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AULETUNXONUHOBbLIE METABOTPOMNHbLIE PeLENTOpbI
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KOTOPblE NUHHEPBUPYHOTCS MOCTraHINMOHApPHLIMK BONTOKHaMu BeretatmeHon HC
(napacumnaTniecknn otaen);

- B MpecnHanTU4ecknx MembpaHax rnocTraHrimoHapHbIX HEMPOHOB
cumnaTtmnyeckon HC (TopMOXKeHME CO CTOPOHbLI MOCTraHIMMOHAPHbIX HEMPOHOB
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- B MPECUHAaNTMYeCKNX MeMmbpaHax MOTOHEMPOHOB B HEPBHO-MbILLIEYHbIX
cuHancax;

- B UHC B nocT- n npecnHantnyecknx membpaHax.



ALETUNXONMNHOBbLIE METAabOTPOMHbIE PeLEenTopbl
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Amino acid sequence and transmembrane domain structure of the human M1 muscarinic
receptor

Amino acids that are identical among the m1, m2, m3 and m4 receptors are dark orange. The
shaded cloud represents the approximate region that determines receptor—G-protein coupling.
Arrows denote amino acids important for specifying G protein coupling. Amino acids predicted to
be involved in agonist or antagonist binding are denoted by white letters.
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ALETUNXONMHOBLIE METAOOTPOMHbIE PELIENTOPDI
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Type

M4

M2

Ms

BbliogeneHo 5 nogTMNoB MyCKapMHOBBLIX PELIENTOPOB -

ALETUNXONMHOBLIE METAOOTPOMHbIE PELIENTOPbI
M

Function

EPSP in autonomic ganglia
secretion from salivary glands and stomach
In CNS (memory?)

slow heart rate

reduce contractile forces of atrium
reduce conduction velocity of AV node

In CNS
homotropic inhibition

smooth muscle contraction
increased endocrine and exocrine gland
secretions, e.g. salivary glands and stomach

In CNS

Eye accommodation
vasodilation

induce emesis

Effectors

Gy
(G)
(Gs):

Slow EPSP.

| K" conductance

Gi
1 K conductance
| Ca* conductance

(1-5)

Agonists

acetylcholine
oxotremorine
muscarine
carbachol®
McNA343E

acetylcholine
methacholine
carbachol®

[%]xotremorine

muscarine

acetylcholine
bethanechol
carbachol

oxotremorinel”

pilocarpine (in
eye)

Antagonists

atropine!”
scopolamine®
dicycloverine!
tolterodine!
oxybutynint®
ipratropium®
mamba toxin MT7
pirenzepine
telenzepine

atropine!”
dicycloverine
tolterodine!
oxybutynin®®!
ipratropium®
methoctramine
tripitamine
gallamine

atropine!”
dicycloverine®
tolterodine!
oxybutynin!®
ipratropium!®
darifenacin
tiotropium



ALETUNXONMHOBLIE METAOOTPOMHbIE PELIENTOPbI

BbigeneHo 5 nogtnnos MyckapvHOBbLIX PeLenTopoOB - MALI,XP(1_5)
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M « InCNS & « carbachol® o tolterodine®
3 q e oxotremorine . oxybutyninlg]
. ipratropium[Q]



[TpMepbl apPEeKTOB MYCKapUHOBLIX peLenTopoB
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[TpMepbl apPEeKTOB MYCKapUHOBLIX peLenTopoB

M1 receptor

This receptor is found mediating slow EPSP at the ganglion in the postganglionic nerve, is
common in exocrine glands and in the CNS.

It is predominantly found bound to G proteins of class Gg which use upregulation of
phospholipase C and therefore inositol trisphosphate and intracellular calcium as a signalling
pathway. However, Gi (causing a downstream decrease in cAMP) and Gs (causing an
increase in cAMP) have also been shown to be involved in interactions in certain tissues.

M2 receptor

The M2 muscarinic receptors are located in the heart, where they act to slow the heart rate
down to normal sinus rhythm after stimulatory actions of the parasympathetic nervous
system, by slowing the speed of depolarization. They also reduce contractile forces of the
atrial cardiac muscle, and reduce conduction velocity of the atrioventricular node (AV node). It
also serves to slightly decrease the contractile forces of the ventricular muscle.

M2 muscarinic receptors act via a Gi type receptor, which causes a decrease in cAMP in the
cell, generally leading to inhibitory-type effects. Effects include formation of IP3 and DAG.



[TpMepbl apPEeKTOB MYCKapUHOBLIX peLenTopoB

M3 receptor

The M3 muscarinic receptors are located at many places in the body. They are located in the
smooth muscles of the blood vessels, as well as in the lungs. Because the M3 receptor is
Gg-coupled and mediates an increase in intracellular calcium, it typically causes constriction
of smooth muscle, such as that observed during bronchoconstriction. However, with respect
to vasculature, activation of M3 on vascular endothelial cells causes increased synthesis of
nitric oxide which diffuses to adjacent vascular smooth muscle cells and causes their
relaxation thereby explaining the paradoxical effect of parasympathomimetics on vascular
tone and bronchiolar tone. Indeed, direct stimulation of vascular smooth muscle M3 mediates
vasconstriction in pathologies whereby the vascular endothelium is disrupted.

The M3 receptors are also located in many glands which help to stimulate secretion in
salivary glands and other glands of the body.

Like the M1 muscarinic receptor, M3 receptors are G proteins of class Gq which upregulate
phospholipase C and therefore inositol trisphosphate and intracellular calcium as a signalling
pathway.



[TpMepbl apPEeKTOB MYCKapUHOBLIX peLenTopoB

M4 receptor
M4 receptors are found in the CNS. Receptors work via Gi receptors to decrease cAMP in
the cell and thus produce generally inhibitory effects.

M5 receptor

Location of M5 receptors is not well known. Like the M1 and M3 muscarinic receptor, M5
receptors are coupled with G proteins of class Gq which upregulate phospholipase C and
therefore inositol trisphosphate and intracellular calcium as a signalling pathway.
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Kackagbl, "HULMNPYEMbIE MYCKapUHOBbLIMW peLenTopamm
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Acetylcholine

M4 M3 Ms /\

Key effectors
(examples): T PLCB
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Muscarinic cholinergic
receptors can be subdivided
based upon their
G-protein—coupling
characteristics and effector
mechanisms

M1, M3 and M5 mAChRs preferentially couple to G-proteins of the Gg/G11 family,
whereas M2 and M4 receptors typically activate G-proteins of the Gi/Go family.

Agonist occupancy of the two groups of mMAChRs results in the activation of different downstream
effector proteins, as indicated, although some effectors (e.g., mitogen-activated protein kinase)
(MAPK) are activated by both groups of receptors. Note that the effects of mMAChR activation are
mediated by both the a and By subunits of the G-proteins. An increase or decrease in the activity
of the effector mechanism is indicated by the direction of the arrow. GIRK, G-protein—activated

inwardly rectifying K* channel; PLC, phosphoinositide-specific phospholipase C.



ALETUNXONMHOBbIE METADOTPOMNHbIE PELENTOPSI:
9P EKTbI aKTMBaALNMU

The M1, M3 and M5 mAChRs preferentially couple to G-proteins of the Gg/11 family, which,
via either a or By subunits, can increase the activity of phosphoinositide-specific
phospholipase C (PLC) with the attendant formation of inosito-1,4,5-trisphosphate and
diacylglycerol.

These second messengers are responsible for the mobilization of intracellular Ca2+ and
activation of protein kinase C (PKC) and subsequently, that of mitogen-activated protein
kinase (MAPK).

M1 receptors have also been shown to inhibit a voltage-sensitive current known as M-current
(“M” for muscarinic). mAChR-mediated inhibition of K+ efflux through the M-channels results
in the slow depolarization of the cell and a facilitation of repetitive cell firing.
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Oxo0-M - muscarinic agonist
oxotremorine-methiodide
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ALETUNXONMHOBbIE METADOTPOMNHbIE PELENTOPSI:
9P EKTbI aKTMBaALNMU

One of the major consequences of the activation of either M2 or M4 receptors is the negative
regulation of adenylyl cyclase activity, an effect mediated by the release of the ai subunit from
pertussis—sensitive Gi. The reduction in cyclic AMP production results in a decrease in the
activity of protein kinase A.

