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Nel Jleknusi. MoJiekyasipHasi 0M0JIOTHA KJIETKH
1. Tema. MonexynspHas Ouonorus kietku. CTpykTypa U (yHKIIMM OCHOBHBIX KOMIIOHEHTOB KJIETKU.
Tpancnoprt BemecTB uepe3 OmomemOpanbl. Anre3uBHas ¢yHKuus memOpan. llepemaua BHEIIHEro
CUTHaJIa B KJIETKY. BHUJbI CUTHAJIBHBIX MyTEeH U CUTHAJIBHBIX CUCTEM.
2. Hean: Jlate mnpexacraBieHne 00 OCHOBHBIX KJIETOYHBIX JJIEMEHTaX, Y4YacTBYIOUIMX B
KU3HEEATEIbHOCTH KJIETKHM, a TaKkKe O MeXaHu3Max 0O0pa30oBaHUs MEXKKIETOYHBIX KOHTAKTOB,
aAre3uy, BHEKJIETOYHOM MaTpHUKCE.
3. Te3uchl Jexkuuu: MosekyJasipHasi OHOJIOTHSA - KOMIUIEKC OMOJIOTMYECKHX HAYK, H3y4YaroIIuX
MEXaHU3MBbI XpaHEHUS, TIEpelay M PEAIN3alui FeHETUIeCKOH MH(POpPMAaILuU, CTPOCHNE U (DYHKIHN
HeperyJSIpHBIXOHONOMMMepOB (OSIKOB M HYKJICHHOBBIX KUCIOT). TpeMss OCHOBHBIMU KOMIIOHEHTaMH
KIICTKU SBIISIIOTCS: SIIPO, LUTOIIa3Ma M OKpYXKarolllas MX KJIETOYHash MeMOpaHa - TUIa3MoJieMMa.
[MuTormasma (cytoplasma) KaeTKH BKIIIOUAeT B ce0s Thajomia3My, HaxoAsiIecs B Hell o0s13aTeNbHbIe
KJIETOYHbIE KOMIIOHEHTbl — OpraHe/ibl, a TaKXe pa3JIUYHble HEMOCTOSIHHbIE CTPYKTYpbl —
BKJIIOYEHHA. [Manoriasma SBISETCS CIOXKHOM KOJUIOMTHOM CHUCTEMOH, BKIOYaroLled B ceds
pa3nuyHble OMOMONMMEpHI, TaKhe Kak OeNKH, HYKJICHHOBBIE KHCIIOTHI, Moiucaxapuiasl. B cocras
I'MaJIoIUIa3Mbl BXOAST INIaBHBIM 00pa3oM pas3iinyHble r100yisipHble 6enku. K BaxHelmmM pepmentam
THaJIOIIa3Mbl OTHOCATCS (hepMEHTHI MeTabosM3Ma CaxapoB, a30THCTHIX OCHOBAHWH, aMHHOKHCIIOT,
JUNHUIOB U JIPYTMX BaXKHBIX COeJUHEHUH. B ruanormiasme pacronararorcsi (epMEHTbl aKTHBALUH
AMHHOKHCIIOT TIPU CHHTE3¢e O0eKoB, TpaHcnopTHele (Tpancdepusie) PHK (TPHK).

Oprane/ibl- BaOXHEHIIMA  KOMIOHEHT KJETKHM, CTPYKTYpbl KJIETKHM, HMEIOLIUE CTPOro
OTIpe/IeNIEHHOE CTPOEHUE U (PYHKIINU.
[To ¢pyHKIIMOHAIBHOMY NMPU3HAKY OPTaHEeIUIbl AETATCS Ha!

1 - opranenbl 00IIETO 3HAYCHUS;

2 - opraHesuibl CeHaIbHOI0 3HaUeHMS;
[1o cTpyKTypHOMY HNpUHLUITY OpTaHesIbl ACJATCS Ha:
1 - memOpannbie (MutoxoHaApuu, DIIC, KI', 1M30cOMBI, TEPOKCHCOMBI);
2 — He meMOpaHHbIe (PUOPHIUIAPHBIE OpraHe/UTbl (MUKPOTPYOOUYKH, MUKPO(HIAMEHTHI, PECHUYKH,
KTYTHUKH, LICHTPHUOJIN) U TPaHyJISIpHbIE OpraHeslibl (puOOCOMBI, HOIHCOMBI).
OpraHesisl SBISIIOTCS AMHAMUYECKUMHU CTPYKTYpPaMM; MOTYT U3MEHSTh pa3Mepbl, HO HE (OPMUPYIOT-
cs. Jlns oOpa3oBaHUS HOBBIX OpraHeil HeoOXoguma MHGopmauus, B BUIE PYIUMEHTa WU
MaTpULIbl OT YK€ CyUIeCTBYIOIEH opra - Heiuibl. Kaxaas opraHeina 3aHMMaeT B THalIOIUIa3Me
MECTO, ONITUMAJIbHOE IS BBIIOJIHEHUS €€ ClelnaIn3upOBaHHON (QYHKIINH.

buomemOpaHbl- 3T0 JHUMONPOTEUAHbIE 00pa30BaHMsl, KOTOPbIE OIPaHUYMBAIOT KIETKY CHApyXH M

(OpMHUPYIOT HEKOTOpPbIE OPraHEeIIbl, a TAKXKe AJEPHYIO 000JI0UKY - KAPHOJIEMMY.

Pa3znnyaroT HECKOIBKO TUIIOB MEMOpPaH, OTIMYAIOLIMXCS [0 XUMHUYECKOMY COCTaBy, pa3Mepam
U QYHKLIUSAM, HO UMEIOIIMX E€IWHBIA IJIaH CTPOCHUSI.
OO1weit uepToii Bcex MeMOpaH KJIETKH SBJISETCS TO, YTO OHU MPEJCTaBISIIOT co00ii ToHKue (6—10 HM)
IUIACTHl  JIMMIONPOTEUIHOW TMPUPOAbI (T.e. JUNMIBI B KOMIUIeKce cC Oenkamu). OCHOBHBIMHU
XUMHYECKUMHU KOMITOHEHTaMHU KJIETOYHBIX MeMOpaH sBisitorcss jmnuasl (40%), Oenxu (60%) u
yrieBobl (5—10%).

