Lekcijas saturs

Cell-Cell Communication

*Ar G proteinu saistitie receptori

* Enzimsaistitie receptori



Signala uztvere un transdukcija

— EXTRACELLULAR SIGNAL MOLECULE
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Sesi signala transdukcijas veidi:

* Ar G proteinu saistitie receptori
* EnzZimsaistitie receptori

* Receptoru guanililciklazes

* Ligandu atkarigie jonu kanali

* Adhézijas receptori

* Nuklearie receptori



Ar G protelnu saistitie receptori



Ar G proteinu saistitais receptors

Proteina polipeptida kéde veido septinus transmembranas
domeénus

EXTRACELLULAR
SPACE

/

plasma
membrane

CYTOSOL



G proteins

G proteinu veido tris subvienibas — a, B, v
o subnieviba neaktiva stavokli saista GDP, aktiva stavokl
GTP

I v

site

(A)

(B)



GPCR aktivacija

Ligandam pieaistoties pie
receptora G proteina a
subvieniba nomaina GDP
pret GTP

Péc a subvienibas
aktivacijas G proteins
disocié par o —GTP
subvienibu un By diméru

inactive GPCR
EXTRACELLULAR SPACE

CYTOSOL

inactive G protein

® extracellular
signal molecule

GDP
GTP

activated GPCR

activated activated
o subunit By complex



GPCR signalceli
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GPCR statistika

Aprékinats, ka

e zid1taju genoma aptuveni 1% kodée GPCR (~800 géni)

* G proteinu kodé 35 géni — 16 kodé 21 Ga subvienibu, 5
kodé 6 B subvienibas un 14 kodé y subvienibas

* ~30% kliniskaja praksé lietoto medikamentu darbojas uz
GPCR



GPCR klasifikacija

ABCDEF ABCDEF grupas GRAFS GRAFS grupas
kIasnflkacua apraksts klasifikacija apraksts

Rhodopsin-like R Rhodopsin

B Secretin-like A Adhesion

S Secretin

C Metabotropic G Glutamate
glutamates/pheromone

D Metabotropic - -
glutamates/pheromone

E cAMP receptors - -

F Frizzled/Smoothened F Frizzled

- - F Taste2

1990 ~2000



GRAFS klasifikacija
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Sekretina receptoru apaksgrupa

Associated with the little mouse
syndrome in GHRHR and
mportant for binding te

the GCGR l

Raksturigs aptuveni 60 lidz 80
aminoskabju gars N gals. ey

Ta sastava ir disulfidu saites,
kas ir nepiecieSamas, lai
stabilizétu receptora telpisko
strukturu




Glutaminskabes receptoru apaksgrupa

N galiem ir raksturiga ,,Venus flytrap” tipa struktura,
kuru veido specifiski izvietoti aminoskabju atlikumi, kuri
,satver” pie receptora piesaistijusos ligandu, tadéjadi
stabilizéjot ta piesaisti




Adhezijas apaksgrupas receptori

N gala sastopami Sunu
adhézija iesaistitie
receptora rajoni

Piemeram, par
epidermalas augsanas
faktora un mucina piesaisti
atbildigie receptora rajoni

ﬁg(.l'\ AL Calx-beta . ErTP @ Laminin G 3 @ DUF3497 @ OLF
v

@ Gal Lectin @EGF | LRR @ 1set @ Laminin EGF @ Laminin_G_2
Yo Cadherin . Pentaxin e SEA . Ig 2 . ISP 1 l CUR



,Frizzled” apaksgrupas receptori

,Frizzled” (,,sprogainie”)
apaksgrupas receptori savu
nosaukumu ir ieguvusi
pateicoties spiralveida N gala
telpiskajai strukturai




GRAFS klasifik

acija
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Rodopsinam lidzigo receptoru apaksgrupa

Lielakajai dalai rodopsina apaksgrupas parstavju ir
konstateéti tris konservativi motivi:

NSXXNPXXY - TM7,

DRY seciba pie TM3 citoplazmatiskas robezas
LXXXD — TM2

I I m v v Vi Wil




Rodopsinam lidzigie receptori
Ja klasificé péc piesaistita ligandu veida ,tad ~19 apaksgrupas

Piemeri:

Hemokinu rec.

Angiotenzinu rec.

Somatostatinu rec.

Neiropeptidu rec.

Oreksinu rec.

Opioidu rec.

Melanokortinu rec.

JAN (<Y a Vo Y] o 1V I =Tl



Signalcelu atklasana 1970-1980

5 Pec noteikta laika novero
Hormons - Sinas -> [cAMP]T - [cAMP] izlidzinaganos

sakotneja limeni

Hormons = @ - [c@ - [cAMP] 1 saglabajas ilgstosi

T

Vibrio cholerae toksins

Ne vienmer!lll2?2??2222?27?7?

Gill et al., 1978; Northup et al., 1980



Holéras toksins ribozilé Gas subvienibu [970-1980

o}
I

C—NH, 0 0
I I

CH 2—0—||>—0—|I>—o; Rib — Adenine |

o (o2
H
Normal G,: GTPase activity HO OH
terminates the signal from NAD
receptor to adenylyl cyclase.
I
cholera F C—NH ,
toxin \’ (j/
x
N
Y
(o) (o)
0—P—0—p—0—_Rib — Adenine |
CH,—O0—-P—-0—P— i enine
Arg—NH O ’ R ‘
H H (o) (o)
H H
ADP-ribosylated G,: GTPase HO OH
activity is inactivated; G, : - :
constantly activates ADP-ribose

adenylyl cyclase.

