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RECEPTORI CUPLATI CU

PROTEINA G

Tinta moleculara a >50% din medicamentele aprobate;

Cea mair mare familie de proteine membranare (>800

membri);
Modulati de stimuli: senzoriali, hormonali, chimici,
fotonici;
Mediaza un spectru larg de functui fiziologice in
organism;
Multe dintre medicamentele psihotrope actioneaza la

nivelul |

RCPG, determinand fie actiuni terapeutice, fie

efecte ad

verse;



RCPG-4 ELEMENTE CHEIE:

LIGANDUL (neurotransmitator= NT), mesagerul primar;

RECEPTORUL specific NT, ce partine familiei
receptorilor serpentind (RCPG au in comun o regiune
transmembranara, formata din 7 segmente ce traverseaza
membrana plasmatica;

PROTEINA G: capabila sa se fixeze atat la Rc serpentina,
cait s1 la mnivelul enzimer responsabile de sinteza
mesagerulul secundar;

SISTEMUL ENZIMATIC, care determina formarea
mesagerulul secundar.



STRUCTURA

G- Protein




PROTEINELE G

Sunt heterotrimeri, compusi din subunitatile a, [ s1 7.
Subunitatea a contine situsul de legare pentru GTP/ GDP;

Proteinele GTP-dependente se caracterizeaza prin
capacitatea de a se activa prin inlocuirea GDP cu GTP, de
la nivelul situsului pentru nucleotide;

Subunitatile a au secvente s1 greutatt moleculare diferite,
care sunt in principal responsabile de proprietatile diferite
ale proteinelor G;

os (stimuleaza adenilat ciclaza), ai (inhiba adenilat
ciclaza), aq (stimuleaza fosfolipaza C).
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ACTIVAREA RCPG

Fixarea N'T-ligand la situsul specific de pe RCPG;

Cuplarea Rc cu subunitatea as s1 inlocuirea GDP cu
GTP la nivelul proteiner G;

Fixarea enzimei responsabila de formarea mesagerului
secund la nivelul complexulur NT-Rc-Proteina G;

Formarea mesagerului secund.

In cazul RCPG de la nivel cerebral, enzima este
reprezentati de ADENILAT CICLAZA, iar mesagerul
secund de cAMP.

Tinta finala a RCPG este modificarea expresiel genice,
prin actiunea la nivelul factorului de transcriptie CREB.



ACTIVAREA RCPG

-~ Neurotransmitter

G-protein
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AGONISTII

* Produc o modificare a conformatiet RCPG, care
stimuleaza maximal formarea de mesager secundar.

* In general  agonisti sunt  reprezentafi  de
neurotransmitdtori, dar si unele medicamente pot avea
aceeasl actiune.

* Exista 2 modalitati de stimulare a RCPG:

» direct: ligandul se leaga la nivelul situsului pentru NT si
activeaza transductia semnalului, intocmai ca NT;

» indirect: prin cresterea cantititii de NT, prin blocarea
mecanismelor de degradare a NT (inhibitia SERT, NET,
DAT, GAT1, IMAO)



AGONISTII

Full Agonist: Maximum Signal Transduction




ACTIVITATE CONSTITUTIVA

 Absenta agonistilor nu inseamna obligatoriu 1nhibitia
transductiei semnalului;

* Tranductia se produce, dar la o intensitate foarte mica =
activitate constitutiva (intrinseca);

* Aceasta activitate constitutiva se produce in zonele cu
densitate mare a receptorilor.



ACTIVITATE CONSTITUTIVA

canale 1onice
ligand dependente

i Factori de

transcriptie

Enzime reglatorii

Canale ionice
voltaj dependente




ANTAGONISTI

Blocheaza actiunea tuturor liganzilor din spectrul
agonistilor;
De fapt, antagonistii produc o modificare a structuri

RCPG, pe care 11 aduc la acelasi status cu absenta
agonistilor sau activitatea constitutiva;

In prezenta unui agonist, agonist partial sau agonist invers,
un antagonist va bloca actiunea acestora, dar nu are actiune
per se, de aceea se mai numesc $i ,.liganzi silentiosi”’ sau
,heutri’;

In practica psihiatricd clinici, numirul de antagonisti ai
RCPQG, 1l depaseste pe cel al agonistilor.



