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e KanneBble KaHanbl: MONEKY/IiPHAA opraHmn3aums
 MonekynapHble OCHOBbl MOHHOMN M3bUPaTENbHOCTHU
e KanuneBsble KaHanbl: KPUCTANNNYECKan CTPYKTYpPa

 HaTpueBble KaHanbl: KPUCTANNNYECKan CTPYKTYpPa

¢ ‘|eKOTOpre bonesHn n3-3a HapyweHWUA KaHa/108B



The crystal structure of K* channel
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Albert Lasker
Basic Medical Research Award

Clay Armstrong, Bertil Hille and Roderick MacKinnon

For elucidating the functional and structural architecture of ion channel proteins, which govern the electrical
potential of membranes throughout nature, thereby generating nerve impulses and controlling muscle
contraction, cardiac rhythm, and hormone secretion. (More >)

Clay Armstrong Bertil Hille Roderick MacKinnon
University of Pennsylvania University of Washington The Rockefeller University
School of Medicine School of Medicine Howard Hughes Medical
Institute
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Vigess o MexaHname

KaHasioB

N3onpaTesibHoCTN
Upen - 1968
K* B BOAE Na* B Boae

K* in water Nat in water
K* B nope Na* B nope

Armstrong, 1968

Xunne n ApMCTPOHT

- MIOHHble KaHanbl ANS HAaTPMS U Kaana — 3To
pa3Hble benKkoBble 06pa3oBaHUA;

- NOHHbIE KaHa/ibl UMEIOT pacnaxmsatomecs
(swinging) BopoTa, oTKpbIBatowWmeca B
pe3y/ibTaTe KPpaTKoOBPEeMEHHOM KOHOPMaLMK
6e/1KOBOM MaKpPOMOIEKY /b,

-MOHHaA M3bMpaTenbHOCTb AOCTUrAETCA
6narogapa yCTponMcTBY MOHHOW NMopbl




Crystal Structure of the Streptomyces K* Channel

Doyle et al. 1998

T
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e KcsA — TeTpamep (bopmupyetca 4-ms
cybbegmHuuamm

e Kaxpaaa cybveannHmua nmeet 2 TM cermeHTa
e CeneKktTnBHbIN GUAbTP PopMMpyeTCA NETAAMMU
PACMNO/IOKEHHbIMM B BEPXHEW YAaCTM KaHana







[ToTeHUMan-ynpasaaemblin
Ka/JiMeBbIX KaHaJn.
CTpYyKTYpHaa cxema

CenekTmsHbIN GUNBLTP

nnonbHasn
cnupanb

BoaHaA
n Oﬂ O CT b R e nmee



HaTpueBble KaHanbl:
MOJ1eKYyNApPHaA opraHmn3aumA

MNOHHbIe KaHaNbl — My/IbTUMEPHbIE
TpaHCcMemMbpaHHbie benKku

f ‘ } T 39 structure
Lome k’ ' | |

1 ¢ structure

..........

o

29 structure

subunits



Kntoyesble cBoncTtBa Na* KaHaoB

1- [loTeHUMan-3aBuUCUMaA akTMBaLuA.
2- bbICTpada MHaKTUBaUuA.

3- BbicOoKaAa n3buparesnbHOCTb K MOHam Na*

Kakue monekynapHble 610KH
onpeaensatoT 3T CBOMCTBA?



AMWUHOKUCNIOTHAA I'IOCI'IE,EI,OBaTeI'IbHOCTb HAaTPUEBOIo KaHa/ia
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Noda, Numa et al., 1984 Na+ KaHan — 6enok - 1 800 aMMHOKUCAOT



I'Ipe,ﬂ,rlonaraelv\aﬂ TOMNO/10NMA HAaTPMNEeBOINo KaHa/Jia

Mogynb
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noTeHumnana MOYNb
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- CocTouT 13 4-x noBTOpAOLMXCA AomeHOB (I-1V)
-Kaxkabih gomeH nmeet 6 TpaHCMeMbpPaHHbIX
cermeHToB (S1-S6)

-S4 cermeHT umeeT 4 NONOKUTENbHO 3aPAKEHHbIX
aMUHOKNCNOTbI (0BbIYHO aprMHUH), KOTOpble
MOTYT onpeaensaTb NOTEHLMAN-3aBUCMMOE
OTKPbITUE KaHana

Numa & Noda, 1986



22 HaTpmeBbIM KaHaN - TONOAOIMA
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S1-S4 segments serve as the voltage-
T sensing module while the S5 and S6

Mogynsums segments serve as the pore-forming
Catteral, 2004 module
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CeHcop noTeHumnana

a Depolarized b Hyperpolarized

Inside cell

Gating pore



Cxema OopraHmM3aumnm HaTpmeBoro KaHd/a

A DOMAINI ~ DOMAINII  DOMAINTII  DOMAIN IV

Na* kKaHan — coctout m3 4-x
ANOMEHOB, Ka*KAbl1 AOMEH
nepecekaet membpaHy 6 pas.

