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Transdukce (prenos) signal

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

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

Tohoto procesu se ucastni rada regulatort rizné chemické povahy.

Vysledkem je zapezpeceni vsech fyziologickych funkci bunék
a organismu vcetne regulace cytokinetiky.

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

hydrofilni (lipofébni)

anebo

Hyd(g)rofébni (lipofilni)




The four families of small organic molecules in cells

building blocks larger units
of the cell of the cell

SUGARS mmp | POLYSACCHARIDES |
____FATTY ACIDS | mmsp [FATS, LIPIDS, MEMBRANES |

~ AMINO ACIDS | ‘ F’HDTEINS
~ NUCLEOTIDES |mmp|  NUCLEIC ACIDS

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




IABLE 1-3The Approximate Chemical Composition of a Bacterial Cell

PERCENT OF TOTAL NUMBER OF TYPES OF
CELLWHGHT FACH MOLECULE

Water 70 1
Inorganic ions 1 20
Sugars and precursors 1

Amino acids and precursors 0.4

Nucleotides and precursors 0.4

Fatty acids and precursors 1

Other small molecules 0.2

Macromolecules (proteins, 26
nucleic acids, and polysaccharides)




Vsechny hlavni
kompotnenty
spolupusobi
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A fatty acid

hydrophilic carboxylic acid head
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Figure 2-21. Molecular Biology of the Cell, 4th Edition.




PANEL 2-5 Fatty Acids and Other Lipids

COMMON FATTY
ACIDS

These are carboxylic acids
with long hydrocarbon tails.

CEROLS

COOH COOH COOH

Fatty acids are stored as an energy reserve (fats and
oils) through an ester linkage to glycerol to form
triacylglycerols, also known as triglycerides.

\
HC—OH
|

H,C—OH

glycerol

Hundreds of different kinds of fatty acids exist. Some have one or more double bonds in their
hydrocarbon tail and are said to be unsaturated. Fatty acids with no double bonds are saturated.

acid

space-filling model
UNSATURATED

earic oleic

cid (C1g)

CARBOXYL GROUP

If free, the carboxyl group of a
fatty acid will be ionized.

But more usually it is linked to
other groups to form either esters

or amides.

carbon skeleton

e

This double bond

is rigid and creates
a kink in the chain.
The rest of the chain
is free to rotate
about the other C-C
bonds.

stearic

SATURATED

Phospholipids are the major constituents
of cell membranee
z|choline

PHOSPHOLIPIDS

hydrophilic 7
group

hydrophobic
fatty acid tails

space-filling model of
the phospholipid
phosphatidylcholine

In phospholipids two of the -OH groups in glycerol are
linked to fatty acids, while the third -OH group is linked
to phosphoric acid. The phosphate is further linked to
one of a variety of small polar groups (alcohols).

lipid




Phospholipid structure and the orientation of
phospholipids in membrane

hydrophilic
head

two

hydrophobic

fatty acid
tails

fatty acid

=

fatty acid

water

phospholipid molecule

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

phospholipid

bilayer,

or membrane







LIPID AGGREGATES POLYISOPRENOIDS

long-chain polymers of isoprene
Fatty acids have a hydrophilic head /.
and a hydrophok

In water they can form a surface film
or form small m

Their derivatives can form larger aggregates held together by hydrophobic forc

Triglyeari -an form large spheric
fat drop! nthe cytoplasm.

OTHER LIPIDS

made from isoprens units.

STEROIDS Steroids have a common multiple-ring structure.

~—male steroid hormone

’ ompounds are composed of a hydroph
region, containing two long hydrocarbon tails, and a polar region,
which, however, contains one or more sugar residues and no phosphate. |

OH

hydrocarbon tails




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

Figure 2-16. Molecular Biolo

of the Cell, 4th Edition

-Nejjednodussi zpusob reakce

-Muze vSak spolupusobit cela
skala chemickych vazeb
silne i slabe povahy a jejich
kombinace




Cetné molekuly se $tépi, vstoupi-li do jejich
struktury molekula vody pfi hydrolyze.

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

Chemicky takovou reakci zaznamenavame:

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

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

Elektrony se vzajemné odpuzuji, zatimco kladné nabité

atomy (protony) je pritahuiji.

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

Vlastni télo katalyzatoru udrzuje funkéni skupiny v presné
poloze, nezbytné k vyvolani naznacenych zmén
v_elektronovych oblacich sStépené vazby. ,Umi“ vsSak i
leccos jiného, zejména ,pripoutat” latku, ktera ma byt
sStépena.




