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Bce XXuBble OpraHN3mMmbl MET
KIieéTo4Hoe CTpoeHue

AT opraHn3mMbl B CBOKO oYepeb nogpasaenstoT Ha
[1BE KaTeropuu:

*00siI0epPHbIe MPOKapuUombl, KOTOPblE HE UMEIOT
TUNUYHOro ssapa. K HUM OTHOCAT BakTepun n cuHe-

3€J1EeHbl€ BOOAOPOCIIN;

*si0epPHbLIE 3yKapuomhbl, KOTOPbIE UMET TUMNYHOE
4EeTKO 0oPpOopMIEHHOE AOPO0. OTO BCE OCTalbHbIE

OpraHn3Mmbi.
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CTpoeHUue ayKapuoTu4eckou

KJIETKMA

« KneTka aykapmoT COCTOUT U3 TpeX
OCHOBHbIX YacTeu:

1. KnetoyHasst MmembpaHa
2. Llntonnasma
3. Agpo

fppt.com



CTpoeHue ayKapuoTn4yeckou

KINeTKUA

* Pasmeptl KNeTokK Tena YyernoBeka BapbUPyHTCA OT
2—7 MKM (Y TPOMOOLMTOB) 4O rMraHTCKUX pa3smepoB
(00 140 MKM Yy ANLIEKNETKMN).

« PopMa KIeTok 0bycrioBneHa BbIMOSIHAEMON UMW
doyHKLUMEN: HEPBHbIE KNETKN — 3BE3Q4aThle 3a CYET
BOMbLIOro Konm4yecTBa OTPOCTKOB (aKCOHa 1
OEHOPUTOB), MblLLEYHbIE KNETKN — BbITAHYTbIE, TaK
KaK OOMKHbl COKpaLlaTbCs, 3pUTPOLIUTLI MOTYyT
MEHATL CBOKO POopMYy NpU NPOABUXKEHUN MO
MENKNM Kanunnapam.
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CTpoeHue aykapuoTn4eckou

KINTeTKUA

« Kaxkgas KrneTtka CHapy>Xu orpaHmyeHa KrneTto4YHou
000JS104YKON, NN NasmaneMmmMon.

« OHa coCTOUT N3 UUTOMNIa3mMaTny4ecKomn
MeMOpaHbl U CNos CAUKOKanukca (TonLwMHON
10—20 HM), KOTOPbIN NOKPbLIBAET €€ CHAPYXM.

* KOMMNOHEHTHI FAUKOKaNIUKCA — KOMMJEKChI
nonucaxapugoB ¢ benkamu (rMUKONPOTENHbBI) U
Xnupamu (rmmkonunuabl).
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XpomaTuH > ApepHan obonouka

AppblKo Appo
Fnapkun - NnasMatudecka
3HAONNAZIMATMUECKMNIA MeM6pan:
pernkynym

Uurezonb
Nuzocoma

Muroxonppus

..... o - T N\ llepoxoBatbii
—— - 3HAONNAZMATUYECKMI
peTukynys

Pubocomnil

annapar
Fonbp)n

"7 Cekpeuws Bbipensemas
e KNEeTKOW NpPM 3K30uMTO3E
Mukporpyboukn

NpomexyTounble
hunamenTbl Nepokcucoma



LinTonnasmaruyeckas

MemMbpaHa

e OremMeHTapHasa membpaHa cocTounT n3 ABOUHOIO
Crosi NMNMA0B B KOMMiekce ¢ benkamu.

« Cpegun nunnaoB MOXKHO BbIOENUTb
doocdonmnuabl, XornecTepuH, rmukonunmabl
(yrmeBoabl + XXUpbl), MMNONPOTEUHDI.

CmpoeHue Knemo4yHou MeM6paHb!

venesod

2udpochunbHan 2onosKa
Bununudnel

zudpoghuneHele X80Ce!

monekyna nunuda
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LinTonnasmaruyeckas

MemMbpaHa

« Kaxkxgas monekyna Xupa MMeeT NoNApPHYH
rMAPOdPUNLHYIO FONOBKY M HEMONAPHBLIW
rmapodobHbIN XBOCT.

* [Mpy 3TOM MOMEKYNbl OPUEHTUPOBAHbLI TaK, YTO
rOroBKM 0OpalLLeHbl HAPYXKY U BHYTPb KINETKK, a
HEMNONAPHbIE XBOCTbl — BHYTPb CaMO MEMOpPaHbI.

e OTNM OocTUraeTcst n3bnparternbHas
NPOHMLIAEMOCTb A5 BELWECTB, NOCTynarLwnx B
KIETKY.

fppt.com



CtpoeHue meMbpaHbli

[ nUuKonpoTenH Mmukonunug MNepudepuyeckun
s ) = ) 6enok
BreknerouHan Onwurocaxapua Benok Onurocaxapua
cpepa
-
Mapo-

kapbonarnasa <
4YacTe

UuTerpansHbii

' ruapodunbHas  XKupHsie
nTO30N NONAPHaN XBOCTHI
4 y Genox ronoea

MNepudepuveckne
6enku




Benkun kneto4yHon membOpaHbI

 Bbigenstor e DYHKUUMN MeMOpPaHHbIX
nepudepunyeckme benku Oenkos:
(OHWM pacnonoXeHbl TONBKO  « peuenTopHas,
no BHyTp?HHel/I NUnn + CTPYKTYpHas
HapYy>XHOW MOBEPXHOCTU (NomaepKu1BatoT dopMy
MeMOpaHbl), KNETKM),
UHTerpanbHble (OHU
e dbepmeHTaTMBHAS,

NPOYHO BCTPOEHLI B

TpaHCNopTHas

MeMOpaHy, NOrpy>KeHbl B
Hee, COCODOHbI MEHATH * 1nap.
CBOE€ MOoSIoKeHne B

3aBUCUMOCTU OT COCTOSIHUS

KINEeTKNn).

