Kapitoly z
neurofyziologie smyslu



Neurofyziologie

Ambice: Pochopeni psychiky
cloveka a jejich poruch.



Bourlivy rozvoj:

Molekularni neurovedy
Neurofarmakologie
Zobrazovaci metody
Optogenetika.




Prednostne resené probléemy:

Pamet

Zavislosti

Deprese

Neurodegenerativni poruchy
Lokalizace mozkovych funkci



Nobel prices related 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  lvan 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 Loewi (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 Bekeésy (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 ionic
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 ion 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"



http://www.nobel.se/medicine/educational/poster/1994/index.html
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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


http://nobelprize.org/medicine/laureates/1981/
http://nobelprize.org/medicine/laureates/1981/

Neurofyziologie

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



Smyslova neurofyziologie

ProcC studovat smysly:

Vratka do vedomi, kontakt s vnejsim svetem.
Urcuji chovani.

Pouzivaji obecne molekularni principy signalizace.



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/~voqgt/courses/neuro/neurobehavior.nhtml

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

http://www.hhmi.org/biointeractive/click/index.html



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://instruct1.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
http://www.hhmi.org/biointeractive/click/index.html

Kapitoly z neurofyziologie

smyslt — vybér kapitol

Fyziologie membran: | [

- klidovy potencial UL/ /7 astrocyte
- akéni potencial

- iontové kanaly

- Sifeni signalu a synapse Cpillacy

\ g
l Microglial
cell

Fyziologie smyslu:

- obecné principy

- Cich a chut’

- hmat a sluch

- zrak a dalsi smysly

Psychofyziologie:
- zpracovani zrakove informace
- uCeni a pamet

Figure 11.2 Glialcells There:z
and unmyelinated) in the perir
Y, \ trocytes are metabolic support
< . cytes related to cells of the imn
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Fyziologie nervovych membran:
recC elektrickych potencialu

1 Sensory signals 2 Motor signals 3 Muscle signals

Input Integration Conduction Qutput Input Integration Conduction Qutput Input Integration Conduction Qutput
{transmitter {transmitter (behavior)
release) release)

Action
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Predavani a zpracovani informaci:

elektro - chemicka spoluprace




Klidovy potencial

Fine

Glass ™ .- Drop of
Thread gy’ Electrolyte
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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).
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Gibbs-Donnanova rovnovaha

lont

Koncentrace

Intracelularni

Extracelularni

Gradient
Intra/Extra

Rovnovazny
potencial

12 mmol/l

145 mmol/l

1:12

+6/7 mV

Na®
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/I

1,5 mmol/l

1:15.000

+129 mV

fixni anionty

155 mmol/l

Tab. 2.2. Tabulka rozlozeni iontovych koncentraci na bunécne

membrané kosterniho svalu savce.
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’» A. Priciny a diisledky klidového potencidlu membrany
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Rovnovazny potencial — pro dany iont
Nernstova .

Intracelulami \Membrana ExtracelulAmi Goldman-Hodgkin-Katz .
prostor prostor
RT  PK[K*]e + PNa[Na*]e + PCI[CI]i
Obr. 2.9. Rozdilné membranové podminky pro Na® a K*. Na/K . PK[K+]I+PNa[N:':1+]-|+-P-(:|[C|]e

pumpa stale udrzuje na membrané gradient Na" i K*. Zatimco K*
vEak muze membranou volné prochazet, pro Na' je témeéf nepro-

pustna. Na’ je Cermpano ,do strmeho kopce” - proti velke elektroche- Gradient RovnOVéZny
micke sile. - 7
Intra/Extra| potencial
1:12 +6/7 mV
39:1 -98 mV




Hnaci sila = Driving Force

-90mV — (Rovnovazny potencial)

lont Koncentrace Gradient Rovnové_iny
Intracelularni | Extracelulami | Intra/Extra| potencial
Na” 12 mmol/l 145 mmol/I 1:12 +6/7 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/l| 1:15.000 +129 mV
fixni anionty | 155 mmol/l

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




Na/K ATP-aza nabiji membranu

Na+ gradient

Nitro bunky K+ gradient

@ Cation binding residues
@ Residues involved in conformational changes
@ Residues affecting Na* and K* selectivity




Ouaba|n — Cuahain
Inhibitor Na/K pumpy

Bio Site ZF0OG04

Gene expression
and proliferation

Nucleus


http://www.biochemj.org/bj/356/0685/bj3560685f14.htm?resolution=HIGH

membrﬁna

|1oa 000 'N.fl
[110 000 cu_',:l

/171000

Jen 6 kationtu vné navic na pozadi 440.000 iontu ostatnich je schopno nabit
membranu. Staci tedy premistit jen nepatrna mnozstvi a potencial se vyrazné zmeéni.




