasr. [28] Ha
17 BUax KOCTUCTHIX PHIO U IBYX BUAAX TOMOHOTEPM-
HBIX KMBOTHBIX (KpBICa, MHIIIOK), OOUTAIOLINX B pa3-
HBIX TEMIIEPATYPHBIX 30HaX, MEKBUIOBEIC Pa3IHUUs
cocTaBa MeMOpaH NMEIOT aJalTHBHYIO CBA3b C TEM-
MIepaTypoii: 4eM HIXKe TeMIepaTypa oOuTaHus BU/A,
TeM OOJTBIIIe KOHIIEHTPAITHS HEHACKHIIIEHHBIX KUPHBIX
kuciot (KK) B hocharnmumxonune (PX) u pocdaru-
mumaTanoamMuae (PDA). Jid CHHaITHIECKUX MEM-
OpaH MO3ra aHTapKTUYCCKHUX BUJIOB PhIO XapaKTepHa
HauboJIee BRICOKas cTeneHb HeHachimeHHocTH JKK, a
JUTSi TOMOMOTEPMHBIX KHBOTHBIX CaMasi HU3Kas. YcTa-
HOBJICHO, 4TO [P XOJI0A0BOM afanranuun y ®X ysemnu-
YUBACTCS KOHIICHTpaIysl nmojuHeHachIeHHbIX JKK,
a'y ®OA mononeHnacoieHHbix KK [28]. V Bunos,
aJlalTUPOBAHHBIX K XO0JIONY, HeHackIeHHOCTh KK
HMMeEET JTUHEIHYI0 3aBUCHUMOCTD € KOJIMYECTBOM JIBOM-
HBIX CBA3EH B KaX 01 U3 HUX. Takast HanpaBJIeHHOCTh
MIPOIIECCOB TOJ eHICTBHEM Pa3HBIX TEMIIEpaTyp
AMeeT 00IIeONOTIOTHIECKUN XapaKTep.

JlococeBsie pHIOHI, JJIST KOTOPBIX XapaKTepHA
HU3Kasl TeMIIepaTypa BOJbI PH HEPECTE, HUMEIOT Ca-
MBI ClIa0ble MEXKMOJIEKYISIPHBIE CBA3H B MeMOpa-
Hax, HanOoJiee BHICOKYIO CTEIeHb HEHACBIIEHHOCTH
KK, camoe Huzkoe cootnomenre XJI:DJI [24, 29]. U3-
3a BbICOKOM HeHachleHHocTH KK criepmaTo3oniam
CBOWCTBEHHA HaMOOIBIIIAs JKUIKOCTHOCTh MEMOpaH,
HeoOxomuMast i1l PyHKIIMOHUPOBAHUS TIPH OTPHIIA-
TEJBHBIX U TIOJIOKUTETHHBIX OKOIIOHYJIEBBIX TEMITEpa-
Typax. BeposiTHO, 3TUM MOKHO OOBSICHUTH HanboIee
HU3KYIO KPHOPE3UCTEHTHOCTH CIIEPMATO30UI0B JIOCO-
ceBbIX. BenencTBre BRICOKOH KUAKOCTHOCTH MEMO-
paH crepMaTO30HI0B JIOCOCEBBIX MPH OXJIAXKICHUN
criepMbl O€JKM CBOOOAHO MepeMenIarTcs, 00pasys
kiactepsl [17], uTo co3naer HEOHOPOIHOCTH MEM-
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by 23.5%, that negatively affected the fertilizing ability
of cryopreserved sperm because of the lack in a trout
of the mechanism eliminating an excessive cholesterol.
And in another group, grown at 18°C, the CL:PL ratio
decreased by 18.2%, that did not affect the fertiliza-
tion results. If the change in the CL:PL ratio in sperm
was within physiological limits, it did not negatively
affect the fertilizing ability of cryopreserved sperm.
In particular S. Pustowka et al. [31] found that the
high cholesterol fed trout had the highest sperm cryo-
resistance.

