Celicno signaliziranje

Celi¢no signaliziranje pomeni prenos informacije iz zunajceli¢nega prostora v celico. Temeljne

lastnosti celiCnega signaliziranja:

(a) Specificity
Signal molecule fits
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binding site on its »

complementary receptor; Receptor

other signals do not fit. l
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(b) Amplification

When enzymes activate
enzymes, the number of
affected molecules
increases geometrically
in an enzyme cascade.
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off the receptor or removes ® P
it from the cell surface.
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(d) Integration

When two signals have
opposite effectson a
metabolic characteristic
such as the concentration
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Celicno signaliziranje

Zunanje molekule, ki sprozijo signal (primarni obvescevalci) lahko delujejo:

Paracrine action Nearby cell

o > et e >
o Circulation

Endocrine action Distant cell

Figure 12-1b
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Celicno signaliziranje

Dve pogosti vrsti signalnih molekul so mitogeni in rastni faktoriji.
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Nacini prenosa signala

Sest osnovnih nacginov prenosa signala v celico:

G protein-coupled
receptor

External ligand (S) binding
to receptor (R) activates an
intracellular GTP-binding
protein (G), which regulates

Receptor tyrosine kinase
Ligand binding activates
tyrosine kinase activity

an enzyme (Enz) that by autophosphorylation.
generates an intracellular
second messenger, X.

=

T

Receptor guanylyl
cyclase

Ligand binding to
extracellular domain
stimulates formation
of second messenger
cyclic GMP.

Adhesion receptor
(integrin)

Binds molecules in
extracellular matrix,
changes conformation,
thus altering its
interaction with
cytoskeleton
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membrane sekundarni cascade cGhE Gated ion channel
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Metabolicni hormoni

Hormoni, ki uravnavajo metabolizem goriv:

biokemijsko delovanje:
hormon biokemijsko delovanje: povecanie ali stimulacija zmanjsanje ali inhibicija
. ’efeptms_ke inzulin prenos glukoze v misice in mascobno tkivo glukoneogeneza
tirozinske kinaze glikoliza v jetrih hidroliza triacilglicerolov

sinteza glikogena razgradnja glikogena
sinteza triacilglicerolov koncentracija krvne glukoze

glukagon koncentracija ciklicnega AMP v jetrih in mascobnem tkivu sinteza glikogena

— razgradnja glikogena glikoliza
z G proteini .
sklopljeni glukoneogeneza v jetrih
receptorji koncentracija krvne glukoze

adrenalin koncentracija ciklicnega AMP v skeletni misici sinteza glikogena
hidroliza triacilglicerolov
razgradnja glikogena
koncentracija krvne glukoze

OH
N
R
HO
OH

inzulin glukagon adrenalin



Z G proteini sklopljeni receptoriji

Z G proteini sklopljeni receptorji imajo tipicno zgradbo s sedmimi transmembranskimi

vijaCnicami. Velika skupina G proteinov sprozi signaliziranje preko sekundarnega obvescevalca
cAMP.

epinefrin = adrenalin

@

Epinephrine binds to

its specific receptor.
: Outside
NH; “ QPIIIPIFIIIIIIX WWWW

~00C Rec B /»\ Gsa
GTP GDP _|
CI e

@ ® , ® , ® ®
The occupied receptor  Gg (a subunit) moves  Adenylyl cyclase cAMP cAMP Phosphorylation of
causes replacement of  to adenylyl cyclase catalyzes the activates cellular proteins by
the GDP bound to G¢ and activatesiit. formation of cAMP. PKA. PKA causes the

by GTP, activating G,. cellular response to

cyclic nucleotide epinephrine.

phosphodiesterase @
cAMP is degraded,

o T reversing the
5'-AMP  ctivation of PKA.

