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C nmoMompr0 HECKOIBKUX METONOB U3 CEPAEL] MOPCKHX JIACTOHOTHMX BhIJIENTEH
guroxpoMm C. IlpoBeneHo cpaBHeHue 3G (HEKTUBHOCTH 3TUX METOJIOB,
onpeneneHb MOJEKylsipHas Macca, AMUHOKHMCIOTHBIA COCTaB H
CTIEKTpaNbHbIE XapaKTePUCTUKH NOTy4eHHbIX npenapaTos. [TokazaHo, 4To
MPHHLANAAIBHBIX OTJIMYHH OT KOMMepUYeCKUX mpenapaTos nuroxpoma C,
MPUMEHSIIOIINXCS B KaueCTBe JeKapCTBEHHBIX CPE/CTB, HE MMEETCs,
npenapaTsl HMeIOT BBICOKYH CTENeHb YHCTOTBI MU MOTYT OBITh
pPEeKOMEHAOBaHBI AN MTPUMEHEHUs B (PapMaKoOnoOruu,

ITutoxpom C — 3TO XKene30COAEPKANIUA MHTOXOHIPHAIbHBIN Oelok,
YYacTBYIOIIHH B POIIECCaX OMOIOTHYECKOTO OKHUCIEHHUS B KAYECTBE NMEPEHOCYHKA
snekTpoHOB. OH COAEPIKUT OAHY NMOJUIENTHAHYIO LIEMb, cocToAmy u3 104
AMHHOKHCJIOTHBIX OCTATKOB, ¥ OJ{HY F€MOTPYIITY, KOTOpas KOBaJEHTHO CBA3aHa C
nonunenTiHaoM. Mosekyna iuroxpoma C CBepHYTa B KOMIAKTHYIO [NI0OYITy, IPHYEM
OONMBIIMHCTBO THAPOQPHIBHBIX (PYHKIMOHANBHBIX 'PYIIT PACTION0KEHO CHAPYKH, a
ruapodoOHBIX — BHYTPH IIOOYIAPHOH CTPYKTYPHI, 9TO OOYyCIaBIHMBAET €ro
XOpONIYI0 PacTBOPHMOCTh B BoJe. MonekynsipHas Macca 3Toro 6enka s
OompmuHCTBA BHAOB cocTaBiseT okono 12 500. Iluroxpom C pyHKIMOHKMPYET
NyTeM HONMEPEMEHHOTO OKHCJIEHHMS M BOCCTAHOBJEHHS aToMa JXKelesa,
Haxonamerocs B remorpyne (Yair u ap., 1981). Illupokoe pacnpocTpaHeHHe
uuToxpoma C B IPHPOAE YKA3bIBAET HA €10 OONBIIOE OHONOTMYECKOE 3HAYEHHE.
OH y4acTBYET B MPOLECCAX TKAHEBOIO ABIXaHHUS, ABIACTCS AHTHTHIIOKCAHTOM,
COCOOHBIM KOPPEKTHPOBATH TIPOLECCHI OTPEONEHHUS U YTHIIN3AIMH KUCIIOpoa
kinetkoit (Cxynades, 1969), 9to onpenenseT ero papMakonorH4ecKoe MPUMEHEHHE
(CmuproB, Kpusopytka, 1998; Mamkosckuii, 1997).

OuU3UKO-XHMHAYECKHE CBOMCTBA mUTOXpomMa C M3 CEepACYHOH MBILIIBI
MJIEKOITMTAIOIHUX H3YYEeHBI JOBOJBHO MOApoOHO. CHEKTp HNOINOLIEHHS €ro
BOCCTaHOBIIEHHOH ()OPMBI HE MEHAETCA MPH H3MEHEHUAX pH, MaKCHMYMBI OMIOMIEHHS
HaxonsTcs npu 550£3 Hm; 52143 AM; 4153 HM. 5T0 rOBOPHT, YTO CBA3H MEXIY
aTOMaMH JKeJie3a M YETHIPbMS aTOMaMH a30Ta MOPGUPHHOBOM IPYIIIBI OCTAKOTCS
KoBajeHTHBIMU. OxwucieHHasn popma muroxpoma C UMEET OATh CIIEKTPOB PA3TMYHOIO
THIIA, XapaKTep KOTOPbIX 3aBHCHT oT pH cpezpr.

