OR Fyziologie Zivolichii: Kurzy, prednasky

Prednaska

"Lipidy a bunééna signalizace"
(O. Novékova F. Novak)

Termin: pfednaska se bude konat stejné jako minuly rok v letnim semestru, kazdé Gtery v 13:10- 14:40
hod.,

Adresa: Pfirodovédecka fakulta, Vini¢né 7, poslucharna B15 (1. suterén), 1. pfednaska bude 23. 2. 2010.

BIOENERGETIKA

Bioenergetika [B150P27]

Zajistuje: 152

Stav pfedmétu: v r.2009 prednaska neprobéhne

Rozsah v LS: 2/0 Zk [hodiny/tyden]

Kredity: 3

Platnost:

Pocet mist: neomezen

Vyucujici:

Anotace:

Specializacni pfednaska pro magistersky stupen oboru fyziologie zivo¢ichl (povinné volitelna
pro diplomni zaméfeni fyziologie zivo¢icht a diplomni zaméfeni neurobiologie). Volitelna
prednaska v doktorském studijnim programu fyziologie zivoc¢ichii. Pfedpoklada se absolvovani
zékladnich kurzt fyzikalni (nebo obecné) chemie, biochemie a bunééné biologie.

Stru¢né osnova predmétu:

Energetickd podstata bunééné ¢innosti, jeji fyzikalni a biochemické popisy a hodnoceni.
Vyznamné bunécné metabolické drahy. Integracni funkce mnohobunécného zivoc¢isného
organismu. Regulace piijmu potravy a vydeje energie. Endokrinni fizeni metabolickych funkci.
Substratové cykly a jejich vyznam u savcl. Obezita, metabolismus tukovych tkani,
termoregulace. Experimentalni pfistupy ke studiu energetického metabolismu obratlovct.

Literatura:

Moore W.J.: Fyzikalni chemie. SNTL, Praha, 1981.

Marsik F., I. Dvotak: Biotermodynamika. 1998, 2. vydani, Academia, Praha,

ISBN 80-200-0664-8.

F. Ganong: Piehled 1ékatské fyziologie. 1995, vydani v CR 1. podle 16. angl. vydani.
Nakladatelstvi a vydavatelstvi H & H, Jinocany. ISBN 80-85787-36-9.

Vyznamné moderni publikace — pfehledné ¢lanky.

Termin kurzu: v r. 2009 prednaska neprobéhne



BIOENERGETICS

Bioenergetics [B150P27]

Guaranteed by: 152

State:

synthesys and hydrolysis of ATP, Summer term: 2/0 Zk [hodiny/tyden]
Credits: 3

Valid: from Capacity: unlimited

Teacher(s):

Anotation:

Specialized lecture on thermodynamic principles, biochemistry and physiology of energetis
substances, etc. Obligatory for Mgr. degree of animal physiology or neurobiology. Facultative
for the PhD. study program animal physiology. Basic courses from Cell Biology, Biochemistry
and Physical Chemistry are presumptive.

Syllabus:

Potential (definition, mechanical, thermodynamical, electrochemical and redox). Green and red
energetic pathways of life. NADH - central elektron carrier in the cell. Calvins (reductive and
oxidative) pentose cycle, Krebs cycle. Balance of mass and energy. The first and the second
principle of thermodynamics. Free energy / enthalpy ratio, work and heat. Regulation of energy
intake and output. Endocrine control of metabolic functions. Substrate cycles and their
importance in mammals. Obesity, metabolism of adipose tissues, thermoregulation.
Experimental studies of energy metabolism.

References:

Moore W.J.: Fyzikalni chemie. SNTL, Praha, 1981.

Marsik F., I. Dvorak: Biotermodynamika. 1998, 2. edition, Academia, Praha,
ISBN 80-200-0664-8.

F. Ganong: Review of Medical Physiology. 20th edition 2001, Lange Medical Books/Mc
Graw-Hill Medical Publishing Division, ISBN 0-8385-8282-6.

Important modern publications — reviews.

Terms of course:
After agreement with students in current school year (probably in the first half of May).

FYZIOLOGIE EPITELU. TRANSPORT LATEK, JEJICH REGULACE A VZTAHY
MEZI STRUKTUROU A FUNKCIi

Odborny kurs Oborové rady 06 — fyziologie zivocichii pro studenty postgradualniho doktorského
studia biomediciny

Termin: Zimni semestr, 2 hod. pfednasSek a 2 hod. praktik, pfesny termin podle dohovoru,
obvykle formou prednaskového bloku a turnusového praktika
Misto konani: Fyziologicky tistav AV CR, Videiiska 1083, 142 20 Praha 4 — Kr¢, kone¢na



autobusu 193.
Ucitelé: Prof..RNDr. Jifi Pacha, DrSc. (pacha@biomed.cas.cz)
Ptednéasky semindrni formou:

1/ Podstata epitelu: homeostaza elektrolyti a rovnovaha v piijmu a vydeji solutli, srovnani
epitelidlni buiiky s jinymi buiikami, funk¢éni organizace epitelu, struktura a funkce tésnych spoja,
epitely tésné a volné.

2/ Biofyzika epitelialniho transportu: elektrochemicky potencial, difuzni potencial, aktivni a
pasivni transport, Gibbs-Donnanova rovnovaha, Nernstova rovnice, Teorellova rovnice, 1.
Ficktv zakon a difuze, Goldman-Hodgkin-Katzova rovnice, Hodkin-Horowitzova rovnice,
membranovy potencial.

