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Glycolysis Role During Cold Adaptation
in Carassius auratus gibelio

IIpencTaBieHbl JaHHBIE, KOTOPBIE XapaKTEPU3yIOT YPOBEHb aHaPOOHOr0 3HeprooOMeHa y kapacs cepeOpsiHoro Carassius auratus
gibelio B 3uMHUiT epruoa. YCTaHOBICHO, YTO 3UMOI M3MeHseTcst akTuBHOCTD JIJIT, yBenmuuBaercs coepykaHue JakTara, a TaKkiKe
COOTHOILICHHE JIAKTAaT\IUPYBaT BO BceX TKaHsaX pei0. VM3menenns akruBHoctu JIAI' m comepikanus yka3aHHBIX MeTaOOIHUTOB IPH
HOHIKESHNH TeMIIEPaTyphl YKa3bIBAIOT Ha IIEPEX0]] OPraHu3Ma phbIO MPEnMyIECTBEHHO Ha aHAYPOOHBIN THI SHEProOOMEHa IPH JaHHBIX

YCIIOBHSX.

Knrouesvie cnosa: xapach cepeOpsiHbIii, ITIMKOIIHM3, XOJIO0A0Bas! /1A Tallist

[IpencraBieHo naHi, sIKi XapakTepU3yI0Th piBeHb aHAepOOHOTr0 eHeproodMiny y kapacs cpibisinoro Carassius auratus gibelio B
3UMOBH TIepiojl. BcTaHOBIIECHO, 1110 B3UMKY 3MIHIOEThCS akTHBHICTE JIJII, 3pocTae BMiCT JIaKTaTy, a TAKOX CITiBBIAHOIICHHS JTaKTaT/
nipyBaT B ycix TkanuHax pu0. 3minu aktuBHOCTi JIJII' Ta BMiCTy BKa3aHUX MeTaOOJIITIB IIPH 3HIKSHHI TEMIIEpaTypH CBiJ4aTh Mpo
nepexiz opraniaMmy pub nepeBakHO Ha aHaepOOHMI TUII eHEProoOMiHy 3a IIUX YMOB.

Kniouoei cnosa: xapach cpiOasTHUN, TIIIKOJI3, XOI0I0BA aanTallis.

The data characterizing the level of anaerobic energetic metabolism in the wild type of goldfish Carassius auratus gibelio during
winter period are shown. It was determined that during winter LDH activity changed, lactate content as well as the lactate/pyruvate
ratio increased for all fish tissues. Changes in LDH activity and metabolite content during temperature decrease indicate a switch of
fish organism to predominantly anaerobic type if energetic metabolism under these conditions.

Key-words: Carassius auratus gibelio, glycolysis, cold adaptation.

OnHUM U3 MEXaHU3MOB PUCTIOCOOIEHNUS K BBIKHU-
BaHHUIO B HEONAaronmpuATHBIX YCJIOBHUSAX BHEIIHEH
Cpenbl U1l MHOTUX BUIOB )KUBOTHBIX SIBJISIETCSI OLIETIe-
HeHue. B 3ToM cocTOsHUM BCe MPOLECCH] KUZHEAECS-
TEJILHOCTH y )KHBOTHBIX CBEJICHBI K MUHUMYMY U OHH
0e3 Bpena i1 OpraHu3Ma MOTYT [TEPEHOCUTH TOJIO],
TUTIOKCHIO, TUTIEPKAITHUIO, THIIOTEPMHUIO U T.1. [2].
HexoTopsie BupI phId BIaJaroT B COCTOSHUE 3UMHETO
OIIETIEHEHHS UJTM CHOMIOA00HOE cocTosHre. OTHUM U3
TaKUX BHUJIOB SIBJISIETCS Kapach cepeOpsiHbiii Caras-
sius auratus gibelio L (1758). Y pb10, oTHOCSIIUXCS
K NOMKHUIIOTEPMHBIM XUBOTHBIM, NPU U3MEHEHHH
TeMIIEpaTypbl OKpPYKarOILEH CPeabl MEHSIOTCSA TEMIIE-
parypa Teina ¥ MHTEHCHBHOCTb 0OMEHa BEILECTB.

[IpucnocobutenbHbIe MEXaHU3MBI META00IN3Ma,
BbI3BaHHBIE KOJIEOaHUSIMU TEMIIEPATYPbl, TECHO CBA3a-
HBI C BBIPAOOTKON MaKpOIPTrHYECKUX COCTUHEHHH B
a’pOOHBIX M aHAYPOOHBIX METa0OTUIeCKHUX My Tax. O
(hyHKIIMOHATHPHOM COCTOSHUHY TJIMKOJIM3a M LINKJIA TPH-
KapOOHOBBIX KHCJIOT KOCBEHHO MOXXHO CYIOUTH IIO
AKTHBHOCTHU OTICIbHBIX (EPMEHTOB IPH Pa3HBIX
temnepaTrypax. IlockoiapKy nakrarmeruaporeHasa
(JIAT) dyHKuMoHMpyeT Ha 3aKIIOYMTEIHHOM dSTare
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One of the mechanisms of adaptation to survival
under unfavorable environmental conditions for many
animal species is torpor. In this state all processes of
vital activity in animals are reduced to minimum and
they may survive hunger, hypoxia, hypercapnia,
hypothermia etc. with no harm for their organisms [2].
Some fish species fall either into a winter torpor state
or sleep-like one. One of these species is the wild type
of goldfish Carassius auratus gibelio L (1758). In
fishes belonging to poikilotherms during change in
environmental temperature the body temperature and
metabolism intensity change.