fppt.com



fppt.com

PYHKLUUN dNeMeHTapHOMU
LuTonsfiasMmaTnyeckon MemopaHbl

1) bapbepHasn (oTrpaHUYEHNE BHYTPEHHETO
COOEPXXUMOTO KINETKN);

2) CTPYKTYpPHasa (npuaaHue onpeneneHHon qopmbl
KNeTKkamMm B COOTBETCTBUMU C BbINOSTHAEMbIMU
PYHKLUMNAMMN);

3) 3aLMUTHagA (3a cHeT n3dbuparenbHOM NPOHULLAEMOCTH,
peuenummn n aHTUreHHOCTN MeMOpaHbI);

4) perynatopHas — perynaumns n3duparensbHom
NPOHULLAEMOCTM ONA pas3NNYHbIX BELLECTB (MaCcCUBHbIV
TpaHCcnopT 6e3 3aTpaTtbl SHEPTNU MO 3aKOHaM

OO dy3nn NN ocMoca U akTUBHbLIN TPAHCMNOPT C
3aTpaTton SHeprnum nyTemMm NMHOUMUTO3a, 3HOOLUMUTO3a U
9K30UMTO3a, paboTbl HATPUN-KANMEBOro Hacoca,
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PYHKLUUN dNeMeHTapHOMU
LuTonsfiasMmaTnyeckon MemopaHbl
5) agresamBHaa (PYyHKLUA (BCe KNETKM CBA3AHbI

Mexay cobon nocpeacTtBsom cneumdnyecKkmnx
KOHTaKTOB);

6) peLuenTopHas (3a cyeT paboTbl Nnepudepnveckmnx
benkoB membpaHsbl). CyLlecTByIOT
Hecneundunyeckme peuenTopbl, KOTopble
BOCMNPUHMMAIOT HECKOMNbKO pasgpaxkuteneu
(Hanpumep, xonoaoBbie N TENJOBbIE
TepMopeLenTopsl), U cneunduveckme, Kotopble
BOCMNPUHNMAIOT TONTbKO OAMH pasapaXuTenb
(peuenTopbl CBETOBOCNPUHMMAIOLLEN CUCTEMDI




TpaHcnopT BelleCTB B KNeTKy U U3

HEe
st MUKPOMOJIEKY I

1.['NaccuBHLIN TpaHCNOPT — 0CMOC 1 andody3us.

A. npocTtas gnady3ns — TPaHCNOPT BELLECTB
HernocpeacTBeHHO Yepes nunuabl MemMopaHb!

b. obrneryeHHas anpdysnsa — TpaHCNOPT BELLECTB
Npn NOMOLLM crneymarnbHbIX OENKOB NEPEHOCUYMNKOB

2. Ocmoc — gBmXKeHne BOAbl B CTOPOHY pacTBopa C
bonbLUEen KOHLIEHTPAaLUK

[Mpumepbl: BoAa, XKMPOpacTBOPUMbIE BELLECTBA,
KMCNOPOA, YINEeKUCIbIN ras
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AL © © o SHeprus
Aubpyans Hepes NOMOLLbIO 6enka- TpaHcnopT ¢ NOMOLULbLIO
NMNUAHBLIA GUcnon nepeHocYuKa MeM6paHHOro Hacoca
lMpocras augbpyamsn ObnervyeHHas
- Angppysna
——
MaccuBHbIN TpaHCNOpPT AKTUBHbIW TPaHCNOPT

Puc. 31. Cxema TpaHcnopra BelEeCTB Yepes LHTOMJIA3MaTHYECKYIO MeMOpaHy



AKTUBHbIN TPaHCNOPT

 [lepeHoc BellecTB € y4acTueM pepMeHTOB-
NepeHOCYNKOB NPOTUB rPagneHTa KOHUEHTpaL MK
N UOHHbIE HaCOCH!.

* Bce npouecchl aHeprozasmcumel (ATD)
« Kanun-Hatpuesbin Hacoc: 3 Na+ U3 KNeTkn u 2 K+ B

KITETKY.

« Hacoc OencTByeT Mo NPUHLMNY OTKPLIBAOLLMXCA U
3aKpbiBaKOLLMXCA KaHaNoB 1 NO CBOEM
XUMUYECKOU Npupoae saBnaetcsa 6enkom-
doepmeHTOM (pacuiennset ATO)

fppt.com



AKTUBHbIN TPaAHCNOPT
(MexaHu3mMm pabotbl Na + - K + Hacoca)

3Na+

BHekneTo4yHas
cpeaa

ARARRARA N
ALY MMM M

— ATP-aza

-
-

LT oruaazma

{37 MyShared
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TpaHcnopT BelleCTB B KNeTKy U U3
Hee

nsi MakpoOMOIeKyJ1

C NOMOLLIbIO aKTUBHOTIO 3axBaTa MeMbpaHoun KNeTKu
BELLIECTB:

A. ParounTtos — 3axBaT U NOrnoLLeHne KreTkon KpynHbIX
yacTtuy (Bnepsble onncaH .. Me4yHnkoBbIM)

b. lNnHOUKMTO3 — NpoLecc 3axBarta 1 NOrnoLweHnd
KNEeTKOW Kanenb XXUOKOCTU C paCTBOPEHHLIMU B HEW
BelllecTBamu

Ob6a npoLecca nayT ¢ 3aTpaTon HeEPTnm



daroumTos U MMHOLUTO3

MarounTo3 [Mna3Matuyeckas Muuoumuto3z  [lnasmatuyeckas

v

membpaHa MeM6paHa§L ~\
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A0PO

* EcTb B Ntoboun
9YKapUoTNYECKOU KNeTKe
(Kpome
y3KocnewnanmsnpoBaHHbIX,
Hanpumep, 3pUTPOLUTOB Y
MITeKOMUTaroLLUNX).