Chemické reakce, syntémy a stépeni, nahodilost a zakonitost déju

E

a

A B

®-©

ktery se muize uvolnit jako volna energie Ev

Presto preména A — C neprobéhne samovolné.

Musi projit staverr@ ktery ma vyssi yaﬁ energie nez A.
Aby se mohla uvolnit volna energie Ev; musime stavu A ,,ptij¢it“ energii Ea;
jen tak se dostane na mezistupen B.




Jak vznika komplex substrat

i >

Substrat presné zapadne do luzka v molekule enzymu.
V tomto luzku ho poutaji rizné typy sil:

hydrofobni (modra), pfitahovani

opaéné nabitych skupin (zelena v substratu a Pri uVyVOIanem’ pl'lZPU?Obenl'je enzym
), vodikové mustky. Stépena vazba se tim dostane teprve domodelovan 5'!3”“, které poutaji
mezi ,,nGzky“ silné polarnich skupin (nap¥. karboxylu). substrat

k jeho lazku.




Alostericka
substrat e, aktivace
| enzymu.

Sy regulacéni
molekula

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

L] / 4 V4

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




Regulaéni molekula

Alostericka inaktivace enzymu.

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

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

Alostericka inaktivace patri k requlacnim pochodum. Mize ji vyvolat jen zcela urcita latka,
ta, ktera svymi vlastnostmi prfesné odpovida mistu, na které se vaze.




Signal 1 Signal 2 Signal 3 Signal 4 Signal 5

S R SN N e

Receptor
Receptor Receptor Receptor Receptor  protein tyrosine Membrane
kinase

Inside

cyclic AMP cyclic GMP Ca?* Diacylglycerol ‘X

N T

PK-A PK-G Calmodulin PK-C Protein Ser/Thr

/NN LN AN TR

Multifunctional Dedicated
kinases kinases

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
]
W

v 3-protein- & 4 receptor
linked receptor : tyrosine

) kinase

G protein G protein — phospholipase C  Grb2 Pl 3-kinase

\ HES*GEF

adenylylcyclase  1f3 diacylglycerol | PI(3,4,5)P3
dSs

C§2+

cycli(;rAMP 1 MAP-kinase-kinase-kinase E’DK1

calmndulln MAP- klnase kinase

CaM- klnase PKC MAP- kmase PKB

e

gene regulatory proteins many target proteins

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




Hlavni rozdil v pusobeni
mezi regulatory
hydrofilni (lipofébni)

a

hydrofobni (lipofilni)
povahy
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Jak prochazeji latky
membranami?

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

To znemoznuje jejich prichod
hydrofobni mezivrstvou
v membraneé.

Kdyz se vSak obali hydrofobnim plastém

shadno pres membranu projdou.

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

Kanalek mize ménit svlj rozmér, a tim regulovat prichodnost latek.

Vétsinou vsak v roli requlatorutl vystupuji membranové bilkoviny.




Some signaling molecules that bind to nuclear receptors
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igure 15-12 part 1 of 2. Molecular Biology of the Cell, 4th Edition.
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Lipofilni regulatory

ristové signaly
hydrofilni povahy

(proteiny, katecholaminy, apod.

L OOCOH,

_

molekuly
signalové
transdukce

molekuly
zesilovaci
kaskady

\/ Cl...c.:
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zmena konformace
na urovni membran

a cytosolu

- priklady-
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SHETE > <

Nuclear responses .

CE::.:’;:;‘:E.‘:S
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Protein kinase cascade

NREOS g omamn

Ca?* BUBBHBHBH

TPase

protein
phosphorylation
N

kinase
~~ =

kinase kinase

kinase | | kinase | | kinase | | kinase

S S S

ACTIVATION OF CELLULAR TARGET PROCESSES
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- kKinazy

- fosfatazy




Regulatory Domain Catalytic Domain

|

pseudosubstrate

Cq

.

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 Proteolysis

r— Substrate
v/,  coou

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

Model of protein kinase C activation
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Protein kinase cascade

NREOS g omamn

Ca?* BUBBHBHBH

TPase

protein
phosphorylation
N

kinase
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kinase kinase

kinase | | kinase | | kinase | | kinase
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ACTIVATION OF CELLULAR TARGET PROCESSES