3/Metody studia epitelu: elektrofyziologické metody, napétovy zamek, ter¢ikovy zamek,
kabelova analyza, biochemické a fluorescencni metody, metody molekularné biologické

2/ Principy transportu latek a systematicky piehled transportu neelektrolytit a elektrolytit
v epitelu: mechanismus sprazeni toku solutli a solventu, sekrece a absorpce, mechanismy
transportu vody, aminokyselin, cukrt, karboxylovych kyselin, fosfatu, Na',K',Cl'a Ca2+,
acidobazicka rovnovaha a transport H™ a HCO5’, transport lipidi.

3/ Regulace transportu latek: princip regulace na urovni buiiky, organu a organismu, neuralni a
humoralni regulace, imunitni systém a regulace transportu latek, regulace bunééného objemu,
regulace intracelularniho pH, bioenergetika transportu.

4/ Transport latek v epitelech jednotlivych organii: gastrointestinalni trakt a absorpce Zivin
ionta a vody, sekrece Zaludec¢nich a stievnich $t'dv, renalni tubuly a reabsorpce primarniho
filtratu, tvorba moce a rendlni acidifikace, dychaci cesty a sekrece surfaktantu, epitely oka a
tvorba oc¢nich tekutin, slinné a potni Zlazy a tvorba slin a potu.

5/ Poruchy transportu latek: cysticka fibrosa, diarrhea, mechanismy piisobeni enterotoxini,
poruchy transportu v ledvinach, poruchy v metabolismu kortikosteroidd.

6/ Vybrané kapitoly ze srovndvaci fyziologie epitelialniho transportu: Vstiebavani latek

v gastrointestinalnim traktu ptezvykavcl, osmoregulace u ptakt a role kloaky, transport ionti
v kiizi a mocovém méchyii obojzivelnikli, osmoregulace u ryb a role Zaber, transport KCl u
hmyzu a funkce malpigickych trubic.

Epithelial Physiology

Membrane transport, its regulation and structure-function relationship

1/ Principles of epithelia and experimental methods: electrolyte homeostasis and the balance
between intake of solutes and excreting them; comparison between epithelial and nonepithelial
cells; structure of the epithelia; structure and function of tight junctions; leaky and tight epithelia.

2/ Biophysics of epithelial transport: electrochemical potential, diffusion potential active and
passive transport, Gibbs-Donnan equilibrium, Nernst equation, Teorell equation, 1** Fick law
and diffusion, Goldman-Hodgkin-Katz equation, Hodkin-Horowitz equation, membrane
potential.

3/ Methods for studying the epithelial function: electrophysiological methods, voltage clamp,
patch clamp, cable analysis, biochemical, fluorescence and molecular biological methods.



2/ Membrane transport of electrolytes and nonelectrolytes across epithelia: coupling of
solute and solvent fluxes; secretion and absorption; mechanisms of water transport; transport of
amino acids, carbohydrates, carboxylic acids, phosphate, sodium, potassium, chloride and
calcium; acid base balance and transport of hydrogen ions and bicarbonate; lipid transport.

3/ Control of epithelial transport: principles of this control at the level of the cell, organ and
organism; autonomic nervous system; endocrine regulations; immune system and epithelial
transport; cell volume regulation; regulation of intracellular pH; bioenergetics of transport.

4/ Organization of epithelia in gastrointestinal and renal tract, airways, eyes, salivary and
sweat glands: absorption of minerals, nutrients and water in gastrointestinal tract; gastric and
intestinal secretion; renal tubules and reabsorption of solutes and water; urine concentration and
dilution; renal acidification; transport of solutes and water in airways; corneal epithelium and
aqueous humor; secretion of saliva and sweat.

5/ Pathophysiology of the epithelium: cystic fibrosis; congenital chloridorrhea; secretory
diarrhea and infections with Escherichia coli and Vibrio cholerae; malfunctions of renal
transport and metabolism of corticosteroids.

6/ Comparative physiology of epithelial transport: Digestion and absorption in the ruminant
gastrointestinal tract; osmoregulation in birds and the role of cloaca; ion transport across
amphibian skin and urinary bladder; osmoregulation in fishes and the role of gills; malphigian
tubules.

CHRONOBIOLOGIE

Odborny kurs Oborové rady 06 - Fyziologie Zivocichui pro studenty postgradualniho
doktorského studia biomediciny

Prednasejici: y
PharmDr. Alena Sumova, CSc., FgU AV CR (sumova@biomed.cas.cz)

Termin a misto konani:

Prednasky se budou konat kazdou stfedu od 11. bfezna 2009 ve 13.00 h v budové
Fyziologického ustavu Akademie véd Ceské republiky, v.v.i., Videniska 1083, Praha 4, budova
D, zasedaci mistnost 2. patro.

Chronobiologie je nauka o &asovém fizeni biologickych dg&ji. Zivé organizmy vykazuji
biologické rytmy v mnoha rtiznych proménnych, od exprese gent az po chovani. Tyto rytmy
patii rytmy cirkadidnni, tj. zhruba denni, které pietrvavaji i tehdy, jsou-li organizmy chovéany ve
stdlém prostiedi. Cirkadianni rytmy vykazuji téméf vSechny dosud zndmé organismy, od
jednobunéénych prokaryotnich, az po savce véetné Cloveéka. Ukazuje se, ze témet kazda bunka
mnohobunééného organismu je schopna vytvaret cirkadianni rytmy a tyto rytmy jsou vzajemné
koordinovany pomoci tzv. cirkadianniho systému. Porucha vzajemné koordinace v ¢asovém
fizeni ma negativni dopad na fyziologické funkce a zdravi organismt.

