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PEHATYPALIMA METFEMOIMOBWHA NOoA4 BNUAHWEM NAPO®OBHbLIX
n1uraLaoB

Mapmuiniok B.C., lelicnep H0.B., MupowHruyerko H.C.

OKCNEPUMEHTANBHBIE JaHHbIC M0 GHOIOrU4EcKOH aKTMBHOCTH MHKPOA03 (aKkTOpPOB
paznH4HOH npupoas! [ 1-3] 0ZHO3HAYHO CRHAETEMLCTBYIOT O BHICOKOH YYBCTBUTEIBHOCTH
KUBBIX CHCTEM K JEHCTBMIO JaXke KpaliHe crnabsix pasapaxurencit [4 — 5]. Uccnenosanus
BJIHSAHUSA MHKPOZO3 SIBIIAIOTCSA AKTYaNbHBIMHM KakK B TCOPETHMECKOM IUIAHE, TAK U C TOUKH
3pEHHMs UX MPAKTHYECKOrO NMPHUMEHEHHUS B MCAMLMHE, dKCICPUMEHTANBHON OHOnOruu U
6uorexuonoruy. OHAKO MONEKYIAPHBIC MEXAHM3Mbl ACHCTBHUA HH3KOMHTCHCHBHBIX
(baxropoB pa3MUHON MPHPOALI OCTAIOTCH MO H3y4YCHHBIMH.

Ipeamonaraercs, yro Genku M BOja ABIAIOTCS OAHHUMH M3 OCHOBHBIX CCHCOPOB
cBepxcrabpix Bo3ackcreuid. OQHAKO AAHHOC NPEANOIOKEHHE HYXKIACTCA B CEpbE3HOM
IKCNIEPUMEHTATLHOM TPOBEPKe. Pe3ymbTaTsl paHee MPOBEACHHBIX HAMH HCCICAOBAHUI Ha
MOZEIN HECHEUHPHUYCCKOro CBSI3BIBAHHS HHU3KOMOJCKYIISIPHBIX BEWECTB HENOJSIPHOM
NPUPOABI € TaKMMM OelIKaMd Kak IHUTOXPOMOM C H ChIBOPOTOYHBIH aIbnOyMMH,
CBHACTEILCTBYIOT O TOM, YTO ¢JIa00€ MArHMUTHOC MOJe KpaiHe HM3Kkoi 4acrorsr (MIT
KHY) usmensgeT cTpyKTYpHO-QYHKIHOHAILHBIC CBOHCTBA OCIKOB MOCPECACTEOM BIIUAHUS
Ha rugpodobHeIe  B3ammopeiicTeuA. llupoko u3BectHO, uro  ruapodoOHbie
B3aUMOZCHCTBHS UIpaloOT BEAYIIVIO POIs B YOPMUPOBAHUHK NMPOCTPARHCTBEHHOM YKIIA(KH
6enkoB [6-7] npu MX CHHTE3C B MPOLECCE PEHATYPALMH, @ TAKKE B MOIECKYIAPHOM
pacro3HaBaHHUM CTPYKTYPHO-MOAH(PUUMPOBAHHHEIX («aeGEKTHBIX») OCIKOBBIX MOICKYI ¢
HETBK UX yTHH3auum [8-9].

B cBa3m ¢ 3TEM uensl0  JaHHOM  paborel  Opita  paspaborka  HOBOH
SKCIEPMMEHTAIBHON MOAETH ruapodoOHBIX B3aMMOACHCTBHI Ha TIPEMEPE PEHATYPALHH
6enka, T.€. CaMOIMPOU3BONBLHOrO CBOpauMBaHHs OEIKOBOH riobyiabl NMOCIE €€ 4acTUUHON
JCHATYPaLMH B YCIOBUSAX HArpy3kd Oelka HHU3KOMOJCKYISIPHBIMH HECNEHHHUUECKUMU
JMra’HaaMy HEMOIAPHOM MIPUPOILI.

MATEPHAJIBI H METO/IbI

Marepuanom mMoaensHOro Hecaegobanus cayxiuin (,02%-e pactBopst THOGHUIBHOrO
aneKTpodOPEeTHYEecCKH YHCTOro mpenapara MerreMornoOuHa kpoBu Obika (Fluka) ¢
MonekyIapHoi Maccoit 64 500 Ja.