M2 and M4 mAChRs can also cause a rapid activation of G-protein-coupled, inwardly
rectifying K+-channels (GIRKs). However, activation of these channels, which results in
membrane hyperpolarization, is a result of the direct interaction of the By subunits with the
channel itself; no second messenger formation is required.

M2 and M4 receptors can also negatively modulate Ca2+ currents whereas they activate
MAPK.



GIRK - G protein-coupled inwardly-rectifying potassium channel
akTuBMpYyrT K+-KaHanbl BHYTpeHHero BoInpaMrieHns (K+-Tok BHYTPb KINETKN)

G Protein-Gated lon Channel
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Generalized diagram of G protein-gated ion channel:
(A) Typically, the activated effector protein begins a signaling cascade which
leads to the eventual opening of the ion channel.
(B) The GTP-bound a-subunit in some cases can directly activate the ion
channel.
(C) In other cases, the activated By-complex of the G protein may interact
with the ion channel.



GIRK - G protein-coupled inwardly-rectifying potassium channel
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[MpoTOH-aKTUBUpPYEMble MeTaboTpPOornHbIe peLenTopbl
(kackagbl)

(PLC/Ca**, Rho)

PLC/Ca**, AC/cAMP AC/cAMP
(Rho) (Rho) (Rho)

Signaling mechanisms of proton-sensing GPCRs:

- OGR1 is coupled with Gg/11 proteins and phospholipase C (PLC)/Ca?* signaling pathways -
- TDAG8 and GPR4 are coupled with the Gs proteins and adenylyl cyclase (AC)/cAMP
pathways in native cells

- the proton-sensing role of G2A is in question.
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(kackagbl, npeanonaraemad ponb OGR1 B cekpeuun MHCynnHa u ero
CUHTEe3e B [3-KneTkax)

 insulin : Ca?*
e H* VDCC Depolarization

V-ATPase

Insulin
\ secretion

s Blood

H* gradient ?  Stream

N\

HAT (p300)
~, NeuroD1, Insulin

MafA, PDX-1 -synthesis B—cell




ATP-gensitive Ca2+

K* channe ) @
Kirg.2 : o
SURT ™\ Depolarization @ @ !nsulin
Glucose N secretion
\ Insulin
\ receptor
Glucose ( ‘ 2
transportér \ 4 A3
(GLUT2} | ‘ % e
& gt \ B h
4 >R - Insufin- ~ 544
A ) .,ontammg %
; ATP P Ca?* @)granules
,4' - A Q! 0

/ .
Glucose-8-phoaphate @ "5 ;'
\ Intracellular @ .
X Ca2* stores @ Endoplasmic
Glycolysis recticulum g
N Protein

. Krebs cycle kinase Bu

< HNF-dar b
Mitochondrion HNF-1¢  NeuroD1 i
181 HNF-1B  IPF-1
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Promoter Coding region

Glucose is transported into the B-cell by the glucose transporter 2 isoform (GLUTZ2). By catalysing the transfer of
phosphate from ATP to glucose to form glucose-6-phosphate, glucokinase (MODY2) functions as the glucose
sensor of the B-cell. The generation of ATP by glycolysis and the Krebs cycle leads to closure of the ATP-sensitive
K* channel — a hetero-octamer comprised of four subunits of the sulphonylurea 1 receptor (SUR1) and four
subunits of the inwardly rectifying K* channel Kir6.2 (ref. 59. Mutations in these proteins are associated with
familial persistent hyperinsulinaemia hypoglycaemia of infancy®2. The closing of the ATP-sensitive K* channel
leads to depolarization of the plasma membrane and influx of extracellular calcium. Together with calcium
mobilized from intracellular stores, this leads to fusion of insulin-containing secretory granules with the plasma
membrane and the release of insulin into the circulation. The pancreatic 3-cells have insulin receptors and there is
evidence for an autocrine action of insulin on 3-cell function, including transcription of the glucokinase and insulin
genes. The MODY-associated transcription factors HNF-4a (MODY 1), HNF-1a (MODY3), HNF-13 (MODY5),
IPF-1 (MODY4) and NeuroD1 (MODY®6) regulate the transcription of insulin and other B-cell genes. Mutations in
islet-1 (Isl-1) may also lead to B-cell dysfunction. Protein kinase Ba may be important in determining B-cell mass.



MoTamaTHble MeTaboTponHbIe peuenTopbl
(BblOeneHbl OpaHXXeBbIM)
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[MoTamaTHble MeTaboTPONHbIE PeLLenTopbI
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[MioTamaTHble MeTaboTponHble peuenTopsbl

BKITHOYAIOT BOCEMb TUMOB MeTaboTpornHbIX peuentopos (MGIUR), Ca?*-yyscTBUTENbHBIE
peuenTopbl 1 TAMK; peuenTopei.

Xapaktepusyrotcsa animHHbIMU N- 1 C-tepMmuHanamu. JiraHg-ceassiBarowimn ydactok y mGIuR
nokanunsoaH Ha N-TepmuHansax gByx cybbeanHul peLentopa, KoTopble CBA3aHbl Mexay cobom
ANCYnbMUAHLIM MOCTUKOM.

[1Ba UNCTENMHOBBLIX OCTaTKa Ha BHEKMNETOYHbIX NETNsAX 06pasytoT ANCYNbMUAHLIA MOCTUK.
YHUKanbHOM 0COB6EHHOCTbIO 3TOr0 CEMENCTBA PELENTOPOB SABMAAETCS KOPOTKAA U BbICOKO
KOHCepBaTMBHast BHYTpuKreTodHas netna TM5-TMG.

NH, NH,

AroHUCT

CHZ
N\ _COOH

HzN/ H
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Quisqualic acid (Q) Hooc”  “COOH




MeTaboTponHble rmyTaMmaTHble peLenTopbl

The mGluRs perform a variety of functions in the central and peripheral nervous systems: for
example, they are involved in learning, memory, anxiety, and the perception of pain. They are
found in pre- and postsynaptic neurons in synapses of the hippocampus, cerebellum, and the

cerebral cortex, as well as other parts of the brain and in peripheral tissues.

[MoopasgenstTca Ha TPW rpynnbl B COOTBETCTBUM CO CTPYKTYPOMN U PMU3NONOrndeckomn
aKTUBHOCTLI0. BHYTpu rpynn romosnorus coctasndaet 60-70%, mexay rpynnamun — okosio 40%.

Family ||[Receptors|| Mechanism Function Agonists & Activators | Antagonists Syg;gse
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mGIuR; ||Gs, T7cAMP, PLA; Increase NMDA receptor 3,5- mainl
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Gg, tNa’, 1K’
=, [, [In,
mGIuRs lglutamate
MGR; S/Gy Decrease NMDA receptor| eglumegad APICA
activity and risk of :
. - . : EGLU mainly
Group Il excitotoxicity Biphenylindanone A _— ,
P MmGIuR3 GiiGo presynaptic
o - - LY-
Attenuate schizophrenia DCG-IV 341 495
mMGIuR, GGy
_ Decrease NMDA receptor .
Group III|=1C1Rs Gl activity and risk of L-AP4 mainly
mGIuRy GfGo excitotoxicity presynaptic
mG'URg Qi_@g
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MeTaboTponHbie rmyTaMmaTHble peLenTopsbl

Group |

The mGluRs in group |, including mGIluR1 and mGIuRS5, are stimulated most strongly by the
excitatory amino acid analog L-quisqualic acid. Stimulating the receptors causes the associated
enzyme phospholipase C to hydrolyze phosphoinositide phospholipids in the cell's plasma
membrane. This leads to the formation of inositol 1,4,5-trisphosphate (IP,) and diacyl glycerol.
Due to its hydrophilic character IP, can travel to the endoplasmic reticulum where it induces, via
fixation on its receptor, the opening of calcium channels increasing in this way the cytosolic
calcium concentrations. The lipophilic diacylglycerol remains in the membrane acting as a
cofactor for the activation of protein kinase C.

These receptors are also associated with Na*- and K*-channels. Their action can be excitatory,
increasing conductance, causing more glutamate to be released from the presynaptic cell, but
they also increase inhibitory postsynaptic potentials, or IPSPs. They can also inhibit glutamate
release and can modulate voltage-dependent calcium channels.

Group | mGluRs, but not other groups, are activated by 3,5-dihydroxyphenylglycine (DHPG), a
fact which is useful to experimenters because it allows them to isolate and identify them.



