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Intro

* Fyziologie — spojeni struktury, funkce a regulace

* Neni problém vyvinout si organ/protein/bunécénou strukturu




Zakladni fyziologicke pochody u cloveka

— B. Maintenance of a stable internal environment in humans
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— C. Control circuit

Prescribed
set point

Set point value

Regulacni okruhy

e Controller hlida a nastavuje
néjaky systém, a sam je jeho
cinnosti regulovan.

* Pozitivni zpétna vazba:
systém* - controller T

* Negativni zpétna vazba:
systém* - controllerd,




Bunka — zakladni zivotni pochody

— A. Unicellular organism in the constant external environment of the primordial sea —
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Bunka — srovnani velikosti struktur
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Interakce ligand — protein

Ligand

Binding site

Protein

Bound complex Figure 3.27 Amino acids that interact with the ligand at a binding
2 ) site need not be at adjacent sites along the polypeptide chain, as
Flgure 3.26 The complementary shapes of ligand and the indicated in this model showing the three-dimensional folding of a

protein-binding site determine the chemical specificity of binding. protein. The unfolded polypeptide chain appears at the bottom.



Protein X ProteinY

Figure 3.28 Protein X can bind all three ligands, which have
similar chemical structures. Protein Y, because of the shape of its
binding site, can bind only ligand ¢. Protein Y, therefore, has a greater
chemical specificity than protein X.

Interakce ligand — protein

Ligand

B
o
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binding site binding site binding site

Figure 3.29 Three binding sites with the same chemical specificity
but different affinities for a ligand.



Modulace vazby ligand — protein
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Figure 3.32 (a) Allosteric modulation and (b) covalent modulation of a protein’s functional
binding site.

 Alostericka — slaba
(nekovalentni) vazby modulatoru
zmeéni afinitu |-p vazby
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Saturace vazby ligand - protein
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tin es in ligand . : k ; . il . . . R . e a . . .
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(protein Y') has more bound sites at any given ligand concentration up
to 100% saturation.



Bunka —
transport

* Transport z jadra
* ER

* Cis a trans-
Golghiho systém
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— F. Protein synthesis, sorting, recycling, and breakdown
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Clathrin, COPIl a COPIl v bunecne transdukci
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Cytoskeletal filaments
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Kontakty mezi bunkami

* Integrace bunék do tkani —
kontaktni proteiny integriny

* Desmosomy — pevné v tahu,
elastické spojeni, kuze

* Tight junctions — prekazka
volného prichodu latek, stfevni
sliznice

* Gap junctions —vymena
nizkomolekularnich latek,
srdecni svalovina
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(d) Gap junction

‘:El_g Figure 3.9 Three types of specialized membrane junctions: (a) desmosome: (b) tight junetion: (¢) electron micrograph of two intestinal
epithelial cells joined by a tight junction near the apical (luminal) surface and a desmosome below the tight junction; and (d) gap junction. Electron

micrograph from M. Farguhar and G. E. Palade, J. Celi. Biol, 17375-412




RNA — struktura a funkce v bunce

Total RNA per cell: 1-10 pg
rRNA - ribosomal RNA (translation)85%
tRNA - transfer RNA (translation) 15%

MRNA - messenger RNA (codes for protein) 1-5%,
e 1-20k molecules per gene per cell

SRP RNA - signal recognition particles
tmRNA - transfer-messenger RNA (only in bacteria)
Other RNA’s:

 miRNA - micro, siRNA - small interfering (gene regulation)
e piRNA (transposon defense)
* IncRNA —long non-coding (regulation, epigenetics)
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Figure 1. Structure of Yeast mRNA
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Ringnér M, Krogh M (2005) Folding Free Energies of 5'-UTRs Impact Post-Transcriptional Regulation on a Genomic Scale in Yeast. PLoS Comput

Biol 1(7): €72. d0i:10.1371/journal.pcbi.0010072
@‘ PLOS | SOMPUTATIONAL
7 BIOLOGY

http://journals.plos.org/ploscompbiol/article?id=info:doi/10.1371/journal.pcbi.0010072



http://journals.plos.org/ploscompbiol/article?id=info:doi/10.1371/journal.pcbi.0010072

RNA struktura

http://rna.ucsc.edu/rnacenter/ribosome_
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Parovani bazi v RNA