- DOMAINTI

I neEliponin oev



MHaKTMBaUMOHHbIe NOpOoTa
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CemencTBa NOTEHUMAN-YNPAB/ISEMbIX KaHa/ 0B

- uaewn opraHmnsaumum K* n
Na* kaHanoB O4YEHb CXOXUNe
CNG oN

Ca++
KVigz e\ \\| Na+

i i _
s
—

i g iﬁ]l — ().05 substitutions/site

Yu & Catteral, 2005



dunoreHes n obwaa opraHM3lauma
NoTeHUMaN-ynpaBaaemblX KaHan0B

rNa,1.6 Chromosome 15
MNa,1.2 T
[_ MNav1.1 Chromosome 2
—rNa,1.3
—Na,1.7
rNax L
rNa, 1.4 Chromosome 11
rNa,1.5
rNa, 1.8 Chromosome 3
rNa,1.9 J_

Yu & Catteral, 2003



Cemencteo Na™ KaHanoB U ux

NOKanun3auma

Name  Jloaon
Na, 1.1 CNS/PNS

Na, 1.2 CNS

Na 1.3 CNS

Na, 1.4 Skeletal Muscle

Na,1.5 Heart/Denervated skeletal muscle
Na 1.6 CNS/PNS

Na,1.7 PNS

Na, 1.8 PNS

Na, 1.9 PNS

TRP Widely expressed

ENaC Kidneys/Neurons/Lungs

NAChR CNS/Muscle



Chemicals That Affect Electrical Signals in Neurons

Name of Chemical Channel Blocked Comments
Tetrodotoxin (TTX) Voltage-gated Na* Made in ovaries and liver of
Japanese puffer fish
Saxitoxin Voltage-gated Na* Made by marine organism that
causes “red tide”
Procaine Voltage-gated Na’ Local anesthetic
Tetraethylammonium Voltage-gated K* Amine derivative
chloride (TEA)
Ethanol Ca?* and assorted Depresses action potentials and
receptor-operated depolarizes the membrane;
channels inhibitory in higher doses and

excitatory in low doses



bnokatopbl Na+ KaHano
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u —Conotoxins

Gia RDCCTOOKKCKDRQCKOQRCCA * C. geographus
Pina ZRLCCGFOKSCRSRQCKOHRCC* C. purpurascens
| |
Disulfide CC-=-=--- o ---B--—--In
Bridges | I |

22 aMUHOKUCNOTbI
6 ULMCTENHOB
HEeCKOJ1bKO IN3NHOB U aPrMHUHOB




YNUTKA KOHYC
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Site 1
TTX, STX
u-Conotoxins (*)

bnaokaTtopbl Na™ KaHanoB

Il ] v
Site 5 Site 4 Site 2 Site 3
Brevetoxins Scorpion B-toxins Batrachotoxins Scorpion a-toxins
Ciguatoxins Spider B-toxins Grayanotoxins Sea anemone toxins
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CxoacTBO B TOMOMNOrnm NnoTeHUnar-aktTnBnpyemblX KaHal10B

- uaewn opraHmnsaumnm K* n
Na*® kaHanoB o4YeHb CXOXue

- KpucTtannusaumm
noaaarTcs NpeXxae BCEro
KaHanbHble 6ernku
bakTepunanbHoro
NPOUCXOXOEHUSA

5

TRP

— ().05 substitutions/site

Yu & Catterall, 2004



Eukaryotic Na,

Tononorna Na* KaHana
3yKapmoT u baKkTepum

Na+ channel from Bacillus halodurans :

-contains a single 6TM domain of 274 amino acids
-forms a tetramer.
-voltage-dependent activation and inactivation
kinetics are 10-100 times slower than that of Na,,

Noda et al., 1984; 1986

NaChBac

Qutside
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Inside S

N

Ren et al., 2001



CTpyKTYypHble anemeHTbl Na* KaHana n3 6aktepuun A.butzleri

a ’

B2 - 6oNblUan Hapy»XHasa BOPOHKaA ANA MOHOB

‘ - NOHHbIN NYTb CTPOr0 3N1EKTPOOTPULLATENbHbIN
- CeNNeKTUBHbIN PUNBTP NPEeACTBAAET CaMbli
Y3KUMN Y4ACTOK OKO0 HAPYXHOW 4acTu
MeMbpaHblI
- yeTtbipe Glu 177 popmupytoT otBEpCTUE
V-.gomeH 4.6x4.6A° yepes3 KOTOPOE YAaCTUYHO
(S1-54) (S1-54)  rmppatupoBaHHbI Na*t MOXKeT NpoxoanTb

HERneTo4YHaA Bopdt
Glul77 CeneKTUBHbIN
dunnesTp
| |leHTpanbHas
MOJS1IOCTb
Side
view S6
Bopota

Payandeh et al., 2011



CTpyKTYpa cenieKTMBHOro dusabtpa Na* KaHana
e

eKNeTOYHaA BOPOHK

d

CenekTtusHbIN
douneTp

leHTpanbHas
NONOCTb

Boporta

54A

45A

35A




Na* KaHan n3 6aktepun A.butzleri

Bua c6oky Bup ceepxy
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Payandeh et al., 2011



fmapodobpoble wenm B Na* KaHane —
BO3MOXHble NYTU AENCTBMA aHECTETUKOB

lidocaine

- four lateral openings leading from the membrane to the lumen of the closed pore
- size 8x10 A°

-lipids penetrate through these side portals and lie deep within the central cavity,
occluding the ion conduction pathway



CpaBHeHue opraHmsaumm Na* n K* KaHanos 13 baktepum

BHeKneToyHaA BOPOHKaA

CenekTmBHbIN GUNBTP

LleHTpanbHaA NONOCTb

lidocaine BopOTa

~




The process of coating axons with myelin is incomplete
when humans are born. This is part of the reason why
babies are uncoordinated and slow learners.

Babies need lots of fat — not only for energy storage but
also to myelinate their neurons.



Jacqueline du Pre died of Multiple Sclerosis

e In demylinating diseases, such as multiple
sclerosis, the loss of myelin in the nervous
system slows down the conduction of APs.
Multiple sclerosis patients complain of
muscle weakness, fatigue, difficulty with
walking and a loss of vision.

Na* Nat
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Mulitple Sclerosis

 Demyelination of axons
— Impaired AP conduction

— Symptom depends on nerves affected

e Optic nerve — blindness
* Motor nerves — weakness or paralysis



