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BBEJIEHHUE
AKTYaJIbHOCTb TeMbI HCCJIEI0BAHUA

Peuenropsl, conpsbxennsie ¢ G-6enkoMm (G protein-coupled receptors, GPCR) -
HamOoJee pacIpOCTPaHEHHOE CYIIEPCeMEHCTBO MEMOPaHHBIX OCITKOB B 9yKapUOTHICCKHIX
opraHusmax, KOTOpbIE PEarupyroT Ha pa3JInyHble BHEKJIETOUYHBIE CHUTHAJbI, BKJIIOYAS
(OTOHBI, HOHBI, HU3KOMOJIEKYJISIPHBIE BEIIECTBA, MENTUbI U 6enku. OHU UMEIOT O0LIYI0
CEMUCIUPAIBHYIO TOMOJOTHUIO M MTPAIOT BAXXHYIO POJIb B KOHTPOJIE U PETyJIMPOBAHUU
KJIETOYHBIX ¥ (DU3MOJOTUIECKHX TPOIIECCOB, UTO JIEIACT UX NEPCIIEKTUBHBIMU MUIIICHSIMHU
JUIst TeKapcTBeHHbIX npenapatoB [1]. Otkpeitre B 2001 roxy HOBOTo Kiiacca pelenTopoB
GPCR — penienTopoB, acCOIMMPOBAHHBIX CO CJIEJOBBIMU aMUHaMU (trace amine-associated
receptors, TAAR, 6 (yHKIHMOHAIBHBIX PELENTOPOB HUICHTHU(UIIMPOBAHBI y YEIIOBEKA,
TAAR1, TAAR2, TAARS, TAAR6, TAAR8 u TAAR9) pacumpuno BO3MOKHOCTH
n3ydeHHs] (YHKIIMOHAILHOW POJM JHJIOTCHHBIX CJIEJOBBIX aMHHOB B (DH3UOJIOTHH H
natonorun  miuekonutarommx [2,3]. CnegoBele amunbl  (CA), Takue, Kak [-
GbeHWdTUIAMUH, TUPAMHH, TPUOTAMHH M OKTONAMHUH, CTPYKTYpHO OJH3KH K
KJIACCHYECKHUM MOHOAMUHAM U UTPAIOT BAXHYIO POJIb B (PU3UOJIOTUH OECTIO3BOHOYHBIX, HO
uxX (YHKIMH B OpraHU3ME MJICKOMMTAIOIINX, T/IE OHU MPEACTABICHBI B «CIEIOBBIX»
KOJIMYECTBAX, OCTaroTcsi ManiomzyuyeHHbIMU. B nenom, CA npucyrcrByror B LIHC un
(GYHKIIMOHUPYIOT MapalljieIbHO ¢ MOHOAMUHEPTUYECKUMHU MYTAMH, a TaKXKe CTPYKTYPHO
CBSI3aHBI, KOJIOKQJIMU3YIOTCS W BBICBOOOXKIIAIOTCS BMECT€ C OHOTEHHBIMH aMHUHAMH.
Haubonee wuzydyennsim penentopom cpenu TAAR sBusercs TAARI1. Pesynbrars
WCCIEAOBAaHUN C HCIOJIb30BAaHUEM CelNeKTUBHBIX JuranaoB TAARI] u renernuecku
MoAu(PUIIMPOBAaHHBIX >KUBOTHBIX ¢ BbIKIOueHHBIM TAARI1 (TAAR1-KO wbimm), B
HCCTIEAOBAHUSAX TIO3BOJIMIIA MPEANONIOKUTE, 9T0 TAAR1 MoXeT ObITh MEPCIEKTUBHON
TEpaneBTUUECKOW MHUIIEHBIO TP pa3pabOTKe HOBBIX (apMaKOTEPANIEBTUUECKUX
MpemapaToB JUisl JIEYCHUS] TAKUX HEHUPOTICHXWYECKMX PACCTPOUCTB, KaK MIM30(pEHHUS,
nenpeccusi, C/IBI', Hapkomanuu, 6one3nu [lapkuacona, HapymieHnus cHa [4]. Ha manubiii
MoMeHT TAARI yxe sBisieTcsl JOKa3aHHOW MHIIEHBIO I (hapMaKOJIOTHU IIMPOKOTO
CIEKTpa TICUXMATPUUYECKUX, HEBPOJOTUYECKMX M METa0OJIMYECKHX PACCTPOMCTB, M
aronuctsl TAARI HaxonsdTcd Ha CTaguu KIMHUYECKUX HUCHOBITAaHUM KoMmaHusmu F.
Hoffmann La-Roche, IlBeiimapust (Ho30morusi: mm3oppenus) u Sunovion, CIIA

(HO3070THS: MU30(PEHHs], TPEBOTa, ACTIPECCHs U TaJUTIOI[MHAIINY, BbI3BaHHBIE Tepanuei



6one3nu [Tapkuncona). Kpome sxcnpeccun TAAR1 B cTpykTypax Mo3ra, 3TOT peLenTop
ObUT Takke OOHapy)KeH B TODKEIYAOYHOW IKelle3e, MKENyAKe W KUIICUYHUKE, U
JNOKJIMHUYECKHE MCCIIEJOBAaHUSA YKa3blBalOT HA [OTEHUUAIbHYK  KIMHHYECKYIO
a¢dextuBHOCTh aroHnctoB TAARI1 mnpum Takux MeTaOOIMYECKHMX HAPYIICHHSIX Kak
oXxupeHne u caxapueiii muader. J[pyrue TAAR cHagana ObutH ONMHMCaHBI KaK HOBBIM BH/T
OOOHATENBHBIX PELENTOPOB CO CXOXHM IAaTTEPHOM OKCIPECCHHM B OOOHATEIHHOM
AMUTEINU U (YHKIUEH NETEeKIUU JIeTydnxX aMuHOB [5]. OmHako, Ha JaHHBIA MOMEHT
CYIIECTBYIOT MCCIIEOBaHUs 00 UX IKCIpeccud U GpyHkIuonupoBanuu kak B LIHC, Tak u
Ha nepudepun. Harmpumep, BTopoii o uzydeHnocTs peuentop, TAARS, sxcnipeccupyercs
B MUHJIQJICBUIHOM TeJie ¥ Tunotanamyce [6]. OJHUM U3 BaKHBIX MTOJIXO0I0B UCCIEAOBaHUS
TAAR B OTCYTCTBUHM CENEKTHUBHBIX JIMTAHAOB CTaja MOJENIb TPAHCTEHHBIX UBOTHBIX C
HOKayTOM reHoB. Ha gaHHBIM MOMEHTBHI OMMCaHbl MBIIIKA ¢ HOKayTOM reHoB TAAR2 u
TAARS. beuio mokaszano, uto TAAR2, Bo3MOXHO, BiMsieT Ha A0()aMHUHEPTHUYECKYIO
cucremy mo3ra, a TAARS, no-Buaumomy, urpaer GyHKIHOHAIBHYIO POJb HE TOJIBKO B
OOOHSIHUY, HO TaK)K€ MOXKET OBITh BOBJICUEH B KOHTPOJIb a(heKTUBHOTO MOBeAeHUS [7-9].
[Ipennonaraercs, 4ro  mpemnapaTbl-aHTaroHuctsl  TAARS  moryr  obGnazate
AHTUJICTIPECCUBHBIM UM TPOTHBOTPEBOKHBIM JEHCTBUEM, IO3TOMY OH TPEICTABISAET
MHTEpEeC Kak HOBas MHUILIEHb IS pa3pabOTKU NCUXOTPONHBIX MpemnapatoB [7]. Uto
kacaercs octaibHbix TAAR (TAAR6, TAARS, TAARY9), B Hacrosiiee Bpems
OIyOJMKOBAHHBIX JaHHBIX O (YHKIMH 3TUX PELENTOPOB 3a IMpejesaMd OOOHATEIbHOM
cucTeMbl, mpakTuuyecku Her. Hampumep, mo 3ampocy «TAAR9» B 0Gaze PubMed
MpouHAEKCUpoBaHo Bcero 15 pabdot. Omnako, skcrnpeccus »3Tux TAAR B paznudHbIx
CTPYKTypax Kak Mo3ra, Tak U B epupepuyecKux opraHax, MO>XKeT yKa3blBaTh Ha TO, YTO
3TH PELENTOpbl MOTYT OBITH HE TOJIKO OOOHsATENbHBbIMH. Hampumep, skcrpeccusi reHa
TAARY Obuta Haiinena B rumoduse, eiryI0YHO-KUIIEYHOM TpPaKTe, MOYKaX, KIeTKax
KpPOBH, ¥ CIUHHOM MO3r¢ [4], XOTS ©3BECTHO, YTO MBIIIH ¢ KinactepHoi nenenueit (TAAR2-
9-KO), y xotopeix oTcyTcTBYIOT Bce TAAR, skcmpeccupyembie B OOOHSATEIHHOM
SMUTEINH, HE OTJIMYAIOTCS OT KUBOTHBIX «IHKOTO THIa» B OTHOLIEHHH (DEPTUIBLHOCTH,
pa3Mepa IOMeTa, paclpeesieHusl T€HOTUIIA U COOTHOLIEHMsI T0JI0B y aereHsimeit [10].
Takske ycranoBieH psax aroHUCTOB TAARY, cpenn KOTOPBIX €CTh KaK TPETUYHBIE AMUHBI,
Tak U au- u nonuamuubel [11]. U3BectHo, uyto Mbmmmeb TAARY9 aktuBupyercs
HEU3BECTHBIMU KOMIIOHEHTAMHM MOYM MHOTHX BHJIOB MJIEKOIIUTAIOLINX, BKJIIOYAsl MbILIb,

KpBICY, 4YeJlOBeKa M IUIOTOSAHBIX [12], OaHAKO, Kakoe HMMEHHO BEIECTBO SBIIAETCS



HCIIOCPCACTBCHHBIM  JIMTAHAOM  HCHU3BCCTHO. I/ICXOILSI u3 HpHBeHeHHOﬁ BBIIIIC
uHbOpMalMK, B IEJIOM, H3y4YeHHE (HU3UOJIOTMYECKONW PpONMM JAaHHOTO pelenTopa ¢
MIOMOIIBIO MOJICJIM TPAHCT€HHBIX KUBOTHBIX, @ TAK)KE TIOMCK €0 JIMTaH/I0B MPEICTABIICT

co00i1 aKTyalnbHYIO 3a/1a4y COBPEMEHHOM OHMOJIOTHH.

TeopeTnyeckasi 1 MPaAKTHYECKAS 3HAYUMOCTH PA0OTHI

Teopemuueckas 3Hauumocms. B JaHHOM MCCIEIOBAHUM JUId MU3Y4EHUs
¢bysnkunonanbHoM poau TAARO ObuiM MCHONB30BaHbl )KUBOTHBIE, HOKAYTHBIE IO T'€HY
nanHoro reHa (TAAR9-KO). V xuBotHbix TAAR9-KO mnoBelieHa Temieparypa B
HOPMaJIbHBIX YCJIOBHAX, a TAaK)K€ M3MEHEHa TEpMOpEryJsilus Mpu oxyaxiaeHuu. bonee
TOr0, Y JKUBOTHBIX C HOKayTOM OBLIO BBISBICHO CHM)KEHHE TPEBOXKHOCTH, & WUMEHHO
CHIDKEHa TemIiepaTrypa Ipu OTBET€ Ha CTPECCOPHOE BO3JEHCTBHE, a TAKXKE IOBBIIIEHO
comepkanusi nodammHa B rumoTtamamyce. llomydyeHHBIE JaHHBIE MOTYT  OBIThH
MCII0JIb30BaHbI 715 ucciieoBanus BoieueHHOCTH TAAR9 B Tepmoperynsuuto. [larrepn
skcnpeccun TAARDY, a takxe apyrux uccinegoBaHHbiX TAAR, B HECKOJIBKUX CTPYKTYpax
MO3Ta MOKET OBITh IMOJIE3€H JJIs JajbHEHIIero n3ydeHus: GYHKIUU 3TUX PELENTOpOB B

ITHC.

Ipaxmuueckasa snauumocms. Pa3zpaboTaHHass METOJWKa IMOUCKAa HOBBIX COEIUHEHUM-
JUTAHJIOB perenTopa in Vitro MO3BOJUT MPOAOIKUTH MOMCK BEIIECTB, aKTUBHUPYIOIIUX
TAAR9, a taxxke MOXeT ObITh MCIOJIB30BaHA JJIsi ONTHUMH3AIMM In Vitro CKPUHUHTA

aronuctoB apyrux TAAR.

Henn u 3ana4n padoTbI

ean uccaenoBanus:

N3yuuth pusnosornyeckoe 3HaYeHUE perenTopa, aCCOLMUPOBAHHOIO CO

CJIEZIOBBIMU aMMHaMHU, 9-T0 MOJITHUIIA, a TAKXKe MMPOBECTH MTOMCK €ro JIMTaH/OoB in Vitro.
3agaum padoThI:

1. OI_ICHI/ITB MaTTCPH 3KCIIPECCUU T'CHOB TAAR B TkanHsax YCJIOBCKA, KPBICHI U MBIIIH;

2. llpoBecTH BaJnanuio ABYX HOBBIX JMHHM KpbIC ¢ HOKayToM reHa TAAROY;



3. ®deHoTHNMPOBATH KpbIC, HOKAYTHbIX O reHy TAAR9, B T.4. oxapakTepu3oBaTh
HEHPOXUMHYECKUE U TIOBEJCHUYECKHE OCOOCHHOCTH, a TAaKXKe OIICHUTh COCTOSHHE
CEHCOPHBIX CHUCTEM;

4. Pazpaborath cuctemy in vitro ckpuHuHra aurangoB TAAR9 u npoBecTH MOHMCK

BCIICCTB-arOHUCTOB.

Hayqﬂaﬂ HOBH3HA UCCJICA0OBAHUA

BrniepBbie B 1aHHO# paboTe MpoBeIeHO KOMIUIEKCHOE UCCIIEJOBAHUE YKHUBOTHBIX C
HOKayToM reHa penentopa TAAR9 - HoBoro, emié He M3y4e€HHOrO YiieHAa CEMEWCTBa
TAAR. Bnepsoie onucan narreps 3kcnpeccu TAARO B Heckonbkux ctpykrypax [HHC.
BrnepBble mnpoBelneHa (QEHOTUIIMYECKAs OLEHKAa HEMPOXMMHUYECKHMX U IOBEJECHUYECKHX
ocoOeHHOCTeH KpbIc, HOKayTHBIX 110 TeHy TAARO. BriepBbie moka3zaHo BIUSHHE HOKayTa
TAAR9 Ha temmeparypy Tena. Takke B paboTe BIEpBBIE HCCIEAOBAHO BIIMSHUE
pas3nuuHbIX (PAKTOPOB, TaKHUX, Kak noOaBneHune N-koHIeBoro tara B2N9, koskcnpeccuu
manepona RTPIS nmns rereponormyeckoit skcnpeccun TAARY9, Ha akTUBHOCTE U
JIOKaJIU3alMio pernentopa B kietke. BrepBoie N-koHieBoi Tar 2N9 Obln ycmemrHo
UCIOJIb30BaH JUIsl rereposorndyeckon skcrnpeccun TAARY. bpuio mpoBeeH CKpUHUHT

>400 BelecTB, paHee HE UCCIIET0BAHHBIX Ha aroHn3M TAARSO.

HOJ’IO)KGHI/IH, BBIHOCUMMBbIC HA 3alIUTY

1. Oxkcmpeccust TAAR9 noka3zana He TOTBKO B OOOHSATEIHHOM AIHUTEINHU, HO TaKXKe
BIIEPBBIC BHISBIICHA B MPUJICKAIIEM SIpe, XBOCTATOM SIIpE, YEPHOH CyOCTaHIIHNH,
BEHTPAJIBHON 00JACTH TOKPBIIIKH, MPOAOJITOBATOM MO3T€, BEHTPAILHOM
TUIITIOKAMITE€ U THTIOTAJIaMYCE;

2. T'enetmveckn  MOIU(UIUPOBAHHBIE  KPBICH,  JHUIICHHBIE  PELENTOPOB,
ACCOLIMMPOBAHHBIX CO CJEAOBBIMU aMUHAMU 9-ro MOJTHUIIA, XapaKTEPU3YIOTCS
MOBBIIIICHHOW TEMIIEpaTypod Tela B HOPMAJIBHBIX YCIOBHUSAX, U OOJBIITUM
CHIIKEHUEM TeMITepaTyphl IPH OXJIAXKICHUH;

3. Hoxayt rena Taar9 y KpbIC HE IPUBOJUT K 3HAUUMBIM U3MEHEHUSIM NTapaMeTPOB
npu (GEHOTUIIMPOBAHUU B TECTaX Ha JIOKOMOTOPHYIO aKTHMBHOCTh, TPEBOXKHOCTb,

JEMPECCUBHO-TIOIO0HOE TTOBEICHNE U TTaMSATh;



4. Beixmouenune reHa Taar9 'y KphIC  CONPOBOXKAACTCS H3MEHEHUEM B
noaMHHEPTUYECKON CUCTEME THIOTAIaMyca, a UMEHHO MOBBIIICHHEM YPOBHS
nodamuHa;

5. Pa3paboraH HOBBIH DKCIIEPUMEHTAJIBHBI TOIXOJ, BKIIOYAKIINKA B cels
TeTEePOJIOTUYECKYI0 dKcrpeccrto  KOoHCTpykuuu B2N9-TAAR9 B kietkax

HEK?293T, ¢ nocienyronm MoucKoM JIMFaH10B 1pu nomomu Mmeroauku BRET.

JIM4YHBIA BKJIAJ aBTOPa

ABTOp IpUHMMAaJa y4acTUe BO BCEX ATAlax pPEHIeHHs MOCTABICHHBIX 3a/1a4: cOop U
aHaJIM3 JaHHBIX JUTEPaTypbl, PYKOBOACTBO IPOBEICHUEM OOPATHOTO CKPEIIUBAHMUS,
reHotunupoBanue u Benenue tuHnii TAAR9-KO; aktuBHOE yyacTue B GeHOTUTUPOBAHUN
HOBBIX JINHUY T€HETUYCCKU MOTU(UIIMPOBAHHBIX KUBOTHBIX, TPOBEJICHUH METa-aHAIN3a
OTKpBITBIX JaHHbIX 110 PHK-cexkBeHMpoBaHMIO; BBINOJIHEHHE CTATHCTUYECKOIO aHau3a
JTaHHBIX, MHTEpIpeTalus u OOCYXIEHHE pPe3ylbTaToB. MOJEKyIIpHO-OHOIOTHYECKHEe
Meroabl, Takue kak Bbyaenenne PHK, OT-IILIP, [IIIP B peanrHOM BpeMeHH, a TaKkxKe
MMMYHO(DITI0O0OPECLIEHTHOE OKpAIIMBAHUE TaK)Ke ObUIM BBIIIOJIHEHBI aBTOPOM paboThl. Bee
paboThl, CBsI3aHHBIE C KOHCTPYHUPOBAHHWEM MU IOJyYCHHEM BEKTOPOB M KYJIbTYPaMHU KIETOK
(Benenue kierounsix auHM HEK293, CHO-K1, Tpancdeknus), a Takxe metoauka BRET u

CKPUHHUHI arOHUCTOB OBLITH BBIIOJIHEHEI ABTOPOM pa6OTbI.

ITy0nukanuu n anpodauust padoTbl

[To marepuanam auccepTanuu OmyOIMKOBaHO § paboT: 7 HayyHBIX cTaTed B
KypHanax, nHaekcupyrommxcs B WoS, Scopus u PUHII, 1 0630p B xxypHaie, BXOAsIIEM
B nnepeueHb BAK. OcHOBHBIE I0JI0’KEHUS U HAYYHBIE UTOTH JUCCEPTALIHN ObUTH U3JI0KEHBI
B JIOKJaJaXx Ha 5 Hay4yHbIX KOH(QEpEeHUUSX, B T.4. 2 MEXKIYyHapOAHbIX: AKTyaJlbHbIE
poo6IeMbl TpaHCIAIMOHHON Onomenuimubl — 2019, 2022; 33rd ECNP Congress Hybrid,
Virtual, 12 - 15 cents6ps 2020 (onnmaitn); 27th Multidisciplinary International
Neuroscience and Biological Psychiatry Conference “Stress and Behavior” 16-18 centsOps
2020; Mexaynapoanas llkona-kordepeH s Mooabx yueHbix «buomorus - nayka XXI

Bekay, r.Ilymmuno, Poccus, 18 — 22 anpens 2022.



1 OB30OPJIUMTEPATYPBI

1.1 CiaexoBble aMHUHBI

CA CTpyKTYpHO CXOAHBI C KJIACCUYECKUMH MOHOAMHUHAMM, OJHAKO, WX
KOHIIEHTpaLusl B TKAHSAX MO3Ta Ha MOPAJOK HMXKe, OTcroja M UX Ha3BaHue (Pucynox 1)
[13,14]. Hecmotps Ha T0, uTo CA m3BecTHBI 60siee 100 siet, ux QyHKIMS U pacipeieicHue
B TKaHSX M3YYEHBI ropa3io Xyxe, 4eM y nodaMuna, HopaapeHaaTuHa U CEpOTOHUHA, XOTS
OHHU, TaK k€, KaK U 3TU HEUPOTPAHCMUTTEPHI, B OOJBLIIMHCTBE CIy4yaeB SBIAIOTCS
IPOAYKTaMH MeTabosin3Ma aMHUHOKUCIOT, U OOHAapy>KMBAIOTCS B TKaHAX mo3sra [2,15].
Bosee Toro, n3BecTHO, 4TO (PEpPMEHTHI, OTBEYAIOIINE 32 CHHTE3, K CaMa CKOPOCTh CHHTE3a
CA u KjaccMYeCKUX MOHOAMHUHOB INPUMEPHO OJMHAKOBBL. BakHeHmMM oTin4ueM u
HauboJiee BEepOsITHAs NMPUUYMHA MX HU3KOM KOHLIEHTPALMM B TKaHAX FOJIOBHOT'O MO3ra B
TOM, YTO JIaHHBIE BEIIECTBA HE HAKAIJIMBAIOTCA B CHHANTUYECKUX BE3UKYJIAX U MOITOMY
obicTpo  gerpaampytor. bumocuntes CA  HaumHaercs C  JI€KapOOKCHIMPOBAHUS
AMUHOKHCIIOT-TIPEAILIECTBEHHUKOB (EPMEHTOM JIeKapOOKcuia3oil apomaruyeckux L-
amuHokucior (L-AADC). L-AADC Takxke yuyacTByeT B CHHTE3€ KJIACCHUECKUX
MOHOAaMUHOBBIX HEHPOTPAaHCMUTTEPOB. OHAa JOCTATOYHO BBICOKO OJKCIIPECCUPYETCS B
TKaHAX M, TaKUM 0Opa3oM, He cuMuTaercsd (EepMEHTOM, OTPaHUYMBAIOLUIMM CKOPOCTh
cuntesa [13]. Herpamanus CA mpoucXoAMT Ii1aBHBIM 00pa3oM C MOMOIIbIO (EPMEHTOB
MoHoamuHOKcuga3  (MAO), ydyacTByrOImMX B pa3pylmIeHMH  MOHOAMHHOBBIX
HeifpomenuaropoB. [Toutn Bce CA He NPOSBISIOT CENEKTUBHOCTH U METAO00IM3UPYIOTCS
kak MAO-A, tak 1 MAO-b [13]. CooTBercTBeHHO, MHTHOUpOoBaHMe MAO npuBOIUT K
OBICTPOMY YBEIMYEHHIO KOHIIEHTpaluu B-QeHnIdTUIaMiuHa U TPUNITAMUHA B TOJIOBHOM

Mo3re [16].

CA cuHTe3upyrOTCsS MHOTUMH, €CIIM HE BCEMH, BUJIaMH IPOKAPUOT U 3yKapuoT. B
napcrse JKUBOTHBIE SHAOTEHHO cHUHTe3upoBaHHble CA  ObulM OOHapyX eHbl Yy BCeX
UCCIIETOBAaHHBIX Ha CETOJIHSAUIHUM JIeHb BHUJOB OECHO3BOHOYHBIX M ITO3BOHOYHBIX,
BKJIIOYAs JIIO/IeH. B pe3ynbpTaTe nX IUPOKOTro paclpoCTpaHEHUsI KaK B PACTUTEIBHOM, TaK
U B JKMBOTHOM I[apCTBE, IMUUIIEBBIE MPOAYKTHI MOTYT COAEpX aTb 3HAYUTEIbHBIC
konuyecTBO CA B pe3ynbTaTe HEMpPeTHAMEPEHHOTO OaKTEPUATBHOTO BO3ACHCTBUS (TTopUa
MUIIK), HAMEPEHHOTo (HampuMep, B ChIpe M BHWHE) WJIM B pe3yJbTaTe TPpUOKOBOTO

3apaKCHMsI 36pHOBBIX MPOJYKTOB (HAIIpUMeEp, 3apaX€HHON cropbiHbel pxu) [4]. Kpome
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Toro, CA CHHTE3UPYIOTCS B JKEIYA0YHO-KHIIEYHOM TPAKTE IIO3BOHOYHBIX O] IEHCTBUEM
6akrepuanbHoii L-AADC Bo Bpems nepeBapuBaHus nuiiy, 6oratoi 6eiaxamu. M3BecTHO,
9TO y MHOTUX BHJIOB 0€CcrI03BOHOYHBIX CA HIparoT poJib OCHOBHBIX HEHPOTPAaHCMUTTEPOB

[14].

[ToMHMO CTPYKTYPHOI'O CXOJICTBAa C MOHOAMMHOBBIMH HelipoTpaHncMutrepamu, CA
UMEIOT CXO0XKe€ CTPOEHUE C HEKOTOPHIMHM IICMXOAKTUBHBIMHM BEIIECTBAMH, BKIIOYAS
amperamud, M/IMA u ux npousBoaHbIe. Y YeloBeKa HauboJsee pacrpocTpaneHHbIME CA
SBIISTIOTCS] TPOU3BOIHBIC (PeHMIIAITHIIAMUHA ((PEHWIITHIIAMUH, P-OKTONIAMHH, M-THPAMHUH,
TPUMETOKCTUPAMHUH, cuHeppuH), MIPOU3BOJHBIE  TUPOHAMUHA  (TUPOHAMHUH,
TPUHOATUPOHAMHH), TPUIITAMUH U €ro mpousBoaHble. Takxke B uncino CA BKIIOYAIOT JH-
U MOJH-aMUHBI (ITyTPECIMH, KaJaBepuH, ciepMuH, ciepMuuH) [4]. Ha nanHbIii MOMEHT
HAKOIUIEHO JIOCTaTOYHO OO0NbIIONH 00beM JHUTEpaTypbl, B KOTOPOW H3MEHEHMS B
metabomu3me CA CBSI3BIBAIOT C HEBPOJOTHUECKOMMHU 3abonieBaHUSAMH (IIH30(peHHs,
nenpeccusi, CIABI, 6one3np [lapkuHcoHa M T.7.), TEM HE MEHEE, HA YEM OCHOBaHbI
mo100HbIe U3MEHEHUs ocTaeTcs HesicHbIM [15,17]. Bompoc o ¢pusnonoruueckoit ponu CA
OCTaBaJICSl OTKPBITHIM /10 OOHapyXeHHs pelenTopos, acconuupoBaHHbix ¢ CA B 2001

rojy.

CnenoBble AMHHBL MoHoaMHHOBBIE HEHPOTPAHCMHATTEPBI
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Pucynok 1. CooTHOIICHHE CTPYKTYP CIICAOBBIX AMUHOB U MOHOAMUHOBBIX HEUPOTpaHCMHUTTEPOB. 13
Myprasuna, ["afitneTnuaos, 2019.
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1.2 Peuenrtopsl, accouMupoBaHHbIe €O ci1e10BbIMM aMuHaMu, TAAR

Peuentop 1-ro noaruna (TAARI) Obu1 OTKPBHIT ABYMsI HE3aBUCHMBIMU I'pyIIIaMU
B 2001 ¢ momompio meroma IIIIP ¢ wucmosib30BaHMEM BBIPOKICHHBIX IpaliMEpOB K
W3BECTHBIM HAa TOT MOMEHT I1OCJIEI0BATEIbHOCTSIM CEPOTOHUHOBBIX U KATE€XOJIAMUHOBBIX
peuentopoB [2,3]. Bunzow ¢ KomieraMd NpH IOUCKE HOBBIX KaT€XOJIAMHHOBBIX
peuenTtopoB ucciuenoBaiu kJIHK pakoBoil KIE€TOYHON JIMHUU TOKETYIOYHOM KEIE3bI
KpBIC, MCIONB3Ysl IpaiiMepbl K 3 U 6 KOHCEpBATUBHBIM TPAHCMEMOpPAHHBIM YydYacTKaM
GPCR B ietkax. B perpocmnekTHBe CTaHOBUTCS MOHSITHO, YTO BBIOOP MMEHHO 3TOU
KJIETOYHOM JMHUM OBl KpailHe yjJauyeH, Tak KakK IOCJIEIyIolIMe HCCIe0BaTenu
CTOJKHYJIUCh C OYEHb HM3KOH »sKkcrpeccuel 7Taar B OOJNBIIMHCTBE TKAaHEW, 3a
UCKJIIOYEHUEM IIOJUKENyI0YHOM Kejle3bl W, B YacTHOCTH, [-KJIETOK, B KOTOPBIX
Halo1aeTcs BBICOKUHN ypoBeHb Taarl [2,14,18]. Ilpu skcnpeccuu B reTepoOIOTHYECKUX
KJIIETOYHBIX CHCTEMax HOBBI pEUENTOp BbI3BIBAN MNPOAYKLUUIO LHUKINYECKOTO
anenosuaMoHO(ochata (MAMD, cAMP) mocne neiictBus  p-tupamuHa, -
(deHwIdTUIAMMHA, TOTAA KakK KJIacCHMYECKHe MOHOAaMHUHBI (Jo(aMHH, HOpaJApEeHaNNH,
CEpOTOHHMH) Takoro 3P eKTa He OKA3hIBAIH WM JaBalld HAMHOTO MEHbINK OTBeT [2,3]. ¥V
YenoBeKa BhIABIECHO 6 (GyHKIMOHANBHBIX TeHOB TAAR (TAARI, TAAR2, TAARS, TAARG,
TAARS, TAARY), a taxxe 3 nicepnorena (TAAR3, TAAR4, TAAR?7), KoTopbie HE KOAUPYIOT
¢GyHKIMOHAMBHBIN OenoK. I'enbl TAAR yenoBeka crpylnIMpoBaHbl Ha IECTON XpOMOCOME,
a MMEHHO Ha yyacTke 6q23.2, acCOIMHpPOBAaHHBIM C MMU30(QPEHHEeH U OUMOIIPHBIM
pacctpoiictBoM [19]. 'eHOMBI MbIIIN U KPBICH cosiepKat 15 u 17 pyHKIMOHAIBHBIX T€HOB
Taar, COOTBETCTBEHHO. Y MbIIIKW T€Hbl Taar pacloJIOKEHbI B OJHOM KJacTepe B
xpomocome 10 1 mpoHyMepOBaHbI B COOTBETCTBUM C MOPSIKOM Ha XpoMocome, ot Taarl
no Taar9, ¢ nateio mapanoramu reva Taar7 (Taar7a, Taar7b, Taar7d, Taar7e n Taar7f,
Taar7c — eAVMHCTBEHHBIN NICEBJIOTEH) U TPEMsI NapaJIOTMUHBIMU BapuaHTaMmu rena Taar§
(Taar8a, Taar8b u TaarSc). Bece 17 renoB Taar KpbICHl pacmoyIOKEHBI Ha XpoMocome 1.
Ounorenerndeckuii ananu3 74AR 4enoBeka, KpPbIChl U MBIIIU BBISBUII, YTO M3HAYAJIbHAS
nocneaoBarenbHoCcTh TAAR mpereprena BOCEMb COOBITUN YIIIUKAIMKM TE€HOB. OTH
COOBITHS JJAIM HAyallo TPYIe W3 JEBATH T€HOB J0 PACXOXKIEHUS JIMHUW TPHI3YHOB U
npumatoB. [lapanoru Taar7 u Taar8 TpbI3yHOB, BO3MOXHO, Pa3BUJIIMCh B pE3yJbTaTe
HEJIaBHUX HE3aBHUCUMBIX NYIUIMKAMK y Mbimed u kpoic [20]. 3a uckimoyenuem TAAR?2,

BCe npeacTaBuTenn cemencTsa 7AAR MIEKOMUTAIOMIUX COCTOAT U3 OJHOTO 3K30HA. TAAR
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(GUIOreHeTHYECKH OTJAJIICHHO CBS3aHBI C OHMOTCHHBIMHM PELENTOpPaMH MOHOAMHHOB,
TaKUMH KaK pelenTopbl JoaMHHa U CEpOTOHMHA. EAMHCTBEHHBIM M3BECTHBIM BHOM, Y
KOTOporo HeTr HH ogHoro QynkiuoHnupytomero TAAR, sBusercs adamuna [21].
HNutepecno, yto uymcino reHOoB TAAR KoppenupyeT C KOJUYECTBOM OOOHSTEIBHBIX
peuentopoB. TAAR MOXHO pa3ieiauTh Ha JBE€ TPYIIbL: B INEPBYIO IPYMILy BXOAST
peuentopsl nepBuuHbiX amuHOB (TAARI1-TAAR4), Bo BTOpyH0 TIpynmy peLenTopbl
TpetnyHbix aMrHOB (TAARS-TAARY). Ilpuuem mpenmonaraercs, 4To IepBas Tpymma
HBOJIIOIIMOHUPOBAJA MOl dKECTKUM HEraTUBHBIM OTOOpOM, a BTOpas, OoJjiee pa3HOpPOIHAs,
nyTteM mnosoxkutensHoro oroopa. I'pynmma TAARI-TAAR4 »BomOIMOHHO ApeBHEE,
KOHCEpBAaTUBHEE, U B PA3JIMYHBIX N'€HOMAX YJEHbl ATOW IPyMIbl IPEACTABIECHbI OAHON

nzopopmoii. [Ipeamonaraercs, yTo Bropas rpynmna 6epet Hadaio u3 ogHoro rera [21].
1.2.1 Peyenmop TAARI

