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Nel Jleknusi. MoJiekyasipHasi 0M0JIOTUSA KJIETKH
1. Tema. MonexynspHas Ouosorus kiaetku. CTpykTypa ¥ (yHKIIMH OCHOBHBIX KOMIIOHEHTOB KJIETKH.
Tpancnoprt BemecTB uyepe3 OmomemOpanbl. Axre3uBHas ¢yHkuus mMemOpan. Ilepemaua BHeIIHEro
CUTHaJIa B KJIETKY. BUJbI CUTHAJIBHBIX IyTE€H U CUTHAJIBHBIX CUCTEM.
2. Hean: Jlate mnpexacraBieHne 00 OCHOBHBIX KJIETOYHBIX DJJIEMEHTaX, YYacTBYIOIIMX B
KU3HEIEATEIbPHOCTH KJIETKHM, a TaKkKe O MEXaHU3Max 0O0pa3oBaHUs MEXKKIETOYHBIX KOHTAaKTOB,
aAre3uy, BHEKJIETOYHOM MaTpHUKCE.
3. Te3uchl Jexkuuu: MosekyJsipHasi OHOJIOTHSA - KOMIUIEKC OMOJIOTMYECKHX HAYK, M3yYaroIInX
MEXaHU3MBI XpaHEHUs, TIEpelayl M PeaM3alui FeHETHYeCKOH MH(POpPMaluU, CTPOCHHE U (DYHKIHA
HeperyJsIpHBIXOHOMOIMMEpOB (OSIKOB M HYKJICHHOBBIX KUCIOT). TpeMsi OCHOBHBIMU KOMIIOHEHTAMH
KJIETKH SBIISIOTCS: SIpO, LUTOIUIa3Ma M OKpYJXKarolas MX KJIETOYHas MeMOpaHa - IUIa3MoJieMMa.
[MuTomnasma (cytoplasma) KJIeTKH BKJIIOYAET B ce€0s THalIONIa3My, HaXOAAlIMecs B Heil 00s13aTebHbIe
KJIETOYHBIE KOMIIOHEHTbl — OpraHeiUIbl, a TaKXE pPA3JIMYHbIE HEMOCTOSIHHbIE CTPYKTYpbl —
BKJIIOYEHHs. [Manoria3sma SBISETCS CIOXKHOM KOJUJIOMTHOM CHUCTEMOH, BKIOYaroled B ceds
pasiauuHble OMONOJMMEpHI, TaKue Kak OeNIKM, HYKJIEHMHOBBIE KHCIOTHI, Mojucaxapuibl. B cocras
I'MaJIoIUIa3Mbl BXOAST INIaBHBIM 00pa3oM pasinuyHble r100yisipHble 6enku. K BaxHelmmM pepmeHtam
THaJIOIUIa3Mbl OTHOCATCS (hepMEHTHI MeTabosM3Ma caxapoB, a30THCTHIX OCHOBAHWH, aMHHOKHCIIOT,
JUNHUJIOB U JIPYTMX BaXKHBIX coequHeHuH. B ruanoruasme pacnosjaratoTcsi (pepMEeHThl aKTUBALMU
AMHHOKHCIIOT IIPH CHHTE3€e O0eKoB, TpaHcnopTHele (Tpancdepusie) PHK (TPHK).

Oprane/ibl- BaXXHEHIIMA  KOMIIOHEHT KJETKHM, CTPYKTYpbl KJIETKHM, HMEIOLIUE CTPOro
OTIpe/IeNIEHHOE CTPOEHUE U (PYHKIINU.
ITo ¢pyHKIIMOHAIBHOMY NPU3HAKY OpraHEeNIbl ACTATCS Ha!

1 - oprasenbsl 001IETO 3HAYEHUS,

2 - opraHesuibl CelHaIbHOI0 3HaUeHMS;
[To cTpyKTYypHOMY NPUHIUITY OpraHelIbl AJATCS Ha:
1 - memOpannbie (MutoxoHaApun, IIIC, KI', 11M30cOMBI, TEPOKCUCOMBI);
2 — He meMOpaHHble (PUOPHIUIAPHBIE OpraHeiuThl (MUKPOTPYOOYKH, MUKPO(HIAMEHTBI, PECHUYKH,
KTYTHUKH, LIGHTPUOJIN) U TPaHyJISIpHbIE OpraHesuibl (puOOCOMBI, HOIHUCOMBI).
OpraHensl SBISIIOTCS AMHAMUYECKUMHU CTPYKTYpPaMM; MOTYT U3MEHSATh pa3Mepbl, HO HE (POPMUPYIOT-
csa. [l oOpa3oBaHUS HOBBIX OpraHeil HeoOXoauma MHGpopMauus, B BUAE PYIUMEHTa WU
MaTpUllbl OT YK€ CyLIeCTBYIOIEH opra - Heibl. Kaxaas opraHeimia 3aHMMaeT B TIHalIOIIa3Me
MECTO, ONITUMAJIbHOE JUIs BBIIOJIHEHUS €€ ClelnaIn3uPOBaHHON (YHKIINH.

buomemOpaHnbl- 3T0 NHUIONpPOTEUAHbIE 00pa30BaHMsl, KOTOPbIE OIPaHUYMBAIOT KIIETKY CHApyXH M

(OpMHUPYIOT HEKOTOpPbIE OPraHEeIIbl, a TAKXKeE AJEPHYIO 000JI0UKY - KAPHOIEMMY.

Pa3znnyaroT HECKOIBKO TUIIOB MEMOpPAaH, OTIMYAIOLIUXCS [0 XUMHUYECKOMY COCTaBy, pa3Mepam
U QYHKLIUSAM, HO UMEIOIIMX E€IWHBIA IJIaH CTPOCHUS.
OO1eit uepToii Bcex MeMOpaH KJIETKH SBJISETCS TO, UYTO OHU MPEJCTaBISIIOT co00ii ToHKue (6—10 HM)
IUTaCTHl JIMTIONIPOTEHIHOW TMPHUPOAbI (T.e. JUMMIBI B KOMIUIEKce C Oenkamu). OCHOBHBIMHU
XUMHYECKUMHU KOMITOHEHTaMH KJIETOUHBIX MeMOpaH sBisttorcs junuasl (40%), Genku (60%) wu
yrieBobl (5—10%).