An evolutionary tree of selected protein kinases

Cdc7

subfamily

kss1ERKT yclin-dependent
PDGF Weel kinase subfamily
receptor (cell-cycle control)
EGE Cdk2

receptor Cdc2

Src | cyclic-AMP-
Lck .dependent kinase

~— cyclic-GMP-
Raf dependent kinacsz

Mos protein kinase C

2+ :
s oo Ca“"/calmodulin-
TGF-p myosin light-  dependent kinase
receptor chain kinase

eceptor serine
kinase subfamily




Some energies important for cells

average ATP hydrolysis C-C
thermal motions in cell bond

ENERGY
CONTENT |:I:I:_

kcal/mole) O T 1000

noncovalent green complete
bond in water light glucose oxidation

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




A. Kyselina fosfore€na / ortofosforecna
B. Kyselina pyrofosfore€na
C. Kyselina trifosfore¢na

W u Vabh &l

v premenach a uschovée energie v zivych
systémech




Vsechny hlavni
kompotnenty
spolupusobi
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(adrenalin)

Aktivni
enzym

Vznik a €¢innost cAMP. V_membrané burky je bilkovina,
ktera ma dveé funkce: na vnéjSi strané membrany je
specifickym receptorem (pfrijimacem) signalni molekuly
(hnéda kulicka) a na vnitfni strané membrany se po prijeti
signalu méni v enzym, ktery prevadi ATP na cAMP a
pyrofosfat.

Legenda:

hnéda kulicka - 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  fosforeChou 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 rozkladajicino
glykogen.

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

CE::.:’;:'::E.‘:S

nnnnnnnnnnnnnnnnnnnnnnnn -3




-Zmena konformace
jako podstata rizeni -
cytokinetiky —

-inhibice b. deleni-

Biofyzikélni Ustav AVER, BANO




What p53 does| When
the p53 protein is made,

it tums on the gene for a
21 killogaion, protein that
viocks-EdK enzymes,
and thus cell division.

DNA synthesis
;E
v
Cell division

Science 262, 1644, 1993




Helicase

™ PCNA

\ Polymerase &

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

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




Model for the blocking of p21“"-mediated inhibition of cyclin-dependent kinase (CDK)-
cyclin complexes. ((a) An active COK—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 Of 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°! C-terminus might rearrange the interaction between
p21°"1 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
na urovni genomu

- priklady-
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The activation of NF-kB by TNF-a

TNF-o trimer
_ TNF-o. receptor

TRADD A adaptor proteins CYTOSOL

RIP -G QZTRAF2
//_\

RECRUITMENT
P AND ACTIVATION & - activated IKKK

inactive OF IKKK
IKKK

o PHOSPHORYLATION
inactive . AND ACTIVATION ‘B
IKK OF IKK BY 0 activated IKK-

ACTIVATED IKKK

e

PHOSPHORYLATION @uP®
kB - OF IkB ?

/
NFkB

exposed nuclear

localization 5|gnaI*
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

domain

STAT1

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

STATs DISSOCIATE

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 Pl 3-kinase promotes
cell survival

survival signal
P1{4,5)P2
P

ﬁ@ T
31d

PH

- G CYTOSOL
(3,4,5)P (

activated : 5 \
Pl 3-kinase phosphorylation

i b - dissociation
: and activation
activated receptor of PKB by PDK1

rosine kinase PDK1
PKB

inactivated BAD

active PKB_(pY(p) A 14-3-3
protemn

BAD e NI
\‘ G 7 |
PHOSPHORYLATION™ @l | INHIBITION OF

inactive death- OF BAD APOPTOSIS

inhibitory protein active death-
Inhibitory protein

igure 15-60. 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- C
thyroid hormone receptor

N—= . C
retinoic acid receptor

The nuclear receptor superfamily

ligand-binding
domain

transcription-activating
domain

DNA-binding domain
COOQH

inhibitory
proteins
(B) INACTIVE RECEPTOR

coactivator
proteins

ligand

—
=

\
transcription of
target genes

receptor-binding
element

(C) ACTIVE RECEPTOR (D)

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




(A) |ON-CHANNEL-LINKED RECEPTORS

e —— jons
0"""/

Three mg:'?br:::]e signal molecule
N g
classes of
cell-surface
(B) G-PROTEIN-LINKED RECEPTORS
receptors signal molecule

activated

G protein activated enzyme
P G protein Y

igure 156-15 part 1 of 2. Molecular Biology of the Cell, 4th Edition.

(C) ENZYME-LINKED RECEPTORS

signal molecule
in form of a dimer
o signal molecule

inactive catalytic active catalytic activated
domain domain enzyme

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

receptor

. ~ ﬂ & o substrate
,. ’ protein kinase C
= '\
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l

inositol P3 Y& ’ RESPONSE

Receptor-mediated activation pathway




Co by mélo byt rozhodovano nejdriv:

ProC chceme studovat, jaky je opravdovy zajem?
Na zaklade ceho se rozhodujeme?
Kdy zacit a proC? Vlastni projekty a aplikace.
Kde zacit?
Jaké mame moznosti uplatneni
po skonceni studia?

Closers
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