V kurzu bude vénovédna pozornost zejména cirkadiannimu systému a jeho hierarchii u
riznych druhll organismi, s nejvét§im zietelem na savce. Bude podan vyklad nejnovéjsich
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poznatkll o mechanismech, které generuji cirkadianni rytmy na bunééné a molekularni urovni.
Bude vysvétleno, jak se tento mechanismus pfizplisobuje zménadm ve vnéj$im prostiedi a jakym
zpisobem fidi rizné fyziologické funkce v téle. Cirkadidnni systém bude popsan i z hlediska
jeho ontogenetického a fylogenetického vyvoje. U riznych Zivocisnych druhti se zaméfime na
souvislosti mezi rytmy cirkadiannimi a rytmy s periodou vyrazné delsi ¢i krat$i nez je 24 hodin.
Pozornost bude vénovana v neposledni fad¢ i otazkam, jak se cirkadidnni systém podili na fizeni
chovani riznych zivocisSnych druhti (migrace) ¢i na regulaci spanku, schopnosti uceni, apod. u
cloveka.

CHRONOBIOLOGY

Chronobiology studies time regulation of biological processes. Living organisms exhibit
biological rhythms in many variables, from gene expression to behavior. These rhythms may run
with a period from several milliseconds to many years. The most important are circadian, i.e.
about one day, rhythms, which persist even in a non-periodic environment. Circadian rhythms
can be found in most of the organisms known so far, from unicellular prokaryotic to mammals,
including humans. It has been revealed that nearly every cell of a multicellular organism is able
to generate circadian rhythms that are coordinated via so called circadian system. Malfunction of
the coordination in the timekeeping system impacts negatively on many physiological functions
and health.

Lectures will concentrate mostly on the mammalian circadian system and its hierarchy in
different species, mainly in mammals. The up-to-day theories on mechanisms underlying the
circadian rhythmicity at the cellular and molecular level will be explained. It will also be
summarized how does the timekeeping mechanism entrain with external cues and how does it
drive numeral physiological functions. The ontogenetic and phylogenetic aspects of the circadian
rhythmicity will be also ascertained. Further, attention will be directed at relationship between
circadian rhythms and rhythms with much longer or shorter period. Last but not least, circadian
control of behavior of different species (migration) or regulation of sleep, learning ability etc. in
humans will be discussed.

MEMBRANOVE LIPIDY A BUNECNA SIGNALIZACE

Odborny kurs Oborové rady 06 — fyziologie zivoc¢icht pro studenty postgradudlniho doktorského
studia biomediciny

Termin konani:
letni semestr: od 24.2.09 kazdé atery od 13.10 h do 14.50 h v poslucharné B15, Vini¢na 7,
Praha 2.

Prednasejici:

Doc. RNDr. Olga Novéakova, CSc. (olnov(@natur.cuni.cz)

katedra fyziologie zivocichil a vyvojové biologie, Vinicna 7, 128 44
Doc. RNDr. FrantiSek Novak, CSc.

katedra biochemie Hlavova 2030, 128 43

Universita Karlova v Praze, Prirodovédecka fakulta, Praha 2

Program prednasky:




Prednéska je urcena pro studenty magisterského a postgradudlniho doktorského studia a
piedpokladé znalosti zékladniho kurzu biochemie. Jejim cilem je detailn¢ demonstrovat
fyzikaln€ chemické vlastnosti lipidil a jejich vztah ke struktufe a funkci bunéénych membran a
jejich vyznam v pienosu signalu v buiice.

Jedna se o jednosemestralni cyklus dvouhodinovych pfednéasek v letnim semestru, které se
zabyvaji témito tématy:

1) Fyzikéaln€ chemické vlastnosti lipida - struktura, lipidovy polymorfismus, asymetricka
distribuce v membran¢, interakce lipid-protein, lipidy a fize membran, modely membrany.

2) Biosyntetické drahy lipidi - topologie v buiice a regula¢ni mechanismy.

3) Uloha lipidt pii pfenosu signalu v buiice - uloha fosfolipaz, fosfolipidy jako prekursory
druhych posli, kompartmentalizace meziproduktt biosyntézy membranovych lipidi.

4) Glycerolipidy s etherovou vazbou a jejich biologicky aktivni druhy - desticky aktivujici faktor
(PAF) jako regulator mnoha patofyziologickych pochodl (zan¢t, alergie, anafylakticky Sok).

5) Eikosanoidy - struktura, metabolismus a biologicka aktivita produktii metabolickych drah
cyklooxygendzy, lipoxygenazy a epoxygenazy, mechanismus u¢inku nesteroidnich

6) Sfingolipidy - bioaktivni sfingoidni baze, glykosfingolipidy jako modulétory ristu a
diferenciace bun¢k, vrozené metabolické poruchy.

7) Cholesterol - biosyntéza a jeji regulace, funkce v bunéénych membranach, transport v
souvislosti s rizikem aterosklerdzy a ischemické choroby srdecni.

8) Transport lipidl v burice - intramembranovy, intermembranovy (vesikularni a pomoci
pienasecovych proteind.

9) Modulace funkce proteini lipidy - modulace katalytické aktivity a vazebnych vlastnosti
proteint.

10) Traveni, vstiebavani a transport lipida v plasmé - lipoproteinové komplexy.

11) Poruchy lipidového metabolismu a jejich klinické disledky - lipidézy, poruchy syntézy

plicniho surfaktantu
12) Peroxidace lipidi

Doporucena literatura:
Biochemistry of Lipids, Lipoproteins and Membranes, ed. Vance J. E. 2002, Elsevier, ISBN: 0-

444-80303-3
Materialy z prednasky

MEMBRANE LIPIDS AND CELL SIGNALLING

Lecture schedule:

The lecture provides overview of the nomenclature, structure, metabolism and dynamics of
membrane lipids. Lipid diversity and distribution, physical properties, membrane lipid
asymmetry, model membranes. Phospholipid metabolism. Ether-linked glycerolipids and their
bioactive species. Phospholipases. Metabolism of arachidonic acid, cyclooxygenase,
lipoxygenase and epoxygenase pathways. Sphingolipids: chemistry, metabolism and modulation
of cell function. Generation and attenuation of lipid second messengers in intracellular
signalling. Cholesterol biosynthesis and regulation, cholesterol and clinical pathology.
Intracellular transport and cell traffic of lipids. glycosyl-phosphatidylinositol-anchored Lipid-
protein interactions. Lipid-tagged proteins (acylation, isoprenylation, proteins). Lipids and free
radicals.

physics The knowledge of fundamental biochemistry and is expected.