The main reason of the differences in cryoresis-
tance of the studied by us carp and salmon species is
related to temperature acclimation. This is the most
powerful environmental factor, determining basic pro-
perties of membranes, cells and organisms. In accor-
dance with the Arrhenius law during temperature
deviation by 10°C the rates of reaction changed in 2—
3 times and by 3% did the kinetic energy of molecules,
which determined the strength of weak intermolecular
bonds of membranes and other structures. The cells
may function at different temperatures, if the mem-
branes are in liquid crystal state, which is achieved
by homoviscous adaptation of lipids [33], semilabile
state of proteins [1], as well as changes in thermody-
namic characteristics of membranes and cell proper-
ties [15]. As J.A. Logue et al. demonstrated [23] in
17 species of bony fishes and two species of homoio-
thermal animals (rat, turkey) habitant in different
temperature zones, the differences between species
in composition of membranes were adaptively related
to temperature: the lower the temperature of the
species, the higher the concentration of unsaturated
fatty acid (FA) in phosphatidylcholine (PC) and
phosphatidylethanolamine (PEA). For brain synaptic
membranes of Antarctic fish species the highest
degree of FA unsaturation is characteristic and for
homeothermal animals is the lowest one. It has been
established that during cold adaptation in FC the
concentration of polyunsaturated FA increases, while
in PEA the one of monounsaturated FA does [23]. In
cold adapted species the unsaturation of FA is of linear
dependence with the number of double bonds in each
of them. This orientation of the processes under the
influence of different temperatures is of general
biological origin.

Salmons, characterized by a low water tempera-
ture during spawning have the weakest molecule-to-
molecule bonds in the membranes, the highest degree
of FA unsaturation, the lowest CL:PL ratio [19, 24].
Because of high FA unsaturation the sperm is pecu-
liar with the highest fluidity of membranes, needed
for functioning at negative and positive near-zero
temperatures. This can likely explain the lowest cryo-
resistance of salmon sperm. As the consequence of
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OpaHbl 1 MOXKET MPUBECTH K yTpaTe OEJIKOB, a TakxKe
K €€ MOBPEXJICHUIO TP (Pa3oBOM mepexoe JIUMUI0B
[2, 3]. Kapriet HepecTsaTcs ipu OoJiee BBICOKUX TEMIIe-
parypax, nosromy coorHomenue XJI:@JI y Hux Bblie
Ha 11% [5], gem y mococeBbix [24], u Goee mpodHbIe
MEXMOJIEKYIISPHBIE CBS3H JINTTHI0B MeMOpaH. [1o Ha-
meMy MHEHHIO, BCIIEACTBHE 3TOTO B MX MeMOpaHax
He 00pa3yIoTcs KJIaCTEPHI OSITKOB IIPH KPUOKOHCEPBHU-
poBanm# [ 18]. [Io3TOMY KpHOPE3UCTEHTHOCTD CITEPMBI
KapIOB BBIIIE, YeM CIIEPMATO30HIOB JIOCOCEBBIX PHIO.
OnHako MoTepH JIMIHUIO0B WK OEJIKOB MOTYT IIPOUCXO-
JWTH 1 TIPU pa30aBICHUH CTIEPMBI KPUO3AIIUTHOM cpe-
JIOM Ha MOATrOTOBUTEIBEHOM JTare, co3/aBasi HeOTHO-
POOHOCTH MEMOpPaHBI U IPENNOCHUIKH K KPUOIIOBPEK-
JEHUSIM TIpH (a30BOM IEPEXOIe JIUMUI0B MeMOpaH.
B MemOpanax criepMaTo30u10B KapIios [5], 1oco-
CeBBIX [24, 29] u pbI0, HEPECTSINXCS B COJIEHOM BOIE,
obOHapyxeHs! mosimHeHackimeHasie XKK [5], ¢ mpucyT-
CTBHEM KOTOPBIX MHOTHE aBTOPBI CBSA3BIBAIOT KPHOpE-
3WCTEHTHOCTH CIIEPMATO30HUI0B CyMYaThIX MIIEKOIH-
taromux [31], xpsxos [38], cmoroB [37], muacuir [32],
genoBeka [20] u rtu [ 15]. Kak cumraror I1. Xowauka
u Jlxx. Comepo [11], 3Tv KUCIIOTBI MOTYT NPENOXPAHSTh
BCTPOCHHBIE B MEMOpaHbI OelIKH, 00pa3ys ¢ HUMH
00JIBIIIOE KOTMYECTBO CNA0bIX THAPO(OOHBIX CBA3EH.