Figure 12-4a
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Z G proteini sklopljeni receptoriji

TABLE 12-3

Corticotropin (ACTH)
Corticotropin-releasing hormone (CRH)
Dopamine [D,, D,]

Epinephrine (B-adrenergic)
Follicle-stimulating hormone (FSH)
Glucagon

Histamine [H,]

Luteinizing hormone (LH)
Melanocyte-stimulating hormone (MSH)
Odorants (many)

Parathyroid hormone

Prostaglandins E, E, (PGE,, PGE,)
Serotonin [5-HT-1a, 5-HT-2]
Somatostatin

Tastants (sweet, bitter)
Thyroid-stimulating hormone (TSH)

Note: Receptor subtypes in square brackets. Subtypes may have different
transduction mechanisms. For example, serotonin is detected in some tis-
sues by receptor subtypes 5-HT-1a and 5-HT-1b, which act through adeny-
lyl cyclase and cAMP, and in other tissues by receptor subtype 5-HT-1¢,
acting through the phospholipase C-IP; mechanism (see Table 12-4).

Table 12-3
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Delovanje G proteinov

G protein se aktivira ob aktivaciji receptorja z izmenjavo vezanega GDP za GTP. Ko se molekula
GTP hidrolizira (Go je GTPaza), se G protein inaktivira in vrne v izhodno stanje.

O] @ ®
G, with GDP Contact of G with G, with GTP bound
bound is turned hormone-receptor dissociates into a
off; it cannot complex causes and By subunits.
activate adenylyl  displacement of G,,-GTP is turned on;
cyclase. bound GDP by GTP. it can activate

GTP adenylyl cyclase.

@

GTP bound to G, is hydrolyzed by the protein’s intrinsic
GTPase; G, thereby turns itself off. The inactive o
subunit reassociates with the By subunit.

Figure 12-5
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Amplifikacija signala epinefrina
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Z G proteini sklopljeni receptoriji

Druga velika skupina z

receptorjev sprozi signaliziranje preko fosfolipaze C in
inozitol 1,4,5-trisfosfata (IP3).

o
Phosphatidylinositol 4,5-bisphosphate (PIP,)

Diacylglycerol (DAG)

Figure 14.12
Biochemistry, Seventh Edition
© 2012 W. H. Freeman and Company
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Angiotensin Il (GRH)
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Oxytocin

Platelet-derived growth factor (PDGF)
Serotonin [5-HT-1c]
Thyrotropin-releasing hormone (TRH)
Vasopressin

sklopljenih

Note: Receptor subtypes are in square brackets; see footnote to Table 12-3.
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Hormone (H) binds to a
%, specific receptor.

Extracellular
space

1
@ \-;_‘*;’L,
The occupied
receptor causes
GDP-GTP exchange
onG,.

®

Gg, with bound GTP, p Plasma
moves to PLC and { GTGP membrane
activates it. “ard .

@

Active PLC cleaves phosphatidyl-
inositol 4,5-bisphosphate to inositol
trisphosphate (IP;) and diacylglycerol.

Endoplasmic
reticulum @

IP3 binds to a specific

receptor on the endoplasmic
reticulum, releasing
sequestered Ca2+.

Diacylglycerol and Ca2+
activate protein kinase C
at the surface of the
plasma membrane.

ca2+

Phosphorylation of cellular

» proteins by protein kinase C
produces some of the cellular
responses to the hormone.

Figure 12-10
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Z G proteini sklopljeni receptoriji

V to druzino spadajo tudi kanabinoidni receptorji v mozganih, ki regulirajo stimulacijo celice —
SCitijo pred pretiranih vzburjanjem.

Nature Reviews | Cancer

— - N/\/

Anandamide (arachidonylethanolamide,
an endogenous cannabinoid)

Unnumbered 12 p442b
Lehninger Principles of Biochemistry, Fifth Edition
2008 W, H. Freeman and Company

(CH,); —CH,
A°-Tetrahydrocannabinol (THC)

Unnumbered 12 p442a
Lehninger Principles of Biocheistry, Fifth Edition
1 2008 W.H. Freeman and Company

THC sprozi tudi signaliziranje preko protein
kinaze B — obcutek lakote.



Receptorske tirozinske kinaze

Vezava inzulina na receptorsko
tirozinsko kinazo povzroci
avtofosforilacijo dimera le-te. S

tem se kinaza aktivira in s
fosforilacijo aktivira druge
proteine.

