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Mezibunécha komunikace a
signalova transdukce

A. Triggering and Development of Apoptosis
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Chemickeé signaly pfijima burika od svého vzniku...
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Chemicka struktura komunikacnich latek

» Elkosanoidy — (prostaglandiny)

* Plyny — (NO, CO)

* Puriny — ATP, cAMP

* Aminy — od tyrozinu (adrenalin, par. histamin)

» Peptidy a proteiny — mnoho hormonu
neurohormonu

» Steroidy — hormony a feromony
* Retinoidy — od vit A

P



ZpUsob predani signalu — mezi burikami

Figure 14.15 Chemical messengers
act over short, intermediate, and
long distances
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(e.g., pituitary gland)

(e.g., angiogenesis in skeletal — (e.g., at the motor
muscle of endurance athletes) endplate)
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Hormony a endokrinni sekrece

Figure 14.15 Chemical messengers
act over short, intermediate, and
long distances

Gap junctions CAMs (e.g.,

(e.g., between development of

myocardial cells) mammary glands
during pregnancy)

Hormones and Pheromones and
neurohormones kairomones

aracrines and autocrines Neurotransmitter S
Pargerines : % (e.g., pituitary gland)

(e.g., angiogenesis in skeletal — (e.g., at the motor
muscle of endurance athletes) endplate)

DISTANCE

Cytoplasmic Recagnition Local diffusion Transport in Outside
contact molecules on blood
adjacent cells

environment

Typ fizeni vhodny pro relativné pomalé, centralni fizeni velkych bunécnych populaci.
Zavisly na vykonném cirkulacnim systému.




Exokrinni a endokrinni sekrece

gure 14.15 Chemical messengers
t over short, intermediate, and

ng distances
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Spoluprace nervového a hormonalniho Fizeni. Kaskady od NS po cilovy organ
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The local ¢f

e /alezi na rozpustnosti ligandu ve vodnim prostredi.
e Na vysilaci strané:
- Lipofilni (steroidy) nemuze byt skladovan — syntéza podle
potfeby, doprava na kratké vzdalenosti difuzi, na dlouhé
ol ers: vzdalenosti potfebné nosice
High concentration g chemical

i rGeeoncEe msienel - Hydrofilni (proteiny, AK) ¢asto upravovany, skladovany ve
Messenger £ . vesikulech a exocytozou vylévany

Signaling cell

bound to

i Cytoplasm of cell
carrier YIOF —Rough P} The proinsulin moves
protem endoplasmic through the ER, via

ER mRNA /Ribosomc t

membrane reticulum

shuttle vesicles, and
into the Golgi
apparatus.

Free
messenger

_—Golgi
apparatus

nal sequence (the P

Extracellular
space

b Depolarization of the
cell membrane trig-

/ gers release by
exocytosis.

- Receptor

) [n the Golgi apparatus,
three disulfide bridges
fold the proinsulin
molecule.

segments are
stored in vesicles
awaiting release.

The Golgi apparatus
buds off vesicles that
contain proinsulin
and enzymes.

concentration
of free
messenger

Figure 15.5 Snapshots of insulin synthesis, processing, and pack-
aging Insulin, like other peptide hormones, is initially synthesized at
ribosomes as an inactive preprohormone and takes its final form
through posttranslational processing. ER, endoplasmic reticulum.

[§ The enzymes cleave
the C segment from
proinsulin to form
mature insulin.

Figure 3.8 Transporto
messengers




Zalezi na rozpustnosti ligandu i na pfijimaci strane:

Dve zakladni cesty predani signalu

Cvtopl tickv Jaderna
y orgsélgr;grlc y membrana
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Vstup a ucinek nepolarniho a polarniho hormonu ‘


Animace/polární hormon - účinek.swf
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Zakladni cesty
predani signalu
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() G protein-coupled receptor and associated G protein system

[ After binding to their ligand, G protein-coupled )
receptors typically interact with two other cell

Extracellular fluid membrane proteins—a G protein and an
enzyme—1o activate enzyme catalytic sites.
\\ Activated
gand (first messenger) \ active site
;

coupled Cyclic
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Cell membrane / Ry the enzyme produces i iy
Cytoplasm / K* — - cyclic AMP or another