Ha ceronusimnuii e HanbosIee U3y4eHHBIM WIEHOM 3TOr0 CEMEINCTBA SIBIISIETCS
TAARI1 [22]. TlepBeie naHHBIe O (yHKIMOHAIEHON ponu pernentopa TAARI B
(U3HONIOTrMYECKHUX YCIIOBUSX ObUIM MOJYYEHBI O MOSBIEHUS CEIEKTHUBHBIX JIMTAHAOB K
HeMy Onarojapsi TpaHCT€HHBIM MbllIaM ¢ HokayToM reHa Taarl (TAAR1-KO), kotopsie
ObUIM TOJNy4eHBbl JAByMS He3aBUCUMBbIMU rpynnamu [23,24] (Tabmuua 1). MHuorue
M3BeCTHbIE dHJ0TeHHbIe aroHUCThl TAARI1 nedictBytor u Ha npyrue mumenu B [{HC,
Hanpumep, Ha nopamuHoBbIN TpaHcnoprep (DAT) mnu Ha Be3UKyISIpHBIM TpaHCHIOPTEP
MoHoaMuHOB 2 (VMAT?2). B orcyrctBuu cenektuBHoro nuranna TAARI, memns c
HOKayTOM 3TOr0 T€Ha TMpeJCTaBisijga COOOH €IMHCTBEHHO BO3MOXHBIH BapHaHT
UCCIIEIOBaHMS BOBMOXKHBIX (PU3HOTI0rHYecKHX nociueactsuil nuchyskuun TAAR] u ponu
TAARI B nelictBun (apmakonornyeckux areHToB [25]. M TAAR1-KO He umeror
SPKO BBIPAKEHHBIX (PEHOTHUIMMUYECKUX OTJIMYMHA OT KUBOTHBIX «JIMKOT0 THma» (wild type,
WT), MyTaHTBI YCHIEUTHO Pa3MHOXKAJIKMCh U HE TIOKa3anu oyt or WT B OosibIIMHCTBE
MOBE/ICHYECKUX TeCcTOB. Tem He MeHee OblIO OOHApYKEHO 3HAUMTEIbHOE CHIDKEHHE
peaxkuuu B TeCTe MPEUMIYJIbCHOTO HHTMOUPOBAHNUS Y MbIIIEH-HOKAYyTOB, KOTOPOE MOXKET
yKa3bIBaTh Ha HAPYILICHUS B MEXaHU3MaX CEHCOMOTOPHOM (DMIIbTPALINK, XapaKTePHBIX IS
MAIMEeHTOB ¢ MMU30(pPEHUeH U psiioM Apyrux 3aboneBanuit Mosra. bosee Toro, mbim 6e3
TAARI1 xapakTepu3yloTcs TMOBBIIIEHHONH 4YyBCTBUTEIBHOCTBIO K CTHUMYJIHPYIOIIEMY
JIEeUCTBUIO amM(eTaMuHa Ha JBUTaTeNIbHYIO aKTUBHOCTb. Takke IpU BBEIEHHU HTOTO

ncuxoctumyisatTopa y TAARI-KO nabGmromany 3HAUMTENbHOE YBETUYEHHE YPOBHS
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BHEKJICTOYHBIX MOHOAMHUHOB [23]. AHAJIOTMYHbIE PE3yJIbTAThI MOJIYYeHbI HA TApAILIEIBHO
co3manHoi B komnanuu Hoffmann La-Roche muanu TAAR1-KO mbimeii [24]: myTanTHBIS
KUBOTHBIC Takke OblUTM OoJiee YyBCTBUTENbHBI K JACHCTBHIO aM(peTraMuHa, a ypOBEHb
BHEKJIETOYHOTO JAo(aMuHa TMocjie BBeIeHUs amperamMuHa B CTpHATyME MOBBIIIAJICS
cuibHee, yeM y WT. B HOpMaJIbHBIX YCIOBHUSX y HOKayTOB YPOBEHb BIIEKJIETOYHOIO
nodhaMuHa M JBUTATENIbHAS AKTHBHOCTh HE OTJIMYAIHCHh OT MBIIMICH <«JIMKOTO THIIA»,
OJTHAKO, AJIEKTPO(PU3NOIOTHUECKHE 3aIUCH BEHTPAIbHON O00JACTH MOKPBIIIKU BBISBHIU
yBEJIMYEHUE CIOHTAHHOM 3JIEKTPUUYECKON aKTUBHOCTH AO0()AMUHOBBIX HEHPOHOB [24].
Hamee mokazano, uto apmakonorudeckas Omokama TAARI1 compoBoxkmaercs
YBEIIMYCHUEM CIIOHTAHHON DJIEKTPUYECKOH aKTHBHOCTH AaKTHBHOCTH JTO(PaMHUHOBBIX
HelipoHoB y mbimeid WT (HO He y Mbllel-HOKAaTyoB), Torga kKak aktuBanus TAARI
MPUBOJUT K MHTUOMPOBAHUIO UX aKTUBHOCTU. [lomumo 3tux n3menenuii, y TAARI-KO
MbIIIeH ObUTH HaleHbI OTINYHS B 3(PPEeKTe HEKOTOPHIX aHTUIICUXOTHUYECKHX JIEKapCTB, B
YaCTHOCTH, TaJONepuaoa 1 kio3anuna [26]. B 2012 r. Obuia Takke oxapakTepu3oBaHa
nuHus Mbled ¢ noselieHHOW 3kcnpeccueilt TAARD (TAARI1-OE) [27]. MyrantHble
YKUBOTHBIE IaHHOW JIMHUM HE OTINYAIIMCH 110 TTOBEICHUIO U IBUTaTeIbHOM aKTUBHOCTH OT
MBIIIEH «JIUKOro THUMa». BbIIO 3aMe4eHO, YTO CAMKM JAaHHOM JIMHUM BECHJIM HEMHOTO
Oonpllle, U UX Temreparypa cierka nossimeHa. Kak u oxuganocs, y TAARI1-OE 65110
CHIDKEHO CTHMYJIMpYIOIllee JeHCTBHE amM(eTaMHHa Ha JIBUTaTeNIbHYI0 aKTUBHOCTb, a
ypOBEHb BHEKJIETOYHOTO JOo(paMrHAa W HOpaJpeHaliHA B TMPWISKAIIEM SIpe, a Takke
CepOTOHMHA B MpedpOHTANBHON KOope ObLl MoBbINIeH. HeoXuaaHHBIMU CTalld JaHHBIC
anekTpodusnoiorun — tak xe, kak y TAAR1-KO, B nuaun TAARI1-OE wna6mroganocs
YCWJIEHHWE CIOHTAHHOW  DJIGKTPUYECKOW  AKTUBHOCTH  JO()AaMMHOBBIX  HEHpPOHOB
BEHTpaJIbHOHN 001acTH MOKPHIIKU. OHO U3 00BICHEHUHN TaHHOTO (haKTa 3aKIF0YaeTCs B
CHMXEHHOM akTuBHOCTU monyyisauuu ["AMK-epruyeckux HEHpOHOB, KOTOpbIE B HOPME
JOJDKHBI MHTUOMpOBaTh nodaMuHOBBIE HeipoHbl [27]. Taxxke Obplna co3maHa JTUHUS
TAARI-OE kpbic, Ha KOTOpO# H3y4yanu BHYTpUKIeTOUHbINH curHanuar TAAR] u natTepu

sKcnpeccuu [28].

Crout ormeTuthb, uTo 3Kcrpeccusi TAARI BbIBI€HAa B HECKOJBKUX 00JIACTIX
MO3ra, B TOM 4YHCJIe, B BEHTPAJIbHON 00JacTU TOKPBIIIKK, YEpHOM cyOCTaHLUMU U
JOp3ajJbHBIX spax IIBa. Bce mepeuncieHHblEe sApa SBISIIOTCS KIOYEBBIMU IS
MOHOAaMHUHOBOW HeWponepenauun [15,29]. lannbie mo skcnpeccun Taarl B Mo3re Obun

MOATBEPK/IEHbl HAa TPAHCTEHHBIX MBIIIAX, Y KOTOPBIX B TreH 7Taar! Oblna BCTaBJICHA
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MOCJIeI0BaTeNbHOCTh reHa LacZ ¢ 1enpio onpeneneHus cnennpuieckoi skenpeccun fB-
rajiakTo3ujassl ¢ mpomoropa Taarl [24]. B coorBercTBUU C ero pactpeaenenuem B [IHC,
TAARI1, no-BunuMomMy, GyHKITMOHHPYET KaK PEryJIaTOp aKTHBAIIUU PEIICTITOPOB B IPYTUX
HelipoTpancMHuTTEpHBIX cucTeMax [30,31]. OcoGeHHO XOpOIIo U3YYEHO B3aMMOICHCTBUE
TAAR1 ¢ podamunepruyeckoir cucremoi, rae axtuBauus TAARI1 mnpenorBpamaer
noaMHHEPTHYECKYIO0 THUIMEPAKTUBHOCTh. Takue 3(h(deKThl, MO-BUAMNMOMY, CBSI3aHBI C
W3MEHEHUEM BHYTPUKJIETOYHOW CHUTHalIbHOW mepefaun D2-momgoOHBIX 10(paMHUHOBBIX
peuentopoB (D2R) B coctaBe numepa ¢ TAAR1 nipu aktuBaiuu nocneanero [26,28,32] .
IlepBrie mpemnaparbl ¢ TAARI] akTHMBHOCTBIO B HAcToOslEE BpeMsS YXKE MPOXOJIAT
KJIMHUYECKUE MCIBITAaHUS, 4 TAK)KE BEJETCS aKTUBHBIM ITOMCK HOBBIX aroHucToB [33-35].
SHT1A/TAARI1 aronmct, SEP-363856, paspabotaHHblli KOMIaHHEeH Sunovion
Pharmaceuticals, cHu»kaeT ™O3WTUBHBIE U HETaTHUBHbIE CHUMIOTOMBI Yy OOJBHBIX
mm3odpenueit [33,36]. TAARI Taxke, BeposTHO, (YHKIIMOHUPYET M Ha mepudepuu B

[IOJIKEITYJOYHOM XKelie3e, XKellyIKe, HIMMYHHOU CUCTeME U IIpu oHKousioruu [4,37]
1.2.2 Peyenmopvr TAAR2, TAARS5, TAAR6, TAARS

HoBbiM BUTKOM B HcTopun u3yuyenus poiau CA crasno omy6aukoBanHoe B 2006 rony
uccnenoBanre, B koropoM TAAR ObutM omucaHsl B KayecTBE HOBOIO Kiacca
o0oHsATENbHBIX penentopoB [5]. Beuto mMoOKazaHo, YTO BCE WIEGHBI CEMEWCTBa, 3a
uckimoueHneM TAAR1, skcnipeccupyroTcs TOJIbKO B 000HsTENbHOM 3niutenuu. Kak celfuac
U3BECTHO, M3-3a HU3KOTO YpPOBHS JKCIPECCUM M HE OYEHb YYBCTBHUTEIBHBIX METOJOB
JEeTEeKIMU UX OBUIO CIOXKHO OOHApyXWUTh B Jpyrux TKaHsax [31]. B menom, poab 3THX
TAAR mnoka ocraercs HEM3YYEHHOM, XOTS CYLIECTBYIOT JaHHbIE 00 UX SKCIPECCHH B
tkansx [{THC. Crout ormeruTsh, uTo 3Kcnpeccus Bcex TAAR Obliia Takke BBISBIIECHA U B
nepudepuyecKiX TKaHIX: KIETKH KPOBH, CepJieuHasi TKaHb, IOYKH, CECMEHHUKH U MHOTHE
npyrue [4]. B HHC npu momomu merona rubpunuzanuu in situ MPHK TAARS Osbina
HaliileHa B 00JIacTW MHHJAJIEBUAHOIO Tela, MyrooOpa3HOM spe, BEHTPOMETUAIbHOM
TUIOTalaMyCce MBI, NMPUYEM JIOKAIW3alMs B THIOTajJaMyce U MHUHAAJIEBUIAHOM Telle
coBnanana ¢ TAARI [6]. Merogom OT-IILIP 6buta o6HapyskeHa skcnpeccust TAARG B
npedpoHTaNIbHON KOpe, YepHOM CyOCTaHIIMH, MUHAAJIEBUIHOM Teje, 0a3albHbIX SIpax U
TUTITIOKAaMITEe YeJIOBEeKa, MPUYEM camasi BBICOKasl dKcrpeccus Obuia B rummokamie [3,38].

MPHK TAARS Oblta HaiiieHa B MUHIAJICBHIHOM Tene [3].
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[Toaromy st Ooiiee TOYHOTO oOmpeneincHus (QYHKIMH OSTUX PEIenTOPOB
TpeOoBaIach OLIEHKA KUBOTHBIX, HOKAyTHBIX IO PELETITOPaM HHINBUYATbHBIX CIICTOBBIX
amuHoB TAAR2-TAARDY. IlepBbiec paOoThl MO M3YyYECHHUIO KUBOTHBIX C HOKAyTOM T'€HOB
TAAR Opl1u cocpeoToueHbl Ha UX poJiM B OOOHSHUHU. bbuta co3pgaHa JIMHHUS MBIIICH C
MOJIHOCTBIO BBIKIIFOUEHHBIM, 32 UCKItoueHueM Taarl, knacrepom Taar (TAAR2-TAAR9-
KO wmbimm) [39,40]. BeikintoueHne cpazy HECKOJIBKHUX I'€HOB CTaJO BO3MOXHBIM BBUIY
KJIaCTepHU3aIMKi I'eHOB Taar Ha OJHOW XpOMOCOME. DTa MOJIeb Obljla HCTOJIb30BaHa JIJIs
M3y4YeHHs] 3HAUMMOCTH psAa 3amaxoB, pacno3Harommxcsi TAAR, u ux BiousHuE Ha
noBegenue. Ilomumo m3menenuii B ooonsunn, TAAR2-TAAR9-KO Mplmm He Iokasaia
3HAYUMBIX OTJIWYWN 10 Macce, ABUTaTeIbHOM aKTHUBHOCTH OT JKHBOTHBIX «IUKOTO THIIa»

[39].

B nabopatopun HeiipoOuonoruu u monexysipaoit papmakonoruu UTBM CIIOI'Y
Ha mbimax Juaun TAARS-KO co BcraBkoii LacZ Obna mokaszana skcnpeccus Taar5 B
OOOHSTENBHON JIyKOBUIE, OPOUTOGPOHTANIBHON W HHTOPHUHAIBHOM KOpe, amurjaie
(MHHIIATIEBUIHOE TEJIO0), TUIIOKaMIIe, IPUIIeKaIleM sape, TalaMyce U runoranamyce [7].
OTU JTaHHBIE COTJIACYIOTCSl C TOJIYYEHHBIMH TPU IMOMOIIM METO/Ia in Situ THOpUIU3AIIT
[6]. Panee skcnipeccus TAARS Obuta Takke HalifieHa B MUHIAJIEBUIHOM TEJIE y YETIOBEKa,
YTO MOXXET TOBOPUTHh O KOHCEPBATUBHOCTHU HKCIPECCUMU Yy MBIIKM W uenoBeka [41].
Hoxaytst mo TAARS ObutH 5KHM3HECTIOCOOHBI M HE TIOKA3bIBAIA CHUIIBHBIX OTKJIOHEHUU B
OOJIBIITMHCTBE TOBEJACHYECKUX TECTOB, OJIHAKO, Y HUX OBUIM M3MEHEHHUs B TeCTax Ha
JEMPECCUBHO-TIOIOOHOE TIOBEJACHUE W TPEBOXKHOCThH, a TakKe ObUI CHUXKEH YPOBEHBb
CEpPOTOHWHA B CTpUATYM€ M TUIIIOKamIe. IHTepecHO, 4To TUIOoTepMUYECKOe AeCTBUE §-
OH-DPAT, aronncra 5-HT1A-cepoTOHMHOBBIX peuentopos, y HokaytoB mo TAARS
ObUT0 OoJiee BBIpakeHO, yeM y kUBOTHBIX WT [7]. Jlanmee, Ha 3TUX e MbIIIax OBLIO
MMOKa3aHO YBEIWYCHHE KOJWYECTBA JO(DAMHUHEPTUYECKUX HEHPOHOB W TIOBBIIICHHOE
conepxanue nopamuna B ctpuaryme [8]. Takum o6pazom, TAARS, mo-BuauMomy, urpaet
(YHKIIMOHATBHYIO POJIb HE TOJBKO B OOOHSIHUU, HO TaK)X€ MOXET OBITh BOBIICUCH B
KOHTpOJIb addexkTuBHOTO NoBeneHus. Y wmbieit nuauu TAAR2-KO co BctaBkoit LacZ
OBLTM CHUKEHBI TIOKA3aTeIM TPEBOKHOCTH, a TaK)Ke TOBBINICH ypOBEHb N0daMHUHA B
cTpHatyMe, a »JKcmpeccus OeTa-TamakTto3waassl moa mpomoropom TAAR2 Obina
oOHapyxeHa B 000HSATENLHOI TyKOBHIIE, THIIIIOKaMIIe, TUTIOTaJIaMyce U cTBojie Mo3ra [9].
[TonyueHHble JaHHBIE TO3BOJISIIOT MPEANOI0XKHUTH, 4TO HE TOIbKO TAARI, HO 1 OCcTaNbHbBIE

yieHbl cemeiictBa TAAR moryT urpath 3HauumMyro poib B pyHkinonupoBanuu [THC, u
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TpeOyIOT JambHEHIIer0o M3Y4YeHHS, B TOM YHCJIE C IMOMOIILI0 TPAHCTEHHBIX MOJENeH

KUBOTHBIX [42].

Tabauya 1. Xapakmepucmuxa tunuti mpauceennvix scueommuvix no TAAR

Jlunus Bun XapakTepucTuka Hctounuk

[23,24]

U3MEHEHHE TIOBEICHUS TP ICHCTBUH aM(peTaMuHa,
CHIDKEHUE PEAKLUU B TECTE IIPEUMITYJILCHOTO
MHIMOMPOBAHNS, YBEIIMYEHHUE YU CIIA CIOHTAaHHBIX
UMITYJIbCOB 10()aMUHEPTUYECKUX HEHPOHOB B
BEHTPAJIbHOM 00JIaCTH MOKPBILLIKH.

TAARI1- | mpims/
KO KpbICa

MOBEJICHUE HE U3BMEHEHO, CHMXKEHO CcTUMyupyromiee | [28,43]
neiictBue aMm(eraMruHa Ha IBUTaTENIbHYIO
AKTHUBHOCTbH, YBEJIIMUEHO YHUCIIO CIIOHTAHHBIX
TAARI- | Mpiib/ | UMIYIECOB 10(aMUHEPTUIECKUX HEHPOHOB B

OE KpbICa | BEHTPAJIbHOU 00JIaCTU MOKPHIIIKU. OOHAPY>KEHA
cBs13b Mexxay TAARI1 u penentopom nodamuna D2R
in vivo u oTkpsIT B-appectun2/AKT/GSK3 kackan
npu aktuBauu TAARI1

TAAR2- M3MEHEH MOPOT 00OHATENBbHON UyBCTBUTENBHOCTH K | [39]
MBIIIb
9-KO JETYYUM aMHHAM
TAAR2- . [9]
KO MBILIb | U3MEHEHMS B J0(haMUHOBOM cUCTEME
TAARS W3MEHEHUS JIENPECCUBHO-TTOJOOHOTO IMOBEICHNUS, [7,8,44]
KO MBIIIb | U3MEHEHUS B 0()aMUHOBOW U CEPOTOHUHOBOM

CUCTEMC,; CHUKCHO BJICUCHUC K TPUMCTHUIIAMUHY

1.2.3 Peyenmop TAARY

I'en TAAR9 y wuenoBexka komupyer Oemok 348 a.x. Ilpum BeIpaBHUBaHUU
aMUHOKHCIIOTHOM TnocnenoBaTeslbHOCTH TAARY denoBeka M KpbICBI HIAEHTHUYHOCTH
coctaBisieT 84.2%, yenoBeka U MblU — 86.8%. Iomumopduzm A181T, npuBosamuit x
HedyHKunoHansHOMY TAARY (cTon-komoH B pe3yibTaTe MyTallud MOSIBISETCS IMOCIE
nepBoi TpacMeMOpaHHOI neTin), u3BecteH y 20% momyniaunu, OJHaKo, €ro KIMHIUYecKas
3HAYUMOCTD MOKa HescHa [45,46].

Okcrnpeccusi TAAR9 y denoBeka Oblia 0OHapyKeHa B OOOHATEIHLHOM SIUTETUU
[47], xenynke [48], runmoduse, ckenmeTHbIX MbImax [45], neikorurax [49,50]. MPHK
Taar9 MbIIIM TaKKE BBIABWIM B JKEJIYJOYHO-KUIIEUHOM TpakTe, TIJe OHa

NPEUMYILICCTBCHHO JIOKAJIM30BaHA B KJICTKAX CIIM3UCTOM I[BCHaI[HaTHHepCTHOﬁ KHIITKH1
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[51], cenezenke [52], moukax [18], ceruarke [53], OOOHATEILHOM OSIHUTCIUU U
oboHnsATenbHOM JykoBuile [40]. ¥V KpbIC BCEro HECKOJBKO TPYMIT U3YYaldH SKCIPECCHIO
reHoB Taar [52,54,55]. Chiellini u xoyern Opaau roMOreHATHI IIEJIOT0 MO3Ta, a TaKkKe
nepudepudeckux opranoB s npoeaeHuss OT-ITLP u mokazamm sxcnpeccuto Taar9 B
Kope, 0eJ0M BeIecTBe MO3ra, MO3KEUKE, KHIICUHUKE, a TAKKE B CEMEHHUKAX, OJTHAKO,
curHan Obu1 menpme 10 xommii kJIHK/lpg PHK, mostomy 3T naHHBIE TpeOyrOT
noaTBepkaeHus [54]. B eme ogHoit padorte sxcnpeccus Taar9 Oblia BeISIBICHA HAPSIY C
npyrumu TAAR B cnuHHOM Mo3re Kpbic [52].

IlepBoie aronuctsl TAARO Kkpbichl OKa3anuch TPETUYHBIMU aMHHaMH, N-
Metunmunepuand (EC50=18.3 uM) u N-gumermnuumkiorekcmwiamud (EC50=26.6 uM)
[56] (Tabmmma  2). Jamee  cnucok  aronuctoB  TAAR9  momosmHmics
AMUHOSTHIINUIIEPUANHOM, IUAMHHOM KaJaBEepUHOM U TMOJHMAMMHAMU CIEPMUHOM U
cnepmuanHoMm ¢ EC50 > 50 uM y TAAR9 mbimm [57], npuyem EC50 panee onrcanHbIX
N-Mmetmwimunepunaa u N-IUMETHIIHUKIOTeKCHIIaMUHA Y MbIMHOTO Obl1a >100 uM. B
2022 Bbiia paboTa MO BBICOKONPOU3BOAUTEIBHOMY CKPUHUHIY aroHucTtoB TAAR
Pa3IMYHBIX BUIOB, OBUIO MOKA3aHO, YTO CIIEPMHUINH Takke akTuBUpyeT TAARO kphichl,
XOMAYKA, KPOJNUKA W KOIIKW; KaJaBepHUH M CIEPMHH — KPBICHI M KOIIKH; N-
METUITUTNIEPUIANH, N-TUMETHUIIHKIOT €KCHIIAMIH, TPUITUIIAMUH — TOJIBKO MBIIITU U KPBICHI
[58]. OnHako otu e BemecrBa aktuBupoBann u apyrue TAAR (TAARS, TAARG,
TAARS8c, TAAR7Db,c), 3a HCKITIOUeHHEM KaJaBEepUHA, CIEPMUIUHA U CTIEPMHUHA, KOTOPBIE
Oobutn aronucramu Tonbko TAARY. UsBectho, uto peuentop TAAR9 Mbimm
aKTUBHUPYETCS KOMIIOHEHTAaMH MOYHM pa3JIMYHBIX BUJOB MIJIEKOMHUTAIOMINX, BKIIIOYas
MBIIIIEH, KPBIC, YeTTOBEKa M XUITHUKOB [12].

Huddepenumansuas sxkcnpeccus Taar9 6puta oOHapykeHa B BOCIIAJICHHBIX 30HAX
npu 6one3nu Kpona [59] u B mouke npu MoJenupoBaHUM 1uabeTHueckoi Hedpomnatuu y
kpeic [60]. IIpu uccnenoBanuy BIMSHUS KaJlaBepruHa Ha BBDKMBAEMOCTb IIPU paKe Ipyau
in vitro OBUIO TOKa3aHO, YTO TOJOXKUTEIBHBIM A(PEeKT KagaBepuHa BO3MOMKHO
onocpenosaH, Hapsay ¢ TAAR] u TAARS, uepe3s TAARY [61].

TAAR otHocsTCS K Kitaccy A penenTopos, conpsbkeHHbIX ¢ G-6enkoM (A-GPCR).
OTOT KJacc HMMEeT JBa THUIA JIMTaH/A-CBSI3BIBAIOIIMX CANTOB: alZIOCTEPUUECKUN U
OpPTOCTEPUUECKUN. AJUIOCTEpUYECKHE CalThl pacrnojarailTcs Ha HEYNOPSI0UEeHHBIX
BHEKJIETOUHBIX METJISIX, @ OPTOCTEPUUECKHE — BHYTPU TPAHCMEMOPAHHBIX TOMEHOB. XOTS

Ha JaHHBI MOMEHT CTPYKTYpHasl OCHOBA Pacllo3HaBaHus JUTranaoB peuentopamu TAAR
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He coBceM MOHATHA, Y TAARY Mpimm Ha npuMepe CBS3bIBaHUS C AMAMMHAMU H
MOJTMaMUHAMH OBbUTM ONUCAHBI 2 TYHHENS U BXOJa JIMTaHJa B OPTOCTEPHUECKUI CalT
CBS3bIBAHUS, a CAMT-HANpPaBIIEHHBIM MyTareHe3 I03BOJMII BBIIBUTH AMHHOKHCIOTHI
(Asp3.32, Tyr6.51, Tyr7.43), koTOopble BaXKHBI JJIs pacliO3HABaHUs JTUTaHI0B [62,63].
Tabauya 2. Aeonucmor TAARY

Aronuct TAAR9 EC50, Bug Hcrtounuk
uM
122 | mpmue | [57]
N, N-IuMeTUIIUKIOT€KCUTIaMUH 26.6 [56]
30| Kpwica 58]

163 | mpiup | [57]
18.3 | kprwica | [56]
66 | mpmmb | [S57]

N-meTunnunepuana

TPUATUIIAMHUH “ xpeica | [58]
1-(2-aMHHO3THIT) TUTIEPHINH 66 | mpimb | [57]
55| mpms | [57]
- | xpbica
CIIEPMUIMH - | XoMsK (58]
- | KponmK
- | Komka
120 | mpmms | [57]
CIIEpPMUH - | xpeica | [58]
- | xomka | [58]
243 | mpmus | [57]
KaJlaBepuH

- | xomka | [58]

1.2.4 Poav TAAR 6 o6onanuu

Kak yxaspiBasiocs panee, TAAR ydacTByIOT B pacno3HaBaHUM 3amaxoB [5,64],
MOTOMY OHM OBIIM OTHECEHbl K HOBOMY KJaccy OOOHSTeNbHbIX perientopoB (OP),
pPETryIUpYIOMIUX WHCTUHKTUBHOE TOBeleHue. I3BecTHO, 4YTO TEpBBIM MIaroM B
BOCHPUATHH 3araxa sIBIsieTcs B3auMoJIeHCcTBUE ojjopaHTa ¢ G-0elIKOoM, CONPSKEHHBIM C
OOOHSTENFHBIMH PELIETITOPAMHU, PACIIONOKCHHBIMU Ha TOBEPXHOCTH OOOHSITEIBHBIX
ceHcopHbIX HelipoHoB (OCH) B 00OHSTENEHOM SMUTENMH HOCA. AKTUBHpOBaHHBI OP
MHULUUPYET Kackaj peakiuii, HeoOX0IMMBIX JJIs Iepeiauu CUTHAJIA O 3araxe, KOTOPBIA B
KOHEYHOM cuére nomnaaaet B Mo3r. Otaenbablii OCH MOHOAMIEbHO KCIPECCUPYET OJMH

(YHKIMOHATBHBINA T€H pelenrtopa 3anaxa, HeHpOHBI C OJHUM U TEM K€ PEeLenTOpOM
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CllydailHBIM 00pa3oM pacIpeesieHbl B Ipeienax 0JHOM 000HATEIbHOM 30HbI NUTEeNus. Y
MIIeKOMHUTAIMUX w3BeCTHO Oonee 1000 OOOHATENBHBIX PEIENTOPOB, HYTO XOPOIIO
COTJIACYETCsl ¢ UX CHOCOOHOCTBIO OOHApY)KMBATh M pa3iiMyarh PasHOOOPa3HbBIC 3araxu

[65].

bpu10 mokaszano, 4To Kaxawlil 7aar SKCIPECCUPYETCA MOHOAUIEIBHO U ONPEAETSAET
YHUKaJIbHYIO MOMYJISIUI0 CeHCOPHBIX HeWpoHOB (<0.1% ot oOuiero uuciua), KoTopas He
akcnpeccupyetr apyrue renbl Taar umu OP [40]. Takum oOpazom, TpaBUIO «OIUH
peuenTtop — OoauH HeWpoH» kaHnoHuueckux OP, mo-Bumumomy, BepHo u st TAAR.
Opnako, oxoxe, yto Jaar UMEIOT Opyroi, yeM y kaHoHuueckux OP, mexanusm npu
BBIOOpE, KAaKOW TIeH HKCIPecCHpOBaTh. DMUT€HETHYECKas MOJIMUCh T'eTepoXpoMaTHHA,
xapakTepHas i Moiavamux renoB OP, orcyTcTByer B renax Taar [66,67]. Kpome Toro,
HEaKTUBHbIE I'eHbl Taar HaXOAATCS B APYTrOM SIEPHOM KOMIIAPTMEHTE, YEM HEAKTHBHbBIE
rersl OP [68]. Takyke 0JTHOBPEMEHHO JIByMsl IpylamMu y reHoB 7aar ObulM ONHMCaHbl 2
SHXaHCepa, JAeJIeUHs] KOTOPbIX MPUBOJMIA K TIOJHOMY HCYE3HOBEHUIO KIIETOYHOM

nonyssiunn TAAR-OCH [69,70].

VYV HokayTHbIXx TAAR2-9-KO >UBOTHBIX ONHMCAaHbl H3MEHEHHUS B IOJIOBOM
noBeieHMM U BbIOOpe maptHEpa [10]. Moua MHOIMX XMIIHMKOB COJIEPXKHUT [3-
(eHUIITUIIAMUH, YTO BBI3BIBAET Y MBILIEH peakIfio H30eraHus, 0IHAKO, TP BHIKIIIOYEHUU
TAAR2-9-KO y xuBOTHBIX 3Ta peakuus ucuesana [12,39]. YV msimeit ¢ Hokaytom Taars
Obl1a OOHApY’KEHA MOTEPsI BJIICUEHUS K TpUMETUIaMuny, aroHucty TAARS [44], koTopsrit
IIPUCYTCTBYET B ModYe Mblied. [IpydueM B BBICOKMX KOHILIEHTpALMsIX OH BBI3BIBAET
aBepCUBHOE IMOBEJICHHE, a B HU3KHX, KOTOPbIE COOTBETCTBYIOT (DHU3HMOJIOTHYECKOM
KOHIIEHTpALMH, AeMCTBYET Kak arTpakTaHT [44]. MpIln «AUKOTO TUIIa» AEMOHCTPUPYIOT
n30eranue K kajaBepuHy U N-METWJINMUIEPUIMHY MPU Pa3HbIX KOHUEHTPALUAX, IPUUYEM
HU3KHE KOHIIEHTpPAlMM 3THUX BELIECTB IMEPECTAlOT BBI3bIBATH ABEPCHUI0 Yy MBIIIEH C
knactepHoit nenenueit Taar2-Taar9 [39]. Takxke paHee ObLIO MMOKA3aHO, YTO PBIOBI Danio
rerio TPOSBISIOT aBEPCUBHOE IOBEJEHUE K KaJaBepUHYy, NPUYEM TaKoe IOBEACHUE

obecnieunBaet perentop TAAR13c [71].