B kauecTBE IKCIIEPUMEHTATBHON MOAETH OBIIO HCIIOIB30BAHO ABICHUE PCHATYPALIHH
6e/IKOBBIX MOJIEKYT MOC/AE KUCIOTHON ACHATYPaLMM B COYETAHMU C HACHIIICHHEM Oelka
HH3KOMOJIEKYIAPHBIMH BEIECTBAMH MHAPOQOOHON MPHPOIL], B HACTHOCTH XJIOpOodOpMOM
ni  GeHzonoM. MerreMOrnoGHH NpPeaBapUTENILHO ACHATYPUPOBATHM IOCPECACTBAM
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nobasaeHuss Kk 0,02%-m pacreopam 6Oeaxa 0,1 H HCI B coormomenun 50:1 u
PECMCTPUPOBATM HHTCrpaisHele CriekTphl Ouomommmepa (puc. 1, A). Cpasy mnocne
J0OABICHUSA KHCIOThI ONBITHBIC NpoObl Hacemanu XiopodpopMoM H OEH30IOM B
CTEKIAHHABIX O10Kcax 0ObEMOM 5 MJT 11yTeM HacnamBaHMs 3 M pacTBopa 6enka Ha 1,5 Mn
AMra"ga ¢ NOCACAYIOMEeH HWHKybanued obpasuoB npyu KOMHATHOM Temmeparype. Bcee
npobsr MHKYOMpoBanu B TeueHue 1, 2, 4 u 24 4acoB. NOCIC 4Ero pacTBOPHI NOABEPraIu
peHaTtypauuu ¢ nomoupio xobasiaexus 0,1 mx 0,2 M docdarnoro 6ydepa pH=7,0.
INpouecc peHarypamyy PErucTPUPOBAIM II0 YBEIHHCHHMIO ONTHYECKOH ILIOTHOCTH
METreMOoriobnHa ¢ MOMEHTAa Havana Hedrpamuzaumd pH pactBopoB uepe3 kawasie 20
MUH Ha OPOTSXKEHUHU 2 4acoB Ha cniekTpodoromerpe CP-16 npu aiamne Bonuer A=408 HM,
xoTopas coorBerctByeT nuky Cope, T.e. MaKCHMyMy TIOrTIOLICHMA TIemMa B
merremor:i0oune (puc.1, b).
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Puc. 1. OmrHYecKHMe COEKTPbI NOTIOLIGHHA @PK  Pa3IMYHBIX CTPYKTYPHBIX COCTOSHMAX
MetreMoriao0uHa (A) ¥ KHHETHYCCKas KpuBas peHarypauuu Oenxa (B): 1 — KoHTpoisHbIi 6€:10K; 2
~ JEHATYPHPOBAHHEIA Oellok; 3 — mepexomsas (opMa GelKa B MpOIECCS PEHATYpauMu uepes 3
MUHYTHI; 4 — pCHATYPHPOBAHHBIH OETIOK.

MaremaTHyecKMi aHAIM3 IOIYUCHHEIX PE3Y/IbTaTOB HCCICAOBAHMS NPOBOAMIU B
COOTBETCTBUH ¢ OOW{CIIPUHATHIMU [IPABUIAMH BaPUALMOHHOHN cTaTHCTHKH. [l OHEHKH
JOCTOBEPHOCTH pa3nutiuil nenomssosaiu t-kpurepuit CteioacHTa.

PE3YJLTATH B ObCYXJIEHHE

Ha puc. I, A BuZHO, YTO @IPH KHUCIOTHOH JACHATYpAaLMH METTEMOrjaoOHHA
[IPOMCXOAUT CYLUICCTBCHHOC CHHKCHHE ONTHYECKOM MUIoTHOCTH B obmactu muka Cope
(A=408 uM) B cpeauem Ha 50% BCleaCTBHE CMCIICHMS MaKCHUMyMa IOFJIOIICHHS B
KOPOTKOBOIHOBYI0, «ronybyo», obnacts Ha 28-30 uM (nmuuus 2 Ha puc. 1, A). Ilpn
HeHTpamu3amun pH pacteopa g0 cmeumduueckux Jui Oenxa 3umavenud (pH=7,0) owm
TIOCTENICHHO peHarypupyer (MHHMS 3 Ha puc. |, A), YTO CONMPOBOXIAETCH HOYTH MO.THBIM
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BO3BPATOM €ro CIICKTPAILHBIX XaPAKTCPHCTUK K MCXOXHBIM 3HaYCHMAM (mMHHA 4 Ha puc. 1,
A) ¢ HE3HAYMTEIHLHBIM CHMXKCHHEM 3HadCHHH OITHYCCKOM INIOTHOCTH (THITOXPOMHBIN
abdexr) Ha 3-5% B obmacti muxa Cope. Takum oOpazoM, aHAIH3 CHEKTPOB NOTTIOLEHUS
OelKa MOKA3BIBACT, YTO Pa3BOPAYMBAHKE METTEMOrII00MHOBOM ITIOOYIBI, KOTOPOE HMMEET
MCCTO MPH JAQHHOM BHAC ACHATYPALHM, CONPOBOXKAACTCS DPACKPHITHEM ruIpothoOHBIX
NI00CTEH MAKPOMOJICKY bl M B3AHMOACHCTBHEM reMa ¢ MOJSIPHBIMU MOJIEKYIaMHU BOZBI.