+ + + F Fr A EEre

exact balance of charges on each side of the a few of the positive ions (red) cross the

membrane; membrane potential =0 membrane from right to left, leaving their
negative counterions (red) behind; this sets
up a nonzero membrane potential

Figure 11-22 Molecular Biology of the Cell 5/e (© Garland Science 2008)

lonty odpovédné za vznik membranoveho potencialu lezi v tenké vrstvé u membrany.
Pocet kationtu, ktery je schopen pfechodem membrany zménit napéti o 100mV je
pouze 1/100.000 celkového poctu kationtu v cytosolu.

— Staci tedy mala a rychla zména k AP.

— Jeden AP koncentrace nezmeni.




Klidovy potencial

e Ulozena energie pro radu membranovych
,stroju” (sprazeny transport) signalu (Ca
signaly, fertilizace vajicka).

e \/ neuronech na generovani, zpracovani a
Sifeni elektrickych signalu:

e AKCni potencial — vhodny pro dalkovy,
nezkresleny a rychly prenos signalu

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




Akeni potencial
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Homni zaznam odpovida prubéhu “nervového akéniho proudu”, tak
jak jej Bernsteln naméfil r. 1868 a publikoval r. 1871. Na spodnim
zaznamu, ktery Bernstein publikoval v Elektroblologil r. 1913, chybi

pfekmit "akéniho proudu” do kladnych hodnot (priib&hy jsou
zaznamenany s opafnou polaritou, neZ na jakou jsme dnes zvykli).
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Fig. 44 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).

1. Action potentials are recorded with an intracellular electrode

The squid giant axon is about 0.5-1 mm in diameter and several centi-
meters long. An electrode in the form of a glass capillary tube containing

a conducting solution can be thrust down the axis of the axon so that its
tip lies deep in the cytoplasm. With its help, one can measure the voltage
difference between the inside and the outside of the axon—that is, the
membrane potential—as an action potential sweeps past the electrode.
The action potential is triggered by a brief electrical stimulus to one end
of the axon. It does not matter which end, because the excitation can

40

travel in either direction; and it does not matter how big the stimulus is,

as long as it exceeds a certain threshold: the action potential is all or none.

action potential
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Jak se dnes meéri a jak vypada?

http://www.hhmi.org/biointeractive/vlabs/neu
rophysiology/index.html
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4 Informace, kterou prenasi, je zapsana do frekvence.
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Figure 7-2C Depolarization. Figure 7-2D Hyperpolarization.

= Bud nevznikne vubec, nebo vznika stale stejné velky.

= Vznikne pfi uritém stupni depolarizace



The Nobel Prize in Physiology
or Medicine 1963

lontova hypotéza
Vzniku AP

"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 Alan Lloyd Andrew
Carew Hodgkin Fielding
Eccles - Huxle
1/3 of the 1/3 of the 1/! of the
prize prize prize
Australia United United
Kingdom Kingdom
Australian University of London
National Cambridge University
University Cambridge, London,
Canberra, United United
Rudffia i Ri

i
d. 1997 d. 1998




Voltage clamp

Hodkgkin & Huxley
napctovy zamek, 1963.

Dodavany proud kompenzuje
iontove toky tak, aby napéti
zlstalo konstantni. Proud

je registrovan.