References:
Biochemistry of Lipids, Lipoproteins and Membranes, ed. Vance J. E. 2002, Elsevier, ISBN: 0-
444-80303-3

MOLEKULARNI FARMAKOLOGIE

Prednasky a prakticka cviceni pro posluchace 4 ro¢niku Ptirodovédecké fakulty UK
a
Vyukovy kurs PGS

Zimni semestr 2009
predbézne 23. 11 az 4. 12. 2009; bude jesté uptesnéno

Oddéleni biochemie membranovych receptori, Fyziologicky tistavu AV CR
Budova D, 1 patro, Videiiska 1083, 142 20 Praha 4 (kone¢na autobusu 193, spojeni na stanici metra
Budéjovicka)
a
Laborator molekularni farmakologie, Katedra Fyziologie
Vini¢na 7, 1 patro
120 00, Prirodovédecka fakulta UK

Praktickd cviceni
vZdy konec listopadu a za¢atek prosince
bude upi‘esnéno na kazdy semestr

Piednasky

Doc. RNDr Petr Svoboda, DrSc
Obecny uvod do problematiky s reminiscencemi do chemie a fyziky, zaklady prace s isotopy,
isotopy uzivané v biologickém vyzkumu, polocas Zivota.

Historicky vyvoj pojmu hormonélni receptor (John N. Langley a Paul Ehrlich), objev cAMP a
adenylylcyklasy (Earl Sutherland a spol.), trimerni G proteiny (Martin Rodbell a Alfred Gilman,
Nobelova cena za Fyziologii a 1ékafstvi, 1994), klasifikace receptord, klasifikace membranovych
receptort, charakterizace membranovych receptorll s pomoci vazebnych studii s radioligandy.

Kritéria Pedra Cuatrecacasse pro rozliSeni specifické vazby na receptor od nespecifické vazby =
afinita, saturabilita, kompetice, specifita a stereo-specifita.

Agonisté, antagonisté, parcialni agonisté, inversni agonisté, basalni aktivita, alosterické ligandy,
alosterické modulatory, vnitini afinita receptoru, tj. schopnost ptenosu signalu do nitra butiky, potency,
efficacy.

-monomerni a trimerni G proteiny, cyklus vymény GDP-GTP, zakladni tfidy G proteini, kolik je
Ga podjednotek?

-efektory = adenylylcyklazy, fosfolipasy Al, , fosfolipasy A2, fosfolipasy C, fosfolipasy D,
zakladni ptidy fosfolipidu.

-ATP, ADP, AMP, cAMP, adenosin, GTP, GDP, GMP, ¢cGMP, fosfodiesterasy, kyselina
arachidonova, prostaglandiny.

-struktura bunécné membrany, tekutost neboli membranova fluidita, Gc¢inek detergentd na
buné¢né membrany, detergent-resistentni membranové domény (DRMs), membranové domény.

-molekularni mechanismus G¢inku nékterych farmak pouzivanych v praktické mediciné.

RNDr Lenka Boufova, PhD, Fyziologicky ustav AV CR



Matematické hodnoceni vazebnych studii membranovych receptori I (specifické a nespecifické
radioligandy, odd¢€leni vazané a volné radioaktivity, stanoveni radioaktivity metodou kapalné scintigrafie,
filtry, scintilla¢ni kapaliny, specificka a nespecifickd vazebna mista, disocia¢ni konstanta - Kd, maximalni
vazebna kapacita - Bmax, kompeti¢ni vazebné studie, hodnoty IC50, vypocet Kd z hodnot IC50, vypocet
Kd z poméru mezi rychlostni konstantou asociace a disociace, alosterické interakce, Hilliv koeficient,
hodnoceni vazebnych studii s pomoci programu GraphPad.

Adaptorové bilkoviny a regulatory trimernich G proteinti (RGS), vzajemné interakce mezi
riznymi signalnimi drahami.

RNDr Lucie Hejnova, PhD, Prirodovédecka fakulta UK
Vazebné studie membranovych receptort 11, konkretni pfiklady (praktické provedeni vazebnych
reakci se specifickymi radioligandy pro dany receptor); spolecné s Dr. Boutfovou

RNDr Jifi Novotny, DSc, Prirodovédecka fakulta UK

Vapenaté ionty jako sekundarni pfenasec obecné, srdecni sval, vapenaté ionty jako regulator
funkce srde¢niho svalu, B-adrenergni signalni kaskada v srdecnim svalu, S49 lymphoma cells; mutanty
cyc-, UNC, H21b; polyakrylamidova gelova elektroforesa a technika imunoblot (spole¢né s Dr.
Drastichovou)

Zaklady imunitni odpovédi organismu, typy protilatek pouzivanych pro identifikaci signalnich
molekul, ELISA, imunofluorescence.

RNDr. Ivana Svandova, Pirodovédecka fakulta UK

Neuroptenasece, G-proteiny fizené iontové kanaly, receptory-iontové kandly, NO synthasa a NO,
adaptorové bilkoviny téchto kaskad, zakladni elektrofyziologické parametry biologickych membran,
klidovy a akéni potencial (strucny piehled pro zopakovani zakladni prednasky z fyziologie a
neurobiologie).

