Kapitoly z
neurofyziologie smyslu




Neurofyziologie

Ambice: Pochopeni psychiky
cloveka a jejich poruch.




Bourlivy rozvoj:

Molekularni neurovedy
Neurofarmakologie
Zobrazovaci metody




Nobel pricesrelated to neuroscience

1901  Wilhelm Conrad Rontgen (Germany) "in recognition of the
extraordinary services he has rendered by the discovery of the remarkable rays
subsequently named after him"

1904  Ivan Petrovich Pavlov (Russia) "in recognition of his work on the
physiology of digestion, through which knowledge on vital aspects of the
subject has been transformed and enlarged"

1906  Camillo Golgi (Italy) and Santiago Ramon y Cajal (Spain) "in
recognition of their work on the structure of the nervous system"

1909  Emil Theodor Kocher (Switzerland) "for his work on the physiology,
pathology and surgery of the thyroid gland"

1914  Robert Barany (Vienna) "for his work on the physiology and pathology
of the vestibular apparatus”

1920  Chemistry: Walther Hermann Nernst (Germany) "in recognition of his
work in thermochemistry"

1932 Sir Charles Scott Sherrington (Great Britain) and Edgar Douglas
Adrian (Great Britain) "for their discoveries regarding the functions of neurons"




1935  Hans Spemann (Germany) "for his discovery of the organizer effect in
embryonic development"

1936  Sir Henry Hallett Dale (Great Britain) and Otto Loew1 (Great Britain) "for
their discoveries relating to chemical transmission of nerve impulses"

1944  Joseph Erlanger (USA) Herbert Spencer Gasser (USA) "for their
discoveries relating to the highly differentiated functions of single nerve fibres"

1949  Walter Rudolf Hess "for his discovery of the functional organization of the
interbrain as a coordinator of the activities of the internal organs"

1949  Antonio Caetano de Abreu Freire Egas Moniz "for his discovery of the
therapeutic value of leucotomy in certain psychoses"

1952  Physics: Felix Bloch (USA) and Edward Mills Purcell (USA) "for their
development of new methods for nuclear magnetic precision measurements and
discoveries in connection therewith"

1961  Georg von Békesy (USA/Hungary)"for his discoveries of the physical
mechanism of stimulation within the cochlea"




1962  Francis Harry Compton Crick (Great Britain), James Dewey Watson
(USA) and Maurice Hugh Frederick Wilkins (Great Britain) "for their
discoveries concerning the molecular structure of nucleic acids and its
significance for information transfer in living material"

1963  Sir John Carew Eccles (Australia), Alan Lloyd Hodgkin and Andrew
Fielding Huxley (Great Britain) "for their discoveries concerning the 1onic
mechanisms involved in excitation and inhibition in the peripheral and
central portions of the nerve cell membrane"

1967  Ragnar Granit (Sweden/Finland), Haldan Keffer Hartline (USA) and
George Wald (USA) "for their discoveries concerning the primary
physiological and chemical visual processes in the eye"

Robert W. Holley (USA), Har Gobind Khorana (USA) and Marshall W.
Nirenberg (USA) "for their interpretation of the genetic code and its function
in protein synthesis

1970  Sir Bernard Katz (Great Britain), Ulf von Euler (Sweden) and Julius
Axelrod (USA) "for their discoveries concerning the humoral transmittors in
the nerve terminals and the mechanism for their storage, release and
inactivation"




1972 Physics: John Bardeen (USA), Leon Neil Cooper (USA) and John
Robert Schrieffer (USA)"for their jointly developed theory of superconductivity,
usually called the BCS-theory" [Professor Cooper was Director of Brown
University's Center for Neural Science. ]

1973  Karl von Frisch (Germany), Konrad Lorenz (Austria) and Nikolaas
Tinbergen (Great Britain) "for their discoveries concerning organization and
elicitation of individual and social behaviour patterns"

1973  Physics: Brian David Josephson (Great Britain) "for his theoretical
predictions of theproperties of a supercurrent through a barrier, in particular those
phenomena which are generally known as the Josephson effects"

1976  Baruch S. Blumberg (USA) and D. Carleton Gajdusek (USA) "for their
discoveries concerning new mechanisms for the origin and dissemination of
infectious diseases"