Jlumuawl (rpeu.lipos - xup) — rpymnmna OPUPOAHBIX BEIIECTB, HEPACT-BOPHUMBIX B BOJE, HO
pPacTBOPUMBIX B HEIOJSIPHBIX  pacTBOpUTENX (xyopodopme, 3dupe u T.1.). MoJeKysbl JIUMUAO0B
SIBISIIOTCS aM(PUGUITBHBIMH, TO €CTh, KaK/1asi MOJIEKYJIa JIMMHAa UMEET TUIPOPMIHHYIO (PaCTBOPUMYIO
B BOJIE) «TOJIOBKY» M JIBa TUAPO(POOHBIX (HEpACTBOPUMBIX B BOJIE) «xBocTay (puc.6,A). Monekybl
«XBOCTa» NPEACTABISIIOT COO0M JUIMHHYIO YIIIEBOAOPOIHYIO LIEMb.

Bbenku memOpan coctaBnsoT 50% oT Macchl KIETOUHBIX MeMOpaH. VX pojb 3akiio4yaercss B TOM, YTO
OHM o0ecreunBaeT (YHKIIMOHAILHYIO aKTUBHOCTh MEMOPaH, & UMEHHO:


http://ru.wikipedia.org/wiki/%D0%91%D0%B8%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BD%D0%B5%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%B8%D0%BD%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%86%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%91%D0%B8%D0%BE%D0%BF%D0%BE%D0%BB%D0%B8%D0%BC%D0%B5%D1%80
http://ru.wikipedia.org/wiki/%D0%91%D0%B5%D0%BB%D0%BA%D0%B8
http://ru.wikipedia.org/wiki/%D0%9D%D1%83%D0%BA%D0%BB%D0%B5%D0%B8%D0%BD%D0%BE%D0%B2%D1%8B%D0%B5_%D0%BA%D0%B8%D1%81%D0%BB%D0%BE%D1%82%D1%8B
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1 - ygacTBYIOT B TpaHCIIOPTE BEIIECTB;

2 - BXOZST B COCTaB TPAHCIOPTHBIX HACOCOB U MOHHBIX KaHAJIOB;

3 - ABNAIOTCS (PepMEHTAMU M PELIENITOPAMHU, YYACTBYSI B IPOBEJICHUU CUTHAJIOB B KIIETKY;

4 - CBS3BIBAIOT LIUTOCKEIIET C BHEKJIETOYHBIM MAaTPUKCOM;

S - IpeoOpa3yoT PHEPrUI0 MHILEBHIX BELUIECTB B XUMUUYECKYIO SHEPIHI0 MAKPOIHEPIreTHUECKUX
cBsizeil MoJiekysibl ATO.
[Io mecty pacmonokeHuss B MeMOpaHe OelKkM AENSATCS HAaUHTETPAIbHBIE M IOBEPXHOCTHBIC
(nepudepuueckue).
[To pynkmsM Oenku MeMOpaH JenaTcs Ha:
1 - cTpyKTYypHBIE;
2 - TPaHCIIOPTHBHIE;
3 - anre3uBHbIe (0OeCEYMBAIONINE MEXK "KJIETOYHBIE B3aUMOJICHCTBHS);
4 - yyaCTBYIOILIME B IIEpE/laue CUTHATIOB OT OJJHOM KJIETKU K IPYIoOi;
5 - KaTaIUTUYECKUE.

MoutekymsipHass OMOJIOTHSI UICTOPHYECKU TOSIBIIIACh Kak pasnen Omoxumuu. K mauamy XXI Beka
ObUTH TMOJYyYeHbl JaHHbIE O MEepBUYHON CTpykType Bcedl JIHK dyemoBeka W menoro psija Opyrux
OpPraHU3MOB, Han0oJIee BaXKHBIX JUISI MEIULIUHBI, CEIbCKOT0 X0351UCTBA U HAYYHBIX HCCIEJOBaHUM, YTO
MPHUBEJIO K BO3HUKHOBEHUIO HECKOJBKUX HOBBIX HampaBiIeHUl B OWOJOrMHU: TE€HOMHKH,
OnoMH(pOPMATHKH H .

MemOpaHHBIii TPAHCIOPT — TPAHCIOPT BEIIECTB CKBO3b KJIETOYHYIO MEMOpaHy B KJIETKY MJIU U3
KJIETKH, OCYIIECTBIIIEMBIN C IIOMOIIbIO Pa3IMYHBIX MEXaHU3MOB — MpPOCTOi Auddy3un, odaerdyeHHon
¢ ¢y3un 1 aKTUBHOTO TpaHcnopTa. BaxkHeiilee cBONCTBO OMOJIOrMUYECKONH MEMOpPAHbI COCTOUT B €€
CIOCOOHOCTH TPOIyCKaTh B KJIETKY M W3 HeE pa3iuyHble BellecTBa. MeMOpaHHBIM TpaHCIOpPT
(TpaHCTIOPT BEIIECTB Yepe3 JIUIMUIHBIN OWCIIO0i): TACCUBHBIA M aKTHUBHBIN. AKTHBHBIH MeMOpaHHBIN
TPAHCHOPT — MPOTHUB (AIEKTPO)XUMHUECKOTO T'paJMeHTa, T.€.HEOOXOIUMBI 3HEPIreTUUECKHE 3aTPAThI
(conmpspKeHHE C HHEPreTHYECKH BBITOAHBIM IPOIIECCOM): MEPBUYHBIA M BTOpUYHBIN.IlaccuBHBIN
MeMOpaHHBIM TPaHCHOPT — MO (3JIEKTPO)XUMHUECKOMY TpaJUEHTy, He TpeOyeT 3HepreTHUecKux
3arpat: Aupdys3us win obnerdeHHas qudp¢ysusa. CTOUHUKHM 3HEpPrUu Uil aKTUBHOTO MEMOpPaHHOIO
TpaHCIopTa: TUIPOJIN3 ATO, CBET, OKHCJINTEIbHO-BOCCTAHOBUTEIILHBIE peaxkuuuy,
(27IEeKTPO)XUMHUYECKUN TpaJueHT. DHEprust g MNepBUYHOIO AaKTUBHOI'O TPAHCIOPTAa MOCTYyHaeT M3
UCTOYHMKA, OTIMYHOTO OT YK€ MMEIOHIEerocs (JEKTpO) XUMHUYECKOro rpaaueHTa. benku-kaHaubl
(OenkoBbIe KaHabl) - TUI TPAHCIOPTHOIO Oelka, IEWCTBYET Kak Mopa B MeMOpaHe, KoTopasi ObICTpO
MPOMYCKAaeT MOJIEKYJbl BOJBl HJIM HE OOJbIIME HOHBI. benku BOJHOrO KaHajia (aKBAaIlOPHHBI)
MO3BOJISIIOT BOJIE OYEHb ObICTPO AUPPyHIUpOBaTH uepe3 MemOpaHy. benku HOHHBIX KaHaloB
MO3BOJISAIOT HOoHaM Au(PyHAUpOBaTH Yepe3 MeMOpaHy. B OosblIMHCTBE cilyyaeB Iepefaya CUTrHaia
BHYTpU KIJIETKM MpPEJICTaBIseT COOOW Ienb IOCIEeI0BaTENbHbIX OHOXMMHMUYECKHUX PEaKIHii,
OCYIIECTBISIEMBIX (DEpPMEHTAMH, YacTh M3 KOTOPBIX AKTUBUPYETCS BTOPUUHBIMU TOCPEIHUKAMHU.
Taxue mporecchl 0OBIYHO SIBISIFOTCS] OBICTPBIMU: UX TPOAOKUTENBHOCTh — MOPSAIKa MUJUTMCEKYH]] B
Clly4ae MOHHBIX KaHAJOB U MUHYT — B ClIy4ac aKTHBALMM MPOTEMHKUHA3 U JIMIIU-ONOCPEIOBAHHBIX
krHa3. OHaKO B HEKOTOPBIX CIIydasiX OT MOJY4YeHHsS KJIETKOM CHrHajia 1O OTBeTa Ha HEro MOTYT
IPOXOANUTh dYachl M Jaxe CYTKH (B ciydae skcrpeccun TreHoB). [lytw mepenaunm curhana,
WM CUTHAJIbHBIC IyTH, YacTo OBIBAIOT OPraHW30BaHbl KaK CUTHAJIbHBIC Kackaabl (aHri. signal
cascade): KOTMYECTBO MOJIEKYJ OCJIKOB M JIDYTMX BEIIECTB, NPUHUMAIOIIUX Y4YacTHE B Iepeaye
CUTHaja, BO3PAacTacT Ha KaXJOM IOCIEAYIOIEM J3Tale IO Mepe yJIajeHHs OT IEepBOHAYAIBHOIO
ctuMyisia. Takum oOpa3oM, Ja)ke OTHOCHUTENIBHO CJIA0bIil CTMMYJI MOXKET BBI3bIBATH 3HAUUTEIIbHBIN
OTBET. JTO SBJICHUE HAa3bIBaCTCS aMIUTU(pUKanuei curHana. OpHUrHHaIBHBIA TepMHH aHriI. Signal