Mgr. Dmytro Kagan, Fyziologicky ustav AV CR

Matabotropni receptory kyseliny pro kyselinu gama-aminomaselnou (GABAg-R), trimerni G-
proteiny v CNS, vyvojové zmény v centralnim nervovém systému; subcellularni frakcionace bun¢k
(spole¢né s Doc. Svobodou)

RNDr Viclav Lisy, CSe, Fyziologicky ustav AV CR

Subcellularni frakcionace bunéénych homogenatu, frakcionace mozku, frakcionace srde¢niho
svalu, isolace plasmatickych membran, mitochondrii, myelinu, stanoveni markerovych enzymut a
bilkovin, prace s experimentalnimi zvitaty.

RNDr Zdena Drastichova, Prirodovédecka fakulta UK
Standardni polyakrylamidova gelova elektroforesa, technika imunoblot, 2D elektroforesa, rizné
zpusoby barveni dé€lenych bilkovin, kvalitativni a kvantitativni hodnoceni vysledkd.

RNDr Pavel Ostasov, Fyziologicky tistav AV CR

Struktura bunééné membrany pohledem konfokalni fluorescencni mikroskopie; stanoveni
zmén v nitrobunéénych koncentracich vapenatych iontd s pomoci fluorescencnich sond, kiivky
davka-odpoved’ pro stimulaci cilovych bunék thyreoliberinem, TRH.

Mgr. Jana Brejchovi, Fyziologicky ustav AV CR (spoleéné s Mgr. Osta§ovem)
Péstovani bunck v tkanové kultute, struktura bunééné membrany pohledem konfokalni
fluorescen¢ni mikroskopie; zaklady fluorescenéni spektroskopie pro biology.

Ing. Miroslava Vosahlikova, Fyziologicky ustav AV CR. Zaklady prace s isotopy, isotopy
uzivané v biologickém vyzkumu, stabilita jader, polocas Zivota, stabilita organickych sloucenin
znacenych isotopy, rozpoustédla pouZzivana pii préci s organickymi latkami, destilace, molekulova sita,
koncentrovani a ¢isténi radioaktivnich sloucenin, odpatovani, TLC.



Prakticka cviéeni

Zaklady prace v laboratori, priprava roztoki, ¢istota chemikalii
Prace se zviraty

Subcelularni frakcionace tkani = mozek nebo srdecni sval
Péstovani bunék ve tkanové kulture

Subcellularni frakcionace bunék péstovanych v tkanové kulture

Stanoveni receptort

Charakterizaci receptorli, tj. stanoveni poctu receptorl v daném biologickém materialu a
stanoveni afinity receptoru k danému hormonu ¢i nervovému pienaseci, provedeme s pomoci komeréné
dostupnych radioaktivnich derivati téchto latek - radioligandl. Jedna se o bud o latky vyvolavajici
biologickou odpovéd’ podobné jako prirozené se vyskytujici pfenasece (agonisté), nebo o latky snizujici
tuto odpovéd’ (antagonisté). Volbu vhodnych radioligandii zjistime nahlédnutim do seznamu vSech
membranovych receptord ve vytisku Trends in Pharmacology, 2001. Po zakoupeni pfislusného
radioligandu provedeme tzv. vazebnou reakci, kdy jednoduchym zplisobem méfime vazbu ptislusného
radioligandu na homogenat, podbunééiné membranové preparaty, isolované bunky ¢i bunécné
(povrchové) membrany. Radioaktivni ligand vazany na receptor oddélime od volného, tj. nenavazané¢ho
ligandu s pomoci filtrace ptes sita ze sklenénych mikrovlaken. Zakladni vyhodou téchto filtri je nizka
nespecifickda vazba. Vysvétlime pojmy radioaktivita, isotop, doba Zivota isotopu,cpm, dpm, ucinnost
stanoveni radioaktivity, scintilace, scintilaéni roztok, zhaseni. Vysledky vazebnych studii provedeme
s pomoci programu GraphPad.

Vysledky rovnovaznych vazebnych studii membranovych receptort které si studenti sami
provedou na ,cell harvestoru“ vyhodnotime spomoci kapalné scintigrafie (vlastni stanoveni
radioaktivity) a programu GraphPad. Vypocteme hodnoty disociacni konstanty (Kd) a maximalni vazebné
kapacity (Bmax). Vysvétlime vyznam Hillova koeficientu pro charakterizaci alosterickych vazebnych
interakci. Upozornime na dal$i zplisoby jak stanovit disocia¢ni konstantu Kd.

Stanoveni mnoZstvi G proteinii a dalSich signdlnich molekul; metody imunoblot (western
blot) a ELISA

G proteiny jsou stimulovany receptorem po vazb¢é hormonu nebo nervového pienaSece a reguluji
funkci efektorii jako jsou adenylylcyklasy, fosfolipasy nebo iontové kanaly. MnozZstvi G proteint
v nervové tkani nebo srdeCnim svalu stanovime s pomoci techniky imunoblot (western blot). Pro tento
ucel pripravime krali¢i protilatky, které¢ jsou specificky orientovany na dany typ Ga podjednotky G
proteinu. Rada kvalitnich protilatek je dnes komeréné dostupna = piikladné CalBiochem, Transduction
Labs. V dal$im stupni zviditelnime reakci primarnich protilatek s G proteinem s pomoci sekundarnich
protilatek, které jsou bud’ schopny navodit vysoce Gc¢innou barevnou reakci nebo obsahuji fluoreskujici
pigment. Intensita zabarveni ¢i fluorescence je pifimo umérnd mnozstvi G proteinu. Kvantitativni
vyhodnoceni provedeme s pomoci densitometrického zaznamu. Jako piiklady v praktické ¢asti kursu
provedeme stanoveni Gya v srde¢nim svalu a stanoveni G proteint tfidy Gi1/Gpa v mozku. Jedna se o
tkan¢, ve kterych se tyto G proteiny vyskytuji ve vysokém mnozstvi a jejich obsah je mozné kvantitativné
stanovit s pomérné vysokou pfesnosti.