ANTAGONISTI

“Silent” Antagonist: Back to Baseline,
Constitutive Activity Only, Same as No Agonist




AGONISTII PARTIALI

* Un agonist partial produce o activare submaximala,
comparativ cu agonistii puri, chiar daca ocupa tofi
receptori disponibili.

* Nu pot produce o activare maximala a receptorilor,
indiferent de concentratia partial- agonistului.

 Se mail numesc s1 Jstabilizatori”’- au capacitatea de a
realiza un echilibru al extremelor: cresc activitatea NT
deficient sau scad activitatea NT 1n exces.

* Un agonist partial poate aparea:
» Ca un agonist- in absenta full-agonistului;
» Ca un antagonist- in prezenta agonistului.



AGONISTI PARTIALI




AGONISTI PARTIALI

FULL AGONIST - PARTIAL AGONIST - NO AGONIST --
light is at its brightest light is dimmed but still shining light is off




AGONISTI INVERSI

* Actiunea lor determina o modificare conformationala a
RCPG, care 11 inactiveaza complet.

* Agonistu partiali scad transductia semnalului intracelular
sub nivelul activitatii constitutive.

* Daca agonistii cresc tranductia intracelulara a semnalului
comparativ cu nivelul de baza (“activitatea constitutiva”),
agonistil inversi scad transductia intracelulara, sub nivelul
de baza.



AGONISTI INVERSI
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RECEPTORI CUPLATI CU PROTEINA G- TINTA
DIRECTA DE ACTIUNE A MEDICATIEI PSIHOTROPE

Neurotransmitter G-protein receptor Pharmacologic  Drug class Therapeutic action
and pharmacologic  action
subtype directly
targeted
Dopamine D, Antagonist or Conventional Antipsychotic; antimanic
partial agonist antipsychotic;
atypical
antipsychotic
Serotonin SHT5A Antagonist or Atypical Reduced motor side effects;
inverse agonist antipsychotic possible mood stabilizing and

antidepressant actions in
bipolar disorder

Antidepressant, Improve mood and insomnia
hypnotic
5HT, A Antagonist or Atypical Unknown secondary receptor
S5HT 80 partial agonist antipsychotic actions, possibly contributing
5HT,¢ to efficacy and tolerability
S5HT,
5HT;
5HT; A Partial agonist Anxiolytic Anxiolytic; booster of

antidepressant action



Neurotransmitter

Norepinephrine

GABA

Melatonin

Histamine

Acetylcholine

G-protein receptor
and pharmacologic
subtype directly
targeted

Alphas

Al thh

GABAg

MT,
MT,

M,

M3/Ms

Pharmacologic

action

Antagonist
Agonist

Antagonist

Agonist

Agonist
Agonist

Antagonist

Antagonist

Antagonist

Drug class

Antidepressant
Antihypertensive

Many
antipsychotics and
antidepressants

Gamma
hydroxybutyrate/
sodium oxybate

Hypnotic
Hypnotic

Many
antipsychotics and
antidepressants;
some anxiolytics

Many
antipsychotics and
antidepressants

Some atypical
antipsychotics

Therapeutic action

Antidepressant

Cognition and behavioral
disturbance in attention
deficit hyperactivity disorder
Side effects of orthostatic
hypotension and possibly
sedation

Cataplexy, sleepiness in
narcolepsy; possible enhanced
slow-wave sleep and pain
reduction

Improve insomnia
Improve insomnia

Therapeutic effect for anxiety
and insomnig; side effect of
sedation and weight gain

Side effects of memory
disturbance, sedation, dry
mouth, blurred vision,
constipation, urinary retention
May contribute to metabolic
dysregulation (dyslipidemia
and diabetes)




' RECEPTORI CUPLATI CU PROTEINA G- TINTA
INDIRECTA DE ACTIUNE A MEDICATIEI PSIHOTROPE

Neurotransmitter

Dopamine

Serotonin

G-protein receptor
and pharmacologic
subtype indirectly
targeted

D] and DE
(possibly Dy, D,4)

SHT 4 (presynaptic
somadendritic
autoreceptors)