* Canonical Watson-Crick pairing

 A-U
* C-G

* Non-canonical pairing

* G-U (closing pair)
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Parovani bazi v RNA

bpC C:G U:A U:G G:A CA UC A:A C:C G:G U:U Total

WC 49.8% 14.4% 0.01% 1.2% 0.1% 0.5% - : . - 66.1%
Wb 0.06% 0.06% 7.1% : 0.2% - 0.3% 0.5% 0.2% 0.9% 9.6%

Other | 0.8% 5.8% 1.5% 94% 2.3% 0.6% 2.6% 0.5% 0.7% 0.3% 24.3%

Total | 50.7% 20.3% 8.7% 10.6% 2.6% 1.0% 2.9% 1.0% 0.9% 1.3% 100.0%

Just 71.3% of rRNA contacts are canonical or G:U wobble!

Lee & Gutell (2004) Diversity of base-pair conformations and their occurrence in rRNA structure and RNA
structural motifs J Mol Biol.






Bunécna membrana — prenos latek
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Changes in red blood cell shape due to osmosis,; the knobby appearance
of some cells is due to water leaving the cell.



— G. Cell membrane
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Bunecné membrany

Model fosfolipidové dvouvrstvy
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Membranoveé proteiny
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Most membrane proteins extend across the bilayer as (1, with covalently attached fatty acid chain) a single a
helix, (2) as multiple a helices, or (3) as a rolled-up B sheet (a B barrel).

Some of these are anchored to the cytosolic surface by an amphiphilic a helix (4). (5) Others are attached to
the bilayer solely by a covalently bound lipid chain (6) via an oligosaccharide linker—called a GPI anchor. (7, 8)
Some proteins are attached to the membrane only by noncovalent interactions with other membrane proteins.



receptor, ktery je
soucasti iontového
kanalu

Obr. 1.28 Schéma jednotlivich typii receptorii — shora zleva: receptor spraZeny
s G-proteiny; receptor, ktery je soucasti iontového kandlu,; receptor s viastni tyro-
zinkindzovou aktivitou; cytoplazmaticky (steroidni) receptor

Receptory
membranove a
cytoplasmaticke



— A. Diffusion in homogeneous media
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Difuze glukosy pres membranu - model




Difuze glukosy pres membranu - model

Compartment 1
High solute concentration

Compartment 2

)

‘Orie-wa

Low solute concentration

R - 4 - ".l.'_r

AP|R} Figure 4.3 The two one-way fluxes occurring during

simple diffusion of solute across a boundary and the net flux (the

difference between the two one-way fluxes). The net flux always occurs
in the direction from higher to lower concentration. Lengths of arrows

indicate maenitude of the flux.

Concentration

CD: constant extracellular concentration

.-l.------------------._u.r_...

C,= intracellular concentration

Time

Figure 4.4 The increase in intracellular concentration as a solute
diffuses from a constant extracellular concentration until diffusion
equilibrium (C; = C,) is reached across the plasma membrane of a cell.



Rozdily mezi pasivhim a aktivnim transportem

Low concentration High concentration

Diffusion

Maximal flux

Flux into cell

Mediated transport

Extracellular solute concentration

Active transport

Difuze (pasivni) vs. aktivni transport do bunky v
Figure 4.10 Direction of net solute flux crossing a membrane by st H ; 414
simple diffusion (high to low concentration), facilitated diffusion (high ZaVISIOStI na koncentraC| tra nsportova ne Iatky

to low concentration), and active transport (low to high concentration).
The colored circles represent transporter molecules.



Aktivni transport (AT)

* Proti koncentracnimu spadu, nutno dodat energii (rlznymi zpUsoby),
nutné pro udrzovani intracelularniho prostredi odlisSného od
extracelularniho, omezena kapacita

* Primarni AT — ATPasy, iontové kanaly (Na*-K* pumpa)

» Sekundarni AT — kotransport (symport/antiport), energie doddna
transportem druhé molekuly (elektroneutralni nebo rheogenni, dle
vysledného naboje obou molekul)

 Terciarni AT — endo/exo-cytosa, vacky s transportovanou latkou (ACh),
typicky fizeny vazebneé
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Figure 4.5 Model of an ion channel composed of

five polypeptide subunits. Individual amino acids are
represented as beads. (a) A channel subunit consisting

of an integral membrane protein containing four
transmembrane segments (1, 2, 3, and 4), each of which
has an alpha-helical configuration within the membrane.
Although this model has only four transmembrane
segments, some channel proteins have as many as 12.