Stanoveni hormonalni odpovédi v intaktnich butikach

Nevyhodou biochemickych pfistupti je nezbytnost degradace intaktni bunécné struktury.
Prikladn€é, bunétné membrany se v disledku homogenizace rozpadnou do fady malych méchyiki
(vesikuld). Je proto vyhodné korelovat vysledky biochemickych pfistupll s pohledem na neporusenou
buniku. V pfipad€, ze chceme pozorovat membranové receptory ¢i G proteiny v zivé bufice, je mozné
vytvofit (technikami genové manipulace) fusni bilkoviny mezi pfisluSnym receptorem a pfirozené
fluoreskujicim proteinem z meduzy (green fluorescent protein, GFP). Ziskame tak buniku ktera obsajuje
,.zeleny receptor. Po pfidani homonu TRH, mtiiZeme pozorovat ptenos receptorti do nitra buiiky, coZ je
jeden z klicovych mechanismi desensibilizace hormonalni akce, tj. sniZzeni fyziologické odpovédi na
dany hormon po dlouhodobém ¢i opakovaném podavani tohoto hormonu. Vlastni pozorovani provadime



v konfokalnim mikroskopu. Po fixaci detekujeme Go podjednotky G proteini s pomoci
imunofluorescence (primarné¢ specifické protilatky proti dané Ga podjednotce, nasledné sekundarni
protilatky zna¢ené ¢ervenym barvivem eosinem nebo zelenym barvivem fluoresceinem).

Vyse uvedeny kurs je podporovan projekty MSMT LC554, LC 06063 a MSM0021620858.

Zajemci hlaste se prosim elektronickou postou na adresu:
svobodap@biomed.cas.cz

Uved'te presnou kontaktni adresu, telefon a email, jméno Skolitele a pracovisté. Studenti 4 ro¢niku PiF
maji pfednost.

Molecular Pharmacology 2/2

Laboratory of Membrane Receptors, Institute of Physiology, Videnska 1083, 142 20 Prague 4
Czech Republic
and
Laboratory of Neurobiology, Department of Physiology
Faculty of Natural Sciences, Charles University, Vini¢na 7, 120 00 Prague 2

Lectures

The historical development of understanding of hormonal receptors (since Paul Ehrlich and John Newport
Langley)

Discovery of adenylyl cyclase and cAMP (Earl Sutherland) = the key stone of molecular endocrinology
and pharmacology

Hormonal receptors - classification

Radioligand binding studies of membrane receptors, radioisotopes, liquid scintillation, beta- and gama-
counting,

Saturation binding isotherm, Scatchard plot, calculation of Bmax and Kd values

Allosteric and co-operative models of receptor-ligand interactions, Hill coefficient

Why there are so many receptors for a single hormone or neurotransmitter?

Heterogeneity of G protein coupled receptors (GPCR), splicing of 7TM receptors

Trimeric GTP-binding regulatory proteins (G proteins)

Discovery of trimeric G proteins (Martin Rodbell and Alfred G. Gilman)

Classification of the five main families of G proteins

Phospholipase A1, phosphoplipase A2, phospholipase C, phospholipase D, phosphodiesterases,
secondary messengers.

Cross-talk phenomena, feed-back regulations, desensitisation of hormone response

Internalisation, recycling and down-regulation of GPCR

Internalisation, solubilisation and down-regulation of trimeric G proteins

Isolation of plasma membranes and subcellular fractionation by differential and density-gradient
centrifugation; membrane markers and enzyme activities

Calcium as secondary messenger

NO and NO synthase = non-traditional secondary messengers

Practical courses

Basics of the work in biochemical laboratory

Basics of the work with isotopes

Basics of the work with experimental animals (rats, hamsters, guinea-pigs, rabbits)
Characterisation of receptor for cardiac glycosides (Na, K-ATPase) by [*’H]ouabain binding assay
Characterisation of beta-adrenergic receptors
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Computer analysis of radioligand binding studies

Quantitative detection of trimeric G proteins by an immunoblot analysis (polyacrylaminde gel
electrophoresis in sodium-laurylsulphate, urea-SDS-PAGE and immunoblot techniques)

Subcellukar fractionation in density gradients, purification of plasma membranes, membrane markers and
enzyme activities

2D-electrophoresis (demonstration)

Hormone-induced change in intracellular calcium = fluorescent detection by FURA 11

Determination of proteins by Folin reagent

The course combines lectures with practical courses and demonstrations and it will be held jointly
in Laboratory of Neurobiology (Vini¢na 7, 1* floor) and in the Institute of Physiology AV CR,
Videniska 1083, 142 20 Prague 4

Doporucena literatura
Recommended literature

Zakladni a klinicka farmakologie, Bertram G. Katzung (pieklad kolektivu 2LF,
Nakladatelstvi H & K, 1994)

Hynie S. - Farmakologie v kostce, druhé vydani, Triton, Praha 2001

Hynie S. - Obecna farmakologie, dil 1 a 2, Karolinum Praha, 1993

Hynie S. - Specidlni farmakologie, dil 1 az 7, Karolinum Praha, 1994-2002

Goodman & Gilman’s ,,The pharmacological basis of therapeutics (10™ edition), Mc
Graw-Hill (Editors Joel G. Hardman, Lee E. Limbird and Alfred Goodman Gilman)”

