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CPABHMTEJIbHbBIM AHAJTU3
OCOBEHHOCTEHW BO3OEUCTBHS TEMITEPATYPbl MHHKYBALIMH
HA YPOBEHb AKTUBHOCTH a-AMHJIA3bI
JIEHCKOI'O OCETPA, PYCCKOI'O OCETPA H POJIO

Hccrenyetcs BO3ACHCTBUE TEMIICPATYPhl HHKYOAIUU HA O-aMHJIa3y CIU3UCTONW OOOJOYKH KU-
IIEYHHUKA TOJJOBUKOB PYCCKOTO OCETpa, JEHCKOro oceTpa W ux rudpuaa — POJIO, mosrydeHHBIX
M BBIPAIL[EHHBIX B MCKYCCTBEHHBIX YCJIOBUsX. JIabOpaTOpHbIe IKCHEPUMEHThI TIPOBOIUIIUCEH C MO~
MOIIBIO CTAHAAPTHBIX (PU3HUOIOT0-OMOXMMHUYECKIX METOIUK. BIIOCIIeCTBUY BBITIOIHSIICS CPaBHU-
TENbHBIA aHAU3 peakiuii (PepMEeHTOB Ha W3MEHEHHs TeMIlepaTypbl MHKyOauuu. B kauectse oc-
HOBHOT'O MHCTPYMEHTa CPaBHHMTEIILHOTO aHajiu3a MPUMEHEH METOJ HepapXHuecKod KiacTepu3a-
uun. Pe3ynbrar oOpabOTKH JAHHBIX 3aKIIIOYAJICS B MOCTPOCHHH HEPAPXUYECKH OPraHM30BAHHBIX
knaccupukanuii, rpaguuecku 0ToOpakaeMbIX B BUJIC ACHAPOTPAMM, aHATH3UPYS KOTOPHIC MOXKHO
CYIUTBH O CTEIICHH CXOJICTBA U PAa3JIMYMs HIIEMCHTOB CPaBHUBAECMbIX MHOXKECTB. B kadecTBe croco-
0a ompeneneHus pacCTOSHHUS MEKAY OO0BEKTaMU OBLIO BEIOPAHO PAaCcCTOSHUE TOPOJCKUX KBapTa-
J0B, 00bEMHEHNE KJIACTEPOB OCYHIECTBISUIOCH METOJOM HEB3BELICHHOI'O IONAPHOTO CPEIHEro.
[Ipu ananuse neHIPOTrpaMMm, MOCTPOCHHBIX B PE3YJIbTATE KIACTCPU3AIUH, BBIABICHO, YTO BO BCEM
JMara3oHe MUCCIEAYEMbBIX 3HAYCHUH TeMIepaTypbl XOPOIIO MPOCMATPUBACTCS COCEACTBO TAHHBIX,
OTHOCSIIIIMXCS K PYCCKOMY OCETpPY, C JAHHBIMH 110 THOPH/Y, B OCHOBHOM TaKO€ COCEICTBO HalIII0-
JlaeTcst JJisl OJIMHAKOBBIX TeMIepaTypHbIX ycioBuit. Ha BTOpoM 3Tane aHann3a ObLIM HCKIFOUYESHBI
JIAHHBIE, OTHOCSIIMECS K KPAilHUM TOYKaM HCCIIEAyeMOro Juana3oHa 3Ha4eHHH TeMIiepaTypsl, Ho-
CJIe Yero ajJropuTM CrpyIIHUPOBall JaHHbIE B TPH KllacTepa, COOTBETCTBYIOLINE TPEM 00bEKTaM HC-
cieioBanus. B pesysnbrare ObLJIO YCTAHOBJIEHO, YTO (DepMEHTHI TMOpHIAa B OTBETHBIX PEaKIMIX
HPOSIBJSIIOT CYIIECTBEHHO OOJbIIee CXOJACTBO C AHAIOTHYHBIMEH (DEPMEHTAMU PYCCKOTO OCETpa.
Hauboiee BbIpaXeHO JaHHOE CPOJCTBO aJANTUBHBIX PEAKIMN B JHANIA30HE 3HAUCHUNA TEMIIEPaTy-
pet ot 10 1o 40 °C.