Jlumuasl (rpeu.lipos - xup) — rpymmna OpUPOAHBIX BEIIECTB, HEPACT-BOPUMBIX B BOJE, HO
pPacTBOPUMBIX B HEIOJSIPHBIX  pacTBOpUTENX (xyopodopme, 3dupe u T.1.). MOJeKyssl JUIUAOB
SIBJISIFOTCS aM(PUMUIBHBIMHU, TO €CTh, KaK/1asi MOJIEKYJIa JIMMUAA UMEET TUIPOPMITHHYIO (PaCTBOPUMYIO
B BOJIE) «TOJIOBKY» M J1Ba TUAPO(POOHBIX (HEPACTBOPU MBIX B BOJIe) «xBocTay (puc.6,A). Monekyb
«XBOCTa» NPEACTABISIIOT cOO0M [UIMHHYIO YIJI€BOAOPOAHYIO LIEMb.
benxu memOpan coctaBnsoT 50% 0T Macchl KIETOUYHBIX MeMOpaH. VX pojib 3akiI04aercss B TOM, YTO
OHM oOecreunBaeT (PYHKIIMOHAIBLHYIO aKTUBHOCTh MEMOPaH, 2 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 PELENTOPAMHU, YUACTBYSI B IPOBEJCHNUN CUTHAJIOB B KIIETKY;

4 - CBS3BIBAIOT IIUTOCKEJIET C BHEKJIETOUHBIM MAaTPUKCOM;

S - IpeoOpa3yoT PHEPrUI0 MHILEBHIX BELIECTB B XUMUUYECKYIO SHEPIHI0 MAKPOIHEPIreTHUECKUX
cBsizeil MoJiekysibl ATO.
[To mecty pacmonokeHusi B MeMOpaHe OelkM AENATCS HAUHTErPAIbHbIE M TOBEPXHOCTHBIC
(nepudepuydeckue).
[To pynkmusM OenKu MeMOpaH JenaTcs Ha:
1 - cTpyKTYypHBIE;
2 - TPaHCIIOPTHBHIE;
3 - aare3uBHbIC (0OeCEUMBAIOINE MEXK "KJIETOYHBIC B3aUMOJICHCTBHS);
4 - yyaCTBYIOILIME B IIEpE/Iau€ CUTHAIIOB OT OJJHOM KJIETKH K IPYIOi;
5 - KaTaIUTUYECKUE.

MoutekysipHast OMOJIOTUST UCTOPHYSCKU TOSIBIIIACh Kak pasfen omoxumuu. K mHavamy XXI Beka
ObUTH TOJYYeHbl JaHHbIE O MepBUYHON CTpykType Bced JIHK dYemoBeka W menoro psijga Ipyrux
OpPraHU3MOB, Han0oJIee BaXKHBIX ISl MEIULIUHBI, CEIbCKOT0 X0351UCTBA U HAYYHBIX HCCIEJOBaHUM, YTO
IPUBEJIO K BO3HUKHOBEHUIO HECKOJBKHUX HOBBIX HAmpaBiIeHU B OHOJIOTHH: TE€HOMMKH,
OroMH(pOPMATUKH H .

MemOpaHHBbIii TPAHCHOPT — TPAHCIOPT BEIIECTB CKBO3b KIETOYHYIO MEMOpaHy B KJIETKY MJIU U3
KJIETKH, OCYILECTBIIIEMBIN C MTOMOIIBIO Pa3IMYHBIX MEXaHU3MOB — MPOCTOi Auddy3un, odaerdyeHHon
g ¢y3un 1 aKTUBHOTO TpaHcnopTa. BaxkHeiiliee cBONCTBO OMOIOTrMUECKONH MEMOpPAaHbI COCTOUT B €€
CIOCOOHOCTH TPOIMYyCKaTh B KJIETKY M U3 HeE pasziuyHble BellecTBa. MeMOpaHHBIM TpaHCIOpPT
(TpaHCTIOPT BEIIECTB Yepe3 JIMIMUIHBIN OWCIIO0i): TACCUBHBIN M aKTHUBHBIN. AKTHUBHBI MEeMOpaHHBIN
TPAHCHOPT — MPOTHUB (AIEKTPO)XUMHUECKOTO I'paJUEHTa, T.€.HEOOXOIMUMBl 3HEPreTUUECKHE 3aTPAThI
(compspKeHHE € AHEPreTHYECKH BBITOJHBIM IPOIIECCOM): MEPBUYHBIA M BTOpUYHBIN.[laccuBHBIN
MEeMOpaHHBIM TPaHCHOPT — MO (3JIEKTPO)XUMHUECKOMY TPaJUEHTy, He TpeOyeT 3HepreTHYecKux
3arpat: Auddys3us win obnerdeHHas qudp¢ysusa. VcTOuHUKM 3HEpPTUu JUisl aKTUBHOTO MEMOpPaHHOTO
TpaHCIopTa: TUIPOJIN3 ATO, CBET, OKHCJIUTEIIbHO-BOCCTAHOBUTEIILHBIE peaxuuuy,
(37IEeKTPO)XUMHUUYECKUN TpaJueHT. DHEprust Jid MepBUYHOTO AaKTUBHOI'O TPAHCIOPTAa MOCTYHAaeT M3
UCTOYHMKA, OTIMYHOTO OT YK€ HMEIoIerocs (JIeKTpO) XUMHUYECKOro rpaaueHTa. benku-kaHaubl
(OenkoBbIe KaHabl) - TUI TPAHCIOPTHOIO Oelika, IeWCTBYET Kak Iopa B MeMOpaHe, KoTopasi ObICTpO
IPONYCKAaeT MOJIEKYJbl BOJBI HMJIM HE OOJbIIME HOHBI. benku BOJHOrO KaHaima (aKBAaIOPHHBI)
MO3BOJISIIOT BOJIE OYEHb ObICTPO AUPPYHIUPOBATH uepe3 MemOpaHy. benku HOHHBIX KaHaloB
MO3BOJISIOT MoHaM Au(PyHAUpOBaTH Yepe3 MeMOpaHy. B OosblMHCTBE cilyyaeB Iepefaya CUTHaia
BHYTpU KJIETKM MPEJCTaBIsieT CcOo0OW Ienb IOCHEI0BAaTENbHBIX OMOXMMHMUYECKHUX PEaKIHii,
OCYLIECTBISIEMBIX (DEPMEHTAMH, YacTh M3 KOTOPBIX AKTHBUPYETCS BTOPUUHBIMU IOCPEIHUKAMHU.
Taxue mporecchl 0OBIYHO SIBISIFOTCSI OBICTPBIMU: UX MPOAOKUTEIBHOCTh — MOPSAIKa MUJUTUCEKYH]] B
Clly4ae MOHHBIX KaHAJOB U MUHYT — B ClIy4ac aKTUBALMU IPOTEMHKUHA3 U JIMIIAI-OIIOCPEIOBAHHBIX
kuHa3. OHaKO B HEKOTOPBIX CIIy4asX OT MOJy4YeHHUS KJIETKOM CHrHama 10 OTBETa Ha HEro MoryT
IPOXOANUTh HYachl M Jaxe CYTKH (B ciydae skcnpeccun reHoB). [lytu mnepenmaunm curhana,
WM CUTHAIbHBIC TyTH, YacTo OBIBAIOT OPraHM30BaHbl KaK CUTHAJIbHBIC Kackaabl (aHri. signal
cascade): KOJMYECTBO MOJIEKYJ OCNKOB M JIDYTMX BEIIECTB, NMPUHUMAIOIIUX YYacTHE B Ieperaye
CUTHaJa, BO3PAaCTacT Ha Ka)XJOM IOCJIEAYIOIEM JTale M0 MEpEe YIaJeHHs OT IE€PBOHAYAIBHOIO
ctuMyisia. Takum oOpa3oMm, Ja)xe OTHOCUTENIBHO CIAOblii CTMMYJ MOXKET BbI3bIBATH 3HAUUTEJIbHBIN
OTBET. JTO SBJICHUE HAa3bIBACTCS aMIUTU(pUKanueid curHana. OpHUruHaNbHBIA 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 BiepBeie mosiBUIICS B pedepupyeMbiX KypHaiax B 1974 romy, a B Ha3BaHMU CTaTbu
¢durypuposain B 1979 rony.