[TorpeOHOCTS B MpemapaTe HUKOIAA He ObIIa yIOBNETBOPEHA B TIOIHOM MEPE,
MOCKONBKY TPAJHLIMOHHBIM CHIPHEM JITIA €70 NOTYHIEHHS ABJIAIOTCA CEPALA KPYTTHOTO
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poraToro CKoTa H CBHHEH, ABIAIOIMUXCS MUINEBBIM IpoxykroM. Kpome toro, B
nocjaeHee BpeMs, TKaHU CENbCKOXO3SIMCTBEHHBIX JKHBOTHBIX JUIA TOTYyYEHUS
NeKapCTBEHHBIX TIPENapaToB NMOYTH HE HMCHONB3YIOTCA H3-3a OMACHOCTH
pacrpocTpaHeHus 3a00eBaHMi IPHOHOBOM NPUpPOIkL. 1103TOMY NOKMCK HETHIIEBBIX
HCTOYHHKOB I0NTy4eHUs uToXpoMa C ABIAETCA BEChMa aKTyaTbHbIM, TEM OoJIee 910
MOIYYHTE €r0 C HOMOIIBIO CHHTE3a HEBO3MOMKHO.

MATEPHAJIBI 1 METO/IbI

B kauecTBe ambTEPHATHBHOIO CHIPHA UL MOMy4YeHUs muToxpoma (' HaMu
UCTIO/Ib30BAJIUCh CEPALla MOPCKHX MJIEKONHUTAIOMMAX, & HIMEHHO — JIACTOHOTHX,
noObIBa€MbIX Ha CEBEPO-BOCTOKE Poccum.

Cepaua nacCTOHOTHX, B YACTHOCTH KOTHKOB, CHBY9€H H TFOJICHEH 3arOTOBIILITACH
Ha 0. Tronernit CaxaTMHCKO#H 00/1acTH ¥ CyiaMH IpoMbIcTIoBO#H passemku (TYPHUD),
xpanwuch npu -15—-18 °C. HapaboTka rotosoro npemapara i JadbHEUIIETO
u3yqerns mpoBomunack B TUHPO-uertpe (. Bnamsoctok), B AO « Tymmap» (1 Amma-
Arel, Kazaxcran), HIIO «buoxumpeaxktus» (r. Pura, Jlareusa) u Ha CaHkr-
[leTepOyprckom 3aBofie MEATIPENAPATOB, [IE BBITYCKAXOTCS TEKAPCTBEHHBIE (YOPMBI
uuToxpoma C' M3 cepAiel] KpyIHOIo poraTtoro cKoTa ¥ CBHHEH.

AMHHOKHCTIOTHBIN aHAJIH3 IIPOBOIWIH HAa ABTOMATHYECKOM AMHHOKHCIIOTHOM
anamzatope Hitachi AAA-835 (SImoxus).

OnpeneneHne MOJEKYIAPHON MacChl NMPOBOJAUIM C MOMOIIBIO JTHCK-
ynexTpodopesa B moauaxprIaMuHoM resie (Metompl. .., 1978).