MeTaboTponHbie rmyTaMmaTHble peLenTopsbl

Group Il & Group il

The receptors in group I, including mGIluRs 2 and 3, and group lll, including mGIluRs 4, 6, 7,
and 8, (with some exceptions) prevent the formation of cyclic adenosine monophosphate, or
cAMP, by activating a G protein that inhibits the enzyme adenylyl cyclase, which forms cAMP
from ATP. These receptors are involved in presynaptic inhibition, and do not appear to affect
postsynaptic membrane potential by themselves. Receptors in groups Il and Il reduce the
activity of postsynaptic potentials, both excitatory and inhibitory, in the cortex.

The chemicals 2-(2,3-dicarboxycyclopropyl)glycine (DCG-1V) and eglumegad activate only
group Il mGluRs, while 2-amino-4-phosphonobutyrate (L-AP4) activates only group |l mGIuRs.
Several subtype-selective positive allosteric modulators have also now been developed which
activate only the mGlu2 subtype, such as Biphenylindanone A.

LY-341,495 is a drug which acts as a selective antagonist blocking both of the group |l
metabotropic glutamate receptors, mGluR2 and mGIuRS3.



BkycoBble peuenTopbl

T1R - obecnevnBaeT BKYC «Crnagkoro»
T2R/TRB - obecrneynBaeT BKYC «rOPbKOro»
taste-mGIluR4- obecneumBaeT BKyC «umami» («41UCTON BOObI»)
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MGIuUR obecneuymBaloT peuenuuio BKyca aMMHOKUCIOT
(B T.4. rnytamata, Umami)

Evidence also suggests that mGLuRs or taste specific variants thereof contribute to
umami taste. Contacts of umami tasting molecules with the specific taste receptor
cells trigger signal transduction reactions leading to receptor potentials, i.e.,
electrical excitation - yepes aktuBauuto TRPM -kaHanos.

Cemencteo TRP-kaHanoB HacymnTbiBaeT 33 pa3HOBUOHOCTU, pa3aefieHHble Ha 8
NnoaoCcCeEMENCTB.

TRPM.- (transient receptor potential melastatin) kaHanel oTHocsATCA K NOTeHUMan-
3aBUCKMMbIM KaHanam v aktusumpytotcs Ca?*.
TRPM4 and TRPM5 form Ca?*-activated Na* channels, impermeable for Ca®*.

Il Ha puc. ownbka

Amino acids (umami)
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BkycoBble peuenTopbl

; TRP
stimulus
QO channel

A model for the major signaling mechanisms for the transduction of sweet, bitter and
umami stimuli.

The individual steps are detailed in the text. Note that stimuli of each of these taste qualities
interact with GPCRs: bitter stimuli with T2Rs, and sweet and umami stimuli with T1Rs.
a-Gustducin has been implicated in the transduction of all three types of stimuli, but other
a-subunits likely also couple to T1Rs or T2Rs in some TRC populations. PLC-2 and the
Ca2+-activated TRP channel subunit TRPMS are essential for normal sweet, bitter and umami
taste. The role of IP3 and the IP3R in the stimulus-dependent increase in intracellular Ca2+ as
depicted are speculative.
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Bitter, sweet & umami taste transduction
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BkycoBble peuenTopbl
BKyCOBOVI MOYKN XenyaodyHo-KMWeYHOro Tpakrta
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[Mpumep aencteusa MGIURG B BMNONAPHLIX KIETKax ceTyaTku
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TeMHOBOM TOK B (pOTOpPELIENTOPAaxX ceTHaTKu - Aenonsapulauns
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TeMHOBOW TOK B poTOpeLenTopax cCeT4aTkn Ha CBETY ycTpaHsieTcs
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CwurHan ot poTtopeuentopoB Ha On- n OFF-6nnonsipHbIX KNeTkax ceTyaTku
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MGIURG6 B BunonsipHbIX KneTkax. PaHblUue nonaranu Tak:
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B TemHoTe (Npu genonapusaumm) otopeLenTopbl BblOENS0T
Glu n aktusupytotT mGIluR6-peuentopsbl (R), koTtopble (Gi-
6enkun) aktnBnpytot hepmeHT doocdoanactepasy (PDE).
docgoanactepasa cHMKaeT ypoBeHb LMD, 4To npueBoanT K
ymeHbLueHuo ulrMd-3asucmumoro Na*/Ca?*-toka B ON-

bunonspax.

Ha ceeTy (npu runepnonspusayum) dootopeuenTtopbl
nepectatoT BblaenaTtb Glu (dpocdogmacrtepasa He
aktmsupyetcs), n ufMd-3asncumbin Na*/Ca?*-Tok
BOCCTaHaBnMBaeTCs, YTo npueoauT K genonsipmsauun ON-
6unonsapos.
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MGIuR6 B bunonsipHbIX kreTkax. PaHblue nonaranu Tak:

mGIuR, G/G,
mGIuR G/G,, |cGMP
Group llI 6 i—0
mGIuR, G/G,
mGIuR, G/G,

B TemHoTe (Npu genonsipmsaumn) gootopeuentopbl BolaenatoT Glu n aktusupyrot
MGIuRG6-peuenTopsl (R), koTopble (Gi-6erkn) akTMBnpyoT hepmMmeHT
docdoaunactepasy (PDE). dochoamactepasa cHMXKaeT ypoBeHb Ul M®, yto npusoant
K yMeHbLueHuo uMd-3asrcumoro Na*/Ca?*-toka B ON-6Gunonapax (kak v
dooTopeuenTopax).

shi, 1995). Electrophysiological evidence indicated that ON bipolar
cells have a specific metabotropic glutamate receptor (mGIluR) that
activates cyclic guanosine 3’,5'-monophosphate (¢cGMP) phosphodie-
sterase through a G protein (Nawy and Jahr, 1990; Shiells and Falk,
1990). This receptor is selectively activated by a glutamate analogue,
EEhain A prosphionobityaio (. Ad) (v 1 Pndnco g e 0000
:closure of ¢cGMP-gated cation channels, thus hyperpolarizing ON:
 bipolar cells (Nawy and Jahr, 1990, 1991; Shiells and Falk, 1990; !
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Wassle et al, 1991). In accordance with the electrophysiological



MGIURG B bunonsipHbix Knetkax. CoBpeMeHHbIE NpeacTaBieHUs:

B TemHoTe (npu genonsapusaunn) potopeuentopsl BblgenatoT Glu n aktusmpytoT mGluR6-
peLenTopbl, KOTopble Yepe3 Go-6esikn akTUBMPYIOT HEN3BECTHbLIW Kackad BTOPUYHbIX
nocpeaHuKoB, koTopble aeakTusupytoT TRPM1-kananbl. Mpun nx aktueaunmn B ON-6unonsipax
BO3HMKAIOT KaTUOHHbIE TOKW. [1nga atoro Heobxoaumo npucytctene B ON-6unonapax 6esnka
nyctalopin (NYX), nockonbKy B ero oTCyTCTBME akTUBaLUMN HE NPOUCXOOMUT.
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2009. A transient receptor potential-like
channel mediates synaptic transmission in rod
bipolar cells.
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functional analysis of TRPM1 in retinal bipolar

cells.
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MGIURG B bunonsipHbix Knetkax. CoBpeMeHHbIE NpeacTaBieHUs:

B TemHoTe (npu genonsapusaunn) potopeuentopsl BblgenatoT Glu n aktusmpytoT mGluR6-
peLenTopbl, KOTopble Yepe3 Go-6esikn akTUBMPYIOT HEN3BECTHbLIW Kackad BTOPUYHbIX
nocpeaHuKoB, koTopble aeakTusupytoT TRPM1-kananbl. Mpun nx aktueaunmn B ON-6unonsipax
BO3HMKAIOT KaTUOHHbIE TOKW. [1nga atoro Heobxoaumo npucytctene B ON-6unonapax 6esnka
nyctalopin (NYX), nockonbKy B ero oTCyTCTBME akTUBaLUMN HE NPOUCXOOMUT.
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MGIuUR6 B bunonsipHbix knetkax. Porie TRPM1-kaHanos

B otcytctBne TRPM1-kaHanoB (y MbllLlen-HOKayToOB) Ha CBET
ON-bunonsapbl He akTUBUPYIOTCH (HET BXOOSALLMX TOKOB)
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MeTaboTtponHbie TAMK; peLenTopbl
LLUnpoko pacnpocTtpaHeHbl B LIHC n BeretatnsHon HC.