KiroueBble cj1oBa: OCeTpOBBIC, THOPHIBI, MEMOpPAHHOC MHIICBAPCHUE, IMUIICBAPUTCIBHBIC
(hepMeHTBI, TeMIepaTypa, KIaCTCPHBIN aHAIH3.

Beengenne

W3 ¢akropranbHBIX BO3AEHCTBHNA, 3HAYUMBIX JJIS MPOIECCOB MHIEBAPEHUS XOJIOTHOKPOBHBIX
THIPOOMOHTOB, BAKHEHIITYIO POJIb UTPAIOT BO3ACHCTBHS TeMiepaTypubie [1, 2]. TemnepaTypHsie BO3-
JEHCTBUS HA MPOLIECCHl MUIIECBAPEHUS, U B YACTHOCTH HA YPOBEHb aKTHBHOCTU MHIICBAPHTEIBHBIX
(dhepMeHTOB pbIO, TOAPOOHO McciaenoBaHbl B [2—4]. Ha mpoTshKeHUH MOCHETHMX ABYX ACCATHICTHIH
JIAaHHBIC aCTIEKThl (PH3HOJIOTHH ¥ DKOJIOTHHU MUIIEBAPEHUS ObUTA M3YYEHBI JIJIsI OOJNBIIMHCTBA XO35HCT-
BEHHO LICHHBIX BHUJOB PBIO, HCKYCCTBEHHO BHIPAIIMBAEMBIX U MPOMBICIOBBIX, U B YACTHOCTH AJIS pAja
MpeICTaBUTENICH OCETPOBBIX [4—6]. OmHAKO K HACTOSIIEMY BPEMEHH OCTACTCS MPAKTHUCCKH HEH3Y-
YEHHBIM BIIHSHHE (DAKTOPOB CpEbl, B TOM YHUCIIE TEMIepaTyphbl, HA OCOOCHHOCTH TPOIIECCOB MEM-
OpaHHOTO TMHIIEBAPEHUS! UCKYCCTBEHHO BBIPAIIMBAEMbIX B XO3SHCTBEHHBIX LEJSIX THOPUIOB OCETPO-
BbIX. Takoe uccienoBanue, MOMUMO BBISICHEHUSI OCOOCHHOCTEH (PaKTOpHaTbHBIX BO3JEHCTBUI Kak Ta-
KOBBIX, IIOTEHIIMAIHFHO MOXKET BBISIBUTH XapaKTep HACIeTyeMOCTH aJalTHBHBIX PEaKIIHid THOPHIOB.

Lenpro HAMIMX MCCIETOBAHUN SBISIOCH H3YUeHHE OCOOCHHOCTEH BIMSHUS TEMIEPATYPhl CPEIIbI
Ha YPOBEHb AKTUBHOCTH O-aMHJIa3bl CIM3UCTONH OOONOYKM KHIIEYHHKAa PYCCKOTO OCETpa, JEHCKOTO
oceTpa u ux rudopuna POJIO.
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MarepuaJj 1 MeTObI HCCAeI0BAHUS

O0beKkTaMu FCCIeIOBaHUs CITY KN TOJJOBUKH JBYX BHJIOB OCETPOBBIX — PYCCKOTO M JIEHCKOTO
ocetpoB u ux rudpuma — POJIO B xonmmuectse 306, 318 u 340 ocobeit coorBeTcTBeHHO. MccnenoBanue
MIPOBOJUJIOCH C MTOMOIIBIO CTAHIAPTHBIX (PU3NO0JIOr0-0OMOXMMHYCCKUX MeToauK [7, 8]. [oMoreHar ciu-
3MCTOM 00O0JOYKM KHIICYHHUKA, CONCPIKAIIMA HCCIeIyeMbli (PepMEHT, HHKYOHpPOBAJICS C CyOCTpPaToM
B JuanasoHe 3HaueHui Temnepatypsl ot 0 1o 60 °C, a Takxke npu temmnepatype 25 °C.