Anpo MoXeT ObITb OAHO, UM B
KIIETKE MOrYT ObITb HECKOSBbKO
aaep (B 3aBUCUMOCTU OT ee
aKTUBHOCTU U (PYHKLINN).

BHyTpeHHAA fgeptble

mMembpaHa

. < HapyHasa
mMembpaHa

HAaepHBIR COK

fppt.com



CtpoeHune spgpa

» KNneTo4yHoe A4p0 COCTOUT U3 000MNOYKN, AOEePHOro
COKa, aApbllLKa U XpoMaTuHa.

« ApnepHaga obono4vka COCTOUT U3 ABYX MeEMOpaH,
pasgeneHHbIX OKOMosiAePHbLIM NPOCTPAHCTBOM,
MEXOYy KOTOPbIMU HaXOAUTCS XUOKOCTb.

e OCHOBHbIE (PYHKLNN AO0EPHON OOONMOYKMU:

1.060Cc00reHne reHeTUHECKOro maTtepmarna
(XpomMocOoM) OT unuTonnasmebl

2.perynsaums AByCTOPOHHUX B3aMMOOTHOLLIEHWI
MexXxay S4pOM U LUUTOoNa3Mon.

fppt.com
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1 — 8HYMPEHHSS U Hapy>XHasi 10epHble MeMbpaHbl —
Kapuoriemma; 2 — S0epHble rnopsbl; 3 - NepuHyKrneapHoe
rpocmpaHcmeo; 4 — XxpomMamuH; 5 — Kkapuosnumaga; 6 —
s10epHble pubocoMbl; 7 — SOPbLILKO,; 8 — OKOI05I0PbILIKO8bIU
XpoMamuH, 9 — membpaHbI yumoriiaamamu4yecKkou cemul.



CtpoeHue agpa

» AnepHas oboriovka npoHmM3aHa nopamu, Kotopble
MMEIOT gMaMeTpP OKOJ10 90 HM.

« ObnacTtb NOpbl UMEET CIOXXHOE CTPOEHME (3TO
yKasblBaeT Ha CNOXHOCTb MexaHn3ma perynauum
B3aMMOOTHOLLUEHUX MexXay S4PpO0OM U LMTonasmoun).
KonnyectBo nop 3aBUCUT OT PYHKLMOHANbLHOW
aKTUBHOCTU KITIETKU: YEM OHa BbiLLE, TEM DOsbLLE Mop
(B HE3pENbIX KNETKax nop donbLue).

CmpoeHue adpa

XpoMarmuH

\
A S00LILLKO

Adpo
obonoYka
Adpa

[depHas
nopa
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CtpoeHune spgpa

» OCHOBa sA1EPHOro CoKa (MaTpPUKcCa,
HyKrneonsna3mbl) — 310 6enkn. Cok obpasyer
BHYTPEHHIOIO Cpeay sApa, UrpaeTt BaXKHYHO pPorib B
paboTe reHeETUYECKOro MaTepuana KneTok.

* AOpLIWKO — 3TO CTPYKTYpPA, rae npoucxogar
obpasoBaHue n cospeBanne p-PHK.

The Nucleus

fppt.com



XpomaTuH

* MOSTy4nI CBOE Ha3BaHWe 3a CrIOCOOHOCTb
XOPOLLO NpoKpaLmMBaTbCA OCHOBHbLIMU
KpacuTensamu;

* B BUAE MbIBOK OH paccesiH B HyKfieonsasme
aapa n aBnseTca HTepdpasHon opmMoun

Chramati'n.ar'xd Cohaens.ea tfh.rorr.idéome Structure

Telo'mere

Nuclear Solenoid
Chromatin
Pore Fiber

Nucleosomes -

. DNA
¢ =Helix

I
.. Histones

%

.3 Jeo Condensed
Figure 1 Chromosome
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XpomaTuH

e XpOMaTUH COCTOUT
B OCHOBHOM U3
—— XpoMaTu bl L
Inedo HuTen JHK (40 %

[TepBuyHas nepersxka MaCChbl

(ueHTpOMEpA)

BTopuuHas nepersxka XpOMOCOMbI) 1
benkoB (OKOMo
60 %), KOTOpble
BMecCTe obpasytoT

HYKIeonpoTenaHb!
N KOMIIEKC.

fppt.com



Xpomocoma | MecTo npUKpenneHna HruTH

Y et

Hfenrgomepas -

4
MNepenuras
neperAXKa

j

>\ XpomaruM

BropuuHas
f epeTAKKa

A. Crpoenue Metadazuon
XPOMOCOME

‘i BepeTeHa AENEHNA

b. Opranu3anus 2neMeHTapROH

Mepsasn HWTH XPOMOCOMEI
Xpomarnaa

{ . M s
o W N

XpomMarvaa

B. Kapnotun gpo3oQuIisl:
caMky (a) u camua {0)

ARGHe



BblaensaoT rTMCTOHOBLIE (MATbL KfaccoB) U
HErMCTOHOBLIE DeriKu.

* [nctoHam (40 %)  HernctoHoBble 6enku
npuHaanexar (6onee 100 bpakuumn, 20 %
peaynsmopHas (NPO4HO MacCChbl XPOMOCOMbI):
coeanHeHbl ¢ AHK u gpepMeHmMbI CUHTE3a U
NPEenATCTBYIOT CYNTLIBAHUIO npoueccuHra PHK,

C Hee nHdopmaummn) n peaynnukauum OHK,
cmpykmypHasi pyHKuyuu cmpykmypHasi u
(opraHusauus peayrismopHas
NPOCTPaHCTBEHHOW yHKUUU.