Topmo3HOe geuncTteume ocyulectenseTcs Yyepes Gi/o-benku:
- ai-cyOobegnHuLa NHrMbupyeT ageHunaTyuuknasy;

- B/y-anmep (Go) Hanpsamyto akTuBupyeT K*-kaHanbi;

- B/y-anmep (Go) HanpsaMyto MHrMBupyet Ca?*-kaHarbl.

FAMK; peuenTop retepoammep n obpasoBaH ABymsi cyobeanHuuamn GABAR1 1
GABAR2. —_—
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TopmosHoe gencTteue ocyulectensaeTcs yepes Gi/o-6ernku:
- ai-cybbeanHuua MHrMbunpyeT ageHnnaTumknasy;

- B/y-anmep (Go) Hanpsamyto akTuBupyeT K*-kaHanbi;

- B/y-ommep (Go) Hanpsmyto nHrmbupyet Ca?*-kaHarni.

FAMK; peuenTtop retepogumep 1 obpasosaH Asyms cyobeanHuuamm GABAR1T n
GABAR2.

TAMK cBsidbiBaeTcs TOMbKO C
GABABR1 -CyObeaHULEN
GABABRZ obecne4ymBaeT NuLlb
anfiocTepmnyeckyo Moaynaunio

CurHanunsauyusi oOCyLLEeCTBIISIETCS
GABABRZ-CyG'be,D,MHVILleﬁ yepes
Gi/o-benku




BHekneTo4yHo Ca?*-akTuBupyemble meTaboTpornHbIe peLenTopbl

mGIu5 e
mGiu1 mGlu3
TIR2 mGIu6
mGlu4d

mGlu7

T1R1
mGlu8

CaSR
TIR3
SPRCSC GABAg|

GPRC5B

GABAg
GPRCSED RAIGA SABMeR




BHekneTo4yHo Ca?*-akTuBupyemble meTaboTponHbIe peLenTopbl
(Mogenb anmepHon opMbl)

Venus-
flytrap
domain

Extracellular
Seven-
transmembrane
domain

Intracellular

Bon i\ a
¢ N C
Cytoplasm , ¢ \

Filamin



BHekneTo4yHo Ca?*-akTuBupyemble meTaboTponHbIe peLenTopbl
(kackadbl, aKTUBMPYOTCHA MHOXECTBOM JNMraH4oB)

Amyloid-5 protein Lonic strength, pH
Amino acids Mg”

Polyamines
\ / o Ca™ / —
Gd* o Antibiotics \ ‘ /Calmmlmetlcs

CaR Extracellular

) CcPLA: Intracellular

G. " » "ta.".-}d:'_'_ | "
Inhibiton of Ins(1,4,5)P
cAMP production % Filamin /
P e
Caz' .—p\?‘ ‘Cascades‘

MEK  JNK

Ea.tm \
\/Nucleus

Ins{1,45)P:R

Internal calcium store



PeuenTtopbl KaTexonamMmHOB

NH,
/S '
HO CH2(|: ~COOH
— H
L-Tyrosine

j;

Tyrosine hydroxylase
(Tetrahydrobiopterin, O3)

.
HO 0 CH2C|Z-'COOH

H

L-DOPA

O
DOPA decarboxylase
(Pyridoxal phosphate)

HO

HO CHoCHNH,

.

Dopamine

Dopamine B-hydroxylase
(Ascorbate, O3)

HO

HO—

Cr

(l:HCHzNHz

OH

Norepinephrine
Phenylethanolamine

N-methyltransferase
(S-adenosylmethionine)

HO

ij

Ho—/ \ CHCH,NHCH3
OH
Epinephrine



Adenosine

h,2b
L2b r.3
r.2a

h.2a

d,2a

d,1
r.1
h.1b,1

______________________

-Adrenergic 17
:[3 g tur A

Dopamine

1

ay-Adrenergic |
1 1g
1b !

2¢ :
2b |
ap-Adrenergic: 2

AQpeHepruyeckme peuenTopbl

Histamine 1
Hy 4 5 4
Ha e 2
Muscarinic

2 Dopamine
a3

octopamine

1a

1d
b BT

5-HT

SRL



AfQpeHeprnyeckme peuenTopsl

Twun peyenTopa

(NoATMRbI) AroHUCTHI OyHKUUM S dheKkTbl
HopajpeHanuH, | cokpaleHne _
ai (A, B, C) agpeHanuH, rmaaKou Gl;‘]ch ¢o(§g)2?nmna3a <,
nsonpeHanuH MyCKynaTypbl W®s, 1
agpeHarnuvH, CoKpalleHune .
az (A, B, C) HopajpeHanuH, | rmagkomn Gﬁﬁiemnammmasa,
nsonpeHanuH MYyCKynaTypbl l
visonipenarin, COKpalleHune Gs. TageHnnaTuuknasa,
B HOPAAPCHATIAN, | o b neuHol MbiwLpl | TUAMS
agpeHanuH PA 4
nsonpeHanuH, | paccrnabneHue G.: fageHunaTuMKNasa
B2 agpeHanuH, rmagkon TLTAMg H '
HopajpeHanuH | MyckynaTypbl
8 ﬂgo';pe';ij;'f_l:'l_' ycuneHue Gs. TageHnnaTuuknasa,
3 _ Paap pasnoxeHuna xmpos | TUAM®
= agpeHanuH

* - arOHUCTbI PacnonoXXeHbl B NOpAAKe YMEHbLUEHNA 3P EKTUBHOCTU UX
B3aUMOAEUCTBUSA C peLlenToOpOM; 3HaK «=» 03HayaeT paBHYI aPPEKTUBHOCTb

AlfOHNCTOB.




ALpeHepruyeckue peuenTtopbl (a-Tvn)

Receptor

Agonist

Selected action

= i i i
type potency order of adonist Mechanism Agonists Antagonists
(Alpha
blockers)
o noradrenalinez | .. . | G, phospholipase C ‘noradrenaline ‘%f;ﬁgovaenza
E'.B D adrenaline >> contraction (PGLC) activated, [, -ohenvleoh.rlne ‘phentolamine
- == isoprenaline and calcium up ‘methoxamine . _
-Cirazoline prazosin
-tamsulosin
‘terazosin
adrenaline > G.: adenylate -clonidine
a,: noradrenaline | smooth muscle | cyclase inactivated, ‘lofexidine [()’;\—Ollther
A B, C >> contraction cAMP down -xylazine -—/h' b
isoprenaline 1K*, |Ca?* -Tizanidine yonimpine

Guanfacine




AOpeHepruyeckue peuentopbl (3 -Tvn)

. Selected
Recept Agonist . . i .
ortype | potency order action Mechanism Agonists Antagonists
of agonist
isoprenaline > | heart Cgsélz(;%@ .noradrenaline | (Be&ta blockers)
B, ngradrernallne g _mustcle i activated, -isoprenaline :_p_rr;eto IrTIOI
adrenaline contraction | _\\io up -dobutamine atenolo
(Short/lon
-salbutamol
bitolterol
_ mesylate
isoprenaline > smooth cgsélz(;%m -formoterol (Beta blockers)
B, adrenaline > muscle md *isoproterenol ‘butoxamine
noradrenaline relaxation ’ -levalbuterol propranolol
cAMP up
‘metaproterenol
salmeterol
‘terbutaline
‘ritodrine
isoprenaline > | < I#aden late 1| 796568
8, noradrenaline = i n Ian_ce reldse E[:.aste d -CL 316,243 (Beta blockers)!
adrenaline IDOIYSIS activateq, LY 368842
SAMPUp |.Ro 40-2148




Kackanbl agpeHeprnieckmx peLenTopoB

Adrenaline
noradrenaline

Gq a Gi o

|. ~ Adenyl '. """‘_ndenyi
cyclase cvclase




Kackagbl agpeHeprmieckmx peLenTopoB

Adrenaline or noradrenaline are
receptor ligands to either a,, a, or
B-adrenergic receptors.

a, couples to Gqg, which results in
incerased intracellular Ca%* which
results in e.g. smooth muscle
contraction.

on the other hand, couples to Gi,
w%'nch causes a decrease of CAMP
activity, resulting in e.g. smooth
muscle contraction.

B receptors couple to Gs, and
iIncreases cAMP activity, resulting in
e.g. heart muscle contraction, smooth
muscle relaxation and glycogenolysis

/

'c.u

'
=D
@ o ©
/
]
:

Smooth muscle
contraction

Inhibition of
transmitter

release

Adrenalin,
Noradrenahn
.