4. NirocTpaTuBHBIH MaTepuaJl: O0630pHas, BUJICO o0OyJeHue, Mpe3eHTalNs
https://www.youtube.com/watch?v=jOsEi_Dscd8&feature=youtu.be Kierkxa

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

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

6. KonTpoJsbHbie BONpochl: (00paTHAas CBSI3b)
CrpykTypa bnomemOpan

OyHkius OnomemMOpan

AnrezuBHas QyHKIUs OnoMeMOpaH
AKTUBHBII TPaHCIIOPT.

[TaccuBHBIN TpaHCIIOPT.

Crtpoenue U GyHKIIMH OPTraHOUIOB KJIETKH
Crpoenne u pyHKUUH sipa

Crtpoenue u GyHKIMH KIETOUYHON MeMOpaHbI
. Ctpoenue u QyHKIIUH arapara rojabIKu

10 Crtpoenue u GyHKIIMH MUTOXOHAPUU
11.Ctpoenue u pyHKINHU JIU30COMBI

CoNoR~wWNE

Ne2 Jleknust

1. Tema: MomnekymnsipHas Ouosiorusi kjieTku. Anre3uBHas GyHkmus meMOpad. Ilepenaya BHenIHEro
CUTHaJa B KJIETKY.

2. Hean: Jlath mpeacraBieHue O aAre3uBHON (QyHKIMNA MeMOpad. [lepenaua BHeENIHEro cuUrHajIa B
KIIETKY.

3. Te3ucwhl Jexkumu: J[[ns OOJBIIMHCTBA PETYJIATOPHBIX MOJICKYJ MEKIYy HUX CBS3BIBAHHEM C
MEMOpaHHBIM PELENTOPOM M OKOHYATENbHON peakiuell KIeTKH, T.e. HU3MEHEHHEM ee padoThI,
BKJIMHUBAIOTCS CIIO)KHBIE CEPUM COOBITHI — OINpeAeNeHHbIe TyTH Iepeayd CUrHajga, HWHaue
Ha3bIBa€Mble MYTSAMH CUTHANBHOM TpaHCAYKIWH. B 3aBUCUMOCTH OT TPUPOIBI  JHUTaHIa
paccMaTpuBalOT TPH MyTH TEpelayd CUTHaida B KJIETKY. |. DHIOKPHUHHBIC PETyJIATOPHI (TOPMOHBI)
BBIICTISIIOTCS DHJIOKPUHHBIMU KJIETKAMH B KPOBb M MEPEHOCATCS €0 K KJIeTKaM-MHIIEHSM, KOTOphIe
MOTYT HaxOJWThCS B JIOOOM MecTe opranu3ma. 2. HelpokpuHHBIE pPETyISTOPHI BBIICISIOTCS
HEHpOHAMU B HEMOCPEACTBEHHOW ONM30CcTH OT KieTok-mumieHen. 3. IlapakpuHHBIE BelecTBa
0CBOOOIKIAIOTCST HECKOJBKO Janbllle OT MHIIEHEH, HO BCE K€ JOCTATOYHO OJIM3KO K HUM, YTOOBI
JOCTUYb penentopoB. [lapakpuHHbIE BelIECTBAa CEKPETUPYIOTCS OJHUM THIIOM KJIETOK, a JEUCTBYIOT
Ha Jpyroi, OJHAKO B HEKOTOPBIX CIIy4asx PEryJIATOPhI MPEAHa3HAYEHBl TeM KJIETKaM, KOTOPBIE HX
BBIICTIWIIH, U COCETHUM KIIETKaM, OTHOCSIIIIUMCSI K TOMY K€ TUIy. B psijie cnydyaeB mocieaHuit ytam
CUTHAJIbHOW TPAHCAYKIIUU COCTOUT B (hoChHOpUIMPOBAHUHM OIpeaeaeHHBIX 3(()EKTOPHBIX OETKOB, YTO
BEleT K YCWIEHUIO WM YrHETEHHI0O HMX AaKTUBHOCTH, a 3TO, B CBOIO Ouepeldb, OMNpeaessieT
HEOOXOAUMYIO OpTaHM3My KIETOUYHYIO peakuuio. DochopunupoBaHue OEIKOB OCYIIECTBISIOT
MPOTEMHKHUHA3BI, a AedochopunupoBanue — mnporeuHpocdaraspl. M3MEHEHHS MTPOTEMHKUHA3ZHOM
AKTUBHOCTH TPOUCXOAST B pe3ylbTaTe CBS3bIBAHUS PETYJIATOPHONM MOJIEKYJbl (B OOIIeM ciydae
HA3bIBAEMOW JIMTAHAOM) C €e¢ MeMOpaHHBIM pEHENTOPOM, YTO 3aIyCKaeT KacKaJbl COOBITHI.
AKTHBHOCTb Pa3JIMYHBIX MPOTEMHKUHA3 PETYJIUPYETCS PELENTOpOM HE MPsIMO, a 4Yepe3 BTOPHYHBIE


