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\JVilHoul coniinuai aromlb anci progress, 3ucb Torcis a3 itproyeteni, acbieyetenl, anci 3ucces3 baye no Teaning. Pouncieci in 2011,
llkrainian 3ournal o? Ecoiogy (15514: 2520-2138) i3 grov/ing coniinnounsiy. Il i3 our pieasure lo announce lbal civring year 2019, all
i33ne3 oi yointe 9 \/ere publizHeci oniine on liTe anci Oie prini i33ue3 Tere ai3o brougbi ouni anci ciispalcbeci Wiikin 30 ciays o™
publisbing Mie isrve oniine.

All publisbeci ariicie3 0? ibi3 ionrnai are inciucieci in iHe inciexing anci abslracling coyerage ol Meb oi 3cience (Eterging 3owurces
Agricoia, Agri3, AcacieTtic 3ournaisz Oalabare, LUricb'3 Periociicai3 Oireciory, OAl3ler3 Oireciory, HIIMAJI, Bielerelcl AcacieTic 3earch
Engine (BASE).

owuring IHe caienciar year 2019, llkrainian 3ournal oi Ecoiogy receiyeci a loiai oi 201 papers, oni oi Vi/bicb 10 ariicie3 (10%) «ere
reiecieci in IHe preiitinary 3creening cive lo piagiari3t or being ouni ollbe lorTai anci peer reyieVf proce3s. Ouring 2019 arounci 191
ariicie3 otere 3ub]leciecl lor publicalion a/ler Ibey are accepieci in IHe peer reyiem/ proces3. In Ibe 4 i33ue3 oi Yointe 9 publisbeci
civring Ibe year 2019, a loiai oi 191 ariicie3 otere publlisbeci (ai an ayerage oi 70 ariicie3 per i33ue) oi Viv/bic(i, ariicie3 «ere publisbec!
IroT aulbor3 all arovnci IHe worici.

A loiai o7 181 researcb 3cieniiziz IroT all oyer Ibe \Worlc! reyieteci Ibe 191 ariicie3 publislieci in yointe 9. Ayerage publicalion lag,
liTe ol an ariicie \Was lurlber recivceci 1o 3- 4 \n/eex3. 3ournal VIl be running ii3 meb3siie bip3://\nnnm/.viecology.cot/ paraiiei lor
Ecliiorial anci reyievi/ \w/ork proce33 30 a3 lo Tainiain ii3 Higbesl sianciarci oi 3cieniiiic \work. llkrainian 3ournal oi Ecoiogy lia3
increaseci keaciersbip Meiric3 (By Coogie Anaiyiic3) oi Ecoiogy VWVHicb can be accesseci ai €oogie Anaiyiica Meirics.

I lake I3 opporinnily lo acknoTiecige Ibe conlribmnlion oi A33ociaie Eciiior: Maizynra O.Y (llkraine), civring ibe linal eciiiing oi
ariicie3s publisbeci in bringing owi i33une3 oi llkrainian 3ournal oi Ecoiogy in lite. | Wovlcl ai3o like 1o expres3 Ty paraiiiucie lo all llie
amnlbors, reyieners, IHe publisber, iHe aciyisory anci Ibe eciiioriai boarci oi llkrainian 3ournal o? Ecoiogy, ibe oHice bearers lor iHeir
3uppori in bringing oni yei anolber yointe ofi llkrainian 3ournal oi Ecoiogy anci look Fon/arci lo IHeir unreieniing 3uppori lo bring,
ouni Ibe Yointe 10 oi Ykrainian 3ournal oi Ecoiogy in 3cbecivleci lite.

Ciiaiion:
baT Ma(HeVv. (2020). Ecliiorial Woie for Ilkrainian ;iournal o? Ecoiogy. llkrainian 3ournal orEcoiogy, 10 (2),1.
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Eiieci oi re3eTour ieTperainre anci oxygen conciiiion6 on
ilie aciTiy o1 Ne-K putp inetbrios anci lan/ae oi percH,
roacH, anci ruiie

O. Yociianiizkyil, O. Poirokoyl, N. HryneyycH2 O. KHoTiak?2 Y. KucliyasHJ,
N. PrysiarHnink2 O. Kuc!3 A. 3linzarenko?2 1. 2agorny2 B. Cuiyid* V. Ouslika4,
V. MaxyT14, O. haciak4, V. NWnblin5