T

.

%

S
/'\ /\‘
& <

T

muscle
contraction

Heart muscle
contraction,
smooth muscle
relaxation,
glycogenolysis




ALpeHeprudeckue penenTopbl
rpynna a1 conpsikeHa ¢ Gg-6enkom

activates phospholipase C, leading to increased Ca2+ release
and protein kinase C activation in the cell

Q1A Q1B Q1D
Amino acids 430-476 515 560
Chromosome 8 5 20
Effector 1Ca?*, protein 1Ca%t. protein 1 Ca’*, protein
pathways kinase C kinase C kinase C
Distribution Heart, liver, Spleen, kidney,  Aorta, cerebral

cerebellum,
cerebral cortex,
blood vessels

fetal brain,
blood vessels

cortex




ALpeHepruyeckme peLenTopsbl
rpynna a2 conpsxeHa ¢ Gi/Go-6enkamu

inhibit adenylyl cyclase and stimulate phospholipase A2 activities

activation of a2-adrenergic receptors leads to release of Gy resulting in activation of
K+ channels and inhibition of Ca2+ channels.

Qi2A Qup QuC
Amino acids 450 450 461
Chromosome 10 2 4
Effector |cAMP |cAMP |cAMP
pathways
Distribution Pancreas, Liver, thalamus Heart,
small intestine, lung, aorta,
locus ceruleus, hippocampus,

hippocampus olfactory bulb




AQpeHeprmyeckme peuenTopbl

rpynna 3 conpsbkeHa ¢ Gs-0enkom

activate adenylyl cyclase activity

P1 B2 B3
Amino acids 477 413 402 /408
Chromosome 10 5 8
Effector TcAMP TcAMP TcAMP
pathways
Distribution Heart, kidney, Lung, liver, Fat, brain (?)

cerebral cortex,
hypothalamus

cerebellum,
hippocampus,
cerebral cortex,
smooth muscle,
olfactory bulb




Activate adenylyl cyclase activity

Epinephrine B-Adrenergic Adenylate
\ / receptor cyclase
A
1% 2 Yo '.’:Q:Q:Q:Q:Q:Q:Q:Q.Q‘ ,’.0’0’0’0‘0‘:':""’..’ Rae

Protein”~~ \ Protein

kinase A kinase A



Knaccudeckune n Heknaccuyeckue Kackagbl B-peLenTopoB

B4;AR

BsAR

i,
F

G G S swltch
\ / ERK
AC
/ \ ¥
cAMP }— PDE4 PI3K NOS
Y
PKA

"classical" "non-classical"



Knaccuyeckne n Heknaccudeckme kackaapbl B-peLentopoB

L-type Ca2*
channel

Adenylate
cyclase

Full agonist
1007
3? Partial agonist
e —
2
g
g 501
$ Basal activity ./ Neutral antagonist
2
@ Inverse agonist
0 4
Log drug concentration

B,AR and G-protein-
dependent signalling

Desensitized B,AR

OOOOOCN

G-proteinuncaupling
by phosphorylation

:and arrestin binding )

L POOOOOO0

HOOOOO000
,«".:—

Internalization
via clathrin-mediated

Recycling back [amervree endocytosis
tomembrane o W
P N S N
P 2
?é‘"‘(,‘é" Eﬂ‘ 3
e, g
% oo, - G-protein-
i Wl independent
s I ‘ signalling
Targeted for degradation i / : MAP kinase
in lysosomes Arrestin pathway

v

Gene expression



[1lodpaMnHOBLIE peLienTopbI

CHp— ClH = NH3
HwCH2—CHZ-NH2 CH3  AMPHETAMINE
H DOPAMINE

(indirect) Adenosine oq-Adrenergic
(Dq +D3) CH3 h.2b 1c 18
T r2b 3 1b
¢l ol d,2a \(2a
N N
\CH3 N\ (o) (e} - h.2a
CHa Chy —CH(CH3 -
HO <
HO (Ao’:°+M§S Erne i & BROMOCRIPTINE f, 1h ]
Br ‘Dz) ! b.1
H
H
-Adrenergic
SKF 38393 B
., (0 ANTAGONISTS W
2 II 5 y 7
cl Vs 3’ ;
HO fa ; / 2a
1, 1,
SCH 23390 Dopar,mne A 2c
(Dq) ! ! 2b !
1 1 1
o . y 1op-Adrenergic
F C—{CHz)3—N -y
HALOPERIDOL (D)
cl o
T NH
F4<:>—’0— (CHz)3—N
SPIPERONE
' e
«372)3
g N  N—CHg
CH3 CH3 NN —
CHLORPROMAZINE CLOZAPINE
(D2 +D4) Cl\d (Dq +D2)
H

Histamine 1
H, 3 5 4
Hs 5
Muscarinic
| 2 Dopamine !
i a8 |
octopamine
1a
et
fly
1c
5-HT
SRL



[odamnHoBbIe peLenTopbl: Kackaabl

nogpasgensioT Ha ABa CeEMENCTBa:
D.-like family (excitatory) D, D,

D ,-like family (inhibitory) D, D, D,

Dy-like D,-like
D, D; D, D; D,
Amino acids 446 477 415/444 400 387
Chromosome 5 4 11 3 11
Effector pathways TcAMP TcAMP lcAMP lcAMP |cAMP
1K™ channel 1K™ channel tK* channel
|Ca?**channel |Ca®* channel |Ca?* channel
Distribution Caudate/putamen, Hippocampus, Caudate/putamen, Olfactory tubercle, Frontal cortex, medulla,

nucleus accumbens,
olfactory tubercle,
cerebral cortex

hypothalamus,
cerebral cortex

nucleus accumbens,
midbrain

hypothalamus

midbrain, nucleus
accumbens




HodamuHoBkle peuenTopbl D, -cemencTaa

Activation of D, -like family receptors (D1 1 D93) is coupled to the G protein Gas,
which subsequently activates adenylate cyclase, increasing the intracellular
concentration of cAMP.

.\-\ e

\ Short-term
responses and
n

gene transcriptio




HodamuHoBkle peuenTopbl D,-cemencTaa

D,-like activation is coupled to the G protein Gai, which subsequently
increases phosphodiesterase activity. Phosphodiesterases break down cAMP,
producing an inhibitory effect in neurons.

D1-family I D2-family Ca2 K*

D,-like activation is coupled
also to the G protein Go,

KOTopble akTUBMPYOT K+-
KaHanbl 1 UHAKTUBUPYIOT
Ca2+-kaHanbl, obecne4ymnBas
TOPMO3HbIE MPOLIECCHI.

N 7
\ A /
responses and

gene transcription




HodamuHoBkle peuenTopbl D,-cemencTaa

D,-like activation is coupled to the G protein Gai, which subsequently
increases phosphodiesterase activity. Phosphodiesterases break down cAMP,

producing an inhibitory effect in neurons.

D
2 . . . .
There is a short version of D, (D,¢, ) and a long version of D, (D, ,):

The D, are pre-synaptic situated, having modulatory functions (called
autoreceptor, they regulate the neurotransmission by feed-back mechanisms,
i.e., synthesis, storage and release of dopamine into the synaptic cleft).

*The D, , may have the classic function of a post-synaptic receptor, i.e., keep
going on the neurotransmission (excitatory or inhibitory) once blocked by a
receptor antagonist or stimulated by the endogenous neurotransmitter itself or

a synthetic full or partial agonist.



HodamuHoBkle peuenTopbl D,-cemencTaa

D,

Maximum expression of dopamine D, receptors is noted in the islands of Calleja
and nucleus accumbens.

D
4
The D, receptor has the following variants D, ,, D D D D D

D B D . D ..D _..D . D... D *2p*ap 4p 44g =407 44

44d> —4.4e’ T4.5a’ T 45b° T4.6a’ " 46b° —47a’ T4.7b —47c T 47d 4 8’ —4.10°

These variants differ in a variable number tandem repeat domain present within
the coding sequence of exon 3.

Some of these alleles are associated with greater incidence of certain diseases.
For example, the D, . alleles have an established association with
attention-deficit hyperactivity disorder.