Gill et al., 1978; Northup et al., 1980



Signalcelu atklasana 1980

5 Pec noteikta laika novero
Hormons - Sdnas - [cAMP]d = [cAMP] izlidzinaganos

sakotneja limeni

Hormons = @ - [c@ = [cAMP] 1 saglabajas ilgsosi

T

Bordetella pertussis toksins

Ne vienmer!ll12?2???22?2?7?7??

Bokoch et al., 1984; Katada et al., 1982



G proteinu veidi

Ir tris galvenie Ga subvienibas veidi:

* Gs nodrosina adenililciklazes stimulaciju paaugstinot
cAMP koncentréciju suna (modificé Vibrio cholerae toksins)

* Gi nodrosina adenililciklazes inhibiciju samazinot cAMP
koncentréciju SUna (modificé Bordetella pertussis toksins)

* Gq aktive fosfolipazi CB, kas noved pie Ca?*iepllGSanas
citosola no EPT (modificé YM-254890 toksins)

Apziméjums Sekunarais
J subvnenlba mesend3ers

stimulejosa Adelililciklaze cAMP
Gi inhibéjosa Adelililciklaze cAMPJ
Gq q Fosfolipaze CB Ca?*



GPCR signalceli
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transport proteins, etc. proteins channels



GPCR signalceli

GC-linked  Kinase-linked

/NS DT

cAMP DAG a2* cGMP Auto-
l phosphorylation
PKA PKC CaM PKG
kinases
A\
KINASE CASCADES
TARGET PROTEINS
lon Transcription Contractile Secretory
Enzymes Récaptors channels Transportere factors proteins mechanisms
RESPONSES
Physiological Immune Apoptosis Malignant Growth Differentiation

responses responses transformation



a G, subvienibas aktivacija

* Ligands aktive GPCR

e aGs aktive adenililciklazi

activated
adenylyl cyclase
\

\
signal molecule | activated a
\  subunit of
o stimulatory G plasma
protein (Gs) membrane

activated GPCR



a G signala parnese

* Adenililciklaze producé cAMP K
cyclic AMP
* cCAMP aktivé proteinkinazi A "- °
inactive PKA |

"’-_: activated
" PKA




a G, signala parnese

* Aktivéta proteinkinaze A var
novest pie génu transkripcijas

Izmainam

activated
PKA

CYTOSOL '
]

nuclear pore
G ’ activated PKA

activated, phosphorylated CREB /-\ ‘
CREB-binding _@ : inactive CREB
protein (CBP) ‘ Z

activated target gene
— S
cyclic AMP response ‘

element (CRE) GENE TRANSCRIPTION

E—

NUCLEUS

‘N
.




activated
adenylyl cyclase

Kopsavilkums oot | acttnds

subunit of
stimulatory G
protein (Gs)

plasma
membrane

a G, subvienibas aktivacija

* Ligands aktive GPCR

e aGs aktive adenililciklazi

cyclic AMP .

* Adenililciklaze produce cAMP .AT

inactive PKA

= activated

* CAMP aktivé proteinukinazi A

* Aktiveta proteinkinaze A var : | C

novest ple genu transkrlpcuas

nuclear pore

actwated PKA

activated, phosphorylated CREB

. e = CREB-binding et
I Z m a I r,] a m protein (CBP) ~ activated target gene

inactive CREB

—
—
cyclic AMP response *

element (CRE) GENE TRANSCRIPTION



Proteinkinaze A

Inaktiveta veida:
Katalitiskas sub. saistitas
pie regulatoro sub.
inhibitorajam sekvencém

Aktiveta veida:

cAMP piesaistas un
izmaina regulatoro sub.
konformaciju, katalitiskas
sub. atbrivojas un var
fosfilet proteinus

AKAP . o
Dimerization
Substrate- \ domain
binding cleft
Inhibitor
Catalytic ‘ sequence
subunit ‘ ' (
Regulatory \
subunit 4 cAMP 4 cAMP
N
P a
\

Substrate-binding
cleft now available
\ \




A kinazi enkurojosais (anchoring) proteins (AKAP)

B-adrenergic
receptor

09999909' ;Qooooonaoocao /Tao
Palmltoyl PIP3/\|l/ ()
' ‘\ n ‘ ‘ N 27\ Adenylyl |
A | clase
Qoooaosp bototoocoaemood < 00
P. IR
' A PKA -cAMP ATP

/_/_\ \ e T ‘\\
/ Target ,// \
{otem ‘\\ /

e



Proteinkinazes A reguletie enzimi

1A R Py B Some Enzymes and Other Proteins Regulated by cAMP-Dependent Phosphorylation (by PKA)

Enzyme/protein

Sequence phosphorylated*Pathway/process regulated

Glycogen synthase

Phosphorylase b kinase
a subunit
B subunit

Pyruvate kinase (rat liver)
Pyruvate dehydrogenase complex (type L)
Hormone-sensitive lipase

Phosphofructokinase-2/fructose 2,6-bisphosphatase
Tyrosine hydroxylase

Histone H1

Histone H2B

Cardiac phospholamban (cardiac pump regulator)
Protein phosphatase-1 inhibitor-1

PKA consensus sequence'’

