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 Békésy (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 1on channels 1n 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"
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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



Neurofyziologie

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



Smyslova neurofyziologie

Vratka do vedomi, kontakt s vnejSim svetem.
Obecné 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/~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
smysl{ — vybér kapitol

Fyziologie membran:

- klidovy potencial

- ak¢ni potencial

- iontove kanaly

- Sifeni signalu a synapse

Fyziologie smyslu:

- obecné principy

- €ich a chut

- hmat a sluch

- zrak a dalsi smysly

Psychofyziologie:

- zpracovani zrakové informace
- uceni a pamet

- chovani, neuroetologie



Materialy, prezentace,

navaznosti na predmety,
hodnoceni.



Fyziologie nervovych membran:
recC elektrickych potencialu



Predavani a zpracovani informaci:

elektro - chemicka spoluprace



Klidovy potencial
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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 | Extracelulami | Intra/Extra | potencial
Na” 12 mmol/l 145 mmol/l 1:12 +67 mV
K* 155 mmol/l 4 mmol/l 39:1 -98 mV
Cl 4 mmol/I 123 mmol/I 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.
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Obr. 2.8. Rozdilné membranove podminky pro Ma® a K*. Na/K
pumpa stale udrZzuje na membrané gradient Na® 1 K7, Zatimco K”
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Hnaci sila = Driving Force

-90mV — (Rovnovazny potencial)

lont Koncentrace Gradient Rovnové_iny
Intracelularni | Extracelulari | Intra/Extral| potencial
Na” 12 mmol/l 145 mmol/l 1:12 +67 mV
K* 155 mmol/l 4 mmol/l 39:1 -98 mV
Cl 4 mmol/I 123 mmol/I 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

Nat K+-

Na+ gradient

Nitro buiky

Cytoplasmic

Membrane

ATP ADP + Pi Extracellular

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




Ouabain —
Inhibitor Na/K pumpy

1

lations
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Increased contractility
of heart and smaooth muscle

Mucleus




membrﬁna

K*
108 000 Na' P A vl

+

, [ooce crJEFE

Jen 6 kationtd vné navic na pozadi 110.000/110.000 je schopno nabit membranu.
Staci tedy premistit jen nepatrna mnozstvi a potencial se vyrazné zméni.




Klidovy potencial

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

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




Akeni potencial



Jak se dnes méri a jak vypada?

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

Informace, kterou prenasi, je zapsana do frekvence.



Bud' nevznikne vubec,
nebo vznika stale stejne velky.



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 Alan Lloyd Andrew
Carew Hodgkin Fielding
Eccles - Huxley
1/3 of the 1/3 of the 1/3 of the
prize prize prize
Australia United United
Kingdom Kingdom
Australian University of London
National Cambridge University
University Cambridge, London,
Canberra, United United

L A




Voltage clamp
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Hodkgkin & Huxley
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Blokatory kanalu
Na — TTX (Tetrodotoxin) — ,,ucpe* usti kanalu
K — TEA (Tetracthyl amonium)

Ctverzubec Tetraodon - fugu



EAs {ms)

Obr. 1416Mmbrimvéprmdymmyuﬁn'uovmid1amenh upuimmﬁhﬁ rovedené skok-
MMHWWMMMMMﬂMPOMMM:&SmVM
hodnoty udané u jednotlivich kiivek. Kfivky vyjadiujf namévené proudy iontd, nahoie natria, dole kalia.
&Mm-lmpmmowﬁm éa:PﬁMummepskdpMmmﬁa
nevyvoldvd iddny proud. A: Na' proud: mezi +30 a +60 mV ménf Na' proud polaritu z negativntho
(smérem do bwiky, MWM)MNM(MZMM nad pFimkowu, pro danfprepunit_
kfiwﬂfmamwmmdpmhfa pad+60mV)asphbﬁmﬁc¢’depdanmct

kratdeji. B: K+ proud:; tento proud sioupd po depolarisaci (do positivnich hodnot, . mzbm!ky)
Mmmkpmlmdhfa a dr# se na stejné vyice béhem celé depolarisace. (Z DUDELA 1990b)







Propagace, Voltage clamp

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



K cemu jeste voltage clamp?
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Oteviraji se Na nebo zaviraji K kanaly?
Zamknuti membrany vySachuje napétove sensitivni kanaly a iontoveé 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*.




Ruzné proudy pfes membranu po pohybech
cilii u rdznych hodnot ,zamknutého”
napeéti.

Neni to ani K ani jen Na, jsou to neselektivne
kationty.