TakuM 00pazoM, ASTH PELUENTOPHl UTPAIOT POIb B PACMO3HABAHUHU 3aIaxoB,
PEryjIupyromux HWHCTHHKTUBHOC IIOBCICHUC (3anax XHUIITHUKA, THHIOIINX TKaHeﬁ,
MOJIOBBIX  3allaxOB) W, TO-BHAMMOMY, CYIIECTBYeT clokHas cBsisb TAAR ¢

OOOHSTENFHBIMY CUTHAJIAMHU M BUIOCTICIIU(PUIHBIM MOBeeHUEM [64,67].
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1.3 BuyrpukierouyHasi curHajabHas nepeaaya TAAR

GPCR, k xotopsiM oTHOCsTC TAAR, siBstroTcss MemOpanHbIME Oenkamu ¢ > 800
UICHTU(QUIMPOBAHHBIX TE€HOB y  4eJOBeKa. Onu nepenatoT  OGOJBIIMHCTBO
BHYTPUKIIETOUHBIX OTBETOB Ha BHEIIHHME Pa3qpa)KuTesd (CBET, BKYC, 3amax, TOPMOHBI,
HerporpancMutTepsbl). GPCR 00bIYHO JesITCS HA MATh CEMEUCTB B 3aBHCUMOCTH OT HX
CTPYKTYPBI U TOCIIEIOBATEIbHOCTH. JIMTaHABl OT HEOOJIBIIMX MOJIEKYJ A0 NENTUAOB U
OCIJIKOB CBS3BIBAIOTCS € Ki1accoM A (poaoricunonoao0HbiM) GPCR, Kk KOTOpBIM OTHOCSTCS
TAAR. Ilentunneie TOPMOHBI AaKTHUBUPYIOT peLENTOpbl kimacca B (cemelicTBO
CEKpPETHUHOBBIX peuentopoB). MoHBI M MenKHWe MOJEKYJbl SBISIOTCS JUTaHIaMU IS
peuentopoB kiacca C (meraboTpomHble TiyTamaTHbie peuentopsl). Jluranmsel
anre3moHHsix GPCR, B ocmoBHOM, HemsBecTHBL. GPCR cemeiictBa Frizzled sasmsrorcs
perienTopamMu CUrHalbHbIX nenTuaoB wingless int-1 (WNT) [1].

Peuentopel cemeiictBa GPCR  HMMEOT TOMOJOTMYHYIO MPOCTPAHCTBEHHYIO
OpraHu3aIHIo, OHU COJIEPKAT CEMb TPAHCMEMOPAHHBIX CIIUPAJICH, a TAK)KE BHEKJICTOUHBII
N-koHIIEeBO ©  BHYTpUKJIETOUHbIH C-koHIeBOM yuyacTku. CailTel CBsA3BIBAaHUS
HU3KOMOJIEKYJISIPHBIX COCIUHEHHMM (JIMTaHI0B) BO MHOTHX CIIy4asX JOKaJIW30BaHBI B
TpaHCMEMOpPaHHOM JIOMEHE pelenTopa, B TO BpeMsl Kak MENTHUIAHbIE TOPMOHBI H
perynsTopbl OEJIKOBOM MPHUPOJBI B3aUMOJEUCTBYIOT € N-KOHIIEBBIM yYacTKOM U
BHeKJIeTOuHbIMHU TieTisiMu. [locne aktuBaruun GPCR penientopsl 00pa3yroT KOMILUIEKC C
rerepoTpuMepHbiM G-0eIKoM (TyaHUH HYKJICOTHJ CBs3bIBatoLIMM OenkoMm). G-Genok
OOBIUHO SIBJISETCS KOMIUIEKCOM, COCTOSIIIUM U3 Tpéx cyobenunull Gq, Gp, Gy. U3BecTHO
HECKOJIbKO TUTIOB Gy CYOBEIMHHUII, aKTHBAIUS KXKI0W U3 KOTOPHIX MPUBOJIUT K Pa3HBIM
spdextam: Gos, Gai/Gao, Gog/Gatl, Ga12/Ga1z m Mansle MoHOMepHble ['Tdaszer [72].
[lepenaya curHana MpOUCXOAUT OIarofaps U3MEHEHHUIO CTPYKTYPhI PEIenTopa, KOTopoe
npuBoauT Kk 3ameHe ['JI® na I'T® B cBs3wiBaromem aoMeHe Go CyObeqUHUIIBL. DTO
MPUBOIUT K pacrany komrmuiekca Ha Gq U Gpy cyOBEAMHMIBI, Kaxaas U3 KOTOPBIX
3amycKaeT OMOXUMHUYECKHI (hepMEHTATUBHBIN KacKaJ peaKIiui, BEI3BIBAIOIINI T€HOMHBIE
(M3MeHEeHNe HKCIIPECCUU TeHOB U PETUIMKAIlMU) U BHETEHOMHEBIE (aKTUBalKs (EPMEHTOB,
MOHHBIX KaHAIOB) 0TBeTH. TAM®, nousl Ca**, unosutonTpudoCchar, TMALUITTHIEPHH 1
OKCHJ a30Ta SIBIIAIOTCS Hanbojiee pachpOCTPaHEHHBIMH BTOPUYHBIMH MECCEHKEPaMHU
9TUX KackamoB peaknuii [1]. Kpome Toro, B-appecTuH sBIsS€TCS BaKHBIM ITApTHEPOM

GPCR penentopoB. Hecmotps Ha To, uto 30-40% BCeX AOCTYNHBIX B HACTOSIIEE BpeMs
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nekapctB saBisitorcs gurangamu GPCR, B meaunuHe 3aneiicTBoBaHbl TOJbKO <10%
u3BecTHbIX GPCR [73].

beiio o6napyxkeno, uro TAARI cBs3an ¢ Ggs, KOTOPBIM YBEIWYUBACT
BHYTPUKJIETOYHYIO KOHIIEHTpanui0 HAM®P u akTUBHpPyeT [ajbHEHIIYIO Iepenavy
curHaiioB [2], mostomy aktuBanuio TAARI B keTouHolM cucteMe, B OCHOBHOM, U3y4aln
C HUCIIOJIb30BAaHUEM METOJIOB, OCHOBAaHHBIX Ha mnpoaykuuu HAM® [74]. OnHako, ecTb
paboThl, B KOTOPBIX in Vitro akTUBaIMIO cUrHaabHOM mepemaun TAARI ycnemHo
uccinenoanu uepe3 Gq (a umenno Gqie) [75,76]. Takxke ObLTO MMOKA3aHO, YTO B OTBET HA
amperamud TAARI wmoxer pexkpytupoBaTh Goq U Gaiz [77]. AxtuBauusa TAARI
aronuctoM RO5166017 BoBnekaeT 6enok Gpy ¥ IPUBOJIUT K HAIPABICHHOMY HapyXKy TOKY
nonoB K' uepes cpssanubie ¢ G-0€lIKOM BHYTPEHHUE PEKTUPUIMPYIOLINE KAIHEBHIE
kanansl (GIRK) B mopamuneprudeckux u ceporonnHepruyeckux Heiponax [30]. Takxke
aktuBauusa TAAR1 moxer mpoucxoauth no (G-0enok He3aBHUCUMOMY IyTH 4depe3 [-
appectuH [28].

Hecmotps Ha 10, uT0 TAAR (unoreHeTrndeckn oTiHyarOTcs OT kKaHOHUYeckux OP,
OHU TEpelaloT OTBET, MCIIOJb3ys KaHOHWYECKMH KackaJl mepegadyd OOOHSATEIbHOIo
CUTHaJa, o KpaiiHeil Mepe B oOoHsaTenbHOM snutenuu [67]. TAAR mepenator curnan
gyepe3 G-Oenku 00oHATENbHOrO TUMA Golf, KOTOPbIE CHUHTE3UPYIOTCS B OOOHATEIBHOM
SNUTENINU U Tak ke, Kak Ggs, aKTUBUPYIOT afeHwnaTuukiaasy Il tuma m yBenumuuBaroT
npoaykuuio tAM® [5,57,78]. B apyrux tkansx OonpmuHcTBO TAAR compsbkeHsl ¢
Gos[11]. Onnako ecTb cooO1IeHNS, TOKa3bIBAIOIINE, UTO HeKOTOpble TAAR comnpsikeHsl ¢
Gq apyroro tumna. Hampumep, 6azanbHast aktuBHOCTE TAARS MokeT ObITH omocpeoBana
G ¥ IPUBOJUT K CHUXKEHUIO YpoBHA HAM® in vitro [79]. Kpome Toro in vitro, 6b110
[I0Ka3aHo, 4To nepenaya curHasioB TAARS moxeT BoBnekaTh Gog/11- U Ga12/13-3aBUCUMBIN
MAP-xuna3sbiil kackan [6]. UaTepecHo, uto TAAR2 MoxkeT retepoauMepu3oBaThCs C
TAAR1 B mnonumopduosaepubix Heitpopunax (PMN), dyro HeobOxoaumo ams
xemorakcuyeckoro orsera [50]. Kak u B ciayuae apyrux TAAR, axtuBanus TAARO9
NPUBOAUT K HakoruieHuto HAM®D, omnocpenoBaHHbM OenkoM  Gos U Gorr [11,12].
WHTepecHo, 4TO NMpU M3YYEHHUHU SKCIIPECCUU OOOHSATENBHBIX PELENTOPOB 32 IMpeesiaMu
0OOHSTENBHOM CUCTEMBI OblJIa TOKa3aHa KO3KCIpeccHs OEJIKOB, yUacTBYIOIIMX B Iiepeayue
00oHATENbHBIX curHaIoB [80]

Curnanbnble myTu aktuBanuun TAAR npeactaBisiior co60it 0COOCHHBIN MHTEPEC,

HO MHOTHE TPYIIBl CTOJKHYJIHCH ¢ mpobimemoit m3yueHuss TAAR in vitro wu3-3a
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CIIO)KHOCTEHl C HMX OKCIpeccuedl Ha KIETOYHOM MeMOpaHe, 1Mo KpaiHed wmepe, B

reTePOJIOTUYECKUX KIETOUHBIX cucTemax [31].

1.4 T'ereposoruveckas 3xcnpeccuss TAAR

Jns  QyHKIIMOHAIBHOTO aHalM3a AKCIPECCHPYEMBIX PELENTOPOB TpedyeTcs
HaJle)KHAsT W YyBCTBUTENbHAs CHUCTEMa aHalu3a, moaxoasmas s 3¢G(EeKTHBHOTO
CKPUHHUHTA C OOJBIIMM KOJMYECTBOM JIUTaH0B. KilerouHast TuHus, oydeHHas U3 KJIETOK
nouek dMOpuona dyenmoBeka HEK293 nambonee wacto wucmomb3yercs — Juist
¢dbynkuonansHbeIx TecToB GPCR in vitro. Takke npuMeHsitorcs oouuTsl Xenopus laevis,
KJIETKA HACEKOMBIX, IPYTUE KICTOYHBIC JIMHUHA MieKonuTaromux. s aekoroperx GPCR
HEOOXOUMBI BCIIOMOTATEIIbHBIC OCJKHU JJIS MPaBUILHOTO HAIPABJICHUS HA KJICTOYHYIO

MeMOpany [81].

Tak kak TAAR 1U10X0 3KCIIPECCUPYIOTCS HA MEMOpaHe in Vitro B TeTePOJIOTHICCKUX
CUCTEMAax, paHee HCIOJb30BaIM CUTHaIbHBIE mocaenoBaTenbHocTH GPCR, xopomio
JIOKAJIM30BaHHBIX Ha MeMmOpaHe: TmepBble 9 aMHHOKHUCIOT [2-aApeHepruvyecKoro
penentopa [82], mepBeie 20 aMMHOKHCIOT denoBeueckoro [78] wnm Obrubero [6]
pononcuHa. OgHOW W3 NPUYMH CIIO)KHOCTH MEMOpaHHOM HKCIPECCHH MOXKET OBITh
OTCYTCTBHE TJIMKO3UIUPOBaHMs Ha N-KOHIIe, KoTopoe Obuto mokaszano st TAARI [82].
Paznuunble moaxonabl ans reteponormyeckor skcnpeccun TAAR mpencraBieHsl B

Tabaure 3.

B nensax nossimenuss memopanHoi skcnipeccu TAAR Takke NPUMEHSIOT MOIXO/,
KOTOpBIM Hcnonb3yercs npu aeophanuzanuu OP, Takke CIOKHO SKCIPECCHPYEMBIX B
rereposiornyHoil cucreme [83]. IlpuumHa >TOro B TOM, YTO OEJIKM OCTAIOTCS B
SHOIUIA3MAaTHUYECKOM PETUKYJIyME M BIOCIEACTBUM JETPajupyroT B mpoteocoMme [84].
OTH [aHHBIE CBHJAETEIBCTBYIOT O TOM, YTO OOOHSTEIbHBIE HEHPOHBI 00JaTaI0T
MOJICKYJISIPHBIM MEXaHM3MOM, KOTOPBIM CIIOCOOCTBYET NpaBWIIBHOMY TPAaHCHOPTY U
bonauHry OOOHATENBHBIX PpELEeNnTOpoB U, Mo-BuAMMOMY, TAAR Ha KIETOYHYIO
MMOBEPXHOCTh, HO KOMIIOHEHTHI 3TOTO MeXaHu3Ma 110x0 u3ydeHsl. bemok RTP1 (receptor
transporting protein 1), Hapsay ¢ Heckonbkumu Apyrumu (RTP2, REEP1) 6611 oTKpBIT TpH
MOUCKE TaKuX IIAepoOHOB, CHEHU(PUUHBIX Ui OOOHATENbHBIX KieTok. Jlis

neopdanuzanmu OP nHa ocHoBe HEK293 Oputa co3mana nmunus HANA3A, xoropas
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koHcTuTyTUBHO 3Kcnpeccupyer RTP1, RTP2, REEPI, Goir [85]. U3 Bcex atux OenkoB
HamOosnee BbIpaxeHHBIM d3(dekrom obmamaer RTP1. On mnpeacraBmser cobOoit
TpaHCMEMOpPaHHBIH OEJOK, IKCIPECCHPYIOIIUICS B OOOHATENBHBIX HEWPOHAX, OJHAKO
crnabass dKcmpeccus Oblla Takke oOHapykeHa B Mo3re. Takke ObUIO TOKa3aHO, 4YTO
ynaneHue nepBbix 36 N-KOHIEBBIX aMHHOKHCITOT 3Toro Oenka (RTPIS, s — short) eme

00JIbIIIe TTOBBIIIACT MTOBEPXHOCTHYIO JIoKanu3auio OP [86].

Tabauya 3. I'emeponocuueckasn sxcnpeccusi TAAR

Peuentop | Bun JInnus Tar Cucrema s Korpan- | Her
KJIETOK JIETeKIUU chekuust | o
BCIIOMOTA | YHH
-TeTIbHBIX | K
O€eJIKOB
TAARI gyenoBek | HEK293T B2N9, | EPAC BRET HET [82]
3HA- | 6uocencop
tag
TAARI Mmakaka- | HEK293 HET CRE*- HET [87]
pe3yc yrpasisieMast
penopTepHas
TIPOTYKITHS
JrorQepassl
TAARI1 yenoBek | RD-HGA16 HET ¢dmoopecuerasl | Gq [75]
(knerouHas 1 Kpacurenb (Galo6)
JIUHUS Calcium 3
SIMYHUKA
KUTaNCKOTO
XOMSUKA,
JKCIIPECCH-
pyromas
Gal6)
TAARI1 KpbIca AV12-664 HA- HitHunter Gas [88]
(kmeTouHas tag cAMP XS kit
TUHUS
¢dbubpobaacto
B CUPHUICKOTO
XOMSIKA)
mTAARI1, | mbib HEK?293 bovin | CRE- HET [5]
hTAARI, e yIpaBiisiemas
mTAAR3, Rho- | penoprepnas
mTAAR4, tag MPOAYKLHS
mTAARS, IIEI0OYHOM
mTAAR7f dbocdaraspl
rTAAR3, MBIIIIb, HEK?293 bovin | CRE- HET [56]
rTAART7Db, | kpbica e yIpasisieMast
rTAAR7d, Rho- | penoprepnas
rTAAR7h, tag IPOIYKIMS
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rTAARSc, IIEIOYHOM
rTAARY, dbocdarasbl
mTAAR4,
mTAAR7e
mTAARTL,
mTAAR7Db
mTAAR7e
mTAART7f
TAAR3, MBIIIIb, HEK?293 HA- CRE- HET [89]
TAAR4, KpbIca, tag, yrpasisiemas
TAARS KOpOBa, Flag, | penoprepHas
YEJIOBEK, bovin | mpoayKuus
npumar e HIeJTOYHOI
BI Rho- | pocdarassr;
tag Alpha-screen
cAMP assay
TAARS genoBek | HANA3A; huma | Dual-Glo™ RTP1Su | [78]
a OOLIUTHI n Luciferase Golf
Xenopus Rho- | Assay System
laevis tag
TAARS MBIIIIb, HEK?293 HA- Alpha-screen HET [6]
YEJI0BEK tag;
bovin
e
Rho-
tag
TAARG6 makaka- | HEK293 HET Dual- HET [90]
pesyc Luciferase™
Assay System
TAARS yenosek, | HEK293 HA- Alpha-screen HET [79]
MBIIIb tag;
bovin
e
Rho-
tag

Bovine Rho-tag (20 a.x. 6brubero pogorncuia — MNGTEGPNFYVPFSNKTGVV); Human
Rho-tag (20 a.x. pomoncuna yenoBeka — MNGTEGPNFYVPFSNATGVYV); B2N9 —
MCQPGNGSA; Metku st netexkunu antutenamu: HA-tag (reMarriroTHHUHOBBIN Tar);
FLAG-tag. *CRE (cAMP response element) - mocnenosarensHocts JJHK, ¢ kotopoit
cBA3bIBaroTCsT HAM®D-CBS3EIBAIONINE OEIIKH



2  MATEPHAJIBI

OO0uue peakTuBbI
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Hassanue [IpousBoauTenn
Arapo3za XeNuKoH
Ethidium bromide XennKoH
Chloroform Scharlau
Ethylenediaminetetraacetic acid (EDTA) Sigma-Aldrich
Isopropanol AppliChem
®docdaTHO-coeBoi Oydep B TabneTKax Pocmenouo
(PBS)

Potassium chloride (KCI) AppliChem
Sodium chloride (NaCl) AppliChem
Magnesium chloride (MgCly) AppliChem
Calcium chloride dihydrate Biofroxx
AMINIMITINH OAO Cunres
Kanamycine Applichem
JpOoXKKEBOH IKCTPAKT Applichem
Agar Applichem
Tryptone XUMMe]

Boinesnenue PHK, OT-IIIP, renoTunupoBanue

Ha3zBanue [TpousBoauTenn
Puxkcartop IntactRNA EBporen

Trizol Sigma-Aldrich
TRI Reagent MRC

Ha6op TURBO DNase Thermo Scientific

Diethylpyrocarbonate (DEPC) mns
00paboOTKH BOJIBI

Amresco

Hab6op Revertaid RT Reverse
Transcription Kit

Thermo Scientific

DNase I, RNase-free

Thermo Scientific

HYKJI€a3

gDNA Eraser DNA Removal Kit Grisp
[Tpaiimepsl N6 buraus, Poccus
5x qPCRmix-HS SYBR EBporen
Bopa nenonusupoBanHasi, CBOOOAHAS OT EBporen

BioMaster HS-Taq PCR-Color reaction

Biolabmix, Poccus

mix
pectpukrasa Sacl NEB
[Tpaiimepsl EBporen




BIXKX

CocraB MoOUIBHOM ¢a3bl:
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NaH>PO4 14.9g/L; NaoHPO4 1.376 g/L; 1-octanesulfonic acid sodium salt 400 mg/L;
EDTA 50 mg/L; Methanol 19.5% v/v; pH=4.5

Hassanue [IpousBoauTesnh
1-octanesulfonic acid sodium salt Sigma-Aldrich
Dihydroxybenzoic acid (DHBA), 98% Sigma-Aldrich
Sodium Phosphate monobasic Sigma-Aldrich

Sodium Phosphate dibasic

Sigma-Aldrich

EDTA

Sigma-Aldrich

Perchloric acid

Fluka

Cmanoapmoi

Dopamine hydrochloride

Sigma-Aldrich

Serotonin hydrochloride

Sigma-Aldrich

L-Noradrenaline hydrochloride

Sigma-Aldrich

Homovanillic acid

Sigma-Aldrich

Dihydroxyphenilacetic acid

Sigma-Aldrich

5-hidroxyindoleacetic acid

Sigma-Aldrich

K.nonnposalme H OYUCTKA IIa3MHU1

HasBanue

[IpousBoaurenn

Phusion High-Fidelity DNA Polymerase

Thermo Scientific

10 mM dNTPs

Thermo Scientific

T4 ligase

Thermo Scientific

CloneJET PCR Cloning Kit

Thermo Scientific

Genelet Gel Extraction Kit

Thermo Scientific

GenelJet Plasmid Miniprep Kit

Thermo Scientific

GenelJet Plasmid Maxiprep kit

Thermo Scientific

Pecmpuxmaswi
EcoRI Thermo Scientific
Xbal Thermo Scientific
HindlIIl Thermo Scientific
Kpnl Thermo Scientific

Kierounble KyJbTypbl, TPaHcpeKIUs

Hasanue [IpousBoaurenn
DMEM, (high glucose, GlutaMAX™ Supplement, HEPES) Gibco
DMEM/F12 (Dulbecco’s Modified Eagle’'s Medium/Ham's Sigma-Aldrich
Nutrient Mixture F12), #51445¢

Opti-MEM Gibco
Minimum Essential Medium without phenol red Gibco
Penicillin-Streptomycin (10,000 U/mL), 15140122 Gibco

Fetal bovine serum (FBS) Gibco
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GlutaMAX Gibco

MEM Non-Essential Amino Acids Solution (100X) Gibco

Sodium Pyruvate (100 mM) Gibco

TrypLe Express Gibco

PBS Thermo Scientific

Lipofectamine 2000 Thermo Scientific
Metoag BRET

Ha3zBanue [IpousBoauTenn

Magnesium Sulfate AppliChem

Ascorbic acid Sigma-Aldrich

Dimethylsulfoxide (DMSO) Sigma-Aldrich

Forskolin Sigma-Aldrich

Isoproterenol hydrochloride Sigma-Aldrich

3-Isobutyl-1-methylaxanthine (IBMX) Sigma-Aldrich

Coelenterazine A Promega

KyabsTypanbHblil IJIACTHK

Haszpanue [IpousBoauresnn

Cell culture dish 100 mm Eppendorf

6-well plate Eppendorf

96-well plate, white clear-bottom Costar
PeakTHBBI 111 MMMYHOLUUTOXHMHH

HasBanue IIpousBoauTenb

Antureno antiHA, mouse (ab18181) Abcam

AmnTuteno Alexa Fluor 555 goat anti- Lifetech

mouse (A21424)

Normal horse serum (ab7484) Abcam

I'ucronorudeckue cTekia

Thermo Scientific

[ToxpoBHbIe cTekna 24x24mm #1, 0.13 —
0.16 mm

Deltalab

Poly-d-lysine

buomnor

Fluoroshield DAPI

Sigma-Aldrich

Paraformaldehyde

Sigma-Aldrich
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3 METO/bI

3.1 Amnanu3 narrepHa 3xkcnpeccuu renoB TAAR

3.1.1 Ananuz nammepna IKcnpeccuu 8 MKAHAX Kpvlcol U movluiu memooom OT-I11[P

Jliia ananusa skcrpeccuu reHa Taar9 KpbIChl HCHOIB30BAIM IPYIIY caMokK (n=3,
Bo3pacT 1 roa) u Be Tpynmbl caMiioB (n=3, Bo3pacT 7 MecsleB; n=3, BO3pacT 3 MecsIa)
nunauu Crpar-Zloynu, s aHajau3a SKCIPECCHH B TOHAIaX JOTOIHUTEIBHO B3SUIA TPYIIITY
KpbIc-caMIloB (n=2, Bo3pact | rom). ¥ camok Kpeic 3a0upanu CIeAyIOIIHe CTPYKTYPHI:
CTpUaTyM, IPOAOITOBAaThIA MO3T, TOHKAs KHUIIIKA, TOJCTas KHIIKa, NIEYEHb, CENEe3CHKa,
MOYKa, HAJIOYEYHUK, OyphIil KuUp, Oenblil kKHUp. Y caMmIlOB KPbIC BO3PAcTOM 7 MECSIEB:
cpenHuil MO3T (OTHCIIBHO 4YepHas CyOCTaHIWs, BEHTpalbHas O0JIACTh TOKPHIIIKH),
MpUJIeKalee sSapo, TUIIMOKaMII, TUIIOTajJaMyC, MO3KEUOK. Y caMIIOB KpPbIC BO3pacToM 3
Mecsia: runorajgamyc. Jlucceknuio TkaHedl NPOBOAMIM Ha XOJOJIe, TKAHHU Cpasy
MOMEIIATH B JKUJKUN a30T, Jajee XpaHuiau npu temieparype — 80°C 1o BbIIEICHHUS.

[TonpoOHoCTH 00 aHaNM3€ 3KCIPEecCUuu reHoB Taar y MbIIIEH yKa3aHbl B TA0IHIIE:

I'en | XKuBoTHbIE CtpyKTypBl
Taar5 | camku, MO33K€UYO0K, CTBOJI
C57Black6N
(n=3, BoO3pacT
>1 rona)

Taar2 | camIipl,

Taar6 | C57Black6N
Taar9 | (n=3, Bo3pacT
3-4 mecsua);

00OHATENBHBIN MUTENNN, 00OHATENbHAS TyKOBHUIIA,
CTpPUATYM, MO3KEYOK, CTBOJI, TUIIIOKAMII, THIIOTAJIAMYC,
(¢bpoHTanbHAs KOpa,

IIEWHBIN OTAE]I CIIMHHOTO MO3ra

Buvioenenue PHK u obpabomxa J{HKaszot. Kycouku INe4eHM M KHIIEYHUKA MOCIe
JTUCCEKITNH ToMemany B pacTBop ¢ukcatop IntactRNA st myumeit coxpanroctu PHK,
nanee xpanunu npu —20°C. Beigenenme PHK u3 cTBOna Mo3ra m MO3Ke€4Ka MBIIIA
MPOBOAMIIM ¢ Hcmojib3oBaHueM Habopa ans GenelJet RNA Purification kit (Thermo
Scientific) B COOTBETCTBUM C HHCTPYKIMAMHU npousBoxutens. Brigenenne PHK wu3
OCTAJIBHBIX TKAHEW MBI M KPBICHI NMpOBOAWIN ¢ Hcnoib3oBaHueM TRI Reagent B
COOTBETCTBUM € MHCTpYKUmsMH niponusBoautena. Ocanok PHK pecycnienauposanu B Boze,
cBobogHoit ot PHKa3, u xpanmnu npu -80°C no ucnonb3zoBanus. Konuenrpamuo u

kayectBo PHK ompenernsnu ¢ momompto criektpodoromerpa NanoDrop (I'epmanmust). s
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ynanenusi ocrasuieiics renomMHoi JIHK ucnonb3oBamu mabop TURBO DNase. Crout
OTMETHTb, YTO A mojHoro ynaneHusi renomHoil JIHK stor nabGop Obu1 nHamboinee
a¢ddextuer. Mol cpaBauBasin padoty IHKa3er I (Cunrton), DNase I (ThermoScientific,

ENO0521), gDNA Eraser DNA Removal Kit (GK83, Grisp, [TopTyranus).

Cunmes x/{HK. Ins cunte3a kJJHK c momompro HabGopa RevertAid RT Reverse
Transcription Kit ucnons3oBanmu 1 mxr PHK. OGpatHyo TpaHCKpUNITa3y U PEAKIIMOHHYIO
cMech, coaepxantyro 1 MkM mpaitmepoB N6, nobasmsun k oopadorannoi JIHKazoit PHK
U TPUMEHSIM cieayoumii nporokosn: ormxkur npu 25°C B teuenue 10 MuHyT,
TpaHckpunuus npu 42°C B teuenne 90 munyt u tepmuHanusg npu 70°C B teuenue 10
MunyT. O6pasusl kJIHK xpanunu npu -20°C. B kauecTBe KOHTPOIIS YCIEIIHOTO yIaTeHUS
renoMHoit JIHK xaxapiii obOpaszen ayOnupoBaid, HO HE J00aBIsUId  OOpaTHYIO

tpaHckpunrasy (RT(-) koHTpoIb).

III]P. Dxcrpeccuio TeHOB OIEHHMBAIU C MOMoIIbl0 konndecTBeHHOM [ILP B pexume
peanbHOTO Bpemenu Ha npubope CFX96 (Bio-Rad, CIIIA). lns oOpaTHON TpaHCKPUTIITUN
ucnionb3zoBanu 1 Mxr PHK, passenenue obpasmoB kJIHK mis xonmuuectBennow [P

coctasirsuro 1:30.

Cocras 1P peakuuu:
1 uL k/IHK (cootBerctByeT 30 Hr PHK)
4 uL | 5x HS Oydep
0.5uM | F npaiimep
0.5uM | R mpaiimep
BO/Ia ICMOHU3UPOBaHHas,
x uL | cBoOOHAS OT HYyKJIEa3

X=20uL
[Tporpamma aMIrduKaIuu
95°C — 5 muH
| 1. 95°C — 20 cex
O 35 1. | 2.60°C — 20 cex

| 3. 72°C — 30 cex

| 4. 95°C — 60 cexk
KpuBas muasienus | | 5. 55°C — 95°C 10
cek npupanienue 0.5°C
[TonGop mpailiMepoB OCYIIECTBISUIM ¢ ToMoIibio caiita PrimerBlast. [Ipaiitmepsr

rocJie TOMy4YeHHUs! MPOBEPSUTN Ha CIeUU(UYHOCTh C MOMOIIBIO MJIa3MUJ, HECYIIUX IEHBI
TAAR, u renomuoii /IHK, a taxoke ctponnu kpuByto pa3Beaenus. ['en Hprt KppICbl U T€H

Gapdh MbIv, KOTOpPBIE SBISIOTCS TEHAMHU «JOMAITHETO XO03SHCTBa», ObUTM BKIIOYCHHI B
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KayecTBE BHYTPEHHEIO KOHTPOJS Harpys3ku. s MOCTaHOBOK HCHONB30BAIM IMPHOOP
CFX96 (Biorad, CIIA). Peakuuu ctaBuiau B ayOnuKaTax, Uis KaXKAOH MpoOBI Takxke
ctaBwid RT(-) kouTponb. s moarBepkaeHus crenuuyHOCTH aMIUTU(pUKALUU [10CIIe
kaxaou peakiuu [P npoBoanin aHanu3 KpUBOM IIJIABJICHUS MPOYKTa U CPAaBHUBAIIU C
noyiokuTeapbHbIM KOoHTposieM (kJIHK obGousitenpHOro smmrenus). Bo Bcex oOpasmax
HaOJII0 AN OJTMH UK HA KPUBOM T1aBieHus. Takum ke o0pazom mpoBoauin ananu3 RT(-
) koHtposs. IIpoGwr ¢ 3arps3Henuem reHomHou JIHK wckmouanu u3 ananmmsa. [lanee
aAMIUTUKOHBI,

Bkimtouass RT(-) KOHTponb, MAOMONHUTENBHO aHATM3UPOBAIM IIyTEM

anekTpodopesa B 2% arapo3HoM rene B Oydepe SB [91].

Ipaiimepsi, ucnonvzosannsie 01 oyenku sxcnpeccuu TAAR

I'en IIpanmep IlocnenoBarenbHOCTh Pasmep | Ucto
IpOAYyKTa | -
, ILH. YHUK

Taar2 | mTAAR2 F | 5°-CGGATTCACCATCATGCCAT-3’ 105 [5]
Mbid | mTAAR2 R | 5°- CTAAGCATCAGGTCGAAGCT -3’
Taar5 | mTAARS F1 | 5-TTCTGCTACCAGGTGAATGGGT- [92]
MBIIIIH 3 74

mTAARS R | 5-GCCAGATAGATGACGACCTGGA-

1 3
Taar6 | mTAARGF 5’-TCTCTCTTCCACCTGAGCTT-3’ 9 [5]
Mpild | mTAARG6R 5’-GACACAGACACCGTGAACTT-3’
Taar9 | mTAAR9F 5’- TGGAGAGCTGCTGGTACTTT-3' 108 [5]
Mpild | mTAAR9R 5’-GGTCAATGGAGATGCAGCAT-3'
Taar9 | TAAR96 F 5'-AGCCAACGAGGAAGGGATTG-3' -
kppic | TAAR96 R | 5'-GACGACAGTGGGCAGAAAGA-3' 124
BI
Gapd | mGAPDH F | 5-TTGATGGCAACAATCTCCAC-3' [92]
h 2
meimd | mGAPDH R | 5'-CGTCCCGTAGACAAAATGGT-3' 10

2
Hprt | ratHPRT-F 5'- [93]
KpBIC CTCATGGACTGATTATGGACAGGA
BI C-3' 123

ratHPRT-R 5'-

GCAGGTCAGCAAAGAACTTATAGC
C-3'
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3.1.2 Amnanusz oannvix PHK cexeéenuposanusn uz omkpovimulx 6a3 0aHHbIX

Hannbie cexBenupoBanuss PHK momywanu w3 OTKpbITOH 0a3bl  JaHHBIX
HammnonaneHoro mentpa OuotexHonormdeckor wuHpopmanuu (National Center of
Biotechnology Information, NCBI) Gene Expression Omnibus (GEO). Ilouck maHHBIX
OCYWIIECTBISUTM TIO  TepMuHam: “brain,”  “cortex,” “cortical,” “hippocampus,”

b

“hippocampal,” “striatum,” “striatal,” “caudatus,” “putamen,” ‘“accumbens,” “raphe,”

b

“brainstem,” “pons,” “cerebellum,” “cerebellar,” “basal ganglia,” u “white matter”.
Kaxnpiii Habop manusix GEO, BKJIIOYEHHBIX B aHAJIU3, COOTBETCTBOBAI CIEIYIOIIUM

KpUTEpUSM:

(1) Habop maHHBIX OTpa)kaeT pe3yJbTaThl UCCIEIOBAHUS TPAHCKPUIITOMA YEIOBEKa WU

MBIIIIH;

(2) noctynHel uncioBele nokaszarenu 3xkcnpeccu TAARO, nanHble npecTaBieHbl B BUE
HEHOPMAJIM30BAHHOIO 4YKCa TMPOYTEHUH («raw counts») WIM 4YMciaa MPOYTEHUH Ha

musuinoH (CPM, counts per million);

(3) yeTkoe omucaHMe MPOUCXOKACHUS oOpasia (JaHHBIE UCKITIOYAINUCH, €CITU CTPYKTypa

MO3ra UK 00J1acTh KOphI He ObllIa YKa3aHa),

(4) He meHee 5 00pa3IoB OT MICUXOHEBPOJIOTUYECKH 3JI0POBBIX B3POCIBIX CYOBEKTOB, WJIH,
B clTyuyae UCCIeI0BaHUs MaTepHala, MOJyuYeHHOTO OT JIa0OpaTOPHBIX KUBOTHBIX, HE MEHEE
5 00pa31oB OT KUBOTHBIX KOHTPOJBHOW TPYMIBI, OTHOCSIIUXCS K TUKOMY THUITy U HE

IMOoABCPTraBIINXCS KaKUM-JIH0O BOSHGﬁCTBHHM B XO0A€ UCCIICA0OBaHNUA,

(5) He menee 40 MIJIIIMOHOB MPOUYTEHUN JUIsl KaX10ro o0pasiia B MPUIIOKEHHBIX (aiinax
SRA (Sequence Read Archive) B rpymnmax 340pOBBIX HCIBITYEMbIX/KOHTPOJIBHBIX

JKHUBOTHBIX.

