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Pentenrropsl, compsbkeHHbie ¢ afy-rereporpuMmepHbiMu G-6enkamu (GPCR), urparot
KIIOYEBYI0 DPOJb B IepeJadye TOPMOHAJIBHBIX CHUTHAJIOB K BHYTPHUKJIETOUHBIM
CUTHAJILHBIM KacKaJiaM M IMOTOMY OTBETCTBEHHBI 32 PETYJISIIUIO0 SKCIPECCUU TEHOB U
MOCTTPAHCISIMOHHYIO MOAU(UKAIIUIO OETIKOB, BOBJICYEHBI B KOHTPOJIb MPOTH(EpaIH,
aroriro3a, auddepenmupoku. ms kaxmoro GPCR wumeercs cBod SHIOTCHHBIH
perymnsaTop, Kak MpaBHiio, TOPMOH WM HelipoMmenuarop (OpTOCTEPUYECKUN aroHHCT),
KOTOPBI C BEICOKUM CPOJICTBOM CBSI3BIBAETCS C JINTAHI-CBS3BIBAIOIIUM OPTOCTEpHYE-
ckuM caritom GPCR, miepeBoast perienTop B aKTHBHOE COCTOSIHUE U 3aITyCKasi TEM CAMBIM
MPOILECC CUTHATIBHON TPaHCAYKLMH, OTIOCPEyeMBIl Yepe3 pa3indHble THUIbl G-0eIKoB
u P-appectrHOB. Ha mpoTsSHhkeHUM MHOTHX JIET OCHOBHBIE HCCIIC[IOBaHMS B OOJIACTH
¢apmakonornn GPCR Opuim HampaBieHbl Ha CO3/MaHHUE CHHTETHYECKHX IJIMTAHOB
OpPTOCTEPHUECKOTO CalTa C ONPEICICHHBIM CIIEKTPOM OHOJOIMYECKOW aKTUBHOCTH,
BCJIEJICTBHE YEro 3HAYMTENbHAS YacTh JIEKAPCTB, MHIICHSAMHU KOTOPBIX SIBISIFOTCS
GPCR, — 310 nuranipl X OPTOCTEPHUYECKOro caiita. B mocieaHee BpeMs akICHT B
nzyyearnn GPCR cmectuics B CTOPOHY HCCIEOOBAaHHS HX aJUIOCTEPUUECKOM
peryisiiiuy, ¥ OCHOBHOW HUMITYJIbC 3TOMY MpHUIAld HCCIEAOBAaHHS B O0JIACTH pac-
mmdpoBku npocTpancTBeHHOH cTpykTypsl GPCR, craproBaBmme B koHue 2000-x rr.,
nocie oTkpeITust 3D cTpykTyphl B2-aapeneprudeckoro peuentopa [1]. CHavana cunra-
nu, 9to B Mosiekysie GPCR umeercsi cpaBHUTENIFHO MaJIO aJNIOCTEPUYECKUX CalTOB, OT
onHoro g0 3—4. Ilpenmonaranu TakXe, 4TO OPTOCTEPUUECKUN M AITIOCTEPUUYECKUI
CalTHI JOJDKHBI OBITH JIOKATH30BaHbI B pa3HbIX cyopomeHax GPCR u He mepecekaThcsl.
OnHako B majbpHEHIeM ObUTO TIOKa3aHOo, YTO YHCIIO ajutocTepudeckux caitoB B GPCR
CYIIECTBEHHO OOJIbIIIE, JIOKATM30BaHBI OHHU BO BCEX OCHOBHBIX CyOJIOMEHAX pelenTopa
1 MOTYT (PU3UYECKH TTePEKPBIBATHCS C OPTOCTEPUICCKUM CalTOM [2].

