The four families of small organic molecules in cells

building blocks larger units
of the cell of the cell

SUGARS * POLYSACCHARIDES
FATTY ACIDS ‘ FATS, LIPIDS, MEMBRANES

AMINO ACIDS # PROTEINS
NUCLEOTIDES » NUCLEIC ACIDS

igure 2-17. Molecular Biology of the Cell, 4th Edition.



STRUKTURNI ULOHA _
FOSFOLIPIDU V BUNKACH

MEMBRANOVE
SYSTEMY
a bunécné
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dusledky:

NEODDELITELNA OD BUNECNYCH FUNKCI
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Transdukce (prenos) signali

Predstavuje zakonité koordinovanou souslednost reakci
(odvijejici se od specifické chemickeé struktury)

vedoucich od vnéjsi plasmatické membrany (navazani regulatoru
na tuto membranu anebo prichod regulatoru touto membranou)
pres cytosol k jadru (expresi genetické informace).

Tohoto procesu se ucastni rada regulatort ruzné chemické povahy.

Vysledkem je zapezpeceni vSech fyziologickych funkci bunek
a organismu vcetne regulace cytokinetiky.

Jeden z principialnich rozdilii spociva zejména v tom, zda ma
dany regulator povahu

hydrofilni (lipofébni)

anebo

Hyd(g)rofobni (lipofilni)

Cloaszouies
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Figure 2-21. Molecular Biology of the Cell, 4th Edition.



PANEL 2-5 Fatty Acids and Other Lipids

COMMON FATTY TRIACYLGLYCEROLS  Fatty acids are stored as an energy reserve (fats and
ACIDS I to form
]
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Phospholipid structure and the orientation of
phospholipids in membrane

hydrophilic
head - water

1

phospholipid
bilayer,
or membrane

two

hydrophobic

fatty acid
tails

fatty acid
fatty acid

| & N
phospholipid molecule

igure 2-22. Molecular Biology of the Cell, 4th Edition.




LIPID AGGREGATES POLYISOPRENOQIDS

long chain polymers of isoprene
Fatty acids have a hydroph:
and a hydrophs

I water they can form a su
or form small micelles.

Their derivatives can form larger aggregates held together by hydrophobic fo

OTHER LIPIDS Lipids ara dafined as the watardnsoluble

STEROQIDS Barok o @ Common multiple-ring structy

.

—found in many membranss «—mals steraid hormons

GLYCOLIPIDS
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Chemické reakce, syntémy a stépeni, nahodilost a zakonitost déju

< 7

(O

A B

®-©

ktery se muize uvolnit jako volna energie Ev

Presto preména A — C neprobéhne samovolrié.
Musi projit stave G ktery ma vyssSi obsah energie nez A.
Aby se mohla uvolnit volna energie Ev;, musime stavu A ,,pujéit“ energii Ea;

jen tak se dostane na mezistupen B.



How two macromolecules with complementary surfaces can bind
tightly to one another through noncovalent interactions

Figure 2-16. Molecular Biolo

y of the Cell, 4th Edition

-Nejjednodussi zpusob reakce

-MUze vSak spolupusobit cela
skala chemickych vazeb
silné i slabé povahy a jejich
kombinace



Cetné molekuly se stepi, vstoupi-li do jejich
struktury molekula vody pri hydrolyze.

Jako priklad uvadime hydrolyzu bilkoviny, kdy mezi atom
dusiku (zeleny) a S vazanym vstoupi
molekula vody. Vznikd tak aminoskupina a

Chemicky takovou reakci zaznamenavame:

-NH-CO- + H,0 = -NH, + -COOH

Samovolna reakce by probihala velmi pomalu.
Katalyzator ji urychluje pisobenim na elektronové oblaky
(rdzova).

Elektrony se vzajemné odpuzuji, zatimco kladné nabité

atomy (protony) je pritahuiji.

Sipky naznaduiji, jak katalyzator svymi dvéma funkénimi
skupinami vyvola pohyb elektrond, ¢imz se oslabi
vazby mezi atomem dusiku a uhliku, takze se prerusi.