Kpome Toro, MbI BKIFOUHIH B 0030p Tpu HAOOpa JAHHBIX MBIIIH, KOTOPHIE COCTOST
u3 nanHblx 0 PHK, BeieneHHOM U3 OT/IENbHBIX HEHPOHOB MU CYOKJIETOYHBIX CTPYKTYP
(ITpunoxenue 2). Habop GSE130376 conepxut naHHBIE ISl JNEBSITH OJUHOYHBIX
XOJMHEPTUYCeCKUX HEHPOHOB, BBIICICHHBIX W3 TpHIISKAIero sjpa. HelpoHsl ObuH
BBIIETICHBl U3 MBIIIEH, KOTOPbIE HACIEACTBEHHO BOCIPUUMYMBBI WM YCTOMYMBBI K
KOKaMHOBOM 3aBUCHUMOCTH. TOJBKO TPH KUBOTHBIX OBLIM JUKOTO TUIIA, IOATOMY HAOOp HE

MOJIHOCThIO COOTBETCTBOBAJI KPUTEPHUSIM BKIIIOUEHUS MO KOJUYECTBY 00pasuoB. [pyroit
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Habop nannbix, GSE121199, comepxuT TpaHCKpunTOMHBIE AaHHbIe s D1- wim D2-
N0(aMUHOBBIX CpPEIHHMX HrOJbYaThIX HeWpoHoB (medium spiny neuron, MSN)
npuiexamero sgapa meimu (DI-MSN u D2-MSN, cootBeTcTBeHHO). OOpa3isl B 3TOM
Ha0ope OBUTM CEKBEHUPOBAHBI C MEHBIINECH TIIyOMHOW, YeM Mbl BbIOpaiu, YTOOBI
COOTBETCTBOBATh KpUTEpUsIM BKiItoueHus. OnHako, pe3ynbTarsl cekBeHupoBanus PHK B
3THX HCCJICAOBAHUAX JIOCTaTOYHO MH(OPMATHBHBI Ui BBIABICHHS 3Kcrpeccun TAAR,

BEPOATHO, N3-3a HHSaﬁHa OKCIICPUMCEHTA, BKIIFOYAIOMIETO (bpaKI_[I/IOHI/IpOBaHI/IC KIICTOK.

Hopmanuzanuio maHHBIX TOKa3zaTelield dKCIpecCHur B HA0Opax, MOJYYEHHBIX MPH
UCCIIEIOBAaHUM TKaHEH 4YeloBeKa OCYLIECTBISUIM METOAOM ONpPENENIEHUs 4ucia
TPAaHCKPUINITOB Ha MWUIMOH mpoureHuid, TPM (Transcripts Per Million) ¢ momorsio
unctpymenta GEO2R. Ananu3 HaOOpoB TaHHBIX, COAECPKAIINUX PE3YIbTATHI, TOTyYEeHHBIC
MIPY UCCJICIOBAaHUH TKAHEH MBIIIN MPOBOIUIICS C IIOMOIIBIO IporpaMMHOro nakera edgeR,
¢ Hopmanu3anueid merogoM CPM (dbyskius cpm nporpammuoro nakera edgeR) [94]. s
oboux BennunH CPM u TPM 3Hauenne 0.1 cuumTanu moporoBbiM. AHAJINU3 MPOBOIUIN
BMECTE C HAy4YHbIM COTPYAHHMKOM J1a0OpaTOpUU HEUPOOMOIIOTUH U MOJEKYISIPHON
dapmakonorun MHCTHTYTa TpaHCHISIMOHHOW OWMOMenMIMHBI K.0.H. AHactacueiu

Huxkomaesuoit Baranosoii.

3.2 HcciaenoBaHus HA HOKAYTHBIX dKHBOTHBIX

3.2.1 [Ilonyuenue nokaymmuuix sncugomnovix memooom CRISPR/Cas9

JIuaust TAAR9-KO xpsic Obl1a co3znana ¢ ucnosib3zoBanueM meroga CRISPR/Cas9
Ha OCHOBe reneruyeckoro 6skrpaynaa Crnpar-Jloynu. [TocnenoBarensaocts runoBoit PHK
(sgRNA) Obuta CKOHCTpYHpOBaHa C IIENIBIO €€ MOCATKH Ha TMOCJIEI0BATEILHOCTh CaiTa
WHUIMAINY TPAHCIISAIMU B IEPBOM U €IMHCTBEHHOM dKk30HE TeHa TAARY B cooTBeTcTBUU
¢ npotokonamu Zhang Lab [95]. ns momydeHus skcrnpeccuoHHo# tuiasmuasl TAARO-
sgRNA onuronyxineotuas 330TAAR9S (5°-CACCGTTCTCGTAGCAGAGCTCCA-3)/
330TAAR93 (5’- AAACTGGAGCTCTGCTACGAGAAC-3’), xoaupyromue 20 Mm.H.
nocnegoBarenbHOCcTh SERNA (5°- GTTCTCGTAGCAGAGCTCCA-3’), mocne sTama
omxura ObuUIM JurupoBaHbl B miasMuay pX330 (Addgene plasmid ID: 42230),
MOpe3aHHyI0 pecTpukTazon Bbsl. Iyt mobasieHus mocaeaoBaTeIbHOCTH 17 mpomMoTopa K

nocnenoBareabHOCTH SZRNA  wmcmons3oBamu  mpaiimepel  T7sgRNATAAROfw  (5°-
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TTAATACGACTCACTATAGGTTCTCGTAGCAGA GCTCCA-3’) u sgRNA31
(5°AAAAGCACCGACTCGGTGCC-3’). C nmoimy4eHHOT0 aMIUTMKOHA MPOBOIMIIH in Vitro
TpaHCKpuIu ¢ wucnoysb3zoBanueM 17 PHK-momumepassr (Habop Ambion MEGA
shortscript T7 kit (AM1354)). Cmecb sgRNA (25 ng/uL) u MPHK Cas9 (IDT, 30 ng/uL)
WCTIOJIB30BATH JIII MUKPOMHBEKIUN B MPOHYKIEYC 3uroThl Kpbic Crpar-Hoymu. Ilocie
UHBEKIIMMA 3UTOTHl HMHKYOMpOBaJM JI0 CTaAuM 2 KIETKH W TIEPEHOCHWIH B
MCEeBJOOEPEMEHHBIX CAMOK B COOTBETCTBUM C YCTAHOBJICHHBIMH MeToaukamu [96].
[TotromcTBO reHotunupoBain meroaoM [P ¢ mpaiimepamu, GpraHKUPYIOMIMMU MUIIEHb
gRNA  (Taar95: 5’-CAGCAGGTAGAAAATGGGAG-3> and  Taar931 5’-
AGTGGAGGATAGCGGTGATG-3") u cexBenupoBanuem 1no Csurepy. beuto coznano
1B TMHUU KpbIc ¢ HokayToMm reHa TAARO B pesynbrare neneunu uurozusa (TAAR9-KO-
delC) u uncepuuu agenuHa (TAAR9-KO-insA). PaGoTbl mo monayyeHHI0 HOKayTHBIX
KUBOTHBIX TPOBOJUIINCH B Koymabopauuu ¢ corpyaaukoM MHcrtutyta TpaHCcnsunoHHON
buomeauuunsl CIIOI'Y Omnbroit KopeHbKkoBOHM, a Takke ¢ COTpYJHUKaMHU J1aOOpaTopuu
Maiikna banepa Haranbelt Anenmnoii, Enenoit Ilomosoit B Max Delbruck Center of

Molecular Medicine (MDC), I'epmanus.
3.2.2 T'enomunupoeanue u éanudayus HoKayma

B uccnenoBaHuu MCNONb30BaIM JIBE MYTaHTHBIE JIMHUM C OJHOHYKJIEOTHJIHOM
MHCEpLUMEH U OJHOHYKJIEOTHAHOM nenenuei. Ilockoiabky 0b6e MyTanuuu TPUBOIMIM K
[oTepe cailiTa pecTpuKUMH Sacl, TEHOTHUINMPOBAHHE JKUBOTHBIX IPOBOJMIM Kak
komOuHnanuio [1LP ¢ nocnenyromum pacieruienueM Sacl. I'eHoTunupoBaHue NpoBOININ
nipu oMot [P ¢ renomuoit [IHK, Beiienennoit metogom mienodHoro jgusuca [97] uz
KycOuKa yXa >KMBOTHOTO, W TpaiiMepamu, (GIaHKUPYIOIUMH calT wmyrtanuu (5'-
TGGCCTTTTGCAAGAAGTTT -3" and 5" GCAAAGCAGAAGGAGGTGTC 3'). ITLP
npoBoauIK B Oydepe, coaepxarieM 2x BioMaster HS-Taq PCR-Color reaction mix, 1 uM
kaxzaoro npaimepa u ~500 Hr renomuou JJHK. Ycnosus IILP: 3 mun npu 95°C, 35
k0B 1o 20 cex mpu 95°C, 20 cek mpu 63°C, 40 cex npu 72°C u KoHeUHast HTHKyOaus
nipu 5 MuH nipu 72°. [IpoayKT peakuuu — aMiiukoH 339 1.H. — 1anee noasepraics peakuuu
¢ pectpukTasoit Sacl. [Ipu reHoTune JUKOro Trma ode ajuieiay NoABEpraroTcs PeCTPUKLIUU
u obpa3ytot 2 6enna (195 u 143 n.H.); y reTepo3uroT TOJIBKO OJHA ajuieb MOBEPracTCs
pectpukimu, oopazyercs Tpu 6eraa (339, 195 u 143 n1.1.); B reHOTHIIEC HOKayTa 00€ ajuien

TEPSAIOT CAUT PECTPUKIINH, T03TOMY 00pazyercs Toibko onuH OeHa (339 n.H.).
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Bamupanuio HokayTa MNpOBOJMIM C IIOMOIIbIO CEKBEHMpPOBaHMS. AHalu3
paclleIIeHHsi HOTOMCTBA TPOBOAWIIN HA 90 UBOTHBIX, pOJIUBIIUXCS MI0CJE CKPEILMBAHUS
nap rereposuroratrereposurora. [ns ouenku coxaepxkanus MPHK TAAR9 B
OOOHSTENIbHOM JIUTEINM IOCIE€ HOKayTa reHa Opalu caMOK C TpeMsi TeHOTHUIIaMU
(TAAR9-KO-delC, TAAR9-KO-insA, WT, n=1, Bo3pacrt - 7 mecsueB). Beinenenne PHK,
obparnyto TpaHckpunmutoo, [II[P npoBoaunu kak B myHkre 3.1.1. [[ns TeHa KpBICHI
ucnionb3zoBanu npaiimepbl - TAAR93 F (5'-AAGAGTAGCCAGACGAGAGAGG-3') n
TAAR93 R (5'- TCATGTAGGCATCAA-TCACGGC-3").

3.2.3 Obpamnoe ckpewjusanue HOKAYMHbIX HCUBOHNHBIX

Jns mpoBenenust obpatHoro ckpemmBanus (0skkpoccunra) muaun TAAR9-KO-
delC Opima 3akyruiena smHus kpbic Crpar-Zloymu B LIKIT «SPF-BuBapwuit» MuctuTyTa
murosiorn U reHetukn CuOumpckoro otaeneHus Poccuiickoil akagemun Hayk. Bpiio
NpOBEJCHO 6 TIOCIEeIOBaTEIbHBIX pPAyHAOB OOpPAaTHOTO CKPEIIUBAHUS TETEPO3UTOT C

YUCTBIM IUKUM TUTIOM. JlaHHBIN TIporiecc 3aHsut 2,5 roaa.
3.2.4 ‘Kueommnwie

Nudopmanus o BuAaxX, JTUHUSX U KOJUYECTBE >KUBOTHBIX, HAa KOTOPHIX OBUIH
BBIMIOJIHEHBl JKCHEPUMEHTHI, 32 HCKIIOUYEHHEM TIOJIyYeHHUS TPAHCTeHHBIX JIMHUM,
npejcTaBieHsl B Tabnuie 4. Bpuio HMCNonb30BaHO JBE JMHMM TPAHCTEHHBIX KPBIC C
HOKayTOM TeHa Taar9: HokayT c paeneuueit muto3uHa (TAAR9-KO-delC) u HOkayT c

uncepuueit anennna (TAAR9-KO-insA).

Tabauya 4. ’Kusomnwie, komopule ObLIU UCNONIL30BAHBL 8 pabome

Bun JIuuns/crox I'eneTndeckas Yucmno ITon
Moau(UKAIMS | KUBOTHBIX

KPBICBI Crnpor-Zloynu HET 38 348+ 49

KPBICBI Cnpor-Zloynu TAAR9-KO- 27 268+ 19
delC

KPBICBI Cnpor-Zloynu TAAR9-KO- 11 108+ 19
insA

MBIIIN C57Black HET 6 38 +39

Kusotnsix conepkanu B SPF-suBapuu CIIOI'Y. Kpsic pazMenianu B KIeTKax w3

AKpUJIOBOI'O ILIaCTHKA C IIPOBOJIOYHBIMU KpPBIIIKaMH. B xauecTtBe HOACTHUIIOYHOI'O
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Marepuaiga HCIOJIb30BAIM JAPEBECHBIC OMNWIKKA WIM TPaHYJIUPOBAHHBIA JPEBECHBIM
HATOJIHUTEIb JUIS COACPKAHMSI TAOOPATOPHBIX TPHI3YHOB OTEYECTBEHHOTO TIPOU3BOICTBA.
B onHoli kieTke pasMemanu g0 3 ocoOel, 3a HMCKIIOYEHHEM SKCIEpHMEHTa II0
MMIUIAHTALMK TEMIEepPaTypHBIX JAaTYMKOB M aHAlU3a MOTPEOJIeHUs KOpMa U BOJIbI, TJie
YKUBOTHBIX COJIEP KA 1O OAHOMY Ha KJIETKY. JKUBOTHBIE UMEJIHU MMOCTOSTHHBIN CBOOOIHBIN
JOCTYIl K KOPMY JMJis TPbI3yHOB M Boje. KHBOTHBIX COAEpKadu IPU KOMHATHOM
temnepatype 20-22 °C npu eCTeCTBEHHOM YPOBHE OCBEIIEHUSI C IUKIIOM JIeHb-HOYb 12:12

(cet Brroyascs B 10:00).

3a00ii KpbIC BO BCEX IKCIIEPUMEHTAX OCYIIECTBIISUICS 3a CUET ACKANUTALMU [10CIIE
JIETKOM MHTAJSLIMOHHOM aHeCTe3UH U30(IIIOPAHOM, MBIIIEH - IIyTeM JUCIOKAIMU IIEeHHBIX
NO3BOHKOB. Bo Bpems 3a0os Takke 3a0upanu wmarepuan JUisi  [TOBTOPHOTO
T€HOTUIIMPOBAaHUS, B aHaJW3 BKIIOYAJIM TOJBKO MKUBOTHBIX C IOJITBEP)KICHHBIM
reHOTHIIOM. Bce mpouenypbl ObuH 0J00pEHBI IJTHYECKUM KOMHUTETOM B 00JacTu

uccinenoanuii Ha xuBOTHBIX CIIOI'Y (3akmouenue Ne 131-03-4 ot 15 mas 2021 r.).
3.2.5 Amnanusz nosedenus 3HcusoOmHvlx

Bce noBenenueckue TECTHI, 3a HCKIIOYEHHEM OOOHSITENILHOTO TECTA, BLITOIHSIM Ha

CJIEYIOIIMX TPYIINax B JIBa ATara:

1) omHOBpEMEHHBIM CPaBHUTENBHBIN aHAIN3 TPEX TPYIII CIEAYIOMUX TeHOTUIIOB: TUKUAN
tun (WT), Hokayr TAAR9-KO-delC (KO-delC) n nokayr TAAR9-KO-insA (KO-insA).
JIist jaHHOTO ATama MCIOIh30BalM CaMIIOB KphiC, n=10 B KaX10¥l rpymime, Bo3pact — 3
Mecdana. lMcnonb3oBaHue JBYX HE3aBUCHUMBIX TPYNI C PA3IUYHBIMU MYTalUsIMU,
MPUBOASIIMMH K HOKAYTy OJHOTO U TOTO K€ I'€Ha, MO3BOJISET C OONBIION BEPOSATHOCTHIO
MOJIyYUTh JIOCTOBEpPHBbIE 3(PPEKThl, BOSHUKIIME H3-32 BBIKJIIOUEHHUS IeHa 0e3 BIMSHUA
Ipyrux (akTopoB, B TOM YHCIIE HEXETaTeNbHbIX MyTallUi, KOTOPble MOTYT BO3HUKHYTh

nociae CRISPR/Cas9.

2) Ha BTOPOM JTare Iocjie MPOBEIEHUsI 0OpaTHOTO CKPEIIMBAHUS, KOTOpOE 3aHsuio 2,5
rojia, ObUTO WCCJIEIOBAHO TMOBEICHHE M HEHPOXMMHUUYECKOTO COCTaBa MO3ra KMBOTHBIX
renoturna TAAR9-KO-delC u aukoro Tuiia, MCIONb30BalIM 3-4 MECAYHBIX CAMIIOB U3
oHOTO moMeTa (n=8) moclie 6-KpaTHOTO OOpPaTHOTO CKpENIMBaHUSA. DTHX YKHBOTHBIX

TAKXEC UCIIOJIB30BAIN JJIA ITPOBEACHUA 00OHATEILHOIO TECTA.
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[lepen mpoBeacHHEM Ka)KIOTO IMOBEACHYECKOTO TECTa KPHIC TaOUTYHPOBAIU B
teyeHue > 10 MUHYT B KOMHATe, COCEJIHEH C TMOMEIIEHUEM, TJI€ IPOBOJIUIOCH
uccinenoanue. lloBeneHueckrue IKCIEPUMEHTHI BBIMOJIHSUIA BMECTE€ C COTPYJIHUKAMU
naboparopun  Heiipobuonornu M MoJeKyJlspHON  dapmakonorun — MHcTuTyTa
tpancnsuonHoi  Omomenunmuabl  CIIGIY  mH.c  CaBenmem  PoctucnaBoBmueM

KyBap3unbiM u c.H.C., K.0.H. EBrenuneit BuktopoBnoii EdpumoBoii.

3.2.5.1 Omxkpvimoe nouae

ba3oBoe nBUTaTENHEHOE TOBEICHUE >KUBOTHBIX OICHUBAIM C IOMOIIBIO TECTa
OTKPBITOE TOJIe. Y CTaHOBKA MPEACTaBIsIa CO00M YepHYIO IIACTUKOBYIO KPYTIYIO apeHy
(nuametp 97 cM) c OTBepCTUSIMH B IOy MaHexka (AMaMeTp OTBEPCTHHl 2 cM).
WccnenoBanne npoBoaunu B 3areMHEHHOW komHare (10-20 mrokc). Kaxnayro kpbicy
MOMEIIAT B IICHTP apeHbl W PETUCTPUPOBAIN CIIOHTAHHYIO HCCIICIOBATEILCKYIO
aKTUBHOCTbH ITOCPEICTBOM 3aMKCH Ha BUJCOKaMepy. 3anrcaHHbIi (aill aHAIU3UPOBAIH C
MOMOIIIbI0 TIPOrpaMMHOro obecnedyeHus s Buupeo-tpekuHra Noldus Ethovision B
TedeHne S5 MHHYT. OTCICKHBAIACH CIEAYIONUME TMOBEJACHUYSCKUE ITOKa3aTelnu: ooIiee
MIPOUJICHHOE PACCTOSIHUE, CKOPOCTh, COBOKYITHAS IMPOJOJDKUTEIBHOCTh NMPEOBIBAHUS B
LEHTPATBHONM 30HE M YacTOTa 3aXO0JI0B B IIEHTPAIbHYIO 30HY, IJIMTEILHOCTh TPYMHUHTA,

KOJHUYECTBO UCCIIEIOBaHUIM HOPOK U CTOCK.

3.2.5.2 Omxkpvimoe none ¢ HogbiM 0OBbEKMoM

Jnist aHanm3a TONTOBPEMEHHON MaMSITH MPOBOAMIIA TECT OTKPBITOE TT0JIE C HOBBIM
00BbexTOoM. JIaOMPHUHT IpeACTaBIIAT COOON MIACTUKOBYIO KPYIJIyI0 apeHy 4EepHOTro I[BETa
(nnametp 97 cM) ¢ OTBEPCTUSAMH B IIOJTy apEHBI (naMeTp oTBepCTHil 2 cM). B nepBslii 1eHb
KMBOTHBIX ITOMEIIANN B LIEHTP apeHbl, COAEprKaIllel JBa OMHAKOBBIX KPYTJIbIX IpeaMeTa
B KaXJ0H TMOJOBUHE apeHbl (CUMMETPUYHO) M PETUCTPUPOBAIM CIOHTAHHYIO
WCCIIEIOBATENILCKYI0 aKTHBHOCTh TOCPEICTBOM 3allMCH Ha BHUACOKaMepy. 3armrCcaHHBIN
(haiin aHaTM3UPOBAIM C TIOMOIIBIO MPOTPAMMHOTO OOECIeUeHus ISl BUIICO-TPEKUHTA
Noldus Ethovision B Teuenue 5 MunyT. Ha BTopoii feHb yepe3 24 yaca KpbIC OMEIANN B
LEHTp TOH >X€ apeHbl, HO OAMH KPYIJIBIA NpeAMET 3aMEHsIM Ha HOBBI INpenMer
npsAMOyToibHOM (opMbl. OTeHWBAIW CIENYIONIME TMapaMeTphl: BpeMs, MPOBEICHHOE

pAaAOM C HOBBIM O6L€KTOM, a TaK»KC BpeMs U 4aCTOTa OOHIOXUBAHWSI HOBOT'O OOBEKTA.
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3.2.5.3 [Ipunoousmuiii kpecmoobpaszHblil 1aOUPUHI

[TpunonHATEIE ~ KpecTOOOpa3HbI  JJAOMPUHT  MCIOJB30BAIM  JUI1  OLICHKH
TPEBOKHOIIOJJOOHOIO  MOBEIEHUs  IpbI3yHOB. JlabupuHT cocrosui M3 JBYX
MPOTUBOMONOXKHBIX OTKPBITEIX (50 x 14 cM) pykaBoB 0e3 CTEHOK H JBYX
IIPOTUBOIOJIOKHBIX 3aKpBIThIX pykaBoB (50 x 14 x 30 cMm), npunoaHaTeix Ha 40 cM OT
noja. B HOpMe KpbICHI NMPEANOUUTAIOT HAXOIUTHCS B 3aKPBITBIX PyKaBax, MOITOMY
HCCIIEI0BATEIbCKOE MIOBECHUE B OTKPBITHIX PyKaBaxX CUMTAIOT IOKa3aTeIeM CHUKEHHOM
TPEBOKHOCTH. KphIC momeniany B LEHTP MPHUIIOAHATOTO KPEecTooOpa3HOro jJadupuHTa
JIMIIOM K OTKPBITOMY PYKaBY M PErHCTPUPOBAIH CIIOHTAHHYIO JIBUTATEIbHYIO aKTUBHOCTh
MIOCPEJICTBOM 3allUCH Ha BUJIeOKaMmepy B TeueHue 5 muH. Crenyrolye napaMmeTpsl Obuiu
MPOAHAIM3UPOBAHBI C TOMOINBID MporpaMMmHoro obecreuenus Noldus Ethovision:
COBOKYITHAsI MPOJIOJKUTELHOCTh B OTKPBITBIX PyKaBax, 4aCTOTa BXOJOB B OTKPBITHIC
pyKaBa, o01ee paccTosiHAE, MPOHACHHOE OTACIBHO B OTKPBITHIX M 3aKPHITHIX pyKaBax,
CpeAHssl CKOPOCTb, KOJIMYECTBO BCTABAHMN Ha 3a/IHUE JIAllbl B 3aKpPbITHIX PYKaBax M

KOJIMYECTBO CBEIIUBAHUN.
3.2.5.4 T-mecm

T-TecT WCMONB30BaNU I MCCIEAOBAaHUS KPATKOBPEMEHHON MaMATH >KUBOTHBIX.
Pazmep nabupunTa: craprosas awies S0x16 cMm, orBerBierus 50x10 cm, BeicoTa CTEHBI 32
cM. McnbiTanue npoBoauTcs B ABa 3tana. Ha mepBoM 3tane Kakayro KpbhICy MOMENIAI B
T-00pa3Hblii TAOUPHUHT C OJHUM 3aKPHITBIM PYKaBOM Ha 5 MUHYT, a 4epe3 45 MHUHYT
MOMEIIATH B TOT e JJAOUPHUHT Ha 5 MUHYT, HO 00a pykaBa ObUIH OTKPBITHL. B HOpMe Kphica
HCCIIEyeT HOBBIM pyKaB yaiie. M3Mepsuin Bpems, MPOBEICHHOE B U3BECTHOM M paHEe

3aKpbITOM pykaBe, ¢ momoiibio Noldus Ethovision.

3.2.5.5 Cmpecc-unoyuuposauuas cunepmepmusl

Jns  u3MepeHHs TeMIepaTypbl Tella TPbI3YHOB HCHOJb30BATIM  IHM(PPOBOI
tepmomerp BIO-TK8851 (BIOSEB, ®panuus). llpu kaxaom H3MEpeHUM AAaTUUK
BCTaBJISUIM B IPSIMYIO KHUILKY 3a(pUKCHPOBAHHOTO SKCIIEPUMEHTATOPOM KUBOTHOTO JI0 TEX
op, MoKa TOKa3aHUs TepMOMETpa He CTaOWIM3UPOBAINCH. TemrepaTrypy *UBOTHBIX

OLICHUBAJIN ABAXK/BI C pa3HOCTBIO 10-15 MuHyT.
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3.2.5.6 Tecm «npunyoumenvHoe nIa6aHuey

Jis  OLeHKH  JIeNPecCUBHOIOJOOHOrO  TOBEACHHUS  KCIONb30BAIA  TECT
«TpUHYIUTENbHOE IUlaBaHue». McciaenoBanue npoBoAMIUM B 4  HWIMHAPHUYECKHUX
€MKOCTSIX, MU3TOTOBJIEHHBIX M3 cTekna (quamerp 20 cM, Bbicota 50 cm). Ilepen xaxiabim
AKCIEPUMEHTOM IIWJIMHJIPHI 3aMOIHSUIN CBEXKEH BOJIOMPOBOIHOM BOJI0M (Temmneparypa 20
+ 1 °C) na 2/3. Kpbic momeniaay B BOy, MPOJAODKUTEIIBHOCTh KaXKIOTO TECTa COCTaBIIsIA
10 munyT. Ha BuJIe03aniCcH OJIMH U TOT K€ MCCJIEI0BATENb OLIEHUBAJ CyMMapHOE BpeMs
peOBIBaHUS B COCTOSTHUH MTOKOS, aKTUBHOTO M IIACCHBHOTO TUIABaHUS, (GUKCUPYS TaHHBIC

¢ momobo nporpammsl Realtimer (Poccust).

3.2.5.7 Tecm na obouamenvbHoe npeonoymenue

MeTto1 TpOBOAMIIN, KaK OMKCAHO paHee y Saraiva u koJuter [57]. Kpbic momemanu
B HOBYIO KJIETKY 0e3 moactuia pazmMepoM 52x40 cm, h=20 cm (o 0iHOIi KpbIice HA KIIETKY)
u rabutyupoBanu B Heil B Teuenue 10 muH. Bo3zgeiicTBue OOOHATEIBHBIX CTUMYJIOB
OCYIIECTBIISUIM IIyTEM OCTOPO’KHOT'O OIyCKaHMsI KyCOYKOB (punbTpoBaibHOi Oymaru (1,5
x 2 cm), nponutanHoii 50 pL muctunmuposanHoi Boasl (H20), B 0uH KOHEI[ KJIETKU U
onopanta (85 MM B H>0, uro sxBuBaneHTHO 4,25 MKMOJb) B JPYroil KOHEIl KIETKH.
[ToBeneHHe KUBOTHBIX 3aITUCHIBATIN Ha BUEO B TeUCHHE 5 MUHYT. Buieo ObuH O1leHEHBI
OCJICTITIEHHBIM (B OTHOIIIEHUHU OJI0PAHTa U T€HOTHIIA) SKciepuMeHTaTopom. Ob1iee BpeMs

OOHIOXMBAHUS U3MEPSUIA B T€UEHUE 5 MUHYT BO3JCUCTBUS OJIOpaHTA.

3.2.5.8 Hsmepernue nompebaenus Kopma u 6000bl

Jl11s u3mMepeHus Beca >KUBOTHBIX, MOTPEOJICHUST KOPMa U BOJIBI 3-MECSYHBIE CAMIIbI
rerotuna TAAR9-KO-delC (n=8) coaepkanuch o o1HOMY B KlIeTKe. B TeueHne ueTsipex
JTHEH pa3 B ICHb B3BEITUBAIIN KOPM M TIOWJIKY C BOJIOM, 100ABIIss HOBYIO MTPEIB3BEIICHHYO

TIOPIIHIO.
3.2.6 Henpepuviguwtii ananuz memnepamypol

HccnenoBanue teMneparypbl ¢ MOMOUIbIO TaTYMKOB IMPOBOJMIN Ha 0-8-MeCAUHBIX
camrax aukoro thmna W HokayTHOW JuHMH TAAR9-KO-delC (WT, n=8; KO, n=6).
’KuBoTHBIE ObUTHM TOJENEHBI Ha JIB€ MOArPYIIBI C paBHBIM cooTHoueHueM 1no 3 KO u 4
WT B noarpymne u3-3a 0rpaHU4E€HHOT0 KOJIMYECTBA JaTYUKOB. DKCIIEPUMEHTHI CTAPAIUCH

IMpOBOAUTHL B MAKCUMAJIbHO OJHWHAKOBBIX YCJIOBUIX, co6moz[a51 O4YCPCAHOCTL pa3JINYHBIX
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BO3JICHCTBUI U HHTEPBAJ MeX 1y HUMU. [losryueHHble TaHHBIE B ABYX NOArPYyIIIaX CHavyaa
aHAJIM3UPOBAIM OTAEIBHO U Aajiee 00bEIUHSIN.

Hmnnanmayus damuuxos. B OpIoIIHYI0 MOJOCTh MMIUTaHTHpOBaau iButton Data
Logger (nayuHo-texHuyeckas sabopaTopusi «OnuH»). JKHBOTHBIX aHECTE3MpPOBAIU
VMHTSIIMOHHBIM HapKO30M ¢ wu30(daopanoM. BrpIOpuBamm HIDKHIOIO YacTh JKHBOTA,
oOpabaTeiBasii OETaTUHOM H JIEJIAU pa3pe3 KOKU U CTCHKHU OPIOMIMHBI JITMHOH 1,5-2 cMm.
3arem i1Button pacmomaranu B OpIOIIHON TMOJOCTH, W OpIOIIMHA U KOXa OTIEIHHO
3aKpbIBAIMCh IOBHBIM MatepuanoMm Vicryl Ethicon, 20 mm (Braun, I'epmanus). Illos
NOKpbIBaM  KiieeM b®-6, o0namaromero paHO3KUBIAIONIMM W aHTHCENTHYECKUM
neiicteueM. [1oka >KMBOTHOE OBUIO 1O/ HAPKO30M JIEJIald B/M UHBEKIUIO TeHTAMHUIIMHA U
keroponaka 10 mr/kr. Ilocne omepanuu KHUBOTHBIX COJIEPYKAIM B OTACIBHBIX KJIETKAX U
JaBaJId MM BBI3JIOPOBETH B TeueHue 7 nHed. YUepes Tpu Mecsiia mociae SKCIEPUMEHTOB
KUBOTHBIC OBLJIM HBTAHA3WPOBAHBI JIEKAMUTAIMEH MOCe aHeCTe3UH ¢ M30(IIOpaHOM, U
iButton ObUIM W3BIIEYEHBI U3 OPIOMIHON MONOCTH. [lapaienbHO MBI IPOBEPHIIA HATTMYUE
MIPU3HAKOB NOBPEXACHNS BHYTPEHHUX OPraHoB, BbI3BaHHOTO 1Button.
3anucv oannvix memnepamypul ¢ nomowbto oamyuxos. LleHTpanpHy0 TeMieparypy Tena
aBTOMAaTHYECKH PETUCTPUPOBAIM C IMOMOIIBI0 BHYTPUOPIOUIMHHO WMIUIAHTHPOBAHHBIX
naturkoB iButton B HempepwsiBHOM pekume. iButton Becut 3,3 r (amamerp: 16 mwm,
tonuHa: 6 MM). Kakaplii 1aTunK MOXET XpaHWUTh JaHHbIE MMOKAa3aHUM TeMIiepaTrypsl B
3aJJaHHOM TII0JIb30BAaTEJIEM BPEMEHHOM HHTepBaie. Hawano m3mepeHus omnpenensercs
II0JIB30BATEIEM. 3JECh MBIl HMCIIOIb30BAIN 3-MUHYTHBIM MHTEpBal, IEPUOJ HU3MEPEHUS
cocraBui Oosiee 30 nHel. iButton Havanu perucTpupoBaTh TeEMIepaTypy 3a ~20 MUHYT 10
MMIUIaHTALNH.