Kanaly a patch clamp



Kanaly — prostredek udrzovani integrity bunky a komunikace

Nevratkovane — fidi klidovy potencial
Vratkovaneé — fidi mistni i akCni potencialy




Kanaly — typy vratkovani

Ligand

ky
any kamal

Elektrochemicky
gradiant

mnd litka

Eloktricky Depolarizovand

mambrana

vratkovang kandl

Elektrochemicky
gradient

Wiaknig
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Mechanicky
vrathavany kanil
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lonotropni
transdukce — receptor pfimo na
kanalu




Metabotropni
transdukce




Uz jste se potkali s kanaly?



Ridi pfedavani signalt nesenych ionty.












Struktura —
Transmembranoveé proteiny
Rekonstrukce podle vilastnosti









STAVY KANALU
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Draslikovy kanal




VEREREL

e Citlivy na napeti
e Selektivni
e Schopny inaktivace




Citlivy na napéti
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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 Ca2* 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 podle Catteralla.
Segment S, je zfejm& senzor napéti.  Segment S,domény il sodikového kanélu elektrického organu
parejnoka Torpedo je zndzornén jako transmembranova a Sroubovice s Fadou pozitivhich nabojq,
tvofenych opakujicimi se zbytky "z4sadité® aminokyseliny argininu. KaZdy pozitivni naboj je
neutralizovan negativnim nabojem sousednich transmembranovych Sroubovic (kazda tfeti v pofadi
sekvence). Vytvafl se spirdla iontovych péar(i prostupujicich membranou. Sila membranového
elektrického pole stabilizuje tvorbu iontovych pari tim, %e tahne pozitivni naboje dovnitf a vytlaéduje
negativni naboje ven podobné jako jadro v elektromagnetu. Pfi depolarizaci (AV) se tato sila uvolni
asroubovice tvofici segmenty S,ve viech 4 homolognich doménéach se vysunou ven jako uvoinéné
pruziny ve sméru spirdly pfibliznd o 5 A, pfitem? se otodi o 60° tak, Ze se kladné naboje posunou
vzhledem k sousedni Sroubovici o jedno misto ven z buriky. Dojde tim ke sniZeni kladného néboje
navnitfni  stran& membrany. Je zajimavé (A), ze velmi podobné uspofadani bazickych argininovych
nebo lysinovych kiadné nabitych zbytk nachazime v tomto pfedpokladaném nap&tovém senzoru
S,jak u sodikového kandlu z parejnoka & mozku potkana, tak ve vapnikovém kanalu krali¢iho
kosterniho svalu av draslikovém kanalu mutanta Shaker octomilky Drosophita melanogaster (viz obr.
14). (Podle Catterall 1988)
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Selektivni
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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 Ca2* channel protein is similar in its construction. (Modified
from Catterall, 1988, and Stevens, 1991, in Kandel et al., 1991)



Selektivita K+ kanalu Streptomyces






X-ray crystallography




Schopny inaktivace



Schopny inaktivace
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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 Ca2* 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
Biophysikalische
Chemie

Goettingen, Fed-eral
Republic of Germany

b. 1944

Bert Sakmann
1/2 of the prize
Federal Republic of

Germany . .
Max-Planck-Institut fur

medizinische Forschung
Heidelberg, Federal
Republic of Germany

b. 1942

Patch Clamp —
Technika, ktera ,vidi"“
kanaly pfi praci



Neher & Sackman
TercCikovy zamek, 1991



14.12 MEMBRANOVE PROCESY V JEDNOTLIVYCH TKANICH 66
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Obr. 14.18 Proudy tekouci Na'-kanaly (vievo) a K -kansly (vprave). 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 &dsti obr.). Proudy proteklé
jednotlivymi kandly se objevuji poriiznu béhem depolarisace a trvajf rizné dlouho. Sumact takovychto
zdznamii vznikd zdznam sumadniho proudu, JNa pop¥. JK (zubatd k¥ivka). Je vidét, Ze u Nat-kandli: je
otevieni nejpravdépodobnéjsi krdtce po zméné napéti na membrdné a Ze pak dochdzf k pozvolné inak-
tivaci. -kandly se naproti tomu oteviraji v priméru s jistym zpoZdénim, pak se viak ustavuje urcitd
stfedni Castost otevieni, kterd ziistdvd konstanitni po celou dobu depolarisace. (Z DUDELA 1990b)







Animace patch clamp










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




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 ion;
moving electrical impulses from the brain in a wave to their destination in the body.

"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."?



MozZnosti mol. genetiky






neuroaktivni latka

vapnikovy
kanal

zasoby Ca’"

© VESMIR

Mechanizmy regulujici v bufice koncentraci vapniku: PLC - fosfolipa-
za C, DG - diacylglycerol, CICR - indukované uvolfiovéni vapniku




Vapnikova komunikace a Ca kanaly






Ca v myokardu












Akcni potencial kanaly

Ak¢ni potencial cartoon

Propagace, Voltage clamp




e L eukocyty, stejne jako rakovinové bunky
maji napetove vratkovane kanaly
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