[NodamnHoBble peuenTopbl: 0bLas XxapakTepmucTuka

Main class D, D,
Subclass DIA DIB DEA DZB DlC
Named D, Dy D, D, Dy
No. amino acid (human) 446 477 414 (s) 443 (1) 440 387
DA affinity Low Moderate Moderate High High
K, (nM) approx. 2000 200 299 20 20
Effector

. , B l Te T ame | I
Activation of adenylate cyclase! 4 o Iy (1) OF
[P; turnover @) | : 1 |
Ca’* influx : () I 14 l U
K" efflux = = | V4= =1
Agonists v v 7-OHDPA'T?
Antagonists v v/ Clozapine
Number High Low High Low Low
Distribution
Striatum v v
Nuc. accumbens v v v (Mainly)
Frontal cortex
Hippocampus v v v
Hypothalamus v v (Midbrain)
Substantia nigra v v
VTA (auto-receptors) (V) (v)

Note:

S = short, L =long versions of D, receptor, 1 = main effect observed, (] ) = some evidence of an effect. See
Sibley and Monsma (1997), Sokoloff and Schwartz (1995) and Strange (1996).



[JodramunHoBLIE peuenTopbl: YHKLNN

Table 7.4 Summary of dopamine function

Function Pathways

Effect of DA agonist

Effect of DA antagonist

Receptor

Nigrostriatal tract from
substantia nigra (A9Y)

Control of motor
function

Mesolimbic pathway to
nucleus accumbens from
VTA (A1O)

Mesocortical pathways to
prefrontal cortex from
VTA (A1O)

Tuberoinfundibular tract from
A12 in the arcuate nucleus
of the median eminence to
pituitary

No distinct pathway

DA receptors in chemoreceptor
pathway zone

Inttation of
behaviour

Control {inhibition)
of prolactin release

Emesis

Animals: Stereotypy. Rotation
if one tract is lesioned

Humans: Induces dyskinesias
Effective in Parkinsonism

Animals: Increases locomotor
activity and intracranial
self-stimulation

Humans: Hallucinations.
psychoses (reward,
reinforcement)

Humans: Hypoprolactaemia

Vomiting

Anmmals: Catalepsy
Humans: Reduces dyskinesias
Induces Parkinsonism

Animals: Decreases activity
and self-stimulation

Humans: Reduces positive
symptoms of schizophrenia

Humans: Hyperprolactagmia
Galactorrhoea
Amenorrhoea

Anti-emetic (not motion
sickness)

Mainly D; some D,

D,

D,




CepOTOHMHOBbLIE PELIENTOPSI

Adenosine

h,2b
r.2b
r.2a

h.2a

r3
d,2a

d,1
r.1
h.1b,1

-Adrenergic !
p g tur

2
3

Dopamine

1

oq-Adrenergic  Histamine 1
1c 1a H, 3 5 4
1b Ha T AR
Muscarinic
2 Dopamine
2 3
octopamine
Z la
A LLYT)
2a i |
2c N\ e
2b :

ap-Adrenergic 2 \Mc



CepoTOHMHOBBLIE peLenTopsbl

MexaHuam
T akTMBaymu OpcperT
SHT1A
S5HT1eD
5HT4p Gi JUAMO
Shtie
Shtqe
SHToA
SHTop Gq T UDs, + OAD
SHToc
5HT, MOHOTPOMHAIiA tNa*, 1K*, 1Ca*",
Na /K -kaHan Aenonsapusauus
SHT 4 Gs TUAMOD
S5hts G lajgeHunaTuuknasa
Shts Gs TUAMO
SHT Gs TUAMOD



CepoTOHMHOBbIE peuenTopbl (Kackaabl)

Mammalian 5-HT receptor subtypes and
their signal transduction pathways.

The dotted lines show the proposed new
signal cascade.

AC, adenylyl cyclase;

cAMP, cyclic adenosine monophosphate;
GIRK, G protein-gated inwardly rectifying
K+ channel;

ADPR, ADP-ribosyl cyclase;

cADPR, cyclic adenosine diphosphate
ribose;

PLC, phospholipase C.

ADPR

Family

§-HTy — =

5-HTj

5‘HT2 ——

Subtype G protein Eftector pathways
>HT 44 PLCt Hirat HiCe, T Huwmek
5-HT o ; | ‘l:[_ APK |
5 HT‘-—J —(‘GI"’GD.H AC | }_ CAMP I|~::( Ca)
5'HT1: e "-",Tr-\ r
a — [:3;:,
(GiGg) ADPR | 1| CADPR |

FHT2p [ %
5HT. e ™{ G4Gy 1 PLC* P31

G_e \ q -’,.'
5-HT.q — I

[Ca2+]; ¢

5-HTy
5-HTg
§-HTy fmde G ==t AC?t = CAMP




CepoTOHUHOBbIE peuenTopbl (Kackaabl)

5-HT,,R 5-HT,5,pR

gK+ gCa?* cAMP 3 cAMP

5-HTR signaling pathways and effectors.

Blue 5-HTR signal transduction in neurons, gray signaling linkages only in transfected
cell lines/

PL phospholipase, ERK extracellular signal-regulated kinase, PK protein kinase, 1P3
inositol triphosphate, DAG diacylglycerol, MAPK mitogen-activated protein kinase, NOS
nitric oxide synthase, AHP after-hyperpolarization, JAK Janus kinase, STAT transcription
pathway, ih hyperpolarization-activated current, Epa activated exchange factor.



CepoTOHMHOBbIE peuenTopbl (Kackaabl)

PLC PLA, PLD  JAK/
/ / \ \ STAT,
© 4 [+) ©

ERK12 IP, DAG AA

@ ()
Ca?*=—p PKc

/PLC\ PL/i2 ERK12 cGMP
@ @ )
IP, DAG AA

) @
Caz*—»PKC

A

IP, DAG ERKi2 AA

!

4] 4]
Ca?*=p PKc

PLD

!

(+)
ERK1/2




CepoTOHUHOBbIE peuenTopbl (Kackaabl)

5-HT,R

AHP K+ GABA, ih
channels current

cAMP

PLC

cAMP RhoA Cdc42

1

PKA
7 N\
[+ [+
K+ MAPKs

conductance (ERK1.2)




CepoTOHNHOBbLIE pPeLenTopbl: YHKLUN

Table 9.3 Behavioural and physiological responses affected by 5-HT receptors

5-HT;x  5-HT;g 5-HT, 5-HT, 5-HT, 5-HT;

Anxiety/panic v v (v?)

Cognition (v?)
Food intake v v v
Hallucinations

Mood v
Nausea/vomiting v
Obsessive behaviour

Pain v
Psychosis

Sexual function

Sleep/circadian rhythms
Thermoregulation v

NN

NN
NN NENN N




[McTamnHOBLIE PeLEeNnTOop:I

5-HT,




Kackagbl rmCTaMUHOBLIX PELIENTOPOB

DAG + InsP3
PKC Ca%*

|



Receptor

Mechanism

—=ij/o

—=ilo

[McTaMnHOBbIE PELENTOP.I

Function

‘ileum contraction

‘modulate circadian cycle
systemic vasodilatation
‘bronchoconstriction (asthma)

speed up sinus rhythm

-Stimulation of gastric acid secretion
-Smooth muscle relaxation

Inhibit antibody synthesis, T-cell

proliferation and cytokine production

‘Neurotransmitter in CNS
‘Presynaptic autoreceptors

‘mediate mast cell chemotaxis.%

Antagonists

-H1
antihistamines

loratadine
cetirizine

‘ranitidine
-cimetidine




[McTaMnHOBLIE peLenTopbl

H, peuentop yepe3 Gg-0benku aktuBupyet droccponunasdy C, BbisbiBas cuHTes NO.,.
3t0 NPMBOAWT K YMEHbLLEHMIO K*-npoBOAMMOCTU 1 yBENNYEHNIO TETPOAOTOKCUH-
HeYyBCTBUTENBbHON Na'-npoBoAYMOCTM 1, COOTBETCTBEHHO, K Aenonsapuaauum
HENPOHOB.