Ananusz oannvix no memnepamype. Ilociae n3BnedeHus: 1aTYNKOB JaHHBIC TIEPEHOCHIIN B
Excel ¢ momompio I1O iBDL R (IButton Data Logger Revisor) u aHamu3upoBaiu
CYTOYHOE U3MEHEHHE TeMIIepaTyphl KaXk 10T 0 )KHBOTHOTO, CPEHIOI0 TEMIIEpATypy 3a I€Hb
1 HOYb. B cyTKH OT Kax1oro kMBOTHOTO ObLI0 mosyueHo 480 touek. (s moctpoeHus
JUHAMHUKU CpPEIHEH TeMIlepaTypbl B TEUEHUE HENENHM MCIOJIb30BAIN JIAaHHBIE O
TEMIEpaType, HauuHas ¢ 7 IHA nociie onepauuu. s onpeaeneHus TeMrepaTypsl Tena 3a
nHeBHoM nepuo (dacsl 12:00-19:00) u Hounoit nepuon (dacel 00:00-07:00) BbruucHsIINA
cpenHee Mo KaxaoMmy XKuBoTHOMY (140 Touek) B TeyeHHe 6 JHEH, UCKIIOYas MepBbie 7

[[Hefl IOoCJIC oncpanun, 1HA CMCHEI IIOACTHUJIA, a@ TAKXKC 10 HavdaJia IICpBOro BO3I[€ﬁCTBH5I B
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BHJIe HarpeBaHus Ha 17 neHb mocie oneparuu. 3a Jlens 1 B rpadukax u onvucanuu Opaim
JIEHb OIIEPALIHH.

Haepesanue. KomHaTHyI0 TeMriepatypy B KOMHATe C KJI€TKaMH MOJIEP>KUBAIIU B TEUCHUE
3 gacoB B nipezenax 30-36°C. boabiyro yacte BpeMeHu Temrneparypa obuta ~33°C.
Oxnaosicoenue 0o 21°C u 17°C. VccnenoBanue NpOBOAMIN B 4 IUIMHIPUIECKUX EMKOCTSX,
M3TOTOBJICHHBIX W3 cTekia (aumamerp 20 cm, Beicota 50 cm). Ilepen kaxmabim
SKCIIEPUMEHTOM LMWJIMHAPHI 3aMOJNHSUIA CBEXEW BOJOMPOBOAHON BOJOM HEOOXOAMMOMN
temneparypsl (temmeparypa £ 1 °C) ma 2/3. IIpoaomDKHUTENBHOCTh KaXKIOTO TECTa
cocraBisia 10 munyt. [locie KynmaHus KpbIC BBIHUMAIM M3 BOJbBI, BBITHPAIM HACyXo
MOJIOTEHIIEM, BO3BpAIllali B UX JOMAIIHIOI KJIETKY M OCTaBJIsUIM B TEIJION cpefie mepen
paanaTopoMm.

Hmmobunuzayuonnwviti cmpecc: Kpplc noMemalid B IWIMHIPUYECKUN KOHTEMHEpP €O
CBOOO/IHBIM JIOCTYIIOM BO3/1yXa, 0€3 BO3MOKHOCTH JIBUTaThCs Ha 3 yaca.

Onepanuu 1Mo UMILIAHTALUK JTa4YMKOB U JKCIEPUMEHTHI MO TEPMOMETPHH ObLIH
BBITIOJTHEHBI BMECTE C COTPYJHUKaMHU JabOpaTopuu HEUPOOMONIOTUM U MOJEKYISPHOU
¢apmakonorun  MHCTUTYyTa  TpaHCHSAIMOHHOM  OmoMemuuuHbl M.H.c. CaBenueM
PoctucnaBosuuem KyBap3unbsiM, c.H.c., K.0.H. EBrenueii BukrtopoBnoii EdumoBoil u

C.H.C., K.0.H. EBrennem BuktopoBuuem KanoBbiM.
3.2.7 Ouenka cooeprcanus MOHOAMUHOE 8 MKAHAX M032a

OneHky MpOBOAMIM  METOJOM  00paTHO-(a30BOM  BBICOKOA(P(HEKTUBHOMN
KHUJKOCTHOM  Xpomarorpaduu C  2JIEKTPOXUMHUYECKOW jaerekumed. Jluccekuuro
rurnoTaisamyca, CTpuatyma u QpoHTaIbHOM KOPBI OCYIECTBIISIIN HA X0so/€e. Boiienenusie
CTPYKTYpPbI HEMEJJIEHHO MEPEHOCWIIM B JKUAKHH a30T M XpaHUIH NpH Temiepartype -80°C
no ananu3za. IloaroroBka mpo6 k xpomaTorpaduueckoMy aHalu3y BKJIOYana B cedst MX
B3BCIIIMBAHHE, Pa3MOpAKMBAHWE M TOMOTEHU3aluilo B HeoOxomumom obOwveme 0,1 M
XJIOPHOM KHUCIIOTHI, coepakaieit 2,3-quruapokcuden3oitnyto kucinory (DHBA) 3agannoit
KOHIIEHTpaluH (00beM KHCIIOThI BBICUUTHIBAJICS B 3aBUCUMOCTH OT CTPYKTYpBI U OT Beca
9TOM  CTPYKTypbl). ['OMOreHMszanuio MpPOBOAMIM C TOMOUIBIO YJIBTPA3BYKOBOTO
connkaropa QI25 (Qsonica, CIIA). CrenyrommM 5TaroM MPOU3BOIUIIOCH
uentpudyruponanue (14000 g, 10 munyt, +4°C). CynepHaTaHT IEPEHOCUIN B TPOOUPKU
¢ ¢umprpom 20 uM (PVDF, Millipore) mns mpoBedeHHs BTOPOro —dTara

uentpudyruposanus (12000 g, 2 wmumHyTH, +4°C). Jlamee TpOBOAMUIIOCH
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Xxpomarorpaduieckoe pa3aeiaeHue CynepHaTanTa, MoJy4YeHHOTO B Xo/e GpuiabTpanun. Jis
aHanm3a ucnons3oBaics npudop Eicom HTEC-500 (Japan). Pazaenenue npou3Boauioch
Ha oOpaménHo-pasnoit komonke CA-50DS (150*2.1 mm, Eicom, Japan). B cocras
MOABMKHOW (ha3pl BXOomuiau crienyromne kommoHeHTh: 100 MM Hatpuii-pocharnbiit
oydep, 0,17 MM DJTA, 1,8 MM okrtuiacynedonar, 18% wmeranon, pH 4.5.
JleTeKTupOoBaHKE OCYIECTBISUIOCh HAa aHATUTHYECKON stueiike ¢ rpa)uTOBBIM AJIEKTPOJIOM
WE-3G (Eicom, Japan), npu notenuuane +650 mB. Pacxox amoenta — 0,2 ma/mun. J{ns
KamuOpOBKU XpoMaTorpada UCroib30BaIuCh CMECH pabOYUX CTAHIAPTOB ONPEAETIIEMbIX
BemecTB B KoHIeHTparuu 0,5 HMonb/mit. PaboTa ¢ XxpomarorpaMMaMu IMpOW3BOIMIACE C
oMot nporpammsl “PowerChrom”. OnpezneneHue conepkaHusi MOHOAMHHOB U UX
MeTaboIMTOB B CTPYKTYpax MPOU3BOAMIOCH C MCIIOIb30BAaHUEM BHYTPEHHETO CTaHAapTa
DHBA (auruapoxcuOeH3WIaMuH, BEIIECTBO KaTEXOJIAMHUHOBOH MPHUPOABI, HO HE
BCTpeuaroleecss B HATUBHOW TkaHHM) B KoHueHtpanuu 0,5 amonws/miu. g pacudera
COZIep)KaHUsT MOHOAMHMHOB M HMX MeTabonuToB mnpumensuics Qakrtop otkimmuka (RF),
KOTOPBIiA paccumThIBaICS, KaK:
H.HOLLLZ{,ELI: IIHKA BHYTPeHHero cTanjapTra

RF crangapta = * KOHILIeHTPAlUd CTAaHJAApTA
Iiow@aab NMKa CTaHAapTa

KOHHCHTpaHI/IH BCIICCTBA (I[O(I)aMI/IH, CCPOTOHUH U T.,Z[.) B Hpo6e pacCcUuTbIBaAIaCh
KakK:

IUIOLAAb [THKA BellecTBa B Ipobe

KonnenTtpanus BelecTBa B mpobe = * RF cTanppara

Ijiomanab NMKA BHYTPeHHero CTaeapra B H})OGE

CogepxaHue ONpeesieMbIX BEIIECTB PACCYUTHIBAIOCh B HI/MI TKaHH. bbul
MPOBEJEH  KOJMYECTBEHHBIM aHamu3 HOpaApeHaluH, JodaMuHa, CEpOTOHHUHA,
MerabommutoB  godamuua  (auruapokcudenmaykcycHas — kucinora (JODYK) wu
romoBanmwinHoBas  kuciora (I'BK)), a Takxke wmerabonuta CcepoTOHMHA  5-
THUAPOKCUMHAONYKCYCHON KUCIOTHI (5-ONUVYK). Takxke OblTH McCIeIOBAaHBI OTHOIICHUS
MeTaboJIMTOB MOHOAMMHOB K caMUM MoHoamuHaM — 5-ONVYK/ceporonus,
JNOOYK/nopamua wu ['BK/modamun, orpaxkaromme o000OpOT COOTBETCTBYIOIINUX
MOHOaMHUHOB, aHanoruyHo. BOXKX-ananu3 mnpoBoAwIM BMECTE C COTPYAHUKOM
naboparopun  HelpoOuomormu W MONEKYJsipHON  (dapmakonorun  MHcTUTyTa

TpancisimonHo onomeauiuabel CIT6IY M.H.c Mukasinem Mopowm.
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3.2.8 Cpa(mumeﬂbnbtﬁ anaiu3 IKenpeccuu 2eH06 MOHOAMUHEPZUUECKUX CUCmem

brina mpoBeneHa OlleHKAa CPaBHUTEIBHOM SKCIPECCUU T'€HOB KIHOYEBBIX OEJIKOB
no(aMUHEPTUYECTKOM, TITyTaMaTepruyecKol U CEpOTOHUHEPTUYECKON CUCTEMBI B MO3T€
YKUBOTHBIX JTUKOTO THUIIA U dUBOTHBIX, HOKayTHbIX 10 reHy TAAR9 ¢ nomouisio I1LP B
peasibHOM Bpemenu. s aHanmza Opanu (n=6-8) 3-MECSYHBIX CaMIIOB JMKOTO THIA U
HokayTHOH nuHHM TAAR9-KO-delC no 3aBepuienuss oOpaTHOTO CKpEIIMBAaHUS Ha
noromctBe F2.  Jlng ananu3za HA  Jbly  W3BJEKAJIM  CTPUATYM, CPEIHHI
MO3T-HIPOAOITOBAaThIA  MO3T, (POHTANBHYIO KOpY, THIOTajlamyc, OOOHSATEIbHYIO

nykoBuity. Tkanb cpasy momemanu B peareHT Trizol u xpanmmm Ha -20°C.

1lo060p u sanuoayus npaiimepos. Ilpaiimepsl, ucnonb3yemble s amuddukanmu kJ[HK
UCCIeTyeMbIX TeHOB, OblTu pa3paboTansl ¢ moMoimbio NCBI PrimerBLAST Ha ocHoBe
nocnenosarenbHoctelt MPHK. I'ne Bo3MOXkHO, mpaiiMepbl BHIOMpaNM Ha CTHIKE SK30H-
sKk30H. Kpurepusimu nipu nogdope npaitMepoB ObLITH:

- JUTMHA TIociieoBaTenbHocTh 18-22 bp.

- pa3mep npoaykra ~ 120 bp.

- Tm ~ 60°C

- OTCYTCTBUE LINUJIEK U TOMO-, TeTepoaumepoB ¢ AG < -10 kkan/moib (OlleHUBaIN
B oHJaiiH KanbkyisTope IDT Oligo Analyser)

- otcyTcTBHe Hecnenuduyeckoro cesazbiBanusd B MPHK u renomuoit JIHK kpsicsl,
renomHoi /JIHK genoseka.

[Tocne monyuenust nparimepoB craBuiu [P ¢ x/IHK ctpumatyma kpwicel u
aHAIM3UPOBAIM KPUBYIO TIaBieHUs ¢ kpacuteneM SYBR, a Taxkxe HaHOCHIM MPOIYKT
peakimu Ha 2% arapo3Hblii renb. [IpaiimMepsl, KOTOpble naBajid HecneluupuuecKue
MPOAYKTHI B OTPUIATEIBHOM KOHTpOJIE (BOJa) WIJIM IBOMHON MUK HAa KPUBOM IUIaBICHHUS,
uckimovanu u3 padotel. Jlamee cepuro u3 5 pazsenenuit k/IHK, momydennoit ¢ 1 ug
CTpUaTyMa WM CPeHEro Mo3ra KpbIChl aMIUIM(UIIMPOBAIIA OJJHOBPEMEHHO B OTAEIBHBIX
npoOUpKax M UCIONB30BAIM ISl TOCTPOSHHs KaTuOpoBouHOH kpuBoii. KanmubpoBounyio
KpUBYI0 B KoopauHatax «Ct (3HaueHHe MOpPOroBOro Iukia) — KoHieHTpauus kJIHK»
ctpounu B Excel, Bplumcnas mapamerp R?, koTopwii fomkeH Obu1 ObITH > 0.99.

[TocnenoBarenbHOCTH UCIIOIB30BaHHBIX B paboTe mpaiiMepoB npuseaeHsl B [Ipunoxxenun

3.
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Buvioenenue PHK u OT-I11]P. Beineneane PHK u OT-ITLP npoBoaumu Tak xe, Kak
B pasgene 3.1.1 ¢ neGompmmmu u3Mmenenusimu. Beinenennyto PHK oGpaGartbiBanu
JHKazoit I mp-na ThermoScientific (1 U/l pg PHK, 37°C, 10 wmuHn), naiee
nHaktuBupoBan JIHKa3zy waHkyOammern npu 60°C. [lanee npoBoauiaum oOpaTHYIO
tpanckpunuuio 1 mxr PHK ¢ momomipio npaiimepa N6 u nHabopa RevertAid Kit B o6beme
20 pL. IMomyuennyro kK IHK pazBoaunu B 4 paza U UCHOJIB30BAIH ISl KOJIMYECTBEHHOM
[IIIP B pexxuMe peaqbHOrO BPEMEHH CO Crelu(prUIecKuMy nmpaiMepaMu U MpaiMepaMu K
reny juist Hopmanusauuu (red HPRT unu ren 28S pubocomuoit PHK). Hopmanuzanuto u

OIICHKY 2KcIpeccuu Aenanu no meroay AACt [98].

3.3 Meroanl in vitro

3.3.1 Knonupoeanue

Jna stoit pabotel reH Taar9 Kpbichl OBLI KJIOHUPOBAaH B BEKTOp JUIA
sykapuotnueckoil skcnpeccuu. Jns skcnpeccun TAAR9 B knerkax HEK293T non
KoHTposieM mpoMoTopa CMV 0Ob1 monydeH BekTop pcDNA-B2N9-rTAARY. B uensix
MOBBILIEHUST YPOBHS MeMOpaHHOM 3Kcrpeccuu Obul 100aBiieH N-koHIeBoi Tar B2NO9-
3xHA, cocrosmmii u3 mepBbIX 9 aMHUHOKUCIOT [2-aJApeHEepruuecKkoro perenrtopa
(MCQPGNGSA). Takke 11 I€TEKIMH KICTOYHOM JOKATU3alUK C TIOMOIIBI0 aHTUTEI Ha
N-koHer O0buT 00aBIeH remMarryifoTUHUHOBBIN Tar B 3 moBTopax (YPYDVPDYA). [lna
aHaJIM3a JOKaJIM3aluy Oeska B KJIETKE MOCJIeI0BaTeNbHOCTh reHa Taar9 KIOHUPOBAIN B
Bektop pEGFPN3. [Ilpaiimepsl  KoHCTpyMpoBaaun ¢  mnomouipto  Benchling,

MocJe10BaTelbHOCTH TeHoB Opainu ¢ caiita NCBI.

O6mmit mpunnmn kimoHupoBanus: mnocie [P ammmudukanum ¢ moMombo
npaiiMepoB 1Jisi BBOJIa CAaWTOB PECTPUKIMU MPOBOJAWIN pecTpukimio. LleneBoil BekTop
oOpabaTsIBalli YTUMH K€ pecTpuKkTazamu. [locne nTurupoBanus KOMIETEHTHBIE KIeTKH E.
coli TparnchopMHUPOBATH C TTOMOIIBIO JINTA3HOW CMECH. Y CTOMYMBOCTh K aHTUOMOTHKAM
WCTIONB30BAM I BBISBICHUS TOTCHIIMAIBHBIX TIOJIOKHUTEIBHBIX KJIOHOB, YTO

MOATBCPIKAAIN IYTEM PECTPUKIHUOHHOTO aHAJIN3a U CCKBCHUPOBAHUSA 110 C3Hrepy.

3.3.1.1 Bexmopuwi

Bekrop pEGFPN3 6bu1  mo0Ge3HO mpenocTaBieH coTpynHuUKoM LleHTpa

TpaHcreHe3a u penaktupoBanus renoma WUTBM CII6I'Y 10.B. ComoBoii.  Bekrtop
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pcDNA RTPI1S mus skcnpeccun manepona RTP1S 6bu1 3akazan B Addgene (#296736)
[99]. dnst nerekuun ypoBHS TAM® HCIoNb30BaIM UMEIOLIHICA B 1a00paTOpUN BEKTOP,
konupyromuii 6uocercop ¢ 6eiaxkom EPAC (Exchange Protein directly Activated by cAMP)
n3 panee omnyosmkoBaHHOM paboter [82]. EPAC BRET-6moceHcop comepxuT
YKOpOYCHHYIO TocheaoBarenbHocTh Oenka EPAC (a.x. 149-881), dbnankupoBanHYyIO
MocjeoBaTeNbHOCTAMUA  Jonudepassl  Renilla  reniformis W LATPUHOBOTO
(bmroopecrieHTHOTO Oenka Ha 5 u 3’ KoHMax, coorBeTcTBeHHO. pcDNA-B2N9-hTAARI,
CoJZIeprKallyto IMocleqoBarenbHoCTh N-KoHIeBoro Tara [2N9-3xHA yxke umenach B

naboparopuu U onrcaHa B padore [82].

Bexmop ons sxcnpeccuu cena TAARY (pcDNA_L2N9-rTAARY). T'en Taar9 meronom I11IP
ammuuuupoanu ¢ reHoMHoi JIHK KpbIchl JUKOro THIIA ¢ BBEIEHHMEM PECTPUKIIMOHHBIX
cailtoB EcoRl wn Xbal c wucnons3oBanueM nmpaiimepoB rTAAR9 EcoRI F u
rTAAR9 Xbal R. lanee ammumkon ounmianu Habopom Genelet Gel Extraction Kit, a
3aTeM KIOHMPOBAJIM IO TYIBIM KOHLIAaM B CyOKJIoHupyroumid BekTop pletl.2 ¢
ucnoib3oBanueM kommepueckoro Habopa CloneJET PCR Cloning Kit. IlomxyuenHsiit
BekTop pJet rTAARY cexBenupoBanyu Jyisi TOATBEPKACHUS BEPHOU MOCIIEIOBATEILHOCTH
reHa TAARY9. 3arem ruaponuszoBanu pectpukrazamu EcoRI w Xbal n BcTpauBau B
umeromuiics B jabopatopun BekTop pcDNA-B2N9-hTAARI1[82], ruaponan3oBaHHBIN

9TUMMU K€ PCCTPUKTA3AMMU.

Bexmop ons skcnpeccuu cena TAARY, crumoco ¢ EGFP (pEGFP-p2N9-rTAAR9). 1ns
U3yYeHUs JoKanu3anuu Oenka B kieTke Obul moiydeH BekTop pEGFP-B2N9-rTAARO,
KOTOPBIN cOAEepKUT reH Taar9, cnuThlil ¢ reHoM GFP, noa koHTposem npomoropa CMV.
J11st mosTydeHust TaHHOTO BEKTOPA aMILTU(UIIUPOBATH KOIUPYIOIIYt0 o0macTs reHa TAARY
¢ N-konueBbM Tarom npu nomoiuu [P ¢ nucnons3oBannem npaiimepos 3HA HindIIl F
u rTAAR9 Kpnl R, ucnons3ys B kauectBe MaTpuilsl BeKTop pcDNA-B2N9-rTAARO.
[TonmyyeHHBIH aMITIMKOH THAPOIU30BaIN pectpukTazamu HindIIl v Kpnl v BcTpauBaiu B

BekTOp pPEGFPN3, riupon30BaHHbIN 3TUMH K€ PECTPUKTA3aMHU.

IIpariMepsl 111 KITOHUPOBAHUS

Knonuposanue B-TAAR9 B pcDNA-B2N9-hTAARI1 ¢ EcoRl/Xbal
I'TAAR9 EcoRI F | 5’- CAGGAATTCATGGAGCTCTGCTACGAGAAC
rTAAR9 Xbal R | 5’- CGCTCTAGATTAACCTGCACCTGCTTCTTCA
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Knonuposanue BekTopa ais sxcnpeccuu 6enka TAAR9-GFP HindIll/KpnIR

3HA HindIIl F

5’ — CATAAGCTTATGGCTAGCTACCCATACGATG

rTAAR9 Kpnl R

5’ - CGCGGTACCACCTGCACCTGCTTCTTCA

[Ipaiimepsl 17151 CEKBEHUPOBAHUS

pletl.2 F 5’- CGACTCACTATAGGGAGAGCGGC
pletl.2 R 5’- AAGAACATCGATTTTCCATGGCAG
CMV _F 5’ - CGCAAATGGGCGGTAGGCGTG
BGH R 5’ - TAGAAGGCACAGTCGAGG

3.3.1.2 I[P amniuduxayus

[P ucnonb3oBanu 11 aMIUTHGUKAIIMK T€HOB U J00ABJICHUS CAUTOB PECTPUKITUU.

Cocras II1IP peakuuu:

50-250 ur renomuoit JJHK wnmn
10 ar mnasmuagoi JJHK

1x

Hi Fi 6ydep

0.2mM

dNTPs

0.5uM

F mpaiimep

0.5uM

R mpaiimep

0.8U

Phusion  High-Fidelity
noJauMepasa

JTHK

x uL

BOJ1a JICMOHU3UPOBAHHAs,
cBOOOHASI OT HyKJI€a3

>=40uL

[Iporpamma amnIupuKauu

98°C — 3 mMuH

C 351

| 1. 98°C — 20 cex

| 2. 64°C — 15 cex

|3.72°C — 40 cex

72°C — 10 min

®parMeHTHl pa3iensau ¢ momombio 1% arapo3Horo renb-3nekTpodopesa ¢

no0aBiieHHEeM OpOMHCTOTO STHUJIMA, BBIpe3aiu Jie3BueM u3 rens u ounmianu Genelet Gel

Extraction Kit, ocHoBanHoro Ha cBs3biBanuu JIHK ¢ cunmkarenb KOJOHKaMH, SJTIOLMIO

npoBoguin B oobeme 10 pL. Konnenrpauuto IHK n3mepsiiu criekrpodoTomMeTpruecku

Ha npubope Nanodrop. OuniieHHble ¢pparMeHThl MO0 cpaszy MOABEprajid PECTPUKIIHH,

60 xpanunu Ha -20°C 1o 2-3 nHei.
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3.3.1.3 Pecmpuxyus u aucuposanue

Pecmpuxyus. TIpOTOKOJIBI PECTPUKIUN OBUIM Cr€HEPUPOBAHBI C IOMOIIBIO OHJIANH
DoubleDigest Calculator or Thermo Fisher Scientific. Pectpukuuu nmoaBeprainu BeKTOpbI
1 (pparMeHThI IS OCIEAYIOMIErO JTUTUPOBAHUS WITH B LIEJISX PECTPUKIIMOHHOTO aHATN3a
MOJIyYCHHBIX KIIOHOB.

OO0mMit MPOTOKOJI PECTPUKITUN

10 pL ounmennoro IIP-pparmenTa nim
1 ng nnasmuanoi JJTHK
COOTBETCTBYIOIIUN  Oydep
1 X | Ans pecTpUKLIUU
5-10 U | Pectpukrasa
BOJIa  JIEMOHM3UPOBAHHAS,
X pL | cBoOOAHAS OT HYKJI€a3
>=20uL
WNuky6anus 1-2 yaca npu tremmeparype 37°C

Jlueuposanue. 50-100 ur JHK Opamu s nurupoBanuss B cooTHomieHud 3:1
(BcTaBka:BekTOp). CMeCh i JIMTUPOBAHUS COOMpPANIH Ha JIb]y, Jajee nHKyouposamu 30
MUH. 11pu Temneparype 22°C. JIurazHyro cMech cpa3y MCIOIb30BAJIN IS NTOCIELYIOIIEH
TpaHchopmauu 160 xpaHuiu rnpu -20°C B TeueHHE HOUH.

CocraB JTUra3Hou cMecu
3:1 (BcTaBKa:BEKTOD)
1 x | T4 6ydep
5 Weiss U | T4 nurasa
BOJIa  JIEMOHHM3UPOBAHHA,
CcBOOOJTHAs OT HYKJI€a3

x uL

>=10uL
B xauecTBe KOHTPOJIS CAMOIUTHPOBAHHS BEKTOPA ITOCIIE PECTPUKIINH TAKKe IPOBOAUIH B

OTJIENbHON MPOOUpPKE JIMTUpOBaHUE 0e3 BCTaBKM M CPAaBHHMBAJIM KOJIMWYECTBO KOJOHUHU C

KOHTPOJIEM.

3.3.1.4 Tpauchopmauus E.coli

Kowmnerentasie knetku E.coli XL10-Gold ucnons3zoBamu ot Evrogen (Poccus),
nn6o monydanu metonoM ¢ ucmnosibzoBanueM CaCly [100]. KoMmmeTreHTHBIE KIETKH
TpaHCHOPMUPOBAIA JIUTA3HOM CMECHIO C TIOMOINBIO TEIUIOBOTO IIIOKAa. AJUKBOTHI
KOMIIETEHTHBIX KJIETOK, XpaHuBmmxcsa npu -80°C, pazMopakuBanu Ha nbay. [anee
NO0ABISUTM  OXJIAXKACHHYIO JIMTa3HYI0 CMECh M aKKypaTHO mepememuBanu. Cmech

WHKYOupoBanu B TeueHue 30 MUHYT Ha JIby. 3aTeM CJIeI0BaJl TETIOBOM ITOKOM B TEUCHUE
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90 cexyna ipu 42°C, 2 munyThI BO 1b1y. Jlo6aBnsum 600 pul cpeapt SOC 6e3 aHTHOHOTHKA
W MHKyOuWpoBanmM B TeueHue uyaca npu 37°C. B 3TOT mepuox KIETKM HAYMHAIOT
HapabaThIBaTh PEpMEHTHI AJ1s1 aHTUOMOTUKOPE3UCTEHTHOCTH. KileTkH BhIceBalIM Ha YalllKu
C arapoM C aMIMLUAUIMHOM WIM KaHAMUIMHOM JJIs IO3UTUBHOM CEJEeKIUH MU
uHKyOupoBanu npu 37°C B TeueHue HoO4M. 3-5 KIOHOB 3aceBanu B 3-10 mur cpensl
LB+anTHOnOTHK (KaHAMUIIMH WM aMIULIWUIAH), pacTHid npu nokaunBanuu 200-300
rpm B TeueHue Houn Ha +37°C. [lanee ounmmanu rmiasmuasl Habopom Genelet Plasmid
Miniprep Kit, smroruto npoBoaunu B oobeme 50 pL. [lnasmuasl moaBepraiu pecTpUKIUU
C JaJbHEHIIMM aHAJIM30M KapTHHbI IIOCJIE pa3fesieHusl B arapo3HoM rejie ¥ nocie oroopa
OTIIPaBJsUIM Ha CEKBEHHUpoBaHHE MO Meroxy CsHrepa i MOATBEPXKICHUS BEPHOU
BcTaBKU. CEKBEHUPOBAHNE IPOBOAMIIOCH COTpyAHUKaMU PomanoBuy A.D. n Matapckum
A.D. Ha 6a3e pecypcHoro 1eHrpa «Pa3Butre MOJIEKYJISIPHBIX U KJIETOYHBIX TEXHOJOTHID)
CIIOI'Y. AHnanu3 pe3yiabTaTOB CEKBEHHPOBAaHUS MPOM3BOIWIM B IporpaMMe Snapgene

(CIA). Croxu mnazmup xpanuiu npu -20°C.

3.3.1.5 Quucmka naasmuo oaa mpanchexyuu

Jlnst  monydeHus: JgoctatroyHoro kKojudectBa TtwiazmuaHodt JIHK  Gaxrepun
tpancopmupoBaiu 10 Hr ruiazmuas! ¥ BeiceBanu B 100 mut cpeast LB wnu TB [101], nanee
pactuiu B TeueHre Houu npu +37°C u nokaunBanuu 250 rpm. /{11 O4MCTKY NCIIOIB30BaIN
Habop Genelet Plasmid Maxiprep kit ¢ HEOOIBIIMMU U3MEHEHUSIMU: JIJISI YBEITUYCHHS
KOHILEHTpaluu uoluio npoBoauian B oobeme 100-200 pLL B Heckonbko 3tanos. [anee
o0beIuHsIIM HanboJiee KOHLEHTpUpoBaHHbIe (pakiuu. KoHIeHTpauus s yCIHemHoHl
tpancdekiuu Oba 0.9-1 pg/pul. Takxke ObLT UcmoNb30BaH crocod Mg ouuctku mJHK
no manHor metoauke [101]. CTOUT yuuThIBaTh, 4TO MOJYyYeHHYIO 3TUM MeToaoM m/JHK
Henp3sl XpaHuTh npu +4°C, Tak Kak oHa mojasepraercs ruaponusy, takxke n/IHK ne
MOAXOJUT JIJIsl PECTPUKIIMOHHOI'O aHAJIN3a, TEM HE MEHEE MBI YCIEIIHO HCIIOIb30BAIN AJIS
tpancdekun. Ouniennyto nJIHK HaHOCHIN Ha arapo3HbIi Tellb U OLIEHUBAIM KauyeCTBO
n yncrory. Konnenrpanuro /IHK B mosrydeHHOM pacTBOpe YyCTaHABIMBAIH IIPU ITOMOIIH
cnekrpodoromerpa NanoDrop 2000 (Thermo Fisher Scientific, CHIA). nJIHK xpanwmm

npu -20°C nmubo ans naurenbHOro xpaneHus mnpu -80°C.
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3.3.2 Knemounvie Kynomyput

3.3.2.1 Beodenue xnemoynwblx JUHUU

Kynbrypy wkierok HEK293T pactunm nHa 100 mm wyamkax npu a’paiuu ¢
conepxxanueM 5% CO: co cpenoit DMEM, st CHO-K1 ucnons3oBanu cpeny DMEM/F-
12 ne 6onee 16-20 maccaxeii. Oboramanu cpeny nodasnenueM 10% deranpHOM ObIubeit
ceiBopoTKkH, 1xGlutaMAX, 1 mM nupysara Hatpus, 1x MEM-NEAA (He3ameHUMBIC
aMuHOKHCIIOTHI) 1 0.1 Mr/mi nenunmuine/cTpentomuniaa npu 37°C. TlepeceBanu uepes
KaKJbIe 2-3 THS C UCTIOJIB30BAaHUEM YITydIlIEHHOTO anajora Tpurcuaa Tryple Express. Bee
KJIETOYHBIC KYJIbTYpbl PYTHHHO TMpOBEpsUIM pa3 B 2-3 Mecslla HAa KOHTAaMUHAILIUIO

Mycoplasma spp. ¢ nomompbto TTLP [102].