Copeprkanue HUTOXpoMa BeraHcIiUIH 1o popmyne (PC 42-2533-88):
C = (,,, x 13 x 10)/(Z,,,xd) [Mr/mn],

rae C — xonueHTpamus uuroxpoma C, Mr/mi; /], — ONTUYECKas IVIOTHOCTh PacTBOpa
1ipu Jymase BOMHBI 550 HM; 13 — koadduumeHT nepecueTa KOHIEHTPAIMH MOITB/JL, X —
k03 bHUIMEHT SKCTUHKINH, paBHbIN 27,7 11 BoccTaHOBAEHHOM Gopmer v 11,1 nyist
OKMCJIEHHOM; d — JyTMHA mpodera Jiyda B H3MEPUTEIbHON KioBeTe (0OBIYHO pPaBHO
1 cm); 10 — pa3baBrenue npenapara (He yIMTHIBAETCS B HCXOXHOM SKCTPAKTE).

PE3VJIBTATBI U ObCYXJIEHHE

Cripbe mepen BBIIETICHHEM LHUTOXpoMa Ae(ppOCTHPOBAIM HAa BO3MYXE,
00e3:KMpUBaIH, Cpe3as HOKOM JKHP M CyXOXHIHUA, M H3MeNbdand B (dapim Ha
snekTpomsicopybke. L{utoxpom C — copepxaimyro (Gpakmuio BBIAEIAIH U3
TIONy4eHHOTO (papiiia HECKOIbKHMHU CIIOCO0aMH:

1) meTomom pexomenayembiM PapmxomMuTeToM PO, mpUMEHAEMBIM IS
nony4enus (papMareBTHYECKOTO Mpemnaparta iuroxpoma C M3 cepiel] CBHHEM, TonIa/ien
U KPyITHOTO poraroro ckota. OH BKITIOYAeT 3KCTPAKIHIO (hapiia TPHXJIOPYKCY CHOH
kucnoror mpu pH 3,8-4,1, ctymenvaroe BhicanuBaHUE OanIacTHBIX OENKOB
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KPUCTAJUTHIECKHUM CYITb(aToM aMMOHUA, ocaxaeHue nuroxpoma C 20% pacTBopoM
TPHUXJIOPYKCYCHO#M KHCIIOTHI, OT/IeNIeH e ocaKa ieHTpudyrupoBanueM. CoOpaHHbIH
0Ca/IOK PacTBOPSAIOT B JMCTH/UIMPOBAHHOM BOJIE, 3aMOPAKHUBAIOT, PA3MOPAXKUBAIOT H
OT()UIBTPOBBIBAIOT, JHATU3YIOT NMPOTHB (PH3HOIOTHYECKOTO PACTBOPA HA CYTKH.
IToyueHHBIA PacTBOP CTEPHIIU3YIOT, Pa3BOAAT (PU3PACTBOPOM 1O KOHLIEHTpPALUH
IUTOXpOMA 2,5 MI/MII, CTEPHIBHO (QHUIBTPYIOT, Pa3NUBAOT BO (IAKOHBI H
TIHO(UITH3HPYIOT.

2) METOIOM C MCTIOTB30BAHMEM HEOPTaHHYECKOH KHCIIOTBL, COITTACHO KOTOPOMY
IPOBOJIWITH SKCTPAKITHIO (hapIiia, 0CBOOOKAECHHOTO OT KUPa U CBA30K, 0,25% cepHoit
xucnotoit pu pH 4,5+0,05. Ocanok ynanand UeHTpH(YTHPOBAHHEM, SKCTPAKT
HENTpaIM30Bai rUApooKuchio bapus no pH 8,5+0,05, u yepe3 HeCKOIBKO 4acoB
OT(HIBTPOBIBATM BBIIABIIMH 0Ca/I0K Ha HyTY-PruTpe. CUITBTpaT MpOoIyCcKamy 9epes3
KOJIOHKY ¢ KaTHOHOOOMEHHOM cMonoi, mpomemBamu 0,25% pacTBOpOM aMMOHHS
cepHoxucnoro ¢ pH 8,5 oT necopbupoBaHHOro Oenka H FOMPOBAITH C KATHOHHTA 5%
PacTBOPOM CEPHOKHCIIOr0 aMMoHMA. OurcTKy nuroxpoma C oT OayacTHBIX OETKOB
npoBoauId cyibdaroM aMmonus. OTGUIBTPOBHIBAY U OCAKIANH LMTOXPOM
KaIMHUEBBIM KOMILIEKCOM. OcaioK ABaKIbI IPOMBIBAIIN PACTBOPOM HOIHCTOTO HATPHS
U OTACILUTH IeHTPHYTHPOBAaHHEM. 3aTEM PacTBOPSIIH 0CAIOK B AEMHHEPATH30BAHHON
BO/IE, COPOMPOBAIM MaTEPHA/l HA KATHOHUTE, IPOMBIBAITH K OCBODOKIANIH LIATOXPOM
0,5% pacTBOpOM aMMMaKa, ITOCIIE YeT0 Mpenapar JTHO(GHIH3HPOBAIIH.