http://ru.wikipedia.org/wiki/%D0%91%D0%B8%D0%BE%D1%85%D0%B8%D0%BC%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%94%D0%9D%D0%9A
http://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BD%D0%BE%D0%BC%D0%B8%D0%BA%D0%B0
http://ru.wikipedia.org/wiki/%D0%91%D0%B8%D0%BE%D0%B8%D0%BD%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%A4%D0%B5%D1%80%D0%BC%D0%B5%D0%BD%D1%82
https://ru.wikipedia.org/wiki/%D0%92%D1%82%D0%BE%D1%80%D0%B8%D1%87%D0%BD%D1%8B%D0%B9_%D0%BF%D0%BE%D1%81%D1%80%D0%B5%D0%B4%D0%BD%D0%B8%D0%BA
https://ru.wikipedia.org/wiki/%D0%98%D0%BE%D0%BD%D0%BD%D1%8B%D0%B5_%D0%BA%D0%B0%D0%BD%D0%B0%D0%BB%D1%8B
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D1%82%D0%B5%D0%B8%D0%BD%D0%BA%D0%B8%D0%BD%D0%B0%D0%B7%D1%8B
https://ru.wikipedia.org/w/index.php?title=%D0%9B%D0%B8%D0%BF%D0%B8%D0%B4%D0%BA%D0%B8%D0%BD%D0%B0%D0%B7%D1%8B&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=%D0%9B%D0%B8%D0%BF%D0%B8%D0%B4%D0%BA%D0%B8%D0%BD%D0%B0%D0%B7%D1%8B&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%AD%D0%BA%D1%81%D0%BF%D1%80%D0%B5%D1%81%D1%81%D0%B8%D1%8F_%D0%B3%D0%B5%D0%BD%D0%BE%D0%B2
https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D0%B3%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D0%BF%D1%83%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%91%D0%B5%D0%BB%D0%BA%D0%B8
https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
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transduction BnepBbie mosiBUIICS B pedepupyeMbiX KypHaiax B 1974 romy, a B Ha3BaHHU CTaTbu
¢durypuposain B 1979 rony.

4. NinrocTpaTuBHBIH MaTepuaJl: O630pHas, BUJICO o0OyueHwue, Mpe3eHTalNs
https://www.youtube.com/watch?v=jOsEi_Dscd8&feature=youtu.be Kierkxa

https://www.youtube.com/watch?v=QSfntmjVtpQ~&feature=youtu.be Tpaucmopt

https://www.youtube.com/watch?v=V6Y C97Dj5E0&feature=youtu.beKonrakrsr
5. JIuteparypa: cM. npuioxenue 1

6. KonTpoJibHbIE BONIPOCHI: (00paTHAN CBSI3b)
CrpykTypa 6nomemOpan

OyHkus onomemMOpan

Anre3uBHas QyHKIUs OnoMeMOpaH
AKTHUBHBIN TPAHCIIOPT.

[TaccuBHBIN TPaHCIIOPT.