1977  Roger Guillemin and Andrew Schally for their discoveries concerning
"the peptide hormone production of the brain"

1977  Rosalyn Yalow for "the development of radioimmunoassays of peptid
hormones"




1979  Allan M Cormack and Godfrey Newbold Hounsfield for the
"development of computer assisted tomography"

1981  Roger W. Sperry, for his discoveries concerning "the functional
specialization of the cerebral hemispheres"

1981  David H. Hubel and Torsten N. Wiesel, for their discoveries concerning
"visual system".

1986  Stanley Cohen (USA) Rita Levi-Montalcini (Italy/USA)"for their
discoveries of growth factors"

1991  Erwin Neher (Germany) Bert Sakmann (Germany) "for their discoveries
concerning the function of single 1on channels in cells"

1991  Chemistry: Richard R. Ernst (Switzerland) "for his contributions to the
development of the methodology of high resolution nuclear magnetic resonance
(NMR) spectroscopy"

1994  Alfred G. Gilman (USA) Martin Rodbell (USA) "for their discovery of
G-proteins and the role of these proteins in signal transduction in cells"

1997  Stanley B. Prusiner, in Physiology or Medicine for his discovery of
"prions - a new biological principle of infection"




1997  Chemistry: Paul D. Boyer (USA) and John E. Walker (Great Britain) "for
their elucidation of the enzymatic mechanism underlying the synthesis of
adenosine triphosphate (ATP)"

1997  Jens C. Skou (Denmark) "for the first discovery of an ion-transporting
enzyme, Na+, K+-ATPase"

1998  Robert F. Furchgott (USA)Louis J. Ignarro (USA) and Ferid Murad
(USA) "for their discoveries concerning nitric oxide as a signalling molecule in
the cardiovascular system"

2000Arvid Carlsson, Paul Greengard and Eric Kandel for their discoveries
concerning "signal transduction in the nervous systém

2003 Paul C. Lauterbur Sir Peter Mansfield for their discoveries concerning
magnetic resonance imaging

2004 Richard Axel, Linda Buck for their discoveries of odorant receptors and the
organization of the olfactory system
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Neurofyziologie

Studium nervovych a doprovodnych bunék, zpusobu jak jsou sestaveny do
funkénich celkl, které vedou, zpracovavaji, ukladaji informaci
a zprostredkuji chovani.




Internet a neco z jeho neomezene
nabidky:

http://www.physpharm.fmd.uwo.ca/undergrad/medsweb/

http://entochem.tamu.edu/index.html

http://web.neurobio.arizona.edu/gronenberg/nrsc581/index.html

http://www.biol.sc.edu/~vogt/courses/neuro/neurobehavior.html

http://instructl.cit.cornell.edu/courses/bionb424/links.htm

http://nelson.beckman.uiuc.edu/courses/neuroethol/

http://www.blackwellpublishing.com/matthews/default.html

http://www.hhmi.org/biointeractive/vlabs/neurophysiology/index.html




Kapitoly z neurofyziologie
smyslU — vybér kapitol

Fyziologie membran:

- klidovy potencial

- akéni potencial

- iontoveé kanaly

- Sifeni signalu a synapse

Fyziologie smyslu:

- obecné principy

- Cich a chut’

- hmat a sluch

- zrak a dalsi smysly

Psychofyziologie:

- zpracovani zrakové informace
- uceni a pamet

- chovani, neuroetologie

Figure 11.2 Glial cells There ¢
and unmyelinated) in the perip
trocytes are metabolic support
cytes related to cells of the imn



Materialy, prezentace,

navaznosti na predmety,
hodnoceni.




Predavani a zpracovani informaci:

elektro - chemicka spoluprace




Fyziologie membran:
potencial




Klidovy potencial

Fine
Glass ™ .- Drop of
Thread g Electrolyte
Solution Cathode Ray
Oscilloscope (CRO)

Micro-
pipette
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o O

Electrometer
{(Input from
Electrode)
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Electrode
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Fig. 4.4 The micropipette is used for electrical recording (extracellular, intracellular, patch),
electrical stimulation (current or voltage clamp), or delivery of substances (microionophoresis or
pressure ejection). Preparation of an intracellular recording micropipette is shown on the left. The
diagram on the right shows the arrangement for recording from a squid axon and observing

potentials on a cathode ray oscilloscope (CRO).