CTPYKTYpbI Mosniekynbl [JHK).
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B 3aBUCUMOCTU OT COCTOAHUSA XpOMaTuUHa
BblAENAIOT 3YXPOMaTUHOBbLIE U
reTepoxpomMmaTnHOBbLIC YHACTKU XPOMOCOM.

JyXpoMamuH 'emepoxpoMamuH
*OTNINYAETCH MEHbLLEN *6oriee KOMNaKTeH, N B €0

NSIOTHOCTbIO, U C HEFO MOXXHO  npeaernax nHpopmauus He

NPON3BOANTb CHUTBLIBAHUE CUNTbIBAETCS.

reHeTn4eckoun MHdopmauunm

fppt.com



Xpomocoma

e OTO NOABMKXHOE HUTEBUOHOE TErbLE, KOTOPOE
pa3nNnMynMo B onpeaerneHHble dpasbl KINETOYHOro

UMKna.

* XPOMOCOMbI COCTOAT N3 FEHOB —
doyHKUMOHAaNbHbIX egMHNL, HacneaCTBEHHOCTM.

e TertomepbI — KOHLbI MNS1IEY XPOMOCOMbI. OTU
cneunann3npoBaHHble aNeMeHThbI crnyXart ang
3alUUTbI OT NOBPEXOEHUA, NPENATCTBYIOT
clinaHnio parMeHToB.

e [JleHmpomMepa BbINOMHAET CBOW 3aga4um Npu
yABOEHUN XPOMOCOM. Ha Hen eCTb KUHETOXOD,
MMEHHO K HEMY KPENATCA CTPYKTYPbl BEPETEHA
aeneHus.

fppt.com
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B Habop XpoMOCOM OObLI4YHO
BXOAAT crieayrowme popmbi:
MeTaLleHTpUYeCcKMe, Uu pasHonneyme, ang

KOTOPbIX XapaKTePHO CPEeAVUHHOE pacronoXeHne
LIEHTPOMEpbI;
cyOMeTaLleHTpUIYeckne, v HepasHonae4me

(NnepeTaxka cMmeLlleHa B CTOPOHY O4HOIo 13
TEenomMepoB);

dKPOLIEHTPUYECKUE, UMK NMasiovKoBuUaAHbIE, B HUX

LleHTpOMepa HaXoAUTCH NPaKTUYECKN Ha KOHLLE
XPOMOCOMBb;

TOYKOBbIE C TPYAHO NogaatoLlenca onpeneneHuo
doopmown.




Habop xpomocom yerioBeka
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XPOMOCOMBI

ComaTuyeckue KneTku uMmeroT gunnonaHbIv Habop
XPOMOCOM

KapuoTtun — aunnonaHbin HABop XPOMOCOM KITETOK
KOHKPETHOro Buaa XXMBbIX OpraHM3MoB,
XapaKkTepuayoLLnXca YNCnoMm, pasMmepom U popmMoun
XPOMOCOM

XpomMocoMbl NpuHagnexalimne K ogHon nape

Ha3blBAOTCA — TOMOJIOr'MYHbIMMU, K PaA3HbIM MNMapam —
HETrOMOJTIOr'MYHbLIMM.

AyTOCOMbBI — XpPOMOCOMbI OJUHAKOBbIE Y 060MX
nomnos

[lonoBLIe (reTepoXPOMOCOMbI) — XPOMOCOMbI, MO
KOTOPbIM MY>XCKOW U XXEHCKNIN NOS OTNnYaroTcsa apyr

oT Apyra




Bun L}nnnounnoc B Junnonnnoe
UHCIO XPOMOCOM YHCO XPOMOCOM
Slumens 14 Kypuua 78
Ogec 42 Kponux 44
Tomar 24 Kosa 60
Ckepna 6 Osua 54
[MnopoBasi myiuka Ilumnanse 48
npozoduaa 8 Henorek 46
Jlomamnsnst myxa 12
Bua Konuvectso
XpoMmocomMm Poj Ocnoproe ramionasoe | Yueno  xpomocom v
ackapuaa 4 YHCIIO XPOMOCOM BHJIOB JIAHHOTO Po/ia
KoMap g [Timenuma 7 14, 28. 42
Aposopuna Mipeit 7 14, 28. 42, 56,70
OKYHb 28 Oec 7 14, 28, 42
KOWKa, nnca 38 Poza 7 14, 21, 28, 35, 42, 56,
Makak, Kpbica 92 70
yenoeek, awepuya + 3eMISHHKA 7 14, 28, 42, 56, 70, 84,
WwuMnNaHse 48 = ” ?2 35 48
BapaH 54 Jlionepua 3
oczf' & Chexna 9 18, 36, 54, 72
XpH3aHTeMa 9 18. 27, 36, 45. 54, 63,
Kypuuya, cobaka 78 7. 81. %0
WHAIOK 82 [apes 10 20, 40, 60, 80, 100,
kapn 104 120. 200
peYHol pak wdlfirura | XoromuaTaux 13 26, 52




Cxema dopnvripoe aHIsA I10JIa Y YeJIOBeKa

P: o 44 A+3 3 )4 0 44 A+

¥ a ¥ D

228+ 2258+ X 228+ 228+

\ P AR &

44 A+ 44 A+ Y

Mon NMpu3Haku XapakTepucTuka
MY>KCKOW nor YXeHCKUW non
MeHeTUYecKumn XpOMOCOMBI XY XX
FoHagHbIN NonoBas xenesa Andko (CeMeHHUK) ANYHUK
[amMeTHbIN NMonoBas kneTka Cnepmartosoung AnuexkneTka
FopMOHanbHbIN OpMOHBI AHOpOreHsbl SCTpOreHsbl
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LinTonnasma

PacnonoxxeHa mexay sapom n memopaHou
B LumMTonnasme pasnuyaroT

A. OCHOBHOE BeLLECTBO (rManonnasma unu
MaTpUKC)

b. opraHennbl (opraHonabl) KNeTKu
B. BKNo4YeHns

MaTpuKc 3anofiHAeT NPOCTPAHCTBO MexXAay
naasmMmonemMmon, aaepHomnm 060I04KOn N OAPYrmMmu
BHYTPUKIETOYHLIMU CTPYKTYPaMM.