H, peuentop “epes Gs-0enku akTuBMpyeT ageHunaTumknasy, Bbl3biBast
yBenvNeHme Ca“*-ToKka, YTO B KOHEYHOM UTOre NPUBOAUT K BO30YAUTENbHbIM
acbdekTaM BO BHYTPEHHUX opraHax (KenyaodYHO-KULEYHOM TpaKTe, B KPOBEHOCHbIX
N numdaTryeckux cocyaax).

geuenTop ABNseTCca ayTopeLenTopoM 1 Yepes Gi/o-6enkm Hanpsamyo CHUXKaeT
-NPOBOANMOCTb, TEM CaMbiM YMEHbLLAsA BblAeneHne ructaMmHa 13
I'IpeCI/IHaI'ITI/I‘-IeCKI/IX OKOHYaHui (oTpuuaTensHas obpaTHas ceasb). H, peuenTtop
TakXke onMcaH Kak NocTCMHaNTUYeCcKUin peLenTop B cTpuatyme u KOpe Mo3ra.

H I/IHI/ILI,I/II/IpyeT XEMOTAaKCUC TYYHbIX KJTETOK U HE 3aeNCTBOBAH B LENAX
HeI/IpOHHOI/I CUrHarin3auumn.



[TypuHoBble meTaboTpornHble peuenTtopbl: ATO

MeTtaboTponHble P-peuentopbl — P2Y, P2T n P2U — BcTpeyaroTca B OCHOBHOM 3a
npeaenamu LIHC, ogHako HenocpeacTBeHHbIN athdekT AT obHapyeH B
HenpoHax.

CemencrtBo P2Y BkrtovaeT 12 MeTabOTPONHLIX PELLENTOPOB, NNTOKaNIM30BaHHLIX B
NOCTCUHANTUYECKNX MeMBpaHax.

OcyuwecTtBnsAT cBon 3¢hdekTbl MaeHbIM 06pas3om Yepe3 Gg-06enku (akTneaums
docdonunasel C), pexe vyepes Gi- n Gs-6enku, COOTBETCTBEHHO, NHIMBMPYS K

dKTUBNPyA ageHunIaTuunknaasy.
Adenine
> ring

Ribose
moiety

ADENOSINE

ATP




[TyprHOBbLIE MeTaboTponHble peuenTopbl: ATO

Protein
P2RY,
P2RY,
P2RY,

P2RY,
P2RY,
P2RY,

P2RY, / GPR23

P2RY,,

P2RY,,

P2RY,,

P2RY,,

P2RY,,

Gene
P2RY1

P2RY?2

P2RY4

P2RY5
P2RY6
P2RYS8

GPR23

P2RY10

P2RY11
P2RY12
P2RY13
P2RY14

Coupling
G

q/11

G

q/11

Gi and qu

G

q/11

Nucleotide

ADP
ATP, UTP
UipP

Lysophosphatidic acid!

UDP

orphan receptor

Lysophosphatidic acid

orphan receptor

> >
_l
O "U

2>
)
T

UDP-glucose




[TypnHOBbIE MeTaboTponHble peuenTtopbl: AT

Presynaptic
terminal

GLUCOSE

Oxidative
phosphorylation

g '«_ﬁ Mitochondrion
[\‘:\_ REA L:'.
Sarsdeadoaliin _,’_.-.'  Receplors
\ ':::," o +/-
Postsynaptic / I \ =
Fast v -1‘ A1 (P1)
ionotropic Slow
Effects l metabotropic o Py
X
Synaptic oo
currents b':o:’f PoY1



AQEHO3MHOBLIE PeLIENTOPLI

Adenosine

h,2b
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Receptor

AOeHO3NHOBLIE peLenTopbl

Mechanism

Gi/o -> cAMP?1/]

Inhibition:

| vesicle release
| NMDA receptor
activity

Gqg->7?

Gs -> cAMP1

Gq-> PLC -> IP,1,
DAG?

Gq -> PLC?

Effects

decrease heart

rate

coronary artery

vasodilatation

bronchospasm

cardioprotective

in cardiac
ischemia
inhibition of
neutrophil
degranulation

Agonists

N6-Cyclopentyl-a

denosine
CCPA
2'-MeCCPA
GR 79236

SDZ WAG

-CGS21680
‘ATL-146e

5'-N-ethyl-carbox
amido-adenosine

-Cl-IB-MECA
‘MRS3558

Antagonists

-caffeine
theophylline
‘DPCPX
CPT
-CPX
‘CCPA

-caffeine
‘theophylline
KW6002
-SCH-58261

theophylline

‘MRS 1191
‘MRS 1523

‘MRE3008F20



rlypI/IHOBbIe MeTa6OTpOI'IHbIe peuenTopbl. aaeHO3NHOBbLIE

Hepes npecuHanTuyeckne A -peLentopbl (Mpu conpspkeHnn ¢ Go-benkamn)
ageHO3MH MOXET yMeHbLUaTb CMHaNTUYECKOE BblaeneHne paga MmegmaTopos,
Hanpumep, FAMK, 4To NPMBOAMT K YMEHbLLIEHMIO TODMOXEHNS B
NOCTCUHANTUYECKMX HEMPOHaX. A, -peLienTopbl HIMOWPYIOT afeHunaTuuknasy
(npu conpsixxeHnn ¢ Gi-6enkamn), a Takke akTmBmpyroT dpocdonmnasy C (yepes
GQg-6enkn).

AKTVBUPYS A,_-peLienTopbl, aaeHoO3NH Yepe3 Gs-0enkun akTnempyeT
ageHunarTumknasy.

A, -peuenTopbl Yepes Gg-6enku akTmBupytoT ocgonmnasy C.

B pesynbsraTte cMHTE3a NUNUOoB B HeMpoHax akTusupytotca Ca%*-sasucumble K-
KaHarnbl, YTO NPUBOOMUT K YCUNEHWUIO CIIeq0BOM rmnepnonapmusaumn m
3Ha4YUTENBbHOMY TOPMO3HOMY 3PEKTY Ha LieHTpasibHble HENPOHbI.

Peuentopbl A, cogepxarcs B HepBHOVI TKaHW B O4YEeHb MarioM KofindecTBe, UxX
doyHKUMA B MexaHM3|\/|ax MEXHEMNPOHHOW CUrHanmM3auum mano n3yyeHa.
[MpeanonoXxmnTtenbHO OHU akTUBUPYOT pocdonunasy C.



o OboHATeNbHbIE peLenTopbl

» CAG00409.1

4 Q98SHO

e © Q9PSJ1

— QIPSJ2

i i O T

Qoiez4 COOH COOH COOH
: —
0421 sg A ORs V1Rs V2Rs
1827 (~1,000) (~150) (~150)
@,

OO

Q9
CAG02153.1
L_*—:CAGOZ 155.1
CAG02148.1

§— Q9PVW2

— Q9PVW1
CAG13303.1
CAG02147.1

CAF94560.1
CArQ‘I 662.1

800088

BO200

g CAG02149.1 @
R ————————— ]

CAF96220.1
CAF94354.1

Q9PVP1
QOPVP2
CAF93777.1
Q9PVP3
Q90428

Q!
CAG09000.1
§ Q9YHY3

€ QOYHY2
_f.. CAF93774.1
CAF96420.1

Amino acid conservation

§— QOYH79
e Q9YH80

0.1 .
Highly conserved Highly variable

B Tetraodon M Zebra fish & est f B Channel catfish

W Medaka fish # Others (Goldfish, Lamprey, Salmon, Carp)



trace-amine-associated
receptors




OboHATENbHbIE peuenTopsl

A model for the transduction of odors in canonical OSNs

The individual steps are detailed in the text. Note that several feedback loops modulate the
odor response, including inhibition of the CNG channel by Ca2+ (purple balls) that permeate the
channel, and a Ca2+/calmodulin (CaM)-mediated desensitization of the CNG channel that
underlies rapid odor adaptation. Several other mechanisms have also been described, including

phosphodiesterase-mediated hydrolysis of the second messenger cAMP and phosphorylation
of the OR by various kinases.