Gibbs-Donnanova rovhovaha

lont Koncentrace Gradient Rovnové\_iny
Intracelularni | Extracelularni | Intra/Extra | potencial
Na” 12 mmol/I 145 mmol/l 1:12 +67 mV
K 155 mmol/l 4 mmol/l 39:1 -98 mV
Cl 4 mmol/l 123 mmol/l 1:31 -90 mV
volny Ca~" | 10~ mmol/l 1,5 mmol/I| 1:15.000 +129 mV
fixni anionty | 155 mmol/l

Tab. 2.2. Tabulka rozlozeni iontovych koncentraci na bunécne
membrane kosterniho svalu savce.




— A. Priciny a disledky klidového potencidlu membrany
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Rovnovazny potencial — pro dany iont
Nernstovarr.

E =6ImV log -

1

Intracelulami lMEmbrﬂna Extracelulami Goldmanovarr.
prostor prostor
RT PK[K'Jo + PNa[Na*]o + PCI[CI']i
Ob 2. Rozging membrinove podminky pro Na- a k. Nay_ |

pumpa stale udrzue na membrane gradient Na™ | K*. Zatimoo K”
vEak mlze membranou volné prochazet, pro Ma* je témér nepro-
pustna. Na’ je éempano do strmeého kopee" - protivelke elektoche-
micke sile.

Gradient | Rovnovazny
Intra/Extra | potencial

1:12 +67 mV
39:1 -98 mV




Hnaci sila = Driving Force

-90mV — (Rovnovazny potencial)

lont Koncentrace Gradient Rovnové\_iny
Intracelularni | Extracelularni | Intra/Extral| potencial
Na” 12 mmol/I 145 mmol/l 1:12 +67 mV
K 155 mmol/l 4 mmol/l 39:1 -98 mV
Cl 4 mmol/l 123 mmol/l 1:31 -90 mV
volny Ca~" | 10~ mmol/l 1,5 mmol/I| 1:15.000 +129 mV
fixni anionty | 155 mmol/l

Tab. 2.2. Tabulka rozlozeni iontovych koncentraci na bunécne
membrane kosterniho svalu savce.
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Nitro buriky

Na+ gradient

@ Cation binding residues

@ Residues involved in conformational changes

@ Residues affecting Na* and K" selectivity
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Klidovy potencial

e Ulozena energie pro generovani, Sireni a
zpracovani elektrickych signalu:
e AKCni potencial — vhodny pro dalkovy,
nezkresleny a rychly pfenos signalu

e Mistni potencial — vhodny pro zpracovani,
syntézu, modifikaci informaci




Akcni potencial

Galvani’s Frogs Lab

Horni zdznam odpovida prib&hu "nervového akéniho proudu”, tak
jak jej Bernstein naméfil r. 1868 a publikoval r. 1871. Na spodnim
zaznamu, ktery Bernstein publikoval v Elektrobiologii r. 1913, chybi
piekmit "akéniho proudu” do kladnych hodnot (priib&hy jsou
zaznamenany s opacnou polaritou, neZ na jakou jsme dnes zvykli).




Jak se dnes meri a jak vypada?

http://www.hhmi.org/biointeractive/viabs/neu
rophysiology/index.html




intenzita podnétu (V)

" prahovy podnét
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The Nobel Prize in Physiology

or Medicine 1963

"for their discoveries concerning the ionic mechanisms
involved in excitation and inhibition in the peripheral and
central portions of the nerve cell membrane"

Sir John
Carew

Eccles
1/3 of the

prize
Australia

Australian
National

University
Canberra,

Rudfffia
d. 1997

3

Alan Lloyd
Hodgkin
[ |

1/3 of the
prize
United
Kingdom
University of
Cambridge
Cambridge,
United

i
d. 1998

!
O

Andrew
Fielding
Huxley
1/3 of the
prize
United
Kingdom
London
University
London,
United

Rirkffbfn




Feedback

Voltage
Source

A
L

Hodkgkin & Huxley

napétovy zamek, 1963.

Dodavany proud kompenzuje Record

iontove toky tak, aby napéti Membrane
zustalo konstantni. Proud
je registrovan.
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Na — TTX (Tetrodotoxin) — ,,ucpe® usti kanalu
K — TEA (Tetracthyl amonium)

Tetrodotoxin

)N N N |
AN_ SN AN

Ctverzubec Tetraodon - fugu
http://www.osel.cz/index.php?clanek=238




CAsS [-u.]