Addaptive mechanisms of metabolism caused by
temperature variations are tightly related to the
production of macroergic compounds in aerobic and
anaerobic metabolic pathways.

Functional state of glycolysis and cycle of
tricarbone acids may be indirectly judged on the
activity of certain enzymes at various temperatures.
Since lactate dehydrogenase (LDH) functions at a final
stage of glycolysis its activity together with other
parameters are used as an index for the level of
anaerobic metabolism.
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TIIAKOJIN3a, €€ aKTHBHOCTh, HApSAYy C JPyTUMH
MOKAa3aTeNsIMHU, UCIIOIb3YIOT KaK MOKa3aTellb yPOBHS
aHa’poOHOro oOMeHa.

Lenb paboTsl — HccnenOBaHUE U3MEHEHUS aKTUB-
Hoctu JIJII' 1 conmepxkaHus nakTara ¥ NmupyBara B
TKaHsIX y Kapacs cepedpsinoro C. a. gibelio npu agan-
TalM K HU3KUM TeMIepaTypam.

Matepunanbl 1 meToAbl

B pabote ucnonp3oBanu peiO, BBUIOBICHHBIX 3U-
Mol (ssHBaph). YacTh peIO colepiKaii B XOJOIOBOM
kamepe rpu Temmeparype 4-5°C (aganTupoBaHHBIC K
X0JI0y), APYTyI0 — MpH KOMHATHOW TeMmIepaType
20-22°C (KOHTpOJIb) UIUTEIBHOCTHIO HE MEHEe 2-X
HEZENb.

Jns onpenenenus akruBHoctu JIJII' B Oenbix u
KpacHBIX MBIIIIaX U B MEYEHU B HAINPaBJICHUHU
JIAKTaT — MUPYBaT MCIOJIb30BaIH HAOOPHI (PUPMBI
“Pearent” (r. HduenponeTrpoBck). [IpuHuun metona
OCHOBaH Ha criocobHoctu JI/II" B mpucyTCTBUU HUKO-
tuHamMunaaeHnaauaykieoruna (HAJl) okucisars
L-nakrar 10 NMPOBUHOTPAJHON KUCIOTHI, KOTOPAs
npu peakuuu ¢ 2,4-THHATPOPEHUITHIPAZHHOM B
LIEJIOYHON cpeie 00pa3yeT OKpamIeHHBIH MPOAYKT —
THJIPa30H THPOBUHOTPATHOM KUCIOTHI [3]. UHTEeHCHB-
HOCTb OKPACKH MPSIMO MPOIIOPIIOHATIbHA AKTHBHOCTH
¢depmenta. @parmeHT TKaHU BecoM okosio 400 mr
rOMOTE€HU3UPOBaay Ha pay B 1,5 M 0,1 M ¢ocdar-
Horo Oydepa, pH 7,4. l'omorenar ueHTpudyrupoBain
npu 1800g B Teuenue 5 muH, 50 MKI Hagocalka
oTOMpasin Ansl NpoBedeHNsT PEepMEHTaTUBHON peak-
uuu. AxtuHocTs JIIT ompenensinu npu 20-22°C
crnekrpodoromerprdecku npu 540 HM, JUIMTETBLHOCTD
nHKyOarmu cocraeinsuia 15 muH. Peaknuro ocranas-
JUBaH 100aBIeHuEM 2,4- TMHUTPOGECHUITHIpa3uHa.

JlakTaraernaporeHa3Hylo0 akKTHBHOCTh B HalpaB-
JIEHUU MHUPYBAT — JIAKTAT ONPENEIISUTH 10 CKOPOCTH
OKHCIICHHS BOCCTAHOBIEHHOTO HUKOTHHAMUIAICHUH-
munykneoruna (HAJIH,) nipu 340 am [1]. depmenta-
TUBHYIO peakuuto npoBoauau npu 20-22°C B TeueHue
5 muH. Konuentpauuio 6enka B mpobax onpenesnsim
110 CTaHAAPTHOU MeToAUKe [6] ¢ HOMOIIBIO pacTBOpa
Bpeadopna.

ConepxaHue J1lakTara v MUpyBaTa ONpeAessiTa, KaKk
onucaHo B [5]. dparMeHT 3aMOpPOKEHHONW TKaHU
(300 mr) pacTupany, IEPeHOCUITH B IPOOUPKY, COEp-
xamtyto 1 mi 6% HCIO,, n no6asnsnu 6% HCIO, no
COOTHOIIICHUS TKaHb:KucioTa 1:4. IIpoObl mepeme-
IIMBaJIM ¥ OCTAaBIISIIM Ha JieasHoW OaHe Ha 10 muH,
3areM LEeHTPU(PYTHPOBAIU B TeueHHe 15 MUH mpH
1800 g. K mamocanky npunusanu 5 M K CO, us
pacuera 0,05 mur Ha 1 Mt Hapocanka. [IpoOwr mepe-
MEILUBaJIN, THKYOMPOBAJIM Ha JIESHOM OaHe 0 IpeK-
pamenus Beienenus CO, 1 neHTpudyrupoBany npu
1800 g B Teuenue 5 MuH. {7151 onpeneneHus KoJIn4ecT-
Ba JJAKTaTa B KIOBETY HanuBaiu 2,0 M NIMIUH-TUApa-
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The research aim is to investigate the change in
LDH activity and content of lactate and pyruvate in
the tissues of C. a. gibelio during adaptation to low
temperatures.