Vlastni télo katalyzatoru udrzuje funkéni skupiny v presné
poloze, nezbytné Kk vyvolani naznaéenych zmén
v_elektronovych oblacich stépené vazby. ,,Umi“ vsSak i
leccos jiného, zejména ,prFipoutat” latku, ktera ma byt
Stépena.




Jak vznika kompl substrat

Substrat presné zapadne do lizka v molekule enzymu.
V tomto IGzku ho poutaji rdzné typy sil:
hydrofobni (modra), pritahovani
opacéné nabitych skupin (zelena v substratu a
), vodikové mustky. Stépena vazba se tim dostane
mezi ,,ntzky“ silné polarnich skupin (napf. karboxylu).

Pri ,,vyvolaném prizpusobeni je enzym
teprve domodelovan silami, které poutaji
substrat

k jeho lazku.



Alostericka
substrat b . aktivace
enzymu.

\

Sy regulacni
molekula

Enzym sam neni schopen rozstépit substrat,
nebot’ jeho molekula nema spravny tvar.

Teprve navaze-li se na jiné misto requlaéni molekula (hnéda zprava),
ziska funkéni formu.




Regulaéni molekula

Alostericka inaktivace enzymu.

Regulaéni molekula se pripojuje opét na jiném misté molekuly enzymu, nez kam se vaze
substrat.

Tim se liSi od pouhého blokovani lizka, které miize zpuUsobit latka podobna substratu
(soutéziva Cili kompetitivni inhibice).

Alostericka inaktivace patri k requlacnim pochodiim. Muize ji vyvolat jen zcela urcita latka,
ta, ktera svymi vlastnostmi presné odpovida mistu, na které se vaze.




Signal 1 Signal 2 Signal 3 Signal 4 Signal 5

Y S SR S Sy

Receptor
Receptor Receptor Receptor Receptor protein tyrosine Membrane
kinase

Inside

AMP cyclic GMP Ca?+ Diacylglycerol

L l

PK-G Calmodulin K-C Protein Ser/Thr

/N NN /\ N

Multifunctional Dedicated
kinases kinases

/IN

P. Cohen: TIBS, 17 (10), 408 — 413, 1992

Five of the principal signalling systems that operate in eukaryotic cells




Five parallel intracellular signaling pathways activated by G-protein-
linked receptors, receptor tyrosine kinases, or both

signal molecule__

- G-protein- ¢ 5 receptor
linked receptor = V& tyrosine

f -._' kinase
|P )
/\ \ \

G protein G protein _pphasphnllpase Grb2 Pl 3-kinase
'
Ras-GEF

adenylyl cyclase diacylglycerol " } PI(3,4,5)P3
as

!

C32+
cyclic AMP l ) } PDK1
l calmodulin MAP—kina}se—kinase l

!

PKA CaM-kinase PKC MAP-kinase

MAP-kinase-kinase-kinase

gene regulatory proteins many target prutéins

Figure 15-61. Molecular Biology of the Cell, 4th Edition.



Hlavni rozdil v pusobeni
mezi regulatory
hydrofilni (lipofobni)

a

hydrofobni (lipofilni)
povahy



Jak prochazeji latky
membranami?

(napriklad ionty)
jsou ve vodé obvykle obklopeny
nékolika molekulami vody
(hydratovany).

To znemoziuije jejich prichod
hydrofobni mezivrstvou
v membrané.

Kdyz se vSak obali hydrofobnim plastém

snadno pres membranu projdou.

Struktura membrany muze vSak obsahovat nékteré funkéni prvky, treba kanalek (dole) s

Kanalek muze ménit svilij rozmeér, a tim regulovat priachodnost latek.

Vétsinou vsak v roli requlatoru vystupuji membranové bilkoviny.




