TpaHcopT yepe3s meMOpaHy



CTPYKTYPHO-©YHKIIMOHAJIbHASA
POJIb KJIETOYHOU MEMBPAHBI

OTTPAHUYHUTD KUBOC OT HE’KUBOI'O

OpraHu3oBatTb BHYTPH KIICTKH KOMIIAPTMECHTLI C
Pa3/IMYHbIMHA CBOUCTBAMH

KOHTPOJIMPOBATHh NPOHUKHOBEHHE B KJIETKY M BbIXO/
13 Hee MeTa00JINTOB

CIIY’KUTH 3al1aCOM PsAAa OMOJIOrHYeCKH aKTHBHbIX
COCAMHEHU U (apaxuI0HATA, X0JIeCTePUHA, CPUHIO3UHA,
UHO3UTOJI-TPUC-ochara)

pearupoBaTrb Ha BHEIIHUE CUTHAJIBI (XeMO-, JJIEKTPO-
MeXaHOpeUenTopbl)
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CoaepxaHue oCHOBHbIX MOHOB (MM) B KneTkax u
BHEKNEeTOYHON XNOKOCTU Pa3fiIMvHbIX XXMUBOTHbIX, B
CpaBHEHUM C COCTaBOM MOPCKOU BOAbI

O0bexT Harpuu Kaaui Kaabuui Maruuu Xuop
Kpuwica
MBIIIIBI 27 101 1,5 11,0 16
IJ1a3mMa KpOBHU 145 6,2 3,1 1,6 116
JIazywka
MBI 24 85 2,5 11,3 10
Tia3Ma KpoBU 104 2,5 8,5 1,2 74
Ocvbmunoe
MBIIIIBI 81 101 3,7 12,7 93
IJ1a3Ma KpOBH 525 12,2 11,6 57,2 480
Mopckas 600a 440 9.5 9,6 56,0 535




Chemiosmotic Osmotic volume regulation
Uptake/efflux of nutrients, H-50 follows ions

metabolites, salts /
\ Chemical

Mechanical <— |ON GRADIENTS — H* (Na*)-driven

H*-driven ATP synthesis
flagellar rotation / \

Cell homeostasis

Signal transduction pH regulation, efflux
Ca?* entry, action potentials or sequestration of

toxic solutes

© Elsevier. Pollard et al: Cell Biology 2e - www.studentconsult.com




TpaHcnOpTHLEIE 6enku: NOMNbI, KAHANbIL,

TpaHcnopTepsbl
IlepBu4HbIi, BTopu4HbIN,
AKTUBHDLIN MACCUBHBIN
Q
Exterior W ? 4 ‘“\ - o
; ; 3 5
& \ =
o g \j il
2 — o : \_ | |
- ‘ Py

Cytosol Closed ©e®
¢ Open

ATP  ADP+P,

ATP-powered pump lon channel Transporter
{100 - 103 ions/s) {107 - 10% ions/s) {102 - 10% molecules/s)



MembpaHHbIe nomnbr

Hctounuk 9HCPIrun Ha3BaAHHUC HNOH pacupoCTpaHCHUC
Caer Bacteriorhodopsin H* Halobacteria
Halorhodopsin (o] Halobacteria
Cser Photoredox H* D OTOCUHTE3NPYIOLIHE
OpPraHU3MbI
[Torenmman Electron transport chain H* MuToxoHapuu,
NADH oxidase OaxkTepuu
Na* Alkalophilic
bacteria
JlexapOokcunuposan | lon-transporting Na* Bakrepuu
ue decarboxylases
[Tupodocdar H*-pyrophosphatase H* Bakyonu pacrenuii,
rpuObl, OaKTEpUU
ATP Tpancnoptasie ATPa3sr HoHbI, COMM | yHUBEPCAIBHbIE
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Halobacterium halobium
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Asp 96 - COOH

Lys 216 hv
—_—

-—

frans H pumping H° Lys 216

all-{rans-retinal 13-cis-retinal

Asp 85 - COOH
v

H* (extracellular side)

BHEKNETOYHOE
MPOCTPAHCTBO

pPETUHAND,
CBR3aHHbLIN
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PoaoncuHsr.

a) bR b) NpHR ¢) aSR d) squidRh

bacteriorhodopsin halorhodopsin  sensory rhodopsin  squid rhodopsin
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A. F -ATP synthase B. Mechanism of ATP synthesis
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) ATP release

BACTERIAL CYTOPLASM
OR MITOCHONDRIAL MATRIX

AcriaparuHOBast KUCJIOTa

1. Kondopmauus O — cBsa3piBatomMii HeHTP AocTyneH s AJI® u @
2. Kondpopmanus L — cBsi3piBanune AJI® u @ ¢ HU3KHM CPOJACTBOM
3. Koundopmanus T — cBsaspiBanue A/[® u @H ¢ BBICOKMM CPOACTBOM
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A. F,-ATP synthase 4 | B. Mechanism of ATP synthesis | C.V,-ATPase 2
OUTSIDE BACTERIAL CELL CrOsS SECTION VACUOLE LUMEN oH*
OR INTERMEMBRANE SPACE oH* 8 == OR OUTSIDE CELL ,
, %\B : W ANCHALN (Wl
‘B .
binding
SPVEANTES | b L\
( 2
ATP' formed
from ADP + P,
Vi
&P W
: “.(209' \ ol
ATP release = R /
BACTERIAL CYTOPLASM CYTOPLASM
OR MITOCHONDRIAL MATRIX
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AcmiaparuHoBasi KUCJIOTa [ myramuHOBas K-Ta