ERK spada med MAP kinaze -
kinaze aktivirane z mitogeni —
sprozijo delitev celice.
Na podoben nacin delujejo
Stevilni rastni faktoriji.

J

Insulin ”

Cytosol

Nucleus

(7) New proteins

Phosphorylated Elk1
joins SRF to stimulate
the transcription and
translation of a set of
genes needed for

cell division.

Figure 12-15

@

Insulin receptor binds insulin and

@

ERK moves into
the nucleus and
phosphorylates
nuclear trans-
cription factors
such as Elk1,
activating them.
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undergoes autophosphorylation on
its carboxyl-terminal Tyr residues.

Insulin receptor phosphorylates
IRS-1 on its Tyr residues.

®

SH2 domain of Grb2 binds
to(P-Tyr of IRS-1. Sos binds
to Grb2, then to Ras,
causing GDP release and
GTP binding to Ras.

@
Activated Ras binds and
activates Raf-1.

®

Raf-1 phosphorylates
MEK on two Ser residues,
activating it. MEK
phosphorylates ERK

on a Thr and a Tyr residue,
activating it.



Receptorske tirozinske kinaze

V misicah in jetrih inzulin aktivira sintezo glikogena in vnos glukoze.
@

IRS-1, phosphorylated

: 7/ by the insulin receptor,
® (®) o7 572X activates PI-3K by binding
T @ to its SH2 domain. PI-3K

, Inactivated by : converts PIP, to PIP,.
phosphorylation, cannot O . .

o 2 :
convert glycogen synthase o=——"PIP,
(GS) to its inactive form
by phosphorylation, so

GS remains active.

PKB bound to PIP;

is phosphorylated by
PDK1 (not shown).Thus
activated, PKB

7 N phosphorylates GSK3

s S on a Ser residue,

¥ == inactivating it.

LI =

GLUT4
Glycogen ==
> == @ Glucose

@ B 4/ @
Synthesis of < = PKB stimulates movement

glycogen of glucose transporter GLUT4

from glucose i from internal membrane vesicles

is accelerated. 7 to the plasma membrane,
increasing the uptake of glucose.

Figure 12-16
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Receptorske tirozinske kinaze

V misicah in jetrih inzulin aktivira sintezo glikogena in vnos glukoze.

I
> Plasma >

Membrane |

PI3-K

PTEN




Receptorske tirozinske kinaze

V misicah in jetrih inzulin aktivira sintezo glikogena in vnos glukoze.

UDP-glukoza

HPO;~ H,0

| glikogen- __OH fosfataza

glikogen- __ opo3-
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€))
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Signalizacijska pot JAK-STAT

Vezava liganda povzroci
dimerizacijo receptorija, kar
povzroCi aktivacijo JAK kinaze, ki
aktivira transkripcijske faktorje iz

druzine  STAT -  ekspresija
specificnin  genov in celiCcna
delitev.

Pot je zlasti pogosta v imunskih
celicah in drugih krvnih celicah.

Erythropoietin

EPO receptor

MAPK
¥ cascade

!

SH2 domain MAPK
(b)
0

(P NLS
dlmerlzatlon \'.33

Affects gene expression

Nucleus

Figure 12-18
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Receptorske gvanilat ciklaze

ANF ,

receptor Guanylin

+ and .

Extracellular NH; | & endotoxin

ligand-binding I 37NN, receptors
(receptor)
domains
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""""""""""
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Intracellular a8 ) ' P
catalytic t( “ e \’\ ;"« )
(cGMP-forming) ‘f Heme-@ Fe
domains [
coo-  coo: Soluble
Membrane-spanning NO-activated
guanylyl cyclases guanylyl cyclase

Figure 12-20
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Y
X, N

Guanosine 3',5"-
cyclic monophosphate

(cGMP)
O=II’ —0
o
Unnumbered 12 p445
Lehninger Principles of Biochemistry, Fifth Edition
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Regulirajo nekatere procese
v ledvicah (izlocanje Na%),
relaksacijo gladkih misic.



Receptorske gvanilat ciklaze

Citosolno gvanilat ciklazo aktivira NO, ki ga sintetizira NO sintaza.