Obr. 14.16 Membr#inové proudy na myelinisovanych axonech po experimentilné provedené skok-
ové zméné membrinového napéti. Membrdnové napétf bylo v case t=0 skokem zménéno z -95 mV na
hodnoty udané u Jjednotlivych kivek. K¥ivky vyjad¥ujf namévené proudy iontit, naho¥e natria, dole kalia.
Svisid osa - intensita proudu, vadorawui osa - fas. P¥i skoku na -60 mV Jje skok jeité podprahovy a
nevyvoldvd iddny proud. A: Na* proud: mezi +30 a +60 mV ménf Na' proud polaritu z negativntho
(smé&rem do bwriky, pod vodorovnou primkou) na posmvut (ven z bwiiky, nad p¥imkou, pro dany prepardt
le¥f toti¥ hodnota rovnovdiného napéi pro Na® pod +60 mV) a s pribyvajict depolansacf tece stdle
kratceji. B: K' proud: tento proud stoupd po depolarisaci (do positivhich hodnot, tj. ven z buriky)
mnohem pomaleji nef proud Na* a drif se na stejné vyice béhem celé depolarisace. (Z DUDELA 1990b)
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Propagace, Voltage clamp

http://bcs.whfreeman.com/thelifewire/content/chp44/4402s.swf




K ¢emu jesté voltage clamp?

Receptor
potential
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discharge impulse impulse
frequency frequency
EXCITATION INHIBITION




Oteviraji se Na nebo zaviraji K kanaly?
Zamknuti membrany vySachuje napétove sensitivni kanaly a iontoveé toky jsou

dusledkem jen mechanické
manipulace!

K-l-
K+ K+
Figure 3.12
Two possible mechanisms for production of the hair cell response (A) Move-
ment of the hair bundle toward the kinocilium opens channels that are permeable
to Na®. (B) Movement of the hair bundle away from the kinocilium opens channels
that are permeable to K*.




Ruzné proudy pfes membranu po pohy
bech cilii u riznych hodnot ,zamknutého”
napeti.

Neni to ani K ani jen Na, jsou to neselektivné
kationty.
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Kanaly — prostredek udrzovani integrity bunky a komunikace

§. - sacharidy

misto delece
ferylalaninu
L]

oblast 4 T ; {
vazaiial W & SR olrala_sjc :
nuklectidy W R chlotidove . vazajicl

: fonty  nukleotidy

¢ r r. -
Gytoplazma reguladni ® fostitovd

ablast skupina

Po ukotveni v membrané se protein CFTR slofité pfizplsobuje — whvai kanallky, ktergmi
mohaou pfes membranu proudit chloridove ionty. ¥ cytoplazmaticke Easti proteinu jsou tfi
regulacni ohlasti, ktere se podileji na uzavirani a otevirani poru. Kanalek se otevie jeding
tehdy, kdyZ se na CFTR navaiou dvE molekuly ATF a zaroven je fosforylovana tieti

regulani oblast. U mutovanéha proteinu je jedna z ohlasti vazajicich ATP intakini a
membranoyy kanalek se neotevira.
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Obyr. 2.7. Vratkované kandly. Pohybliva uzaviraci doména reaguje
otevienim kanalu na rlzneé podnéty: a) chemicky vratkované na
vazbu ligandu na receptorove misto, b) elektricky vratkované na
zménu membranoveho napéti, ¢} mechanicky vratkovaneé na tah
za pfipojeny cytoskeletalni filament.
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acetylcholin
(nikotinergni)

vnejsi ligan

GABA
I
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4 k intraceluldrni signalni
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TABLE 12.3 lonotropic and metabotropic receptors: Structural, functional,
and mechanistic differences

Characteristic lonotropic receptors Metabotropic receptors
FReceptormolecule Ligand-gated channel receptor G protein-coupled receptor

Molecular structure Five subunits around an Protein with seven transmembrane

ion channel segments; no channel

Malecular action Open ion channel Activate G protein; metabolic cascade

second messenger No Yes (usually)

Gating of ion channels Direct Indirect (or none)

Type of synaptic effect Fast EPSP or IPSP Slow PSPs; modulatory changes

(in channel properties, cell metabo-
lism, or gene expression)
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TABLE 12.3 lonotropic and metabotropic receptors: Structural, functional,
and mechanistic differences

Characteristic lonotropic receptors Metabotropic receptors
FReceptor molecule Ligand-gated channel receptor G protein-coupled receptor tranSd u kCe
Molecular structure Five subunits around an Protein with seven transmembrane
ion channel segments; no channel
Malecular action Open ion channel Activate G protein; metabolic cascade
second messenger No Yes (usually)
Gating of ion channels Direct Indirect (or none)
Type of synaptic effect Fast EPSP or IPSP Slow PSPs; modulatory changes

(in channel properties, cell metabo-
lism, or gene expression)




Uz jste se potkali s kanaly?