Materials and methods

In the research the fish caught in winter (January)
was used. The part of fish was maintained in cold
chamber at 4-5°C (cold-adapted), another part was kept
at room temperature of 20-22°C (control) for more
than 2 weeks.

To determine the LDH activity in white and red
muscles as well as in liver in lactate - pyruvate
direction the kits (“Reagent”, Dnepropetrovsk, Ukrai-
ne) were used. The method is based on LDH ability in
presence of nicotinamideadeninenucleotide (NAD) to
oxidize L-lactate to pyruvic acid, which being in reac-
tion with 2,4-dinitrophenylhydrasine in alkaline medi-
um forms the stained product: pyruvic acid hydrazone
[3]. Staining intensity is in a direct proportion with
the enzyme activity. A tissue fragment weighed about
400 mg was homogenized on ice in 1.5 ml of 0.1 M
phosphate buffer, pH 7.4. Homogenate was centrifuged
at 1800g for 5 min, 50 pl of supernatant was taken to
perform enzyme reaction. LDH activity was measured
at 20-22°C spectrophotometrically at 540 nm, incu-
bation duration was 15 min. The reaction was stopped
by adding 2,4-dinitrophenylhydrazine.

Lactate dehydrogenase activity in pyruvate —
lactate direction was examined on the rate of oxidation
of nicotinamideadeninedinucleotide (NADH,) at 340
nm [1]. Enzyme reaction was performed at 20-22°C
for 5 min. Protein concentration in the samples was
found on the standard methods [6] using Bredford
solution.

Contents of lactate and pyruvate were examined
as described [7]. A frozen tissue fragment weighed
300 mg was ground up, transferred into a vial, contai-
ning 1 ml 6% HCIO,, and 6% HCIO, was added to
1:4 tissue:acid ratio. The samples were stirred and left
in ice bath for 10 min, and then they were centrifuged
for 15 min at 1800g. Then 5 M K,CO, was added to
supernatants at the rate of 0.05 ml per 1 ml of
supernatant. The samples were stirred, incubated on
ice bath until CO, emanation stopped and centrifuged
at 1800g for 5 min. To examine lactate quantity 2.0 ml
glycin-hydrazine buffer (0.4 M hydrazine sulphate,
1 M glycin, pH 9.5), 0.2 m1 0.05 M NAD and 0.2 ml
of tissue extract were added into a cuvette. Optical
density vs. buffer at 340 nm was measured, afterwards
0.05 ml of LDH preparation with protein content of
5 mg/ml was added and the extinction value was
measured after its growth ceasing.

To determine the pyruvate content a frozen tissue
fragment weighed 300 mg was ground with 2ml of
0.6 M HCO4 and incubated on ice bath for 15 min,
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suHoBoro oydepa (0,4 M ruapasuncyiabdara, 1 M
muruHa, pH 9,5), 0,2 M 0,05 M pactBopa HAJl u
0,2 mu1 TKaHEBOTO 3KCTpakTa. M3amepsnu ontndyeckyro
IUIOTHOCTH NPOTUB Oydepa npu 340 HM, nocie yero
nobasmnsun 0,05 mn npenapara JIJAI ¢ conepkanuem
Oenka 5 MI/MII U U3MEPSUIM BETUYMHY SKCTUHKIUH
MOCJIE NPEKPaLEHUs €€ poCTa.

[Ipu onpenenennu conepkanusi nupysara par-
MEHT 3aMopokeHHOU TKaHu (300 Mr) pactupanu c
2 mn1 0,6 M HCIO, n unKy6upoBany Ha JieJsHOM OaHe
15 mun, nodasnsmu 0,6 M HCIO, no cooTHOImEHuS
TKaHb:KucnoTa 1:9. 3arem npoOsI eHTpUdyrupoBaiu
B teyerne 10 mun npu 1800 g. IIpodsr HeltTpamm3zo-
Basy, npuiusas o 0,2 man 5 M K CO,, n unkybupo-
Banu 10 MyH Ha JTeAsHON OaHe, mocye Yero HeHTpudy-
ruposainu 10 mun npu 1800 g. Hanocanku otOupanu
u xpanunu npu —80°C. [ns onpeaeneHus KoIu4ecTsa
nupyBara B KtoBeTy BHOcHH 1,2 M1 0,5 M Tpuatanon-
amuHoBoro oydepa (pH 7,6) u 0,8 mn pazmopoxeH-
HOTO TKaHEBOIO 3KcTpakTa. POHOBOE 3HAYEHHE IKC-
TUHKUIWHU onpeaensiu npu 340 uM. B mpoOy BHOCHIHN
0,05 mn 6 MM pacteopa HAJIH, u n3mepsinu onru-
YeCKYIO INIOTHOCTh. Uepes 5 MuH mocie 100aBiIeHus
0,05 mu mpenapara JIIII" ¢ comepxanneM ¢pepMeHTa
0,5 Mr/mMi u3MepsUTH ONTHYECKYIO IUIOTHOCTh. B
9KCIIEPUMEHTAX HCIOIb30BAIN PEAKTUBBI (DUPMBI
“Sigma” (CILA).