B xadectBe nHCTpyMEeHTa 00paOOTKH JaHHBIX SKCIIEPUMEHTOB JIJISl TIOCIICAYIONIETO CPAaBHUTEIh-
HOT'O aHaJIM3a UCIOIB30BAJICS METOJI aBTOMATUYECKOH KilacCH(UKAIMN — KIIACTEPHBINA aHanu3. Pe3yib-
TaT paboThl JAHHOTO METOJIa 3AKITIOYAIICSl B MIOCTPOCHUN MEPAPXUIECKH OPTraHH30BaHHBIX Kiacch(u-
Kanui, Tpaduvecku 0TOOpakaeMbIX B BHUJC JCHIPOTPaMM, aHATU3UPYS KOTOPBIE MOXHO CYIUThH O
CTETEHN CXOJCTBA M PAa3IMUUil JICMEHTOB CpaBHUBaeMBIX MHOKeCTB [9]. CrmocoOnI pacdera paccTos-
HUS MEXKIY OTACTbHBIMU 3JIEMEHTaMH M KJIACTepaMH JaHHBIX, a TaKKe CIIoco0 0ObeAMHEHUs KiiacTe-
POB Ha KaXIOM dTame padOTHl aTOPUTMa HACTpauBaIUCh NpeABapuTenbHO. [lpm kiactepusanuu
B Ka4yeCcTBe Crioco0a OMpe/ICIICHUs] PACCTOSHUS MEXIy 00beKTaMu ObLTO BEIOPAHO PACCTOSHUE TOPO/I-
CKHX KBapTaJoB, ONpeaessieMoe Kak
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Pe3yabTarhl nccjieoBannii

Jns aHanm3a MoTy9eHHOW COBOKYHMHOCTH NaHHBIX OBLT MCIIONB30BAH METOJ| aBTOMATHYECKOI
KIJTAaCCU(MKAIIH, OTHOCAIIHMIACS K TPYIIIIe METOI0B HepapXuieckoi kinactepu3anni. C MOMOIIBIO TaH-
HOTO METOJIa COBOKYITHOCTh 3KCIICPUMEHTAIBLHBIX JAHHBIX ObLIA MpECTABIICHA B BUAC UEPAPXUUYCCKH
CTPYKTYPUPOBAHHOH CXEMBI, OTpaKaloleil B3aUMHOE PacIoIoKEHNe JaHHBIX U CTETIEHb MX CXO/ICTBA.

Pesynprarel KmacTepu3aiiy JaHHBIX 00 M3MEHEHHWH YPOBHS aKTHBHOCTH (-aMHJIa3bl IO BO3-
JIeHCTBUEM TEMIIepaTyphl WLTIOCTPUPYIOT ISHIPOrpaMMbl Ha puc. 1 u 2.

HAeHaporpamma ana 24 nepemed.
HepspelWeHHoe NoNdpHoE cpeaHes
FPaccToAHMe ropoacEx: KEAPTIA0E
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FaccToaHne afwen