SHT 5, postsynaptic
receptors; possibly

5HT, 4, 5HT 5, SHIT g,
SHT; postsynaptic

receptors

Pharmacologic
action

Agonist via
increasing
dopamine itself at
all dopamineg
receptors

Agonist via
increasing serotonin
itself at all serotonin
receprors

Drug class

Stimulant {(actions at
dopamine and/or
synaptic vesicle

transporters DAT and

VMATZ)
Antidepressant

(actions at dopamine
and/or norepinephrine

transporters DAT
and/or NET)

MAO inhibitor
(reducing dopamine
metabaolism)

Antidepressant
lactions at serotonin
transporters SERT)

MAD inhibitor
(reducing serotonin
metabolismy)

Therapeutic action

Improvermnent of
attention deficit
hyperactivity disorder
(ADHD)

Antidepressant; ADHD

Antidepressant

Antidepressant;
anxiolytic

Antidepressant




Norepinephrine

GABA

Acetylcholine

Neurotransmitter  G-protein receptor

and pharmacologic
subtype indirectly
targeted

Beta, postsynaptic;
possibly alpha,
presynaptic and
postsynaptic

GABA,&L and Gﬁﬂﬁﬂ

M, (possibly M;—Ms)

Pharmacologic
action

Agonist via
increasing
norepinephrine
itself at all
norepinephrine
receptors

Agonist via
increasing GABA
itself at all GABA
receptors

Agonist via
Increasing

acetylcholine itself
at all acetylcholine

receptors

Antidepressant;
neuropathic pain
(actions at
norepinephrine
transporter NET)

MAQ inhibitor
(reducing
norepinephrine
metabolism)

Anticonvulsant

(actions at the GABA

GAT1 transporter)

Acetylcholinesterase
inhibitor (reducing

acetylcholine
metabolism)

Therapeutic action

Antidepressant;
improve ADHD; for
chronic pain (when
combined with SERT
inhibition)

Antidepressant

Anticonvulsant;
possibly anxiolytic, for
chronic pain, for slow-
wave sleep

Slowing progression
in Alzheimer's disease

AT, dopamine transporter; MAQ, monoamine oxidase; NET, norepinephrine transporter; SERT, seratonin transporter; VMAT, vesicular
monoamine transporter,



P-arestinele

* Au dublu rol in ciclul de viata al RCPG:

» Initial, s-a crezut ca familia B-arestinelor este implicata
doar in procesul de desensibilizare a RCPG activati,
urmata de reciclarea sau degradarea acestora.

> In ultimii ani, s-a demonstrat rolul P-arestinelor in
activarea multor cai de semmnalizare prin RCPG,
indepedent de cele induse de proteinele G.



RCPG orfani

Sunt receptor1 pentru care nu s-a reusit inca identificare
1ganzilor endogeni.

nacologie inversa= strategie de deorfanizare a
onarea $1 supraexprimarea receptorilor or
de detectare a liganzilor cu afinit:
hrelina, orexina).




Bibliografie

Stahl SM : Stahls Essential Psychopharmacology, 4th edn. Cambridge:
Cambridge University Press (2013) .

Nestler EJ, Hyman SE, Malenka RC : Molecular Neuropharmacology: a
Foundation for Clinical Neuroscience, 2nd edn. New York, NY: McGraw-Hill
Medical (2009) .

Meyer JS, Quenzer LF : Psychopharmacology: Drugs, the Brain, and Behavior.
Sunderland MA: Sinauer Associates (2005) .

Dupuis N, Laschet C, Franssen D et al., Activation of the orphan G protein-
coupled receptor GPR27 by surrogate ligands promotes [-arrestin 2 recruitment.

Mol Pharmacol (2017).

Huang Y, Todd N, Thathiah A. The role of GPCRs in neurodegenerative diseases:
avenues for therapeutic intervention. Curr Opin Pharmacol. (2017).

Schoneberg, T, et al., Structural basis of G protein-coupled receptor function.
Mol. Cell. Endocrinol., 151, 181-193 (1999).

LeVine, H, 3rd., Structural features of heterotrimeric G protein-coupled receptors
and their modulatory proteins. Mol. Neurobiol., 19, 111-149 (1999).

Morris, AJ, et al., Physiological regulation of G protein-linked signaling. Physiol.
Rev., 79, 1373-1430 (1999).