Record
Membrane
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Amplifier
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Blokatory kanalu
Na — TTX (Tetrodotoxin) — ,,ucpe* tsti kanalu

K — TEA (Tetraethyl amonium)

Tetrodotoxin
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2. Action potentials depend only on the neuronal plasma and then to perfuse it internally with pure artificial solutions
membrane and on gradients of Na* and K* across it of Na*, K*, and CI" or 8042". Remarkably, if {and only if) the

concentrations of Na* and K* inside and outside approximate
The three most plentiful ions, both inside and outside the axon, those found naturally, the axon will still propagate action

are Na*, K%, and CI". As in other cells, the Na*-K* pump maintains potentials of the normal form. The important part of the cell

a concentration gradient: the concentration of Na* is about 9 times  for electrical signaling, therefore, must be the plasma

lower inside the axon than outside, while the concentration of K* membrane; the important ions are Na* and K*; and a sufficient
is about 20 times higher inside than outside. Which ions are source of free energy to power the action potential must be

important for the action potential? provided by the concentration gradients of these ions across
The squid giant axon is so large and robust that it is possible to  the membrane, because all other sources of metabolic energy
extrude the gel-like cytoplasm from it, like toothpaste from a tube, have presumably been removed by the perfusion.

cannula for perfusion giant axon rubber axoplasm perfusion fluid stream of perfusion fluid

roller— \\\r\ E— :
\./ : cannula H .
# membrane of giant axon

rubber mat




4. Voltage clamping reveals how the membrane potential relatively long time—about 10 milliseconds—spent at the
controls opening and closing of ion channels repolarized (resting) membrane potential.

In a normal unclamped axon, an inrush of Na* through the
opened Na* channels produces the spike of the action potential;
inactivation of Na* channels and opening of K* channels bring
the membrane rapidly back down to the resting potential.

The membrane potential can be held constant (“voltage
clamped”) throughout the axon by passing a suitable current
through a bare metal wire inserted along the axis of the axon
while monitoring the membrane potential with another

intracellular electrode. When the membrane is abruptly shifted +20
from the resting potential and held in a depolarized state (A),

Na* channels rapidly open until the Na* permeability of the
membrane is much greater than the K™ permeability; they then
close again spontaneously, even though the membrane potential

is clamped and unchanging. K™ channels also open but with a
delay, so that the K* permeability increases as the Na* permeability
falls (B). If the experiment is now very promptly repeated, by
returning the membrane briefly to the resting potential and then
quickly depolarizing it again, the response is different: prolonged
depolarization has caused the Na* channels to enter an inactivated aclivaled BN Pandiictance
state, so that the second depolarization fails to cause a rise and
fall similar to the first. Recovery from this state requires a

membrane potential

K* conductance

(B)

mS/cm?




K* proud

=

CAS [m-]

Obr. 14.16 Membranové proudy na myelinisovanych axonech po experiment#dlné provedené skok-
ové zméné membranového napéti. Membrdnové napéti bylo v ¢ase t=0 skokem zménéno z -95 mV na
hodnoty udané u jednotlivych k¥ivek. K¥ivky vyjad¥ujf namévené proudy iontid, naho¥e natria, dole kalia.
Svisld osa - intensita proudu, vodorovnd osa - ¢as. PFi skoku na -60 mV je skok jesté podprahovy a
nevyvoldvd #ddny proud. A: Na* proud; mezi +30 a +60 mV mént Na* proud polaritu z negativntho
(smérem do buriky, pod vodorovnou pFimkou) na positivnf (ven z bwriky, nad primkou, pro dany prepardt
lez( toti hodnota rovnovdiného napétl pro Na' pod +60 mV) a s pribyvajict depolarisaci tece stdle
kratceji. B: K proud; tento proud stoupd po depolarisaci (do positivnich hodnot, tj. ven z buwiky)
mnohem pomaleji ne proud Na* a dr¥f se na stejné vysce béhem celé depolarisace. (Z DUDELA 1990b)
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(a) Resting membrane potential
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Videa/akční potenciál kanály.swf
Videa/akční potenciál kanály.swf
Videa/propagace voltage clamp.avi
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exact balance of charges on each side of the a few of the positive ions (red) cross the

membrane; membrane potential =0 membrane from right to left, leaving their
negative counterions (red) behind; this sets
up a nonzero membrane potential

Figure 11-22 Molecular Biology of the Cell 5/e (© Garland Science 2008)

Az 100.000 AP bez Na/K pumpy.




Az 100.000 AP bez Na/K pumpy.

Koncentrace béhem jednoho AP

zUstavaji téméF stejné. Rovnovazny potencial — pro dany iont
Nernstova .
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K ¢emu jesté voltage clamp?

Hyperpolarisation

Depolarisation
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EXCITATION INHIBITION

Kdyz je potfeba zamezit zpétnovazebnym déjum zavislym na

napeti.