Ob6pasyeT BHYTPEHHIO Cpeay KNeTKw,
00ObEeOVHSIET BCE KNETOYHbIE CTPYKTYPbI U
obecne4vynBaeT nx B3anMoaencTeme
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LlutTonnasMy nogpa3nendaroT Ha

3KTonnasma aHaonnasma

* TOHKMWN HAPY>XHbIN CIOW, * BHyTpeHHUK crnou;
pacnonoXeHHbIv « CocTaBnsieT 60mbLuyo
HEMNOCPEOCTBEHHO NOA YyacTb LUMTOMMA3Mbl;

MeMOpaHOW KNEeTKu;

« ConepXuT rpaHynbl
* JlnweHa rpaHyn



1.
2.
3.
4.

1.
2.

fppt.com

OpraHennbl (OpraHouabl) — CTPYKTYpPbI
LMTONNa3Mbl, BbINOJTHAIOLLNE B KNeTKe
cneuynanbHble PYHKUUN

MeMOpaHHbIe HeMeMOpaHHbIe
OOHOMEMBPAHHbBIE 1. Punbocombl

AlC 2. KneTo4HbIN LEHTP
Annapart [lonbaxu 3. MuKpoTpybOoUKH
Jlnsocombl 4. MukpodmnnameHThbl
Bakyonu

OBYMEMBPAHHbDIE

MuToxoHapun

NniaCctTuibl



OpgHomMmeMOpaHHbIe opraHouabl

KITeTKU
JHOonasmaTuvyeckum

peTtukynym (I9IMP vnn 3I1C)

 Cucrema
COEOMHEHHbIX MeXay
cobou NonocTen,
Tpybo4yek 1 KaHarnos,
OTrPaHUYEHHLIX OT
LuTonnasmbl OgHUM
CIrioemM MemMbpaHbl U
pa3genarLwmnx l'paHynﬂpHaﬂ/GrlC
LuTONasmy KrneTok Ha
N30NMpPOBaHHOE
NPOCTPAaHCTBO

LincTepHel

Pubocomel

fppt.com



JdHAaonnasMaTn4yeckun petukynym (9P
unun 3IMNC)

LLlepoxoBaTas [ nagkas

* Ha noBepxHOCTH * Het pnbocom
pacnonoXeHbl pudbocombl

DYHKLINN: DYHKLNN:

* CuHTE3 U : * CUHTE3 NnMNnaoB u
BHYTPUKITETOYHbLIN yrneBoaoB, pe3epsyap

TpaHcnopT berka VIOHOB KanbLus]

fppt.com



Anmapar I'oabaxu

* 3TO YNAKOBOYHbLIN LEHTP KIETKMW.

 [lpeacraBnsgeT cobon COBOKYMHOCTb AUKTUOCOM
(OT HECKOJIBbKUX AECATKOB 40 COTEH U ThiCAY Ha
O[HY KIETKY).

e lInkTMocoma — ctonka u3 3—12 ynnoLleHHbIX
LIUCTEPH OoBaribHOW OOPMbI, MO KpasgM KOTOPbIX
pacnosioXXeHbl MeNKne ny3blpbKy (BE3UKYIbI).

e [1nacTuHYaTbIM KOMMSIEKC AAaeT Ha4Yano
CEKPETOPHbLIM BaKyosidM, B KOTOPbIX COAepKaTCcA
BeLLEeCTBa, NpeaHa3HavYeHHble ANng BbiBoAA U3
KIETKW.

fppt.com



Anmapar I'oabaxu

¢y HKHMM: Besukyna

.TpaHchopmaLms, e a: 7
HaKoMMeHue, TpaHcnopT V\/

MOCTYyNalLLKUX B HETO
BELLIECTB K pa3finyHbIM
BH yT p NKJ1EeTOHYHbIM O6pasoBaHue BE3WKy bl
CTPYKTypaMm U 3a npeaenbi

KNeTKu

.Obpa30BbIBAET IM30COMBI

fppt.com



JInzocoMbl = (Ip. lysis=«pa3noxeHue, pacnag»
N soma — «TENo»)

* 9TO Ny3bIPbKM AUAMETPOM Mem6para
200—-400 MKM.

* MeloT oAHOMEMOpPAaHHYIO
0D0NOYKY, KOTOpas CHapyXu
NHorga ObIBaEeT NOKPbITA
BOJTOKHUCTbIM DENKOBLIM
CNoeMm.

« CopoepxaT Habop dbepPMEHTOB,
KOTOpPbIE OCYLLECTBAKT NpU
HU3KNX 3Ha4YeHnax pH
rMaponuTu4eckoe
pacLlenyieHne BELWECTB
(HYKNEeMHOBbIX KUCIOT,
6enkoB, XXUPOB, YrrneBodos).

fppt.com



JIn3ocomMpIs

e OcHoBHaga PYHKUNA — BHYTPUKIETOUHOE

fppt.com

nepeBapmBaHne pasnmnyHbIX XUMNUYECKNX
COEOMHEHUI N KNETOYHbIX CTPYKTYP.