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/IKEPHI (BTOPUYHBIE ITOCPEIHUKN), B POJIU KOTOPBIX BBICTYNAIOT, Hanpumep, TAM®D, nl’ MO,
Ca2+, unosuton-3-pochar (IP3) m mgumamunrmunepon (DAG). Ilpu 3TOM CBsA3BIBaHWE JUTaHAA C
MeMOpaHHBIM PEIENTOPOM H3MEHSET BHYTPUKICTOUHBIH YPOBEHb BTOPHYHOTO MECCEH/DKEpa, YTo, B
CBOIO OYepe/b, OTPa)kaeTCsi Ha AaKTMBHOCTU INPOTEMHKUHA3bl. MHOIME pEryisiTOpHbIE MOJIEKYJIbI
BIUSIOT Ha KJIETOYHbIE MPOLECCHl 4Yepe3 IyTH CUTHAJIBHOM TPaHCAYKLHMH C  Y4YacTHEM
rerepoTpuMepHblx [ TO-cBs3piBaronx OenkoB (rereporpuMepHbIX (G-0€JIKOB) MM MOHOMEPHBIX
['TO-cBsa3piBatomux OenkoB (MoHOMepHBIX G-OenkoB). Korma mMomnexyinbl JUraHaa CBSI3bIBAIOTCS C
MeMOpaHHBIMU PELIENTOPAMHU, B3aUMOJICHCTBYIOIUMU C FeTepoTpuMepHbIMU G-0enkaMu, IPOUCXOIUT
nepexon G-0Oenka B akTHBHOE COCTOsiHUE IyTeM cBsi3biBaHusi ¢ ['T®. AxtuBupoBanHblii G Oeok
MOJKET 3aTeéM B3aUMOJIEHCTBOBATh CO MHOTUMHU 3¢ (EeKTOPHBIMU OelKaMHu, Ipexie BCcero (epMeHTaMH,
TaKWUMH, Kak aJeHHMIATIMKIa3a, pochommdcTepasza, docdonumnaza IToO B3aUMOACHCTBHE 3aITyCKaeT
LeNU peakiuil, KOTOpble 3aKaHYMBAIOTCS aKTUBALMeW MNpoTeMHKHHa3. B o0mux ueprax mnyTh
CUTHAJIbHOW TpaHCAYKIUH ¢ ydacTueM G-0elKOB - IPOTEMHKHUHA3 BKJIFOYAET CJICAYIOIINE ITAIIbI.
1. JIurany cBsS3bIBaeTCS C PELENTOPOM Ha MeMOpaHe KIETKH.
MonexymnsipHasi OMOJIOTHSI - KOMIUIEKC OMOJIOTHYECKUX HayK, M3YYarolUX MEXaHW3Mbl XpaHEHUS,
nepeayd WM peayid3aluu  TeHEeTUYecKoM  mHdopmanuwy, CTpoeHHe U (QYHKUUH
HEPEryJISIpHBIXONOTOIMMEPOB (OETKOB ¥ HYKICHHOBBIX KUCIIOT). Tpemst OCHOBHBIMUA KOMIIOHEHTaMHU
KJICTKH SBISAIOTCS: sJpO, LUTOIIa3Ma W OKpy’Karollas MX KJIeTOuHas MeMOpaHa - IUIa3MoJieMMa.
[MuToruraszma (cytoplasma) KJIeTKH BKJIIOYAET B ce0s THAIOIIIA3My, HAXOAAIINECs B HEHl 00s3aTeIbHbIE
KJICTOYHbIE KOMIIOHEHTbl — OpraHe/Ulbl, a TaKKe pa3IUYHble HENOCTOSHHbIE CTPYKTYpbl —
BKJIIOYEHMs. [majoriasMa sBISIETCSI CHOKHOH KOJUIOMAHOM CHCTEMOM, BKJIIOUAIOIIEH B ceOst
pa3nuyHble OHMONMONKMEpbl, Takue Kak OeNKH, HYKJIEWHOBbIE KHUCIOTHI, Mojimcaxapuisl. B cocraB
THAJIOIJIa3Mbl BXOJIAT IVIaBHBIM 00pa3oM paszindHble Ti100ynsipHble Oenku. K BakHeH M gpepMeHTam
TMaJIoIIa3Mbl OTHOCATCS (DepMEHThl MeTabosiM3Ma CaxapoB, a30THCTBIX OCHOBAHMN, aMMHOKHUCIIOT,
JUOWA0B U JIPYTUX BAXKHBIX COeAMHEHMH. B ruanomnaszMe pacriosnaratorcsi (EepMEHTHI aKTHBAIUU
aMMHOKUCIIOT IIPU CUHTE3€e 0eKoB, TpaHcnopTHele (Tpanchepubie) PHK (TPHK).

Opranennbl- BaXHEHIIMM  KOMIOHEHT  KJIETKH, CTPYKTYpbl KIIETKH, HMMEIOIIHUE CTPOro
OIpeJIeIEHHOE CTPOEHUE U (DYHKIIHU.
[To pyHKIMOHATBHOMY NPU3HAKY OpPTaHEIUIbI AETSATCS Ha:

1 - opranenbl 00111€TO 3HAUYEHUS;

2 - OpraHeJUIbl CIeIHAIHHOTO 3HAUCHHS,
ITo cTpyKTYypHOMY NPUHIUITY OpTraHeJUIbl JeNIATCS Ha:
1 - mem6pannsie (Mutoxouapun, IIIC, KI', 1u30cOoMBI, TEPOKCHCOMBI);
2 — He MmeMOpanHble (puOpHUIIIApHBIE OpraHeulbl (MUKPOTPYOOUKH, MUKPO(UIAMEHTHI, PECHHUKH,
KTYTUKU, [ICHTPUOJIN) U TPaHyJIipHbIE OpTaHeslibl (pHOOCOMBI, TOJIHCOMBI).
Oprasesisl SBISIOTCS JUHAMUYECKUMHU CTPYKTYPaMU; MOTYT U3MEHATh pa3Mepshl, HO He pOpMUPYIOT-
csa. [Ins oOpa3oBaHMsl HOBBIX OpraHeiyl HeoOxoauMma MHQOpMaIMs, B BHIE pPyJUMEHTa WU
MaTpHUIbl OT YXe CylleCTBYyIOIIeld opra - Heiuibl. Kaxmas opraHenna 3aHMMaeT B THalOIUIa3Me
MECTO, ONITUMAJIbHOE ISl BBHITIOJTHEHUS €€ CIeUalIn3UpOBaHHON (DYHKIUH.
bruomeMOpaHbl- 3TO JUIONPOTEUHbIE 00pa30BaHMs, KOTOPbIE OTPAHUYMBAIOT KIIETKY CHAPYXH H
(GbOpMUPYIOT HEKOTOPBIE OpraHellyIbl, a TAKXKE AAEPHYIO0 000JI0UKY - KapHOJIEMMY.