[Tony4ennsie nupoBsie JaHHBIE OBLIIN CTATHCTHU-
4ecKr 00paboTaHbl C UCMOJB30BAaHUEM KPHUTEPHUS
Manna-YutHu B iporpamme StatgraphicWin.

Pe3yAbTathl M 00CyXXA€HHe

B pesynbrare uccnegoBaHUN yCTaHOBJIEHO, YTO
akTuBHOCTH JIJII" B HanpaBlieHUU JaKTaT — MUPYBaT B
KpPaCHBIX M OCJIBIX MBIIIIIAX, a TAK)KE B MIEUSHH ObLIa
CHIDKEHA Y PBIO, aIalTHPOBAHHBIX K HU3KOU TeMITepa-
type (puc. 1). B 10 xe Bpemsa aktuBHOCTH JIJI,
HalpaBJIeHHas Ha oOpa30oBaHHUE JaKTara y XOJOJ0-
aIaNTHPOBAHHBIX 0COOEH, JOCTOBEPHO BBIIIE IO CPaB-
HEHUIO C KOHTPOJIEM BO BCEX U3YUEHHBIX TKaHSIX
(puc. 2). Oto xopo1o cornacyercs ¢ faHHbIMU [4, 7],
CBUJICTENBCTBYIOIIMMU O MOBBIIIEHUH POJIU TIIUKOIU-
3a MpY HU3KOU TeMIieparype.

He oOHapyxeHO JOCTOBEPHBIX Pa3IAYU MEXKIY
KpacHBIMHU U OENIBIMH MBIIIIAaMHU B akTuBHOCTH JIAT
pu 00pa3oBaHWU MHpPyBaTa y Kapacei, comepxkan-
IIUXCS TMPU KOMHATHOM TeMIeparype, XOTS aKTHB-
Hocth JIJII' mpu oOpazoBaHuHU JIaKkTaTa B JaHHBIX
YCIIOBUSX ObLIA BBIIIE B OCJIBIX MbIIIIAX. MI3MeHeHHE
AKTUBHOCTHU (DepMEHTA TOJIBKO B OJHOM HallpaBICHUH
peaknuu 00yCIOBICHO pabOTON pa3HBIX HU30(opM.
OO0OHapyXeHo, 4TO B O€JIbIX MBIIIIAX Ipeodianaet
aHa’poOHbIN HeproodmeH [4]. Hampumep, y MOpCKux
PpBIO HAOMIOMACTCS CIEAYIONIast 3aKOHOMEPHOCTh: YeM
BBILIE UX MOJIBUKHOCTb, TEM BBbIILIE AKTUBHOCTH JIIT,
omnpenenseMas mo ckopoctu okucienus HAJIH,, B

NMPOBJIEMbI
KPUOBMOJIOIUM
T. 17, 2007, Nel

0.6 M HCIO, was added up to 1:9 tissue:acid ratio.
Then the samples were centrifuged for 10 min at
1800g. The samples were neutralized by pouring
0.2ml 5 M K,CO, and incubated for 10 min on ice
bath afterwards they were centrifuged for 10 min at
1800g. The supernatants were removed and stored at
—80°C. To find out the amount of pyruvate 1.2 ml of
0.5 triethanolamine buffer (pH 7.6) and 0.8 ml of
thawed tissue extract were put into a cuvette. The
background value of extinction were determined at
340 nm. Into the sample 0.05 ml of 6 mM of solution
NADH, was added and optical density was measured.
Five minnutes later after adding 0.05 ml of LDH
preparation with the enzyme content of 0.5 mg/ml an
optical density was measured. In the experiments the
reagents of Sigma company (USA) were used.

The obtained digital data were statistically
processed using Mann-Witney criterion with the
StatgraphicWin software.

Results and discussion

In the result of the research it has been established
that LDH activity in lactate — pyruvate direction in red
and white muscles as well as in liver was reduced in
the fish adapted to low temperature (Fig. 1). At the
same time LDH activity directed to the formation of
lactate in cold-adapted individuals is statistically
higher if compared with the control in the all studied
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White Red
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Puc. 1. AxtuBnocts JI/II B HaripaBieHUH JakTar — MUpyBar
B TKaHsX C. a. gibelio: ll— KOHTPOIIB; [1— X0JI010a1alITHPO-
BaHHbIE; ¥ — JIOCTOBEPHbBIC OTIMUYUS 110 CPABHEHHIO C
koHTposeM, p< 0,05; # — 1OCTOBEpHBIE OTIAUYMS IO CpPaB-
HeHuro ¢ OenpiMu Mbrmamu, p< 0,05; + — gocTOBEpHEIC
OTJIMYMS TI0 CPABHEHHIO C KpacHbIMU Mblamu; p< 0,05,
n=10.