NH NH
+ NADPH NADP*
C=NH, =0
NH 02 NH
(CH>) ¥ (CH,) + NO
2/3 2/3
NO synthase
CH—CO0O0 "~ CH—CO0O0"
*NH3 *NH3
Arginine Citrulline

Unnumbered 12 p446a
Lehninger Principles of Biochemistry, Fifth Edition

© 2008 W.H.Freeman and Company

NO je pomemben regulator krvnega tlaka, ker povzroca Sirjenje Zil in umirja intenzivnost bitja
srca. Je dovolj majhen, da lahko prosto difundira preko membran.



Od napetosti odvisni ionski kanalcki

(a) The electrogenic Na*K*
ATPase establishes the

membrane potential. 3 Na* .
: s Na*/K* ATPaza ustvarja
Membrane potential = @ . . .
—50to —70 mV Na*K* ATPase membranski potencial zaradi
* & (b) ¢rpanja 2 K* vs 3 Na*.
Plasnlla * i lons tend to
membrane move down their
+\ - 2 + electrochemical
=1 - gradient across
- TP B+P, the polarized
® t Q membrane.

Lowe [Na*] High
+ - o
85 i High ) K*] Low
+ pa—
Low f@fs===s [Ca’*] High
+ - Low =) (CI"] High

+
= =2 +
+ e = +
+ +
+ + +
Figure 12-24
© 2008 W.H.Freeman and Company TABLE 12-6
K* Na* (¢ a-
Cell type In Out In Out In Out In Out
Squid axon 400 20 50 440 =04 10 40-150 560
Frog muscle 124 23 104 109 <0.1 2.1 1.5 78
Table 12-6

Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company



Od napetosti odvisni ionski kanalcki

Od napetosti odvisni kanalcki omogocajo
Sirjenje akcijskega potenciala (valu
depolarizacije/repolarizacije) vzdolz aksona.

Na* kanalcki so vzdolz celotnega aksona.
Odprejo se ob depolarizaciji, ki jo sprozijo
nevtrotransmiter;ji (npr. acetilholin).
Povzrocijo depolarizacijo membrane.

Podobno so K* kanalcki vzdolz celotnega
aksona. Odprejo se zaradi spremembe
potenciala kot posledice odprtja Na*
kanalckov. Povzrocijo repolarizacijo
membrane.

Ca*? kanalcki so le na distalnem koncu
aksona. Ko jih doseze val
depolarizacije/repolarizacije, se aktivirajo in
povzrocijo izloCanje veziklov z acetilholinom
v sinaptic¢no rezo.

+B2 Voltage-
+ 'R .
Voltage- presynaptic
gated Na* neuron +"‘8\K+
channel |

Na*"*i"; @ +—-E\K+

+ Action

1 :
Na+ —& . potential )
+.

Secretory
Volted- +l— vesicles containing
acetylcholin

Ca2+————

gated Ca?*¢

channel _ /_ \ Synaptic

: /Cen body of
~ postsynaptic
neuron
Acetylcholine
receptorion
+ channels

Na* Action +
‘y-}-
Na*"s| potential +‘8“K+
+)= =
+1 -
Figure 12-25
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Axonof gated K*channel



Integrini

So poglavitna skupina molekul, ki regulira vezavo celic na zunajcelicni matriks. So af
heterodimeri. Imajo pomembne vloge pri prenosih signalov povezanih z diferenciacijo in
proliferacijo celic, migracijo celic, celicno smrtjo, itd.

extracellular matrix protein
\

Zunajceli¢ni del se povezuje z
elementi ECM.

active == o subunit

integrin

W

{3 subunit

Znotrajcelicni del se povezuje z
elementi citoskeleta.

filament

Alberts. Molecular Biology of the Cell.
5th Ed. Fig. 19-45



Integrini

Integrini sodelujejo pri migraciji celic.