HauOonee xapakTepHOW JIOKanM3alMed aJIOCTEPHUUYECKHX CAHTOB  SIBISIOTCS
BHekieTouHble cyogomensl GPCR, B ToM unciie BHEIIHUN BeCTHOIOIb TpaHCMEMOpaH-
Horo (TM) kaHana, GopMHUPYEMBIii BHEKJIIETOYHBIMU TMETIISIMH U BHEITHHUMU OKOHYa-
HusMU TuApodoOoHBIXx TM crmpaneit [2, 3]. OyHKIHH 3THX CyOJIOMEHOB COCTOST B
MEPBUYHOM OIIO3HABaHUH U HU3K0A(P(PHUHHOM CBA3BIBAHUM TOPMOHOB U (POPMHUPOBAHUU
TOMO- M T€TEPOAMMEPHBIX PEIENTOPHBIX KOMIUIeKcoB [4]. Kpome Toro, B HEKOTOPBIX
GPCR, nanpumep B penenropax mortenHusupytomero (JII') n tupeorpomnoro (TTI)
TOPMOHOB, MMEIOTCS 3HAa4YMTENIbHBIE 110 pa3Mepy SKTOJOMEHBI, KOTOpBIE conepXkat
BbICOKOa((DUHHBIE OPTOCTEPUYECKUE CAUTHI U TPU 3TOM SIBISIFOTCS MHUIICHSMH JUIS
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AIJIOCTEPUUECKUX PETyIISATOPOB, KOTOPBIE HE TOJBKO MOAYJIUPYIOT CBSI3BIBAIOLINE
xapaktepuctuku GPCR, HO ¥ cIOCOOHBI caMH PEryJIMpoOBaTh UX aKTUBHOCTbD, KaK 3TO
MoKa3aHo g aytoantuten K peuernropy TTI [5, 6]. DHIOTeHHBIME peETyIaTOpaMu
BHEKJIETOYHBIX AJUIOCTEPUYECKUX CANTOB, HapsAdy C ayTOAHTHTEIaMH, MOTYT OBITh
Oenku, MomuHUUMpPYIOMIME akTHBHOCTH petentopoB (RAMP), mpotomepsl apyrux
peLenTopoB, B TOM YHCIE PELENTOPbl TUPO3UHKMHA3HOTO THUIA M HOHOTPOIIHBIE
PELEnTOpPhl, a TAKKe HNENTUAHBIE PErYIATOPHI, HAIIPUMED aryTU-TIOZOOHBINH MENTUA B
cinydae M3- 1 M4-MenaHOKOPTHHOBBIX perienTopoB. B mocnennue rogsl paspadboTaHs
HU3KOMOJICKYJISIPHBIE COCMHEHHSI, CIOCOOHBIE CBS3BIBATHCS C IMOJOCTHIO BHELIHETO
BectuOroa TM kanana [3]. OHU BIUSIOT HA TOCTYITHOCTH OPTOCTEPHYECKOTO CaiTa JIyis
aroHKCTOB, a TaK)Ke CIIOCOOHBI PETYJIMPOBATh AKTUBHOCTH JUraH-cBoboaHoro GPCR.
[pyroii jokanu3anuei aaIOCTEPUUECKUX CAWTOB SIBISCTCS BHYTPEHHSS MONocTh TM
KaHaJa, KOTopasi JOCTYIHA AJIsl CPAaBHUTEIBHO HEOOJIBIINX MOJIEKY)I U HOHOB. BHyTpH
Hee OOBIYHO PACIONAraroTCsl HECKOJBKO aJUIOCTEPUYECKUX CAaHTOB, KOTOPHIE MOTYT
MEPEKPhIBAaTbCS MEXIYy CcO00W M € OpPTOCTEPHUECKHUM CaWTOM. OHIOTCHHBIMU
JIMTaHaMM aJUIOCTEPUUYECKUX CAaWTOB, paclojioKeHHbIX B TM kaHase, daiie BCEro
SBISIOTCA MOHBI HATPUS M HEKOTOPHIX JBYXBAJIEHTHBIX MeTawioB (Zn%*, Mg?*, Ca?",
Cu?) [3, 7]. B macrosmiee BpeMms pa3pabOTaHO HEMAIO HH3KOMOJEKYISPHBIX
COCIIMHEHUH, KOTOphIe CIOCOOHBI MPOHMKATh BHYTPh TM KaHajga W CBSA3BIBATHCS C
pacloIOKEHHBIMA B HEM QJJIOCTEPUUYECKUMM calTamMu. Tak, [UIs pPeryssuuu
peuenropoB JII' u TTI' Hamu Obuth paspaboTaHbl TPOW3BOAHBIE THEHO[2,3-d]-
MUPUMHUIIMHA C aKTUBHOCTHIO KaK IOJHBIX W WHBEPCHOHHBIX aroHUCTOB, TaK H
HEUTpaIbHBIX aHTarOHUCTOB ATHX penentopos [3, 8, 9]. Ilpu BBemeHNH KphIcaM OHU
ObUIM aKTUBHBI U IIPY BHYTPUOPIOLIMHHOM, U IIPU IIEPOPATBHOM CII0C00€ JOCTABKH, YTO
YKa3bIBaeT Ha UX CTAOMIBHOCTH U XOPOIIYIO BCACBIBAEMOCTh B JKEITYIOYHO-KUIIIEYHOM
TpakTe. HU3KOMONEKYIspHbIE aJUIOCTEPHYECKHE AaroHUCThl HE KOHKYPHPOBAIU C
roHanotponuHamu u TTI 3a CBsA3BIBaHHE C PELIEITOPOM, TEM CAMBIM HE MPEMSTCTBYS
peryJsiMy SHIOKPUHHBIX (PYHKIMNA 3HJOTC€HHBIMU TOPMOHAMHU.