HpenapaT, Honyqe}mmﬁ 3THM CﬂOCO60M, OTIIHYAETCA XOPOIIIHUM BbIXOAOM,
BBICOKOH YHMCTOTOH H OTCYTCTBHEM HCOPraHHYCCKHX COJ'IGI:'[, IMO3TOMY OH JTYy4IIE
MOAXOOHUT AJIA BBINYCKA CYXHX (TﬂGHeTHPOBaHHBIX, KAalnCyJIHupPOBaHHbBIX H

aMITYJTHPOBAHHBIX ) (hOPM.

Konmu4ecTBeHHOE COAECPXKAHUE LHUTOXpOMA Cs CBIPEC M INpenaparax,
TMOJTy4EHHbIX PA3THIHBIMH METOAMM, TIPHBEIEHBI B TaO/muIIe 1.
Tabanua 1. Coaeprkanre nuroxpoma C B CepACYHON MBILILE PA3HBIX BUAOB JACTOHOTHX

’KHBOTHBIX H KPYITHOTO POTaTOTO CKOTA.
Table 1. Cytochrom C containing in hearts of some sea pinnipedia and cow.

_ Bexoa, % ot
OGmee conepxarue OOIIEro cofepkanms
(mepBUYIHBIH
KCTPAKT), MI/KT Knacengeckas MeTop ¢ HeTIoNb30BaHMEM
MeTONKA HEOPraHMYEeCKOH KACIOTH
Mopckoli KoTHK 220 40% 44%
Cusyy 250 - -
Hacrosmuii Tionens 140 - -
Kpynusiif poraTsii
CKOT 191 62% 21%

Kak BHTHO M3 TaHHBIX TAOIULIBL, KOJTHYECTBEHHOE copeprkaHue uuroxpoma C' B
CepAl@ax JJACTOHOIHX CPAaBHUMO, JIMO0 MPEBBIIAET TAKOBOE Y KPYITHOTO POTaTOrO CKOTA.
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IMockombKy cep/iia TaCTOHOTMX JKMBOTHBIX 3aI'0TOBILLIMCH B pa3HOE BpEMA U B
pasHbIX MecTaxX, a HapaboTKa IpenapaToB Ul JAIbHEUINEr0 U3y YEHHS HX CBOMCTB
IPOBOMIACH TAKXKE B PA3HBIX MECTaX, B TAO/THIE MPUBE/ICHBI YCPETHEHHBIE aHHbIE,
Donee MpUCYIIME 3aBOACKHM YCIIOBUAM paboTsl. B naboparopHbIX yCI0BHAX yAaBaIOCh
aoctidb 80%-ro BEIX0OJA CYXOI0 Mpenapara u3 CEpaer MOPCKHUX KOTHKOB.