Fig. 1. LDH activity in lactate — pyruvate direction in tis-
sues of C. a. gibelio: @ — control; O — cold-adapted; * —
significant differences if compared with the control, p<0.05,
n=10; # — significant differences if compared with white
muscles, p<0.05; + — significant differences if compared
with red muscles p< 0.05, n=10.
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MEYEHHU U OCNIbIX MBIIIIIAX, ¥ HIKE — B KPacHbIX [9].
CootHonrenue aktuBHOCTH JIJIT" B O€NIBIX U KpaCHBIX
MBIIIIAX Y CTAaBpUABI (eJarn4ecKuii BUI C BEICOKOH
MTOJIBUKHOCTEIO) cocTaBiseT 14:1, Torna kak y cKop-
MeHbI (MaJIOTIOIBUKHBIN JOHHBIN BU) — Onm3Kko K 1:1.
VY kapacs cepeOpsiHOTO (IPUIOHHBINA BUJI C HEBBICOKOM
MOJBMKHOCTHIO) TI0 HAIIUM JAaHHBIM IPH TeMIepa-
type 20-22°C 310 cooTHOLEHHE cocTasnseT 1:1, T.e.
JaHHas 3aKOHOMEPHOCTh XapaKTepHa HE TONBKO IS
MOPCKHX BUIOB PBIO, HO M JIJIsl IPECHOBOIHBIX.

B ycnoBusix NOHM)XEHHOH TeMIIEpaTyphl pa3HULA
B aktuBHocTH JI/II, HampaBieHHOW Ha oOpa3oBaHHe
JIaKTaTa, MEXIy OCJIBIMU U KPACHBIMU MBIIIIIAMH
HCYE3aET, B TO BPEMS KaK B KPACHBIX MBIIIIIAX aKTHB-
Hocth JI/II, ompenensiemas mo oOpa3oBaHHUIO THPY-
BaTa, JOCTOBEPHO BHILIE IO CPABHEHHIO C OENBIMH
MBIIILAMH Y XOJI0A0aAaTUPOBAaHHBIX Kapacel. [lan-
HBIE PE3YJIbTaThl TAKXKE CBUIIETENBCTBYIOT O (DYHKIIHO-
HUPOBaHUM pa3HbIX n30¢opm JI/II B pa3nuuHbIX HaI-
PaBJICHUAX PEAKIINH.

AxtuBHOCTh JI/II" B HanrpaBneHNM NUpyBar — JakK-
TaT TIpH MOHWKEHHOM TemMIeparype B OSNIbIX MBILIIAX
Bo3pacTaet Ha 35, a B KpacHbIX —Ha 55%. XoTs B Kpac-
HBIX MBILINAX, KaK PaBUJIO, Ipeodi1agaeT adpoOHbIi
THUT SHEprooOMeHa, B 3MMHUI EPHO B ATON TKaHU
3HAYUTEIHHO YCUINBAETCA TIIMKOIUTHYECKHUI MPO-
necc.

[To manHBIM [9] Yy MOpCcKuX pBIO akTHBHOCTH JIAT
B HaIPaBJIEHUH IMPYBAT — JIAKTaT B TIEYEHU B CPEAHEM
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Puc. 2. AxtusHocts JI/II" B HamIpaBneHnn MupyBar — JaKTaT
B TKaHsX C. a. gibelio: l—KOHTPOIb; []— X0JI0/10a1aNTHPO-
BaHHBIC; * — JIOCTOBEPHBIC OTIMYHUS 110 CPABHEHHIO C
KOHTpOJIeM, # — TOCTOBEpHBIC OTJIMYMA 110 CPAaBHEHHUIO C
OeJpIMU MBIIIIIAMU; + — JOCTOBEPHBIC OTIHYHS IO
CpPaBHEHMIO ¢ KpacHbIMM Mblinamu; p< 0,05, n=10.

Fig. 2. LDH activity in pyruvate-lactate direction in tissues
of C. a. gibelio: B — control; [ — cold-adapted; * — statisti-
cal differences if compared with the control, p<0.05, n=10;
# — significant differences if compared with white muscles
p<0.05; + — significant differences if compared with red
muscles p< 0.05, n=10.
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tissues (Fig. 2). This is in conformity with the data
[4, 7] testifying to a rise in glycolysis role at low
temperature.

No statistically significant differences between red
and white muscles on LDH activity during the forma-
tion of pyruvate in C. a. gibelio being maintained at
room temperature, though LDH activity during the
lactate formation under these conditions is higher in
white muscles. The change in the enzyme activity is
stipulated by the functioning different isoforms. It has
been found that in white muscles anaerobic energy
metabolism predominates [4]. For instance, in marine
fish the following regularity is observed: the higher
its mobility is, the higher LDH activity, determined
by NADH, oxidation rate, is in liver and white muscles
and lower in red ones [9]. The ratio of LDH activity
in red and white muscles in horse mackerel (pelagic
fish species with high mobility) is 14:1, whilst in
rockfish (low-mobile bottom-dwelling species) it is
close to 1:1. In C. a. gibelio which is also a bottom-
dwelling species with low mobility, at 20-22°C this
ratio makes 1:1, i.e. this regularity is characteristic
not only for marine species but also for fresh-water
ones.