RASCTSSS

VEFRRLSI
RTKRSGSV |

GVLRRASVAZL
GYLRRASV
PMRRSV

LQRRRGSSIPQ
FIGRRQSL

AKRKASGPPVS
KKAKASRKESYSVYVYK
AIRRAST

IRRRRPTP
xR[RK]x[ST]B

Glycogen synthesis

Glycogen breakdown

Glycolysis
Pyruvate to acetyl-CoA

Triacylglycerol mobilization
and fatty acid oxidation

Glycolysis/gluconeogenesis

Synthesis of .-dopa,
dopamine, norepinephrine, and epinephrine

DNA condensation

DNA condensation
Intracellular [Ca?*]

Protein dephosphorylation
Many




cAMP atkarigie signali
m Some Signals That Use cAMP as

Second Messenger

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

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

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




GPCR signalceli

GC-linked  Kinase-linked

/NS DT

cAMP DAG a2* cGMP Auto-
l phosphorylation
PKA PKC CaM PKG
kinases
A\
KINASE CASCADES
TARGET PROTEINS
lon Transcription Contractile Secretory
Enzymes Récaptors channels Transportere factors proteins mechanisms
RESPONSES
Physiological Immune Apoptosis Malignant Growth Differentiation

responses responses transformation



a G, subvienibas aktivacija
Ligands aktive GPCR—> aGq aktive fosfolipazi Cp

@ signal molecule

\ activated GPCR activated
phospholipase C-

activated G,
protein



a G, signala parnese

PL CB akitve inozitoltrifosfatu

Pl 4,5-bisphosphate
[P1(4,5)P,]
activated
phospholipase C-3

diacylglycerol

8,

p

inositol
1,4,5- trlsphosphate

(1P3) [ £



a G, signala parnese
IP; nodosSina Ca%* atbrivoSanos no EPT - Ca?* kopa ar

diacilglicerolu aktivé proteinkinazi C

Pl 4,5-bisphosphate
[PI(4,5)P,]

| diacylglycerol
i "“'-—lr
O f"?j |,~C-
actwated

prcutem
inositol kinase C

1,4,5- tnsphﬂsphﬂte ‘ o c32+
lumen of

(IP5) k\p
endoplasmic —_

reticulum 90 00 0 g @
00 0090 0% o

apen IPs-gated
Ca’*-release




a G, subvienibas aktivacija
Ligands aktive GPCR—> aGq aktive fosfolipazi CB—> PL CB

akitve inozitoltrifosfatu - IP; nodoSina Ca%* atbrivoSanos

no EPT = Ca?*kopa ar diacilglicerolu aktivé proteinkinazi C

@ signal molecule Pl 4,5-bisphosphate

h [PI(4,5)P,]
activated GPCR activated

phospholipase C-p

diacylglycerol

P
P
P activated
B P protein
inositol ' ® kinase C
activate_d Gq 1,4,5-trisphosphate ® :Ca 2
protein (1P3) P

open |IP;-gated

Ca’*-release

channel

lumen of
endoplasmic
reticulum



Fosfolipazes C, IP; un Ca?* regulétie enzimi

L8R Pl S Some Signals That Act through Phospholipase C, IP, and Ca**

Acetylcholine [muscarinic M_]
a,-Adrenergic agonists
Angiogenin

Angiotensin Il

ATP[P,,P,]

Auxin

Gastrin-releasing peptide Platelet-derived growth factor (PDGF)
Glutamate Serotonin [5-HT-1c]
Gonadotropin-releasing hormone (GRH) Thyrotropin-releasing hormone (TRH)
Histamine [H.] Vasopressin

Light (Drosophila)

Oxytocin




Ca?* atkarigie signali

/.18 P AL Some Proteins Regulated by Ca?t

and Calmodulin

Adenylyl cyclase (brain)

Ca?*/calmodulin-dependent protein kinases (CaM
kinases I to 1V)

Ca?**-dependent Na* channel (Paramecium)
Ca?*-release channel of sarcoplasmic reticulum
Calcineurin (phosphoprotein phosphatase 2B)
cAMP phosphodiesterase

cAMP-gated olfactory channel

c¢GMP-gated Na*, Ca?* channels (rod and cone cells)
Glutamate decarboxylase

Myosin light-chain kinases

NAD™* kinase

Nitric oxide synthase

Phosphatidylinositol 3-kinase

Plasma membrane Ca?* ATPase (Ca?>* pump)
RNA helicase (p68)




Ca2+/Kalmodulins

Kalciju saistoss proteins, kas spéj aktivéet citus
proteinus vai darboties kopa ar enzimu vai enzimu
kompleksiem




CaM-kinaze Il

inhibitory demain

COOH

INACTIVE

catalytic domain

P,
protein

phosphatase

calmodulin Ca®*/calmodulin

w53
AN/

auto-
phosphorylation

ACTIVATED




Kopsavilkums: GPCR signalceli

Receptors »  G-proteins '.
l l J l
Target Guanylate Adenylate -
enzymes c._,l,.¢|a$e f:yclase _ Phospholipase C
Second /_\G‘GMF' /_\‘AMP DAG — AA
messengers c
L
t(ca?*), Eicosanoids - - -t -------+
Y
i Released
Protein L J
kinases PKG PKA PKC as local
| J hormones
3 (—J ) n..___‘ F
. J L h
Y Vv Y l LA | 1 YYY
Effectors Enzymes, Contractile lon

transport proteins, etc. proteins channels



GPCR internalizacija

Lielakoties signala desensitizacija GPCR notiek ar internalizaciju

Péc receptora aktivacijas ta iekssunu telpai piesaistas B
arestinkinaze, kas fosforilé Ser aminoskabju atlikumus receptora
iekssStnas dala