Problém: Oteviraji se Na nebo zaviraji K kanaly?

Zamknuti membrany vysachuje napétové sensitivni kanaly a iontové toky jsou
dusledkem jen mechanické

manipulace!

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*.




Vysledek:

Ruzné proudy pfes membranu po pohybech
cilii u rznych hodnot ,zamknutého

napeti.

Z polarity toku: Neni to ani K ani jen Na, jsou
to neselektivni toky kationtu.

L

100 ms




Kanaly a patch clamp




Kanaly — prostredek udrzovani integrity bunky a komunikace

Po ukotveni v membrané se protein CFTR sloZité pfi j rybvali kanalky, kterymi
mohou pfes membranu proudit chloridove ionty. ti proteinu jsou tfi
regulacni oblasti, ktere se podileji na uza i . i poru. K otevie jeding
ZsenaCFTR na dve molekuly ATP a zar ylovana treti
t. U mutovar !
membranovy kanalek se neotevira.




Ne-neuralni fizeni:

Objem, osmolalitu, pH, klidové napéti -> transport, signalizaci (Ca)

— A. Homeostasis of Volume and Electrolytes in the Cell
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Kanaly — prostredek udrzovani integrity bunky a komunikace

Bunécnymi receptory bunky ,vidi* své okoli.
NS ,vidi“ jen to, co zasahne funkci kanalu.

Nevratkované — urcCuji klidovy potencial
Vratkované — pfijimaji signaly a ridi mistni i akcni
potencialy — pfijem a zpracovani informace NS

Vratkované kanaly nejsou jen na nervovych bunkach !

e Leukocyty, stejné jako rakovinove bunky maji napétove vratkované
kanaly

e Parametium — trepka
e Rostlinné bunky
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1

acetylcholin vnéjsi ligan
(nikotinergni)

Ligandem rizene:

IonOtrO nl’ intersticium | cytosol J \\
transdukce — receptor pfimo

na kanalu
Ligand se vaze extracelularné
(transmitter-gated)

tyrozin-
kinazy

“"\_7 K*

protazeni bunec-
né membrany

-
’

K
3
K* Cl ; ARy S o
4 intraceluldrni signalni
intracelularni latky
metabolity

TABLE 12.3 lonotropic and metabotropic receptors: Structural, functional,
and mechanistic differences

Characteristic lonotropic receptors Metabotropic receptors
}eceptor molecule Ligand-gated channel receptor G protein-coupled receptor
Molecular structure Five subunits around an Protein with seven transmembrane
ion channel segments; no channel
Molecular 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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acetylcholin vneéjsi ligandy
(nikotinergni)

Intracelularné

e lon gated

e Nucleotide gated

e Fosforylaci fizeny

cytosol

protazeni bunec-
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-
’
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intracewNarni latky
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TABLE 12.3 lonotropic and metabotropic receptors: Structural, functional,

istic differences {

i chonisticd Metabotropni

Characteristic ) lonotropic receptors Metabotropic receptors tranSdU kCe

Receptor molecule Ligand-gated channel receptor G protein-coupled receptor

Molecular structure Five subunits around an Protein with seven transmembrane

ion channel segments; no channel

Molecular 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)




Clone and sequence > Deduce amino acid sequence

the gene

Struktura — W ot
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I'é @ - @ Hydrophylic
Rekonstrukce podle viastnosti ®oeecesey, 'V

@ Polar/ionizable

lydrophobi

. Glycosylation site

Analyze aa sequence for
Long stretches of Regions rich in hydrophylic Glycosylation sites
hvdrophobic aa's and in charged aa’s
! (
Membrane-spanning Intracellular and Extracellular peptides
a-helical portions extracellular peptide portions containing sugars

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




X ray krystalografie — prostorovy vzhled proteinu tvoficich kanaly

x-ray diffraction pattern
obtained from the protein crystal

N

diffracted beams

protein crystal

beam of x-rays

.,/.