Under conditions of lowered temperature the
difference in LDH activity directed to the formation
of lactate between white and red muscles disappears,
while in red muscles LDH activity found on the forma-
tion of pyruvate is statistically higher in comparison
with white ones in the cold-adapted C. a. gibelio.
These results also testify to the functioning different
LDH isoforms in various reaction directions.

LDH activity in pyruvate — lactate direction at
lowered temperature in white muscles increased by
35 and in red ones by 55%. Although in red muscles
as a rule aerobic energy metabolism predominates in
winter period in this tissues there is a significant rise
in glycolytic process.

The data show [9] that in marine fish LDH activity
in pyruvate — lactate direction in liver in average by 3
orders lower than in the muscles. We have found a
similar tendency of the changes in LDH activity,
though not so sharp when comparing with NADH,
expenditure in liver and muscles. At 20-22°C LDH
activity in liver is statistically lower if compared with
the one in white and red muscles. During temperature
decrease the statistically significant difference is kept
if compared with white muscles only. Under high
concentrations of lactate in liver LDH isoforms
functioning to form pyruvate prevail [8]. It has been
noticed that in C. a. gibelio the LDH activity in
lactate — pyruvate direction in liver is almost twice
lower than in muscles. This is characteristic for both
cold-adapted and control individuals.

Hypoxic conditions did not practically affect the
LDH activity toward lactate formation for the Black
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Ha 3 mopsiAKa HIDKe, 4yeM B Mblmnax. [lomo6Hoe
n3MeHeHue akTuBHocTH JIZIT, X0T4 1 He cTONb pe3koe,
OTMEYEHO B HAIUX 3KIEPUMEHTax IMpPH CPAaBHEHUU
pacxona HAJTH, B neueHu u Mblax kapacs cepeops-
Horo. ITpu Temneparype 20-22°C axrusHocts JIJII' B
[I€YEHH JIOCTOBEPHO HIKE MO0 CPABHEHHUIO C aKTUBHO-
CTBIO B O€JIBIX ¥ KpAaCHBIX MbIIIaX. [Ipu moHmkeHnn
TEMIIepaTypsl TOCTOBEPHAS pa3HHIA COXPaHIETCS
TOJIBKO IO CPaBHEHHIO ¢ OenpiMu Mblmmamu. [lpu
BBICOKMX KOHIIEHTPAIMAX JIaKTaTa B MEYEHHU MPeod-
nanatot uzopopmsl JIJII, paboraroniie Ha oOpa3oBa-
Hue upysara [8]. OtmeueHo, uto y kapaceii C. a. gibelio
akTuBHOCTH JI/II" B HanpaBIIeHNH JaKTaT — MUPYBaT B
[IEYEeHU MOYTH B 2 pa3za HUKE, YEM B MBIIIIaX. JTO
CBOWMCTBEHHO U XOJI0A0aJallTHPOBAHHBIM U KOHTPOJIb-
HBIM 0COOSIM.

['mmokxcryeckue ycinoBus cofiep>KaHus YepHOMOP-
CKHX PBIO [9] mpakTHuecKy He BIUSIIN HAa aKTUBHOCTh
JIAI' B HarpaBieHU#N 00pa3oBaHUs JIAKTaTa, TOTa KakK
MIPOBEJICHHBIE HAMH MCCIIEIOBAaHMS MTOKA3ald, YTO Y
C. a. gibelio B 3uMHMIA TIEPHO]T, KOTIA CHUKACTCSI TEM-
reparypa U COKpamaercs CHaOKeHHE KHCIOPOIOM,
aktuBHOCTH JIJII, KaK OBLIO yX€ OTMEYEHO, JIOCTO-
BEpPHO U3MEHAETCS.

UHdopmMaTUBHBIM NpEACTaBISIETCS CPaBHEHHE
cooTHomeHusa aktuBHocTu JI/II' B HanpaBineHuu
MHUpYBAT — JIAKTaT K aktTuBHOCTU JIJII' B HanpaBneHuun
JaxTar - nupyBaT. Kak BunHo u3 Tabn. 1, gaHHbIi
[TOKa3aTelb I BCEX N3yUeHHBIX HAMH TKaHeH B yCII0-
BHSIX IOHIKEHHON TEMITEpaTyphl U3MEHSIETCS B CTOPO-
Hy yBenwdeHus yaenbHou moym JIJI, paboTtaromeit
Ha 00pa3oBaHME JIAKTaTa.

N3menenne akTHBHOCTH (pepMeHTa y PbIO, afanTh-
POBaHHBIX K pa3HbIM TeMIIepaTypam, MOXET OBbITbh
00yCIIOBICHO M3MEHEHUSMHU KOJIMYECTBA MOJICKYI
¢depmenTa, cporctBa pepMeHTa K cyOcTpary u3-3a
TEMIIePaTypO3aBUCHMBIX KOH(pOPMALIMOHHBIX IIEPECT-
pOeK, HaIM4Ms pa3iIuvYHbBIX M30QopM ¢epMmeHTa.
Bomnpoc, kaxoii U3 3TUX MEXaHU3MOB peaTu3yeTcs Ipu
TEMIIEpaTypHOH ajanTalnuy pblO, MPEICTOUT BbISC-
HHTH B XOJI¢ JaJIbHEHUIIIEH paboTHI.