CtpoeHue U GyHKIMHU OPraHOUOB KIETKH
CrpoeHue u QyHKIMH g11pa

Ctpoenue u GyHKIMH KJIETOUYHON MEMOpaHbI
. CtpoeHue u QyHKITUH arapara rojbIKu

10 Ctpoenue u GyHKIIMH MUTOXOHAPUU
11.Ctpoenue u pyHKINHU JIU30COMBI

CoNoR~ LN E

Ne2 Jleknust

1. Tema: MonekymnsipHass Ouosiorusi kjieTku. Anre3uBHasi GyHkmus meMOpad. Ilepemaya BHemnrHero
CUTHaJa B KJIETKY.

2. Heab: Jlath mpeacTaBieHue o aare3nBHOM (yHkiuit memOpaHn. Ilepenaya BHENIHETo cUrHaia B
KIIETKY.

3. Te3ucwhl Jexkumu: J[[ns OOJBIIMHCTBA PETYJIATOPHBIX MOJICKYJ MEXKIYy HUX CBS3BIBAHHEM C
MEMOpaHHBIM PELENTOPOM M OKOHYATENIbHON peakiuell KIEeTKH, T.e. HU3MEHEHHEeM ee padoThI,
BKJIMHUBAIOTCSl CJIO)KHBIE CEPUM COOBITHI — OINpeJeTeHHbIe TyTH TMepeJayd CUrHajga, HWHaue
Has3bIBa€Mble NYTSAMH CUTHAIBHOM TpaHCAYKIWH. B 3aBUCMMOCTH OT TPUPOIBI  JHUTaHaa
paccMaTpuBalOT TPH MyTH TEpeladyd CUTHaia B KJIETKY. |. DHIOKpUHHBIE PETyIATOPHI (TOPMOHBI)
BBIICTISIIOTCS DHJIOKPUHHBIMU KJIETKAMH B KPOBb M MIEPEHOCHTCS €10 K KJIeTKaM-MHIIEHSM, KOTOpPhIe
MOTYT HaxOJWThCS B JIOOOM MecTe opranu3ma. 2. HelpokpuHHBIE pPETYISATOPHI BBIICISIOTCS
HEHpOHAMU B HEMOCPEACTBEHHOW ONM30CcTH OT KieTok-mumieHen. 3. [lapakpuHHBIE BeliecTBa
0CBOOOKIAIOTCS HECKOJILKO HajbIle OT MHIIEHEH, HO BCE K€ JOCTATOYHO OJIM3KO K HUM, YTOOBI
JOCTHYb penentopoB. [lapakpuHHbIE BelIECTBAa CEKPETHUPYIOTCS OJHUM THIIOM KJIETOK, a JIEUCTBYIOT
Ha JPYroi, OJJHAKO B HEKOTOPBIX CIIy4asx PETyJIATOPHI MpeAHa3HAuYeHbl TeM KJIETKaM, KOTOphIE HX
BBIICTIWIIN, U COCETHUM KJIETKaM, OTHOCSIIIIUMCSI K TOMY K€ TUTy. B psijie cmydyaeB mocieqHuil tam
CUTHAJIbHOW TPAHCAYKLIHUU COCTOUT B (hochHOpUIMPOBAHUH ONpeaAeaeHHBIX 3 (HEKTOPHBIX OETKOB, YTO
BEIET K YCWIEHUIO WM YTHETEHUI0O HMX AaKTUBHOCTH, a 3TO, B CBOIO O4Yepedb, OINpeaeisier
HEOOXOAMMYIO OpTraHM3My KIETOUYHYIO peakinuio. DochopunrpoBaHue OEIKOB OCYIIECTBISIOT
MPOTEMHKHUHA3BI, a AedochopunupoBanue — mporeuHpocdaraspl. M3MEHEHHS NPOTEMHKUHA3ZHOM
aKTUBHOCTH TPOUCXOAST B pe3yJbTaTe CBS3bIBAHMS PETYIATOPHON MoJeKyibl (B 0O0IIeM ciiydae
HA3bIBAEMOW JIMTAHAOM) C €e¢ MeMOpaHHBIM pEIENnTOPOM, YTO 3aIyCKaeT KacKaJbl COOBITHH.
AKTHUBHOCTbh Pa3JIMYHBIX MPOTEMHKUHA3 PETYJIUPYETCS PELENTOPOM HE MPsIMO, a Yepe3 BTOPHUHBIE


https://www.youtube.com/watch?v=j0sEi_Dscd8&feature=youtu.be
https://www.youtube.com/watch?v=QSfntmjVtpQ&feature=youtu.be
https://www.youtube.com/watch?v=V6YC97Dj5E0&feature=youtu.be
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MECCEH/IKEPbI (BTOPUYHBIE ITOCPEIHUKHN), B POJIU KOTOPBIX BBICTYNAIOT, Hanpumep, TAM®, nl' MO,
Ca2+, unosuton-3-pochar (IP3) m mumanmmnrmunepon (DAG). Ilpu 3TOM CBsA3BIBaHWE JUTaHAA C
MeMOpaHHBIM PELEeNTOPOM H3MEHSET BHYTPUKICTOUHBIH YPOBEHb BTOPHYHOI'O MECCEH/DKEpa, YTo, B
CBOIO OYepe/lb, OTPa)XKaeTCs Ha AaKTHBHOCTU NPOTEUHKUHA3bl. MHOI'ME pEryssiTOpHbIE MOJIEKYJIbI
BIUSIOT Ha KJIETOYHBIE MPOLECCHl Yepe3 IYyTH CUTHAJIBHOM TpPaHCAYKLUHMH C Y4YacTHEM
rerepoTpuMepHblx ['Td-cBs3piBaronx OenkoB (rereporpuMepHbIX (G-0€NIKOB) MM MOHOMEPHBIX
I'T®-cBa3biBaronux 0enkoB (MoHOMEpHBIX G-0OenkoB). Korma Monekysbl JIMraHzaa CBSI3BIBAIOTCS C
MeMOpaHHBIMU PEeLENTOPAMHU, B3aUMOJIEHCTBYIOIUMU C FeTepoTpuMepHbIMU G-0enkaMu, IPOUCXOIUT
nepexon G-0Oenka B aKTHBHOE COCTOsiHME IyTeM cBsi3biBaHus ¢ ['T®. AxtuBupoBanHblii G 06eoK
MOJKET 3aTe€M B3aUMOJIEHCTBOBATh CO MHOTUMHU 3((eKTOPHBIMU OelKaMH, Ipex i€ BCero (pepMeHTaMH,
TaKMUMH, KakK aJCcHHIATINKIa3a, (pochommdcTepasza, docdonumnaza IToO B3aUMOACHCTBHE 3aITyCKAeT
LeNH peakluid, KOTOpble 3aKaHYMBAIOTCS aKTUBAlMeW MNpOTeMHKHHAa3. B o0mwux ueprax mnyTh
CUTHAJIbHOU TPaHCAYKIUH ¢ ydacTueM G-0€eIKOB - IPOTEMHKHUHA3 BKJIFOYAET CJICAYIOIINE ATAIIbI.
1. JIurany cBs3bIBaeTCS € pELENTOPOM Ha MEMOpaHe KIETKH.
MonexynsipHasi OMOJIOTHS - KOMIUIEKC OMOJIOTHYECKUX HayK, M3YYaroIUX MEXaHH3Mbl XpaHEHHUS,
nepefayd M peaJid3alud  IeHETUYecKo  mHdopmanuwy, CTpoeHue U (QYHKUUHU
HEPEryIIpHBIXONOMoIMMepoB (OETKOB M HYKJICMHOBBIX KUCIOT). TpemMsi OCHOBHBIMUA KOMIIOHEHTaMHU
KJICTKH SBIISIOTCS: sJIpO, LUTOIUIa3Ma M OKpY»Karolllas MX KJIeTOyHas MeMOpaHa - IUIa3MoJieMMa.
[uToruraszma (cytoplasma) KJIeTKH BKJIIOUYAET B ¢e0s THAIOIIIA3MYy, HAXOAAIINECs B HEH 00s13aTeIbHbIE
KJICTOYHbIE KOMIIOHEHTbl — OpraHe/Ulbl, a TaKKe pa3jIM4yHble HEMOCTOSHHBIE CTPYKTYpPbl —
BKJIIOYeHMs. [majoriasMa SBJISETCS CIOKHOM KOJIJIOMIHOW CHCTEMOM, BKIIIOUaromied B ceds
pa3nuyHble OMOMONKMMEphl, Takue Kak OeNKH, HYKJIEWHOBbIE KHUCIOTHI, Mojmcaxapuisl. B cocraB
rHaJIOIJIa3Mbl BXOJIAT IVIaBHBIM 00pa3oM paszindHble II1o0ysipHble 6enku. K BaxkHelum pepmeHTam
TMaJIoIUIa3Mbl OTHOCATCS (DepMEHTHl MeTabosM3Ma caxapoB, a30TUCTBIX OCHOBAHUH, aMMHOKHCIIOT,
JUOUA0B U JIPYTUX BaXHBIX COeAMHEHMH. B ruanomnaszMe pacrosnaratoTcsi (E€pMEHThI aKTHBAIUH
aMMHOKUCIIOT IIPU CUHTe3€e O0eKoB, TpaHcnopTHele (Tpancdepusie) PHK (TPHK).