Some signaling molecules that bind to nuclear receptors

estradiol
cortisol

|
I\

X\

I N, I
HQ_({’ \ L}—{‘ \\—CHQ—C—COO_

-I‘

|}— l’

thyroxine ~ retinoic acid

Figure 15-12 part 1 of 2. Molecular Biology of the Cell, 4th Edition.
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zmena konformace
na urovni membran

a cytosolu

- priklady-
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SHETE b~ =

Nuclear responses .
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Protein kinase cascade

protein
phosphorylation
N
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| kinase ] | kinase | [kinase ] | kinase |

S S |

ACTIVATION OF CELLULAR TARGET PROCESSES
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- Kinazy

- fosfatazy
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Regulatory Domain Catalytic Domain

-]

pseudosubstrate

A. Basu: Pharmacol. Ther., 59 (3), 257-280, 1993

Structure of protein kinase C isoforms



pseudosubstrate

Site of
proteolysis

l Activation
Cofactor _
Phorbol ester binding WOWSIS

{-— Substrate

COOH

A. Basu: Pharmacol. Ther., 59 (3), 257-280, 1993

Model of protein kinase C activation




Podstata

- Zmena konformace -
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An evolutionary tree of selected protein kinases

Cda VIAP kinase
subfamily
yclin-dependent
PDGF Weel kinase subfamily
receptor 5 (cell-cycle control)
tyrosine ' EGF Cdk2
kinase | receptor Cdc2
subfamily
Src _ cyclic-AMP-
Lok . .dependent kinase
~—_ cyclic-GMP-
Raf dependent kinasc
Mos protein kinase C
2+ :
s 4 Ca“"/calmodulin-
TGF-$ myosin light-  dependent kinase
receptor chain kinase

eceptor serine
kinase subfamily

Crlmssanwm T A AAdcaleams sl mee E3 o o vman 5 wmde el o o= 1 I PR e T ——




Some energies important for cells

average ATP hydrolysis C-C
thermal motions in cell bond

ENERGY

kcal/mole) 0.1

noncovalent green complete
bond in water light glucose oxidation

Figure 2-7. Molecular Biology of the Cell, 4th Edition.




A. Kyselina fosforeéna / ortofosforeéna
B. Kyselina pyrofosforecna
C. Kyselina trifosforecna

W = O 04

v preménach a uschové energie v zivych
systémech
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enzym

Vznik a €innost cAMP. V_membrané bunky je bilkovina,
ktera ma dvé funkce: na vnéjSi strané membrany je
specifickym receptorem (pfijimaéem) signalni molekuly
(hnéda kuli€ka) a na vnitrni strané membrany se po prijeti
signalu méni v enzym, ktery prevadi ATP na cAMP a
pyrofosfat.

Legenda:

hnéda kuli€ka - signalni molekula
zelena — adenylatcyklaza

modra — alostericka bilkovina
tyrkysova — aktivni enzym
oranzova - inhibitor




Jeden z hlavnich vyznamu popsanych reakci

— znacny stupen zesileni -

Stupné zesileni:
1. Kazda adenylatcyklaza vyrobi mnoho molekul cAMP

2. Kazda molekula cAMP aktivuje jednu proteinkinazu, ta ma za ukol predevsim
pripojit  kyselinu  fosforeCnou na enzym  syntetizujici  glykogen
z glukozy, a tim jeji vyradit z provozu. Tak zablokuje mnoho molekul enzymu

3. SoucCasné navaze kyselinu fosforeChou na kinazu enzymu rozkladajiciho
glykogen. Tim uvede v Cinnost mnoho molekul kinazy.

4. Jedna molekula kinazy vSak aktivuje mnoho molekul enzymu rozkladajiciho
glykogen.

Kdyby kazdé zesileni bylo jen desetinasobné, pak vysledkem je
rozkladu, podporené zablokovanim syntézy.

c !E:‘-?.‘.’. cti ficw



-Zmena konformace
jako podstata rizeni -
cytokinetiky —

-inhibice b. deleni-
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A) ION-CHANNEL-LINKED RECEPTORS

asma e *—ions
Three m?r}br{& = e signal molecule
classes of
cell-surface
(B) G-PROTEIN-LINKED RECEPTORS
rece pto rs sigr?al molecule

activated

G protein activated enzyme
P G protein i

igure 15-15 part 1 of 2. Molecular Biology of the Cell, 4th Edition.

C) ENZYME-LINKED RECEPTORS

signal molecule
in form of a dimer
. signal molecule

|

Lo

"/‘ —-r’\"‘/ e

\
mactwe catalytic active catalytic activated
domain domain enzyme

Figure 15-15 part 2 of 2. Molecular Biology of the Cell, 4th Edition.