Binding of epinephrine (E) to 9 G,g., recruits BARK to the

: spy
B-adrenergic receptor membrane, where it
triggers dissociation of G5, phosphorylates Ser residues at the
from G, (not shown). carboxyl terminus of the receptor.
Plasma

membran




GPCR internalizacija

B-arestins piesaistas pie fosforilétajiem aminoskabiju atlikumiem

Receptora-arestina komplekss tiek internalizéts endocitozé ar klatrinu
klatu vezikulu veida
9 B-Arrestin (Barr)

\ binds to the
A K phosphorylated
; carboxyl-termina

| domain of the

receptor.

\

Péc internalizacijas =
B-arestins disocié un
receptors tiek

defosforilets

complex enters the
cell by endocytosis.

In endocytic vesicle, arrestin
dissociates; receptor is C
dephosphorylated and

returned to cell surface.



GPCR internalizacija

Binding of epinephrine (E) to 6 G

sgy recruits BARK to the
B-adrenergic receptor membrane, where it
Péc internalizac |J as triggers dissociation of G,z phosphorylates Ser residues at the
. from G, (not shown). carboxyl terminus of the receptor.
receptors var tikt Plasma
_ membrane
nogadats atpakal o

sunas membrana vai
degradéts ¢
proteosomas

binds to the
phosphorylated
carboxyl-termina
| domain of the
receptor.

{'f';_. 9 B-Arrestin (Barr)

o Receptor-arrestin

complex enters the
cell by endocytosis.
In endocytic vesicle, arrestin .
dissociates; receptor is & o
dephosphorylated and K
returned to cell surface. A



GPCR oligomerizacija

dimerizacija/ oligomerizacija/
homodimerizacija/ heterodimerizacija/
homooligomerizacija/
heterooligomerizacija

Fiziska divu vai vairaku GPCR grupésanas kopa, kas noved
pie funkcionalam GPCR “dzives cikla” vai signala parneses
IZmainam



GPCR oligomerizacijas fiziologiska nozime

o Pharmacological diversity

0 ¥ LL L
Ligand-promoted regulation
NH, NH NH :r{- N% NH luu NH, NH /
S NS N e— N
L'u lenw\_/lTiull nT"mll ﬂuluﬁllluwluﬂlﬂ‘mll Tl
S ? ﬂm? AL
Plasma  ‘cooH COOH OH COOH COOH COOH
membrane A +/_ +/_

~e

bmennl® §ob )

NH “"27 Ontogeny NH; | NH / NH, 't'):)

Al A VN ﬁt@r K\Qv?m//
S g fu
C mfm? o '/,HH_'_H\\“\ NZZ)?ZOOH ) COOH COOH

\&‘i‘fﬂ’/’/ — © intemaiization



Sistemiskas sunu komunikacijas piemers

“fight or flight”



Adrenergiskie receptori

Adrenalin,
Noradrenalin

/‘i'\

.

. v .

Smooth muscle Inhibition of Smooth Heart muscle
contraction transmitter muscle contraction,
release contraction smooth muscle
= relaxation,
Gl trakta, Vénas, noteikta glycogenolysis

ada, glotada dala artériju



Adrenergiska signala
amplifikacija

Adrenalina signals hepatocitos
iedarbina glikozes veidosanos
no glikogéna

Glikoze nonakot asinsrite

nodrosina energiju “fight or
flight” atbildei

© Epinephrine
Epinephrine-
ﬂ receptor complex
Hepatocyte ‘ I ': 10 molecules
) y 2 n &
7
v
I

ATP ——> CyclicAMP

adenylyl
cyclase / | 200 molecules ‘
Inactive PKA /Active PKA

7

| 100 molecules ‘

74

07

v
Inactive @h Active

phosphorylase b ——> phosphorylase b
kinase it kinase
/7
e ’ 1,000 molecules ‘
v

Inactive glycogen Active glycogen
_
phosphorylase b _ phosphorylase a

/ | 10,000 molecules ‘

/

Glycogen ————> Glucose 1-phosphate
| 100,000 molecules |

l

Glucose

l

Blood glucose
’ 100,000 molecules ‘




Sensorie signali



Redzes sensora signala parnese

* Tiklenes fotoreceptoras
sunu signalmolekulas —
fotoni Light

* “Nujinas” — darbojas
mazak intensiva
apgaismojuma Sauraka
vizualaja spektra

 “Valites” — darbojas
plasaka vizualaja spektra

(krasu uztvere) {wa/““e

oo

0 ) ;
Tooptic Ganglion Interconnecting
nerve  neurons neurons



“Nujinas” fotoreceptora suina

discs of
photoreceptive
membrane

outer
segment

plasma
membrane

inner
segment

Chromophore
(11-cis-retinal)