Anziirnie or'iiyclrobioiogy JV/I50r likraine, Kyiy, likraine
BWa Tzerkya Ne(iiona/Agrarian iiniyer3ily, BiiaT3erkya, likraine
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Kece/yecl: 13.04.2020. Accepieci 15.05.2020

THe Ma +/ K + -ATPase or ceii TeTbranes i3 one or THe rir3i lo proyicie THe rortaiion or a pritary response io iHe aciion ol racrors
anci iniiiaie3 iHe TecHani3T3 or rortaiion or long-iert aciapraiion. THai i3 \WHyiHe purpose or iHe 3inciy Wasio 3iuciy iHe acimiy or
Ne-K puTp in eTbryos anci cayiar or percH, roacH, anci rurfe uncier IHe aciion or ciiffereni ieTperaiure arc) oxygen tocies or THe
resen/oir. THe biological Taieriai oriHe 3iuciies nas cayiar, etbryo3s anci laryae or' percH (Perca Muwiaili51..), roacH (Kwuii/n3 ruiH13
1) anci rurre (CytnocepWalus ce rn u n 3 THree reseryoir3 (ponci3) VVere 3eiecieci, VYHcH, cive io iHeir locaiion anci ciegree or
3Hacling, ciirrereci in ieTperainre conciiiion3 anci, conseauemiiy, in iHe oxygen regite. THe 3inciie3 Vifere conciucieci civring, April-May,
ai aiiTe «Hen percH, roacH anci rurre 3paotning occvr in naivrai Vi/aier bociies. THe TaxiTu T aciiyiiy or iHe enryTte ai iHe pre-cell
3iage w 3 obzen/ecl ai a ieTperainre or 16.3°C anci atounieci io 4.67 pToi Pi T4 proiein'lH'] anci wHen ii reacHeci an atbieni
ieTperainre or 18.1°C Naiecreaseci by 46.4% cotpareci io THe TaxituT. VViH THe increase in THe ieTperainre or THe agmeous
TeciinT aboye THe nort ciecreaseci iHe acimiy or IYa-K putp, otHicH i3 cive io THe in/eakening or' reciox anci increaseci anaerobic
processe3 ai lom oxygen conieni in «aier. Tlie acilYliy or Na-K puTp ror percH etbryos cieariy 3/0Vv¥3 ibal: Nee T03i; rayorable
ieTperaiures ror etbryonic cieyeiopteni are ii3 looter yaines, in pariicuiar ror IHe 3iage or eye pigteniaiion ii i3 14.9°C. Arier
barcHing ar ibe pre-3iage 5l:age, TaxiTUT eniyTe anmiy ras obseryeci ai 16.3°C. Por eTbryonic cieyeiopTeni; or rurre in ibe
Ticiciie or Nee 3/kll, Nee opiiTuT naier ieTperainre i3 15-16°C, bwi aireaciy ai ibe 3iage or pre-ceiiviose, ii3 opiiTuT increaseci
3igniricaniy, reacbing 19-20.9°C. floacH i3 a Tore iHertopbilic 5pecie5 coTpareci ro percH anci prerers Higber wier ieTperaiures
civring etbryonic cieyeiopteni. K «a5 noieci iiiai iHe acllYliy or' ATPa3e increaseci 3igniricaniiy \wiib increaring naier letperarure.
TWi3 Tay inciicaie a bigb aciaprarion or Ibe roacb ro IHe ieTperarure or Le rczeryoira, bolb uncier ciitaiic norts anci soreVi/bal:
exceeciing, I3 nort. THe besi leTperaiure ror eTbryonic cieyeiopteni or ille roacH i3 16-17°C, anci civring pre-etbryonic 3iage ii3
opuTUT increaseci r'o 20-21°C.

Keyyn/orcis: TeTperaiure anci oxygen regite oriHe resen/oir; PercH; HoacH; Kurre; ETbryos

Inirocinciion

PresH raiers are parricuiariy yulnerable lo ciitaie cHange becamse Tany 3pecie3 wiiHin iHe3e rragrenreci Habiiar's Haye liTireci
abiliies ro cli5perse a3 THe enyironTteni cHanges; oraier ieTperaiure anci ayailabllily are ciitaie-ciepencieni:; anci Tany 3y3ieT3 are
aireaciy exposeci io nuteromns aniHropogenic 3rressors (Wooclvvarcl ei al., 2010; Yociianirskyi ei ai., 2017). CHanges in ieTperainre
are kno«/n lo Haye a signiricanr erreci on Telabolic raie anci oyerall Terabolic raie (Anenin3 ei ai., 2001; Koesner er ai., 2006;
€ryneyycH ei ai., 2018; Boyko & Brypaciyrenko, 2019; Kucienko er ai., 2019).