B TM nomeHe amiocTepryecKue CalThl TAK)KE€ MOTYT paciioyiaraThCsi Ha ero OOKOBBIX
MOBEPXHOCTSIX, KOHTAKTUPYs C JHMIUAHOW (a3oi MemOpansl [2, 7]. DHAOr€HHBIMU
JIUraHJaMH TaKUX CAiTOB MOTYT OBITH JIMIU/IBI IUTa3MAaTHYECKONH MEMOpaHbI, B IEPBYIO
ouepeib X0JIECTePHH U POCOIHIUABI, a TAKKE HEKOTOPBIE CTEPOUTHBIE TOPMOHBI M UX
MPEKYPCOpHI (IIPOrecTepOoH, MPErHEHOJIOH U Ap.). B3auMoneicTBre MTUNMIOB C STUMHU
ammoctepuueckumu  caiitamu GPCR  o0ecrieunBaeT TecHbIE B3aMMOCBSI3H MEXIY
AKTUBHOCTBIO PELENTOPOB, C OJHOW CTOPOHBI, W JHUMUIAHBIM COCTAaBOM M (HU3UKO-
XUMHYECKUMH CBOMCTBaMU MeMOpaHbl, ¢ pyroii [3, 7].

Eme oxHoii okanu3anuenl aJylocTEpUYeCKUX CaWTOB SBISIOTCS LUTOIUIA3MATHYECKHE
NETIN U OPUEHTUPOBAHHBIA BOBHYTPb KJIETKH BecTHOIOMF TM KaHala. DHIOT€HHBIMH
perynsTopaMu STHX CaWTOB CIyXaT TrerepoTpuMepHbie G-0enkn u [B-appecTUHBI,
KOTOpbIE HE TOJIBKO (YHKIMOHUPYIOT, KaK TPAHCAYKTOPBI TOPMOHAJIBHOT'O CUT'HAJIA, HO
1 OCYLIECTBIISIIOT aJUIOCTEPUUECKYI0 MOAYJISLIMIO aKTUBHOCTH PELIETITOPOB, ONpPeNeisis
X apPUHHOCTH K OPTOCTEPUUECKOMY arOHHUCTY U TMPEIB3ATOCTh BHYTPHUKIETOUYHOI'O
curHanmHra [3]. B mocnenHue rosl BeASTCS HHTCHCUBHAS pa3pab0oTKa CHHTETUIECKUX
AIJIOCTEPUUYECKUX PErYJIATOPOB BHYTPUKIIETOUHBIX CAHTOB — KaK HU3KOMOJIEKYJISIPHBIX
COCJIMHEHUH, TaKk W MOAUGUIIMPOBAHHBIX THAPOGOOHBIMU paTUKAIAMH TIETITHIOB,
MPOM3BOIHBIX (PYHKIIMOHAILHO Ba)KHBIX BHYTPUKJIETOUHbIX yuacTkoB GPCR, Ha3bIBae-
Mpix nenayuuHamu [10]. Hamu paspaGoransl Moan(uUIMpOBaHHBIE MMalbMUTATOM
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nenayurasl NKDTKIAKK-Nle-A(562-572)-K(Palm)A u 612—-627(Palm), cooTBerct-
BYIOIIME yYacTKaM TpeTbeW uuroramatudeckod netiu peuentopoB JII' m TTT,
KOTOpBIE N VItro u in VIVO TposBISIM aKTHBHOCTh YACTHYHBIX arOHKHCTOB TEX
PeLenTopoB, NPOU3BOIHBIMHU MEPBUYHON CTPYKTYpPhl KOTOPHIX OHH sABIsUIMCH [3]. B
OCHOBE JEHCTBUS TMEMAYLIMHOB JIGKUT M3MEHEHHE KOH(OpMalHUW BHYTPUKICTOYHBIX
AIJIOCTEPUUECKUX CalWTOB BCIEACTBHE HX CHEUU(PUUHOTO B3aUMOICHCTBUS C
KOMIUIEMEHTAPHBIMM ~ Y4aCTKaMHM LUTOIUIa3MAaTHUECKHX METelIb pelenTopa Hu
BHYTPUKJIETOUYHBIM BecTO0MeM TM KaHana.