PaznuualoT HECKOIBKO TUIIOB MEMOpaH, OTIMYAIOLINXCS 0 XMMUYECKOMY COCTaBY, pa3Mepam
1 QYHKIUSAM, HO UMEIOIIUX €IWHBIA TUIaH CTPOCHUSI.
OO1eit uepToii Bcex MeMOpaH KJIETKH SBISETCS TO, YTO OHU MPEJICTABISIIOT c000ii ToHKHE (6—10 HM)
IJ1acThl  JIMMONPOTEUTHOW MpHUpoAbl (T.e. JUOHABI B KoMmiuiekce ¢ Oenkamu). OCHOBHBIMHU
XUMHYECKUMH KOMITOHEHTaMU KIIETOYHBIX MeMmOpaH sBisitorcss yunuasl (40%), OGenku (60%) u
yraeBos! (5—10%).
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Jlumuaer (rpeu.lipos - kMp) — Tpynma MPHUPOJHBIX BEIIECTB, HEPACT-BOPUMBIX B BOJE, HO
pPacTBOPUMBIX B HEIMOJSPHBIX  pPAcTBOpUTEISIX (xsopodopme, 3gupe u T.A.). Moaekyiibl JUIHI0B
SBIIAIOTCS. aM(pUPHITBHBIME, TO €CTh, KaXKIasi MOJIEKYJIa JIUIMHIa UMEET TUAPOPUITBHYIO (PACTBOPUMYIO
B BOJIC) «TOJIOBKY» U JiBa THAPO(DHOOHBIX (HEPACTBOPHU MBIX B BOJIE) «XBOCTa» (puc.6,A). MoieKyibl
«XBOCTa» MPEACTABISIOT COOO0 [UIMHHYIO YIIIEBOAOPOIHYIO LEIIb.
benku memOpan coctaBisaoT 50% OT Macchl KIETOUHBIX MeMOpaH. VX posb 3akiroyaercss B TOM, YTO
OHHU o0ecrieynBaeT GYyHKIHOHATIBHYIO aKTHBHOCTh MEMOpaH, a IMEHHO:

1 - yyacTBYIOT B TPaHCIIOPTE BELIECTB;

2 - BXOJIISIT B COCTaB TPAHCIIOPTHBIX HACOCOB M MOHHBIX KaHAJIOB;

3 - ABIAIOTCS (pepMEHTAMU U PEeLIeNTOPAMHU, YUaCTBYsI B IPOBEICHUU CUTHAJIOB B KIIETKY;

4 - CBA3BIBAIOT LIUTOCKEJIET C BHEKJIETOUHBIM MaTPUKCOM;

5 - mpeoOpaszyoT SHEPrHI0 MHUIIEBHIX BEIIECTB B XUMUYECKYIO SHEPTUI0 MAKPOIHEPTeTHUECKUX
cBszeil Mosiekynbl ATO.
Ilo mecty pacmonoxeHuss B MeMOpaHe Oe€lKM AeNsATCsl HAaUHTErpajlbHble M  IIOBEPXHOCTHBIE
(mepudepuueckue).
[To pyukusmM Oenku MeMOpaH JaenaTcs Ha:
1 - cTpyKTYypHBIE;
2 - TPaHCIIOPTHBIE;
3 - agre3uBHbIC (00ECTICYNBAIONINE MEK "KIIETOUHBIC B3aUMOJICHCTBU);
4 - yqacTByIOIIME B IIepelaue CUTHAJIOB OT OJHOM KJIETKH K IpYIo¥;
S - KaTaJIUTUYECKUE.

MonexkynsipHasi OMOJIOTUSI UCTOPHUECKU MOSBHIIACh Kak pazfen Ounoxumuu. K Hauvamy XXI Beka
ObUIM TOJYy4YeHbl JaHHblE O IMepBUYHOM cTpykType Beed JIHK dyenmoBeka m uenoro psijga Apyrux
OpPraHu3MOB, HanboJIee BaXKHBIX JIJIs1 MEIUIIMHBI, CEIbCKOTI0 X035HCTBA M HAYYHBIX UCCIIETOBAaHHM, UTO
MPUBEJIO K BO3HUKHOBEHHIO HECKOJIBKMX HOBBIX HalpaBiIeHUH B OWOJIOTUU: TE€HOMUKH,
OMOMH(OPMATUKH U JP.