— A. Homeostasis of Volume and Electrolytes in the Cell

HQO Na+
1 4
l Na'/K*-ATPase
Na"
H,0 ATP @ | ’2
< K
Amino acids, = 4
glucose, etc. K >
4 SHCE
ClE - >
1Ca*
7 8 9
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Metabolism
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In nerve and
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Na’ channels
Na”
10
+
Na

=0l
< K*

>
& @
>

K+
Cl




Ridi pfedavani signalt nesenych ionty.

— C. Requlation of Cell Proliferation, Motility and Differentiation
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— B. Diacylglycerol (DAG) and inositol 1,4,5-trisphosphate (IP;) as second messengers —

e.q. PIP, (phosphatidylino- F'
epinephrine (o), Messen _er_binds _ sitol 4’5'b'5Dh°Sphalt§._). 4P
histamine (H), to specific receptors Py |

CCK, etc.
e Second

ECF messengers \ IP;
N .'
Cell \ v

trisphosphate)
membrane

PIP;, = .
: Phospho- {Ddﬁ(c:lyl-

lipase G- Phospho- glycerol)

Gtz lipase A2

Arachidonic acid

)|
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Protein
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Calmodulin \ __./:J

Ca?t
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Protein
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y

Cell response
Neurons, exocrine and endocrine pancreas,
platelets, liver, adrenal cortex, leukocytes, oocytes, etc.




— E. Nitric oxide (NO) as a transmitter substance

Messenger, —
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— A. Triggering and Development of Apoptosis
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— B. Necrosis

Poisoning
(e.g. oxidants)

Endogenous substances
(e.g. glutamate)

Hypoglycemia Hypoxia, ischemia
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Transmembranove proteiny
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Membrane-spanning
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Figure 1.10

Analysis of hydropathy and the folding of membrane proteins The amino acid
sequence of a membrane protein can be used to make inferences about protein
structure, as described in the text.



: CATDUIIVULELIC EIUUDD aIFFafd Proest fom e
in:this hypothesized face, not the inner, cytoplasmic face (see Figur

secondary structure of the T h ! ) o
(a) Secondary structure (linear presentation) entire protein molecule, hydrate groups are thought to sk attachr
each cylinder represents an cellular proteins and as cell recognition sites.

Extracellular fluid a-helix (see Box 2.1).

Hydrophilic ! The word fragment glyco refers to carbohydrates (after the
amino acid Hydrophobic

c-helix

Cell

membrane

Figure 2.4 The structure of a transmembrane pr
gated Na* channel—illustrating several modes o

This molecule
consists of four
domains, each of
which includes six

Domain 11 Domain 111 Domain IV

Domain 1

ci-helices.
Cytoplasm
(b) Simplified three-dimen- {c) Stylized version (d) Semirealistic {e) Schematic (f) Stylized version of
tional structure enclosed of chemical symbol symbaol chemical structure
in a sketch of the envelope structure showing showing associated
of the molecule subunits protein molecules
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For different purposes, the protein can be represented - . : .
in a variety of ways. A protein of this sort may be associated in the