Hapsimy ¢ MHOXECTBEHHOCTBIO aJUIOCTEPHUYECKHX CAHTOB HEOOXOANMO MPUHUMAThH BO
BHUMAHHUE IIMPOKUH CHEKTp (apMakoJOrMYecKoil akTHMBHOCTHM HX JIMTAHIOB. OTH
JUTaHAbl MOTYT TOBBIIATH WM CHHXKATh CPOJICTBO OPTOCTEPHUECKOTO aroHHCTa K
peuenTopy u 3QQPEeKTHBHOCTh €ro ACUCTBHS, OyAy4d COOTBETCTBEHHO MO3UTHUBHBIMH
(PAM) wunu ueratuBabiMu (NAM) amtocrepuueckumu Momaysstopamu [2, 7]. OHu
MOTYT TOHKO HACTpauBaTh CHUTHAJIbHYIO TPAHCAYKLMIO, BIMAS HA IPEAB3ITOCTH
JIEHCTBUSI OPTOCTEPUIECKOT0 arOHNCTa Ha BHYTPUMOJIEKYJISIPHBIC MUILCHHU, ¥ TOTAA UX
OTHOCAT K KJIACCy «MOJYAIIUX» aJUIOCTEpUIecKuX MomyisiTopoB (SAM). Onu moryt
ObITb HazeNeHbl COOCTBEHHOM AKTHUBHOCTBIO MOJHBIX/JaCTHYHBIX ArOHHCTOB,
WHBEPCHOHHBIX AaroHHCTOB W HEHTpalbHBIX aHTarOHHCTOB WM COYeTaTb B cebe
CBOMCTBA aJNIOCTEPUIECKUX arOHUCTOB U Moy saTopoB (Ago-PAM, Ago-NAM).
Buvigoowi: Takum oOpa3oM, B ocHOBe amnoctepuueckoit perymsinun GPCR mexut
MHOXECTBEHHOCTh aJJIOCTEPHUECKUX CANTOB, Ppa3IMYAIOLIMXCS IO JIOKAINW3ALMH,
CTPYKTYpHO-(YHKIIMOHAILHON OpPraHU3alluk U SHIOTEHHBIM PETryJIITOpaM, MPHYeM 3TH
CailThl criocOOHBI HE TOJBKO BIMATH HA KOH()OPMALMIO U CBS3BIBAIOIINE XapaKTepuC-
THKA OPTOCTEPUYECKOTO CaiiTa, HO W B3aUMOJEHCTBOBATh MeXTy coOoi. Hapsmy c
TaKMMH SHIAOTCHHBIMM JIUTaHJAaMH autocTepuueckux caiitoB GPCR, kak mpocthie
WOHBI, JUMHUJbI, AMHUHOKHUCIIOTBI, MOJUIENTH/IB, BaXXHYIO POJIb B aJIOCTEPUYECKON
perymanun GPCR wurpatot mporeccsl o0pa3oBanus ux KoMIulekcoB ¢ G-Oemkamu, [3-
appectuHamu, RAMP, npyrumu agantepHbIMU M PETYISTOPHBIMU OEIKaMH, a TaKkKe
(hopMUpOBaHUE TOMO- U T€TEPOAM(OJIMTO)MEPHBIX PELIENTOPHBIX KOMILICKCOB. Bee aTo
CYIIECTBEHHO YCIOXKHAET 1 oOoramaer Mexann3mMbl GPCR-omocpeyeMoii CHTHATBHOM
TPAHCAYKIMH M CO3/IaeT MOILHYIO TEOPETHYECKYIO M IPAKTHUYECKYIO 0a3y AJIsl CO31aHUS
OO0JIBIIIOTO YHCTa Pa3IMYAIONIMXCS TI0 CBOSH CEIEKTUBHOCTH U (papMaKoIOTHIECKOMY
npoHUITI0 AJUIOCTEPUIECKUX PETYISTOPoB. CleyeT OTMETUTD, YTO TaKUE PETYIISITOPHL,
B OTJIMYME OT OPTOCTEPHUUECKHX AarOHUCTOB, ACHCTBYIOT 0Ojee MSTKO, YTO CHIKAeT
pucku naecencutmzanuu GPCR, a Ttakke Oonee cnenu@uuHbl MO OTHOIICHUIO K
BHYTPUKIIETOUYHBIM 3P QEKTOpaM, YTO MO3BOJISET N30EkKaATh psijia TOOOUHBIX 3 (HEeKTOoB,
XapakTepPHBIX AJ1s1 TOPMOHAIBHOU Tepanuu. /s HekoTopeix Tunos GPCR, Hampumep
g peuentopa TTL, mis KOTOPHIX OTCYTCTBYIOT MOAXOISIIME (DapMaKoIOrHUEecKUe
PEryIsITOPbl  OPTOCTEPUYECKOT0 caiTa, CO3JlaHWe AIOCTEPHUUECKHX PEryJsTOpOB
SIBIISIETCSI O€3alIbTePHATHBHBIM TTOX010M [3].