1. Kondopmauus O — cBsa3piBatomMii HeHTP AocTyneH s AJI® u @
2. Kondpopmanus L — cBsi3piBanune AJI® u @ ¢ HU3KHM CPOJACTBOM
3. Koundopmanus T — cBsaspiBanue A/[® u @H ¢ BBICOKMM CPOACTBOM
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CyobenuH

IToMnbl HIIbI PacnoJsio:xxenue CyoOcTpar DOYyHKIHNHA
CemeilictBo P- ATPa3 (E1E2)

Na'K"-ATPa 2 [Tnmasmarnueckas P Na Ha2 K© | Co3ganme Na™, K*
se MeMOpaHa IpaJiMeHTa
H'K"-ATPas 2 Iltasmarnueckas |l H ma 1 K© 3aKUCIIEHHE CPEIbI

e MeMOpaHa KJIETOK
KHIIICYHUKA U KETyIKa
SERCA 1 Capkomnasmaruueckuii2 Ca” ma 2 H' CHIDKEHHE
Ca-ATPase petukyiaym, I11P koHIeHTpanun Ca*"
B IIUTOILIA3ME
PMCA 1 [Tnasmarnueckas |1 Ca~"mal H' CHUKEHHE
Ca-ATPase MeMOpaHa koHueHrpanuu Ca*"
B I[IUTOIIA3ME
H" -ATPase 1 ITnasmarnueckas |1 H' Coznanue
MeMOpaHa JpOXIKeH, IIPOTOHHOTO

PACTEHUH, ITPOTO30a

rpaJueHTa




P-AT®-a3p1 SERCAI

B-acmapTuin-gocdar  B. EM reconstruction of
E2 conformer

A. E1 conformer
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M ATP binding site
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ﬁt A domain

P4 - \_
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Mopenb pabobitez Na*/K* ATPase Ha nnasmaruyeckou
membpaHe .

(b) Low-affinity High-affinity
Na'-binding sites  K"-binding site

q @
1
\ ATP site
High-affinity Low-affinity
Na“-binding K*-binding i ADE E1—>E2
site sites Binding of ATP, conformational
phosphorylation change, outward
Binding of 3 Na® ions of aspartate transport of Na*
e o o VY
AR AW
E2 R % E2
Dissociation Hydrolysis E2 —> E1 Dissociation
of Na*, of aspartyl conformational of K*ions
binding of K* phosphate change, inward

transport of K*



Na,K —AT®a3a unrudupyercst yabamHom

B 1785 rony BusepuHr HauyaJ1 HCNOJIb30BATh JUCThSI HANICPCTAHKY JAJIs1 JIeYCHU I
CepACYHON HETOCTATOYHOCTH. el CTBYIOIIIMM HAYAJIOM ABJISJICH JUTUTOKCHH,
COCIMHEeHMEe, OTHOCHAIIECECH K CePACYHBIM INIMKO3UAAM — IpyIne CTepouaHbIX O-

niko3ua0B. HanboJsiee M3BeCTHBIM COeTMHEHUEM ITOI0 PsiJia IBJISAETCA yadauH
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Distribution of PS throughout the cell.




ABC Tpancnoprepsl
(ATP-Binding “Cassette™)

A. Bacterial
OppBCDF

Transmembrane
domains

ATP binding and
regulatory domains

Cargo Oligopeptide  Histidine

Peptides 2 different
2 different

B. Eukaryotic

HisQMP

ibose Lipids  Vitamin B12 | MHC peptides  Drugs
2 different 2 dfferent 2 same 2 same 2 different 1 chain
2 same 1 chain chains 2 same chains
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ABC Tpancnoprepsl
(ATP-Binding “Cassette”)

Ligand-free
pump

B. Vitamin B12 pump mechanism

Transition state
hydrolyzes ATP
‘and transports
N Wtamln-Biz\»

Liga ATP hydrolysis é(i . [Transition
. pump prevented ADP + P . state
\ W o1l
u L
\_ J
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ABC TpaHcnoprepbl

ATP ADP ADP ATP ATP ADP ADP ATP

ATP ADP ADP ATP



ABC

CybeTpar MFP OMP OpraHuam
TpaHcnoprep
Benkn
HlyA (aneca-remonusmnn) HlyB HlyD TolC Escherichia coli
HlyA (aneda-remonusuH) HlyB HlyD TolC Proteus vulgaris
HIyA (aneda-remonuznH) HlyB HlyD Morganella morganii
AppA (reMmonu3nH) AppB AppD Actinobacillus pleuropneumo-
niae
AshA (reMmonusuH) AshB AshD Actinobacillus suis
LktA (NeMKOTOKCHH) LktB Actinobacillus actinomycetem-
comitans
LktA (NefKOTOKCHH) LktB LktD Pasteurella haemolytica
CyaA (UMKNONN3KH) CyaB CyaD CyaE Bordetella pertussis
PrtA,B,C(npoteasel A, B, C) PrtD PrtE PrtF Erwinia chrysanthemi
AprA (wenoyHas nporteasa) AprD AprE AprF Pseudomonas aeruginosa
MenTuabl
CvaC (konuuuH V) CvaB CvaA TolC Escherichia coli
CylL. (remonu3unn) CylB Enterococcus faecalis
SpaS (cybtunux) SpaB SpaD Bacillus subtilis
NisA (HU3uH) NisT Lactococcus lactis 6F3
EpiA (3nuaepMuu) EpiT Staphylococcus epidermidis
CF (d-p xoMmnuTeHTHOCTH) ComA ComB Streptococcus pneumoniae
PedA (neguoumnH PA-1) PedD Pediococcus acidilactici
LcnA (NakKTOKOKLUMH) LenC LcnD Lactococcus lactis subsp. lactis
McbA(MukpouynH B17) McbEF Escherichia coli
HeBenkoBbie cybecTpars!
KancynapHseiin nonucaxapua KpsMT Escherichia coli K5
KancynapHeiit nonucaxapuwa KpsMT Escherichia coli K1
B-1,2-rnwokaH NdvA Rhizobium meliloti
B-1,2-rnwokaH ChvA Agrobacterium tumefaciens
HokcnpybuumH DrrAB Streptomyces peucetius
Kancynapubiin nonucaxapug BexABC Haemophilus influenzae
Kancynapubeiin nonucaxapug CtrBCD Neisseria memngmdzs
Nem umToxpoma ¢ CycVWX Bradyrhizobium japonicum
Nem untoxpoma c HelABC Rhodobacter capsulatus
YCT. K 3pUTPOMULIUHY MsrA Staphylococcus epidermidis
YCT. K TUNO3UHY TirC Streptomyces fradiae
YCT. K MaKponuaHbiM SrmB Streptomyces ambofaciens
aHTMbnoTukam CarA Streptomyces thermotolerans
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OnepoH