1) Protrusion of the Leading Edge Deadhesion at the Trailing Edge

2) Adhesion at the Leading Edge 3) Movement of the Cell Body
cortex under tension

F

L
>

direction of cell body movement

new actin
new adhesion

movement of unpolymerized actin

» actin filament

adapter complex » crosslinker
of a-actinin, talin,

vinculin, and others <€ »integrin dimer

cell membrane

;Z!tlt ::Jnrf?:ceognition < —-extracellular matrix
receptors

Ananthakrishnan and Ehrlicher. 2007. Int J Biol Sci. 3



S¢itniéni hormoni

Integrini lahko delujejo tudi kot receptorji primarnih obvescvalcev, npr. hormonov Scitnice.

Efekt s¢itnicnih hormonov:

L NH,
|5 o@cn;cm—co,n L-Thyroxine (T,) = _ _
5 - povisan katabolizem AK in OH
o>~ |
I

- hitrejse bitje srca
- povisan bazalni metabolizem
- hitrejse dihanje

| NH,
|
l D/ODCHFCHFCOIH 3,5,3'-Triiodo-L-thyronine (T;)
HO |

(B) T, T, T4 Ts-Agarose

\ 3’5-;12’3\‘\\\ / T.-Agarose

Integrin aVA3

..............




S¢itniéni hormoni

Simptomi: povecCana ScCitnica, povecan metabolizem, izguba telesne teze kljub povecanemu
apetitu, slabse prenasanje vrocine, povecano znojenje, hitro in mocno utripanje srca,
nemirnost, razdrazljivost, tremor, eksoftalmus — nenormalen pomik ocesa iz oCesne votline
(posebna znacilnost Gravesove bolezni), mehka, vlazna in topla koza, miSi¢na Sibkost, pri
zenskah tudi neredni menstruacijski cikli, znizan libido (vir: www.viva.si)

vir: www.suite101.com vir: www.thachers.org



Steroidni hormoni

Serum binding protein

with bound hormone f ‘:\\"\_ @
; /} ] o Y Hormone (H), carried to the target
" gy e tissue on serum binding proteins,
@ H ( 4 f et diffuses across the plasma membrane
y | Plasma . . .
; membrait and binds to its specific receptor
=. protein (Rec) in the nucleus.

@

Hormone binding changes the

conformation of Rec; it forms homo-
Nucleus or heterodimers with other

hormone-receptor complexes and binds

s o o

p ) Rec ' .
b Vit to specific regulatory regions called
i
Peod @ hormone response elements (HREs) in
o dcell RNA the DNA adjacent to specific genes.
tered ce
i Eion ‘ clga __polymerase (3)
. Binding regulates transcription of the
HRE
G adjacent gene(s), increasing or decreasing
ene the rate of mRNA formation.
transcription @
New : @ Altered levels of the hormone-
protein regulated gene product produce the

cellular response to the hormone.

-

translation
on ribosomes

Figure 12-29
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Senzoricni signali

Prenasanje senzoric¢nih signalov poteka preko receptorjev sklopljenih z G proteini.

Vid:

pali¢nice zaznavajo intenziteto svetlobe

Eye

cepnice zaznavajo barve

Light
< Optic V obeh vrstah celic so pigmenti, ki absorbirajo
svetlobo.

Retina

100
90 |- Green

80| pigment
70 Red

60 pigment
50
40
30
20
10 |

Relative absorbance

400 450 500 550 600 650

nerve Ganglion Interconnecting Wavelength (nm)
heurons nheurons

To optic

Figure 12-39
Lehninger Principles of Biochemistry, Fifth Edition
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Senzoricni signali

Prenasanje senzoric¢nih signalov poteka preko receptorjev sklopljenih z G proteini.

Vid:

Light
‘[. ,h' ;
T < |8
oy c
o | g |
.l.Q' Na"' |
-'-‘.* 9< -
'I'O.. 5 v
o re -
: . | - d)
|o1e . -t ‘
e ! a|E
l_':‘ /‘ m E : :\/ 2 g :
= ; lon channel e | lon channel
. ; open | closed
r "8 — Na+ ./ ‘E ; g—»Na-}-
‘L \Na+K+ qé ‘. J
) 4 W
) | ATPase od A . ...
/8 21/ hiperpolarizacija membrane
{ / v |\
\ £ | N
¢ c \
=l A
Fngre12-36
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Senzoricni signali

Prenasanje senzoric¢nih signalov poteka preko receptorjev sklopljenih z G proteini.