Disk
compartment

cell body

nucleus

synaptic
region



Redzes sensora signhala parnese

o Light absorption 9 Activated rhodopsin T,-GTP activates Active PDE reduces
converts 11-cis- catalyzes replace- ¢GMP phospho- [¢cGMP] to below the
retinal to all-trans- ment of GDP by GTP diesterase (PDE) level needed to keep
retinal, activating on transducin (T), by binding and cation channels open.
rhodopsin (Rh). which then dissoci- removing its Rod
ates into T -GTP inhibitory subunit (1).
and Tg..
5'-GMP
(1) a\l) |
\ I ; 2 1.‘ J \\ 1 W /// ’—’(GMP(_\)V :
- VPDE cGMP™ {;_4 Na*, Ca?*
Disk
Cation channels
membrane Ca?* 9 close, preventing
- jad 5N inflt:x of Nz” and
=) Ca**; membrane is
Excitation hyperpolarized.
This signal passes
to the brain.
Recovery/Adaptation
o Continued efflux of Ca®*
through the Na*-Ca?*
\ \\ 1/ Gy exchanger reduces
Rh Ny NZ cytosolic [Ca?*].
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GMP  l[Ca?) \_’/ 4Na*
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9 Rhodopsin kinase (RK) 0 Slowly, arrestin o Reduction of [Ca?*] j—
phosphorylates dissociates, rhodopsin activates guanylyl
“bleached” rhodopsin; is dephosphorylated, cyclase (GC) and S~ Plasma
low [Ca?*] and recoverin and all-trans-retinal is inhibits PDE; [¢cGMP] membrane
(Recov) stimulate this replaced with 11-cis- rises toward “dark”
reaction. Arrestin (Arr) retinal. Rhodopsin is level, reopening cation
binds phosphorylated ready for another channels and returning
carboxyl terminus, phototransduction V,, to prestimulus level.

inactivating rhodopsin. cycle.



Redzes sensora signhala parnese

* Gaisma aktive rodopsina receptoru izmainot ta konformaciju

* Transducina proteina a subvieniba saista GTP un migré prom no By
diméra

* Ta-GTP aktive cGMP fosfodiesterazi (PDE)

* PDE samazina cGMP koncentraciju

o Light absorption 0 Activated rhodopsin 9 T,-GTP activates Active PDE reduces
converts 11-cis- catalyzes replace- ¢GMP phospho- [¢cGMP] to below the
retinal to all-trans- ment of GDP by GTP diesterase (PDE) level needed to keep
retinal, activating on transducin (T), by binding and cation channels open.
rhodopsin (Rh). which then dissoci- removing its Rod
ates into T -GTP inhibitory subunit (I).
and TB"
\V
- /‘% E GDP \\/!\/ / l /\' L I f
"l Rh/ ? /';Q-‘*'/ - ’/T.-\/ - (N l""r.'"; ~ “'I R, _-CGMP__
°'I? \ I] gy —GIP.- PDE | TP, ~ | PDE \—cGMP™ =2 Na*,Ca?*
[,‘_’ v ) L"\J et I\V, ‘ —— ‘U/ et \)

Disk
membrane



Redzes sensora signala parnesg sciveroe e

[¢cGMP] to below the F
level needed to keep
cation channels Ope/

Rod

* cGMP koncentracijas samazinasanas

_cGMP..._ A
aizver Ca?*un Na* kanalus, SGnas g W
membrana tiek hiperpolarizéta un \ © cation channels
. - _ = - "2, lose, pr i
signals nodots talak smadzeném ca | lnfcxofNatand
— Ca?'; membrane is
hyperpolarized.
_ This signal passes
* Ca?*joni papildus tiek izvadtt caur fothebraln.
CaZ*/Na* apmainas transporteriem 6 et
exchanger reduces
cytosolic [Ca?*].
» Dramatiski samazinas Ca?* - v
koncentracija suna " ana

N Plasma
membrane



Redzes sensora signala parnese

2+ S
*Ca I_(O[]Een:[racua.s_ Recovery/Adaptation
samazinasanas aktive
guanililciklazi un inhibé PDE Sy
—aacan
* Pieaug cGMP i Y N \.c,z‘fﬁ/
koncentracija, atveras e e W s’
katjonu kanali jpnenpsguay k.
O Reduction of [Ca?*) —
activates guanylyl
cyclase (GC) and S Plasma
inhibits PDE; [¢cGMP] e

rises toward “dark”
level, reopening cation
channels and returning
V,, to prestimulus level.



Redzes sensora signhala parnese

* Rodopsina receptoram
piesaistas rodopsinkinaze, kas
to fosforile, So reakciju stimulé

recoverina proteins

* Arestins piesaistas pie
fosforilacijas vietam, péec
arestina disociacijas proteins

tiek fosforilets

o Rhodopsin kinase (RK) 0 Slowly, arrestin

phosphorylates
“bleached” rhodopsin;
low [Ca?*] and recoverin
(Recov) stimulate this
reaction. Arrestin (Arr)
binds phosphorylated
carboxyl terminus,
inactivating rhodopsin.

dissociates, rhodopsin
is dephosphorylated,
and all-trans-retinal is
replaced with 11-cis-
retinal. Rhodopsin is
ready for another
phototransduction
cycle.