CliTaie cHange i3 cansing, 3pecie3 lo 3Hiri IHeir pHenology, or iHe liting or recnTtng life eyenis 3ucH a3 Tigraiion anci reprociuriion,
in yariable anci coTpiex wy3. TWi3 can poreniially resuii in Tid3TaicHe3 or asyncHronies in rooci anci Habiial; resowrces rHai
nepariyeiy iTpacr inciiyicivai riiness, popwiaiion ciynaTtic3, anci eco3y3ieT runcion. Nute”ou5 3iuciie3 Haye eyaivaieci pHenologjcal
3Hi/13 in ierresiriai 3pecies, paricuiariy bircis anci pianis (Biauciinger ei ai., 2019). THe exisience or a relarionsHip bebn/een THe ieyei
or Teiaboli3T anci enryTaiic ariTiy Take3 ii possible io cHaracierire risH 3iarns by Toiecuiar biotarkers. THe Tta]or Toiecuiar
bioTtarker3 orteisboli3T incincie: Na-K putp, Ca2+ Mp2+-ATPase anci ioiai ATPa3e acimiy, lacrare cleHycirogenase anci 3uccinaiie
cleHyclrogenase (CaHIHorT, 2004). Na-K puTp «as3 cieiecieci in rHe piasTa TeTbrane or Yirivally aii anitai ceiis. /1 Tainiiins K + in
HigH anci N8 + in lon conceniraiions insicie rHe ceii (cotpareci lo THe enyirontenr) (Piecller & 5cHeiner-Bobis, 1996; Bianco &
Mercer, 1998). i i3 knoun iHai Ma-K putp can Hyciroiyie 6TP anci IITP, anci proyicie aciiye Iranspori: or' 30ciiut anci poiia3sivT ion3s
civring, IHi3 reaciion. Howneyer, ATP i3 noi oniy a 3uba3rrale, bui ai3o a Tociuniaior or Ma-K putp, reguiaiing ii3 arriniry ror rransporiing,
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caiions. OiHer nucieoiicie3 are noi capable ol Tociuiaiing airiniiy ior iransporiing ion3, aliHongH iHeir byciroiysi3 ai3o ieaci3 lo aciiye
iranspori (Blanco & Mercer, 1998; yan cier Meer ei ai., 2005; Pouizen ei ai., 2010). 11 3Houlci be eTpHasiieci iHai boiH THe icyci ot
ieTperainre cHanges anci THe rpeeci oi THeir cHanges are iTporianiior iHe norTai course oi excHanae processes. A 3Harp ciecrease
in ieTperaiure can leaci lo a 3iomcioTa in Teiabolic processes iHai can no ionger ensure THe norTai course of liie. THe opposiie
iTpo33ibie lo proyicie miiH oxygen (Eracey ei ai., 2001; 3erek & Hlayaia, 2005; koesner ei ai., 2006). THereiore, poikiloiHerTic
aniTais Haye TecHanisTs io coniroi THe iniensiiy oi Teiabolic processes, anci, iirsi oi aii, civie io eniyTaiic reguiaiion (Atanins ei
ai., 2001).

THe To3i noiiceable cHanges in eniyTaiic acilyliy are founci in lis3H ai eTbryonic anci eariy posi-etbryonic siages ol cieyeiopTeni

THe iunciion oi ceii TeTbranes can piay an iTporiani roie. THe roie oi Ne-K puTp in iHi3 case can be cruciai noi oniy in Tainiaining,
iiie 3irncivrai iniegriiy oi TeTbranes, bwui ai3o in en3uring, iiieir innciionai 3iains, aboye aii, ion exciiange. Tiii3 enryTe pariicipaie3
in iHe processes oi 03Toiic anci ionic reguiaiion, proyicies aciiye iranspori. ii i3 eTbecicieci in THe owier piasTa TeTbrane oi iHe
ceii, proyiciing iHe iransier oi Ne + anci K + ion3 againsi THeir conceniraiion graciieni. In aciciiion, Ne-K puTtp can reauiaie iHe
iran3pori oi yariou3 Tefaboiiies, inciuciing 3ugars anci atino acici3 across iiie ceii TeTbrane (Yociianiiskyi ei ai., 2017). ii i3 knoTa
iHai THe NlaK puTp 0i ceii TeTbranes i3 one oi IHeiirsiio proyicie THe iortaiion oi a pritary response io THe aciion oi iaciors anci
THe purpose oi iHe 3iuciy Tas o siuciy THe aciyiiy oi Na-K putp in etbryos anci TisH pritaies (percH, roacH, ruiie) uncier iHe
aciion of ciiiiereni ieTperainre anci oxyfen Tocie3 ofiHe reseryoir.