CoxpaHHOCTh MEMOPaHHBIX OEITKOB MTPU KPHOKOHCEP-
BHPOBAaHWU YPE3BhIUAITHO BaXKHA B pealIn3aluu (yHK-
uuii ciepmarozounnos. [Ipu kopmiennu kapnos ¢ope-
JIEBBIM KOPMOM C BBICOKHM COJIEpKaHUEM OEJKOB
MMOJBIKHOCTH M OILIOJOTBOPSIONIAs CITIOCOOHOCTD
Pa3MOpPOKEHHOM CIIepMBI OBIITH COOTBETCTBEHHO Ha 30
u 50% BpITIIe, YeM y MOTPEONISBIINX KOPM C HU3KOU
KoHIeHTpanuei 6emka [12]. [To maeHnto B. Litman u
D. Mitchell [27] yBenu4eHue MOTHMHEHACHITICHHOCTH
KK B monoxeHuu sn—2 BIUSET HA CTEIICHb CXKUMae-
MOCTH JIBOMHOTO CJIOS JIMTTHI0B MEMOpaH MpH KPUOKOH-
CEpBUPOBAHUH, BCIEICTBUE YEr0 MOTYT MPOUCXOIUTD
KOoH(OpMallMOHHBIE W3MEHEHUS (PEPMEHTOB, CBS3aH-
HBIX ¢ MeMOpaHamMu. BeposiTHO, Onaronapst HaTHYHIO
rosimHeHACHITICHHBIX JKK 11 aHTH(PH30B PH KPHOKOH-
CEpPBUPOBAHUHU CIIEPMBI ATIaHTHYECKON 3y0aTKu
Anarhichas lupus B CEMEHHOU TJIa3Me TIOJIBIYKHOCTH
coxpansu 25% KIIeTOK, a Tocie J00aBIeHus] KpHo-
MIPOTEKTOPA COXPAHHOCTH ITO/IBIYKHBIX KIIETOK YBEJIH-
gmtack 10 80% [26]. OcHOBHBIE KPHOTIOBPEXKICHHUS
CIIEPMAaTO30M/I0B MPOUCXOIAT MpU (a30BBIX MEPEXO-
Jlax JIMOHUI0B MEMOpaH Ha 3Tamnax 3aMOpakKHBaHUsI U
pasmopaxuBaHus. [Ipyu 3TOM yacTh KJIETOK yTpadu-
BaeT CIIOCOOHOCTh aKTHBHPOBATHCS U3-3a AeduiuTa
SHEPTUU U TPYOBIX MOBPEKICHUI MeMOpaH BCie-
CTBHE yTparhbl OENKOB M JIMIHI0B MEMOpaH, a Takxke
o0Opa3zoBaHUs TIOp. Y OCTaBIIUXCS CIIEPMATO30HIOB
n3-3a THAPODOUIBHEIX TIOp, 00Pa30BABITUXCS B MEM-
OpaHax B Tiporiecce ¢a30BOTO Iepexo/ia JUITHUAO0B, IT0-
BBIIIAETCS OCMOTHYECKAsT IyBCTBUTEINBHOCTD, XPYTI-
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high fluidity of salmon sperm membranes during sperm
cooling the proteins move freely by forming the clus-
ters [8], that creates a membrane heteregeneity and
can result in the loss of proteins, as well as in its
damage during phase transition of lipids [2, 3]. Carps
spawn at higher temperatures, so the CL:PL ratio in
them is higher by 11% [7] than that for salmons [19],
and have stronger intermolecular bonds of membrane
lipids. We believe that due to this in their membranes
no protein clusters are formed during cryopreservation
[9]. Therefore carp sperm cryoresistance is higher
than the one of salmon sperm. However, the loss of
lipids or proteins can occur when sperm is diluted at
the preliminary stage by cryoprotective medium,
making the membrane heterogenous and the precondi-
tions for cryoinjury during phase transition of mem-
brane lipids.

In sperm membranes of carp [7], salmon [19, 24],
and the fishes spawning in marine water, there were
found polyunsaturated FA [7], the presence of which
many authors associate the cryoresistance of sperm
of marsupial mammals [26], boars [38], elephants [36],
foxes [27], humans [11] and birds [5]. P. Hochachka
and G. Somero [15] believe that these acids can pro-
tect membrane incorporated proteins, by forming with
them a large number of weak hydrophobic bonds.
Preservation rate of membrane proteins during cryo-
preservation is extremely important in implementing
the spermatozoa functions. When feeding carps with
a trout feed with high protein content the motility and
fertilizing ability of thawed sperm were respectively
30 and 50% higher than in those fed with low protein
concentration fishfood [37]. According to B. Litman
and D. Mitchell [22], an increase of FA polyunsatu-
ration in sn—2 position affects the degree of a double
layer compressability of lipid membranes during
cryopreservation, which may occur due to conforma-
tional changes in membranes associated enzymes.