Redzes sensora signhala parnese

Gaisma ierosina
hiperpolarizaciju (sinaptiska
signala inhibésanu)

Depolarizéta suna,
nesanemot gaismas signalu
stimulé sinaptisko neironu

outer
segment
(light
sensitive)

inner
segment

nuclear
region

synaptic
region
(signals to
neurons
in retina)
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open

cell
depolarized

high rate of
transmitter
release

-cation channels

> 1 activated
rhodopsin

+s2 14 cation channels
closed
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e b e e

cell
hyperpolarized

low rate of
transmitter
release
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Redzes sensora signhala parnese

“Valisu” diskveida strukturas ir tris fotopsinu veidi, kas
uztver tris atskirigus gaismas vilnu garumus

- - .. . 1
Relativas absorbcijas maksimums: gg I
v
o - Y 80|
Zilais opsins —420nm =
8 70
: - o 60
Zalais opsins — 530nm 2 s0
, _ 40
Sarkanais opsins — 560nm 2 30
B Sl
Rodopsins — 500nm & 10l
0

Cilvéka vizualais spektrs 380-750nm

Green
pigment

Red
pigment

Blue
pigment

400 450 500 550 600 650
Wavelength (nm)



{Taste pore|

. Taste hairs
- /.—r Taste celis

-+ Supporting cell

Garsas sensora signala parnese

. 1 Tongue epithelium

Signalmolekulas piesaiste nodrosina garsas e
JIN \ [ Synaptic vesicles
sajutas informacijas nodosanu smadzeném 3 =
= fibers
Apical Basolateral
membrane membrane
l \( l
GTP
GDP
o Sweet-tasting 9 Gustducin a subunit 9 PKA, activated by cAMP,
molecule (S) binds to activates adenylyl phosphorylates a K+ channel
sweet-taste receptor (SR), cyclase (AC) of the in the basolateral membrane,
activating the G protein apical membrane, causing it to close. The reduced
gustducin (Gg,,). raising [CAMP]. efflux of K* depolarizes the cell
sending an electrical signal to
the brain.

Taste cell



Smarzas sensora signala parnese

o Odorant (O) arrives
at the mucous layer

and binds directly to

Activated OR
catalyzes GDP-GTP
exchangeon a

Cilia
r——

Olfactory
neuron

an olfactory receptor G protein (G),
(OR) or to a binding causing its |
protein (BP) that dissociation e
carries it to the OR. into a and By. Dendrite Axon
@ e G,-GTP activates /
| adenylyl cyclase, \'} Air
Y which catalyzes
cAMP synthesis, Q cAMP-gated cation Mucous
raising [CAMP]. channels open. Ca2+ layer

enters, raising
internal [Ca2+].

G,y hydrolyzes GTP to

GDP, shutting itself off. Cyclic
AMP PDE hydrolyzes cAMP.
Receptor kinase phosphorylates
OR, inactivating it. Odorant

is removed by metabolism.

Ca?* reduces the

affinity of the cation
channel for cAMP,
lowering the sensitivity
of the system to odorant.

CLAA ¥y -;o
3

----- Y oa

D )

[ { |
Ciliary
_ membrane

Ca2*-gated chloride
channels open. Efflux of
Cl- depolarizes the cell,
triggering an

electrical signal

to the brain.




Hormonu, gaismas, smarzas un garsas detekcijas
sistemu kopigas iezimes

Sweet
Vasopressin Epinephrine Light Odorants tastant
| l : /\
; .
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{ [CAMP] $ [cAMP] { [cGMP] $[IP5] t [cAMP] $ [CAMP]
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levads farmakologija
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Receptora ligandi:

Agonists — piesaistoties receptoram to aktive

Antagonists — piesaistoties receptoram to neaktive



100 1 1 T

Histamine
(guinea pig heart)

Acetylcholine
(frog rectus muscle)

Response (% max)
€]
o
|

0 l l | ; l l
1077 10 10 104 1073 102
Concentration (mol/l)

Afinitate (receptora speéja saistit ligandu) var but atskiriga




Receptora ligandu veidi

100 4

— Full agonist
é_\o"
&
5
2 Partial agonist
¢ 504
3 Basal
8 4 activity Weak partial agonist
.‘% Neutral antagonist
0 Inverse agonist

Drug concentration

Bazala aktivitate — fona Iimena receptora aktivitate, kas
noverojam, bez agonista klatbutnes



Antagonista darbiba

A B
100 - 100
Agonist Agonist
alone alone
g . =E> Effect of
E Agonistplus E antagonist
& competitive e
E S0 antagonist E S0
© ©
< <
o Effect of 8
[ antagonist o Agonist
L 0 plus irreversible
antagonist
Of A 1 ! 1 2 = Cf L ] e
0.1 1.0 10 100 1000 0.1 1.0 10 100 1000
Agonist dose (log scale) Agoenist dose (log scale)

Konkuréjosais antagonists — konkuré ar agonistu receptora
saistiSana, rezultata agonista afinitates likne nobidas

Neatgriezeniskais antagonists — samazina receptora agonista spéju
saistities pie receptora




Farmakologija izmantojamas vielas, kas
darbojas uz GPCR

Antagonists

Nikotin-acetilholina Acetillholins Tubokurarins

receptori Nikotins a-Bungarotoksins

B-Adrenoreceptors Noradrenalins Propranolols
lzoprenalins

Histamina (H1) receptors Histamins Mepiramins

Opiatu (u) receptors Morfins Naloksons

Dopamina (D2) receptors Dopamins Hlorpromazins

Bromkriptins



Farmakologijas petijjums

Modelsistema
Raugi, ziditaju stunas

+ Receptors

v

Liganda atskaidijumi
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Enzimsaistitie receptori