(b) The same subunit as in (a) shown in three dimensions
within the membrane, with the four transmembrane helices
aggregated together and shown as cylinders. (c) The ion
channel consists of five of the subunits illustrated in (b),
which form the sides of the channel. As shown in cross
section, the helical transmembrane segment 2 (light purple)
of each subunit forms each side of the channel opening.
The presence of 10nized amino acid side chains along this
region determines the selectivity of the channel to ions.
Although this model shows the five subunits as identical,
many ion channels are formed from the aggregation of
several different types of subunit polypeptides.



Intracellular fluid

Open ion channel Closed ion channel
Extracellular fluid

Figure 4.7 As aresult of conformational changes in the proteins

forming an ion channel, the channel may be open, allowing ions to
Intracellular fluid diffuse across the membrane, or may be closed. The conformational
change is grossly exaggerated for illustrative purposes. The actual
conformational change is more likely to be just sufficient to allow or
prevent an ion to fit through.

BPR Figure 4.8 Model of mediated
transport. A change in the conformation of the
transporter exposes the transporter binding site
first to one surface of the membrane then to

the other, thereby transferring the bound solute
from one side of the membrane to the other. This
model shows net mediated transport from the
extracellular fluid to the inside of the cell. In
many cases, the net transport is in the opposite
direction. The size of the conformational change
is exaggerated for illustrative purposes in this and
subsequent figures.

Transporter .
protein

Transported solute —’

Binding site

Extracellular fluid




— A, Na-K'-ATPase
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lontové pomeéry Na-K-ATPasy

INTRACELULARNI
TEKUTINA

EXTRACELULARNI
TEKUTINA

Na*= 145 mMol/I
Kt= 5 mMol/l

Na*=10(15) mMol/I
K* =150 mMol/I

Systém, kdy transportni mechanis-
mus musi pUsobit silou proti sile
Koncentracniho (elektrochemického)
gradientu, spotrebovava chemickou
energii (ATP). Tento mechanismu

se oznacuje AKTIVNI TRANSPORT

Je zrejmé, Zze Na-K-ATPasa
presouva Na* a K* proti jejich
koncentracnim gradientim
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— B. Secondary and tertiary active transport

1 Electrochemical Na' gradient drives secondary active glucose transport
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Terciarni aktivni transport — endo/exo-cytosa

— C. Receptor-mediated endocytosis
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lontoveé kanaly —
rozlozeni el. naboje

Extracellular fluid

Plasma
membrane

Mucleus

— C. Control of ion channels
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Prenos signalu pres membranu
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G-proteiny — prenos signalu pres membranu

* 3 podjednotky (a, B, V)

* Pri vazbé prvniho posla ->
disociace a
* o aktivuje vazebneé rizeny

iontovy kanal (jiny membranovy
protein)

(d)

First messenger

G Protein Generates

Change in Second

* DrUhV'_pOSEL nEJéaSté” CAM P, membrane potential messengers
inositol trifosfat (IP,), diacyl |
glycerol (DAG), fosfolipasa C l(mumpuesteps}i

* Zesileni signalu CELL'S RESPONSE



‘ acetylcholin

muskarinovy draslikovy
receptor kanal

5

G - protein GDP

Vazebneé rizeny
kanal spojeny s .
G-proteinem

P GDP GDP

GTP




Transport vapniku z ER

— A. Ca?* transport through the ER membrane
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— A, Role of Ca*"in cell requlation
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v Sodiko — vapnikovy vyménik
Antiport, NCX, Na/Ca
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Biologickd membrdana
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Kazda bunka se brani tzv.
vapnikovému pretizeni.
Normalni intracelularni koncentrace

Ca?* : ey
Ca?* je mensi nez 10’mol.I2.
K vapnikovému pretizeni jsou
4 mimoradné citlivé bunky myokardu
. a nervové bunky.
Na*
NCX se stava vyznamnym nastrojem Na*

bunécné vapnikové homeostazy.

Za zcela mimoradnych okolnosti si mlze
Burika doplriovat intracelularni zasoby Ca?*



Cilie — primarni v kazdé bunce, sekundarni ve specializovanych

- A. Cilia
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