OpraHemnbpl- BaXHEWIIMM  KOMIIOHEHT  KJIETKH, CTPYKTYpbl KIETKH, HMMEIOIIHUE CTPOro
OIpeJIeIEHHOE CTPOEHUE U (DYHKIIHH.
[To pyHKIMOHATBHOMY NMPU3HAKY OpPTaHEIUIbI IETSATCS Ha:

1 - opranensbl 0011I€T0 3HAUYEHUS;

2 - OpraHeJuIbl CIEeIHAIBFHOTO 3HAUCHUS,
ITo cTpyKTypHOMY NIPUHIUITY OPTaHEIUIb IeNIATCS Ha:
1 - mem6Opannsie (Mutoxouapun, IIIC, KI', n130cOMBI, TEPOKCHCOMBI);
2 — He MmeMOpanHble (puOpHUIIIApHBIE OpraHeulbl (MUKPOTPYOOUKH, MUKPO(UIAMEHTHI, PECHHYKH,
KTYTHKH, [ICHTPUOJIN) U TPaHYJISipHbIE OpraHesuibl (pHOOCOMBI, TOJIHCOMBI).
Oprasesisl SBISIOTCS JUHAMUYECKUMHU CTPYKTYPaMU; MOTYT U3MEHATh pa3Mephl, HO He (popMHUpPYIOT-
csa. [Ins oOpa3oBaHMsi HOBBIX OpraHeiyl HeoOxoauMma MHpOpMAIMs, B BHJIE pPyIUMEHTa WU
MaTpHUIbl OT YXe Cylle CTBYyIoIIeld opra - Heiibl. Kaxkmas opraHenna 3aHMMaeT B THMajoIUIa3Me
MECTO, ONITUMAJIbHOE IS BBITIOJTHEHUS €€ CrIeUaIN3UPOBAaHHON (DYHKIIUH.
bruomeMOpaHbl- 3TO JUIONPOTEUIHbIE 00pa30BaHMs, KOTOPbIE OTPAHUYMBAIOT KIIETKY CHAPYXH H
(GbOpMUPYIOT HEKOTOPBIE OpraHellyIbl, a TAKXKE AAEPHYIO0 000JI0UKY - KapHOJIEMMY.

PaznuuaroT HeCKOIBKO TUIIOB MEMOpPaH, OTIUYAIOLINXCS 110 XUMHUYECKOMY COCTaBy, pa3Mepam
1 QYHKIUSAM, HO UMEIOIIUX E€IWHBIA TUIaH CTPOCHUSI.
OO1eit uepToii Bcex MeMOpaH KJIETKH SBJSETCS TO, YTO OHU MPEJCTABISIIOT c000ii ToHKHE (6—10 HM)
IJ1acThl  JIMMIOMPOTEUIHOW MpHUPOAbl (T.€. JUOUABI B KoMIUlekce ¢ Oenkamu). OCHOBHBIMU
XUMHYECKMMH KOMITOHEHTaMU KIIETOYHBIX MeMmOpaH sBisitorcs yunuasl (40%), Oenku (60%) u
yraeBos! (5—10%).
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Jlumuasr (rped.lipos - xup) — rpynma HpUPOAHBIX BEIIECTB, HEPACT-BOPUMBIX B BOJE, HO
pacTBOPUMBIX B HEIOJSIPHBIX  PacTBOPUTENSIX (Xynopodopme, 3pupe u T.A.). MoJeKyibl JIUINUI0B
ABISIOTCS aM(PUDUIBHBIMH, TO €CTh, KaX/1asi MOJIEKyJIa JTUMHIa UMEET TUAPOPHIBHYIO (PaCTBOPHUMYIO
B BOJIC) «TOJIOBKY» U JIBa THAPO(HOOHBIX (HEPACTBOPHU "MBIX B BOJIE) «XBOCTa» (puc.6,A). MoieKyibl
«XBOCTa» IPEJCTABIISAIOT COOON JUIMHHYIO YTJIEBOJOPOIHYIO LIETb.
benku memOpan coctaBisaoT 50% OT Macchl KIETOUHBIX MeMOpaH. VX posb 3akito4yaercss B TOM, YTO
OHHU o0ecrieynBaeT PyHKINOHATIBHYIO aKTHBHOCTh MEMOpaH, a IMEHHO:

1 - yyacTBYIOT B TpaHCIIOPTE BELIECTB;

2 - BXOJISIT B COCTaB TPAHCIIOPTHBIX HACOCOB W MOHHBIX KaHAJIOB;

3 - ABIAIOTCS (pepMEHTAMU U PELIENTOPAMHU, YUACTBYsI B IPOBEICHUU CUTHAJIOB B KIIETKY;

4 - CBA3BIBAIOT LIUTOCKEJIET C BHEKJIETOYHBIM MaTPUKCOM;

S - mpeoOpaszyoT SHEPrHi0 IMUIIEBHIX BEIIECTB B XUMUYECKYIO SHEPTUI0 MAaKPOIHEPTeTHUECKUX
cBszeil Mosekynbl ATO.
Ilo mecty pacmonoxkeHuss B MeMOpaHe O€lIKM JeNsATCsl HAaUHTErpalbHble M  IIOBEPXHOCTHBIE
(mepudepuueckue).
[To pyHkmsmM Oenku MeMOpaH aensaTcs Ha:
1 - cTpyKTYypHBIE;
2 - TPaHCIIOPTHBIE;
3 - aare3uBHBIC (00ECTICYNBAIOIINE MEK "KIIETOUHBIE B3aUMOJICHCTBU);
4 - yqacTByIOILlME B [1€pe/laue CUTHAJIOB OT O/IHOM KJIETKH K JIpYTo¥;
S - KaTaIUTUYECKUE.