PO =T Activating | second messenger
MRS DI noce of.f\'mcuonmg, #¥nd 9ated interaction inside the cell.
channels open to permit ions to pass through, B e -

thereby altering membrane electrical charge,

¢ “yt s
when they bind to their ligands £xtopama

fe) Enzyme/enzyme-linked receptor
Extracellular fluid

Ligand (first
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/

L e -
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catalytic site inside the
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GTP ((_\-:"‘ === cell causes production of
(second the second messenger
Cytoplasm messenger) cyclic GMP.,

Figure 223 The four types of receptor proteins involved in cell signal-
ing (o) Aligand-gated channel. The particular example shown, a muscle
cefl acetylcholine receptor, must bind a ligand molecule at two sites for
the channel to open. (b) A G protein-coupled receptor. Details of the
malecular interactions symbolized by double-headed arrows are dis-
cussed later in this chapter. (¢) Enzyme/enzyme-linked receptors are
themselves enzymes or, when activated, interact directly with other
membrane proteins that are enzymes. One way or the other, binding

with the ligand activates an enzyme catalytic site inside the cell, The ex-
amnls chanisn te tha atrial natriiratir nantide rorantosr whicks ic marties tlar

(d) Intracellular receptor

(The ligand, in this case a |
steroid hormone,
dissolves in and diffuses
through the cell
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~ ~ /

Extracellular fluid
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Nuclear envelope \
(simplified)

Intracellular
receptor

! Nucleus

The activated
ligand-receptor

complex functions as
a transcription factor

{_inside the nucleus.




Univerzalni model vyuzivany
| nervovymi bunkami
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Extracellular fluid

Zesileni na prikladu regulace Glc
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dependent protein
kinase
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Animace/zesílení v buňce.swf

Nonligand
Ligand binds Nonligand
to receptor

A
‘ U cannot bind
Agonisté a antagonisté e @ ,, SO@ o h

Response ‘ No response
|

(a) Ligand binding causes a response

Natural ligand Agonist

Ligand binds Agonist
to receptor binds to
receptor

Response Response
|

(b) Agonist binding causes a response

Natural ligand Antagonist

Ligand binds Antagonist
to receptor pinds to

\
=S @ ., SR

Response l \ No response

(c) Antagonist binding does not cause a response

Figure 3.11 Ligand-receptor interactions
ATigandis a small molecule that binds specifically to a larger
macromolecule such as a receptor, causing a response in the
target cell. Both agonists and antagonists can bind to a
receptor, but only agonists cause a response.




Pusobeni hormonu
ve fylogenezi a
hmyz jako model
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PUsobeni hormonu
ve fylogenezi a
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Caterpillar ligated during last larval instar

Ligated early Ligated late
during instar during instar

Only anterior half pupated Both halves pupated

FIGURE 1.2 An experiment performed by Koped. When a caterpillar was ligated early during the
last larval instar, only the anterior half later pupated. However, when ligated late during the last larval
instar, both halves pupated. Adapted from Cymborowski (1992). Reprinted with permission.
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Dnes: latkové signaly na tkanovych kulturach
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Parvocellular neurosecretony
cells

Pituitary Ep—— Hypothalamus

- Release Bactors (¢ ) are
T secreted into pantal vessels by
hypothalamic parvocellular cells

e
Porial vessels

Jak mozek hormonalné e
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Hypotalamus: Adenohypofyza Neurohypof
Kortikoliberin CRH Kortikotropin ACTH | Oxytocin
Gonadoliberin GnRH | Foltropin FSH | Aduretin
Melanoliberin MRH | Lutropin LH

Melanostatin MIH Melanotropin MSH

Prolaktostatin =Dopamin | PIH Somatotropin STH

Somatoliberin SRH Tyrotropin TSH

Somatostatin SH Prolaktin PRL

Tyreoliberin TRH
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Hypotalamo-hypofyzarni
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Centralni propojeni nervového
a hormonalniho fizeni
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Hypotalamo-hypofyzarni
komplex: pozice v lidském 3

23050
Talamus
mozku A e
Hy‘potalamus

Hypofyza

Stredni
mozek

Prog l:ﬂogt Moz kovy
rodlouzena
micha kmon
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Vysilaci strana: Inzulinova syntéza, posttranslacni uprava, skladovani.