[lepBUYHbIE NTN30COMbI — OTLLHYPOBLIBAKOLMNECS OT
nonocrten annaparta [ onbaXXmn MUKPOMy3blPbKY,
OKPY>XE€HHHbIE OANMHOYHON MEMDpPaHON U
cogepXkaliue rmaponnuTnyeckmuin Habop epmeHTOB

BTopuyHble NM3ocoMbl — 0bpasyoTcs nocne
CIMNSAHUS BTOPUYHBIX



BTropu4yHbIe JIN30COMBI

e BaKyonw.

Tenbua - l

DyHKUMSA - HaKonneHue
nepesapuBaHue HenepeBapeHHbIX
BellecTB, BelecTB U
NOCTYNUBLUUX B BbiBeAeHue ux

KNeTKy npu AyTOonuM3socomsbl - HapYyXy
paspylieHue

OTpabdoOTaHHbLIX
YyacTeu KINeTKn nnum
KNeTKU LieJSIMKOM
(ayTonus)

fppt.com



Bakyouu

 HamnonHeHHbIe XXUOKOCTbIO
MEMOpPaHHbIE MELLIOYKU B
LMTONa3Me KIeTokK Bakyonb
pacTeHun

» OOpa3syTcsa N3 MENKNX
Ny3bIPbKOB, ' ; |
oTwennsaowmxca ot IMNC. IS 7@

» ToHonnacT — MmembpaHa il
BaKyonu

e Kneto4yHbLIN COK —
COOEPXUMOE MOSI0CTH

CmpoeHue sakyonu

N
,1— H

fppt.com



DYyHKIUN BAKYOJIH

Bakyomnu |

fppt.com

1.

Y4yacTBylOT B
perynsium BoaHoO-
coneBoro obmeHa;

Co3aaHun TYpropHoro
NaBIEHNS;

HakonneHne 3anacHbIX
BELUECTB;

BbiBegeHune ns obmeHa
TOKCUYHbIX
coeanHEeHnn



IlepoxkcucoMbl

* MembpaHHbIE NY3bIPbKY,
cogepxaLume Habop
bepMeHTOB.

AW,
\‘\\\\\‘3\\\\\_\\,. i I(llm/:,,”,} / BILAYER

 OepMeHThI (KaTanasa)
i E AT NEPOKCUCOM HENTPANN3YIOT

T C
2H202 m 2H2O—|—02

* Y4yacTBYIOT B MeTabonuname
nmnnuaos

k"
L

g
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JIByMeMOpaHHbIC OPTraHOUAbI KJICTKHU

MutoxoHapus (OT rp. mitos — «<HUTb», chondrion —
«3€PHbILKO, KpyNUHKa»)

* 3TO NOCTOSAHHbIE MEMDpPAaHHbIE OpraHensbl
OKPYrron unm nasnoyvkoBMaHoOU (Hepeako
BETBALLENCA) POPMbI.

* TonwwuH — 0,5 MKM, OrMHa — 5—7 MKM.

« KonmyectBo MUTOXOHAPWN B OONbLUMHCTBE
YXNBOTHbIX KJITETOK — 150—1500;

* B XXEHCKMX arueKneTKax — 10 HECKONbKUX
COTEH ThICA\,

* B ChepmMaTo3ongax —ogHa cnuparnbHas
MUTOXOHOPWUA, 3aKpy4YeHHasa BOKPYr
OCEBOM YaCTU XryTuka.

Martpuke

g
g5
O
z8
=

BHyTpennaa A1P-oMHTETasa
membpana

BrewHan
MeMBpaHa

fppt.com
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CrpoeHue MUTOXOHAPUHA

 MutoxoHOpua UMeeT aBe
MeMOpaHbI: HAPY>XHYHO
(rmaakyto) N BHYTPEHHIO
(0bpasyroLLyto BbIPOCTbI —
NMNCTOBUAHbIE (KPUCTLI) U
TpyO4aTbie (TyOynbl)).

* MembpaHbl pasnu4yatoTcs
No XMMUYECKOMY COCTaBy,
Habopy PePMEHTOB U

doyHKUMAM.

* Y MUTOXOHOPUN

BHYTPEHHUM COO4EPXUMbIM
ABNAETCA MaTPUKC —
KonnoungHoe BeLLEeCTBO, B
KOTOPOM ObInn
oOHapyXeHbl 3epHa
anameTpom 20-30 HM (OHWK
HaKanIMBaloT NOHDI
KanbLUUs N MarHus,
3anachbl NMUTaATENbHbIX
BELLECTB, Hanpumep,
MMKOreHa).



KRomeneegaa THRE

Prboconer

BuyTpennaa memépana

Breumaa menmdpana

MONEKYJIbl
ATO-CHMHTETA3bI

MEXMEBPAHHOE
NPOCTPAHCTBO

MATPUKC

KPUCTHI
PUBOCOMbI

BHYTPEHAA MEMBPAHA

HAPYXHAS
OHK  MEMBPAHA
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DYyHKIUN MUATOXOHIAPUU

1) urpatoT ponb 3HEPreTUYECKNX CTaHLU MU KNETOK. B HUX
NpoTeKaloT NPOoLEeCChl OKUCITUTENBLHOIO
doocdopunmpoBaHUs (PepMeHTaTUBHOIO OKUCIIEHUS
Pa3nnYHbIX BELLECTB C nNocneayoLwmm HakonneHnem
lel%prmm B BLUAE MOJSIEKYN ageHo3nHTpudocdara —

);

2) XpaHAT HacneacTBEHHbIM MaTepuan B BUae
MutoxoHagpuansHon OHK. MutoxoHapum anga ceoen
paboThl HyXXOalTcs B Oernkax, 3akoanpoBaHHbIX B reHax
anepHon HK, Tak kak cobcTBeHHas
mMutoxoHagpuanbHaa OHK moxeTt obecneunTb
MUTOXOHAPWUN NULLb HECKONbKNMU Denkamu.