Puc. 1. Pe3ynbTaThl KI1acTepu3anuy, MOIyIEeHHbIC AT O-aMHIIIa3bl
IIPY pa3HbIX 3HAYCHUSIX TeMIIepaTypbl HHKyOanuu (Juis 24 rnepeMeHHbIX)
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DKCTepUMEHTAIbHBIE JAHHBIE 110 JICHCKOMY OCETPY 00pa30Baly OTICIIbHBIN KIacTep, pacioiio-
JKEHHBIH HA 3HAYMTEIHLHOM PACCTOSHHM OT MPOYMX JaHHBIX. J[aHHBIE MO pycckomy ocetpy u POJIO
B II€JIOM PAcCIOIararoTcs JOCTATOYHO OJIM3KO ApyT K Apyry. Ha HeOOIbIINX pacCTOSHUSAX TMPOUCXOIUT
o0beIMHEHNE JaHHBIX CXOJHOTO JHara3oHa 3HAUYEHUH TeMIepaTypsl MHKyOalwmn. AHaIu3 CTPYKTYP
c(hOpMHUPOBAaHHBIX KIIACTEPOB MPHU BEIOPAHHOM paccTosHUM 10 MOKa3bIBaeT, YTO JIaHHBIC MCCCIIEI0BA-
ot POJIO npm yMepeHHBIX 3HAYEHUSX TeMITepaTyphl (POPMHPYIOT €IUHBIN KIIAcTep, aHAIOTHYHBIM
o0pa3oM cpopMHpPOBaH KIIACTEP MAHHBIX TI0 JEHCKOMY OCETPY, BKIFOYAIONINI OKa3aTeIH 10 HU3KUM,
CPEIIHUM U BBICOKUM TEMIICPAaTypPHBIM BO3JICHCTBUSM, 3a UcKiIoueHueM 60 °C. JlaHHbIe IO pyCCKOMY
OCETPY pa3HECEHBI 10 Pa3HbIM KjacTepam, 4TO elie 00Jiee OTYCTIMBO BUJIHO IMPH aHAIIM3E JCHIPO-
rpaMMbl Ha paccTosHnU 7. OTMETHM, YTO Ha BCEM AMAaIla30He MCCIEeTyeMbBIX 3HAYCHHH TeMIIepaTyphl
XOPOIIIO MPOCMATPUBAETCS COCEJCTBO JAHHBIX, OTHOCSIIUXCS K PYCCKOMY OCETPY, C JaHHBIMU IO THO-
pUAY, B OCHOBHOM TaKOE€ COCEACTBO HAOIFOaETCs IS OJMHAKOBEIX TEMIIEPATYPHBIX YCIOBHIA.

ITepemennnsie ROs, LOs 1 ROLO comeprkat pe3ynbTaThl IO UCCIICIOBAHNIO BO3ICHCTBUS TEMIIC-
paTypbl MHKyOallnd Ha YPOBEHb aKTHMBHOCTH (-aMHJIa3bl PYCCKOTO OCETpa, JieHCcKoro ocerpa u POJIO
COOTBETCTBCHHO, B KOHIIC HAUMECHOBAHUS MIEPEMEHHBIX IIU(PpaMu 0003HAYCHA COOTBETCTBYIONIAS TEM-
nepaTypa HHKyOaIvH.

ITocie ucKIrOUEHUsT NaHHBIX, OTHOCSIINXCS K KpaHUM TOYKAaM HCCIIEyeMOTro Juama3oHa 3Ha-
YeHUW TeMIIepaTypbl, BCe JaHHbIE OBUIM CTPYIIUPOBAHBI B TPU KIACTEPAa, COOTBETCTBYIOLIUE TPEM
o0bekTaM uccnenoBanus. IIpu aHammse CTpyKTyp KiacTepoB Oojiee CYIIECTBEHHOE CPOACTBO K OaH-
HBIM TI0 THOPUAY BBISABIEHO IUJISl Pe3yJbTaTOB IO pycckoMmy oceTpy. JlaHHble o THOpHyY, TaK ke Kak
U B OpeAblaylieM ciydae, (OpMUPYIOT OTICIBHBIA KIIACTEp Ha 3HAYUTEIILHOM yAajleHuH. Pycckuii
ocetp u POJIO npu 3TOM rpynnupyroTCs B OTIIENbHBIC KIacTephl (32 UCKITIOYCHHEM OObEIMHHUBIICHCS
¢ xiactepom POJIO mepemennoit mo 30-rpaaycHOMY TeMIEpAaTypHOMY BO3IECHCTBHIO Ha (hepMEHT
pycckoro ocerpa). Kimactepsr pycckoro ocetpa u POJIO pacmonoxeHbl Ha pacCTOSHUH MPUMEPHO pPaB-
HoM 10, ToT1a KaK aHHBIC MO JICHCKOMY OCETPY YAaJICHBI KaK OT KJIACTepa PYCCKOTO OCETPa, TaK U OT
knactepa POJIO Ha paccrosiHue npumepHo 37.