X-ray source

(A)

Figure 8-28 Molecular Biology of the Cell 5/e (© Garland Science 2008)



X ray krystalografie - vzhled
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In this hypothesized face, not the inner, cytoplasmic face (see Figur

secondary structure of the hvd - h } gL ¥ c setir]
a) Secondary structure (linear presentation) entire protein molecule, 1ydrate groups are thought to serve as attachn
each cylinder represents an cellular proteins and as cell recognition sites.

o-helix (see Box 2.1). i 2
! The word fragment glyco refers to carbohydrates (after the

Extracellular fluid

Hydrophilic
Cell amino acid Hydrophobic
membrane string o-helix

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 | Domain II Domain 111 Domain IV .
a-helices.
Cytoplasm
(b) Simplified three-dimen- (c) Stylized version (d) Semirealistic (e) Schematic (f) Stylized version of
tional structure enclosed of chemical symbol symbol chemical structure
in a sketch of the envelope structure showing showing associated
of the molecule subunits protein molecules

Extracellular fluid

Ccll( = 5§
membrane I\ A ﬁ J

For different purposes, the protein can be represented - z ; -
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., 7).




{2} Topology of voltage-gated Na* channels 4 domény, 6 segment
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Citlivy na napéti

Cytoplasmic Side

COOH

NH,

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 5 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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(8)

Obr. 13 Kiluzné Sroubovy model nap&tové zavisiého vratkovani podie Catteralla.
Segment S, je zfejm& senzor napéti. Segment S,domény lil sodikového kanalu elektrického organu
parejnoka Torpedo je zndzornén jako transmembranova a Sroubovice s Fadou pozitivhich naboj,
tvofenych opakujicimi se zbytky "zasadité" aminokyseliny argininu. KaZdy pozitivni naboj je
neutralizovan negativnim nabojem sousednich transmembranovych $roubovic (kaZzda tfeti v poradi
sekvence). Vytvafl se spirdla iontovych parl prostupujicich membranou. Sila membranového
elektrického pole stabilizuje tvorbu iontovych pari tim, fe tahne pozitivni naboje dovnitf a vytlaéuje
negativni naboje ven podobné& jako jadro v elektromagnetu. Pfi depolarizaci (AV) se tato sila uvoini
asroubovice tvofici segmenty S,ve viech 4 homolognich doménéach se vysunou ven jako uvoinéné
pruziny ve sméru spiraly pfiblizné o 5 A, pficemz se oto&i o 60°tak, Ze se kladné naboje posunou
vzhledem k sousedni Sroubovici o jedno misto ven z buriky. Dojde tim ke sniZeni kladného naboje
navnitfni stran& membrany. Je zajimavé (A), Ze velmi podobné uspofadani bazickych argininovych
nebo lysinovych kiadné& nabitych zbytkl nachazime v tomto pfedpokladaném napé&tfovém 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 5 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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Selektivita K+ kanalu Streptomyces

(b) lon selectivity filter

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* ions 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* ion 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:
c after Miller 2001.)

—

. . + _\n
Within the channel, K ions |
occupy alternate sites and
repel each other; movement

(€} Model of ion permeation of an ion to the innermost site
) , of the selectivity filter
ll-.‘\:‘rf‘:cvlizzl.n' ‘ displaces each ion by one site.
riuia - oS

Kk

Cell / :,.40:-//

membrane

|
1
/"-_ P —— \ \
An ion enters the | N ‘
channel fromthe L —— Q

inner end. .. | N
——— e =

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

pNS

Cytoplasm

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

The inputs and outputs of spiking and nonspiking neurons aré
same, but the short-axon nonspiking neuron does not require §
encoding to carry the signal over large distances. Examples of nong
ing neurons include the photoreceptors, bipolar cells, and horizd
cells of the vertebrate retina (see Chapter 13), granule cells of the ol
tory bulb, and many arthropod interneurons.



potassium
selectivity filter ion  selectivity loop -

Selektivita K+ kanalu Streptomyces

CYTOSOL

Negativné nabité AK lakaji kationty. Z cytosolu se por otevira do vestibulu. To
umoznuje K iontiim zustat hydratované i v poloviné membrany. V uzkém selektivnim
filtru Fada O tvofi fadu doCasnych vazebnych mist pro dehydratovany K. O atomy
soutézi s vodnimi molekulami o vazbu na K. K musi ztratit svlj vodni obal a misto s

vodou interaguje s O.



(A) ionin
vestibule

(B) ionin

select“"ty fo mm GRS i Q i _J=O

filter

Figure 11-24 Molecular Biology of the Cell 5/e (© Garland Science 2008)

Mensi sodik nevstupuje, protoze karbonylové kysliky jsou pfiliS daleko na to, aby se
kompenzovala energeticka ztrata odhozeni vodniho obalu.