OboHATENbHbIE peuenTopsl

OO o
Odorant or : @0
O pheromone TRP

GTP l IPs o
o

A model for chemosensory transduction in vomeronasal sensory neurons

The individual steps are detailed in the text. In contrast to the transduction cascade in OSNs,
the mechanism of vomeronasal transduction is less well characterized. Vomeronasal sensory
neurons express V1R, V2R or FPR receptors and either Gai or Gao. The TRPC2 channel
subunit is expressed in all VSNs, and may be part of a multimeric channel complex. Ca2+ ions
are represented as purple balls; Na+ ions as blue balls. VR, vomeronasal receptor (VIR, V2R
or FPR); PIP2, phosphatidylinositol 4,5-bisphosphate; IP3, inositol 1,4,5-trisphosphate. DAG,
diacylglycerol.
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OnnongHbie peuenTopbl

Table 12.2  Amino-acid sequences of endogenous opioid peptides

Nociceptin  Phe - Gly Gly-Phe Thr-Gly-Ala-Arg Lys-Ser-Ala-Arg-Lys-Leu-Ala-Asn-Gln
Dynorphin A (1-17) Tyr Gly-Gly Phe Leu-Arg Arg lle-Arg Pro-Lys Leu Lys Trp-Asp
Asn-Gln

Endomorphins 1 and 2 Tyr Pro-Trp-Phe: Tyr Pro-Phe Phe

Leu- and met-enkephalin - Tyr- Gly-Gly-Phe-Leu/Met

M-, O-, K- 1 ORL(opioid receptor-like)-peuentopbl conpsikeHbl ¢ Gi/o-6ernkamu,
KoTopble obecneunsaloT 3akpbiTne Ca*-kaHanoB (k-peuenTopbl) 1 oTKpbITHe K*-
kaHarnos (M-, 0- n ORL-peuenTopsbl). B 3aBMCMMOCTU OT fioKanusaumm peLenTopos

9TO MPUBOANT K YMEHbLLEHMIO BbICBODOXAEHUA MeamnaTopa U CHUXEHUIO
BO30YyAMMOCTMN HENPOHOB.



OnuounagHble peuenTopsbl

Mu (u)

Delta (0)

Kappa (k)

ORLI

Endogenous
ligands

Synthetic ligands

Antagonists

f-endorphin
Metorphamide
Endomorphins

Morphine
DAGO

Naloxone
p-FNA

Methionine
Enkephalin
Leucine
Enkephalin
f-endorphin
DPDPE
SNC-80

DSTBULET

Naltrindole
Naloxone

Dynorphin A1-13 Nociceptin/

Dynorphin A1-8
Dynorphin B

US0488H
Bremazocine
Pentazocine
Naloxone
nor-BNI

orphanin FQ

None so far

[Phe!W(CH, NH)-
Gy INC
(1-13)NH,




Inhibition of pain:

- endorphins (enkephalins) = pain-inhibiting
neurotransmitters produced by reticular
formation in brain

INTERNEURON

- descending fibers synapse (1) at the spinal cord
dorsal horn release endorphins into synapse
between sensory neurons (2) and ascending
pain neurons (3)

SENSORY
~ENKEPHALIN

- endorphins have specific receptor sites on
post-synaptic neurons

- inhibitory action > opening of K+-channels

> closing Ca2+-channels
hyperpolarizing post-synaptic membrane act as
pain killers by inhibiting pain signals along
ascending pain neurons

TO PAIN CENTERS
IN BRAIN



TaxXMKNHUHDbI

BkntoyatoT BewectBo P (SP), HenpoknHuH A (NKA) n HenpokuHnH B (NKB).

SP:  Arg—Pro-Lys—Pro-GIn-GIn—Phe-Phe-Gly-Leu—Met
NKA: His—Lys—Thr-Asp—Ser—Phe—Val-Gly—-Leu—Met
NKB: Asp—Met-His—Asp—Phe-Phe—-Val-Gly—Leu—Met

AdUHHOCTL NrangoB (B Nopsiake YMEHbLUEHNS) K peuenTopam:

NKI1 receptor: SP > NKA > NKB
NK2 receptor: NKA > NKB > SP
NK3 receptor: NKB > NKA > SP

Obwnn mexaHusm conpsxxeH ¢ Gg-6enkamm, kackagel pocdonmnasel C
(N, /OAT). DchdhekT 3akntovaeTcs B MeAneHHoW Aenonspusaumm Yepes
3aKkpblTne K*-kaHanos.



(DyHKLI,I/IOHaJ'IbHaFI POJ1b HEKOTOPbLIX NENnTnaoB

Peptide Receptor(s) Function Potential indication
Opioids Mu, delta, kappa, Pain, anxiety, mood. Chronic pain, addiction
ORLI reward

Tachykinins NK1-3 Inflammation, anxiolysis  Headache, anxiety

Cholecystokinin A and B Anxiogenesis, satiation, Panic, eating disorders,
dopamine function, pain. Parkinsonism,
pain psychoses

Neuropeptide Y Y16 Obesity, mood, Eating disorders.

Vasopressin
Somatostatin
Neurotensin

CGRP

Galanin

V1 and 2
Sstl1-5
Ntl and 2

| and 2

GalR1 and 2

neuronal excitability
Learning, memory
Analgesia
Temperature, analgesia,
pain, dopamine
function
Cardiovascular,
inflammation, anorexia
Sensory transmission,
feeding

depression, epilepsy
Amnesias
Pain
Pyresis, pain,
Parkinsonism,
psychoses
Headache, pain,
cating disorders
Pain, eating disorders




JHOOKaHHAaOHOUAbI

O

AHaHgamuna (anandamide) HON AN, /A=

Anandamide

2-apaxungoHun-rnuuepon (2-arachidonylglycerol, 2-AG)

) OH
2-Arachidonylglycerol
(2-AG)

CVIHTe3I/IpyI-OTCFI B pe3ynbraTte MoBbILLEHNA BHYTPUKITETOYHOMN KOHLIEHTpaUumn
Ca®*. MexaH13M BbICBOBOXOEHUS U3 KNETOK HEN3BECTEH.

[Mpeanonaraetcs, 4TO OHM ANPDYHOMPYIOT Yepes KNETOUYHYI0 MeMBpaHy u
OOCTUratoT CoceaHUX KNeToK.

Hepes cBom peuenTopbl 3HAOKaHHaOMHoMAbI yMeHbLatoT BeigeneHne FMAMK n3
TOPMO3HbIX TepMI/IHaJ'IeI/I npeanonoXnTensHO AENCTBYS Ha NoTeHumarl-
3asucumble Ca?*- nmnu K*-kanansl npecvHanTuieckomn MemopaHsb!.



PeuenTtopbl 3HAOKaHHabUHONAOB

NoeHTndomnumpoBaHo aBa 3HO0KAHHAOMHONOHLIX
peuentopa — CB1 n CB2 (44% romonorun).

CB1 conpsxeH ¢ Gi/o-benkamu (pexe ¢ Gs).

Kackapg ¢ Gi/o-benkamu npnBognT K MHIMGUpoBaHMIO
afeHunaTumknasbl n oTkpbITUio K -kaHanos.

[Mpun akTnBauun GR/y-6enkoB npecnHanTnyeckumm CB1 ©
WIN 55,212-2
GrokupytoTca Ca*-kaHarnsi. ﬁ

o N/
N
N
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Cannabinoids. Figure 1 Immunohistochemical
localisation of the CBI receptor in the mouse brain.



PeuenTtopbl 3HAOKaHHabUHONAOB

NoeHTudpununpoBaHo aBa aHOoKaHHabuHonaHbix peuentopa — CB1 n CB2 (44%
rOMOonorunn).

[10 HegaBHEero BpeMeHu cumtanock, YTto CB2 pacnpocTpaHeHbl TOSbKO Ha
nepundepun. OgHako cenyac CB2 onucaHbl 1 B MO3re.

CB2 conpsixeH ¢ Gi/o-6enkamun, HO achbeKkTbl He BKNOYaOT OTKpbITME K-
kaHanos v 6riokagy Ca®*-kaHanos.



PeuenTtopbl 3HOOKAHHAaOMHOWAOB

[MpecnHanTtuyeckne CB1 cHuxatoT BbicBObOXAeHUE rnoTamarta, AuX n FTAMK
yepes akTmBauuo GR/y-ammepa, koTopbin BriokmpyeT Ca?*-kaHarnbl U aKTUBUPYET
K*-kaHanbl.

CuHTe3 3HOOKaHHabMHOMOOB 3arnycKaeTcs Npu yBeNMYeHN BHYTPUKINETOYHOIO
Ca?* u (unun) akTMBaLMmM NMUNUOHBLIX Kackagos. QHAOKaHHabuHouabl
TPaHCNOPTUPYIOTCS (MEXaHM3M HEN3BECTEH) N3 MOCTCUHANTUYECKON KINETKU U
CBA3bIBAOTCS C NPECUHANTUYECKMMM pelenTopammn — T.H. 3HOOKaHHabHonaHas

peTporpagHada perynaund BoblgereHna meamnartopa. Prosynaptic neuron
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Postsynaptic nauron