[ToboYHbIE PYHKLUNM — yHaCcTUE B CUHTE3Ee CTEPOUAHbIX
rOPMOHOB, HEKOTOPbIX aMUHOKUCNOT (Hanpumep,
MIOTAMUHOBOW).



* B maTpukce pasmeLllaercsd
annapat 6uocuHTe3a 6erka ¢ MumoxoHopuu

opraHesnsbl: 2—6 Konuwn Pa3MHO)Xaromcs nymem
konbueson JHK,), nepewHypoe8kKuU, No3TOMY
pnbocombl, Habop T-PHK, npun AeneHnmn KNneToK oHu
doepMeHTbI peaynnukaumu, bonee nnn meHee
TPaHCKpUNUUKU, TpaHCNALUn PaBHOMEPHO
HacrnegcTtBeHHOMU pacnpenenatTca mexay

MHdoopmauun. OOYEePHUMU KIeETKaMW.

fppt.com



IliacTuanl

e OTO NonyaBTOHOMHbIE CTPYKTYPbI (MOryT
cyLlecTBOoBaTb OTHOCUTENIbHO aBTOHOMHO OT
aaepHon OHK kneTku), KoTopbie NPUCYTCTBYIOT B
pacTuTenbHbIX Knetkax. OHM obpa3yroTca U3
nponsacTtug, KoTopble UMEKTCS Y 3apobilla
pacteHus. OTrpaHn4YeHbl AByMS MeMbpaHamu.

fppt.com



Bb11eJIsSIIOT TP FPYyINbI IJIACTH/IS

e 1) xsioponsiacmai. ITO NacTuabl 3eNeHbIX YacTen
pacTeHuns (NMucTbeB., cTtebnen). o CTpoeHNo OHU BO
MHOIOM CXOXXW C MUTOXOHOPUAMM XKUBOTHbIX KIETOK.

* HapyxHas membpaHa rnagkasi, BHyTPeHHAS UMeeT
BbIPOCTbI — laMeN0COMbI, KOTOPbIE 3aKaH4YMBAKOTCS
YTOSLLEHNAMU — TUNIaKougamMu, cogepxaiime
xnopodounsn. B cTpoMe (Kuakou YacTu
XnoponsacTa) cogepXarcs KonbLeBasd Monekyna
[HK, pndbocombl, 3anacHbl€ NUTaTENbHbIE BELLECTBA
(3epHa Kpaxmana, Kannm xumpa).

fppt.com



CrpoeHue xji0pomjaacra
['pana

Bueumaa smemdpana
' . JTamera

BuyTpenuaa
MeMOpaHa .

Rpaxaan

P Pobocomsr

Crponma

.."""-..._.__HB.*mnesaa THE

Traxoms Aupoprre xarm




Bb11eJIsSIIOT TP FPYyINbI IJIACTH/IS

e 2) neukonnacmai. VimeloT okpyrnyto gpopmy, He
OKpalleHbl U cogepxXaT NnuTaTtenbHble BellecTBa
(Kpaxman, nunuabl n 6ernkn);

e 3) xpomonnaacmabil. CogepxaT MOJieKynbl
KpacsALmMX BELLLECTB N NPUCYTCTBYIOT B KNETKax
OKpalLEeHHbIX OpraHOB pacTeHUn (nnogax BULLHW,
abpukoca, NMoOMNOOPOB, LIBETHI);

fppt.com



HemeMOpaHHBbIEe OPpraHoOMabI

Bonewas cybreguHuya

PUBOCOMA

e JTO OKpyrnas
PUOOHYKINEONPOTENHOBAS
yactuua. dnameTp ee
cocTaBnset 20—30 HM.
CocTtount pnbocoma m3
BorbLIon n Manou
cybbeauHuL, KoTopble
00beanHAKTCH B
NPUCYTCTBUN HUTU

* M-PHK (maTpuniHon, nnu
NHdopmaunoHHou PHK).

fppt.com



KoMiieke u3 rpyninbl pudocoMy 00beANHEHHbIX 0THON MOJICKYJIO0H
M=PHK Hamogo0ue HUTKU 0yCy HA3BIBACTCH HOIUCOMOlLs

fppt.com

AT CTPYKTYpPbI NMO0O cBOOOAHO PacnofnoXeHbl B
uuTonnasme, nmbdo npukpenneHbl K MmembpaHam
rpaHynspHoun IAlC (B 0bomx cryyasix Ha HUX aKTUBHO
npoTeKkaeT cUHTE3 berika).

[Tonucomebl rpaHynsapHon SN C obpasytoT benkn,
BbIBOAMMBbIE N3 KITETKU N UCMOSIb3YEMbIE ONSA HYXA
BCEro opraHnu3ama (Hanpumep, NULeBapuUTErnbHbIe
depMeHTBI, DESIKU XXEHCKOIro rpyaHOro Mosioka).

Kpome aTtoro, pubocombl MPUCYTCTBYIOT Ha
BHYTPEHHEN NOBEPXHOCTN MeMDpaH MUTOXOHOPWUN -
CUHTE3 DENKOBbLIX MONEKYI.



KJ1€TOYHBIN 1IEHTP

o KreTkn Bcex

ETONHeI LEHT? R )KUBOTHBbIX,

HEeKOTOPbIX rpUBGOoB,
BOOOPOCIEWN,
HU3LLNX pacTeHNN
XapaKkTepusyrTcs
HanM4Ynem
KINEeTOYHOrro LieHTpaA.
KneTo4HbIN LEHTP
0BObIYHO
R pacrosaraeTcs
PSAO0M C AOPOM.

L) LleHTpurons 1

9 TpunneToB MUKpoTpyBouek

fppt.com
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KJ1€TOYHBIN 1IEHTP

OH cOoCTOUT U3 ABYX LEHTPUOSEN, Kaxaad N3
KOTOPbIX NpeacTaBnaeT cobom nonbiv LUnmMHap
AVaMeTPOM OKOMo 150 HM, AfiMHOW 300-500 HM.