a-remoam3unkE, coli —_— .~ QLI m—
hiyC hiyA hlyB hiyD tolC
nporeaswbl E. chrysanthemi [y oy ) I R
inh PrtD prtE prtF PrtB prtC prta
xomuuHVE. coli (—— 4 '-E<:I|=>
cvaA cvaB cval cvi tolC B ABC-TpaHcnoprep
cyorunun B.subtilis 0 = MFP
spaD spaB spaC spas = OMP
I :cuion 2——Reqion 1 I BHEKNETOYHLIA NPOAYKT
KaICYJIAPHBI moJMcaxapui kM [—> HerpaHcnopTHui Genok
E.coli
Sisi
MNepunnasma

no M. Fathet al., 1993



OMIIA CYObeTMHHIIbI h).acn.pez(eﬂenne cyocTpar dbyHKIMA

BC tpauncnoprepst (ATP-Binding “Cassette”)

MDR1 1 1M JlekapcTBeHHbIE Cexpenus JIII

-glycoprotei npenaparsl

CFTR 1 IIM snutenuanabHbIX KiIeTOK ATP, CI Cexpenus CI

BO31yXOHOCHBIX IIyTell U
O/IXKEJTYIOYHOM KeJie3bl

TAP1, 2 2 DIIP AHTHUICHbI Tpancnopr
aHTureHon us II1 B
DIIP

MDR2 1 AnukaabHas [IM (pocharnaniaxonun Dochormuuepuadg.a

rernaTouuToB UIIA3a, CEKpeuust

KeJTun?

BC-Al 1M DochaTuIUINHO3UTO, DopMUpOBaHHE

X0JIECTCPHUH, BHEKJIETOYHBIX
(hochoamnmuabl JIHII

STE6 1 [IM npoxoxen (bepoMoH [TonoBoe
Pa3MHOXKEHHE

HisQMP 4 + pp [IM OaxTepuii CUCTUAVH 3axBar rUCTUIMHA

PstSCAB 4+ pp [IM Gaktepuii bocdar 3axBar pocdara

OppDFBCA 4+ pp [IM OakTepuii OJINTONETITH b 3axBaT OCJIKOB

HlyB 2 [IM Escherichia coli ['emonu3un A(107-kD 3axBaT reMoJIn3uHa A

protein)




ABC TpaHcnoprepbl 3yKapuoT

AT®d-a3a P tuna ABC

Flippase Floppase Scramblase

© PS, PE @ PC, SL © Cholesterol



ABC-Al

% 1 TPAHCIOPT XoJecTepoJia

ApoAl binds PIP2
\ & monomerizes

(LI A T

ApoAl unfolds,
dimerizes & inserts

RPS . Cholesterol
\ = wons

Membrane
microsolubilization,
nHDL dissociation

TNoabxu

Pucynoxk 3.
Mozens CeKpeTOpHOro myTH BhIXOfa (GoCHOINIHIOB H XONecTepHHa H3 KIeTKH ¢ yuacTHem ABC-Al
Tparcnioprepa (mo [29] ¢ namenennamu) (PL — gocgpoaunuowr, C - xonecmepur).



MHoOXKeCTBEHHAS JIEKAPCTBCHHAA YCTOUYUBOCThH

| c drua Zl
b %\ -

Drug kills most
tumor cells

Mutant expresses
high level of MDR

Q::\
MDR pumps

out toxic drug

Clone expands

RO
A O8O
dsite

Nt

Tumor of drug-resistant
cells continues to grow
in presence of drug
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MHOkeCTBeHHAH JIEKAPCTBEHHAA YCTOUYUBOCTH

Tabauna 1. Knaccudukanua 0ernxos uegopeka cemefictea ABC 1 OelkoB cemeficTEa, ONpeaeIaionIHX MEOKECTECHH

ABCB1
(MDR1, Pgp)

ABCC1
(MRP1)

Subfamily Alternative name Number of proteins Proteins that confer drug resistance
name number
ABCA ABCI1 12 ABCA2 |
ABCB MDR 11 ABCBI (P-gp) 3
ABCB4 (MDR2)
ABCBI11 (BSEP, SPGP)
ABCC MRP 13 ABCC1 (MRPI) 8
ABCC2-6 (MRP2-6)
ABCC10 (MRP7)
ABCC11 (MRPS)
ABCD ALD 4
ABCE OABP 1
ABCF GCH20 3
ABCG White 5 ABCG2 (BCRP) |

I‘UUZ

ABCG2

oul

(MXR, BCRP)