Vid:

Figure 12-37
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company

X NE— opsin
H

lzomerizacija retinala povzroCi
konformacijsko spremembo rodopsina,
kar povzroCi aktivacijo G proteina
transducina.



Senzoricni signali

Vid:
Light absorption Activated rhodopsin @ ® ’

converts 11-cis- catalyzes replacement  T,-GTP activates
retinal to of GDP by GTP c¢GMP phosphodiesterase Active PDE reduces Rod
all-trans-retinal, on transducin (T), (PDE) by binding and [cGMP] to below the
activating rhodopsin  which then dissociates removingitsinhibitory  level needed to keep
(Rh). into T,-GTP and Tg,.. subunit (1). cation channels open.
Tk GD 5'-GMP

& 111 : i
_’. R GTP ‘GM"""GM”CJ
Na*,Ca?*
&=

cGME l @ Cation channels

DISk membrane éé“ close, preventing

influx of Na* and

Excitation E Ca*";membrane is

hyperpolarized.
This signal passes
H to the brain.
RecoverylAdaptatum @ Continued efflux of
Ca?* through the
Na*-Ca?* exchanger
reduces cytosolic

P
Rh | mete s “s»s [ Rh [Ca?*].
o O"‘?
@) . \’Caz"
g GTP 4 Na*

cGMP |[Ca*]

o ,

Rhodopsin kinase (RK) @ Y s e e e cGMPC:)
phosphorylates“bleached” Slowly, arrestin dissociates, Reduction of [Ca’*]

rhodopsin; low [Ca?**] rhodopsin is dephosphorylated, activates guanylyl cGMPC)

and recoverin (Recov) and all-trans-retinal is cyclase (GC) and

stimulate this reaction.  replaced with 11-cis-retinal. inhibits PDE; [cGMP]

Arrestin (Arr) binds Rhodopsin is ready for rises toward “dark”

phosphorylated carboxyl another phototransduction level, reopening cation \

terminus, inactivating cycle. channels and returning Plasma
rhodopsin. V,, to prestimulus level. membrane

Figure 12-38
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Senzoricni signali

Prenasanje senzori¢nih signalov poteka preko receptorjev sklopljenih z G proteini.

Von;j:

@

Odorant (O) arrives

at the mucous layer

and binds directlyto (2

an olfactory receptor Activated OR catalyzes
(OR) or to abinding GDP-GTP exchange
protein (BP) that on a G protein (G,
carriesittothe OR.  causing its dissociation

into a and By.
¥ ® G,-GTP activates
@_ adenylyl cyclase,
ey which catalyzes
: cAMP synthesis,
., ¥ raising [CAMP].

GDP

Gilia Olfactory
— neuron
= | |
Dendrite Axon
v Air
@ Mucous
cAMP-gated cation layer
channels open. Ca2+
enters, raising
internal [Ca2*].
,_,DI [D_I]U
Clllary

————? Moo Cazt _________ , cl- membrane

G, s hydrolyzes GTP to ® Ca2*-gated chloride
GDP, shutting itself off. Ca?+ reduces the channels open. Efflux
PDE hydrolyzes cAMP. affinity of the cation of CI” depolarizes the
Receptor kinase phosphorylates channel for cAMP, cell, triggering an
OR, inactivating it. Odorant lowering the sensitivity electrical signal
is removed by metabolism. of the system to odorant. to the brain.

Figure 12-40
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Senzoricni signali

Prenasanje senzori¢nih signalov poteka preko receptorjev sklopljenih z G proteini.

Okus:

Apical
membrane

\ O

Sweet-tasting

molecule (S) binds to
sweet-taste receptor (SR),
activating the G protein

gustducin (Ggust). ’

Figure 12-41
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Basolateral
membrane

@

Gustducin a subunit PKA, activated by cAMP,

activates adenylyl phosphorylates a K* channel
cyclase (AC) of the in the basolateral membrane,
apical membrane, causing it to close. The
raising [c(AMP]. reduced efflux of K*
depolarizes the cell.

Taste cell