P. Svoboda: Charakterisace hormonalnich receptorti s pomoci pfimé vazebné studie

Chemickeé Listy, 77, 258-276, 1983

P. Svoboda: Pienos hormonalniho signalu pies plasmatickou membranu
v knize Molekularni biologie, str. 201-216, CSVTS, 1984

P. Svoboda: Membranové receptory a pienos informace. Vesmir, 68, 71-74, 1989
Svoboda P.: Uloha GTP-vazebnych proteintl v pfenosu hormonélniho signalu. Cs. Physiol. 43, 20-
24,1994

Svoboda P.: Alfred G. Gilman a Martin Rodbell - loha GTP-vazebnych proteinli v pfenosu
signalu do nitra buiikky. Nobelova cena za fyziologii a lekarstvi 1994
Casopis lekaru ceskych 134, 415-417, 1995

Specialised literature in english:

Svoboda P., Svartengren J., Snochowski J., Houstek J. and Cannon B. High-number of
high-affinity binding sites for (-)-3H dihydroalprenolol on isolated hamster brown fat cells.
Eur. J. Biochem. 102, 203-210, 1979

Svoboda P. and Mosinger B. Catecholamines and the brain microsomal Na, K adenosine-
triphosphatase I. Protection against lipoperoxidative damage. Biochem. Pharmacol. 30, 427-432,
19881

Svoboda P. and Mosinger B. Catecholamines and the brain microsomal Na, K-adenosine-
triphosphatase II. The mechanism of action Biochem. Pharmacol. 30, 433-439, 1981

Svartengren J., Svoboda P. and Cannon B. Desensitization of beta-adrenergic
responsiveness in vivo. Decreased coupling between receptors and adenylate cyclase in
isolated brown-fat cells. Eur. J. Biochem. 128, 481-488, 1982

Svartengren J., Svoboda P., Drahota Z. and Cannon B. The molecular basis for adrenergic
desensitization of in hamster brown adipose tissue: uncoupling of adenylate cyclase activation
Comp. Biochem. Physiol. 78C, 159-170, 1984
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Svoboda P., Amler E. and Teisinger J. Different sensitivity of ATP+Mg+Na (I) and Pi+Mg
(IT) dependent types of ouabain binding to phospholipase A2. J. Membrane Biol. 104, 211-221,
1988

Ransnas L., Svoboda P., Jasper J. and Insel P. Stimulation of beta-adrenergic
receptors of S49 lymphoma cells redistributes the alpha subunit of the stimulatory G protein
between cytosol and membranes. Proc. Nat. Acad. Sci. USA 86, 7900-7903, 1989

Svoboda P., Kvapil P., Insel P.A. and Ransnas L.A. Plasma-membrane independent
pool of the alpha subunit of the stimulatory guanine-nucleotide binding protein in a low-
density membrane fraction of S49 lymphoma cells. Eur. J. Biochem. 208, 693-698, 1992

Svoboda P., Unelius L., Cannon B. and Nedergaard J. Attenuation of Gs alpha
coupling efficiency in brown adipose tissue plasma membranes from cold-acclimated
hamsters. Biochem. J. 295,655-661,1993

Milligan G., Svoboda P. and Brown Ch. Why are there so many adrenoceptor
subtypes? Biochem. Pharmacol. 48, 1059-1071, 1994

Svoboda P., Mullaney I. and Milligan G. Agonist induced transfer of the alpha subunits of
the guanine-nucleotide-binding regulatory proteins Gq and Gl1 and of muscarinic ml
acetylcholine receptors from plasma membranes to a light-vesicular membrane fraction. Eur. J.
Biochem. 224, 455-462, 1994

Kvapil P., Novotny J., Svoboda P. and Ransnas. L. The short and long forms of the alpha
subunit of the stimulatory guanine-nucleotide-binding protein are unequally redistributed during (-
)-isoproterenol-mediated desensitization of intact S49 lymphoma cells. Eur. J. Biochem. 226, 193-
199, 1994

Svoboda, P., Gun-Do Kim, Grassie, M.A., Eidne K.A. and Milligan G. Thyrotropin releasing
hormone-induced subcellular redistribution and down-regulation of the guanine nucleotide binding
protein G11 alpha. Analysis of differences in agonist regulation of co-expressed G11 alpha species
variants. Mol. Pharmacol. 314, 761-768, 1996

Svoboda P., Unelius L., Dicker A., Cannon B., Milligan G. and Nedergaard, J. Cold-
induced reduction in Gi alpha proteins in brown adipose tissue. Effects on the cellular
hypersensitization to norepinephrine caused by pertussis toxin-treatment. Biochem. J. 314, 761-
768, 1996

Mullaney I., Caulfield M.P., Svoboda P. and Milligan, G. Activation, cellular distribution
and enhanced degradation of the G proteins Gq and G11 by endogenously expressed and
transfected phospholipase C-coupled muscarinic m1 acetylcholine receptors. Progress in Brain
Research (J. Klein and K. Loffelholz, eds.), pp. 181-187, Elsevier, 1996

Novotny, J. and Svoboda, P. (1998) The long (GsL) and short (GsS) variants of the
stimulatory guanine-nucleotide-binding protein. Do they behave in an identical way? J.
Mol. Endocrinol. 20, 163-173

Drmota, T., Novotny, J., Kim, G.-D., Eidne, K.A., Milligan, G. and Svoboda, P. (1998)
Agonist-induced internalisation of the G protein Gllalpha and thyrotropin-releasing
hormone (TRH) receptors proceed on different time-scales. J. Biol. Chem. 273, 21699-
21707