NBD



LTC4, E, 174G, folic acd
biiribin, GSH conjugates, anthracyclines,
MTX, cisplatin, vinca alkaloids

E; 178G, LTC4,
pacHaxe!, docetaxel, vincristne,
epothilone-B

LUMEN

Biirubin conjugates. cAMP, cGMP, GSH
LTC4, LTES, iFU.GMf’. .
GSH. MTX. SN-36, MTX, PMEA, cisplatin
vinca alkalowds, cisplatin
Tauracholate, cholate, :E.;::Pmigo:::
E; 178G. LTC4, MTX, 2 c
feniposide, etoposide cisplatin




Ta6auua 2. [IpotHEOOIYXO0I€EEIE NIpenapaTel H HX nepeHocuuxkyu ABC

Class Drug Proteins

Anthracyclines doxorubicin, ABCBI, ABCCI,
daunorubicin, ABCC2* ABCG2
epirubicin,
idarubicin

Epipodophyllo- etoposide, ABCBI, ABCCI*,

toxins teniposide ABCC2*, ABCG 2

Vinca alkaloids vincristine, ABCBI, ABCC]1,
vinblastine, ABCC2
vinorelbine

Taxanes paclitaxel, ABCBI, ABCC2
docetaxel

Kinase inhibitors imatinib, ABCBI,ABCC2,
flavopyridol ABCG2

Other preparations | mitoxantrone, ABCBI, ABCCI*,
tamoxifen, ABCC2* ABCG2*
mitomycin,

actinomycin D,

methotrexate
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MHC 1

ERp57

=S _Thioredoxin domains

| ERAP

P domain

Calreticulin

2
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MHC class |
heavy chain
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TpancMeMOpaHHBIN PEryJsiTop MyKOBUCIIHI032
CFTP-cystic fibrosis transmembrane regulator

-~ CARBCMYDRATE

TPaAHCIIOPTEP

» !
DO
;
)

Normal oo o © o
CFTR Channel ' o ©

Chloride ions © &
(e}

A normal-functioning CFTR channel moves chloride
ions to the outside of the cell while a mutant CFTR
channel does not, causing sticky mucus to build up

on the outside of the cell.
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; Mutant
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OcHoBHBIE KJacchl ATda3 B Kj1eTkax u 00J1€3HH,
CBSI3aHHBbIE ¢ HAPpYIIEHUEM UX PYHKIMOHUPOBAHUA

~ Disease

&manquon

Cancao” TH
o many Naeases)

Cyafic Fbrosis
(Lungs)

Hypercholes-
(Heart)

Treatmevs of




benku-nepeHocunku

I[BI/I)KYHJ;I/IMI/I CHJIaMH1 ITaCCUBHOTO TPAaHCIIOPTA MOT'YT
CIIY)KUTH CIICAYIONINC I'pa/IUCHTHI:

-KOHYEeHmPAayuOHHLI — NI HEUTPATBHBIX MOJIEKYJT
-9NeKMpPoOXuMu4ecKuil — st NOHOB

-2PaoueHm uopocCmamudecko2o 0aeaeHus u
0CMOmMUYEcKull 2paouesm — st BOJIbI

@
Uniporter

U ATP hydrolysis C*'
C-l- \—_——/ Q S
Pump Carrier
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MembpaHHbIe nepeHOoCHUKU

Glucose = Ca* .
Ry o Sugar o
Primary reaction Secondary reactions
Pump Uniporter Symporter Antiporter
Na*/suga +
Na*/K*—ATPase i.lu.cose id sl i Na"/H
mino aci */ami '
Na™/amino acid Nat/ Ca2*
Na*/CI
CI"/HCO3~
Na*/K*/2CI
Na*/ H2PO4—
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major facilitator superfamily (MKES)




Antiporter
Syor S,
Co <+~ CS

Conformational
change

Sior S,
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KonuenTpauus S onpeesisieT CKOPOCTh CBA3LIBAHMS U
0CBOOOXKICHUS.

JIMMUTHpPYIOINAS CTAAUA — CKOPOCTh
KOH(OPMAIIMOHHOI0 U3MEHEHMS.

+3apaAa

102-10*
MOJI/CeK



Carrier
Uniporters

GLUT1
GLUT4

UCP

Antiporters
NHE-1
Band 3

UhpT

NCE

ANC

TPE
Symporters

LacY

NKC1

SGLT1
Various

Subunits

1 x 12 helix
1 x 12 helix

2 x 6 helix

1 or 2 x 12 helix
1 x 14 helix

1 x 12 helix

1 x 12 helix

2 x 6 helix
2 x 7 helix

1 x 12 helix
1 x 12 helix

1 x 14 helix
1 x 12 helix

Distribution

3pPUTPOLMUTLI

AaunouuThbl,
MbILLLbI

MUTOXOHAPUN

Mouka xenyaok
3pUTPOLMUTDLI
E. coli

Mbiwubl

MUTOXOHAPUMU
xroponnacTbil

E. coli

Mouka, Xxenynok,

nerkume

Xenyaok
HENPOHDI

Substrate Function

EIEESR o= vptako
Insulin-responsive
glucose uptake
Uncoupling protein,
thermal regulation

Glucose 6-phosphate
uptake

Ca?* homeostasis;
regulation of heart
contractility

NaCl regulation, fluid
secretion

Glucose uptake

Neurotransmitter
reuptake



YHUIIOPT GLUT1 aputpouuThl

Glucose ,

Qutward-facing Inward-facing
x glucose-binding  Bound glucose glucose-binding site
/ site Glucose
Exterior iy ) | ,~ ‘ W
Plasma C W = ) 2 0
membrane ",|<1'="i'\ | = |
—_— | {',___J f |
Cytosol v V