MaccoBas o/ mpToxpoma C B IpenapaTax, MoTy4YeHHBIX Pa3HbIMH METOAMHU
U3 cepel] MOPCKHUX KOTHKOB, OKa3aIach CICTYFOLIEH:

- Ut oy e HHOTO 110 MeToauke Papmromurera — 81%;

- I TOJYYEHHOTO 3KCTPaKIHeH CEepHOM KHCIOTOW ¢ HOHOOOMEHHOMH
JoovHCcTKOM — 98,5%.

Hrak, ¢ HCIIONb30BAHHEM 3THX JBYX TEXHOIOTHHI YAAJIOCH ITOTYYUTh JOCTATOYHO
BBICOKHE BbIXOAp! mutoxpoma C W3 cepmen nactoHorux. HecmoTpsa Ha TO, 4TO
POLIEHTHBIN BBIXOZ LIATOXPOMA U3 CEPAEL KPYTIHOTO POraToro CKOTa BhILIE, €10 obIee
COZEP)KAHUE B TOM CHIPbE HIDKE, YeM B CEpALax 1acToHOrux. Ha ocHoBaHMH 3TOr0
MOKHO YTBEPKIATh, YTO CEPALIA TACTOHOTHX KaK ChIPbE JJIA TIOTyYEHHs LIMTOXpOMa
KaK MUHMMYM HE YCTYTIAOT TPaIHIMOHHOMY.

CnexrpodoroMeTpUdecKoe UCCIIeI0BAHUE ITPENIAPATOB, MOTYYEHHbIX 10
3THM METOJaM, MOKA3aJI0 HaJTHIHe MAaKCUMyMOB MOTIOMEHUA TpH 55043 HM,
52143 HM 1 41543 HM, YTO COOTBETCTBYET CHEKTPY NOMIOMEHHUSA MOMJIHHHOTO
uutoxpoma C (PC 42-2533-88).

MonekynspHas Macca JOMHHHPYIOMEro B Ipenaparax KOMIIOHEHTa,
COOTBETCTBYIOIIEN0 HUTOXpoMy C, M3MEPEHHas METOIOM relb-3/eKTpodopesa,
okasanachk pasHa 12 450+100 mansToH.

ITpoBoaMIM cpaBHEHHE AMAHOKHCIIOTHOTO COCTABA NMpenapaToB uroxpoma C,
TIIOJIYYEHHBIX M3 CEpHEL JIACTOHOIMX M KPYIHOro poraroro ckora. OmnpeneneHue
MPOM3BOIWIOCH C TOMOIIBIO ABTOMATHYECKOI0 AMHHOKUCIIOTHOTO AHATH3aTOpa MOCTIE
IpOBEIEHUs Jerpajgauuu Oejka pacTBOPOM COJITHOM KHCIOTHI. PesynbraTsl
TPEeCTABIICHBI B TAOMHIIE 2.

Bonee BrICOKOE 3HAYEHUE COICPIKAHUS TTOYTH BCEX AMHHOKHCIIOT B TIperiapare
3 cepAiell JACTOHOTHX CBHAETEILCTBYET, IPEXK/IE BCETO, O JTydIIeH OYUCTKE ITOTO
npenapara oT 0aJUTACTHBIX MPHMecei. B 0CHOBHOM MOHTH BCE aMHHOKHCIIOTHI 3TOT0
Ipenapara UMEFOTCS TIOYTH B TOM JKe TIPOTIOPLIMH APYT K IPYTY, KAK U Y IIpenapara 13
CepIeL] KPYITHOIO POraToro CKoTa, OIHAKO COZEprKaHHIe CEPUHA Y TIEPBOT0 3HAYUTEIBHO
BBIIE, a METHOHWHA, HATIPOTUB, 3HAYUTEIIBHO HIDKE, 4eM Y BTOpOro. Bpsa mu 310
CBHAETENHCTBYET O 3HAYUTEbHBIX PasIHYMIX B KOHPOpMALK OHOMONEKYTIbI, TAK KaK
OHonorugeckoe eHcTBHE 000UX NMPENapaToB BEChMa CXOMTHO.