Probably due to the presence of polyunsaturated FA
and antifreezes during cryopreservation of Atlantic
wolffish Anarhichas lupus sperm 25% of the cells
retained the motility and after cryoprotectant addition
the preservation rate of motile cells increased up to
80% in semen plasma [21]. Basic cryoinjuries of sper-
matozoa occur during phase transitions of membrane
lipids at the stages of freezing and thawing. Herewith
a part of cells loses its ability to be activated due to
energy deficit and severe membrane damages as the
consequence of the loss of proteins and membrane
lipids and pore formation. The remaining spermatozoa
due hydrophilic pores formed in membranes during
phase transition of lipids an osmotic sensitivity, fragility
of membranes [2], and stress susceptibility [17, 18]
are increased. Even in 1935, B. Deryagin [35] was
the first who explained the mechanism of liquid thin
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KOCTh MeMOpaH [2] U 4yBCTBUTEIHLHOCTD K CTpeccam
[6, 23]. Emie B 1935 . b. lepsarun [9] BuepBbie
OOBSACHUII MEXaHU3M MOBPEKICHUN TOHKUX TUICHOK
JKUAKOCTEHN KaK pe3ylbTaT BOSHUKHOBEHUS PACKIUHU-
Barorero aaBieHus. A.M. benoyc u coasr. [3] Teope-
TUYECKH 00OCHOBAJIM BEPOATHOCTH BOSHUKHOBEHUS
IOp B KPHOKOHCEPBHPOBAHHBIX KIIETKaX B Ipolecce
(hazoBoro mepexona JIUNUI0B MeMOpaH. 3aTeM BO3-
HUKHOBEHHE THAPO(HUIHHBIX ITOP B MPOLIECCE 3aMOpa-
KUBaHUS OBIJIO MMOKa3aHO HAa MOJENBHBIX TUIEHKAX
JUNUAOB [2] u 3puTporuTax [4].

Taxum 06pa3oM, Ha OCHOBaHUH TONTYYEHHBIX pe-
3yJBTATOB MOYKHO CJIENATh 3aKIIFOYEHUE, YTO SKOJIOTH-
YecKasi HUIa OOUTaHUsI WM HepecTa pbIO IpH B3anMo-
JEWCTBUM C pa3HBIMH T€HOMAaMH KJIETOK (OpMHUpPYET
pa3HbIe CBOMCTBA CLIEpMATO30MI0B PHIO (B TOM UHMCIIe
Y KpHOPE3UCTEHTHOCTH). KprnopesncTeHocTs criepma-
TO30UI0B PHIO B KaXKJOW HUIIE pa3IMdHa U UMEeT
noiudakTopHyto npupoay. OHa 3aBUCHUT OT MIPOYHOCTH
MEXMOJIEKYISIPHBIX CBS3eH KOMIIOHEHTOB MEMOpaH,
CTETIeHH KUJAKOCTHOCTH MeMOpaH, KOIW4IeCcTBa MOIH-
HeHacelmeHHbIX JKK, coorHomenus XJI:®@JI u ot co-
neprkaHus 0enkoB. [Ipu HU3KKX TemIepaTypax Hepec-
Ta pIO ¥ KOHLIEHTPALIUH COJIEH B BOJIE KDHOPE3UCTEHT-
HOCTh CIIEPMAaTO30H110B O0Jiee HU3Kasl, YeM B HHUIIAX
c 6onee BEICOKOH TeMIIepaTypoi U CONEHOCTHIO BOBI.
KauecTBeHHBIE M3MEHEHHS CBOWCTB MeMOpaH crep-
MaTO30MA0B, BBI3BIBAIONINE XPYIIKOCTh MEMOpaH U
MTOBBINICHHYI0 YYBCTBUTEIBFHOCTh K OCMOTHYHOCTH
cpezpl, BOHUKAIOT B pe3yJIbTaTe 00pa3oBaHMsI B MEM-
Opanax ruApoMIBHBIX MOp HpH (Pa3oBoM mepexose
JIUITUJIOB.
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film damages as a result of the appearance of
disjoining pressure. A.M. Belous and co-authors [3]
theoretically grounded the probability of pores appea-
rance in cryopreserved cells during phase transition
of membrane lipids. Then the appearance of hydro-
philic pores during freezing has been shown in model
films of lipids [2] and erythrocytes [13].

Thus due to these findings we may conclude that
ecological niche of habitat or spawning of fish when
interacting different genomes of cells forms various
properties of fish spermatozoa (including cryoresis-
tance too). Fish spermatozoa cryoresistance in each
niche is different and is of polyfactor origin. It depends
on the strength of molecule-to-molecule bonds of
membrane components, fluidity rate of membranes,
number of polyunsaturated FA, CH:FL ratio and pro-
tein content. Under low temperatures of fish spawning
and salt concentration in water the spermatozoa
cryoresistance is lower than in the niches with higher
temperatures and water salinity. Qualitative changes
in the properties of sperm membranes, causing their
fragility and an increased sensitivity to medium osmo-
ticity, occur as the result of formation in membranes
of hydrophilic pores at phase transition of lipids.
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