CumnopTt

SGLT1

XKenyaok

V -
Glucose-permeation
pathway

'



CumnopTt

SGLT1

“Tight .| Glucosed ' Na*
. junction -

/T Basolateral
membrane

/ |
o O Glucose
I
\
l’ “
\ A)
. \
BasaL | )
LAMINA Glucose “y| o Glucose 3Na*

TISSUE SPACE exchangeable with blood

Glucose
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GLUT2

YHUnopt



CumnopTt

A. LacY symporter

alLactose EXTRACELLULAR

H* Pore open

to outside

Reversible
conformational
change
- -

| Lactose -

binds in
pore Pore open
to inside
CYTOPLASM H+ @ Lactose
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IIpuMepbI TPAHCIIOPTEPOB CUMIIOPTEPOB

Extracellular space

Na‘/glucose
cotransporter

SGLT1

2 Na* 1 Glucose

/R 2\ ™ v 4 "\ P ™ »
2 8 A ,..WOA , }m\ A m\.’m: .:. QUL

Cytoplasmic space

Na*/phosphate
cotransporter

NaPi lla/b

3 Na* 1P

Na'/iodide Na*/K*/Cl Na*/Cl
symporter cotransporter cotransporter
NIS NKCC NCC
2.Cl
2 Na* 11 1 Na* 1K* 1 Na* 1CH

K*/CI-
cotransporter

KCC

(L

—

1K* 1CK
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IlpuMepsbI TpaHCIIOPTEPOB CUMIIOPTEPOB

Extracellular space

Na*/CI-H/GABA
transporter

GAT

1 GABA

H*/monocarboxylate
cotransporter

MCT

H*/oligopeptide
cotransporter

PepT

1 H* 1 DifTripeptide

Na*/bicarbonate Na*/bicarbonate Na*/bicarbonate
cotransporter cotransporter cotransporter
NBCn1/n2 NBCe1/e2 NBCe1/e2

1Na* 1HCO; 1Na* 2HCO;




AHTUNOPT
B. GIpT antiporter

«»G3aP

Pore open
tonuts%?e-

{

Pore open
to inside

«+G3gP




ATP/ADP Tpanciiokasa

Binding Pocket i’

ADP

ATP
ATP

AHTUNOPT

Cytoplasm
I Matrix

=ADP(matrix)

l

-ATP(cyt.)T




IlpuMepsbl TPAHCIIOPTEPOB AHTUIIOPTEPOB

Extracellular space

Na'/Ca* Na'/H* CHHCO,
exchanger exchanger exchanger
NCX NHE AE

3 Na* Na* 1Ck




AHTUNOPT

Na-Ca antiport KapanoMuonurel

Na*/ Ca2+

atK*-ATPase
(target of cardiac
' glycosides)
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In systemic capillaries
High CO, pressure
Low O, pressure
COo, O,

t Hemaoglobin
H,0 l

cC I
N0
CO, + OH W HCO3 N\H
anhydrase ci
Erythrocyte AE1 protein
plasma membrane HCO4

co,

— 0
I

AHHOHHBIN TPAHCIIOPT 4Yepe3
MeMOpaHy SpUTPOLUTA B
CUCTEMHOM U JIETOYHOM
KanuJJIsipax.

In pulmonary capillaries
Low CO, pressure

High O, pressure
O,

C |

AR o
O+ ON Ao, TS N
anhydrase H
HCO,

Cl



3akucjIeHue MoJI0CTH AKCJAYIARKA NAapUCTAJBbHBIMU RIICTKAMM.

Basolateral Apical
membrane membrane
Cl channel
( protein
Anion  ~ c
antiport \\‘—"' ‘
protein '
HCO, 4%~ HCO; % -T-;H P-class pump
™ H'/K* ATPase
L
Xl P «
Carbonic 2 K :
anhydrase lL K
K" channel
CO, ==x—3> CO, + OH protein

Tight
junction

Stomach lumen



TpaHcnopT 1OHOB U caxapo3bl B

H*-pumping proteins .
pPacTUTEJIHLHOU BAKYOJIN.

N
ADP + P
ATP | op MemOpaHa BaKyoIu CONEPKUT 2
PP ! THIIA IPOTOHHBIX TTOMIT:
™ (pH=75) V-class H" ATPase u yHUKaJIbHYIO
pyrophosphate-hydrolyzing proton
lon Cl - -
channel (pH = 3-6) +<!-Al>—
proteins NO, E -
at 2+
Na CaZ"  Sucrose| S Plant
T 4% | vacuole
| J membrane
v H H H' y
5

Proton antiport proteins



NHruouTopsl 0€JIKOB-NICPEHOCYUKOB




KaHanbl




DYHKIMHA HOHHBIX KAHAJIOB:
1.Peryasinusi BOTHOTO 00MeHAa KJIeTKH: 00bEM U TYProp.

2. Perynsinus pH: 3aKkuciieHre u 3amejiaduBaHme.

3. Peryjasinusi MOHHOTO 00MeHa (00MeH coJieil): U3MEeHeHUe
BHYTPHUKJIETOYHOI'0 MOHHOI0 COCTABA M KOHLIEHTPAI[MH.

4. Co30aHnue u uzmenenue MBMﬁdeHblx nomenuua;i06; nomeHuua;l nOKoA, 6
6036y0uMblx K/iemkKax - JlIOKA/ibHbleé nomerHuua’ivl, nomenuuai oelicmeust.