Maieriai3 anci Melllocl3

THe bioiogicai Taieriai oi IHe 3iuciie3 Ta3 cayiar, eTbryos anci ian/ae oi percH (Perca JluyiaiHiz i..), roacH (Kwuii/u3 rviHu3 i..), arci
rviie (CytnocepHalus cernuus i..). Tiiree resen/oira (poncis) Tare 3eiecieci, «HicH, cive io THeir iocaiion anci ciearee oi siiaciing,
ciiiiereci in ieTperaiure conciiiion3 anci, consegueniiy, in iHe oxygen regite. THe Taier ieTperainre «a3 Teasureci WiH a Tercury
iHerToTeier civring iHe ciay ai 4, 12, anci 20 Hanci a3 iHe eTbryonic 3iage3s oi cieyeiopteni oi THe experiteniai Tis3H Haye pa3seci.
Tiie cii33oiyeci oxygen comnieni Ta3 Teaswreci ai iour o'ciock in THe Torning by iHe Winkier TeiHoli (Kotanenko, 2006). All
experiteniai reseryoirs \/ere iiiieci WWiH Taier iroTt iHe riyer Po3, «HicH Te3 cHaracieriieci by iiie ioiioning HycirocHeTical
paraTeier3: 02- 8.4-9.7 7a/ciT3, pH - 8.3, Harcinesz - 6.1 Ta-ea/cit3, Ca2+- 3.3 Ta-en/cit3, Mg2+- 2.8 Ta-ea/cit3, CI"- 0.85
TA-en/citTd, HHA +- 0.277 T4 W/cit3, NO2' - 0.006 T W/cit3, NO3- 0.080 T4 ~ciT3, P043~0.062 T4 P/cit3, PO - 8.0 T4
O/cit3, BO - 18.48 14 O/cit3. THe 3iuciie3 Tare corciucieci civring Aprii-May, ai a iiTe «Hen percH, roacH anci ruiie 3pawiing
ocewr in naivrai Taier bociies. Periiiireci 3pata oi experiteniai ii3H 3pecie3 «a3 piaceci in Te3H coniainers (Coni. = 169 ¢ T2 in iHe
nutber oi eaa3 in eacH TesH coniainer reacHeci 100-150 ean3. lipon reacHing iHe ceriain 3iages oi cayiar cieyeiopteni: THe enci oi
Aasiruiaiion, ien3 pritorciinT, anci eyes pigreniaiion ii «a3 3eiecieci anci iroien in THe ireerer ai -18°C.

THe acilYliy oi Ma, K-aciiVaiecl, Ma-ciepencieni ATPase (Kr 3.6.1.4) Ta3 cieiertineci by THe increase oi inorganic pHospHorus conieni
in iHe incmbaiion TeciinT accorciing io THe TeiHoci oi M.Ne KoncirasHoya anci oiHers (Asaiiani, 1965; KoncirasHoya ei ai., 1965). THe
incmbaiion enyironteni (1 ¢T3 30iniion) coniaineci 100 pToi oi NeCl, 20 pToi oi KCI, 5 ptoi oi MaCl2, 50 ptoi oiTri3 - HCl (pH
7.4). To iHe enyironTeni Ta3 aciciec! 0.1 ¢T3 0i 3 Toiar ATPa3e Ne2 3oiviion on 50 Toiar Tri3-HCI buiier (pH 7.4). ATPare acilYliy
Ta3 expresseci a3 pToi Pi T4 proiein"1H'1