Enzimsaistitos i I R i

- Insulin (o amy
transmembranas @
receptorus veido: Sl il

* Signaluztveres domeéns
arpussunas telpa

* Citoplazmatiskais domeéns
ar enzimatisku aktivitati vai
ar citoplazmatikso domeénu
saistits enzims
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Enzimsaistitie transmembranas receptori:

* Tirozinu kinazes receptori

* Ar tirozinu kinazi saistitie receptori
 Ser/Thr kinazes receptori

* Ar histidinukinazi saistitie receptori
* Guanliliciklazes saistitie receptori

* Receptorlidzigas tirozinfosfotazes



Enzimsaistitie transmembranas receptori

Cilvekam apméram 60 géni kodé tirozinu kinazes receptorus

SIGNAL PROTEIN
Epidermal growth factor (EGF)

Insulin

Insulin-like growth factors (IGF1
and IGF2)

Nerve growth factor (NGF)

Platelet-derived growth factors
(PDGF AA, BB, AB)

Macrophage-colony-stimulating
factor (MCSF)

Fibroblast growth factors (FGF1 to
FGF24)

Vascular endothelial growth factor
(VEGF)

Ephrins (A and B types)

RECEPTORS
EGF receptors

insulin receptor
IGF receptor-1

Trk A
PDGF receptors (or and B)

MCSF receptor

FGF receptors (FGFR1-FGFR4,
plus multiple isoforms
of each)

VEGF receptors

Eph receptors (A and B types)

SOME REPRESENTATIVE RESPONSES

stimulates cell survival, growth, proliferation, or
differentiation of various cell types; acts as inductive
signal in development

stimulates carbohydrate utilization and protein synthesis
stimulate cell growth and survival in many cell types

stimulates survival and growth of some neurons

stimulate survival, growth, proliferation, and migration of
various cell types

stimulates monocyte/macrophage proliferation and
differentiation

stimulate proliferation of various cell types; inhibit
differentiation of some precursor cells; act as inductive
signals in development

stimulates angiogenesis

stimulate angiogenesis; guide cell and axon migration



Tirozinu kinazes receptori

Ligand-binding domain ~
X
X
) ¢
Outside
I Inside
X X X
0 LA, :

INSR VEGFR PDGFR EGFR TrkA FGFR

UTerS'"e UCys-rich ULeu-rich lg-like o Asp/Glu-rich

kinase : : : ;
d 2 domain domain domain region
omain



Tirozinu kinazes receptori

Insulina receptors

* Piesaistas ligands
* Notiek
autofosforilésnas

* IRS1 ierosina MAP

kinazes kaskadi

o Insulin receptor binds insulin and
undergoes autophosphorylation on

Insulin its carboxyl-terminal Tyr residues.

o
B}:f \ e Insulin receptor

- — phosphorylates IRS-1
G j\/&r on its Tyr residues.
Cytosol P 0 P

@)1
/ \ 9 SH2 domain of Grb2 binds to(P)

~Tyr of IRS-1. Sos binds to Grb2,
IRS- le-1 . then to Ras, causing GDP release

)_;,bz, . Gop and GTP binding to Ras.

\Raf- o Activated Ras binds and

,/ A 5\
QEK/ >» g activates Raf-1.
A (i

Nucleus p e
(MEK]”
) Bt 7 S,? ) 9 Raf-1 phosphorylates
SRE| [Elk1 ) . MEK on two Ser residues,
i _(® =t (P activating it. MEK
Q/ERK D < _ (ERK ) = ERKD phosphorylates ERK on a
oy Thr and a Tyr residue,
[_/"r*'i‘ f—- & activating it.
SRF Elk1 P
ROV AN DNA 0 ERK moves into the nucleus
mRNA and phosphorylates nuclear
\ Protein transcription factors such as

Elk1, activating them.

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



Insulina receptors

* Pie receptora piesaistas insulins un ta Tyr atlikumi iekssunas telpa
autofosforiléjas

* Tas palaiz virkni kaskades reakciju, ka rezultata Ras saista GTP

o Insulin receptor binds insulin and
undergoes autophosphorylation on
its carboxyl-terminal Tyr residues.

Insulin_
R

BT/ e Insulin receptor

- j | phosphorylates IRS-1

£ ij, BE on its Tyr residues.

Cytosol P(p) (PP
/ \ e SH2 domain of Grb2 binds to(P)
e PL ~Tyr of IRS-1. Sos binds to Grb2,
| IRS-1 LIRS then to Ras, causing GDP release
=y - ‘95,.,,2 o and GTP binding to Ras.



Insulina receptors

e Aktivetais Ras-GTP aktive Rafl

e Rafl fosforile MEK divus Ser atlikums

* MEK fosforilé ERK vienu Thr un vienu Tyr atlikumus

Pl
&)
= Q;,b; GOP
—esos> A
GTP - Ras
MEK \Raf-1/ o Activated Ras binds and
& > activates Raf-1.
/ -\.\\ ’ P
&> ©
=2 P Raf-1 phosphorylates
/\ MEK on two Ser residues,
P WL TR activating it. MEK
(ERK 2 - (ERKD) phosphorylates ERKon a

Thr and a Tyr residue,
activating it.