DNA-binding
domain

C
cortisol receptor

N C
estrogen receptor

c
progesterone receptor

N—C
vitamin D receptor

N—ss———-C
thyroid hormone receptor

N —m————C
retinoic acid receptor

The nuclear receptor superfamily

ligand-binding
domain

transcription-activating
domain

inhibitoryco
proteins
(B) INACTIVE RECEPTOR

coactivator
proteins

ligand

DNA ——
'
transcription of
target genes

(C) ACTIVE RECEPTOR (D)

receptor-binding
element

Figure 15-13 part 1 of 2. Molecular Biology of the Cell, 4th Edition.




zmena konformace
nha urovni genomu
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When
the p53 protein is made,
it turns on the gene for a
21 kilodaion, protein that
vioeks-CdK enzymes,
and thus cell division.

Cell division

Science 262, 1644, 1993



Helicase

S PCNA

S Polymerase §

R. A. Laskey et al.: Science 246, 609, 1989

Schematic representation of a eukaryotic replication fork
showing concerted action by DNA polymerase o and 6 on
opposite sides of the fork.



Model for the blocking of p21“"~-mediated inhibition of cyclin-dependent kinase (CDK)-
cyclin complexes.({a) An active CDK—cyclin complex, in which ATP is bound in the catalytic
cleft. (b)) Inhibition™of the complex by a CIP/KIP CKI (Ref. 19). There are three major fea-
tures ©fF the interaction: (1) a hydrophobic interaction between the RRLFG motif in the
CIP/KIP CKI N-terminus and the cyclin; (2) a rearrangement of the CDK such that the
glycine-rich loop that binds to ATP is no longer available; and (3) the insertion of the CKI 3, -
helix into the catalytic cleft, where it mimics ATP. The dark gray line represents the CIP/KIP
CKI C-terminus, which was missing in the crystallization and whose orientation with respect
to, and effect on, the CDK—cyclin complex is not clear. \(¢) Binding of E7 or proliferating-
cell nuclear antigen to the p21°f! Cterminus might rearrange the interaction between
p21°P1 and the CDK-cyclin complex, and allow ATP binding and phosphorylation of some
substrates.

J. O. Funk and D. A. Galloway: TIBS, 23, 337-341, 1998




zmena konformace
nha urovni genomu

- priklady-
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The activation of NF-xB by TNF-o

TNF-o trimer
_ TNF-o receptor

( ! CYTOSOL

_adaptor proteins

-, RECRUITMENT — .
‘::;_T,-J AND ACTIVATION "-._:!HI:_,}“aCtlvatE'd IKKK
OF IKKK

_ ) PHOSPHORYLATION
inactive ' AND ACTIVATION ‘B
IKK OF IKK BY ' activated IKK-

ACTIVATED IKKK

kB~ OF IB f

s
NF’xB

exposed nuclear
localization signal

MIGRATION OF NF-xB UBIQUITYLATION AND
INTO NUCLEUS / DEGRADATION OF
PHOSPHORYLATED IxB

coactivator IN PROTEASOME

DNA

TRANSCRIPTION OF NF-xB
TARGET GENES

Figure 15-74. Molecular Biology of the Cell, 4th Edition.



The Jak-STAT signaling pathways activated by a-interferon

BINDING OF INTERFERON ACTIVATED Jaks
CROSS-LINKS ADJACENT PHOSPHORYLATE
RECEPTORS, AND Jaks RECEPTORS ON
CROSS-PHOSPHORYLATE TYROSINES
EACH OTHER ON TYROSINES

AFTER STATs DOCK ON
SPECIFIC PHOSPHOTYROSINES
ON THE RECEPTOR, THE Jaks
PHOSPHORYLATE THEM

STATs DISSOCIATE

2"  FROM RECEPTOR
v STATs MIGRATE TO NUCLEUS, ¢ AND DIMERIZE VIA

BIND TO DNA AND OTHER THEIR SH2 DOMAIN
GENE REGULATORY PROTEINS

other gene
regulatory proteins

-
o-interferon response  TARGET GENE TRANSCRIPTION
element in target gene

Figure 15-63 part 2 of 2. Molecular Biology of the Cell, 4th Edition.