Boutova, L., Novotny, J. and Svoboda, P. (1999) The decrease in the short variant of Gs
alpha protein is associated with an increase of ["THJCGP12177 binding, [*H]ouabain binding and
Na,K-ATPase activity in brown adipose tissue plasma membranes of cold-acclimated hamsters. J.
Mol. Endocrinol. 22, 55-64

J. Novotny, L. Boutfova, O. Malkova, Svoboda, P. and Kolat, F. (1999) G proteins, beta-
adrenoceptors and beta-adrenergic responsiveness in immature and adult rat ventricular
myocardium: influence of neonatal hypo- and hyperthyroidism. J. Mol. Cell. Cardiol. 31, 761-
772

12
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Novotny, J., Krusek, J., Drmota, T. and Svoboda, P. (1999) Over-expression of Gjja
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trimeric G proteins. CMLS (Cellular and Molecular Life Sciences), 59, 501-512

Novotny, J., Boufova, L., Koléf, F. and Svoboda P. (2001) Membrane-bound and cytosolic
forms of heterotrimeric G proteins in immature and adult myocardium: influence of neonatal
hypo- and hyperthyroidism. J. Cell. Biochem. 82, 215-224

Ihnatovych, 1., Hejnova, L., Kostrnova, A., Mares, P., Svoboda, P. and Novotny, J. (2001)
Maturation of rat brain is accompanied differential expression of the long and short splice variants of Gs
alpha protein. Identification of cytosolic (soluble) forms of Gs alpha. J. Neurochem. 79, 1-11

Ihnatovych, 1., Novotny, J., Haugvicova, R., Boufova, L., Mares, P. and Svoboda, P.
(2002a) Opposing changes of trimeric G proteins during ontogenetic development of rat brain.
Developmental Brain Res., 133, 57-67

Ihnatovych, 1., Novotny, J., Haugvicova, R., Boufova, L., Mares, P. and Svoboda, P.
(2002b) Ontogenetic development of the G-protein mediated adenylylcyclase signalling in rat
brain. Developmetal Brain. Res., 69-75 1F=1,562

Hejnova, L., Thnatovych, 1., Novotny, J., Kubova, H., Mares, P. and Svoboda, P. (2002)
Modulation of adenylyl cyclase in developing rat brain. Difference between cortex, thalamus and
hippocampus. Neurosci. Lett., 330, 9-12

Bourova, L., Kostrnova, A., Hejnova, L., Pesanova, Z., Moon, H.-Y., Novotny, J., Graecme
Milligan and Petr Svoboda (2003). d-opioid receptors exhibit high efficiency when activating
trimeric G proteins in membrane domains. J. Neurochem. 85, 34-49

Moravcova, Z., Rudajev, V., Novotny, J., Cemy, J., Matousek, P., Parenti, M., Milligan, G. and
Svoboda, P. (2004) Long-term agonist stimulation of IP prostanoid receptor depletes the cognate G,
protein from membrane domains but does not affect the receptor level. Biochem. Biophys. Acta., 1691,
51-65

Svoboda, P., Teisinger, J., Novotny, J., Boutova, L., Drmota, T., Hejnova, L., Moravcova, Z., Lisy,
V., Rudajev, V., Stohr, J., Vokurkova, A., Svandova, I. and Durchankova, D. (2004) Biochemistry of
transmembrane signalling mediated by trimeric G proteins. Physiol. Res. 53 (Suppl. 1), S141-S152

Rudajev, V., Novotny, J., Hejnova, L., Milligan, G. and Svoboda, P. (2005) Thyrotropin-
releasing hormone receptor is excluded from lipid domains. Detergent-resistant and detergent-
sensitive pools of TRH receptor and Gqo/G o protein. J. Biochemistry (Jap) 138, 111-125

OstaSov, P., Bourova, L., Hejnova, L., Novotny, J.# and Petr Svoboda (2007) Disruption of
the plasma membrane integrity by cholesterol depletion impairs effectiveness of TRH receptor-
mediated signal transduction via Gq/G,0 proteins. J. of Receptors and Signal Transduction. 27,
335-352

Ostasov, P., Krusek, J., Durchankova, D., Hejnova, L., Svoboda, P. and Novotny, J. # (2008) Ca"
responses to thyrotropin-relasing hormone and angiotensin II: the role of plasma membrane integrity and
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MOLEKULARNI ZAKLADY BUNECNE DRAZDIVOSTI

PtednaSka a laboratorni cviceni
Prednasejici: Prof. RNDr. FrantiSek Vyskocil, DrSc. a kol. (vyskocil@biomed.cas.cz)

Misto a datum konani: Fyziologicky ustav AV CR, Praha 4 - Kr¢, Videtiska 1083,
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1. posch., zasedaci mistnost,

Teorie bunécné drazdivosti a synaptického pienosu, intracelularni méfeni synaptickych
potencialll a proudt, receptory pro neuropienasece a bolest, metoda teréikového zamku, cilené
mutace receptord, exprese zmeéneénych receptorit v COS a HEK bunkéch, fluorescen¢ni méieni
vapniku, pocitatové zpracovani dat.

MOLECULAR BASIS OF THE CELL EXCITABILITY

Lectures and Laboratory Courses

Lecturer: Professor FrantiSek Vyskocil, RNDr, D.Sc. and Members of Molecular Neurobiology
Department

Place and Date: Fyziologicky tstav AV CR, Praha 4 - Kr¢, Videiska 1083, Wing ,,.D“ 2nd
floor, Meeting Room.

Theory of the nerve and muscle conduction and synaptic transmission, intracellular recordings of
the synaptic potentials and currents, neurotransmitter receptors, pain receptors, patch clamp
method, side-directed receptor mutations and expressions in COS and HEK cells, fluorescence
imaging and computer evaluation of the data.
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