Takum OGp&SOM, OpoCTBIE METOABI, OCHOBAHHBIC Ha 3KCTPaKIHH
TpHXJ'IOpYRCYCHOﬁ ICHCHOTOﬁ, TMO3BOJIAHOT IOJIYYHTE M3 CEPACIL TACTOHOIHX IIPETIAPATHI,
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coorBeTcTBYIOHIHE Mapke «b» (cormacHo craHmapram, copepkamuM He meHee 70%
OCHOBHOTO BEIIECTBA), a 0OJIee CIOKHBIA METOH, C HOHOOOMEHHOMN JOOYUCTKOM —
mapke «A» (He meree 90%).

Ta6nuna 2. CpaBHATENEHOE COAEPIKAHHE OEMTKOBBRIX AMHHOKHCIOT B Ipenaparax muroxpoma C.
Table 2. Comparative containing of protein amino acids in some preparations of cytochrom C.

Cogep:xanue, Mr%
AMWHOKHCIIOTA [Tpenapar u3 cepae Ipenapar u3 cepaen
JIaCTOHOTHX KPYIHOT'O POTATOTO

cKOTa
AcnaparugoBasi KHCIIOTa 0,276 0,188
Tpeornn . 0,154 0,130
Cepun 0,101 0,039
'y TaMHHOBAS KHCIOTa 0,452 0,301
I'manun 0,186 0,152
AnaHuH 0,186 0,115
Luctur 0,026 0,014
Banun 0,097 0,075
MeTnoHrH 0,030 0,071
Hzone#uun 0,102 0,100
Jleitiun 0,175 0,114
Tuposnu 0,065 0,052
Gennnanagnn 0,119 0,092
Jhmaun 0,425 0,327
TacTuaun 0,105 0,081
Aprunuy 0,137 0,067
[pomun 0,128 0,075

Pa3muumsa B aMUHOKHCIIOTHOM COCTaBE HUTOXPOMOB C TACTOHOTHX M KPYTTHOTO
pOoraroro CKOTa MOXKHO CYMTATh HE3HAYHTETbHBIMH, TEM OOJIEE YTO B CEKTPAJIbHBIX
XapaKTePHUCTHKAX HATUBHBIX LIATOXPOMOB M 3HAYEHWHM MX MOJEKYIAPHOH MacChl
pasnu4mii He OOHAPYKEHO.

B BacTosmmee BpeMs MIPOBOATCA OIBITEI IO 3aMEHE THATH3a Ha 3aBepuIamn1ei’{
CTaJHH BBIACTICHM 110 METOAY C HCITOIb30BaHHUEM ylmpacl)m’rpauuﬁ, YTO MO3BOJIUT
B HECKOJIBKO Pa3 COKpaTHTh NPOAOIEKHTE/IBHOCTE IIPOLIECCA.

Taxum 06pa3oM mokas3aHo, YTo CEPALIA TACTOHOTMX ABJHIIOTCS NEPCIIEKTHBHBIM
HCTOYHMKOM IOy YeHMs OHOTIPENapaTa, a pa3paboTaHHbIE TEXHOIOTHYECKHE MOIXOIBI
TI03BOJIIOT MOJTyYAaTh MPenapar ¢ BEICOKOH CTEIIEHBIO OYMCTKH.
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CYTOCHROM C FROM SEAMAMMALS HEARTS:

METHODS OF OBTAINING AND PERSPECTIVES OF USE
© 2006 y. N.B. Ayushin, N.N. Kovalev
Pacific Scientific Research Fisheries Center, Viadivostok
Cytochrom C from hearts of sea pinnipedia was isolated by some methods. This
methods was compare to effectivity, the spectral characteristics, molecular weight
and amino acid cjmpound was determined. Fundamental differences between
the cytochromes C from pinnipedia and commercial substance not found.
Preparations have the high degree of purity, and may be recommend for use in
pharmacology.
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