5. Ilposeoenue 8030yxcoenusn 6 6030youmvlx Kiemkax: obecneyenue
O0BUIHCEHUS HEPBHBIX UMNYTTIbCOB.

6. Tpancoykuus 6 ceHCOpHbBIX peyenmopax: npeodpa3oeanue pazoparceHus
(cmumyna) 6 6030yrcoerue.

7. YiipaBjieHHe aKTHBHOCTBHIO KJIETKHU: 32 CYET 00ecredyeHUus NOTOKOB
BTOPHYHOIr0 Meccenmkepa - Ca’*,



Kinaccudpukanum KaHAJI0B

1. [lo cmpoeHuro (poACTBY UX XMMHUYECKOro CTPOEHMA U NMPOUCXOXKAEHMUA
obpasywwmx ux 6Genkos). [lo cTpoeHU (CTPYKType) M no

NMPOUCXOKAEHHNUIO OT OAHOTUNMHDbLIX reHOB pa3JIMyHble UK 06'beﬂMHF|I'OTCF|
B OoTA€eJibHbIl€ ceMeMncTBa.

2. o cenekmusHocmu (cTeneHM wu3GMpaTeNbHOM MNPOHMULAEMOCTU K
onpepenéHHbIM MOHaM). HaTpueBblie, KasimeBbie, XJIOpHble U T.M.

3. Mo cnocoby ynpaBNeHMA MX COCTOAHMEM. [loTeHuuan-ynpasnsembie,
XeMo-ynpaB/aisemble U T.A.

4. Mo cBA3blBaOWMMCA C HMMMU AuraHgam (B TOM 4MCae BelecTBam-
MapKképam) U T.A4. BbigensawT Tpu cemeMcTBa SMraHp-aKTMBUPYEMbIX
UK: 1) cemencTBO C NYpMHOBbLIMU pelentopaMu (ATD-akTUBUpPYEMbIE),
2) ¢ HUKOTUHOBbIMU AX-peuentopamu, TAMK-, raMumH- U CEpOTOHMUH-
peuenTtopamMM, 3) C rnyTraMaTHbIMM peLenTopamM.



CrpoeHue kaHaJja.

UNTONNAIMA

]
AN
Hy*

N



Known
Prokaryole
Channels

5155-P-56
[IKCh)

$1-84-85-P-S6

Postulated Known
Primitive Eukaryote
Eukaryote Channels Channels

tide €» [soforms

A Q:m‘w élsolonm

 XC-ATP

lsolorms

| G-NaCh €& Isoforms
4481-8&-85-?-3}(

VG-CaCh< Isotorms

i




A
mrte L o 1~ Gt - Ghtanets -G ocoans m
protein Mi-pP-M2 o
LSHTSRG Isoforms | N
7—-?< ﬂwﬂ( Isotorms
= GABAR S Isoforms

= 51-512——+=51-512 CIC € Isotorms
(@aCIC)
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Postulated Known Postulated Known Predicted Likely
Primordial Primitive Eukaryote Memberane Subunit
Channel Channels Eukaryote Channels Channels Topology Composition
55.58 S5.58 s5.58 - N.uvo;zﬁd.é Izofoerns
s - ENaC 1zotorms =8 e a
~ XC-ATP Isclorms
s —S5-P-S6 ——te S5-P-S6 - Kir << Isoformns
(KscA) |
Duphication ——————te TYAIK €5 Isoforms
e = B B ———————————— - ————————————————— - —
S1-55.P.S6—~S1-S5-P-S6 ~1C ligand-gated <S isoforms
[‘Koh)
$1-S5-P-S6 —=S1-55-P-S6 = TRP<T Isolorms
|S1-84-85.-P-S6+=> S1-54-55.P-S6 —=VG-K-Th <F  |soforms
{ Duplication — - - — - 3 - - o oo
i _NG-NaCh << Isoforms
4{S1-54-S5-P-S6)
\VG-COChé Isotoems
Glutamate-
binding - Gilutamate R —— Glutamats R — Glutamate R<Z Isoforms
peolesn M1-P—2
= SHTSR << Isoforms
? —tep ‘é ~nACHA <€ Isoforms
- GABAR <= |soforms
? -51-512 —-S51-512 —~CIC <€ Isotorms
(saCIC)
‘IW |~ AQuApoin ——= Aguaporn - Aguaparin €= Izafoems
m/
11 Nelex —— = AMmonia ch —= Ammonia ch ~ Ammonis ch<€s  l2oforms

Connexins <z Isoforms

- PR

= Ryancdine-R




CxeMa CTpOeHHUsI HOHHOI'0 KaHaJ1a
(na npumepe K'-kanana Streptomyces lividans)

Cell membrane

mm

lon channel

\ /

Cate

= o>

‘1 L lonfilter

3 J CdbopmupoBaH 13 4

TVGYG-MOTNBOB

Cell membrane

OTKpbITUE KaHana perynupyeTcs

BHYTPUKIETOYHbIM pH
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CeJIeKTHBHOCTD

(A) ionin
vestibule

Na 0,095aMm
K 0,13aMm

<

(B) ionin

:i?:::tivity .=o’o=. .=o ‘o*
( ()



Ce/JIeKTUBHOCTD

KanueBbId KaHa HarpueBbiii kKaHaJ

potassium
selectivity filter ion  selectivity loop -

CYTOSOL

\ vestibule




Crpoenue anuTennansubix Na*-xananos

 DBLWAR GOPMA KAHATA

-~ " -

| -

| mem-
| seasa
|

v  CENEKTMBHbIA QUNLTP

g @"x‘r

!