Insulina receptors

e ERK translocéjas kodola, kur tas fosforilejot aktive transkripcijas
faktorus (piem., Elk1)

* Elk1 veido kompleksu ar SRF un stimulé génu transkripciju

Nucleus

st ek Fi
= et P)

P
P _ ERK _ ERK )
I I.\ERK___, —T =7 SR

—
SRF EIK1-p
NNV ANVANAN DNA o ERK moves into the nucleus
mRNA and phosphorylates nuclear
& Protein transcription factors such as

Elk1, activating them.

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



MAP kinazes signhalkaskade

plasma membrane

Mitogen-
) ] 1/ CYTOSOL
activated protein GTP Ll N
kinase + kinase active Ras
protein
+kinase

Tirozinukinazes

receptors—>

Ras—>

Raf—>

Mek-> ‘ ‘ —-

P — protein X P — protein’Y i regulatory P— regulatory

Erk - | - protein A protein B |

G en I/P rOteI ni changes in protein activity changes in gene expression




RAS saimes GTPazes

FAMILY SOME FAMILY MEMBERS SOME FUNCTIONS
Ras H-Ras, K-Ras, N-Ras relay signals from RTKs
Rheb activates mTOR to stimulate cell growth
Rep1 activated by a cyclic-AMP-dependent GEF; influences cell adhesion by
activating integrins
Rho* Rho, Rac, Cdc42 relay signals from surface receptors to the cytoskeleton and elsewhere
ARF* ARF1-ARF6 regulate assembly of protein coats on intracellular vesicles
Rab* Rab1-60 regulate intracellular vesicle traffic
Ran* Ran regulates mitotic spindle assembly and nuclear transport of RNAs and proteins

Ras un Rho parnes signalus no stinas virsmas receptoriem
un talak var ierosinat dazadus sunas signalcelus



Ar tirozinukinazi saistitie receptori

Erythropoietin

EPO receptor
Erit ti iti citokini W
ritropoetins un citi citokini - 1l
Receptors saistits ar ( OM® 7
. e = STAT | (3K (saK MAPK
citopazmas tirozinkinazi | Y caicadie
(Janus kinazi — JAK) \ ik (b)

(a)

SH2 domain
JAK fosforilejot aktive génu \:_“%L@

T - Og b
regulatoros proteinus STAT . ﬁ:‘&@
=

Nucleus @@Aﬁects gene expression
STAT p) )
\U\\U\\Y :\\\\\\\



Eritropoetina receptors

* Piesaistoties eritropoetinam receptors dimerizéjas

* Dimerizacija izraisa receptora ieksstinas rajonu autofosforilaciju

Erythropoietin

 Fosforiletie atlikumi \O RO

piesaista STAT vai $ /j

skistosas Tyr kinazes Cytosol Om | mO

e JAK fosforilé STAT : /G'b\z
~®

* Tyr kinazes var tikt STAT O\K\‘ i@ ¢ MAPK

aktivetas fosforiléjot _ cascade

un uzsakt MAP
kinazes kaskadi MAPK



Eritropoetina receptors

 STAT fosforiléta veida dimerizéjas, translocéjas sunas kodola un
var aktivét génu transkripciju

» Aktiveta MAP kinazes kaskade ari var aktivét génu transkripciju

SH2 domain
(@ | orar
STAT ] NLS
dlmenzatlon STAT (p)

y_/ P

MAPK (b)

Nucleus "\"/ STAT | Affects gene expression
STAT

QAN :\\\\\\\



JAK-STAT signalceli

SIGNAL PROTEIN RECEPTOR-ASSOCIATED  STATS ACTIVATED
JAKs

v-interferon JAKT and JAK2 STAT1
o-interferon Tyk2 and JAK2 STAT1 and STAT2
Erythropoietin JAK2 STAT5

Prolactin JAKT and JAK2 STATS

Growth hormone JAK2 STAT1 and STAT5
GMCSF JAK2 STAT5S

Citokini - imunomudulatori agenti

SOME RESPONSES

activates macrophages

increases cell resistance to viral infection
stimulates production of erythrocytes
stimulates milk production

stimulates growth by inducing IGF1
production

stimulates production of granulocytes and
macrophages

* Limfokini — produce limfociti, nodrosina imunsistémas stnu
savstarpéjo komunikaciju (interleikini, interferoni, granulocitu-

makrofagu-koloniju stimuléjosais faktors)



Siinas signalcelu mijiedarbiba (cross-talk)
nodrosina daudzveidigu signalu integraciju

signal molecule —

7T GPCR

RTK
P P
P \
G protein G protein —» phospholipase C Grb2 Pl 3-kinase
‘ / \ Ras-GEF (S0s)
adenylyl cyclase diacylglycerol l, PI(3,4,5)P; ——
Ras
y
Ca™* *
\ MAP kinase kinase kinase
cyclic AMP ! ‘ PDK1
calmodulin MAP klnase kinase
L
PKA CaM-kinase PKC MAP kinase Akt kinase <—'

N

gene regulatory proteins many target proteins



Nakamaja lekcija

e Receptoru guanililcilkazes

* Ligandu atkarigie jonu kanali
* Adhézijas receptori

* Nuklearie receptori

e Signalsistémas augos, raugos un bakteérijas

White blood
cells

(A) ION-CHANNEL-COUPLED RECEPTORS

Platelets

. Q—Red blood cell

4/ _—signal molecule

]pmmm
membrane