Qunancuposanue. ViccnenoBanue nojaepxato rpantoM Poccuiickoro HayuHoro ¢onna
(mpoekt Ne 19-75-20122).
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afy-Heterotrimeric G-protein coupled receptors (GPCRs) play a key role in transmitting
hormonal signals to intracellular signaling cascades, and are therefore responsible for
the regulation of gene expression and post-translational modification of proteins, and are
involved in the control of proliferation, apoptosis, and differentiation. Each GPCR has
its own endogenous regulator, usually a hormone or neurotransmitter (orthosteric
agonist), which binds with high affinity to the ligand-binding orthosteric site of the
GPCR. This causes the receptor to transition to an active state and thereby triggers the
signal transduction, mediated through different types of G-proteins and B-arrestins. Over
the years, the main research in the field of GPCR pharmacology has been aimed at
developing synthetic orthosteric site ligands with a specific spectrum of biological
activity, as a result of which a significant part of the drugs that target GPCRs are ligands
of their orthosteric site. Recently, the emphasis in the study of GPCRs has shifted
towards the study of their allosteric regulation, and the main impetus for this was given
by research in the field of deciphering the spatial structure of GPCRs, which started in
the late 2000s, after the discovery of the 3D structure of the 32-adrenergic receptor [1].
At first, it was believed that the GPCR has relatively few allosteric sites, from one to 3—
4. It was also assumed that the orthosteric and allosteric sites should be localized in
different GPCR subdomains and not overlap. However, it was later shown that the
number of allosteric sites in GPCRs is significantly greater; they are localized in all main
subdomains of the receptor and can physically overlap with the orthosteric site [2].

The most typical localization of allosteric sites is the extracellular subdomains of
GPCRs, including the outer vestibule of the transmembrane (TM) channel, formed by
extracellular loops and the outer ends of hydrophobic TM helices [2, 3]. The functions
of these subdomains are the primary recognition and low-affinity binding of hormones
and the formation of homo- and heterodimeric receptor complexes [4]. In addition, some
GPCRs, such as the receptors of luteinizing hormone (LH) and thyroid-stimulating
hormone (TSH), have large ectodomains that contain high-affinity orthosteric sites.
These ectodomains are targets for allosteric regulators, which not only modulate the
binding characteristics of GPCRs, but also are capable of regulating their activity, as
shown for autoantibodies to the TSH receptor [5, 6]. Endogenous regulators of
extracellular allosteric sites, along with autoantibodies, can be receptor activity-
modifying proteins (RAMPS), protomers of other receptors, including tyrosine kinase-
type receptors and ionotropic receptors, as well as peptide regulators, for example,
agouti-like peptide in the case of M3- and M4-melanocortin receptors. In recent years,
low-molecular compounds have been developed that can bind to the cavity of the outer
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vestibule of the TM channel [3]. They influence the accessibility of the orthosteric site
for agonists and are able to regulate the activity of ligand-free GPCR.