MosnexkymsipHast OMOJIOTHsI UCTOPUUYECKHU TMOsBUIIACh Kak paszen Oumoxumuu. K Hasamy XXI Beka
ObUIM TMOJY4YeHbl JaHHbIE O MepBUYHOM CTpykType Bcedl JIHK dyenmoBeka m menoro psiga Opyrux
OpPraHu3MOB, HanboJIee BaXKHBIX JIJIs1 METUIIMHBI, CEIbCKOT0 X035HCTBA U HAYYHBIX UCCIIEIOBAaHMM, UTO
MPUBEJIO K BO3HUKHOBEHUIO HECKOJIBKMX HOBBIX HalpaBiIeHU B OWOJIOTUU: T€HOMUKH,
OMOMH(DOPMATUKY U JP.

MeMmOpaHHBIM TpaHCIOPT — TPAHCHOPT BELIECTB CKBO3b KJIETOUHYI0 MEMOpaHy B KJIETKY WIH U3
KJIETKH, OCYIIECTBIIIEMBIN C IIOMOIIbIO pa3IMYHBIX MEXaHU3MOB — MpPOCTOi Auddy3un, odaerdyeHHon
mud¢y3un 1 aKTUBHOTO TpaHcnopTa. BaxHeilee cBONCTBO OMOIOTrMUECKON MEMOpPaHbl COCTOUT B €€
CIOCOOHOCTH TPOIYyCKaTh B KJIETKY W M3 He€ pa3nuuHble BemlecTBa. MeMOpaHHBIH TpaHCIOPT
(TpaHCHIOPT BEILIECTB Yepe3 JMUMHIHBIN OMCIION): MACCUBHBIA U aKTUBHBIA. AKTHUBHBIH MeMOpaHHBIN
TPAHCHOPT — MPOTHUB (AIEKTPO)XUMHUECKOTO T'PaJIMEHTa, T.€.HEOOXOIUMBI SHEPreTUYECKHE 3aTPaThl
(conmpspKeHHE C DHEPreTHYECKH BBITOJAHBIM IPOLIECCOM): MEpBUYHBIN M BTOpuuHbINA.IlaccuBHBIN
MEeMOpaHHBIM TPAaHCHOPT — MO (PJIEKTPO)XUMHUECKOMY TPAJIHEHTy, He TpeOyeT SHEepreTHYecKux
3arpat: Aupdy3us win obnerdyeHHas aud¢ys3us. cToOUHNKN SHEPrUuu il aKTUBHOI'O MEMOpPAaHHOTO
TpaHCIIOPTA: THJIPOJIN3 ATO, CBET, OKHCJIMTEIbHO-BOCCTAHOBUTEIIbHBIE peaxkuumy,
(27eKTPO)XUMHUUYECKUN TpajueHT. DHEpPrus AJid MEepBUYHOTO AKTUBHOTO TPAHCIOPTa MOCTYMaeT W3
UCTOYHMKA, OTIMYHOTO OT YK€ HMEIOIIErocs (DJIEKTPO) XMMHUYECKOro TpajaueHTa. beiaku-kaHasl
(OenkoBbIe KaHaJbl) - TUI TPAHCIOPTHOTO OeJKa, NEUCTBYET Kak Mmopa B MeMOpaHe, KoTopas ObICTPO
MPOMYCKAaeT MOJIEKYJbl BOJABl WM HE OOJbIIME HOHBI. benku BOJHOrO KaHajga (akBarlOpHUHBI)
MO3BOJISIIOT BOJIE OYEHb ObICTpO AuPyHIUpOBaTH uvepe3 MemOpaHy. benku HOHHBIX KaHaJloB
MO3BOJISIOT MoHaM Au(PyHAUpOBaTH Yepe3 MeMOpaHy. B OonbIIMHCTBE ciyyaeB Iepepada CUrHaia
BHYTpU KIJIETKM NpPEJICTaBIseT COO0OW Ienb IOCIEeI0BaTENbHbIX OHOXMMHMUYECKHUX PEaKIHii,
OCYILIECTBISIEMBIX (pEepMEHTaMH, 4YacTb W3 KOTOPBIX AKTUBHUPYETCS BTOPUYHBIMH ITOCPEIHUKAMHU.
Taxue mporeccsl 00BIYHO SBIISIOTCS OBICTPBIMU: UX MPOJIOJKUTENBHOCTh — MOPSJIKAa MUJUTUCEKYH/T B
Clly4ae MOHHBIX KaHaJIOB U MUHYT — B CIIy4ae aKTUBallMU NPOTEUHKHHA3 U JIMIINI-OIOCPEIOBAHHBIX
kuHa3. OHaKO B HEKOTOPBIX CIy4asx OT IMOJIY4YEHHs KIETKOW CUTHaja J0 OTBETa Ha HEro MOryT
IIPOXOJIUTh Yachl M JaXe CYyTKU (B ciy4yae dKcrpeccuu reHoB). [lyTu mepemaum curnanma, win



ONTUSTIK-QAZAQSTAN SOUTH KAZAKHSTAN
MEDISINA [SKMA| MEDICAL
AKADEMIASY ACADEMY

als,
\ .

«OHTycTiK KazakcTaH MeauuuHa akanemuscol» AK AO «HOxHo-KasaxcTaHcKas MeEOVUVHCKAS aKageMuns»

Kadenpa Ouonornu u Onoxumun 46/

JIeKIMOHHBI KOMITIEKC 1 ctp. u3 12

CHUTHAJIbHBIC ITyTH, YacTO OBIBalIOT OpPraHM30BaHbl KaK CHUTHAJIbHBIC Kackanabl (aHri. signal cascade):
KOJIMYECTBO MOJICKYJI OCIIKOB W JIPYTMX BEIIECTB, NMPHHAMAIONIMX YYacTHE B Iepeladye CHUTHaa,
BO3pacTaeT Ha KaXJOM IMOCJIEIYIOIIEM d3Tare [0 Mepe yNaleHUs OT IEepBOHAYAIBLHOTO CTHMYJIA.
Takum 00pazom, Jaxe OTHOCHUTEIBHO CIIAOBI CTHMYJI MOXXET BBI3bIBATH 3HAYUTEIBHBIA OTBET. DTO
SBJICHHE HAa3bIBAaeTCA aMIUIMdukanueil curHana. OpUruHaJbHBIA TEpMUH aHTi. signal transduction
BIICPBBIC MOSBUWIICA B pedepupyeMbIX KypHaiax B 1974 roay, a B Ha3BaHUH CTaThbH (PUTYPHPOBAT B
1979 rony.