S 2

€

iver.com :
e/lemMedulyuHa



@) WOHHbIY KAHAN XNOPA 6) MOHHbBIN KAHAI KANUS

nse cybbeguHnys veTbipe cybreanHnuybl

CenexkTUBHBIN hunsTp

CeNeKTUBHLIW PUNLTP

&,\

LUMTO30Nb




YiupasisieMoCThb

KanaJjaspl moxos

voltage-
gated

CLOSED

OPEN

+' .*

&
e
b

BopoTHbIe KaHAJbI

ligand-gated ligand-gated
(extracellular (intracellular
ligand) ligand)

74 | AN

l v

mechanically

gated

\l/

CYTOSOL

HelepaBJIﬂeMbIe, IMOTCHIHUAJ-YIIPABJIACMBIC, XEMOYIIPABJIACMbIC, CTUMYJI-

ynpanJisieMble, ONMOCPeI0BAHHO-YIIPABJIseMble, AKTUH-YIIPaBJIsieMble



YiupasisieMoCThb

Ca-akTuBupyemsbiii K kanan

SBHERKJAETOMHOE

KAHAN NPOCTF AHCTBO KAHAN

r 3AKPBIT OTKPbIT
Moposeii
AOMEH pry ,

L ' o Ca?* 5

[_ ;_‘
LomeHsl, » 7
obpasyio- .
wue Bxoa & ¢ ©

B 80p0Ta /

AOMEHbI




Tunbi KaHanos, yyacreyloumx B Tpascnopre Ca%* s yurozons

BHEKNeTouHbIN
NUraHA-3aBUCUMbINA

WO 0N,

BHYTPUKNETOUHBIR
NUTAHA-33BUCUMBIA

R R L R R R L

NoreHyuan-3asUcUMblin




NMDA-peLenTop — NPMMEpP nuraHa-ynpaBnsemMoro
MOHHOIO KaHana

O O
Znio
Glutamate o HO OH
Polyamine | channel NH->
\ ":, o\ '-*4-;_
S\ | 7 % [nyTamar
HO
; OH
O H N\
N-meTun-D-
PCP = O
acnaprtart
HS
(Carlson, 1998) OH
NH,

[oMmoumncTenH



Tononorua noreHuman-3asucumeix Na*t-xkananos

B

N Y

: CaiT uHaKTHBaymm
Canr : l{
s MORYRALUM CETMEHTBL -
- : CeHcopHbii
el ' Mopo-
obpazyouui

+2b cyObequHUIIBI



IHoreHuuag-ynpasiasiemblin K kanan

JNlonactu

Mopo6uo rpauvu;prepy

Ckonb3awme cnupanm

I
N

NH,*

LLQMAJ
| \--co2




1. Omkpsimoe. Kanan OTKpBIT U Y€pPE3 HETO MPOUCXOIUT MIEPEMEIIICHUE
MOHOB.

2. 3akpovimoe. KaHan 3aKpbIT 1 HOHBI HE IPOXOMAAT Y€pPE3 HETO.

3. Akmueupoeannoe. Kanai MOXXET BBIIIOJIHATh CBOX (PYHKIIHH, T.€.
OTKPBIBAaTHCSI U 3aKPBIBATHCS IO JCUCTBUEM €TI0 PETYISITOPOB
(YOpaBJISIONIMX BELIECTB WUJIH JIEKTPUYECKUX ITOTCHIIUAIOB).

4. Hnakmueupoeannoe. Kanai He MOKET BBINIOJHATh CBOM (DYHKITUH, T.€.
OTKPBIBAaTHCS U 3aKPBIBATHCS, OH " (PUKCUPYETCS' B KAKOM-TO OJTHOM
COCTOSIHUM.

5. baokupoeannoe. Kanan 1iepekpbiT, ”THAKTUBUPOBAH BEIIECTBOM-
AHTAaroHUCTOM (OJIOKATOPOM ), 3aHSIBIIIEM MECTO YIPABJISIONIECTO BEIECTBA.
6. Moodynupoeannoe . Kanana u3MeHsE€T CBOM OOBIYHBIE CBOMCTBA IO/
nerctBrueM (HocHOopuIMpOBaHUS - MPUCOCIUHEHUS K KAKOMY-TO €0
y4acTKy (oc(harHOro ocrarka.



AKTHUBaUA

NuakTuBanus:
beicTpas
MenjieHnHas




TeTpOAOTOKCUH: TOKCUH pbIbbI Pyry.
bnokatop Na-kaHanos

CH,OH

Tetrodotoxin




OuHognarennaTteI: BOAOPOCNU, OTBETCTBEHHbIE 3a
06pasoBaHUe «KpACHLIX MPUNUBOB>

SEM 4,000x

Transverse ,jl"‘ =

flagellum @
2

Longitudinal
flagellum

" Saxitoxin

Gymnodinium
(b)

CakCUTOKCHUH 6J'IOKI/IpyeT ITIOTCHOHNAJI-3aBHUCHUMbIC Na-kaHanbl



Ty6okypapuH (Kkypape)

[ H.C  CH
CH, OH
H H

TyOokypapuH — 0JIOKMPYET HATPUEBbINA KaHAJ,
YYBCTBUTEJIbHbIH K AlIETUIXOJUHY

OCH,

2C

+

\
CH; |

p-Tubocurarine chloride



[HeHApOTOKCUH U3 aaa YepHOU MaMbbI

JIeHAPOTOKCHH — 0JIOKATOP MOTEHIINAJI-3aBUCUMbIX
KaJHeBbIX KAHAJIOB



Compound (Chemical Class)
Sodium Channel Blockers

Tetrodotoxin (alkaloid)
Saxitoxin (alkaloid)
pn-Conotoxins (peptide)
Batrachotoxin (alkaloid)
Lidocaine