MemMmOpaHHBIi TpaHCTIOPT — TPAHCHOPT BELIECTB CKBO3b KJIETOUHYIO MEMOpaHy B KJIETKY WIH U3
KJICTKH, OCYIIECTBIIIEMBIN C MTOMOLIbIO pa3IMYHBIX MEXaHU3MOB — MpPOCTO Auddy3un, odaerdyeHHon
mudy3un 1 aKTUBHOTO TpaHcHopTa. BaxkHeiiliee cBONCTBO OMOIOTMUECKON MEMOpPaHbl COCTOUT B €€
CIOCOOHOCTH TPOIYCKaTh B KJIETKY W M3 Heé pa3nuuHble BeulecTBa. MeMOpaHHBIA TpaHCIOPT
(TpaHCHOPT BEILIECTB Yepe3 JMUIMMIHBIN OMCIION): MACCUBHBIN U aKTHUBHBIA. AKTHUBHBIH MeMOpaHHBIN
TPAHCHOPT — MPOTHUB (IEKTPO)XHUMHUUYECKOTO TPATUCHTA, T.€.HEOOXOAMMbI YHEPreTUYeCKHue 3aTpaThl
(compspKeHHe C SHEPreTHYECKH BBITOJAHBIM IPOILIECCOM): MEpBUYHBIA U BTOpuuHbINA.IlaccuBHBIN
MEMOpaHHBIM TPaHCHOPT — MO (JIEKTPO)XUMHUYECKOMY TPAIUEHTy, He TpeOyeT SHEepreTHYecKUX
3arpat: Audy3us unn obdneryeHHas audpdys3us. cTOUHNKN SHEPruu il aKTUBHOI'O MEMOpPAaHHOTO
TpaHCIIOpTa: TUJIPOJIN3 ATO, CBET, OKHUCIIUTEIbHO-BOCCTAHOBUTEIIbHBIE peaxkuumy,
(27EeKTPO)XUMHUYECKUN TpaJueHT. DHEPrus Mg MEepBUYHOTO AKTUBHOTO TPAHCIOPTa MOCTYMAaeT W3
HCTOYHHKA, OTIMYHOTO OT YK€ HMEIOIIErocs (DJIEKTPO) XMMHUYECKOro TpajaueHTa. beiku-kaHasl
(OenkoBbIe KaHaJbl) - TUI TPAHCIOPTHOTO OeJKa, IeUCTBYET Kak Mmopa B MeMOpaHe, KoTopas ObICTPO
IPOMYCKAaeT MOJIEKYJbl BOJABl MIM HE OOJbIIME HWOHBI. benku BOJHOrO KaHajga (aKBarlOpPHUHBI)
MO3BOJISIIOT BOJIE O4YEHb ObIcTpo AudyHIupoBaTh uepe3 MemOpaHy. benku HOHHBIX KaHaJlIoB
MO3BOJISIOT HOHaM Au(PyHANpOBaTH Yepe3 MeMOpaHy. B OonbIIMHCTBE ciyyaeB Hepefada cCUrHajia
BHYTpU KIJETKM NpPEJICTaBIsIeT COOOW IeNb IOCIEeI0BAaTENbHbIX OHOXMMHMUYECKUX  PEaKIHii,
OCYILIECTBISIEMBIX (PEpMEHTaMH, YacTb W3 KOTOPBIX AKTUBUPYETCS BTOPUYHBIMH ITOCPEIHUKAMHU.
Taxue mporeccsl 00BIYHO SBIISIOTCS OBICTPBIME: UX MPOJIOJIKUTEIBHOCTh — MOPSJIKa MUJUTUCEKYH/T B
Clly4ae MOHHBIX KaHaJOB U MUHYT — B CJIy4ae aKTUBallMU NPOTEUHKHMHA3 U JINIIUI-OIIOCPEIOBAHHBIX
kuHa3. OHAaKO B HEKOTOPBIX CIy4asXx OT IOJY4YEHHs KICTKOW CHUTHaja A0 OTBETa Ha HEro MOryT
IIPOXOJIUTh Yachl M Jaxe CyTKU (B ciy4yae sKcrpeccud reHoB). IlyTu mepemaum curHama, win
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CHUTHAJIbHBIE ITyTH, YacTO OBIBAlOT OpPraHM30BaHbl KaK CHTHAJIbHBIE Kackanbl (aHri. signal cascade):
KOJIMYECTBO MOJICKYJI OCIIKOB W JIDYTHX BEIIECTB, NMPHHUMAIONIMX YYacTHE B Iepeladye CHUTHAaa,
BO3pacTaeT Ha KaXJOM MOCJIEIYyIOIEeM dSTare [0 Mepe yIaleHUs OT TMEepBOHAYAIBLHOTO CTHMYJIA.
Takum 00pazom, Jaxke OTHOCHUTEIBHO CJIAOBI CTHMYJI MOXXET BBI3bIBATH 3HAYUTEIBHBIA OTBET. DTO
SBJICHHE Ha3bIBAaeTCAd aMmIUiMQukanueil curHana. OpUruHaIbHBIA TepMUH aHri. signal transduction
BIICPBBIC MOSBUIICA B pedepupyeMbix KypHaiax B 1974 roay, a B Ha3BaHUH CTaThbH (PUTYPHPOBAT B
1979 rony.

4. MnnocTpaTuBHbIA MaTepuan. O030pHast, Mpe3eHTAIUs
https://www.youtube.com/watch?v=BmAg-EolVCc&feature=youtu.be xonTakTsI
https://www.youtube.com/watch?v=G7-hNjwCwaw&feature=youtu.be curuasrt
https://www.youtube.com/watch?v=iv-025Dx8L E&feature=youtu.be anre3uns

5. JIuteparypa: cm.npuiio:kenue 1

6. KonTpoJibHbIe BONIPOCHI: (00paTHAaN CBSI3b)

1. CemetlicTBa aire3WBHBIX MEMOPAHHBIX OCITKOB.

2. Anre3uBHasi QyHKIHSI MeMOpaH

3. OcHOBHBIC 3TaITBI IEpEAAYN CUTHAJIA.

4. CurHaJisl, epeaarolnecs Yepe3 CUrHAIbHbIE MOJICKYJIbI
5. lluknmyeckre HyKJICOTHIbI

6. Bropuunbie MecceHIKepbl

7. Hukmudeckuii aieHo3nHMOHOGochaT

8. Lluknnyeckuii ryaHo3uHMOHO(OChaT

Jleknms Ne3

1. Tema. MonekynspHas CTPyKTypa KIETOK W O0OJIe3HH, BO3HHMKAIOIIME TPH HAPYIMICHUH UX
(GYHKIIMOHUPOBAHUS.

2. Heab: OmnpeneneHue NOHATUS OPraHOUIOB U MX Kiaccudukaius. bone3Hu 1u3ocoM, NepuKkcucom,
Hapy1eHus: coptupoBku OenkoB B DIIC, MuToxoHApuanbHble Oosie3Hu. OnpeneneHue ¥ MexXaHu3M
pa3BUTHSA.

3. Te3ucnl gexkuum: Jluzocomusle Goneesnn HakoruieHus (aHria. Lysosomal Storage Diseases) —
oOuiee Ha3BaHME IPYNIbl BECbMa PEAKUX HACIEICTBEHHBIX 3a00J€BaHMM, BHI3BAHHBIX HapyIIEHHUEM
(GYHKIMH BHYTPUKJIETOUHBIX OpraHeul JIM30COM. OTH OJHOMEMOpAaHHBIE OPraHOUIbI SBIISIOTCS
4acTbl0 JHJIOMEMOpPaHHOW CHUCTEMBbl KIETKM W  CHEHUANIM3UPYIOTCS Ha BHYTPUKICTOYHOM
pacIleIIeHUH BEIECTB: ININKOI€Ha, NINKO3aMUHOTIIMKAHOB, TINIMKOIIPOTEMHOB U Apyrux. JIn30coMHbIE
00J1€3HN HAKOIUICHUS BBI3BIBAIOTCA T'€HETHYECKH OOYCIIOBJIEHHBIM Ae(pUIUTOM (EPMEHTOB JIU30COM,
YTO MNPHUBOJUT K HAKOIJICHHIO MAaKPOMOJIEKYJ, SBJSIOMIMXCS CyOCTpaToM 3TUX ()epPMEHTOB, B
pa3IMYHBIX OpraHax W TKaHsIX opraHu3Ma. KiuHuueckas KapTHHa TI€pBOrO HACJIEICTBEHHOTO
3a00JeBaHUs U3 TPYIIIbI JIN30COMHBIX Oose3Hel HakoruieHus (6osesnp Tes — Cakca) Obuta onucana
B 1881 rony. 3atem, B 1882 rony onucano 3aboseBaHue, Ha3BaHHOE B YECTh BIIEPBbIE OMHUCABIIETO €ro
¢panmysckoro Bpaua Pununma ['ome. B 1932 romy rommanackuii Bpau Moann [lomme omucan
[JIMKOT€HO3 BTOPOTO THUIIA, BIOCIEACTBUM Ha3BaHHBIN M0 ero nmMmeHu Oosiesnbio Ilomne. B konie
1950-x — mnauvasne 1960-x romoB Oenbruiickuii Omoxumuk Kpucrtuan ne [ioB ¢ coaBTOpamw,
UCIOJIb3Ysl METOJIUKY (paKkIUMOHUPOBAHUS KJIETOK, OTKPbUI JIM30COMBI B KayeCTBE KJIETOUHBIX
OpraHesul, OTBETCTBEHHBIX 3a pAacCIICIUICHHWE W YTWIM3alMI MakKpoMosieKyd. JlaHHOe Hay4dHOE
OTKpBITHE J1aJ0 BO3MOXXHOCTh BCKOPE BBISIBUTH MAaTO(U3HOIOIMUECKYI0 OCHOBY JIM30COMHBIX
Oomne3neid HakoruieHus. bonesnp Ilomme crajma mepBbIM  HACIEACTBEHHBIM  3a00JEBaHHEM,
UJeHTU(DUIIMPOBAHHBIM KaK JIM30COMHas 00Jie3Hbh HakorieHus. B 1963 rony Oenbrutickuii pusnonor
u 6uoxumuk I'enpu Xospc (anrn. Henri G. Hers) omyOnmkoBan paboTy, B KOTOPOW CBs3a]l MIPUUUHY