Cytoplasm membrane with other transmembrane proteins
{e.g., B) or peripheral proteins (e.g., ¥).
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Fig. 5.3 Presumed tertiary structure of the Na* channel protein based on hydropathicity plots of
the primary amino acid sequence. A. The channel protein consists of four repeating subunits, each
containing six presumed transmembrane segments. Segment 4 contains an excess of positively
charged residues and is assumed to be the voltage sensor. A long loop between segments S and 6 is
believed to dip into the membrane and form the face of the pore. A cytoplasmic loop contains the
inactivation gate. B. View looking down on the membrane to see the arrangement of the four
subunits around the central pore. The Ca?* channel protein is similar in its construction. (Modified
from Catterall, 1988, and Stevens, 1991, in Kandel et al., 1991)
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Obr. 13 Kluzné Sroubovy model nap&tové zavisiého vratkovani podie Catteralla.
Segment S, je zfejm& senzor napéti. Segment S, dorény il sodikového kanélu elektrického organu
parejnoka Torpedo je zndzornén jako transmembranova a Sroubovice s Fadou pozitivnich naboji,
tvofenych opakujicimi se zbytky "z4sadité" aminokyseliny argininu. KaZdy pozitivni naboj je
neutralizovan negativnim nabojem sousednich transmembranovych $roubovic (kazda tfetf v poradi
sekvence). Vytvafi se spirdla iontovych part prostupujicich membranou. Sita membranového
elektrickeho pole stabilizuje tvorbu iontovych part tim, 3e tahne pozitivni naboje dovnitf a vytladuje
negativni naboje ven podobné jako jadro v elektromagnetu. Pfi depolarizaci (AV) se tato sila  uvoini
aSroubovice tvofici  segmenty S,ve vSech 4 homolognich doménéach se vysunou ven jako uvoinéné
pruziny ve sméru spirdly pFiblizné o 5 A, pfitemz se oto&i o 60° tak, Ze se kladné naboje posunou
vzhledem k sousedni Sroubovici o jedno misto venz buriky. Dojde tim ke sniZeni kladného naboje
navnitrni  stran& membrany. Je zajimavé (A), e velmi podobné uspofddani bazickych argininovych
nebo lysinovych kladné nabitych zbytk( nachazime v tomto pfedpokiadaném napé&fovém senzoru
S.jak u sodikového kandlu z parejnoka & mozku potkana, tak ve vapnikovém kanalu krali¢iho
kosterniho svalu a v draslikovém kanalu mutanta Shaker octomilky Drosophila melanogaster (viz obr.
14). (Podle Catterall 1988)
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Fig. 5.3 Presumed tertiary structure of the Na* channel protein based on hydropathicity plots of
the primary amino acid sequence. A. The channel protein consists of four repeating subunits, each
containing six presumed transmembrane segments. Segment 4 contains an excess of positively
charged residues and is assumed to be the voltage sensor. A long loop between segments S and 6 is
believed to dip into the membrane and form the face of the pore. A cytoplasmic loop contains the
inactivation gate. B. View looking down on the membrane to see the arrangement of the four
subunits around the central pore. The Ca?* channel protein is similar in its construction. (Modified
from Catterall, 1988, and Stevens, 1991, in Kandel et al., 1991)



Selektivita K+ kanalu Streptomyces

(a) K* channel structure (B) Ion selectivity filter

Cell
membrane
Selectivity
filter sites
Unhydrated K*

Figure 11.22 lon permeation through K* channels (a) The struc-
ture of a bacterial K* channel as determined by X-ray diffraction. The
subunits correspond to membrane-spanning segments 5 and 6 and the
P loop of voltage-gated channels (see the figure in Box 11.1). The narrow
ion-selective pore is lined by the P loop of each of the four subunits (yel-
low; only two of the four are visible here), and it has four sites that can
be occupied by K* ions (green spheres). An additional K* ion can occupy
an inner cavity below the selectivity filter. (b) Sites occupied by K* ions in
and near the selectivity filter. K* jons are normally surrounded by polar
water molecules, but in the pore of a potassium channel, oxygen atoms
lining the pore compete with water molecules to attract the cation. The
image shows a K* ion in the inner chamber with eight water molecules
around it (bottom), four unhydrated K* ions at the selectivity filter sites,
a K” ion at the outer face of the pore, and a K* jon with a partial shell of
four water molecules (top). (c) A model of K* ion permeation. This chain
reaction allows the channel to be both highly selective and highly per-
meable to K*. (a from Morais-Cabral et al. 2001; b from Zhou et al. 2001;
¢ after Miller 2001.)

Within the channel, K* ions
occupy alternate sites and
repel each other; movement
of an ion to the innermost site
of the selectivity filter
displaces each ion by one site, |

{r) Model of ion permeation

Extracellular

An ion enters the
channel from the
inner end...

...displacing
another ion at the
cavity site in the
inner chamber,

Cytoplasm

with short axons or no axons, so a graded potential change at o
of the cell can spread passively (electrotonically) to the termi
out major decrement.