Potassium Channel Blockers
Quaternary amino alkanes
Scorpion toxin

Calcium Channel Blockers

Dihydropyridines

m-conotoxin (peptide)

Nicotinic Acetylcholine Receptor

o-Bungarotoxin (peptide)

a-Cobra toxin

Curare

NHrudouTopsl KaHaJI0B

Source

Japanese puffer fish
Dinoflagellates
Maine snails

Arrow poison frogs

Chemical synthesis

Chemical synthesis

Scorpions

Chemical synthesis

Pacific cone snail

Snake, Bungaris multicinctus

Cobra

Plant, strychnos toxifera

Physiological Effect

Paralyzes skeletal muscle
Paralyzes skeletal muscle
Paralyzes skeletal muscle
Opens Na-channels, paralyzes skeletal muscle

Reduces cardiac and nerve excitability

Blocks K-currents, increases nerve excitability

Blocks K-currents, increases nerve excitability

Reduces excitability of L-type channels of
striated muscles

Inhibits nervous system N-type channels; blocks
synaptic transmission

Blocks neuromuscular transmission; paralyzes
skeletal muscle

Blocks neuromuscular transmission; paralyzes
skeletal muscle

Blocks neuromuscular transmission; paralyzes
skeletal muscle



MyTanuu B reHax, KOAUPYIOIIUX KaHAabl,
BBI3BIBAIOT 3a00JIEBAHU

LT smocioiimpmmomities

lon channel Affected gene  Disease

Na™ (voltage-gated, skeletal muscle) ~ SCN4A Hyperkalemic periodic paralysis (or paramyotonia congenita)
Na* (voltage-gated, neuronal) SCN1A Generalized epilepsy with febrile seizures
Na* (voltage-gated, cardiac muscle) SCN5A Long QT syndrome 3

Ca?* (neuronal) CACNATA Familial hemiplegic migraine

Ca?* (voltage-gated, retina) CACNATF Congenital stationary night blindness
Ca?* (polycystin-1) PKD1 Polycystic kidney disease

K* (neuronal) KCNQ4 Dominant deafness

K* (voltage-gated, neuronal) KCNQ2 Benign familial neonatal convulsions
Nonspecific cation (cGMP-gated, retinal) CNCG1 Retinitis pigmentosa

Acetylcholine receptor (skeletal muscle) CHRNAT Congenital myasthenic syndrome

- CFTR Cystic fibrosis




HoHnogopsl

(a) Valinomycin (b) Gramicidin
e
l Valinomycin Gramicidin
<\“
m 4
K o i
l K
K +
Nigericin Carbonyl cyanide-p-trifluoromethoxyphenylhydrazone (FCCP)
(FCCPH) T _CN
CF;—O —N—N=C
COOK coOO -+COO NCN
COOK COO f>coo lT
(FCCP™) .CN
-
CF;—O N=N—C  (-)
~eN

(e) Protonophore cycling
H +

FCCP A¥—> FCCPH

FCCP" <7— FCCPH

H



IlopuHbI

EXTRACELLULAR SPACE

Antibiotic

OmpF, OmpC, PhoE

OmpF

Quter
Membrc— -

PERIPLASMIC SPACE




Exvacoliviar

Intermembranc

Yo 7N

IlopuHbI

Cell swface exposed Recepfor site

antigenic site (complement component,

Subunit connec ting

Channe] eyelet

Channel
periplasmic celta

Swface-exposed
Go-p:O %)

Transme mbrane f3-strand
(50-60 %)

I
Penplasmic tuns
5-1 1-)'

Extraceiular
SNALDNITS N

TREALS - MmO wpy

Suharyonc call




IHopuHbI

Porin superfamily I

The mitochondrial and plastid porin (MPP)

Porin Superfamily II (MspA Superfamily)

1.B.24 - The Mycobacterial Porin (MBP) Family

1.B.58 - Nocardial Hetero-oligomeric Cell Wall Channel (NfpA/B) Family

Porin Superfamily 111
1.B.28 - The Plastid Outer Envelope Porin of 24 kDa (OEP24) Family
1.B.47 - The Plastid Outer Envelope Porin of 37 kDa (OEP37) Family

Porin Superfamily IV

(Tim17/OEP16/PxMPL (TOP) Superfamily)

This superfamily includes protein that comprise pores in multicomponent protein translocases
as follows:

3.A.8 - [Tim17 Tim22 Tim23; 1.B.69 - PXMP4 PMP24 ; 3.D.9 - NDH 21.3 kDa component
1.B.30 - The Plastid Outer Envelope Porin of 16 kDa (OEP16) Family

1.B.69 - The Peroxysomal Membrane Porin 4 (PxMP4) Family

3.A.8 - The Mitochondrial Protein Translocase (MPT) Family

Porin Superfamily V (Corynebacterial PorA/PorH Superfamily)
1.B.34 - The Corynebacterial Porin A (PorA) Family 1.B.59 - The Outer Membrane Porin,
PorH (PorH) Family
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buorenes NnopuHOB.
(b)
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> PP

N. meningitidis

(c)
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HOpI/IHbl B MUTOXOHIAPHUAX

Oligomeric Bax-VDAC
VDAC oligomer
Glucose-6- Glucose Cytochrome ¢

Cytochrome ¢

Matrix

Inner membrane

Outer membrane

voltage-dependent anion channel (VDAC)



HOpI/IHI)I B MUTOXOHIAPHUHAX

(» Apoptosis ‘\

Caspase-independent  Caspase-dependent

t t
AIF cytc  PTP Opening
LOXPHOS function
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AKBaNnopuvH

pore

$EASN 192
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The end