Me3nli3 anci Ol5cn55lon

3inciies Haye been concincieci on THe eTbryos anci cayiar oi percH, a3 a iypicai aboriginai TisH 3pecies in our resen/oirs. In THe eariy
3iafge3 oi cieyeiopTeni (enci oi gasiruiaiion) iHe TaxiTUT aciiyviiy 0i Ne-K putp Tas iixeci ai 10.2°C anci atounieci io 3.11
pToi Pi T4 proiein'lH1 (Pigure 1A). PuriHer, niiH THe 3ub3esweni increase in atbieni ieTperaiure by oniy 0.2°C THe eniyTe
acily iy Ciecreaseci by 47%, bui aireaciy ai a ieTperainre oi 11.2°C ii again increaseci io 2.9 ptoi Pi T4 proiein'lH In, \WWHcH i3 6.7%
le33 iHan «iiH iHe TaxiTuT. AiiHe 3iage oi cieyeiopTeni (Pigure 1B), a 3iTiiar ienciency, VWHcH Ta 3avV in iHe preyions 3iage oi
cieyeiopTteni, retains: ofiiH increasing Taier ieTperaiure THe enryTe acilyliy ciecreases. THe TaxiTuTt acilYliy oi Na-K putp in
THe ien3 priTorciinT 3iage Tas obseryeci ai a TINITUT Taier ieTperaiure oi 8.7°C anci atonnieci io 5.00 ytoi Pi T4 proiein"1HL
Aireaciy niiH a ciecrease in THe ieTperaiure oi IHe agneons Teciiut by oniy 0.1°C, iHere nas a ienciency io ciecrease THe aciiyiiy 0i
iHe eniyTe by 7.2%, anci ii3 acilyliy ieyei Ta3 4.64 yT1oi Pi T4 proiein"lHL THe TiniTWUT acilyliy Ta3 recorcieci ai a ietperainre
0i9.1°C-4.23 pToi Pi Ta proiein"1H41, VWwHcH i3 15.4% ie33 THan iHe TaxiTunT.

iHi3 3iage of cieyeiopTeni Tas signiiicanily lotar. In Pig. 1B cieariy 3HoTe iHai WWiH increasing taier ieTperainre enryte acilYliy
ciecreaze3. MaxiTUT acilyliy Ta3 obseryeci ai 14.9°C, «HicH Ta3 0.92 pTtoi Pi T4 proiein"1H, anci a TinitTuT oi 0.86
pToi Pi Ta proiein'lH1Ta3 ai 15.7°C, \WHcH i3 6.5% le33 THan cotpareci io WiH 1He TaxiTuT. Accorciing io THe aciiyiiy 0i Ne-K
puTp ior percH eTbryos ii can be incigeci iHai THe To 37 iaYOrable ieTperaiures ior etbryonic cieyeiopteni are ii3 iotar yaives, in
pariicuiar, ior THe 3iage oi eye pigTeniaiion i3 14.9°C.

Aiier HaicHing ai THe siage oi pretoiariiaiion, THe Taier ieTperainre in THe 3iuCii€Ci rescryoirs 3igmiiicaniiy increaseci io 16.3-
18.1°C, «HicH ai3o signiiicaniiy aiiecieci iHe aciiviiy 0i iHe eniyTe in eTbryonic ii33ues. ii Ta3 ai3o noieci iHai civring iHe
eTbryonic anci eariy posi-eTbryonic cieyeiopTeni, THe 3aTe inyerac reiaiionsHip Tas Tainiaineci beitaen Taier jeTperainre anci
Ne -K PUTP acityriy. 3ince percH i3 a 3pring-3pa\vi/ning 3pecies oi lisH anci etbryonic cieyeiopTeni occura ai reiaiiyeiy 1o«
ieTperainres, Ta did noi obsen/e any probieT3 ViH THe oxygen regite civring aii THe sivciies, ii3 conceniraiion Tas in THe range oi
5.0-11.6 TA/ciT3 THe TaxiTUT acuviy 0i IHe enryTe ai THe pre-ceii 3iafle Ta3 obseryeci ai a ieTperainre oi 16.3°C anci
aTounieci io 4.67 pToi Pi Tg proiein"1H', anci «Hen ii reacHeci an atbieni ieTperainre oi 18.1°C ii ciecreaseci by 46.4%
coTpareci io THe TaxiTuT.
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Pigure 1. CHanges in THe aciiyiiy or IMa-K puTp in cayiar anci eTbryos or percH uncier iHe inrivence or Taier ieTperaiure.

Becanse roacH i3 a Tore iHertopHiiic 3pecies or ri3H iHan percH, ii i3 cHaracieriiecl by 3igniicaniiy HigHer Taier ieTperainres civring,
eTbryonic cieyeiopteni, VWHcH can rivcinaie wniiHin a raiHer Vvicle range or' 14-21°C.