3.3.2.2 TIpancgerxyus

Jnsa tpanchexuuu ucnonszoBanu kietku HEK293T wnu CHO-K1 na >6 naccaxe.
[Ipunuun TpaHchekuMu 3akiao4aeTcss B TOM, 4YTO JIMIIOCOMAJbHBIA  peareHT
Lipofectamine2000 mpuBoauT K ¢GopMHpOBaHWIO KomIuiekcoB mnazmunuoi JIHK u
aunocoM. Jlumocombl  MHTEpHANIM3UPYIOTCA  MOCpeAcTBOM  3Hjouuro3a. llocie
paspymenus sHpocom miaazmuanas JIHK ocBoOoxmgaercss M BXOAMT B SApO BO BpeMs
CIIEqyIOIIEro KieToyHoro naeneHus. Knerku BoiceBanu Ha 100 mm yamky, pacTuiau 10
noctuxenus 70% xoHduroeHTHOCTH, najnee cpeny DMEM 3amensnu va cpeny OPTIMEM
0e3 aHTHOMOTUKOB ¢ Jo0aBiIeHHeM 2% QeTanbHoi Ob1ubell chiBopoTKH, 1X GlutaMAX (L-
alanyl-L-glutamine), 1 mM nupysara Hatpus. UakyOuposanu 30 pL Lipofectamine2000
¢ 120 uL OPTIMEM B Teuenue 5 MunyT. B 3170 Bpems goBoanimm oobem mnazmuHoi JTHK
cpenoit OPTIMEM no o6vema 150 pL (5 pg mmasmuast EPAC + 5 pg mnasmuast TAARY).
Hanee conpepxxumoe npooupku ¢ Lipofectamine 2000 mo kamisaM q00aBIsiid K pacTBOPY
wiazmugHoi JIHK n nnkyOupoBanu B Tedenue 20 MUHYT IpU KOMHATHOM TemIeparype.
ITocne mo karisiM 100aBISUTH K Yalllke ¢ KJeTKaMu. MIHKyOupoBainu B TeueHue 4-5 yacoB
uu HouH. J[71s1 KoH(pOKaTbHON MUKPOCKOIIMH KJIETKH BHICEBATIN HA 6-TyHOYHBIN TUIAHIIIET
u nocne noctwkeHuss 70% KOHQIIOEHTHOCTH TpaHcdeuupoBaid mo 1 pg miua3Musl

TAARO-GFP Ha nyHKy.
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3.3.2.3 Koudoxarvhas Mukpockonus u UmMmyHo@drioopecuenmuoe oKpauusanue

Jns  aHanu3a JIOKANM3allMM  PELEenTopa B KIETKE HCIOJIb30BAIM  KJIETKH,
TpanchenrpoBannple BekTopoM pEGFPN3 B kauecTBe MOJIOKUTEIHHOTO KOHTPOJISI, W
BekTop pEGFP_B2N9-rTAARY, xotopsrit kogupyer TAARY, ciutsiii ¢ 6ennkom EGFP nHa
C-xonue. Ilocne Tpancdeknuu B TeUeHHE HOYM, KJIETKU IUIOTHOCTHIO 100 000/myHKa
nepeceBajid Ha 6-TyHOUHBIN MJIAHIIET C MOKPBITBIMU MOJIU-/[-TM3MHOM CTEKJIaMU Ha JTHE
u pactuin Ha cpeae DMEM ¢ no6aBkamu B TeueHue cyTok. s mpeaBapuTebHON OIEHKH
TpaHC(EUPOBAHHBIX KJIETOK oueHuBaM ¢uroopecteHnnio GFP xuBbpIX KieTOk Ha
mukpockorie ZOE Fluorescent Cell Imager (Biorad, CIIIA). [lamee Bce 3Tarbl MIPOBOIMIIN
B YCJOBHSAX KOMHAaTHON TemnepaTypbl. KileTku ormbiBaiu oT cpensl Oydepom PBS,
¢bukcupoBasiu 4% pacTBopoM mapadopmaibaeruia B TeyeHue 12,5 MUHYT, Hocie 4ero
KJIETKA OTMbIBaIM pactBopoM PBS 3 paza no 5 munyt. [lanee okpammBaiu KpacuTesieM
Fluoroshield @~ DAPI wu  MoHTHpoBamiMm  Ha  mpeameTrHoe  crtekio. s
UMMYHO]JIIOOPECIIEHTHOI'0 OKpALIMBaHUA Mocie (UKCALMM U NPOMBIBKH HPOBOIMIN
OJIOKMPOBKY Hecnenuduyeckoro cpsizbiBaHUs MHKyOauued ¢ 5% normal horse serum,
pa3BeneHHoil Ha PBS, B Teuenue 1 yaca npu xomHaTHON Temmeparype. UHkyOamus c
nepBeiMu  antiHA  anTuTenamMu npoBoaunau B TedeHue 60 MUHYT OpU KOMHATHOM
TeMmImepaType Wi B TedeHue Houu npu +4°C, anTuTena pa3Boauiau Ha 5% normal horse
serum Ha PBS B cootHomenunu 1:1000. Bropslie anTuTena pa3soauwium Ha 5% normal horse
serum Ha PBS B cootnomenuu 1:1000, nukyOanyo npoBOaWIM B TeUeHne 1 yaca, mocrne
yero oTmbiBamu 3 paza PBS u  okpammBamu kpacutenem Fluoroshield DAPI u
MOHTHPOBAJIM Ha MPEAMETHOE CTEKJIO 00pa3ibl. AHAIN3 MPOBOAMUIN HAa KOH(OKAIEHOM
mukpockonie Leica TCSSP5 na 0aze «Pa3Burue MOJIEKYJIAPHBIX M KIETOYHBIX
texHonoruit» CII6I'Y, ucnonb3ys 1IMHY BOJHBI BO30YX1eHUS 488 HM IS BU3yaIU3aluu

GFP, 553 um nns antutena Alexa Fluor 555.

3.3.2.4 Memoo buoniomunecyenmuo20 pezonancho2o nepernoca suep2uu (BRET)

Hns BRET-perexkuun nsMeHeHus ypoBHS HAM® npow3BOaWIaCh WHULHAIUS
OMOJIIOMUHECIIEHIIMN C TMOMOINBIO peareHTa IeneHtepasuHa h (cydctpar mia Renilla-
monudepassl). Kietkun mnocne tpancdekuun pacceBaqu Ha 96-TyHOUHBIA IUIQHIIET C
6enpiMu cTeHKaMu 13 pacyeta 150 000 knetox/nmyHka (cpega Minimum Essential Medium
6e3 ¢QeHonoBoro kpacHoro c¢ coaepxkanuem 2% (QeraabHOM ObIYbEH CBHIBOPOTKH,

IxGlutaMAX, 1 mM nupyBara Harpusi, 0.1 Mr/MiI NEeHUIWIUIMH/CTpENTOMUIIMHA). B
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IUTaHIIeTe MHKyOupoBanmu B TeueHue 24 yacoB. Bee anammssl BRET mpoBoaumncs B
koHeuHOoM oObeme 100 pL Ha myHKY mpu KOMHaTHOW Temmepatype. HemocpencTBeHHO
nepe SKCIepUMEHTOM Ha JIHO IUIaHIeTa HakjaeuBanu Hakieiika Perkin Elmer Backseal,
KyJbTypasibHas cpena 3amensuin Ha 80 pL PBS (¢ nmo6asnenuem 0,03% ackopOuHOBOIA
kucnotel, 100 mg/L CaCl, m MgSO4) ¢ mocnenyrommm aobasiennem 10 pL 50 MM
nenenTepasuHa-h (koneunas xonueHtpamust 5 MkM) u 10 pL 2 mM unruburopa
dbochomgmrcrepazsr IBMX (koneunas konuerparus 200 mxM). Yepes 10 muHyT
MHKyOanuu KieTok ¢ cyocrparom Rluc BHOocunu uccnenyemble coequnenus wiu PBS B
oobeme 10 pL. Jlns ckpuHMHTA COeMUHEHUs Opanu B KOHEYHOH KoHueHTparuu 50-250
MKM. [l 1nocTpoeHHs KpUBOM pa3BEAECHUS COEAMHEHUs Opanu B CIEIYHOIIMX
koHnenrpauusx: 1000, 500, 250, 125 , 62.5, 31.25, 15.6, 7.8 mxM). B kauectBe
MOJIOKUTETIBHBIX KOHTPOJIEH MCIOJB30BaIM HU30MPOTEPEHON (arOHUCT IHIAOTEHHOTO [32-
aapenepruueckoro penentopa HEK293T) B  koHuentpauuu 1 pM, a Takxke
HecTienn(pUIeCKUd aKTHBATOp aJleHIJIATIMKIIA3hl (DOPCKOIMH B KOHIeHTpauuu 20 pM.
Konuentpauus JMCO He unpesbimana 1%. Perucrpanuio BRET nposogunu
JUHaAMH4Yecku B TeueHue 20 MUH ¢ moMOIIbI0 TuanmeTHoro puaepa Mithras Centro XS3
LB 960 (Berthold Technologies, I'epmanust) ¢ ontudueckumu ¢puiibTpamu 465-505 M ams
nonopa (Rluc) u 515-555 um mna aknentopa (YFP). /lanHbIe TIOMUHECIIEHTHOTO CUTHAJA
oOpabatsiBasin ¢ momoipio nporpamMmmbl MicroWin. Curnan BRET paccuuthiBamm xak
OTHOIIIEHHE CBeTa, n3iydaemMoro npu 540 HM, K cBery, usimydaemomy Inpu 480 HM
(YFP/Rluc). Hanee Bbrumcnsimu ABRET = BRET coornomenue (PBS) - BRET
cooTHomeHue (BemectBo). [ns moctpoenus kpuBoit ECS50 mcnonb3oBaiin 3HAYCHHS
ABRET. Jlns 607ee HarasigHOTO MPECTAaBIEHUS PE3yJIbTaTOB CKPUHUHTA MCTIOIb30BAIH

BRET cootnomenne Rluc/YFP. Cxema skcniepumenTa npezacrasieHa Ha Pucynke 2.
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Mnazmuga TAARS

TpaHcdeKumna
Mnasmunaa EPAC

CAMP

Ry Subsie @_ Substrt @_ i
l 4750m > < > a750m EPAC /
@, i

525nm

BuoceHcop EPAC gns aHanu3sa oTHOLWEHWA MHTEHCUBHOCTK
_» GnoopecueHumn akuentopa YFP (525 HM) K MHTEHCMBHOCTM
-
l MNoces Ha nAaHwWer -~ nomuHecueHuumn goHopa Rluc (480 Hm) npu ceasbiBaHum LAMD

Job6asneHue cybeTtpaTta Rluc W nvraHaos

Pucynok 2. Cxema mpoBeleHHs DKCIEpUMEHTa Mo CKpuHUHTY aroHuctoB TAAR9 c¢ ucnomszoBanuem BRET.
Wnnroctpanus 6uocencopa EPAC B3sta u3 Salahpour, 2012,

3.4 CrarucTH4ecKMii aHAJIN3

[TonyuenHble 3HaueHus BbIpaxainu kak cpeanee =+ SEM. Ha rpaduxax npuBeaeHbl
TaK)K€ WHAVBUAYaAJIbHBIE 3HAYEHHsS B BHJE ToueK. JlId ompeneseHus AOCTOBEPHOCTH
pasnuMuMi B UCCIENYEMBIX TIpylnax HIpHUMEHsICS Hemapamerpudyeckuii U-kpurepuit
Manna-YutHu. /s aHanu3a JOCTOBEPHOCTH pa3iMuuil MEXIy TpYyNIaMy IpU U3MEPEHUH
TEMIIEpaTypbl MMIUIAHTUPOBAHHBIMU  JaTYMKAMU  HCIOJIB30BAIM  JIBYXCTOPOHHUI
aucriepcuoHHbIN aHanu3 (two-way ANOVA) ¢ anoctepuopHbsiM TectoM bordepponu. s
noctpoenust kpuBoi ECS50 ucnonszoBanu (yHkiuio non-linear curve fitting. Ananus
npoBoAwin ¢ ucnonb3zoBanueMm GraphPad Prism Bepcuu 8.0 mist Windows ot GraphPad
Software, Can-/luero, Kamudopuus, CHIA (www.graphpad.com). 3nauenus p <0,05

CUMTAIIUCh 3HAUUMBIMH, *p<0.05, **p<0.01, ***p<0.001.



52

4 PE3YJbTATHI

4.1 TI'nasa 1. AHaau3 narrepHa 3xkcnpeccun TAAR

4.1.1 DOkcnpeccua zenoe Taar 6 mKaHAX MbIUU U KPbICbL

Uccnenosanue ponu perentopoB cemeiictBa TAAR ocinoxHsieTcst OTCYyTCTBUEM Ha
HACTOAIIMNA MOMEHT CIEeUU(PUUHBIX AaHTUTET U CEJIEKTHBHBIX arOHHCTOB/aHTArOHHCTOB.
OtcyTcTBHE CrieMU(UYHBIX AaHTHTEN HE MO3BOJISIET MOIYYUTh PEJIEBAHTHBIE JaHHBIE 00
skcripeccun TAAR Ha ypoBHe Oenka. [1o3ToMy Ha TaHHBIM MOMEHT OLIEHKA IKCIIPECCUU
TAAR Bo3MoxxHa Tonpko Ha ypoBHe MPHK, mpu mnomomm wmeromoB oOpaTHOM
TpaHcKkpunuuu u TubOpunmzauuu in situ. Kopupyromas oOnacte reHoB Taar, 3a
uckioueHueMm Taar2, cocTaBieT OAMH JK30H, YTO HE IIO3BOJISIET HCIOJIb30BATh
npaimepsl, crienuduuansie 11 kJJHK, Ho He renomuoii /IHK. B kauecTBe oTpuiaTeasHOro
KoHTpoJis curHana ot reHomHoi JIHK ucmonws3zoBamuce 06pasiel PHK, B koTopsie npu
oOpaTHON TpaHCKpHUMNIMU HEe M00aBIsIM OOpaTHYIO TPAHCKPUIITA3y, U HE COJeprKallue
takuMm obpazom k/IHK. BBuay toro, uto nrobast ocraBmasics renomHas J{THK B oOpasue
PHK MoxeT nare J0XKHOIOJIOKHUTEIBHBIM OTBET, NMPOBOAWIACH JIBOMHAsA MPOBEpKA:
aHanu3upoBaiu curHan duroopecuenuu B oopasiie RT(-) (PHK 6e3 peeprassl), a Taxxke
HAaHOCHUJIM JTOT KOHTPONb Ha renib. B aHanu3 BkItouyanu oOpasiibl, YUCTHIE B OOOMX
ciydyasx. Y wmbimu Merogom OT-IIHP Ovun uccnenosansl Taar2, Taar6, Taar9 B
CIIEIYIOINX TKaHSIX: OOOHSTENbHBIM AMUTENUN, OOOHATENbHAs JYKOBHLA, CTPHATYM,
MO3XEUOK, CTBOJI, THIMIOKAMII, THIOTalaMyc, (pOHTalbHas Kopa, IIEHHBIM OTAeN
CIIMHHOTO Mo3ra; Taar5 — B MO3)KEUKe U CTBOJE MoO3ra. Y KpbICHl ObUT MOJIPOOHO
UCCIIEIOBAaH MAaTTepH OJKcrnpeccuu Taar9: OOOHATENBHBIA ANUTENUN, CTPUATYM,
MPOJOJTOBAaThI MO3r, CpeIHUH MO3r (uUepHas CyOCTaHIMs, BEHTpalbHas 00JacTh
MOKPBIIIKK), PUIIeXkKAIee SAPO, TUIIOKAMII, TUIIOTAJaMyC, MO3KEUOK, TOHKas KHIIKa,

TOJICTasd KHIIKa, IICYCHb, CCJIC3CHKA, II0YKa, HAAIIOYCYHUK, CCMCHHHNKU.

Oxkcnpeccust Taar2, Taar6, Taar9 mpimn ObUTa TIOATBEPXKIACHA B OOOHSATEIHLHOM
SIUTENINHU U JIyKOBUILE. Y MBIIIHU dKcripeccust Taar2 Obula HaliieHa B KOpe, TUIoTajamyce
u ctBoJie Mo3ra [9], Taar5 — B mo3xeuke u crBoie [92], Taar6 — B xope [103], Taar9 — B
Mo3zxkeuke (Pucynok 3). Hu B onHONM M3 ApYyrux M3y4EHHBIX CTPYKTypax MoO3ra MbIILIN

MPHK Taar9 oGHapyxeHo He ObLI0.
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Pucynok 3. Ouenka 3xcnpeccnu reHoB Taar B TkaHsx Mbrmu metomom OT-IILP. Ha 2% arapo3Hslii rens HaHOCHIN
npoxyktsl OT-TIILP. Ha remp wanocwnmu 10 uL amnmukonoB Taar, 4-5 pL ammumkonoB Gapdh B kauecTBe
BHYTPEHHET0 KOHTpoist Harpy3ku PHK.

Opnnako, y KpbIc dkcnpeccus reHa Taar9 Obuia ropasno paznoodpasuee: MPHK Obina
oOHapykeHa B BEHTPAJIbHOW OOJIACTH TOKPBIIIKH, B YEPHOH CyOCTaHIIMHM, a TaKXke B
npunexamieM sape (Pucynok 4). Tak xe MPHK Taar9 ects B BeHTpasibHOW yacTu
TUIIIOKaMIIa, THUIOoTalaMyce M B IpojoiroBarom wMosre. Ha mnepudepun Obuia
MOATBEPIK/IeHA dKCIpeccuss B 00OHATENILHOM 3IUTENNH, a TaKXKe HalJleHa SKCIpeccus B
ceMeHHUKaX. B reuenu, a Takke B TOHKOW M TOJICTOM KHIIIKE KCITPECCHIO0 OOHAPYKHUTH HE
y/1aJ0Ch, @ KOJIMYECTBO BbIIENIeHHON 13 Oyporo u 6enoro xupa PHK 6b110 HeroctaTouHO
s aHanuza. Camblif BBICOKHI YpOBEHb SKCIIpeCCMU HaOMIonanu B OOOHATEIHLHOM

OIIUTCIINH.



54

rvos R [ — — -
|
100 bp>

yepHasa cybcTaHuMa BeHTpanbHaa obnacte npuaexalee A4po
MOKPbILLKKA

100bp—)_ G Gy D o @D | oo e
I [ ———

BEHTPasIbHbIN NnpoAoNrosarslii runoTanamyc CeMEHHUKK
rMnneKamn MO3r

TAAR9

HPRT

Kpbica

TAAR9

HPRT

s nJ'\%

NS e

Pucynok 4. Ouenka skcnpeccun reHa Taar9 B Tkanax kpbickl MeTonoM OT-ITLP. Ha 2% arapo3Hslii rein
Ha"ocwy npoayktel OT-TILP. Ha rens sanocnm 10 pL ammummkonoB TAARY, 4-5 pL ammmkonoB HPRT.

B kauectBe BHyTpeHHero koHTpouis Harpy3ku PHK ucnons3zoBanu ren HPRT kpbIChI.

4.1.2 Mema-ananu3 oannsix no Ixcnpeccuu 2ena TAAR9

Amnanus skcnpeccun TAARY ¢ momometo OT-TILP B TkaHSX MBI U KPHICHI MBI
JIOTIOJTHUJIM JAaHHBIMU U3 OTKPBITHIX 0a3 JaHHbIX. J{J1s 3TOro ObLI MPOBEAEH METa-aHaIN3
nanHbix PHK-cexBeHMpoBaHus cTpyKTyp MO3ra MbIIH U yenoBeka u3 6a3sl GEO. buto
IpoaHaan30BaHo 13 HAOOPOB, coJepXKalluX IaHHbIE, MOJyYEHHbIE NMPHU HCCIETOBAHUU
TKaHeW TOJOBHOIO MoO3ra uyenoBeka, M 15 HaOOpoB, OTpaXKaloIUX pPE3yJIbTaTh
HCCIEAOBaHUN  O0pas3lloB, TOJYYEHHBIX OT  MbImed. JIOMOMHUTENBHO  OBLIO
MIPOAaHAIM3UPOBAHO 3 Habopa [aHHBIX, MOJYYEHHBIX HPU HCCIEAOBAHUM OTIEIbHBIX
nodamuHepruueckux  HeipoHoB  cpemHero Mosra  (GSE64452) wu  dpaknum
XOJIMHEPTUYeCKUX HMHTEpHEHpoHOB mpuiexaiero sapa meimm (GSE130376); a Taxoke
OJIMH Ha0Op JaHHBIX, TOJIy4YE€HHBIN MTPHU UCCIEIOBAHUN LIUTOMIA3MAaTUYECKON U SIIEPHOM
¢pakuuu D1- m D2- cpenmHux uronp4ateix HeWpoHOB (medium spiny neuron, MSN)
(GSE121199). Hcnonb3oBaHHble HAOOpHl M YHCIO MPOAHATU3UPOBAHHBIX 00pa3LOB
ykazansl B Ilpunoxenun 1 — gns uenoBeka, Ilpunoxkenun 2 — mng meimm. Ilo
HaKOIUIEHHOMY B HaIllei JJabopaTOpUH OMBITY Ha JaHHBIM MOMEHT B pernozutopuu GEO

MOAXOJAIINX IO TIYyOMHE TPOYTEHUS HAOOpPOB MAHHBIX JUIsl TKaHEW KpBICHI HE
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MPEACTABJICHO, TO3TOMY Mbl COCPEIOTOUMIIUCH Ha HcclieqoBaHuu skcnpeccud TAAR9 B

CTPYKTYpax IOJIOBHOI'O MO3I'a MBIIIH U YEIOBEKA.

VY uenoBeka Hambosee MPEICTaBICHHON CTPYKTYpOM B HCCeIOBaHUHU Oblila Kopa
(mpedponTtanbHas kopa = 121 00pa3uoB, noscHas u3BuiIMHA = 32 00pasia, MOTOpHas Kopa
= 13, temennas kopa = 10, ¢pponTanmpHas kopa = 5). M3 HUX B €IMHCTBEHHOM Habope
nauHbiXx GSE135838 skcnipeccust MPHK TA ARO 6biia BeISIBIICHA B IBYX U3 TISATH 00Pa3IioB
TeMeHHOW Kopbl Ha ypoBHe 0.25 TPM. B mpunexamem sigpe crpuaryma Bo Bcex 81
obpasnax skcrpeccusi TAARY Obina HUKE MOpora OTCEYCHHSI, TaK )K€ KaK B THITIIOKAMITS
1 Mo3osucToM Tene. B ckopmyme crpuatyma skcrpeccust TAARO Obuia Beime cut-off B
IByX obpasuax u3 59. B xBocraTom siipe ctpuatryma B 10 obpasumax u3 59 sxcnpeccus

TAARO 0Obina Beime nopora (Pucynok 5A).

B cootBerctBum ¢ nomyueHHbiMu ¢ iomombio OT-IILP nanHbIMEH B MO3re MBIIIH
TAARY9 skcnpeccupyetcst kpaiiHe cinab6o. OpHako, Kak OBUIO YCTAaHOBIEHO B XOJi€
MpoBeAEHHOr0 aHanu3a JaHHbIX peno3utopus GEO, 310 Kkacaercda wucciaenoBaHUs
TPAHCKPHUIITOMA TEJBIX (PAarMEHTOB TKAHU, BKIFOYAIONINX PA3TUYHBIC THIIBI HEUPOHOB U
JIPYTUX KJIETOK HEpBHOW TKaHU. [Ipu ceKBEeHUPOBAHUHU OTACIBbHBIX KICTOYHBIX (PPAKIIUM,
a HMEHHO CpEAHUX MWrOJIbYaThIX HEHPOHOB M XOJIMHEPTUYECKUX WHTEPHEHPOHOB
TIpHUIIeXKAIIEro sapa, skcrpeccust TAARY Obiia 3HAUUTEIHHO BBIIIE TOPOTOBOTO 3HAUCHUS

(Pucynox 5Bb).
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Pucynox 5. HopmanusoBaHHbIe AaHHbIE MeTa-aHanu3a JaHHbIX PHK-cekBeHupoBanus A) B sapax CcTpHaTyMma
yejtoBeka: B mpuiexarieM (N _accumbens), xBocratom (N_caudate) n ckopiyne (putamen); (B) oTaenbHBIX KIETOK U
¢pakumii He¥ipoHOB npuiexainero sipa Mbimd. MSN-D1, MSN-D2 - cpenuue uronbuarsle Hedponsl, Na-C -
XOJIMHEPruuecKre MHTepHeHpoHbl. YepHas myHKkTupHas quHus — cut-off =0.1
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4.2 TI'nasa 2. U3ydyeHue JIMHMHU KPBIC, HOKAYTHBIX 110 reny TAAR9

Kak nokasan npuBeeHHBIN BbILLIE aHATU3 NATTEpHA dKcnpeccuu Taar9 y KpbIC 110
CPaBHEHHUIO C MBIIIAMU ropaszio Oosiee WHTEpecHas U BbIpaxkeHHas skcmpeccus B [THC.
[TosTomMy B KauecTBe Mojenu g u3ydeHus poiad TAARO Oblinm BBEIOpaHBI KPBICHL, Y

KOTOPBIX ObLIO BBINOJIHEHO HOKAyTUpOBaHus reHa Taar9.
4.2.1 Ilonyuenue nokaymuoii 1uHuu

Hns  pa3paboTKu  HOBBIX  MOPOJ  MYTAaHTHBIX  JKUBOTHBIX  CETOJIHSA
npennoututenbHbiM MeTogoM siBisiercs CRISPR/Cas9 texnonorus [104]. bnaromaps
BbICOKOU ckopocTH ¥ ToUHOCTH CRISPR/Cas9 mo3Bossier momydnTs HOKayTHOE JKHBOTHOE
y’K€ B IIEPBOM IOKOJIEHUU. B OCHOBE METO0/1a JIEKUT BHECEHUE ABYXIEIIOYEUHOTO pa3phiBa
B JIHK rena, koTopslii HEOOXOUMO BBIKIIOYUTH, C TIOCIIEAYIONIEH pernapainneil B pexxume
SOS. ns co3manus Kpbic ¢ HOKayToM reHa Taar9 ObLIO HMCHOJIB30BAHO T€HOMHOE
penaktupoBanue Ha ocHoBe CRISPR/Cas9. Hanpagnstomas unu runoas PHK (rPHK) u
MoTuB PAM (MoTHB, mpwierammuii K TMpoTocnencepy), ObUIM MOM00paHbl IS
pPEeAAKTUPOBAHUS KOAUPYIOIIEH YacTH T'€Ha ¢ MpPEenojlaraéMbIM Y4acTKOM pa3pbiBa Ha 5
II.H. [T0cJIe KOJJOHA MHUIMAMK TpaHcsiuuu (PucyHok 6A). B o0mieit cioxHOCTH camKkam
6but0 uMIIaHTupoBaHo 31 smOpuoHoB ¢ Mukpounbekuuein rPHK u MPHK Cas9.
Pomunoce 17 gaynnepoB, KoTopble ObUTH MpOaHATM3UPOBAHBI HA HaMuue mMyTtamuil. 13
HUX JBa >KMBOTHBIX HECIM MYTallud B OOJIACTU I'e€Ha MUIIECHH, JEJNELHI0 IIUTO3MHA U
uHcepuuio aaeHuHa (Pucynok 6b), u nanum Havano nByMm nuHusM Kpbic TAAR9-KO,
TAAR9-KO-delC u TAAR9-KO-insA, coorBercTBeHHO [93]. O0e MyTanuu NpuBOAUIN K
notepe caiita pectpukiuu Sacl (PucyHok 6bB), KOTOpbId OBUT HMCHOJB30BAH IS
TeHOTUITUPOBaHUs KUBOTHBIX (PucyHok 6B). OToOpanHbie GayHaepbl ObUIH CKPEILEHBI C
kpeicamu WT i nomyuenus rerepo3urotsix (HET) nmokonenuit F1 u F2. [lanee 6su10
NPOJOIDKEHO  OOpaTHOE  CKpeIlMBaHWE IS HUCKJIIOYEHHUS  MOTEHIMAJIbHOIO
HexenatesnbHoro (odd-raprer) apdexra or reHernueckux mManumyssuii CRISPR/Cas9
[105]. MBI pacmiipuian KOJOHHIO MOKoJeHus: F2 nis mpoBefeHus: 4acTu MCCIeOBAHUN
(eM. Meroner 3.2.5). HaOnromass aHaJOTMYHbIE M3MEHEHUS B JBYX HE3aBHCHMO
MIOJIyYE€HHBIX JIMHUM C HOKayTOM OJHOIO M TOTO K€ I'€Ha, Mbl MCKJIFOUMIIN BEPOSTHOCTD

BKJIaJla HEXEJIaTEIbHOW MyTallMu B pe3yJIbTaThl [93].
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Pucynox 6. Co3zganne HokayTHOH muHNK KpbIic TAAR9-KO. (A) Cxema nosnoxeHus runoBoi (Hanpassstoniei) PHK
B ok30He | rena TAARY, nocnenoBarenpHocTs TPHK BbIieNIeHA TTOMYEpKUBAHUEM, MTOCIEIOBATEILHOCTh MOTHBA,
mpuiieraromero k mnporocneiicepy (PAM) yka3aHa KpacHBIM; CTpesika yKa3bIBaeT MEeCTO pa3pbiBa Hykiea3on Cas9;
MOCJIE/IOBATENILHOCT ~ MPONMCHBIMA ~ OyKBaMH  yKa3blBa€T Ha OTKPBITYI0 pamKy cuutbiBanus TAARO.
(b) XpoMaTtorpamMmbl CEKBEHUPOBaHHsI TeHOMHOM rocyieoBatenbHOCTH TAARY OT )KMBOTHBIX TUKOTO THIA (BEPXHSIS
CTpPOYKa), TeTEePO3UTOTHBIX INSA (cpeaHsisi cTpouka), rerepo3urotHeix delC (HwxHss crpouka). UepHas pamka
yKa3bIBaeT Ha caiit pectpukuuu Sacl Ha aimtene WT. Caitt Sacl 611 pa3pyiieH qenenueil IUTo3NHA WK HHCEPIHEeH
aneHuHa. (B) I'enorunmposanne kpbic TAAR9-KO, co3manapix ¢ momompio TexHomorun CRISPR/Cas9, myrem
pacmemenns Sacl ¢parmentos I11[P. Hepaspesannas nonoca 586 m.H. coorBeTcTByeT reHotuny KO; mosBieHne
JByX nojoc, 315 n.H. u 271 n.H., coorBercTByeT WT. Hannuue Bcex Tpex Moja0C COOTBETCTBYET FE€TEPO3UTOTHOMY
xuBoTHOMY. (I') IILIP c oOparHoil TpaHcKpunumeil co cnennduyeckumu npaiimepamu TAAR9 u HPRT (ren
JIOMaIIHero xo3siictea) ¢ ucrnonszoBanneM PHK, BeinenenHoi u3 o6ousTensHOro snutenust kpeic WT u kpeic delC-
KO u insA-KO. (1) IMocnenoBarensrocTr N-koHIeBor yacth 6enka TAAR9 XKMBOTHBIX JUKOTO THIA U HOKAyTOB.
Jenmenuss IMTO3MHA TPUBOIUT K IOSIBIICHHIO MPEXIEBPEMEHHOTO CTOI-KOJOHA M CHHTE3y KOPOTKOTO
He(YHKIIMOHANBHOTO TenTHAa U3 7 a.K. MIHcepuus aJeHrnHa IPUBOIUT K CTONI-KOIOHY B 14 a.K. mojoxeHuu. PUCyHOK
aZlanTUpOBaH U3 ctaThi Murtazina et al. 2021 ¢ I3MEHEHUSAMH.

4.2.2 Baauoayua nokayma

Kusotrasie WT, HET u KO ob6enx nuHu# pokIaIiuch C COOTHOIIEHUEM, OJIU3KUM
K MEHJIEJIEBCKOMY, a TOMO3UTOTHBIE )KUBOTHBIE KO ObUIN jXM3HECTIOCOOHBI M JOCTHUT AN
3penoctu. Jlanee Obi1a npoBeneHa Banuaanus xKUBOoTHBIX TAAR9-KO na yposue MPHK.

MPHK BoIziemsiii U3 000HATEIRHOTO AMUTENNSI, MECTa C BBICOKOH dKctnipeccueit Taar9 5],
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#uBOTHBIX WT u TAAR9-KO, nonyuyanu k/IHK u nanee mpoBoauau KOJUYECTBEHHBIN
[TIP. XoTs1 TpaHCKPHUINTHI T€HA «JIOMAIITHETO X03siicTBa» (Hprt) ObLIN Ha OJHOM YPOBHE
BO BCEX IIPOAHATM3UPOBAHHBIX 00pasnax, ypoBeHb MPHK Taar9 y xuBotHbix TAAR9-KO
ObUT CYIIECTBEHHO HIDKE, 4yeM B oOpas3uax aukoro tuma. Kpome Toro, 3HauurteiabHoOe
camkenue skcnpeccun TAAR9 Obuto BuaHo, korma mpoxyktel TP Hanmocmnmm Ha
arapo3sbiii renp (Pucynox 61). Myranus npuBOIUT K CABUTY PAaMKH CUMTHIBAHUS, YTO
MIPUBOJIUT K MOSBICHUIO MIPEKIEBPEMEHHOTO cTomn-kooHa (Pucynok 6/1). BcraBka cror-
KOJIOHa B 3K30He | Moxker mpuBectu K mnotepe skcnpeccun MPHK, Bo3MoOxHO u3-3a

HOHCeHC-onocpeaoBaHHoro pacrana MPHK [106].
4.2.3 ®enomunuposanue 08yx nezagucumoix aunuii TAAR9-KO kpwic

Kak yka3piBaJIOCh paHee, ObUIM CO3JIaHBI JIBE JIMHUM KPBIC C HOKAYTOM TEHA
TAAR9. B atoii paboTe ObUT POBEICH OJTHOBPEMEHHBIN CPaBHUTEIBHBIN aHAIU3 TPEX
rpynn: aukuil tam, Hokayt ¢ genenued uurtosumHa (KO-delC) m mokayt (KO-insA).
Hcnonb30BaHre NBYX HE3aBUCHUMBIX TPYIII ¢ Pa3IMIHBIMUA MYTAIHSMH, TPABOISAIITIME K
HOKAayTy OJHOTO M TOTO >X€ TeHa TMO3BOJISIET C OOJIBIIONW BEPOSITHOCTHIO TOJNYYHTh
nocToBepHbIe d(DEeKThl, BO3HUKIINE H3-32 BBIKJIIOUEHHUS TeHa 0e3 BIHUSHHUS JPYTHX

(bakTopoB, B TOM uucie 1 uckiodeHus odd-raprer sapdexra nocae CRISPR.

BBuny Toro, 4ro paHee npu M3y4eHUH APYTUX JMHUM C HOKAYyTOM POJCTBEHHBIX
TAAR (TAAR2 u TAARS) Obumn oOHapy)KeHbl pa3inuMs B TOBEACHUHU, a TAaKKe B
KOHILEHTpaluu JoaMHHa U CEPOTOHMHA B Mo3re [7—9], Mbl Hadaiau (EeHOTUIIMPOBAHUE
TAAR9-KO c onieHku moBeieHHs B pa3IUYHBIX TECTaX, a TAKXKE C aHAIM3a COACPIKAHUS

MOHOAMHWHOB B PA3JIMYHBIX OTACIAX MO3Ta.