HeHaporpamma ana 15 nepemead.
HepseeweHHoe nondpHoe cpegHees

FacocToanue FOPOACKH: KEAPTAN0E
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FaccToaHve ofnen

Puc. 2. PesynbTathl KIIacTepU3aIy, OTYICHHBIC IS 0-AMUTa3hl
MIPY Pa3HbIX 3HAYCHUIX TEMIIEPATYPhl HHKYOAIuu (utst 15 mepeMeHHbIX).
O06o3HaueHus kKak Ha puc. |

JlaHHas KapTHHA BIIOJIHE COTJIACYETCS C MOJTYUYEHHBIMH paHee pe3yabTaTaMH C MCIIOIh30BaHUEM
METO/I0B HEMETPUUYECKOTO MHOTOMEPHOTO MIKanupoBanus [10].
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3akioueHune

B menmom cpaBHUTENbHBIA aHANHA3 PE3yNHTATOB BO3ACHCTBUS TeMIIEpaTyphl HA YPOBEHb AKTHB-
HOCTH Oi-aMHJIa3bl CIM3UCTOH O000IOUKH KHILIEYHUKA PYCCKOTO oceTpa, JeHckoro ocetpa u POJIO mo-
Ka3bIBaeT, YTO THOpUAHAS (popMa codeTaeT agalTHBHBIE OCOOCHHOCTH OOOMX POIUTEIHCKUX BHIIOB.
Omnako 6ojee CyIEeCTBEHHO CXOACTBO PeaKIMii THOPHIA C PeaKITNIMU MAaTEPHHCKOTO BHAA, OCOOCHHO
B Auana3oHe 3HaueHuid Temrepatypsl oT 10 1o 40°C (puc. 2). CoOTBETCTBEHHO, C YYETOM paHee MOIy-
YEHHBIX Pe3yJIbTaTOB s NaHHBIX BUAOB [10], MOXHO cienaTh MpeIBapUTEIbHBIA BBIBOJ O TOM, YTO
XapakTep U 0COOEHHOCTH aJalTHBHBIX PeaKInii MeMOPAHHOTO MHIIEBapeHus y THOpUAA, IO KpaHen
Mepe Ha YPOBHE DJIEMEHTAPHBIX (hHU3HOIOT0-OMOXUMUYECKUX (PYHKITUH, HacleayeTcs B OOJIBINCH cTe-
MIEHH OT PyCCKOTO OCETpa, B MEPBYIO OUepeb I TAKOro JepMeHTa, Kak o-aMuiasa.
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D. A. Bednyakov, A. N. Nevalennyy, A. S. Martyanov

COMPARATIVE ANALYSIS
OF THE PECULIARITIES OF THE INFLUENCE
OF INCUBATION TEMPERATURE ON THE LEVEL OF THE ACTIVITY
OF THE a-AMYLASE OF RUSSIAN STURGEON,
SIBERIAN STURGEON AND THEIR HYBRID - ROLO

Abstract. The article is devoted to the research of the incubation temperature on the a-amylase
of the intestinal mucous tunic of Russian sturgeon, Siberian sturgeon and their hybrid ROLO. The
objects of the research were yearlings of the above-named species and hybrid obtained and grown
in the artificial conditions. During the work, the standard physiological and biochemical methods
were used. Subsequently the comparative analysis of the enzyme reactions on the changes of incu-
bation temperature was executed. The method of hierarchical clustering was used as the main in-
strument of the comparative analysis. The result of the data processing was the construction of the
hierarchically organized classifications, graphically displayed in the form of dendrograms, which
can be analysed in order to judge about the extent of similarities and differences of the compared
sets of elements. As a method of determining the distance between the objects the distance of city
districts was taken, the unification of the clusters was made with the unweighted pair-group aver-
age method. While analyzing the clustering dendrogram, it has been revealed that within the whole
range of the studied temperatures, the proximity of the data relating to the Russian sturgeon and the
data on hybrid is clearly seen, basically, such a neighborhood is observed in identical temperature
conditions. At the second stage of the analysis, the data relating to the end points of the researched
temperature range were excluded, after this, the algorithm grouped the data into three clusters, cor-
responding to three objects of the study. As a result it was established that the enzymes of hybrid in
responsive reactions show maximum similarity with the same enzymes of the Russian sturgeon.
This similarity of the adaptive reactions was registered in the temperature range from 10 to 40 °C.

Key words: sturgeons, hybrids, membrane digestion, digestive enzymes, temperature, cluster
analysis.
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