4. MnmocTpaTtuBHbIi MaTepuan. O030pHasi, mpe3eHTaIus
https://www.youtube.com/watch?v=BmAg-EolVCc&feature=youtu.be xonTakTsI
https://www.youtube.com/watch?v=G7-hNjwCwaw&feature=youtu.be curnams
https://www.youtube.com/watch?v=iv-025Dx8L E&feature=youtu.be anresuns

5. JIutepaTtypa: cm.npuio:kerue 1

6. KouTpoJibHbIe BONPOCHI: (00paTHAaN CBSI3b)

1. CemeiicTBa aAre3uBHBIX MEMOpPAHHBIX OEITKOB.

2. Aare3uBHasi QyHKIMSI MeMOpaH

3. OCHOBHBIC JTaITBI IEpEAaYr CUTHAA.

4. CurHaJisl, epeAaroluecs Yepe3 CUrHAIbHbIE MOJICKYJIbI
5. lluknuueckre HyKJICOTHIbI

6. Bropuunbie MecceHIKepbl

7. Hukmudeckuii aneHo3nHMOHOpoCchaT

8. Lluxnnyeckuii ryaHo3uHMOHO(OChaAT

Jleknms Ne3

1. Tema. MomnekymnsipHass CTPyKTypa KJIETOK M OOJIE3HH, BO3HHMKAIOIINE TPH HAPYIICHUH WX
(YHKIIMOHUPOBAHUS.

2. Heab: OmnpeneneHue MOHATUS OPraHOMJOB U UX Kiaccupukanus. boae3nu aM3ocoM, NEPUKCUCOM,
HapyIeHus: coptupoBku OenkoB B DIIC, mMutoxoHapuansHble Oosie3Hu. OmnpeneneHue 1 MeXaHu3M
pa3BUTHS.

3. Te3ucwl gexknuu: Jluzocomurie Oonee3Hu HakoruieHus (aHri. Lysosomal Storage Diseases) —
oOuiee Ha3BaHME TIPYMIbl BECbMa PEAKUX HACJIEICTBEHHBIX 3a00J€BaHMM, BbI3BAHHBIX HapyIIEHHEM
(GYHKIMH BHYTPUKJIETOUHBIX OpraHe/ul JIM30COM. OTH OAHOMEMOpAaHHBIE OPraHOUIbI SBIISIOTCS
4acTbl0 DHJIOMEMOpDaHHOW CHUCTEMBbl KIETKM W CHEUUANIM3UPYIOTCS Ha BHYTPUKIECTOYHOM
pacILEeIIeHUH BEIECTB: TNIMKOI€Ha, NINKO3aMUHOTIIMKAHOB, TJIMKOIPOTEUHOB U ApyTux. JIn30coMHbIe
00J1€3HN HAKOIUIEHUS BBI3BIBAIOTCA T'€HETHYECKH OOYCIIOBJIEHHBIM Ae(PUIUTOM (HEPMEHTOB JIU30COM,
YTO MNPHUBOJUT K HAKOIJICHHIO MaKpPOMOJIEKYJ, SBISIOMIMXCS CyOCTpaTOM 3TuUX (DEpMEHTOB, B
pa3IMYHBIX OpraHax M TKaHsIX opraHu3Ma. KiumHHuYeckas KapTHMHA IEpBOTO HACJIEICTBEHHOTO
3a00JeBaHUs U3 IPYIIIbI JIN30COMHBIX Oose3Hel HakoruieHus (6onesnp Tes — Cakca) Obuta onucana
B 1881 rony. 3atem, B 1882 rony onucano 3abosneBaHue, Ha3BaHHOE B YECTh BIIEPBBIE OMHICABILETO €r0
¢dpanmysckoro Bpaua ®ummnma [ome. B 1932 romy rommannckuit Bpau Moann Ilomme omucan
[NIMKOT€HO3 BTOPOTO THUIA, BIOCIEACTBUM Ha3BaHHBIM MO ero uMmeHu OosiesHbio [lomme. B konie
1950-x — mnauvasne 1960-x romoB Oenbruiickuii Omoxumuk Kpucrtuan ne [lioB ¢ coaBTopamy,
UCIOJNIb3Ys METOJUKY (PaKIMOHUPOBAHUS KJIETOK, OTKpPbUI JIM30COMBI B KAadeCTBE KIIETOUHBIX
OpraHesul, OTBETCTBEHHBIX 3a pacIIEIUICHWE W YTWIM3aLMI MakpoMosieKyd. JlaHHoe Hay4yHOe
OTKpBITHE J1aJl0 BO3MOXXHOCTh BCKOpE BBISIBUTh MAaTO(U3HOIOIMUECKYI0 OCHOBY JIM30COMHBIX
Oone3neld HakoruieHus. bonesnp Ilomme crana TepBBIM  HACIEICTBEHHBIM 3a00JIEBaHUEM,
HJIEHTU(DUIIMPOBAHHBIM KaK JIM30COMHas 00Jie3Hp HakorieHus. B 1963 rony Oenbrutickuii pusnosor
u 6uoxumuk I'enpu Xopc (anrn. Henri G. Hers) omyOnmkoBan paboTy, B KOTOPOH CBSi3al MPUYUHY