Schopny inaktivace

Extracellular Side

Cytoplasmic Side " o o o 4?0
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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 5 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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Proteaza intracelularné zrusila inaktivaci — musi byt intracelularné
Takeé K kanal je schopen inaktivace, ale pozdéji nez Na.

membrane
CYTOSOL polarized

membrane
depolarized

INACTIVATED

Figure 11-31 Molecular Biology of the Cell 5/e (© Garland Science 2008)
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Ne vzdy je kanal pérem mezi 4mi doménami.

Cl kanal je dimer, kde kazda podjednotka ma svuj por. Jsou asymetrické a

dohromady tvofi selektivni filtr.

(A) CHLORIDE CHANNEL

--lZe-.'-,_,,f ~ fpeen- -
_ J

two subunits

selectivity filter

CYTOSOL

Figure 11-26 Molecular Biology of the Cell 5/e (© Garland Science 2008)

(B) POTASSIUM CHANNEL

four subunits

selectivity filter



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 fir
Biophysikalische
Chemie

Goettingen, Federal
Republic of Germany

b. 1944

Bert Sakmann
1/2 of the prize

Federal Republic of

Germany ) ..
Max-Planck-Institut flr

medizinische Forschung
Heidelberg, Federal
Republic of Germany

b. 1942
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14.12 MEMBRANOVE PROCESY V JEDNOTLIVYCH TKANICH 66

-840 mV
— o -80 mV

o soucet .’
J Na proudd K

pres kanaly adtdibopd

res

C
P
proudy p
jednotlivé kanély

>

C
E

10 ms

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 (horn{ k¥ivka), a to bylo desetkrdt
opakovdno. PFitom byly méFeny membrdnové proudy (10 k¥ivek v dolejst Cdsti obr.). Proudy proteklé
jednotlivymi kandly se objevuji poriiznu béhem depolarisace a trvaji rizné dlouho. Sumact takovychto
zdznamii vznikd zdznam sumadcniho proudu, JNa pop¥. JK (zubatd k¥ivka). Je vidét, Ze u Nat-kandlii je
otevieni nejpravdépodobndjsi krdtce po zméné& napéti na membrdné a Ze pak dochdzi k pozvolné inak-
tivaci. -kandly se naproti tomu oteviraji v priméru s jistym zpoZdénim, pak se viak ustavuje urcitd
stFfedni Sastost otevient, kterd ziistdvd konstantni po celou dobu depolarisace. (Z DUDELA 1990b)
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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 chloride
molecules called ions. Rapid-fire opening and closing of these channels releases ions,
moving electrical impulses from the brain in a wave to their destination in the body."1

"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 hearts
to beat. Malfunctioning ion channels contribute to epilepsy, arrhythmia, and other
diseases."2



http://www.news.cornell.edu/releases/Oct03/CHESS.MacKinnon.deb.html

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

b. 1949

"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

b. 1956
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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-

Transfect, ratgd ‘into plasmiq or vival vec-
’ electroporation, Ca** shock, or

culture

direct injection into the nucleus
(as shown). Cell line may then
be used for patch-clamp record-
ing. V,,, membrane potential; V,
command potential; R, feedback
resistance of patch amplifier; i,,,
membrane current. After Fain
(1999).
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Jak méfrit zmény intracelularniho vapniku