4.2.3.1 [logedenyeckuil ananus

Jlnis aHanM3a MOBENEHMS HMCIOJB30BATM TPU TPYHIBI TPEXMECAYHBIX CaMIIOB M3
oxHoro rnomera (n=10): aukuii Tun, HokayT KO-delC, Hokayt KO-insA. B Tecte OTKpbITOE
II0JIE U3MEPSUIM BpPEMsl, NMPOBEACHHOE B ILIEHTPAJIbHOM 30HE, CKOPOCTh M INPONIEHHOE

paccrosinue. B Tpex rpynmnax Oplu MUHMMalbHBIE pa3nuuus (PucyHok 8).
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Pucynok 8. Ananu3 nmapameTpos B TecTe OTKpBITOE MOJIE Y )KUBOTHBIX TPEX TCHOTHIIOB.

s ucenenoBanus NaMsATH y KPBIC MCIIOJIB30BAJIM JBA METOJA: OTKPBITOE IOJIE C
HOBBIM 00BeKTOM M T-TecT. B Tecte OTKphITOE T1MOJNE C HOBBIM OOBEKTOM, KOTOPBIH
UCHOJb3YEeTCs JUIsl aHAIM3a JIOJATOBPEMEHHON MaMATH HE ObUIO BBIBICHO pa3ivuyuil B
JUIUTENIbHOCTH HAaXOXKJICHHUS B 30HE C HOBBIM OOBEKTOM MEXAY KUBOTHBIMU TPEX TPYMHIL.
JnmuTensHOCTh OOHIOXMBAaHUSI HOBOTO OOBEKTa Takke Obuto cpaBHUMBIM. B T-Tecte Ha
KpaTKOBPEMEHHYIO NaMsTh, KpbIChl 00eux JuHUNH c HokayroM TAARO Takxke He

OTJIMYAJIMCH TI0 BPEMEHH HAaXO0KJIeHUsI B HOBOM pykaBe (PucyHok 7).
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Pucynok 7. UccnenoBanue apyx juauit TAAR9-KO B Tectax OTKpBITOE 110JI€ C HOBBIM 00BheKTOM U T-TecT

Jlist orieHKH 001Iel TPEBOKHOCTH KPBIC MCIONIB30BAIM METOMUKY [IpumnoaHsToIit
kpectoobpasnbsiii 1abupuHT (IIKJI). B Tecte IIKJI Bpemsi, mpoBeeHHOE B OTKPHITHIX U
3aKpPBITHIX PyKaBaX, a TAaK)Ke BpeMsl HAXOXK/ICHUS B ICHTPATLHON 30HE MKy )KHBOTHBIMH
TpeX TPyl He OTIUYanoch. BepTukanbHash aKTUBHOCTH B BUJE CTOEK M CBEIIMBAHUU C
OTKPBITHIX PYKABOB, ITUTEILHOCTh TPYMHHTA Tak)Ke ObllIa cpaBHUMA. B HOpMeE TphI3yHBI
MPEJITOYNTAIOT HAXOTUTHCA B 3aKPBITBIX pPyKaBax, IIOITOMY HCCJIEIOBATEIIbCKOE
MOBEJICHHE B OTKPBITBIX PYyKaBaX CUWTAETCS ITOKa3aTejleM CHI)KCHHOH TPEeBOXXHOCTH

(Pucynoxk 9).
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Pucynok 9. HccnemoBaHue ypoOBHS TPEBOKHOCTH TPH BBIKIIOUeHHMM TreHa Taar9 B Tecte [lpumnomHsThIN

KpPECTOOOPAa3HBIN JTAOMPHUHT.
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®opmupoBaHue aenpeccuBHoO-110100Horo noseneHuss y TAAR9-KO kpoic ob6enx

rpyail u3ydajid IIpu IMOMOIIU TCCTa «HIPUHYAUTCIBHOC IIJIABAHUC)). I[aHHaH MCTOAHKA

IIO3BOJIAACT OLCHHUTDH yCTOfI‘IPIBOCTB JKUBOTHBIX K CTpPCCCOBBIM Bo3aercTBuaM. Ilo

nmapaMeTpaM aKTHBHOC, IMACCHUBHOC IIJIaBaHHUC M 3aMHUpPAaHHC B TPEX TI'pyHIiiax HE OBLIIO

paznuuunii (Pucynok 10).

2004
150

]
g 100-

o

AKTUBHOE nnaBaHue

g9
o oqt4ooo

PI/ICyHOK 10. Tect (MPUHYAUTEIIBHOC IIJIaBAHUEC I OLCHKU lleﬂpeCCI/IBHO-HOJIO6HOF0 IMOBCACHUS )KNBOTHBIX.

T
KO-insA

T
KO-delC

250+
200+

1504
%

-]

o
100

MNaccuBHOe nnaBaHue 3amupaHue
1501
o o o
0o OO
gg o P 100 o o 2
are o 0000 DE H T ——
. | | : =| 7 =
%00 °o 50 o % ° °%
50 ° -
0 T T T 0 T T T
WT KO-insA  KO-delC wT KO-insA  KO-delC

B Tecte CTpECC-UHAYLIUPOBaHHAsA THUIICPTCPMUA, OLCHUBAIOIMIEM BBbI3BAHHOC

CTPECCCOM MOBBIMICHUC TECMIICPATYPHI Y )KUBOTHBIX o0eux HOKayTHBIX JIMHUN OBLI CHIDKEH

napametp AT (KO-insA 0.86 £ 0.06 °C ; KO-delC 0.8 + 0.09 °C npotus WT 1.26 + 0.05

°C, p <0.0005) (Pucynox 11).
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Takum o0Opa3oM, MO pe3ylnbTaTaM CpaBHEHHsS [BYX HOKAyTHBIX JIMHUHA C
BBIKJIIOUEHHBIM Taar9 ™Mbl HEe OOHapyXWJIM 3HAYUMBIX pPa3Iu4uii B OOJIBIIMHCTBE
IIOBEJICHUECKUX TECTOB, OIHAKO, B TECTE CTpecC-uHAyLMpoBaHHas runeprepmust AT Obuia

CHMIKCHA.
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Pucynok 11. U3smenenne AT y )KUBOTHBIX JBYX HOKAYTHBIX JIMHUU B TECTE CTPECC-UHAYLIUPOBAHHAS TUIIEPTEPMHUSL.

4.2.3.2 Ananus COd@DDfCClHl/l}l MOHOAMUHOB 6 MKAHAX MO32d HCUBONIHbIX MpexX

2eHomunoe

[Tocne moBeneHYeckoro aHanaM3a Oblla TPOBEJEHA OIEHKA COJEpIKaHUS
BOXHEHIINX MOHOAaMHHOB B MO3T€ HOKAyTHBIX JKMBOTHBIX JABYX JIMHUH. M3mepsum
ypoBeHb qodamuna u ero merabonutoB JJODOYK u I'BK; ceporonunna u ero meraboiaura
5-ONVYK; HopanpenanuHa Bo (GpoHTaIbHON Kope U cTpuaryMe. OleHKka KOHLEHTPAluu
MOHOaMMHEPTUYECKUX HEMpOMEeIHaTopoB, TAKMX Kak J0(aMUH U CEPOTOHMH, TPEOYIOT
0COOBIX YCIIOBHM M OTJIQ)KEHHOW METOIMKHU M3MEPEHMs], TIOCKOJIbKY OHM COAEp)KaTCs B
MO3re B OTHOCHTEJIBHO HH3KOM KOHIIEHTpAallMM M JIeTKo aerpaaupyror. BOKX-D/]
ITO3BOJISIET C BBICOKOM TOYHOCTBIO ONIPEAEIINTD JaXKe HU3KUE KOHIEHTPAlMM MOHOAMHUHOB
1 paboTath ¢ HU3KUM 006bemMoM npo0 (Pucynok 12).

B kope Mbl He OOHapy>XKWJIM 3HAUUMBIX W3MEHEHHH B YpoBHE AodaMHHA M €ro
MeTaboJIMTOB, TaK )K€, KaK U CEpOTOHHHA U HopaapeHanuHa (PucyHnok 13). Anamoruyto B
CTpUaTyMe BCe apaMeTphl HE OTIIMYAIKCH B rpynnax ¢ HokayroM TAARO9 u aukum tunom

(Pucynoxk 14).
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Pucynok 12. [Ipumep xpomMaTorpaMMbl TOMOTEHATa CTPUATYMA KPBICH ¢ 7 OTACTHHBIMH ITHKAMHU OTAETHHBIX
BEIIECTB, pasnerneHHbIXx MeromoMm BOXXX-D/I, u >n1rompoBaHHBIX B OIpeNeleHHOE BpeMs BhIXoaa. 1)
HOpaJIpCHANNH, 2) THOKCHPEHUIYKCYyCcHass Kuciorta, 3) ctangapt DHBA (BHyTpeHHmIT KOHTpONb), 4) 5-
THIPOKCUMHIOIYKCYCHAsI KUCIIOTa, 5) modaMuH, 6) TOMOBaHIITMHOBAS KUCIIOTA, 7) CEPOTOHIH
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Pucynox 13. OueHka comepkaHus cepoTOHHHA u ero Merabomura 5-OMYK, a Taxke HOpaapeHaIWHA B TPyMIIax
TAAR9-KO u WT B kope.
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Pucynox 14. Ouenka copepxanus qoaMuHa U ero MeTabonnuToB B cTpuaryme Kpbic TuHNH TAAR9-KO n WT.
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4.2.3.3 QOuyenka cymouno2o nompebierus Ui U 600bl

HNHTepecHo, 4TO B 00EUX IpyIIax >KUBOTHBIX ¢ HOKayToM TAARY cpaBHUTEIBHBIN
aHaliu3 OHMOXMMHUU KPOBU BBISIBMJI 3HAYMMOE CHIDKEHHE OOIero XojecTepuHa u
xonecrepuna JIITHIL. Dtu nannsie 6pu omyOnuKoBanbl B ctaThe [93]. Ha Hecnmyyaiinyto
pons B 3ToM TAAR9 yka3piBaeT CHMKEHHE B 00EUX JTUHHSAX C HOKAYyTOM JTOTO T'eHA.
JlaHHOE OTKpBITHE OBLIO HEOXKUIAHHBIM, TaK KaK B HACTOAIIUM MOMEHT ydacTue TAAR B
JUIUAHOM OOMEHE — 3TO HercclieAoBaHHas 001acTh. Takke B paMKax 3TOT0 HalpaBJICHUS
OBUI TIPOBEICH CPABHUTEIbHBIN aHAJIN3 COCTaBa MUKPOOHUOTHI Y )KUBOTHBIX TUKOTO THITA U
c HokayToM TAARY [107], koTOpblil BBIIBUII yBEJIMYEHHE Pa3HOOOPA3Hs BUIOB OaKTepuid
y TAAR9-KO, a Taxxe mnosiBieHue ponaa Saccharimonas, KOTOpPbI OTCYTCTBOBaja B
obOpazuax aukoro tuma. OJIHAKO, BOMPOC, YeM MOXKET ObITh OOYCIOBICHO CHM)KEHHE
ypoBHSI XojecTepuHa mnpu Hokayre reHa TAARY9, nomxen ObITh wHcciIeqoBaH B

JTanbHEHmMX padborax.

B cBs31 ¢ 3TUM OBLJIO OLIEHEHO KOJIMYECTBO MOTPEOIIIEMOro KOpMa 1 BOJIbI B TPYTIIE
JTUKOTO ThNa U oaHou nuHIH HOkayToB TAAR9-KO-delC B Teuenue yetbipex qHeil. Bec
YKUBOTHBIX HE OTJIMYAJICS, @ KOJTUYECTBO KOPMa U BOJIBI, MIOTPEOIICHHOTO HOKAayTaMH, ObLIIO
HeMHOro Huwxke. OnHaKo, MpU NEepecueTe Ha BEC JKMBOTHOIO PAa3HUIIBI MEXIY ABYMs
rpynmnamu He ObLI0, YTO TOBOPUT 00 OTCYTCTBUM U3MEHEHHH B MOTPEOICHUHN UL U BOJIBI

npu HokayTe reHa Taar9 (Pucynok 15).

Bec camuos, r Kopm Bopa
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PI/IcyHOK 15. Aganus CYTOYHOI'O 1'[0Tp66J'ICHI/IH A U BOJABI B IPyIIIe JUKOI'0 TUIIA U HOKAyTOB HC BbISABUJI pa3J'IPI‘IPII>i
B I'pyIIiax AUKOTo TUIla U HOKayTOB. Bec CaMIIOB B I'pyIIe HOKAyTOB TaKKe ObLI CpaBHHM C BECOM JUKOI'O THUIIA
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4.2.4 ®enomunuposanue TAAR9I-KO nocne nposedenus oopamnozo ckpewjusanus

[Tocne monyyeHus NaHHBIX MO OLICHKE Pa3IUYHbIX MapaMeTpOB B JIBYX JIMHUAX C
HOKayTOM TeHa Taar9, oNMCaHWe KOTOPBIX MPHUBEACHO BBIIIE, 0OpaTHOE CKPEIIMBaHUE
OBLIIO TIPOJIOJKEHO U 3aBepieHo. Jlaee SKCIepUMEHThI TOBTOPHIIH, a TAKXKE JOTIOTHUIN
HoBBIMU Ha ojtHOM JimHUK TAAR9-KO-delC (manee o6o3nauena kak KO umu TAAR9-KO)
mocine  6-kpatHOro  oOpaTHOTO  CcKpemmBanws. Jlns  aHanmmM3a — MOBeIEHUS,
HEUPOXUMHYECKOI'0 COCTAaBa, UCIIOIL30BaIM 3-4 MECSIUHBIX caMIlOB JuKoro tumna u KO u3

oJIHOTO roMeTa (n==8).

4.2.4.1 Hokaym 2ena TAARY ne evizvlieaem usmeHeHull 8 n06e0eHUuU

TecT oTKpBITOE T0JI€ UCTIONB30BAIM JUIs aHATIN3A UCCIIE0BATENIbCKOM aKTHBHOCTH
kpeic. [To nnune npoiiaeHHoro nmytu B TedeHue 5 MUHYT y Kppic TAAR9-KO, kak u Ha
NpenplAylleM JTane, He Obul0 pa3auyuid, 4YTO YKa3blBa€T Ha HOPMaJbHOE
uccnenoBarenbckoe nosenenue (Pucynok 16). [Ipyrue napamerpsl, B TOM 4Mcie Bpems
HaXO0XXJICHUS B LIEHTPAJILHON 30HE, KOJIMYECTBO CTOEK, [UIMTEIbHOCTh PYMUHIA TAKXKe HE

otinuyanuck y kpeic TAAR9-KO no cpaBuenuto ¢ WT.

[OnuHa nponaeHHOro nyTu Bpewmsi B LeHTpanbHOM 30He
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Pucynox 16. INapamerper TAAR9-KO u WT B Tecte OtkpbiToe moze. [linHa NpoiJeHHOTO IMyTH U BpeMs B
LEHTPAILHOM 30HE (TT0Ka3aTellb TPEBOXKHOIIOA00HOTO MTOBEICHNUS) HE OTINYAIINCE.

I[J'IH HCCIICAOBAHUS MaMATHU IMOBTOPHO HMCIIOJIB30BaJIUM JiBa TECTA. Tect OTI(pLITOC
I10JI€ C HOBBIM OOBEKTOM HCITOIb30BaJICs I UCCIICAOBAaHUA (I)YHKI_II/II/I ,[[OHFOBpCMeHHOP’I
IIaMsITH. BpeMH HaXO0XICHUSA B 30HC C HOBBIM O6T)eKTOM, BpEMA OOHIOXUBAHHS 00BHEKTA y

kppic TAAR9-KO He omnmmuanocek (Pucynok 17). [lns m3MmepeHusi KpaTKOBPEMEHHOM
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namsTH ObLT UCTIONB30BaH T-00pa3Hblil TaOUPUHT, B KOTOPOM TaK)Ke HE OBLIO 3HAYUMBIX

OoTIM4Mi B ABYyX rpynnax (Pucynox 17).

OTKpbITOE None
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Pucynok 17. ITapametpsl TAAR9-KO nu WT B Tectax Ha ucclieJoBaHHE MaMsITH: TeCT OTKPBITOE MOJIe C HOBBIM
o0wexToM; T-Tect

Jlis u3MepeHuss YpOBHS TPEBOXKHOCTU OBbLT HMCIOJB30BAaH TECT MPHUIIOAHSITHIN
KpecTooOpasHbIil 1abupUHT. B HOpME TpbI3yHBI POBOIAT OOJIbIIE BPEMEHH B 3aKPBITHIX
TEMHBIX pyKaBax, [OTOMY YBEIMUYEHUE BPEMEHH, IPOBEIECHHOIO B OTKPBITHIX pyKaBax
MOKET CBMJIETEJIbCTBOBATh O CHM)KEHHOH TpeBOXHOCTU. B Tecte oxumaeMo He ObLIO
Oo0OHapy>KeHO pa3IM4Yuii BO BPEMEHHM, NMPOBEICHHOM B OTKPBITHIX pykaBax. IIpoiineHHoe
paccTosiHue, BpEMs B 3aKPBITBIX PyKaBax M KOJMYECTBO CTOEK TAK)KE HE OTIMYAINCH Y

kpbic TAAR9-KO no cpasuenuto ¢ kppicamu WT (Pucynok 18).

BpeMﬂ B 3aKpPbITbIX pyKaBaxX BpeMﬂ B OTKPbLITbIX pyKaBax
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Pucynox 18. ITapamerpst TAAR9-KO n WT B tecte [Ipunogusarsiii kpectrooOpas3Hblii TaOMPHHT.

Tect CMIPUHYJUTCIBHOC IIIABAHUEC» IMOBTOPHO HC BLIABUJII pazﬂnqnﬁ B IBYX

rpynnax. CpaBHUBaJIM BpeMsl 3aMHpaHusl, TACCUBHOTO M aKTUBHOTO maBanus (PucyHok

19).
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AKTUBHOE NnasaHue MaccuBHoe nnaBaHue 3amupanue
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Pucynox 19. CpaBHHTENBHOE HCCIEIOBAHHE IBYX I'PYIII B TECTE CIIPUHYAUTEIHHOE TUIABAHUC).

B Ttecre crpecc-mHIynMpoBaHHAS TUMIEPTEPMUS OBUIO BBHISBICHO CHIDKeHHE AT
(KO =0.88+0.10 mporuB WT = 1.3+0.09, p<0.05) (Pucynox 20). Takoe >xe cauxenue AT
B T€CTE paHee MbI HAOJIFOIAJTH B )KUBOTHBIX JIBYX HOKAYTHBIX JIMHHI, 4YTO CBUJCTECIIHCTBYET
0 HECIY4YaillHOCTU JIaHHOTO M3MEHEHUS U O BKJIAJC B 3TOT IPPEKT UMEHHO BBIKIFOUCHUS

rena Taar9.

Ctpecc-nHgyumpoBaHHasi
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Pucynoxk 20. [Tapametpsl TAAR9-KO u WT B TecTe crpecc-unnyuupoBansas runeprepmust. Hokayr rena TAAR9
cHkaeT AT B TecTe CTpecC-MHAYLHMPOBAHHAS TUTIEPTEPMUSL.

4.2.4.2 Ananus yposus monoamuros e mozee TAAR9-KO nocie obpamuozo

CKpeuueaHusl

Panee npu cpaBHEHHM YpPOBHS MOHOAMHUHOB B CTpHATyMe€ U KOpPE€ AMKOTO THUIIA H
JABYX HOKAYTHBIX I'PYIIII Mbl HC BBISIBUJIIW 3HAYUMBIX OTJINYHH. HpI/I IIOBTOPEC aHajlin3a Ha
rpymne TAAR9-KO-delC mocie oOpaTHOTO CKpenuBaHUsI MBI JIOMOJTHWIA CTPYKTYPBI

runotagamycoM. Bo ¢ponTanpHON Kope ypoBeHb Jo(aMHHa M CEpOTOHMHA U HX
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MEeTa0O0JIUTOB Y HOKAyTOB MOBTOPHO HE OTIMYAJICA OT MoKa3zarened nukoro tumna. U3
IIOJIyYEHHBIX JIaHHBIX MOXHO IpeanonaraTte, 4ro HokayT TAAR9 He okasbiBaer
3HAYUTEIBHOTO BIUSHUS HA MOHOAMUHEpPrUUyecKyto cucreMmy B kope (Tabnuua 5).

Tabnuya 5. Cooepoicanue MOHOAMUHOBBIX HEUPOMPAHCMUININEDPOS U UX MemabdOoIUmMos 60
@poumanvHoll Kope Kpblc OUK020 MUNA U HOKAYmos.

WT +SEM KO +SEM
Hodamun 0.078 0.004 0.067 0.003
JODYK 0.019 0.001 0.020 0.002
I'BK 0.012 0.001 0.010 0.002
CepotoHuH 0.572 0.030 0.607 0.024
5-ONVYK 0.197 0.009 0.186 0.012
Hopangpenanun | 0.595 0.031 0.559 0.018

JlaHHBIE TIPEICTaBIICHBI KaK NZ/Mg TKAHU.

AHaJOTMYHO KOpe B CTpUaTyM€ ypOBEHb HOpaJpeHaINHa, CEPOTOHMHA U €ro
METa0OJIUTOB, HOpAApEHATMHA CTATUCTHYECKH 3HAYUMO HE OTIMYAJICSA OT IOKa3arenen
nukoro tuna. OnHako, Ha 3TOT pa3 koHIeHTpamnus JODVYK, metabonura nodhamuna, ob1a
HEMHOTO HIKE y JKUBOTHBIX ¢ HOKayToM Taar9 (0.94+0.07 ur/mr tkanu B rpynmne KO
npotuB 1.19+0.94 ur/mr tkanu B rpynne WT) (Pucynok 21). JJODVYK obpasyercs B
pesynbrare pabotsl pepmenta MAO-A. YpoBens godamuna u apyroro meradonuta 'BK

TEM He MEHeE ObLI CpaBHHUM C YPOBHEM AWKOI'O THUIIA.

DodamuH OOdYK rBK
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Pucynok 21. OnpenesneHne KOHIIEHTpauy AohaMruHa U €ro MeTaboJauTOB B cTpuatyme kKpbic. WT — mukuit Tam, KO
—HokayT TAARY. IO®PVYK - nnokcudennnykcycnas kuciora,  BK — romoBanmnmaoBast kuciota. *p < 0,05



68

B runoramamyce 3HAYMMBIX W3MEHECHUH B COACPXKAHUHM CEPOTOHMHA U €Tr0
Merabonuta 5-OMYK BbeIgBIEHO HE OBLIO, XOTS HAOMIOJAINd HEOOJBIIOE IMOBBIIMICHUE

YPOBHS CEPOTOHHMHA, HO OHO HE IOCTHUrajo CTaTUCTUYECKOM 3HaunMocTH (Pucynok 22).

CepoTOHUH 5-OUMYK 5-OUYK/SHT
0.9 0.40 2.0
o
s 0.8 —— s 0.35 ° 0 15 o
] ‘L o I :!
: = o [ 9] —
3 oo I
: 0.7 ogfe s 0.30 o — g 1.0 o
5 — E 5
0.6 o 0.25 o, 0.5 o
o
0.5 T T 0.204 T T 0.0- T T
wr KO wT KO wT KO
p=0.0592

Pucynok 22. Onpenenenue KOHIICHTPALMN CEPOTOHUHA U ero MeTabonurta 5-OMYK B runoramamyce xpeic. WT —
nukuit Thn, KO — Hokayt TAARO.

OpHako, OBUIO BBISBICHO CTATHCTUYECKH 3HAYMMOE TIOBBINICHHE YPOBHS
nopamuna y xuBoTHbIX TAAR9-KO (0.48+0.04 ur/mr tkamu B rpynne KO mpotus
0.334+0.03 ur/mr tkanu B rpynne WT, p=0.023) (Pucynok 23). Meraboautsl 1odgamuna,

JO®VYK u I'BK, Obu11 Ha TO k€ YPOBHE, UTO U Y )KMUBOTHBIX JUKOI'O THIIA.
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Pucynox 23. OnpezeneHne KOHIEHTpALMK JohaMHHa U UX MeTa0oJINTOB B runoranamyce kpsic. WT — nukuii tur,
KO — nokayt TAARSY.

N3 momy4yeHHBIX NaHHBIX MOXXHO mpenmnonaratb, 4To HoOkayT TAARY BwI3piBaeT

U3MCHCHUA B MOHO&MHHCpFH‘ICCKOﬁ CHUCTEMCE B THIIOTaJIaMyCe.
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4.2.5 Henpepuvieustii ananuz memnepamypul mena kpvic TAAR9-KO

B cBsf3M ¢ M3MEHEHMSIMH B TECTE CTpECC-MHIYLHMPOBAaHHAs THIEPTEPMHS Ha
ornensHol Tpynmne TAAR9-KO-delC (n=6) u WT (n=8) ObLIO IpOBEACHO CyTOYHOE
U3MEpEeHUe TeMIlepaTypbl B TeUeHUE HECKOJNbKMX Henedab. C MOMOIBIO JTaTYMKOB
HETPEPHIBHOTO U3MEpEHUs TEMIIepaTyphbI [Button, UMIUIAHTHPOBAHHBIX
BHYTPHOPIOIIMHHO, ObUIM TOJYYEHBl JaHHBIE O TEMIIEpaType KaKIOro >XMBOTHOTO C
4aCcTOTOM H3MepeHHs Kaxiable 3 MuHYThl. Kak mnokazaHo Ha pucyHke 24, y KpbIC
Ha0I110/1a7ICsI YeTKHUM CyTOYHBINM PUTM TeMIEpaTyphl Tella C HU3KMMH 3HAYSHUSIMU BO BpeMs
HEaKTUBHOH cBeToBOM ¢a3wl (36,85+0,15°C B rpynme WT; 37,13+0,39°C B rpymme KO)
U BBICOKMMM 3HAUEHUSIMU B akTHUBHOW TeMHOBOHM ¢aze (37,86+0,19°C B rpynne WT;
38,18+0,37°C B rpynme KO) B obenx rpynmnax »uBoTHbIX (Pucynok 24). Ha rpaduxe
BUJIHO, YTO CpelHssA TemrepaTypa *KuBOTHbIX reHoTuna TAAR9-KO 6bita Beimie. [lanee
OBLIO MPOBEACHO CPaBHEHHUE CpellHel TeMIieparypsl (ycpeaHeHHoe 3Hauenue 140 Touek,
MIOJIyYEHHBIX B T€UYEHUE 7 4acOB) Ka)0T0 >KMBOTHOTO B JIHEBHOH (¢ 12 1o 19 yacoB) u
HouHo# niepuoy (¢ 00 no 07 yacoB) B Te4eHHE HECKONbKHX aHEl. [louT Bo Bce qHH OBLIO
BBISIBJIGHO CTaTHCTUYECKHM 3HAYMMOE TIOBBIICHHE TEMIIepaTypbl, MpUYEeM B HOYHOU
nepuoJ pazHuiia os1a Boitie (Pucynok 25).

CpenHsAs TeMnepaTypa B TeueHue Heaenm
39.09

WT
— KO

38.5

@

o

o
1

TemnepatypaTena, C
g
&
L

37.0- WW
|

36.5=

7 8 9 10 11 12 13 14
N OHU
Pucynok 24. JlunaMuka cpelHed TeMmIepaTypbl Tella B IPYIIIE >KUBOTHBIX JMKOIO THUIAa U HOKAyTHOTO B
teuenue 8 mueit (Jenp 7 — Jenn 14). JlanHbie mpencTaBiieHbl Kak apudMeTHUECKOE cpeiHee. 1 neneHue

mKaibl — 24 yaca. BujieH cyTOYHBIH PUTM C MOBBILIEHUEM TEMIIEpaTyphl B TEUCHNE aKTUBHOM a3kl (HOUb),
CHIKEHHEM — B THeBHOH nepuof. I'paduk HaunHaercs ¢ Bpemenu 00:00 qus 7
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Pucynox 25. CpaBHeHHe cpeHel TeMIepaTypbl KaXJ10ro )KHBOTHOTO B HEBHOH (¢ 12 10 19 yacoB) n HOYHOU
nepuon (¢ 00 mo 07 dacoB) B TedeHHWE HECKOJBKWX IHEH. [louTH BO BCEX CPaBHEHUSX OBUIO BBISIBICHO
CTaTUCTUYECKH 3HAYMMOE ITOBBIIIEHUE TEMIIEPATyphl, IPUYEeM B HOYHOI ITEpHO/I pa3HHUIIA BEIIIIE.
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Jlanee MBI  HCClE€NOBalNM, Kak  BJIMSET  HAarpeBaHHe, OXJaXKIEHUE U
MMMOOHMIN3AIMOHHBIA CTpecC Ha KMBOTHBIX ¢ HOKayToMm reHa TAARO. HarpeBanue B
Te4eHue 3 4acoB B JBYX MOArpyNnax OObEIUHUTh HE MOJYYMIIOCh H3-3a Pa3HOU
JUIMTENIbHOCTH HarpeBaHusi Mexnay noarpynnamu. [losromy 3ToT 3ddexT HeoOxoaumo
UCCIIeIoBaTh B anbHeiel padore. UMMOOMIN3aMOHHBIN CTPECC MO HAIIMM JIaHHBIM HE

BBISIBUJI TEMIIEPATYPHBIX Pa3INuuid y )KUBOTHBIX JBYX Ipyni (PucyHok 26).
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Pucynoxk 26. BinstHue ”MMOOMIN3AIIMOHHOTO cTpecca Ha TeMneparypy kuBoTHBIX TAAR9-KO u WT.

Opnako, OXJIaX/JI€HNUE BBISBUIIO HHTEpECHbIE N3MeHeHus. JKuBoTHbIX B TeueHue 10
MUHYT OXJIaXkaanu B Boje ¢ Temneparypoil 17°C u 21°C. DxciepuMeHTh! BBIIOJIHSIIN C
pa3HHULIEN B HECKOJIBKO AHEN. Jlaree aHaIM3UpOBaJIA TEMIIEPATYpPHBIE IaHHBIE C JTaTYMKOB,
IIOJyYEHHBIE 3a IoJYaca J0 BO3JEHCTBHS M B TeueHHe 4 uacoB mnocie. HokxayTel ¢
OJIMHAKOBOH CKOPOCTBIO OXJIAXKJAJIUCh, OJHAKO TEMIIEpaTypa UX Tella Majjajla CHIIbHEE 110
CPAaBHEHHMIO C JUKUM THUIIOM B O0OUX OKCIEPUMEHTax, IpHYEM pasHulla Oblia
CTaTHUCTUYECKHU 3HAUMMa IIpH oxJaxaeHuu 17°C, ¢ MUHMMalIbHBIM 3HaueHueM 27.86+0.39

st WT n 26.46 + 0.16. (Pucynok 27).



72

OxnaxgeHue go 21C

10 min at 21C|
38+

% E i i i § 54
3741 ¥ ? éﬁii
i \ / w

% ! -+ KO

\ ,’

364

| # :

314

Temnepartypa, C

294

28 T

Yacbl

OxnaxaeHue go 17C

39+
10 min at 17C

§oT e E : s
3751 &457 + * %@i " Hiﬁ?%ﬁ %QQQE

38+

\ - WT
36 \
| -+ KO

Temnepartypa, C

27+

Yyachbl

Pucynok 27. BiusHne oxnaxxJIeHus Ha TeMIIepaTypy Teia KUBOTHBIX Aukoro tuma 1 TAAR9-KO.
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4.2.6 Cpasnumenvhnas IKcnpeccusn 2eH08 00PAMUHOBOI U CEPOMOHUHOBOU CUCHEMDbL

BBuay toro, uro sxcnpeccusi reHa Taar9 6pu1a OOHApYKEHA B HECKOJIBKUX OTIENIax
MO3ra, Mbl PELIIWIH OIEHUTh YpPOBEHb OSKCIPECCHH TI'EHOB KIIOUEBBIX OEIKOB
no(aMUHEPTUYECTKOM, TIyTaMaTepruyeckol U CEpOTOHMHEPTUYECKOM CHUCTEMBI B
HECKOJIbKUX CTPYKTypax Mmo3ra mnpu BbikimodeHuu reHa. C momompio OT-IILP B
peaIbHOM BPEMEHH B CpPEIHEM U MPOJOJTOBATOM MO3Te Oblla MPOBEJICHA OILEHKA
JKCIIpecCUH TeHOB ()EPMEHTOB, YYacTBYIOLIUX B MeTabonu3me HelpomeauatopoB (TH,
COMT, MAO-A, MAO-B, TPH2, Ache), nodpamunoBsix perentopo (DIDR, D2DR),
ueiiporpopunos (BDNF, CDNF) u tpancnoprepoB (DAT, GATI). Hecmorps Ha
MUHHMAJIbHBIC Pa3Uudsi, YPOBEHb HHU OJHOTO W3 HU3YYEHHBIX TI'€HOB CTAaTUCTUYECKU

3Ha4MMO He oTiinyaics (Pucynok 28).
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Pucynox 28. CpaBHuTEIbHAS SKCIpECCHs TeHOB ()epMEHTOB, yJacTBYIOIINX B MeTabonu3Me Heiipomenuaropos (TH,
COMT, MAO-A, MAO-B, TPH2, Ache), neiiponansubix penentopos (D1DR, D2DR), neiiporpodunos (BDNF,
CDNF) u tpancnoprepos (DAT, GAT1) B cpetHeM 1 IpOJOATOBATOM MO3TE.