(3.46 proi Pi Ta proiein'1HY), VWHdH i3 17.9% HigHer THan iHe Tinitut. THi3 inciicaies iHai gatbling eTbryos reei beiier ai HigHer
ieTperainres rrot THe siuciy range, bui ai loTar yaives, cieyeiopTeni i3 iHin nortai liTiis.

uring THe nexi siage or cieyeiopTteni - ien3 pritorciinT rortaiion, THe ieTperainre in THe 3iuciieci reseryoirs 3ligHily (by 1.5-
2.0°C) ciecreaseci. HoTayer, ciespiie iHi3, THe paiiern iHai Ta3 cHaracierisiic or iHe preyious siage or cieyeiopteni, in THi3 case
increase in Taier ieTperainre by 1.2°C, ii increaseci by 37.1%. THe TaxiTuTt eniyTe aciiyily Ta3 obseryeei ai 16.9°C, nateiy
3.18 T4 P/H x Tp proiein, yyHicH .- 50% Tore THan iHe TinituT. THe 3iage or cieyeiopTeni or roacH (eye pigTeniaiion) ai3o iook
piace wiiH a fenerai ciecrease in Taier ieTperaiure io 14.4-14.8°C, uHicH, in iurn, arreciec! THe enryte aciiyiiy (Pigure 2B).
Cieariy, in iHe absence or ciirrerences in Taier ieTperainre in ciirrereni rescryoirs, iHe aciiyiiy or ATPa3e in eTbryos ta3 aito3si ai
THe 3aTe icyei. THe TiniTu T aciiyiiy of NaK putp ai aietperaiure or 14.7°C Ta3 lotar iHan ai a ieTperaiure or 14.4 °C by oniy
6.9% anci iHese ciirrerences Tare noi signiricani.

ivring THe HaicHing or TeianotacropHage ceniers rrot THe 3Heil, THe ieTperaiure in THe resen/oir3 signiricaniiy increaseci io 19.6-
20.9°C, \wHicH, a3 Tall a3 THe loss or THe 3Heil anci periyiieiiin rivici, signiricaniiy inrivenceci iHe increase or enryTte aciiyiiy. In
ciepenciing, on THe ieTperaiure or THe aguaiic enyironteni, yyHicH ra obaeryees in THe preyious siages or etbryonic cieyeiopreni or
roacH. Ii3 TiniTuT aciiyily Ta3 recorcieci ai 19.6°C, \WwHcH aTounieci io 8.94 pToi Pi T4 proiein'lHY, anci i3 TaxituT aciiyiiy ai
20.9°C Ta3 15.63 pToi Pi T4 proiein"1H1, uHicH i3 42.8% Tore THan THe TiniTnT.

Baseci on our oTa 3iuciie3 on THe aciiyiiy of IMa-K puTp in eTbryos anci TeianotacropHage ceniers, ii can be ob3en/eci iHai ii
regite or 1He rescryoira, bOiH uncier ciiTaiic norts anci roteagHai exceeciing THi3 nort. THe besi ieTperaiure ror etbryonic
cieyeiopTeni oriHe roacH i3 16-17°C, anci ai ii3 pre-3iage 3iage ii3 opiiTuT increaseci io 20-21°C.

resuiiz or our oTa 3iuciies 3Hotaci iHai in THe eariy siages or eTbryo cieyeiopteni - THe enci or gasiruiaiion iHere Tas a ciear
ienciency io increase THe aciiyiiy or' THe enryTe yyiiH increasing ietperaiure, aiiHongH THere Tare no sHarp intps (Pigure 3A). THe
TiniTuT aciiyily Ta3 recorcieci ai 13.6°C, orHicH Ta3 4.54 ptoi Pi T4 proiein’lH4Y, anci THe TaXiTUT Ta3 obseryee: ai 14.5°C arci
ii Taz 5.02 pToi Pi Ta proiein'lH'L, uHicH Ta3 by 9.6% Tore coTtpareci io 1He TiniTuT. THi3 inciicaie3 iHai HigHer ieTperaiures
r'roT iHe 3iuciieci range are prererable ror eTbryonic rurre cieyeiopTeni.