The inputs and outputs of spiking and nonspiking neurons a
same, but the short-axon nonspiking neuron does not require
encoding to carry the signal over large distances. Examples of nof
ing neurons include the photoreceptors, bipolar cells, and hotiz
cells of the vertebrate retina (see Chapter 13), granule cells of the
tory bulb, and many arthropod interneurons.
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Fig. 5.3 Presumed tertiary structure of the Na* channel protein based on hydropathicity plots of
the primary amino acid sequence. A. The channel protein consists of four repeating subunits, each
containing six presumed transmembrane segments. Segment 4 contains an excess of positively
charged residues and is assumed to be the voltage sensor. A long loop between segments S and 6 is
believed to dip into the membrane and form the face of the pore. A cytoplasmic loop contains the
inactivation gate. B. View looking down on the membrane to see the arrangement of the four
subunits around the central pore. The Ca?* channel protein is similar in its construction. (Modified
from Catterall, 1988, and Stevens, 1991, in Kandel et al., 1991)



The Nobel Prize in Physiology or
Medicine 1991

"for their discoveries concerning the function of single ion

channels in cells"

Erwin Neher

1/2 of the prize
Federal Republic of
Germany

Max-Planck-Institut fur
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Republic of Germany

b. 1944
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Federal Republic of
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medizinische Forschung
Heidelberg, Federal
Republic of Germany
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Obr. 14.18 Proudy tekouci Na*-kanily (vievo) a K'-kandly (vpravo). Membrdnové napétf bylo po
dobu 14 ms experimentdiné skokem prestaveno z -80 mV na -40 mV (hornf krivka), a to bylo desetkrdt
opakovdno. PFitom byly méFeny membrdnové proudy (10 k¥ivek v dolejsi &dsti obr.). Proudy proteklé
jednotlivymi kandly se objevuji portiznu béhem depolarisace a trvaji riizné dlouho. Sumact takovychto
zdznamit vznikd zdznam sumadniho proudu, JNa pop¥. JK (zubatd k¥ivka). Je vidét, Ze u Nat-kandli je
otevieni nejpravdépodobnéjsi krdtce po zméné napétf na membrdné a Ze pak dochdzi k pozvolné inak-
tivaci. -kandly se naproti tomu oteviraji v priiméru s jistym zpoZdénim, pak se vSak ustavuje urcitd
stFedni Sastost otevieni, kterd ziistdvd konstantni po celou dobu depolarisace. (Z DUDELA 1990b)
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The Nobel Prize in Chemistry 2003

"for discoveries concerning channels in cell membranes”

"for the discovery of water
channels"

Peter Agre

1/2 of the prize
USA

Johns Hopkins University
School of Medicine
Baltimore, MD, USA

"for structural and mechanistic
studies of ion channels"

§

Roderick MacKinnon

1/2 of the prize
USA

Rockefeller University
New York, NY, USA; Howard
Hughes Medical Institute




Roderick
MacKinnon and
lon Channels

Roderick MacKinnon, M.D., a visiting researcher at the U.S. Department of Energy's
Brookhaven National Laboratory, is a recipient of the 2003 Nobel Prize in Chemistry
'for structural and mechanistic studies of ion channels.,

His research explains "how a class of proteins helps to generate nerve impulses — the
electrical activity that underlies all movement, sensation, and perhaps even thought
The work leading to the prize was done primarily at the Cornell High Energy
Synchrotron Source [CHESS] and the National Synchrotron Light Source [NSLS] at
Brookhaven.

The proteins, called ion channels, are tiny pores that stud the surface of all of our
cells. These channels allow the passage of potassium, calcium, sodium, and chloridg
molecules called ions. Rapid-fire opening and closing of these channels releases ion4 HRE

moving electrical impulses from the brain in a wave to their destination in the body. XY A ol S o R e
F, s e et = L 4 &y B o
- e

;
e

T
s e

"Potassium channels act as both gateways and gatekeepers on cell membranes,
controlling the flow of ions and enabling brains to think, muscles to move, and hear
to beat. Malfunctioning ion channels contribute to epilepsy, arrhythmia, and other
diseases."2
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cDNA Figure 1.9

Common methods of gene
expression for recording the
electrical activity of ion
channels and other membrane
proteins (A) Injection into a
Xenopus oocyte, which can then

be studied by voltage clamping.

(B) Transfection. DNA incorpo-

TEATEEAEE, ratgd into plasmid or vival vec-
select, and ; o  torisintroduced into the cell by
culture 4 electroporation, Ca** shock, or

direct injection into the nucleus
(as shown). Cell line may then
be used for patch-clamp record-
ing. V,,, membrane potential; 1,
command potential; R, feedback
resistance of patch amplifier; i,,,
membrane current. After Fain
(1999).
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Vapnikova komunikace a Ca kanaly
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