Cytoplasm of cell

ER
membrane

Lumen of ER

mRNA /Ribosome C 2

} In the Golgi apparatus,
three disulfide bridges
fold the proinsulin

molecule.

The Golgi apparatus
buds off vesicles that
contain proinsulin
and enzymes.

The enzymes cleave
the C segment from
proinsulin to form
mature insulin.

—Rough The proinsulin moves
endoplasmic through the ER, via
reticulum shuttle vesicles, and

into the Golgi
apparatus.

_—Golgi
apparatus

Extracellular
space

Depolarization of the
cell membrane trig-
gers release by
exocytosis.

segments are
stored in vesicles
awaiting release.

Figure 15.5 Snapshots of insulin synthesis, processing, and pack-
aging Insulin, like other peptide hormones, is initially synthesized at
ribosomes as an inactive preprohormone and takes its final form
through posttranslational processing. ER, endoplasmic reticulum.
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ADH (Vasopressin) —
vklada aquaporiny do
membrany sbérného
kanalku

Aldosteron — fidi
syntézu a vlozeni
transportéru

Na+ do membrany
tubulu

Vasopressin binds
G-protein-linked receptor.

=
L

Receptor activates adenylate
cyclase, increasing cAMP
and activating protein kinase A.

o

Phosphorylation of cytoskeletal
and vesicle proteins occurs.

=)

This triggers translocation of
vesicle to the cell membrane,

Nucleus with insertion of aguaporins.

—®;

(a) Vasopressin

Aldosterone enters the cell
by diffusion.

@— Aldosterone

O,

It binds to its receptor, a
transcription factor.

.

3) Activated transcription factor
stimulates transcription of
genes for transporters.

)

4) New transporter proteins are
made in the ER and exported
in vesicles.

{}

Vesicles containing proteins
are sent to the plasma
membrane.

—®
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Rozliseni pohlavi pod vlivem pohlavnich hormonu
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Hormonalni regulace vzniku samcich pohlavnich bunék
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(b) Internal organs (frontal view)

Hormonalni regulace samicich
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Hormonalni regulace samicich

pohlavnich bunék
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(a) Early development 2-cell stage Figure 15.11 From fertilization to implan-

tation (a) Fertilization occurs in the ampulla

Zona : ; b i
‘ pellucida region of the oviduct, and mitotic cell divi-
Uterus Morula sions to the blastocyst stage take place en
route to the uterus. (b) The trophoblast cells
—— initiate implantation gnd develppment of the
‘ Armplla placenta. In humans, lmRIanFatlon is comple@e
zegion about 10 days after fertilization. (c) Embryonic
' blood moves to and from the placenta

s Oviduct

through the umbilical cord. Maternal blood
percolates around projections of the chorion
(villi) that contain capillaries,

Fertilization

Early stage of
implantation

(b) Implantation of the blastocyst
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Ovulation
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Lumen
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———=— Amnion

Implantation is
complete when the
blastocyst is buried
in the endometrium.
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Figure 420 Gastrointestinal function afteramealis © and midg

coordinated in part by hormones secreted by material i
H a endocrine cells in the gut epithelium  The arrows voTITALe
ormonalni regU|aCG represent hormones traveling by way of blood trans- b p ‘
gastrointestinalni port from endocrine cells to target cells. Red and blue Pafsmg al<
, arrows marked with plus (+) signs symbolize stimula- terial beir
spoluprace tory effects on target cells. Black arrows marked with _ the stomz
: 3 D ST, Esophagus .
minus () signs symbolize inhibitory effects. The con- The midg
trols shown here are only a small fraction of the total S
digestion

set of nerve, endocrine, and paracrine controls that
coordinate the processes activated by eating.
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_( The locus ceruleus is a
nucleus of noradrenergic
neurons that are
important in maintaining
attention and responding
| to novel stimuli.

Propojeni hormonalniho
fizeni a imunitniho sst.

.

CRH stimulates the
HPA axis as well as
the sympathetic
nervous system.

ACTH
Cytokines
Glucocorticoids Cytokines secreted by
Adrenal gland cells of the immune
| system stimulate the
@ release of CRH.
Glucocorticoids ¥y

modulate the immune oa
response by muting
the actions that cause

inflammation.

Immune cells