llkrainian ~ownal oi Ecoiogy, 10(2), 2020



lIkrainian ~on™nal oi Ecoiogy

Pigure 2. CHanges in THe aciiviiy oi Ne-K puTp in roacH cayiar anci TeianoTacropHage ceniers uncier iHe in/lnence oi \i/aier

owuring, iHe lransiiion lo THe ien3 pritorciinT iorTaiion iHere Toas a signiiicani increase in waier ieTperaiure in iHe siuciieci
reseryoira up lo 16.3-18.8°C, wHicH i3 uHai I4a-K putp reacieci miiH IHe cHange oi ii3 acilYliy (Pigure 3B). Al THi3 liTe ob3eryeci a
3Harp ciecrease in IHe acilYliy oi IHe ety Te WiH a 3igniiicani increase in atbieni ieTperainre. Ii3 TaxiTuT acilyliy ra3 recorcieci
ai 16.3°C anci atounieci jo 1.52 ptoi Pl Tg proiein"lHY, anci THe TinituT acilyliy ai 18.8°C oras 0.88 pToi Pi T4 proiein"1H,
\WHcH ma3 by 42.0% I€55 coTpareci io THe TaxiTuT. THi3 inciicaies iHai iHere i3 a marraisv/ corricior oi opiiTai ieTperaiure ior ruiie
eTbryos, anci «<Hen exiiing iHe bociy, THe bocly irie3 io aciapi io THe uniayorabie enyironTeni, reciucing iHe acilYliy oi Ne-K putp.
owuring iHe pre-siage siage, 1He ieTperaiure in IHe resein/oirs increaseci. HoViveyer, ai iHi3 siage oi cieyeiopTeni, IHe bocly oi IHe
io 21.3°C. An increase in enryTe acilylly ota3 obseinfeci ai a ieTperainre oi 20.9°C anci reacHeci ii3 TaxiTmut -8.82
pTOoi Pi T4 proiein'lHL PuriHer, ii ieii 3ligHily anci riooci ai 21.3°C - 7.64 pToi Pi T4 proiein'lH1, VWHcH \Was by 13.3% ie33 iHan
IHe TaxiTuT.

Piaure 3. CHanges in Ne-K putp acilYliy in cayiar anci ruiie TeianoTacropHage ceniers wuncier iHe iniinence oi agaier ieTperaiure.
A -enci oi gasiruiaiion, B- ien3 pritorciint, C- iorebrain cieyeioptnei.
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Conciusion

THereiore, THe resuiis oi our sivciies on THe acilYliy oi key eniyTes oi energy anci piasiic excHange sHoraci iHai WiH increasing iHe
ieTperainre oi iHe aymeomns Teciint aboye norTai ciecreaseci acilYliy oi Na-K putp, VWM i3 cive io iHe «eakening oi reciox anci
increaseci anaerobic proce3se3 in low oxygen conieni. 3ince iHe eTbryonic cieyeiopteni oi percH occurs ai reiaiiyeiy lovy/
ieTperaiures, Te did noi obsen/e any probleTts ViH THe oxygen regite civring aii iiie sivciies, ii3 conceniraiion Tas iniHe range oi
5.0-11.6 Ta/ciT3. Tiie acilyliy oi Ne+/K+ -ATPHase ior percb eTbryo3s cieariy 3Hora iHai ibe T03i iaYorable ieTperainres ior
etbryonic cieyeiopTeni are ii3 lovver yaives, in pariicuiar jor THe siage oi eye pigreniaiion ii i3 14.9°C. Aiier HaicHing ai iHe pre-
3iage 3iage, TaxiTuTt enryTte acilYliy ra3 ob3en/eci ai 16.3°C. Por eTbryonic cieyeiopteni oi ruiie in iHe Ticiciie oiiHe 3iiell, iiie
opiiTuT raier ieTperainre i3 15-16°C, bwui aireaciy ai iHe 3iage oi pre-ceiiniose, ii3 opiiTuT increaseci 3igniiicaniiy, reacHing 19-
20.9°C. PoacH i3 a Tore iHerTopHiiic 3pecies oi Ti3H cotpareci io percH, orHicH i3 cHaracieriieci by signiiicaniiy HigHer raier
ieTperainres civring etbryonic cieyeiopTeni. ii ras noieci iHai THe acilYliy oi ATPa3e increaseci signiiicaniiy oriiH increasing Taier
3ote\/Hai exceeciing THi3 norT. THe besi ieTperaiure ior etbryonic cieyeiopteni oi THe roacH i3 16-17°C, anci ior iHe pre-siage
THe opiiTuT i3 20-21°C.
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