Heitrpamizanus pH pactBopa HpHBOAUT K OOPaTHOM IPOLIECCY — PEHATYpaLMH, T.C.
CBOPAYHBAHUIO ACHATYPUPOBAHHBIX MOICKYJI C BO3BPATOM K MCXOAHBIM CTPYKTYPHBIM M
GYHKIHOHALHBIM CBOHCTBAM OHONONMMEPA, YTO XOPOWIO IPOSBIACTCA B ONTHYECKHX
CIIEKTpax peHarypupoBanHoro Oernka (uHus 4 Ha puc. 1, A).

AHanu3 KHHETHYECKHMX KPUBBIX IOKA3aN, YTO IPOLIECC PEHATYPALMU METrEMOrIoOHHa
3aBHCUT OT BPEMEHH €ro KHCIOTHOH AEHATypauMH B COYETAaHMM ¢ MHKyGamMeH ¢
ruapodobunvu murasaamu (puc. 2). Hem gombine mpouece MHKyOaLMu ¢ Xia0podopMoM U
OCH30II0M, TEM HIDKC 3HAUCHHS OITHYECKOH IUTOTHOCTH MPU BHIXOAC KMHETHUECKUX KPHBBIX
Ha IUIATO [pPU PCHATYPALMM, YTO COOTBETCTBYET MCHBIIEMY KOJHYECTBY MOJICKYI
METTEMOITIOONHA, KOTOPHIC BO3BPAIIACTCA K CBOEMY IICPBOHAYANHLHOMY CTPYKTYPHOMY
COCTOSIHMIO. JTO YKa3blBaeT HA TO, YTO XJIOpodopM M OCH30I OKA3BIBAIOT BBIPAKCHHOE
HHrHOMpYIoLIce ACHCTBHE HA MPOLIECC PEHATYPALMH OCIKOB.
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Puc. 2. KHHETHYECKHC KPHBBIC METTCMOINIOOHHA B MPOLECCCE PCHATYPALMH NOCIS KHCIOTHOH
ACHATYPALHH K B3aUMOICHCTBHA C Xnopodopmom (A) u 6enzoiaom (B):

I — Genok, HemoxBEpraBIUHiCS HHKYGaUMK C ATaHAOM; 2 — GenoK yepes 1 uac uukybaumu; 3 —
Genox uepe3 2 yaca unkyOauuy; 4 — Oenox uepes 4 waca uHkyGamm, 5 — Genok 4epes 24 uaca
HHKYOauuu.

CpaBHCHME  MHTEHCHBHOCTM  BIMSHHA  MCIIONB3YEMEIX B DKCIIEPHMEHTE
necnenubHaeckux ruapodoOHBIX TUraHI0B Ha MCTIEMOITIOOHH TOKA3AI10, YTO XI10podiopM B
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peToM obmagacT GOMbIIMM JEHATYPHPYIOMMM JCHCTBHEM B CPABHCHHMH ¢ OCH301IOM. JTO
OTPAXAETCs!, B [IEPBYIO O4epeb, B OONEE HU3KOM YPOBHE IIIATO HA KMHETHHMECKHX KPUBBIX B
npouecce HHkyOanuH (puc. 2). OZHOBPEMEHHO C 3THM KHMHCTHHECKHE KPHEBbIE PECHATYPaUMH
Genka nocle sHKyOanuM ¢ GEH30710M BBIXOIAT HA ILIATO Ha 20 MMHYT nO3Ke, 9eM TIPH
B3aUMOACHCTBMH ¢ XJIOPO(OPMOM, T.€. OCH30]I KOHTAKTHPYET M M3MCHACT CIPYKTYPY
MOJICKYJIBl METTEMOrTI00HHA TaK, YTO 3aMCAISICT MPOLECC PeHATypaudH. TakuMm oOparToM,
MPOLIECC BOCCTAHOBIEHHMS IIPOCTPAHCTBEHHOH CTPYKTYPhI MOJIEKYJ METIeMOrI00HHA 3aBHCHT
OT HauMuYMiA B Cpeaec HecneuM(HMYECKMX HM3KOMONEKY/APHBIX BEIUECTE ruapodobHOit
NPHPOABI, NMPH ITOM cheimpHKa BIMSHHA HA IPOLECC PEHATYPALMHM ONPEACIACTCS HX
XUMHYCCKOH IPHPOAOH.