Intracelularni vapnik je jakousi centralni veliCinou, na které zavisi temér vSechny bunécne
regulacni mechanizmy. Volného intracelularniho vapniku je v bunkach nepatrné, a proto
stacCi pfidat (nebo ubrat) jen mizivé mnozstvi, aby to vyvolalo okamzité a hluboké zmény v
jeho koncentraci. O tom se védélo jiz davno. Problém byl vSak v tom, Ze experimentalni
sledovani zmén tak nizkych vapnikovych koncentraci neni zrovna jednoduché. V 80. letech
vyvinul Robert Tsien fluorescentni latky, zeiména fura-2 a fluo-3, které méni své optické
vlastnosti v zavislosti na pritomnosti i nepatrnych mnozstvi vapniku. Nové latky pfinesly
pokrok ve dvou smérech. Zaprvé je neni tfeba do bunék slozité vpravovat. Pred pouzitim se
esterifikuji, coz jim doda schopnost snadno prostupovat lipoidnimi membranami. Jakmile se
takto dostanou do bunky, vrhnou se na né intracelularni esterazy, latka je hydrolyzovana a
tim ztrati svoiji lipofilni vlastnost. Zustane tedy uvéznéna v burce jako v kleci. Ta druha
vyhoda spociva v tom, Ze jejich fluorescence je mnohonasobné vyssi, nez byla fluorescence
ekvorinu, takZze pro uspésny pokus staci, aby byly v bunkach pfitomny v celkem rozumnych
koncentracich. Prakticky probiha sledovani hladiny intracelularniho vapniku tak, ze po
inkubaci s nékterym z vySe uvedenych optickych indikator jsou buniky umistény pod
specialné upraveny mikroskop, kde jsou stridavé osvétlovany dvéma vinovymi délkami. Na
obé vinové délky odpovida indikator fluorescenci (s maximem obvykle kolem 540 nm). Vtip
je vtom, Zze na jednu vinovou délku (vétSinou kolem 340 nm, zaleZi na typu fluorescencni
latky) odpovida hlavné ta ¢ast latky, ktera vytvofila s intracelularnim vapnikem komplex, pfi
druhé (obvykle 380 nm) odpovi zbytek, tedy ta €ast, ktera zustala volna. Zmény hladiny
vapniku porusi rovnovazny stav mezi latkou, ktera vytvofila s vapnikem komplex, a tou,
ktera zustala volna, a tim se také méni mérena fluorescence. Tato metoda dnes umoznuje
sledovani zmén vapniku béhem ruznych experimentalnich postupu.




Kanaly citlive na jedy a anestetika

e Eter pouzivan jako celkové anestetikum
(1846), nahrazen chloroformem,
(toxicita), N20,

e Lidokain, Xylokain — lokalni anestetikum,
blokuje Na kanaly a brani vzniku AP

Local Anesthetic Novocaine, Xylocaine Blocks voltage gated Na* channels
Ether, Chloroform, Isoflurane Blocks voltage gated K channels

General Anesthetics Diazepam (Valium) Opens CI" channels

The following are poisons that exert their effects through interference with nerve conduction.

Agitoxin, Charybdotoxin Scorpion Blocks potassium “leaky™ channels

Dendrotoxin Green Mamba Blocks voltage-gated potassium channels
Phoneutriatoxin Banana spider Slows inactivation of voltage-gated sodium channels
Batrachotoxin Poison Arrow Frog Prevents sodium channels from closing

Brevetoxin Red Tide Dinoflagellate Activates sodium channels

Maculotoxin Blue-Ringed Octopus Blocks sodium channels




lontové kanaly a rakovinné metastazy

Rakovinné buriky projevujici velkou schopnost metastazovat obsahuiji

v membranach znacny pocet sodikovych kanall (Na+) fizenych napétim. Jestlize
jsou sodikové kanaly zapojeny pfimo do metastazové kaskady, pak by po jejich
blokadé méla schopnost vytvaret metastazy klesnout. Kdyz se metastazujicim
nadorovym bunkam prostaty zablokuji sodikové kanaly tetrodotoxinem, pohyblivost
bunék klesne a také prestanou vysilat vybézky.

Druhou vlastnosti metastazujicich bunék je, Zze se na své cesté k novym mistum
osidleni ,probouravaji“ tkanémi pomoci proteolytickych enzymu. Vylu€ovani enzymu
| jinych latek je v bunce Casto spojeno s depolarizaci, vyvolanou otevienim
napétové citlivych sodikovych a vapnikovych kanald. Tak se vylu€uji napfiklad
neurotransmitery v mozku i na periferii a zfejmé i nekteré enzymy, které rakovinnym
bunkam oteviraji cestu k tvorbé metastaz. A pravé tetrodotoxin pomohl prokazat, ze
u jednoho typu prostatickych nadorovych bunék klesa vyluCovani exocytu po
zablokovani sodikovych kanald.

Zpomali anestetika zhoubné bujeni?
FrantiSek Vyskodil
Publikovano: Vesmir 79, 312, 2000/6
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V lidském genomu je nékolik tisic genu kddujicich iontové kanaly. Pres 150 jich
koduje napétove citlivé kanaly.