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 JEPHUIIMTOM O-TIFOKO3HMIa3bl U BBICKA3aJl MPEAIOJIOKEHUE
O CBSI3W JpPYrUX TEeHEeTHYecKuX 3aboyieBaHUi, B TOM YHCJIE MYKOIOJIUCAXapUA030B, C
HEIOCTaTOYHOCTBIO TOTO WM HMHOrO (epMeHTa. MUTOXOHApHANbHBIE 3a00J€BaHUS OOYCIIOBIICHBI
TEeHETUYECKUMHU, CTPYKTYPHBIMH, OHOXMMHUYECKUMHU Je(heKTaMd MUTOXOHAPUHN, MPUBOIAIIMMU K
HapyIIEHUSIM TKAHEBOTO IbixaHWsA. OHHU MEpearoTcs TOJBKO IO KEHCKOH JMHUU K JETAM 000MX
II0JIOB, TaK KakK CIEPMATO30U[Ibl MEPENAIOT 3UrOTE IIOJIOBHHY SJIEPHOrO T'€HOMA, a SHIEKJIeTKa
IIOCTAaBJISICT U BTOPYIO IIOJIOBUHY T'€HOMA, U MUTOXOHApUH. IlaToornuecknue HapyeHus: KIe€TOYHOTO
SHEPreTHUeCKOro 0OMeHa MOTYT MPOSIBJIATLECA B BUJE AePEKTOB pa3IMYHbIX 3BeHbEB B LuKIe Kpebca,
B JbIXaTEeNIbHOW IIemH, Ipoleccax OeTa-okuclieHuss W Tak janee. He Bce depMmeHTH U Ipyrue
perymisitopbl, HeoOxonumble g 3PGEKTUBHOTO (PYHKIIMOHUPOBAHUS MHUTOXOHIPUN, KOIUPYIOTCA
mutoxonapuanbHoi JIHK. Bosibiias yacth MUTOXOHIPHAIBHBIX (DYHKIIUH KOHTPOJIUPYETCS SACPHON
JIHK. MO»XHO BBLAETUTH 1B TPYIIIbl MUTOXOHIPHAIBHBIX 3a00JIeBaHUM:

Spko  BBIpaKEHHbBIE HACJIEJICTBEHHBIE CHHAPOMBI, OOYCIIOBIEHHbIE MYTAllUIMHU TE€HOB,
OTBETCTBEHHBIX 32 MUTOXOHApUanbHbie Oenku (cunapom bapra, cunapom Kepuca — Ceiipa, cunapom
[Tupcona, cunapom MELAS, cunapom MERRF u gpyrue). Bropuunble MUTOXOHIpHalbHBIE
3a00NeBaHus, BKIIOYAIONIME HApyIIeHHE KIETOYHOrO HHEpProoOMeHa KaK BaKHOE 3BEHO
dbopmupoBanns maroreHe3a (00JIE3HH COENMHUTENBHONW TKAaHU, CHHIPOM XPOHUYECKOH yCTalOCTH,
[JIMKOTE€HO3, KapJAHMOMUONATUS, MHUIPEHb, MEYEHOUHAs HEIOCTATOYHOCTh, MAHLMUTOIICHUS, a TAKKE
TUIONapaTupeo3, IMabeT, paxuT U Jpyrue).

MuUTOXOHIPUM HACAEAYIOTCSl MHAU€e, YeM SiA€pPHBIC TeHbl. SIEepHBIC TEHBI B KAXA0W COMaTHYECKOMI
KJIETKE OOBIYHO TPEICTABICHBI OBYMs AIUICISIMHU (32 HCKIIIOUYCHHEM OOIBIIMHCTBA CLEIUIEHHBIX C
MIOJIOM T'€HOB y reteporaMeTHoro moia). OAuH amienb yHacjaeloBaH OT OTHA, APYrol OT Marepu.
Opnako mutoxoHapuu coaepxar cooctBeHHyro JHK, nmpuuem B kax10ii MUTOXOHIPHM 4YeIOBEKa
00bIuHO cogepxkutcs oT 5 a0 10 komuit komnbueBoi monekynsl JIHK (cm. T'etepomnasmusi), u Bce
MUTOXOHJIpUU Hacienyrrtcs or marepu. Korma muroxonapus nenutcs, konmu JIHK ciywaitneim
o0pa3oM pacnpenensorces MexIay e€ nmoroMkamu. Eciau Toiabko onHa M3 ucxoaHblx mosekyn JJTHK
COJIEPKUT MYyTaIMIO, B PE3YJIBTATE CIYYAHOIO PACIPEACICHUS TaKME MYTAHTHBIE MOJIEKYJIbl MOTYT
HAKOMUTHCS B HEKOTOPBIX MUTOXOHAPHUSIX. MUTOXOHIpHallbHAs 00JIe3Hb HAYMHAET MPOSIBISITHCS B TOT
MOMEHT, KOIJla 3aMETHO€ YHCJIO MHUTOXOHJPHUM BO MHOIMX KJIETKaX JAHHOM TKaHW IPHOOpETaroT
myTtanTHble koruu JJHK (moporosas skcnpeccust). Mytanuu B MutoxoHapuansHoit JIHK npoucxozsr,
[0 pa3HbIM MPUYMHAM, HAMHOIO Yallle, YeM B SIEPHOW. DTO O3HAa4yaeT, 4YTO MHUTOXOHJpHUAJIbHbIC
00JIe3HN TOCTATOYHO YacTO MPOSIBIISIOTCS M3-3a CIIOHTAHHBIX BHOBb BO3HUKAIOLIMX MyTauuil. IHOT 12
TEMIl MYTHPOBaHUS YBEIMYUBACTCS M3-3a MYTalUil B SIEPHBIX TEHAxX, KOAUPYIOWUX (EPMEHTHI,
KOTOpbI€ KOHTPOIUPYIOT pernkanuto JJHK MutoxoHapuii.