https://www.youtube.com/watch?v=BmAq-EolVCc&feature=youtu.be
https://www.youtube.com/watch?v=G7-hNjwCwaw&feature=youtu.be
https://www.youtube.com/watch?v=iv-025Dx8LE&feature=youtu.be
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Pa3BUTHS JaHHOTO CUMOTOMOKOMIUIEKCA C JE(PHUIMTOM O-TIFOKO3UAa3bl U BBICKA3aJl MPEATOJIOKEHUE
O CBSI3W JpPYrUX TeHEeTHYecKuX 3aboyieBaHUi, B TOM YHCJIE MYKOIOJIUCAXapUA030B, C
HE/IOCTaTOYHOCTBIO TOTO WM HMHOTrO (epMmeHTa. MUTOXOHApPHANIbHBIE 3a00J€BaHUS OOYCIIOBIICHBI
TeHETUYECKUMHU, CTPYKTYPHBIMH, OHOXMMHYECKUMHU Je(deKTaMd MUTOXOHAPUHN, MPUBOIAIIMMU K
HapyIIEHUSIM TKAaHEBOTO JbixaHus. OHU TMEpearoTcs TOJBKO IO KEHCKOH JIMHUU K JETIM 000HMX
IIOJIOB, TAaK KakK CIEPMATO30M[Ibl MEPEJAIOT 3UTOTE IOJIOBUHY SIIEPHOTO I€HOMA, a SUILEKJIEeTKa
IIOCTABJISET U BTOPYIO IIOJIOBUHY T€HOMA, U MUTOXOHApUH. [laToornyeckue HapyeHus: KIeTOYHOTO
SHEPreTHYECKOro 0OMeHa MOTYT MPOSBIATHCA B BUE Ae(PEKTOB pa3IMYHbIX 3BeHbEB B LuKIe Kpebcea,
B JbIXaTeNIbHOW IIemH, mpoleccax Oera-okucieHuss W Tak janee. He Bce depmeHTs U npyrue
perynsTopsl, Heobxonumele g 3PGEKTUBHOTO (PYHKIIMOHUPOBAHUS MHUTOXOHIPUN, KOIUPYIOTCA
mutoxonapuanbHoi JJHK. Bonbiias yacte MUTOXOHIPHAIBHBIX (DYHKIIUI KOHTPOJUPYETCS SIACPHON
JIHK. MO»XHO BBLIETUTH JIBE€ TPYIIbl MUTOXOHIPHAIIbHBIX 3a00JIeBaHUM:

Spko BBIpaKEHHBIE  HACJIEJICTBEHHBIE CHHAPOMBI, OOYCIIOBIEHHbIE MYTAllUIMHU TEHOB,
OTBETCTBEHHBIX 32 MUTOXOHApUanbHbie Oenku (cunapom bapra, cunnpom Kepuca — Ceiipa, curapom
[Mupcona, cunapom MELAS, cunapom MERRF u npyrue). Bropuunble MUTOXOHJIpHalIbHBIE
3a0o0NeBaHusA, BKIIOYAIONIME HapyUIeHHEe KIETOYHOrO0 HHEProoOMeHa KaK BaXHOE 3BEHO
¢dopmupoBanus maroreHe3a (O0JIE3HW COEINMHUTEIHHONH TKAHW, CHHAPOM XPOHHYECKOW YCTaJIOCTH,
[JIMKOT€HO3, KapJAHMOMUONATUS, MUIPEHb, MEYEHOUHAs HEIOCTATOYHOCTh, MAHLMUTOICHHUS, a TAKKE
TUIONapaTupeo3, IMabeT, paxuT U Ipyrue).

MUuUTOXOHAPUM HACIEAYIOTCS MHAUE, YEM SiA€PHBIC TeHbl. SIepHBIE TeHBI B KAXJA0W COMaTHYECKOMN
KJIETKE OOBIYHO TPEACTABICHBI OBYMs AIUICNSMH (32 MCKIIOYCHHEM OOJIBIIMHCTBA CLEIUICHHBIX C
MIOJIOM T'€HOB y rereporaMerHoro mnoina). OQuH aiens yHacjaeloBaH OT OTLA, JPYroil OoT MaTepH.
Opnako mutoxoHapuu coaepxar coocteHHyro JHK, nmpuuem B kax10ii MUTOXOHIPHM 4eEIOBEKa
00b1uHO coaepxkutcs oT 5 no 10 komuit kombueBoit monekynsl JJHK (cm. I'etepomnazmusi), u Bce
MHTOXOHJIpUU HacienyroTrcs or marepu. Korma murtoxonapus nenutcs, kornmu JHK cioydaiineim
o0pa3oM pacrnpenensiorcs Mexay e€ moromkamu. Eciau Toiabko onHa M3 ucxoanbeix mosekyn JJTHK
COJICPKUT MYyTalMIO, B PE3YJIBTATE CIYYAHOTO PACIPEECICHUS TaKHMEe MYTAHTHBIE MOJIEKYJIbl MOTYT
HAKOIMUTHCS B HEKOTOPHIX MUTOXOHAPHAX. MUTOXOHIpUabHas 001€3Hb HAYMHAET MPOSIBIATHCS B TOT
MOMEHT, KOIJla 3aMETHO€ YMCJIO MHUTOXOHJpPHUHM BO MHOTMX KJIETKaX JAHHON TKaHM HPHOOpETaroT
myTtanTHble koruu JJHK (moporosas skcnpeccust). Mytanuu B MmutoxosapuanbHoit JIHK npoucxozsr,
[0 pa3HbIM TNpPUYMHAM, HAMHOIO Yallle, YeM B SAEpHOH. DTO O3HA4YaeT, YTO MUTOXOHJPHAIIbHbIE
00JIe3HN TOCTATOYHO YacTO MPOSIBIISIOTCS M3-32 CIIOHTAHHBIX BHOBb BO3HUKAIOUIMX MyTauuil. IHOT 12
TEMIl MYTHpPOBaHUS YBEIWYUBACTCS M3-3a MYTalUi B SIEPHBIX T€HaX, KOAUPYIOIIUX (EPMEHTHI,
KOTOpbI€ KOHTPOIUPYIOT pernkanuio JJHK MmutoxoHapuii.

4. UnmoctpaTuBHblii MaTepuan: O630pHas, BU€0 00yueHHe, pe3eHTaIs
https://www.youtube.com/watch?v=agLNVS3BM3w&feature=youtu.be knerka
https://www.youtube.com/watch?v=Xyy30DuaQjQ&feature=youtu.be 6onesun
https://www.youtube.com/watch?v=LtEiV110bZg&feature=youtu.be MutoxoHapanbHas 00JIe3Hb
https://www.youtube.com/watch?v=wwe2bJtRxgQ&feature=youtu.be mm3zocomHas 60e3HB
5. JIutepaTtypa: cm. npuiio:kenue 1

6. KonTpoJibHbIe BONPOCHI: (00paTHASA CBSA3b)

1. MutoxoHapuagbHble 3a00JeBaHUS

2. JIuzocomHas 00Je3Hb

3. bone3nu nepokcucom

4. Hapymenus coptupoBku 6enkos B DI1C

5. OmpenenieHue 1 MEXaHU3M Pa3BUTUA OOJIE3HU

Mpuiaoxenne 1

S.JIuteparypa:
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https://www.youtube.com/watch?v=wwe2bJtRxgQ&feature=youtu.be
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