One way in which signaling through PI 3-kinase promotes

cell survival

survival signal

PI{S 4,5)P3 ﬁimff";'ms

activated

LY
Pl 3-kinase phosphorylation “@" i b iation
and activation

activated receptor of PKB by PDK1

yrosine kinase PDK1
PKB

CYTOSOL

inactivated BAD

active PKB PYP) '

14-3-3
protein

BAD
\( o
PHOSPHORYLATION™ © | INHIBITION OF

inactive death- OF BAD

inhibitory protein active death-
inhibitory protein

igure 15-60. Molecular Biology of the Cell, 4th Edition.

APOPTOSIS




Podstata

- Zmena konformace -
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Pozitivni zpetna vazba -
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A4
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POCET BUNEK V POPULACI

diferenciace
zanik bunék
(smrt apoptézou)

optimalni
rozsah
regulace

produkce bunék
(intenzita déleni -
proliferace)

zvysené riziko vzniku
nadorovych onemocnéni

tolerovana
hranice
regulovaného
rozmezi

,homeostazy*“
na tkanové
urovni
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Negativni zpetna vazba

 regulaéni system O

detekce
chyb

regulator

rusivy vliv
d

@ovani sou stD

zpétna vazba

Reakce
na vychyleni

Obr. 2. Bystém se zpétnou vazbou\y, — Zadana hﬂf]llﬂtﬂ,@ regulaéni odehylka, F, — akéni
velicina, ¥y — poruchova 1-'5:11&1_11&-, vystup systému.

Vacha, J.: Problém normalnosti v biologii a Iékarstvi (Avicenum, 1980) qutl::l?i:re‘;itl?s
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/nev}rvéien& regulace

vyvazena regulace

tolerovane
hranice
kolisani

optimum

,zdravi®

Obr. 17. Individudlné rozdilnh Géinnost regulaénich funkei podmifinje
individualné rn?chlne dmpnzme k Onﬁmﬂﬁ'ﬂenl ,INevE*azené“
regulovand veliéin : nnd 3 :
obvyklé hranice nez veliéina legulm ana ,,vyvazend'* {pudle Pospidila 1977h).

Vacha, J.: Problém normalnosti v biologii a I€ékafstvi (Avicenum, 1980)
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Obr. 15

Nakladova funkce ce-
vy dané délky jako
funkee jejiho poloméru
8 rostoucim polomérem kle-
sa odpor Prnudﬁni (dilct na-
kladova funkee F,), ale
Stoupa)l_ MerApoNTRe  nd-
klady (dilei  nakladova
funkece P,). Biologicke op-
timum teoreticky odpovida
minimu_celkové nakladove
funkee P:; poloha optima
je wiak wve skuteénosti
hierarchicky podfizena ne-
zbytnému kompromisu me-
zi maximélnimi a klidovymi
pofadavky na cirkulacni
syatém (podle Milsuma a
Roberge 1973).

iy

nakladova funkce

1,5
pelomér cevy

Vacha, J.: Problém normalnosti v biologii a I€kafstvi (Avicenum, 1980)

CE::.:’;:;‘:E.:S
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Co rozhodnout nejdriv:
ProC chceme studovat, jaky je opravdovy zajem?
Na zaklade ceho se rozhodujeme?
Kdy zacit a proc?
Kde zacit? (na dobrem peacovisti)
Jaké mame moznosti uplatneni

po skonceni studia?

Clasers

Biofyzikélni stav AVCR, BRNO



ad 1) Realita - 27777,

To, Cemu jsme zvykli rikat hosp. krize je
hospodarsky
Mate pravdu, je treba prekonat
Technickymi-
T. Bata, 1932
Do této krize nas dostaly machinace s komplikovanymi financnimi
instrumenty... B. Obama

N&kolik ,,pozitivnich® ???%? zprav pro financovani védy
- kategorie v principu neutralni
- Vé&da by nemusela byt citeln& ovlivnéna. na BFU - doposud nejlepsi
zajiSteni grantovymi prostredky
- Dovybaveni nakladnymi pfristroji realitou.

- jedny z hlavnich pricin souCasného stavu.
Obecnou tendenci je fesit situaci prostredky, které ji zavinily.....
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