ITo ypoBHto aktuBHOCTU JI/I[” HEBO3MOXKHO CY/IUTh
00 MHTEHCUBHOCTH TIMKOJIN3a U ITUKJIa TPHUKAPOOHO-
BBIX KHCIJIOT, IIO3TOMY MBI OIIPEIENISIIN CONEP KAHNE
JIAKTaTa U MMPYBaTa, KOTOPbIE SIBJLIFOTCS CyOCcTparaMu
n npoxnykramu JIJAI' B Tkansax kapacs npu 4-5 u
20-22°C. bpu10 noKazaHo, YTO MY HU3KOW TEMIIepaTy-
P€ KOJIM4ECTBO JIaKTaTa Bo3pacTaeT B OeNbIX U Kpac-
HbIX MbImax B 1,9 u 3,1 paza cooTBEeTCTBEHHO, a B
redyeHu — B 2 pasa (puc. 3). YBenudueHune copepikaHus
JaKTaTa B 3TUX YCIOBHAX — JIOTHYECKU OKMJAEMBIN
pe3ynbTaT, Tak Kak B YCIOBHUAX THIIOTEPMHUH H
CHUXXEHHOTO MOTPEOJICHUs KUCIOPOAa aKTHUBU3H-
pyroTcst aHa3poOHble porecchl. [Tpu 3ToM B KpacHbIX
MBIIIIAX XOJI010aJall TAPOBAHHBIX 0CO0EH KoniecT-
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Sea fishes [9], whilst our own researches showed that
in C. a. gibelio in winter period when temperature
decreased and oxygen supply reduced, LDH activity
as it had been already noted changed significantly.

The comparison of the ratio of LDH activities in
pyruvate — lactate direction and in lactate — pyruvate
direction seems to be informative. Table 1 shows that
this index under conditions of lowered temperature
changes for all the studied tissues towards the increase
of LDH, functioning for lactate formation specific
share.

The change in enzyme activity in the fish adapted
to different temperatures may be stipulated by the
alterations in the number of enzyme molecules,
enzyme affinity to substrate due to temperature-
dependent conformational re-arrangements, the pre-
sence of various enzyme isoforms. The question what
of these mechanisms is realized during temperature
adaptation in fish is to be elucidated in future.

It is impossible to judge on LDH activity about the
intensity of glycolysis and cycle of tricarbon acids,
therefore we examined the content of lactate and
pyruvate, which are the substrates and products of
LDH, in C. a. gibelio tissues at 4-5 and 20-22°C. It
has been shown that at low temperature the amount of
lactate increases in white and red muscles in 1.9 and
3.1 times, correspondingly (Fig. 3) and in 2 times in
liver. The rise in lactate content under these conditions
is a logically expected result, because under
hypothermia conditions and reduced consumption of
oxygen anaerobic processes are activated. Herewith
in red muscles of cold-adapted individuals the amount
of lactate is statistically higher if compared with white
muscles. For example, the paper [10] describes the
lactate accumulation in hepatocytes of C. a. gibelio
due to acute and chronic hypoxia. At the same time
the amount of pyruvate in muscles of cold-adapted

Taoauna 1. CoorHomenue aktuBHOCTH JIJ(I"
B HalpaBJICHUU UPYBAT — JIAKTaT K akTuBHOCTH JIJII"
B HaIpaBJICHUY JIAKTaT — MUPYyBaT B TKaHAX kapacd C. a.
gibelio B 3aBHCHMOCTH OT TEMIIEpaTyphl COJEPIKaHMS

Table 1. The ratio of LDH activity in pyruvate — lactate
direction to the one in lactate — pyruvate direction in
tissues of C. a. gibelio depending on maintenance
temperature

Traas Tissue

Temneparypa
copeprkanus,’C
Maintainance
o Kpacurbie
temperature, °C | Beable MBIIIIIBD ITeuens
MBIIII]BI

White muscles Liver

Red muscles

20—22 1:21 1:31 1:23
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Puc. 3. Conep:xanue stakrara B Tkausix kapacs C. a. gibelio:
W - xoHTpOJb; [ — XOJOI0aJanTHPOBaHHBIC, ¥ — I0CTO-
BEPHBIE OTIMYMSA 10 CPAaBHEHMIO C KOHTpoJeMm, p< 0,05; # —
JIOCTOBEPHBIE OTIIMYHS [T0 CPABHEHHUIO C OCITIBIMH MBILILIAMH,
p<0,05, n=10.

Fig. 3. Lactate content in C. a. gibelio tissues: ll — control;
O — cold-adapted; * — significant differences if compared
with the control, p< 0.05; # — significant differences if com-
pared with white muscles, p<0.05, n=10

BO JIaKTara JIOCTOBEPHO BBILIE IO CPABHEHHIO C
OenviMu MplmIamu. Tak, B padore [10] Obin0
MOKa3aHo, YTO M OCTpas U XPOHUYECKAsS] THIIOKCHS
MPHUBO/IMJIA K HAKOTUICHUIO JIAKTaTa B TENaTOIHMTAaX
kapacs cepebdpsioro C. a. gibelio. B To xxe Bpems
KOJIMYECTBO MHUPYBaTa B MBIIILAX XOJI0A0aJanTHPO-
BaHHBIX U KOHTPOJBHBIX PHIO JJOCTOBEPHO HE OTIIH-
yanochk (puc. 4), Toraga Kak B MEYEHU yPOBEHbB
nupyBaTa IpH HU3KOW TeMIleparype CyIeCTBEHHO
CHIKaeTCs.