LleHTpmnonun pacnonoXeHbl B3aMMHO
nepneHanKkynsipHo.

CTeHKa Kaxkgow LeHTpuonun obpasoBaHa 27
MUKPOTPYDOOYKamMn, COCToALLMMM N3 Denka
TyOynuHa.

MunKpoTpyOO4KM CrpynnmMpoBaHbl B 9 TPUMNIIETOB.



KJIeTOYHBIN [IEHTP

* /I3 ueHTpuonen KNeTo4yHoro
LleHTpa BO BpeMs AeNneHns
KIEeTKu obpasyoTcs HUTU
BepeTeHa AeneHus.

* LleHTpmonu nonapuayrot
npouecc AeNeHns KINeTKu,
4yeM JOCTUraeTcs
paBHOMeEpPHOE
pacxoXgeHne CeCTPUHCKMNX
XPOMOCOM (XpomaTung) B
aHadase MuTo3a.

fppt.com



Muxkpotpyoouxn (Tyoy,1uH)

e JTO TpyO4aThble Nnonbie 06pa3oBaHUS, NULLEHHbIE
MeMOpaHbI.

* BHeELWHUN AnamMeTp CoCTaBmsET 24 HM, LUMPUHA
npoceBeTa — 15 HM, TOMLMHA CTEHKN — OKOJ10 5 HM.

* B cBOOOOHOM COCTOSIHUM NpeacTaBlieHbl B
LMTonnasme, Takke ABNAKTCA CTPYKTYPHbLIMM
anemMeHTaMm XXryTUKOB, LIEHTPUONEN, BEpeTEHa
[EeITEHNS, PECHUYEK.

* MUKpOTPYOOUKN NOCTPOEHLI N3 CTEPEOTUNMHbLIX
B6enkoBbIX CyObeAUHUL, MYTEM UX MOSTMMEPU3ALNN.

fppt.com
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DOYyHKIMUA MUKPOTPYOOUEK:

e 1) ABNAIOTCA ONOPHbLIM
CmpoeHue mukpompy6o4ku a I'I I'I a p aTO M KJ'I eT KM ,

e 2) onpenenarT PopMbI U
pa3Mepbl KNEeTKY;
* 3) ABNAOTCA pakTOopaMU

nepemMeLlliaemMble

qacmuLlb! HanpaBneHHorO
nepemMeLleHus
CyReie BHYTPUKIETOYHbIX

CTPYKTYP.



MukpodunameHThl (aKTHH)

e OTO TOHKME N OJSIMHHBIE 0O0pPa30BaHU4A, KOTOpbIE
oOHapy>xmBaloTcs no Bcen uutonnasme. MiHorga
oOpasyloT NyyKku.

* MukpodmnnameHTbl, Kak 1 MUKPOTPYOOUKN,
NOCTPOEHbI N3 CyObeauHULL, MO3TOMY UX
KONM4YeCTBO onpeaensieTcsi COOTHOLLEHNEM
NPOLIECCOB NonMmMmepmsaunmn n genonmmepusasmn.,

—— TybynuHoBbIN CybveauHMua akTuHa CybbveanHuua benkoBoro
CX) anme

BONOKHA
25 Hm
| %m@: L o
2 3

fppt.com
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Buabl MUKpO(HIaMEHTOBS

1) aKTUHOBbIE. CogepxaT cokpaTUTerbHble 6enku
(aKTMH), 0becneymBaloT KIeTouHble POpMbl ABUKEHUS
(Hanpumep, amebonagHble),

UrpatoT POorib KNETOYHOro Kapkaca, y4acTBYIOT B
opraHMsaunmn nepemeLLLeHnin opraHen n y4acTKoB

LUTOMJ1a3Mbl BHYTPWU KIETKWN,

2) NPOMEXYTOYHbIE (TONWWMHON 10 HM). VX ny4ku
oOHapyXnBaroTcsa No nepndepumn KrneTkn noa
nrasmanemMmoun 1 No OKPYXKHOCTU aapa.

BbINOMHAKT ONOPHYIO (KapKacHyo) porib.

B pa3HbIx KNneTkax (anutennarnbHbIX, MbILLEYHbIX, HEPBHbIX,
donbpobnacTtax) NnoCTPoeHbI U3 pa3HbIX OENKOB.




PeCHMYKHN M KI'YTHKHA

« OpraHouabl ABUXEHUS.
[lpeacTaBnstoLme cobomn cBoeobpasHble
BbIPOCTbI LIUTOMSIa3Mbl KNETKU, MOKPbIThIE
nnasmaTn4yeckon MmembpaHou

CTpoeHue yHAYNUNoaun (KryTMKOB U peCHU4YeK) aykapuort

Yo
P iy

.‘,’ "i.\” / s s
A R ——m e
\ \, "
[Tnasamamuyeckas
MembpaHa

eymuk Mukpompyboyku

GasanbHoe meno

fppt.com



OCHOBOM peCHHUYEK U KIYTHUKOB CJIYKAT
0aszajibHBbIE TeJIbIla

 basanbHoe Tenbue — LnnmHap, obpasoBaHHbIN 9
TpUNIeTaMmm MMKpPOTPyOoUEK

« OcToB npeacTtaBnseT cobon unmnmHap, rno
nepuUMETPY KOTOPOro pacnosaratoTcd 9 napHbIX
MUKPOTPYOOYEK, a B LIEHTPE — 2 OAUHOYHbIX.

 basanbHble TenbLa cnocobHbI BOCCTaHaBNMBATb
PECHUYKN U XKTYTUKM

fppt.com
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