Mogens, paspaboraHHas B JAHHOM MCCICIOBAHMU, MOXKET OBITb HCIIONH30BaHA AT
OANbHEUIIEro M3y4eHHs MOICKYJISPHBIX MEXAHM3MOB BIMSHHS Pa3iINYHbIX CBEPX ClabbIxX
thaxropos, B oM gnciae u MITKHY.

BbIBO/1bl

I. Xaopodopm u Gen30omn OKa3plBAIOT MHrUOHpYIOIIEE ACHCTBHEC HA PEHATYPaIMIO
Memeemo2nobuna, P 3TOM BO3BpAT B HCXOAHOE CTPYKTYPHOE COCTOSIHME OcNka 1ocie €ro
KHCIOTHOH  JCHATYpauMd 3aBHCHT OT BPEMEHH HHKyOamuu Ocnka ¢ JaHHBIMH
HU3KOMOJICKY/IIPHBEIMU HECTICLMDHUCCKMMH rUIpOhOOHBIMH JTHraHAAMH,

2. B mpouecce peHaTypaiuu Memeemoenobuna BIMsSHUE XJI0podopma XapaKTepH3yeTes
foice BBIPRKCHHBIM JAcHATypupyrowmM addekToM, TOorga kak paeiicrBue OcH3oma
NPOSIBIBICTCS B 3aMCATICHHH BBIXO/@ KHHETHYCCKHX KPUBBIX Ha MNIIATo.

Chucox auTepaTypbl

-

Bypnaxora E.B. Dddexrrr crepxmanbix 03 // Bectryix PAH. — 1994, - T. 64, Ne 5. - C. 425-434.

2. Kucnoscxwif JI. JI. Peaxims GHOJTOTHMYECKOM CHCTEMB! HA AJEKBATHRIE € cnalple HM3KOYACTOTHbIE
SIeKTPOMArHUTHBIE Itons // TIpoGieMpl kKocMuyeckol Cuonorust. — 1992, ~ T. 431. - C. 148-165.

3. Tarorckuit C.H., ITepos 10.B. OcoberrocT OrONOrHYeckoro AeicTBH Gu3HuecKuX (HakTopoB Majblit
M CBEPX MAIBIX HHTEHCHBHOCTEH M 1103. — M.: « IMEJIHCy, 2000. — 192 ¢.

4. Lednev V. V. Electric field ion cyclotron resonance // Bioelectromagnetics. — 1997. - V. 18. - P. 85.87.

5. Bnamumupexuit b, M., Temypesrny H. A., Maptemrox B. C. KocMirdeckas oroja M Halla >KM3Hb. —
Opszuno: M3a-80 «Bek 2», 2004, - 224 ¢.

6. Mapreiriox B. C., Kammosckutt I1. C., eticnep 10. B, Brwsrie craloro MarHUTHOTO 108t KpaiHe
HM3KOH 4aCTOTh Ha CIICKTPaIbHE XapakTepHCTUKH IToxpoMa C B IIPHUCYTCTBUM XilopodopMa // YyeHsle
3a1cKy TaBpUUEecKOro HaIlMOHaILHOro yHuBepcHTera WM. B. F. Bepuanckoro. Cepusi «BHOIOTHS» ~
2001. - T. 14., Ne3. - C. 121-126.

7. Mapreirior B.C, Lieitcnep 10.B., Kwmnoscint I1.C. BiausHUe 3NEKTPOMArHUTHOIO II0AS KpaliHe
HM3KOHM 4acTOTH Ha KOH$OPMAIMOHHOE COCTOSHHE CHLIBOPOTOYHOIO ATHOYMHHA NPH €ro HACBULEHWH
xstopoopmoM // TaBprueckitit MeIUKO-GHONOFHYECKUi BecTHUMK. — 2004, — T. 7, Ne 1. — C. 86-91.

8. Aaron Ciechanover. The ubiquitin — proteasome pathway: on protein death and cell life. // EMBO
Journal. — 1998 ~ V. 17, Ne 24, — P. 7151-7160.

9. Jeffrey D. Laney and Mark Hochstrasser. Substrate targeting in the ubiquitin system. Cell. - 1999 ~ V. 97

—-P. 427-430.

HTocmynuna 6 pedaryuio 13.10.2005 2.

68