CoOTHOIIICHHE JIAKTAT/TIMPYBAT YBEJIUYUBACTCS
MpH CHUXEHHH TEMIIEPaTyphl JJIs BCEX TKaHEH

(Tabm. 2).

BbiBOADI

Ucxons u3 npuBeeHHBIX Pe3yIbTaTOB, MOKHO
MPEIIOIOKUTh, YTO MPOLECCH IHEProodecedeHus
y kapacst C. a. gibelio pu HU3KUX TeMIlepaTypax
OCYIIECTBIISIFOTCS. B OCHOBHOM IO aHapOOHOMY Ty TH.
[ockobpKy OOMEH BELIECTB U IBUTATEIBHBIC PEaAKIUH
[IPH 3TOM 3HAYUTENBHO 3aMEIJISIIOTCS, YMEHBIIACTCS
norpeOiieHNe KUCIOPOo/la U SJHEPreTUYeCKUe moTpeod-
HOCTH CYUIIECTBEHHO CHIAIOTCS, a, CIIE/IOBATEIBHO,
HX MOXHO YIIOBJIETBOPUTH 32 cueT MeHee 3 dekTus-
HOTO crnoco0a MOJy4YeHHs] SHEPTUU — TIIMKOJIN3A.
[lepexon opranu3ma Ha T€HEpUPOBAHUE SHEPIUU T10
[JIMKOJIUTHYECKOMY TYTH SIBIISIETCSI CBOETO PoJia ajarl-
TAIMOHHBIM MEXaHH3MOM, ITO3BOJISIONUM €MY BbI-
XKHUTb B HEOJIATONPHUATHBIX 3UMHHX YCIIOBHSIX.

CHMmKeHUe TeMIleparypbl BHEIIHEH Cpenbl AJis
OpraHu3Ma — JIMIIb HadaJbHBIA 3Tall CE30HHOIO
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Puc. 4. Conepxanne mupyBata B TKaHsax Kapacs C. a. gibelio:
W - xoHTposb; [0 — XoJloJ0aganTUpOBaHHbIE; * —
JOCTOBEPHBIC OTIIMYHS [10 CPABHEHHUIO ¢ KOHTposeM, p<0,05;
n=10.

Fig. 4. Pyruvate content in C. a. gibelio tissues: ll — con-
trol; O — cold-adapted; * — significant differences if com-
pared with the control, p<0.05, n=10.

and control fish does not differ (Fig. 4), while in liver
the pyruvate level at low temperature is significantly
reduced.

One more parameter: lactate/pyruvate ratio should
be considered. This ratio increases when temperature
reduces for all the tissues (Table 2).

Conclusions

Proceeding from the results given one may suppose
that the processes of energy supply in C. a. gibelio
under low temperatures is provided mainly on anae-
robic pathway. Since the metabolism and motor
reactions under these conditions are significantly
slowed down, the oxygen consumption and energetic
demands are considerably decreased and consequently
they may be satisfied due to less effective way of
energy obtaining, the glycolysis. An organism

Tadmuma 2. CooTHOIICHNE JIAKTAT/TINPYBAT B TKAHAX
kapacst C. a. gibelio B 3aBHCHMOCTH OT TEMIIEPaTyphl
COZIepKAHUS

Table 2. Lactate/pyruvate ratio in tissues of C. a. gibelio
depending on maintenance temperature

Tkanb Tissue
Temneparypa

copeprkanug,’C

Maintainance Kpacubie
temperature, °C | BeAble MBIIIIBI MI;ILH o TTeuenn
White muscles . Liver
Red muscles
20—22 44:1 23:1 11:1
4=5 62:1 78:1 64:1
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mpoliecca XonoAoBoi axanTanuu. Heobxonumo ydac-
THE TaKHX JHJOTCHHBIX BENICCTB, KAK TOPMOHBI H
peryisiTopHble MEeNTHABI, 00JafalonuX THIIOME-
Ta0OJIMYECKUM M THIOTEPMUUYECKUM 3 PerTamu.
[ocnennss rpynmna BelecTs HANMEHEE U3y4eHa Y PbIO
U HCCIIEI0OBaHKE UX POJH B MEPEKIIOUEHUH METa0o-
JU3Ma Ha 3UMHUH PEXUM MpencTaBsieTcss Hanobomnee
MEPCIEKTUBHBIM [T JalbHEUIINX UCCIeTOBaHUH.
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switching to energy generation from glycolytic path-
way is a sort of adaptation mechanism enabling to
survive under unfavorable winter conditions.

Environmental temperature reduction for an
organism is just initial stage of seasonal process of
cold adaptation. The participation of many endogenic
substances having hypometabolic and hypothermic
effects such as hormones and regulatory peptides if
nesessary. The latter substances are less studied in fish
and their role in switching metabolism for winter
regimen seems to be the most perspective for further
studies.
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