4. UnmocTtpaTuBHbIi MaTepuani: O630pHas, BUie0 00yueHHe, pe3eHTaIus
https://www.youtube.com/watch?v=agLNVS3BM3w&feature=youtu.be xnerka
https://www.youtube.com/watch?v=Xyy30DuaQjQ&feature=youtu.be 6one3rn
https://www.youtube.com/watch?v=LtEiV110bZg&feature=youtu.be MuToxoHapanbHas 00JIe3Hb
https://www.youtube.com/watch?v=wwe2bJtRxgQ&feature=youtu.be mm3zocomHas 00e3HB
5. JIutepaTtypa: cMm. npuiio:xkenue 1

6. KoHTpoJibHbIE BONIPOCHI: (00paTHAA CBSA3b)

1. MutoxoHapuaabHble 3a00JeBaHUS

2. JIuzocomHas 00Je3Hb

3. bone3nu nepokxcucom

4. Hapymenus coptupoBku 6enkos B II1C

5. OmpeniesieHe 1 MEXaHU3M Pa3BUTUA OOJIE3HU

IMpuaoxenne 1

S.JIuteparypa:



https://www.youtube.com/watch?v=agLNVS3BM3w&feature=youtu.be
https://www.youtube.com/watch?v=Xyy3ODuaQjQ&feature=youtu.be
https://www.youtube.com/watch?v=LtEiV110bZg&feature=youtu.be
https://www.youtube.com/watch?v=wwe2bJtRxgQ&feature=youtu.be
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1. KieTkaHbIH MOJIEKYIaIblK OUONOTHSICHL. 2 T. :0KYJIbIK / b. AnpOepTc [T.0.] ; aFbUIIIBIHTL. Ay,
O. Epexenos. - 6- 6ac. - Anmvatsl :Jlayip, 2017. - 660 6. c.
2. Batyrova, K. l.Inttroduction to biology = Beenenunesouonoruto : textbook / K. I.Batyrova, D.

K. Aydarbaeva. - Almaty : Association of hiighereducationalinstitutions of Kazakhstan, 2016. - 316 p.
3. Cooper, Geoffrey M. The cell a molecular approach: textbook / Geoffrey M. Cooper, Robert E.
Hausman. - 7th ed. - U. S. A. : Boston University, 2016. - 832 p.

4. Jorde, lynn B. Medical genetics : textbook / Lynn B. Jorde, John C. Carey, Michael J.
Bamshad. - 5th ed. - Philadelphia : Elsevier, 2016. - 356 P.

5. Molecular biology of the cell: textbook / B. Alberts [and etc.]. - 6th ed. - New York : Garland
Science, 2015. - 1342 p.

6. Hyprassr, K. L. Monekynanbikouonorus: okyisik / K. III. Hyprassl, V. K. BuceHoB. - Anmatsr
:9Bepo, 2016. - 428 Ger.
1. Ecupkenos, M. M. MonekynsipHast OMoi0rust KIeTku: yued. mocooue / M. M. Ecupkenos ; M-

BO 31paBooxpaneHusi PK; Yue6.-metonuueckoe 06-uue men. By3oB PK. - Kaparanna : WII "U3n-Bo
AKHYP", 2013. - 146 c.

8. oounaes, C. A. MonekynaiblKOHoIoruskoHereHeTuka: okynblk / C. A. ObunaeB. - 2-0ac.
TY3€T., )koHEeTONBIKT. - [lIsmvmkent : XKIIC "Kiramn", 2010. - 388 Ger c.
9. [Tputuapn, Hopuan k. Harmsnnas menuuuHckas reHetuka: ydeb.mocobue / JJopuan JIxk.

[Ipurtuapa, bproc P. Kopd ; mep. ¢ anrn. nox pen. H. I1. boukosa. - M. : I'DOTAP - Menua, 2009. -
200 c.

JononHuTenpHas:

1. MywmunoB, T. A.MonekyaspabikOnonorusserizaepi: Jgekuusuiap kypebsl / T.A.MyMHHOB,
E.Y KyanasixkoB,M.E.KynmanoB ; ka3.tin.ayn.H. M. Mannei6aea, T.A.MymunoB. - Anmartsl : Jlutep
ITpunt. Kazaxcran, 2017. - 388 0. c.

2. OcHOBBI MOJIEKYJISIpHOU Ouosoruu: Kypc jekinuit / nmox pea. T.A.Mymunos;T.A.MymMuHoB [u
ap.]. - 2-e u3A., ucnp. u gon. - Anmarsl : Jlutrep IIpunt. Kazaxcran, 2017. - 556 c.

3. Kyanneikos, E. ©. HerisrimonekynaablK—T€HETUKATBIKTEPMIHACPIIHOPHICIIA-KA3aKIIaCO3 i1
- Anmartsl :9Bepo, 2012. - 112 Get
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ONEKTPOHHBIN pecypc:
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A. EctemecoBa. - DekTpoH.TeKcToBbIe AaH. (43.6M0). - M. : ITDOTAP - Menua, 2016. - 416 6. c.
2.KynnOaeBa, b. XK. Meroasl reHOMHBIX TeXHOJOrMH [DnekTpoHHbIH pecypc] : mekuuit / b. XK.
Kynnrb6aeBa, M. M. Ecupkenos, A. A. AMupOeKkoB. - D1IeKTpoH.TeKcToBbIe JaH. ( 578 MO). - HIpiMkeHT
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: yue6.mocooue; FOKI'DA. - Dnexrpon.tekctoBbie naH. ( 24,0 M0). - [llemvkenT : b. u., 2011. - 173 s
onT.quck (CD-ROM).

5.Kyns6aeBa, b. XK. Ilatonornyeckas aHaroMusi reHOMa [DJIEKTPOHHBIN pecypc] : yuel.-HariasaHoe
1moco0. - DnekTpon.TekctoBbie AaH. ( 0,98 MO). - [lleiMkenT : b. u., 2011. - 86 ¢. »1. onT.auck (CD-
ROM).
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229 c.

https://www.elib.kz/ru/search/read_book/884/

8. KyanzapikoB E. O. Menununansik 6nonorus sxoHe reHeruka / Kyannsikos E. O., 2020. -313 c.
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