Another localization of allosteric sites is the internal cavity of the TM channel, which is
accessible to relatively small molecules and ions. Within this cavity there are usually
several allosteric sites, which may overlap with each other and with the orthosteric site.
Endogenous ligands of allosteric sites located in the TM channel are most often sodium
ions and some divalent metals (Zn?*, Mg?*, Ca?*, and Cu?*) [3, 7]. Currently, many low-
molecular weight compounds have been developed that are able to penetrate inside the
TM channel and bind to allosteric sites located in it. Thus, to regulate the LH and TSH
receptors, we have developed thieno[2,3-d]-pyrimidine derivatives with the activity of
both full and inverse agonists and neutral antagonists of these receptors [3, 8, 9]. When
administered to rats, they were active both by intraperitoneal and oral routes of delivery,
indicating their stability and good absorption in the gastrointestinal tract. Low-molecular
weight allosteric agonists did not compete with gonadotropins and TSH for binding to
the receptor, thereby not interfering with the regulation of endocrine functions by
endogenous hormones.

In the TM domain, allosteric sites can also be located on its lateral surfaces, in contact
with the lipid phase of the membrane [2, 7]. Endogenous ligands of such sites can be
plasma membrane lipids, primarily cholesterol and phospholipids, as well as some
steroid hormones and their precursors (progesterone, pregnenolone, etc.). The
interaction of lipids with these allosteric GPCR sites provides a close relationship
between receptor activity, on the one hand, and the lipid composition and
physicochemical properties of the membrane, on the other [3, 7].

Another localization of allosteric sites is the cytoplasmic loops and the TM channel
vestibule oriented inward to the cell. The endogenous regulators of these sites are
heterotrimeric G-proteins and B-arrestins, which not only function as hormonal signal
transducers, but also carry out allosteric modulation of receptor activity, determining
their affinity for the orthosteric agonist and the bias of intracellular signaling [3]. In
recent years, there has been intensive development of synthetic allosteric regulators of
intracellular sites — both low-molecular compounds and peptides modified by
hydrophobic radicals, derivatives of functionally important intracellular sites of GPCR,
called pepducins [10]. We have developed palmitate-modified pepducins
NKDTKIAKK-NIe-A(562-572)-K(Palm)A and 612-627(Palm), corresponding to
regions of the third cytoplasmic loop of the LH and TSH receptors, which in vitro and
in vivo exhibited the activity of partial agonists of those receptors, derivatives of the
primary structure of which they were [3]. The action of pepducins is based on a change
in the conformation of intracellular allosteric sites due to their specific interaction with
the complementary regions of the cytoplasmic loops of the receptor and the intracellular
vestibule of the TM channel.

Along with the multiplicity of allosteric sites, it is necessary to take into account the
wide range of pharmacological activities of their ligands. These ligands can increase or
decrease the affinity of the orthosteric agonist for the receptor and the effectiveness of
its action, being positive (PAM) or negative (NAM) allosteric modulators respectively
[2, 7]. They can fine-tune signal transduction by biasing the action of the orthosteric
agonist on intramolecular targets, and are then classified as silent allosteric modulators
(SAMs). They can be endowed with their own activity as full/partial agonists, inverse
agonists and neutral antagonists, or combine the properties of allosteric agonists and
modulators (Ago-PAM, Ago-NAM).
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Conclusion: Thus, the allosteric regulation of GPCRs is based on a multiplicity of
allosteric sites that differ in localization, structural and functional organization, and
endogenous regulators. These sites can influence not only the conformation and binding
characteristics of the orthosteric site, but also interact with each other. Along with such
endogenous ligands of allosteric GPCR sites as simple ions, lipids, amino acids, and
polypeptides. The processes of formation of their complexes with G-proteins, B-
arrestins, RAMPs, other adapter and regulatory proteins, as well as the formation of
homo- and heterodi(oligo)meric receptor complexes are important in the allosteric
regulation of GPCRs. All this significantly complicates and enriches the mechanisms of
GPCR-mediated signal transduction, and creates a significant theoretical and practical
basis for the creation of a large number of allosteric regulators that differ in their
selectivity and pharmacological profile. It should be noted that such regulators, unlike
orthosteric agonists, act more mildly, which reduces the risks of GPCR desensitization,
and are also more specific to intracellular effectors, which avoids a number of side
effects characteristic of hormonal therapy. For some types of GPCRs, for example, for
the TSH receptor, for which there are no suitable pharmacological regulators of the
orthosteric site, the creation of allosteric regulators is the only approach [3].

Funding: The study is supported by a grant from the Russian Science Foundation (project
No. 19-75-20122).
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