AHaJOTUYHBIM 00pa30M OIICHHBAIU IKCIPECCHIO B CTpUATyMe, OOOHSTEIBbHOM
nykoswuile, kope (IIpunoxxenue 4), rie Takxke UCCIETOBAHHBIC TEHBI SKCIIPECCUPOBAIIKCH B
rpynne TAAR9-KO nHa ypoBHEe aukoro tuma. B rumoranamyce B CBSI3M C MOBBIIIEHUEM

YPOBHS ToaMiHa Mbl HCCIIEI0BAIM YPOBEHb SKCIIPECCUU PELIENITOPOB T0aMUHa, a TAKXKE
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¢bepmeHTOB THPO3UH ruApokcuiassl, MAO-A 1 MAO-B, KOTOpBI HE OTINYAICA B ABYX

rpynnax (Pucynok 29).
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Pucynok 29. Yposens skcnpeccuu reHoB B runoraiamyce TAAR9-KO u WT.

Takum obOpa3om, HokayT reHa TAARO He BBI3BIBACT 3HAYUTEIIHHBIX H3MCHCHHIA

IKCIPECCHH U3YYCHHBIX TCHOB.
4.2.7 Bauanue azonucmoeé TAARY na ooonanue

Kak OyzaeT mokazaHo HUXe, Mbl TOATBEPAUIH, yTOo aroHuctamMu TAAR9 Kphichl
SBJIAIOTCS. KaJaBepuH U N-MeTWanunepuauH. s oleHKH BO3MOMKHBIX H3MEHEHHH B
OOOHSIHUY Y KUBOTHBIX C BBIKJIIOUEHHBIM Taar9 npu npenbsBieHud aronuctoB TAAR9
ObUI MPOBEJICH TECT OOOHATENBHOIO MPEANOUTEHNS Ha )KUBOTHBIX TUKOro Thmna 1 TAAR9-
KO-delC (Pucynox 30). [To pe3ynpratam B rpynre IUKOrO TUIA BpeMsl OOHIOXWBAHHS
Bozbl U kanasepuHa (CAD) nnu N-metunnunepununa (PIP) He otnnyanock, Tak ke, Kak
n B rpynne TAAR9-KO. B rpynne TAAR9-KO XuBOTHBIE NPOBOAMIN B 30HE C N-
METHJIIUIEPUIMHOM OOJIbIlle, YeM 30HE C BOJOW, OJHAKO BpeMs OOHIOXMBAHHS HE
U3MEHsUIOCh. TakuM 00pa3oM, OOOHSTENbHBIM TECT HE BBIABWJ MPEANOYTEHUE WIH

aBepcuto k aronrcram TAARY kpsIc HU B rpynne 1ukoro tuna, Hu B rpynne TAAR9-KO.
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Pucynox 30. J)KuBotnsie 6e3 TAARY 1 )xMBOTHBIE AUKOTO THIA OBUTH IIPOTECTHPOBAHBI B IIOBEJCHYECKOM TECTE Ha
MPEIOYTEHUE UM aBEPCHIO NPH MPENbSIBICHUN OA0PaHTOB, aroHUCTOB TAARY kpbICchl. Il 3TOr0 KUBOTHBIM
NIPEABSBISUIN  1IBe (PUIBTPOBAJIbHBIE OYMaXXKH, IPONMTAHHBIE BOJON MM aroHHCTOM, M M3MEPSIH BpeMs
oOHroXMBaHUs (00CIIEIOBAHNSA), a TAK)Ke BpeMsl MpeObIBaHus B 30HE ¢ BemiecTBoM. PIP-N-merunmunepunun, CAD

— KaJlaB€PpUH.
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4.3 TI'nasa 3. U3yuenue TAARY in vitro

4.3.1 TI'emeponozuueckasn sxcnpeccusn zena TAARY

OtnenpHBIM 3TanioM wuccienoBanuss TAAR9 Owima pa3paboTka CHUCTEMBI IS
MOUCKa JIMTaHJ0B ATOoro peuentopa. M3sectHo, yto TAAR mioxo s3kcrnpeccupyroTcs Ha
MeMOpaHe in vitro B rereposjorudeckux cuctemax [20]. B aToit paboTe MBI HCIIOTB30BAIN
monxon Barak et al., B koTopoi, 3aMeTHB OTCYTCTBHE pACIPOCTPAHCHHOTO Y
pononicunoBoro cemeiictea GPCR rnukosunupoBanuss y TAARI] npu skcnpeccun B
HEK293T, nma N-koHern perenropa no0aBwim nepBeie 9 a.x. f2-aapeHoperienTopa, uTo
MO3BOJIIJIO OCIIKY PpacHoJIOKUThCS Ha MeMOpane [82]. Beuia mpoBenmena pabora 1o
KJIoHUpoBaHuto perentopa TAARY KpbIChl B 9KCIIPECCUOHHBIN BEKTOD ¢ 100aBieHueM N-
KoHIeBoro Ttara. /lms sroro mocnemoBarenbHOCTh u3 reHoMHOW JIHK Kkpbichl Obuia
3aKJIOHMpPOBaHa B KIOHUpYyroumi BekTtop plet. [lns skcnpeccun TAAR9 B knerkax
HEK293T mnoa xoutponem mpomoropa CMV Obu1 momyudeH Bektop pcDNA-B2NO-
rTAARY. B nensx moBbIIEHUS YpOBHS MEMOpaHHOH sKcmpeccuu ObuT g00aBieH N-
KOHIIEBOM Tar, COCTOSIIIUMA U3 MEPBbIX 9 aMHUHOKHUCIOT B2-apeHEePrudecKoro perenTopa
(MCQPGNGSA). Takxe Ui peTUCTPAIlMHU KJIETOYHOM JTOKATU3allUi ¢ TOMOIIBIO aHTUTEN
Ha N-koHell ObUT J0OABJIEH reMarrIIOTHHUHOBLIN Tar B 3 moBTopax (3xYPYDVPDYA).
Jlig n3yuenus okanusanuu Oenka B kieTke O0bu1 nosyueH Bektop pEGFP-BNO-rTAARO,
KOoTOpbIi copepxut red Taar9 ¢ tarom B2N9 3HA, cinuthiii ¢ reHom GFP na C-koHite,

noJ1 KoHTposeM npomotopa CMV (Pucynok 32).

pEGFP-BN9-rTAAR9 pcDNA3

Pucynoxk 31. IIpmwxusHenHas Busyanusanus rudpuanoro 6enka TAAR9-GFP B knerkax HEK293T u cpaBHenue ¢
KIIeTKaMH, TpaHchenupoBaHHbIMU TeHOM Toibko GFP, a Taxxke mycteiM BekTopoM pcDNA3 B kadecTBe
OTPHUIATEIIEHOTO KOHTPOJIA.
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Pucynok 32. I'ereponoruueckas sxcrnpeccust 6enka TAAR9, cnutoro ¢ EGFP B kneTkax MIIeKOMUTAIOIIHX.
A. HYKJICOTH/IHAs U aMHUHOKHCIJIOTHAS ITOCTIEI0BATEIbHOCTH N-KOHIIEBOTO Tara 3 MOBTOpa TeMarrioTHHUH
+ 9 nepBbIX a.K. f2-agpenepruyeckoro perentopa; b. Cxema mia3Muabl AJ1sl SKCIPECCHH THOPHUHOTO Oenka
TAAR9-GFP ¢ N-xonneBsiM TaroMm; B. CpaBrenue nokanmzanuu OenkoB EGFP u rubpumHoro 6emka
TAAR9-EGFP npu Tpan3uentHoi Tpanchexkunu kinetok juanu HEK293T. B neBoif wactu HajmoxeHue
kpacutens DAPI u GFP, B npaBoif — tosnibko GFP. Ilpu cpaBuenuu ¢ EGFP, xotopslii skcnpeccupyercs
nuToruiazMatidecku, 6emok rTAAR9-GFP uMeet cabyro TeHIEHIMIO B MEMOPaHHOW JIOKaTH3aIHH.

4.3.2 Onmumuszayusn sxcnpeccuu TAARY in vitro

Jns u3ydeHus JIOKalIM3alliu pelenTopa B KJIeTKe Oblla OCyIIeCTBIEHA
tpaHcdekus reHa Oenka P2N9-TAAR9 ¢ EGFP na konume. B kadectBe KOHTpoOJIs
napajulefibHO OleHuBaiIM Jokanuzauuio Oenka GFP, a Takxke TpaHcdekuuio mycThIM
BekTopoM pcDNA3 (Pucynok 31). Ha xoHdokamssHOM MHUKpPOCKOIE OBLIO BHAHO, UYTO
MEHbIIE MOJIOBUHBI KieToK dkcnpeccupoBann GFP. Ho npu cpaBaenun GFP n TAARO-
GFP mbl yBUJIeNH, YTO B OTJEIBHBIX KJIETKaX FMOPU] Yallle JOKaIu3yeTcst Ha MeMOpaHe B
otianune oT GFP B muromiasme, xotsg Bo MHOruX kietkax ¢ TAAR9-GFP 6wu10 3aMeTHO
mud¢y3Hoe  pacrnpeneneHue  rubpuaHoro  Oenka  (Pucynox  32). Opnaxo,
UMMYHO]IIOOPECIICHTHOE OKpallMBaHue (UKCUPOBAHHBIX MapadopmanbaerugoMm 0Oe3
JTarna nepMeadbuIn3ay KiIeTok, TpanchenupoBaHabix f2N9-TAARY, ykasbiBaeT Ha To,

YTO B HEKOTOphIX KieTkax HA-tar Ha N-koHIIE perienTtopa pacrojoKeH Ha BHEIIHEH
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CTOpoHe Tua3MaTrueckoir meMOpans! (Pucynoxk 34). Ilpuuem curnan ot GFP Obu1 ouenn

cnalblil U1 MHTEpIPETAIHH.

antiHA

overlay

pEGFP-BN9-rTAAR9

Pucynox 34. UmmyHodmoopecueHTHOe oOKpammBaHue ¢ukcupoBaHHBEIX KieTok HEK293T wemmuaeM  anti-HA
AHTHTENIOM C TOoCIeaytonle naKyoanueit BTopeiM anTuTenoM GAM-Alexa Fluor 555 6e3 nepmeabmmzamn. Kietkn
tpaHcdernuposam rTAARI-GFP.

pPEGFP-BN9-rTAAR9

PEGFP-BN9TAAR9 + RTP1S

Pucynoxk 33. Ilpmwxusaennas susyann3amus 0enka TAAR9-GFP B xiretkax HEK293T u cpaBHeHHE KOTpaHCHEKITUI
manepoHa RTP1S na yposens sxcnipeccuu TAARO. Bepxunit psx — kinetku HEK293T, skenpeccupyromue TAAR9-
GFP B mpoxomsmem cBere u npu Busyanmsanun GFP. Hwkunit psan - xoskcnpeccust TAAR9-GFP n manepona
RTP1S.
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B nensix nosblieHHss MEMOpPaHHOM 3KCIIPECCUM MBI Jjajiee IPUMEHUIN MOIXO0M,
KOTOPBIH 4acTO MCIONB3YeTCs MpH JAeophaHu3aluu OOOHATEIBHBIX PEIETITOPOB, TAKKE
CIIO)KHO JKCIIPECCUPYEMBIX B reTeposiornyHoil cucteme. Koskcrnpeccuss 0o0OHSATENbHBIX
penienitopoB ¢ RTP1S cymecTBeHHO MOBBIIIana MEMOPAHHYIO JIOKAJIU3AIHIO PEIIEITOPOB.
Mai ocymiectBisuin kKoHTpaHcekuio RTP1S ¢ f2N9-TAAR9-GFP B knerkax HEK293T
(Pucynok 33). Ilpwxu3HeHHas BU3yalH3alus KJICTOK MOATBEPAWIIA MPUMEPHO PABHOE
konmyecTBO KieTok ¢ TAAR9-GFP B mpucyrcTBuu manepona u 6e3 Hero. Mul janee
UMMYHO(DITI00pECHIEHTHBIM OKpalinBaHueM 6e3 nepmeadbunuzanuu Mmetuian HA-tar va N-
KoHie penentopa. Onnako, marnepon RTPIS He BHOCWI CyllecTBEeHHBIM BKIJIAI B
JIOKQJIM3AIIMIO PEIENTopa, TaK Kak 0e3 korpancdekuu kieTku ¢ TAAR9 umenu cxoxyro
KapTuHYy MeMOpaHHoro pacnonoxenus (Pucynok 35). bonee Toro, kak Oyaer mokasaHo

ke, korpancdekius RTP1S cmemana EC50 aronncra TAAR9 BnpaBo, To ecTh cKopee

yxyauiajia 9yBCTBUTCIIBHOCTU CUCTEMBIL.

PEGFP-BN9-rTAAR9 PEGFP-BN9-rTAAR9+RTP1S

Pucynok 35. UmmyHodmoopeciieHTHOE OKpamrBanne GurcupoBaHHbIX kieTok HEK293T mplmmHbIM anti-
HA antwTenom c¢ mocnenyromeil wHKyOammeidl BTopeiM aHTHTeIoM GAM-Alexa Fluor 555 6e3
nepmeabunmsanuu. Bimsxue manepoHa o6oHATensHBIX pernenntopoB RTP1S ma nokanmzanuio ruGpuaHOTO
6enka rTAAR9-EGFP npu tpancdexunu. JleBas monoBuHa - Tpancgeknus toiabko rTAAR9-GFP; npasas
nonosuHa - TpaHcdekuust TTAAR9-GFP u RTPI1S. [lo maHHBIM MUMMYHO(]IIOOPECIEHTHOTO OKpPAIIMBaHUS
manepoH RTPIS He BHOCHT CymiecTBEHHBIH BKJaJ B HOBBIIIEHHE MEMOpPAaHHOW JOKaJIM3alMU perenTopa
rTAARO.
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4.3.3 Onmumuszayus ycnoeuii CKpUHUH2a a20HUcmoe memooom BRET

JUiss  CKpUHUHTAa TPUMEHSJICS METOX  HM3MEpeHUs  OMOIIOMUHECIEHTHOTO
pesonancHoro mnepenoca sHeprur (BRET) ¢ momompio mAM®-6uocencopa EPAC.
[Mpunuun BRET 3akmtouaercs B mepeHOCe JHEPrUd MexAy AoHOpoMm (monudepasa
ceerisiuka Renilla, Rluc) u aknentopom (YFP) [32,82,108]. CymecTByroT pa3iuyHble
napel oHop-akientop [109]. B ocuoBe nexutr nAM®-3aBucumsiii ¢aktop EPACI
(Exchange protein activated by cAMP1), koTopslii B OTBET Ha CBSA3BIBAHHUE MOJICKYJIbI
HAM®O® u3mensier cBoro kordopmaruio [110]. [Ipu okucnenuu cyOcTpara nonudepasbl —
h-xonentepasuna, Rluc ucmyckaer cBer ¢ mumkom 475 uM. Ecnmm goHOp Haxomurtes
nobmu3octu (okosio 10 HM), sHeprus, ucnymenHas Rluc, Bo3Oyxmaer YFP, koTopsiii B
CBOIO odYepenb HcmyckaeT cBeT ¢ mukoMm 530 HM. M3MeHeHue COOTHOILIEHUS MEXIy
smuccueit Rluc u YFP otpaxkaeT u3mMeHeHHe pacCTOSHUS MEXKIY dTUMH MoJieKyjdamu. B
ouocencope EPAC npu Hu3koi 6a3oBoi koH1eHTpanuu HAM® Rluc u YFP naxonsarcs B
OnmM30CcTH Ipyr K APYry, YTO TPUBOAUT K moBbIIeHHOMY curHanry BRET. A mpu
ceszpiBannd EPAC ¢ tTAM® npoucxonut KoHpopmarmonnoe n3menenue, Rluc u YFP
ornaisatorcs, yto cHuwxkaer BRET coornomenne. J[lnsa nposenenus BRET xynbTypy
kinetok HEK293T kotpancdennpoBanu AByMsi 3KcrpeccHOHHbIMH BekTopamu EPAC,
KOTOpBIM oOecrneunBaeT KOHCTUTYTUBHYIO 3Kcrpeccuto rudpunHoro reHa Rluc-EPAC-
YFP, u TAARY. B xauecTBe NOJ0KUTEIBHOIO KOHTPOJIS UCIIOJIb30BATIN HECEIIEKTUBHBIN
aroHUCT P2-aApeHEePruYecKOro perentopa — MU30MPOTEHEPOJ B KOHIEHTpauuu 1 pM.
JlaHHBIN penenTtop NpUCyTCTBYET Ha IMUTOIIa3MaTHYeckoi MmeMmOpaHne kiaetok HEK293T
B HOPMaJIbHOM COCTOSIHUU U OyJIeT JaBaTh MoJIokUTeabHbIN curHai oT EPAC 6uocencopa.
UToO0BI O1IeHUTh PabOTOCIIOCOOHOCTh CHUCTEMBI, KJIETKH TpaHC(hEUUpOBaIl B TEYCHHUE 5
4acoB, U HCIIOJIb30BATIM E€AMHCTBEHHBbIM u3BecTHBIM aroHuct TAARY kpeicel — N-
METHIIHUIEPUINH. J{J1s1 UCKITIOUeHHsI COOCTBEHHOT'O OTBETA APYTHX PELENITOPOB KIETOK Ha
JUTaH] TaKKe HU3MEpsUIM YpPOBEHb OTBETa KIETOK TpPaHC(HEUUPOBAHHBIX «ITYCTHIM»
BekTopoM pcDNA3.0. B mnepBoM »skcnepuMeHTe ObUI TOJMyYeH CHelHPUUEeCKHi
MOJIOKUTENbHBIA OTBET peuentopa TAAR9 Ha aronuct N-meTunnunepuanH, a TaKxke

m3mepera EC50 = 87 uM (Pucynok 36).
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Pucynok 36. Cnenuduyecknii 103 o3aBucumbiii otBeT TAARY Ha N-mermnmunepunun. Kmerku HEK293T
koTpancdenupoBaniu Bekropamu, koaupyrommMu EPAC u rTAAR9 wmu EPAC u pcDNA3. Jlannbie
npexacrapieHsl kak cpeqaee ABRET otHocurensHo ¢ona = SEM. M3mepenue npoBoaniu B 1yOIUKaTax.

B OesiX  HOBBIMICHUA  YYBCTBUTCIIBHOCTH  CUCTEMBI IPOBCIIM  CPABHCHUC
JUTUTENILHOCTH TpaHC(EKIUH: 5 yacoB M B TedeHue Houu. OnHaKo, HA ypOBEHb OTBETA
JUTUTEIBHOCTh TpaHC(EKUUH BIMSJIA HE CHIBHO, XOTSA JUId BapHaHTa C HOYHOU
TpaHcekuueit xapakrepHa menpmas EC50, mosToMy aasnee HCIoIb30BaId TPaHCHEKINIO

B TeueHue Houn (Pucynox 37).

0.10-
TpaHcdekumsa 5 yacos
EC5,=53,78 uM
— 0.051
L
X - TpaHcdEKLMS HOYb
% EC50=38,60 uM
0.00 T T 1
1 2 3
log[uM] N-methylpiperidine
-0.05-

Pucynox 37. CpaBuenue EC50 aronncra TAARY B 3aBucumocTtn ot aiurensHoctu TpaHcekunn TAAR9 B
kierkax HEK293T. M3mepenne npoBoauiy B {yOJMKarTax.

Taxxe nposenu cpaBHeHue kpuBor ECS50 aronncra TAAR9 N-metunnunepuanHa
MeroaoM BRET 11 oneHkH BIUsHUSA IaniepoHa Ha YyBCTBUTEIBHOCTh CUCTEMBI. OHAKO,
IIPY OJHOBPEMEHHOM AKCIIPECHUHN PELIETITOPA U IIanepoHa curHan oT Gos IMyTH CTAHOBUTCSA

ciabee 10 cpaBHEHHIO ¢ Kcnpeccueit 6e3 manepona RTP1S (Pucynok 38).
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-~ rTAAR9 6e3 RTP1S, EC50=37.8 M

= rTAAR9 ¢ RTP1S, EC50=92,6 uM

Pucynox 38. BiusiHue manepoHa obonstenbHbX penentopoB RTP1S Ha oter penentopa rTAARY nHa aronucr N-
metmmunepuant. Knerkn HEK293T 6bumn koTpancdenupoBansl BekTopamu, koaupyromumu TAAR9, 6uocencop
BRET 06e3/c mamneponom RTP1S, uHkyOupoBanmu ¢ pasiMuHBIME KOHLEHTPALWSIMHU JIMT@HAA W OLCHUBAIH
pENOpPTEepHYI0 aKTUBHOCTh. [IpM OIHOBPEMEHHOW JKCIpEecHM pelenTopa M ImamnepoHa curHan ot Gos myTa
CTAHOBHTCS CYILIECTBEHHO cllabee M0 CpaBHEHUIO ¢ dKcmpeccued 0e3 manepona, EC50 moBeicmiach B TpU pasa.
JlaHHBIE TpeCTaBICHbI KaK AyOmukaTel £ SEM.

B nopsake ontuMuzanuy Takke Obljia IpoBeeHa padoTa Mo OLleHKE BO3MOXKHOCTH
BIMSAHUS KJIETOYHOW nuHUU-«xo3suHay HEK293T nmns BpemenHoit tpancdexiuu Ha
muanto CHO-K1. Panee penentop TAARI ycnemHo skcnpeccupoBaicss B 9TOW JIMHUM,
npuyem Oe3 nobGaBineHus N-koHieBoro tara [75,76]. OmHako, Mbl 3aMETHJIM OYEHb
BbIcOKM ¢oH npu TpaHcekuuu cencopa EPAC u TAARY B knerku CHO-K1, noaromy
CUTHAJI OT arOHKCTa HE JIOCTUrajl MOPOTOBBIX 3HAYEHUI OTHOCUTENBHO ()OHA HU B OJHOMU
U3 KOHUEHTpanuid. XoTd Mbl HaOIIOAaIM J0303aBUCUMOE YBEIMYEHHE CHUTHANA,
nepBoHavyaybHO BbiOpanHas uHus HEK293T 3T0 onTuManbHbIi BapuaHT.

Takum o0pa3omM, o uToram padboOThl ONTUMAJIBHBIMU YCIOBUSIMHU ISl CKPUHUHTA
aronuctoB TAAR9 meronom BRET sBnsitores Bpemennas tpanchekmus TAAR9 ¢ tarom
B2N9 B knerkax suaun HEK293T Teuenue Houm, nanpHeimas MHKYyOalus B TeUeHHUE
cyrok. B mannbix ycnoBusx EC50 mia N-mernnnunepuauna cocrasiser 38 puM. Ilo
naHHbIM 1pyrux rpyni, EC50 storo aronucta aiis TAARO kpeicel 6bi1a 18 uM [56] 1 163
uM mist mbimm [S7].
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4.3.4 Ckpunune azonucmosé TAAR9

Cxpununr aronuctoB MetoioM BRET ¢ ucnonb3oBannem HEK293T npoBoauiu B
dhopmate 96-myHouHOTO TUIaHIIeTa. CKpUHUHT Belu 1pH KoHIeHTpamuu 50, 100, 250 uM.
B nanHOM cityyae KpUTHYHO UCIOJIb30BaTh HU3KYI0 KoHIeHTpanuto JIMCO 0,1 — 0,5%,
TaK Kak MpU OOJbIIEeH KOHIIGHTPAIMU TOSBISETCS BBICOKHI YPOBEHb (pOHA W ILIOXAs
Bocrpon3BoauMocTh. [ onpenenenus ECS50 nurana mo6aemsumm B pa3BeaeHusx ot 10
uM 1o 1000 uM.

b1 npoBenen ckpuHuHr 435 coequnenuid paznuaHon npupos! ([punoxenue 5).
N-metwimunepuaut, aronuct TAARY9, Oblm ucnosib30BaH Kak KOHTPOJb. Takxke
BKioUa ¢opckonua 20 pM, KOTOphId Hecnenu(UIeCKH IMOBBIMACT KOHIICHTPAIUIO
HAM®, 1 U30MPOTEPEHON B KAYECTBE IMOJIOKHUTEIBHBIX KOHTpoJsied. Ha mepBom aTame

ObLIH HCCIICOOBAHBI CIICAOBBIC AMUHbI, OAOPAHTHI, 4 TAKIKC HeﬁpOTpaHCMI/ITTepr (PI/ICYHOK

39).
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Pucynok 39. CKpHHHHT 0ZJOpaHTOB, CIEIOBBIX AMUHOB M HEHPOTpaHCMHUTTEpoB Ha aroHu3M TAARO B KoHIIEHTpaItun
250 uM. Yepnas myHKTHpHAas JIMHAS — cpeHee 3HaueHne GoHa (0,25% JIMCO) + SD (kpacHble TyHKTHPHbIC JIMHUH).
Konrponu Bblenensl nBeToM. bbbl 00HapysKeH OTBET KafaBeprHa, a TaKXkKe aJpeHalnHa. AJJPEeHaINH UCKIIOYMIHN B
XOJie TAIbHEHIIIero aHau3a U3-3a Heclen(UIHOCTH OTBETA.
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Pucynox 40. [Ipumep BRET ckpununra aronuctoB TAARY. 80 coenunenuit u3 mianmera Nel oubianorexu
SigmalLOPAC1280 0butH IPOTECTHPOBAHBI B €HHOM KoHIleHTpanuu 50 pM. M3MepeHne mpoBOIuIn Yepe3 5
MHUHYT I0CJIe 100aBIcHUs BeuecTB. UepHas MyHKTHUpHAS JTHHUA — cpeaHee 3HaueHue ¢ona (0,5% JIMCO) +

SD (xpacHbie MyHKTUpPHbIE TUHUH). KOHTpOIH BBIZIEIEHBI IBETOM.

Hanee 320 coenuHeHuil U3 OMONIMOTEKH (apMaKOJOTUYECKH AKTHBHBIX BEILECTB,
0JI00pEHHBIX YTpaBJICHUEM IO CAHUTAPHOMY Ha/[30py 32 KaU€CTBOM IHUIIIEBbIX TPOJYKTOB
u meaukameHnToB (FDA), Sigma LOPAC 1280 oka3anuch HEaKTUBHBIMU B OTHOILICHUHU
peuentopa TAARO. Jlna coenunennit 6mbauoreku koHueHTpauus Obuta 50 pM, 4ToObI
coxpanuth kKoHueHtpamuio JIMCO nmwxe 1%. Ilpumep pe3yapTaToB CKpPUHHHTA

o6ubnuorexku SigmalLOPAC npencrasnen Ha pucyske 40.

B xone ckpunuHra 011 oOHapyxkeH oTBeT kagaBepuHa Ha TAARY (Pucynok 41).
beuta ouenena ero EC50, xoropas 6buta 81 pM. Kpome kanaBepuHa ObuIO HaleHO
HECKOJIbKO ~ COeMHEHMH (2-amMuHOdOCpOHONEHTaHOeBast K-Ta, 2-XJIOPOaJE€HO3MH,
HOpaJpeHaInH, aJpeHAIMH), KOTOPhIE TOBBIMIATN KOHIEHTpanuio NAM®, ogHako, npu
MPOBEJICHUN TecTa Ha CHEHU(PUUHOCTh Ha KIIETKaX, TpaHC(PELHPOBAHHBIX IYCTHIM
BEKTOPOM, TaK)Ke OBLJT MOTYUY€eH OTBET, YTO TOBOPHUT O HECTIEIIM(UIHOCTH OTBETA. B ciryuae
HOpaJpeHaJIHa 3TO CKOpee BCEro 3HAOreHHble anpeHopeuentopst HEK293T, a 2-
XJIOpOaIEHO3MHA — a/IEHO3MHOBBIE penentopsl [111]. Hu ogHO U3 1pyrux ucciiejo0BaHHbIX
COEAMHEHHMI W3 TPYNNbI CIEAOBBIX aMUHOB He akTUBHpoBalo TAARO, Tak ke kak u

OJIOPAHTHI.
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Pucynoxk 41. Jlo3o3aBucumas kpusas aronucra TAAR9 kagasepuna. EC50=81uM



86

S OBCYXIEHUE PE3YJILTATOB

B ar1oii pabore 01 uccienoan penentop TAAR9. Ha MomeHT Hauama paboOThI
nndopmanus o ponmrn TAARY, 3a UCKITIOYEHUEM €TI0 y4acTUs B OOOHSHUH, MPAKTHYCCKU
orcyTcTBoBana. OJHAKO, MCCIENOBAHUS HAa >KUBOTHBIX C HOKAyTOM JIPYTHX YJIEHOB
cemerictBa TAAR1, TAAR2 u TAARS nokasany ux 5KCIPECCHIO U BO3MOXKHYIO (PYHKITHIO
B JIMMOWYECKOW cHCTeMe, HEeHpOoreHe3e W B KOTHUTUBHBIX mporeccax [4,8,9,112,113].
Taxxke, Kak MoKa3aJl MPOBEICHHBIN B 3TOM paboTe aHaIu3 MarTepHa skcnpeccuu Taar9 y
KpbIC TOpa3no Oosiee MHTEpecHast U BbhIpaskeHHas skcnpeccuss B LIHC mo cpaBHeHuio ¢
Mbimiamu. Ilostomy B kauectBe Moaenu i usydeHus ponu TAARO Obuin BbIOpaHbI

KPBICBI, Y KOTOPBIX ObLIO BBIIIOJIHEHO HOKayTHUpoBaHue rexa Taar9.

Msb1  co3mamu nBe JmHMM  Kpeic  TAAR9-KO wmeromom CRISPR/Cas9-
OMOCPEOBAaHHOTO PENAKTUPOBAHMS T€HOB B 3UroTax. B reH Obula BHECEHA MyTalus
JEJCIU [IUTO3MHA WM WHCEPIUHU aJCHUHA, TPUBOSAINAS K CABUTY PAMKU CUHTHIBAHHS
TAARY ¢ paHHuUM CTOI-KOJOHOM B JIBYX JIMHUAX, YTO IPHUBEIO K PE3KOMY CHUKEHUIO
ypoBHsit MPHK TAARY B o60oHsTenpHOM driuTenuu. [lanee Hamu Oblia MOCTaBlIeHa 3aa4a
C TOMOINBIO pa3IUYHbIX MOAXO0J0B oxapakrepuzoBaTb TAAR9 3a mnpenenamu
OOOHATENFHON CHCTEMBI. ODKCIEPUMEHTHI, TMPOBEACHHBIE B paMKax HCCIEIOBaHUS,
SIBJISIFOTCS TIEPBOM MOMBITKOM OXapaKTepu30BaTh BIUsAHKUE BbIKIOUeHHUs reHa TAARY na

IIOBCACHHUC )KUBOTHBIX.

Tax xak metoq CRISPR/Cas9 moxeT nosieus 3a co00ii HexXenaTeNIbHbIE MyTalliH,
BaXXHO OBIJIO MCKIIIOYMTH 3TO BIMsSHUE. 71 3TOrO HA MEepBOM 3Tane, 4ToObl yOpark 3TOT
3¢ ¢eKT, Mbl NPOBOAMIM OLEHKY Ha JBYX HE3aBUCHMBIX JIMHHMAX, a 3aTeM Iocie
JUINTEIBHOTO TMpollecca OOpaTHOTO CKpelIMBaHUS [ H30aBJIEHHUS OT BO3MOKHBIX
HeKeNaTeJIbHBIX MyTalluil, HOBTOPHUIIU SKCIIEPUMEHTHI Ha 01HOM TuHUU. [Ipu BbIMOIHEHUH
HCCIIEIOBAaHUM YCTaHOBJIEHO, YTO TreHeThueckoe BblIkitoueHue TAARO He Binuser Ha
ofIee COCTOSIHME, JBUTATENIbHYIO aKTUBHOCTH, MaMATh U a(@eKTHBHOE MOBEACHHE Y
Kpbic. OgHaKo Mbl OOHApPYKUJIM CHUKEHHYIO TPeBOKHOCTH Kpbic 6e3 TAAR9 B Tecrte
«CTpecc-UHAYLIMpOBaHHAs runeprepmMus». CTOUT OTMETUTh, YTO HAIIM PE3yJIbTaThl ObUIN
IIPOJEMOHCTPUPOBAHbl CHayaja Ha KpbIcax JIBYX pa3HbIX HOKAyTHBIX JIMHUH, a 3aT€M Ha
KUBOTHBIX I1OCJIE OOPATHOT'O CKPEIIMBAHMS, YTO JOMOJHUTEIBHO YKa3bIBACT HA TO, YTO

00Hapy>XeHHOE M3MEHEHHUE OBLIIO CBsSI3aHO MMEHHO ¢ BhIKIoueHreM TAARY. Ilpu sTowm,
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OJTHaKO, B IPYTUX MOBEACHYECKHX TECTaX, KOTOPBIE TAKKe ObLIM HAIPABICHBI HA OLIEHKY
TPEBOXKHOCTU TOBeAeHHE, KphIckl 6e3 TAARO He oTiHUYanuch OT YKHUBOTHBIX <«JIUKOTO
tunay. llosTomy, 4YTOOBI Jyullle MOHATH, 4YeM OOYCIOBJIEHO TaKOe HW3MEHEHHE B
TEeMIIepaType, KUBOTHBIM OBLIM UMIUIAHTUPOBAHBI TaTYMKU MMOCTOSHHOTO MOHUTOPUHTA
temriepatypsbl. [lo pe3ysnbraram HcciieqoOBaHUsI HaMU MOKa3aHo, 4yTo Kpbickl TAAR9-KO
XapaKTEepPU3yIOTCS MIOCTOSHHO MOBBIILIEHHOW TEMIIEPATYpPO Tesa pU OOBIYHBIX YCIOBUSX.
[Ipu 3TOM OXJa)KACHHE COMPOBOXKAAETCSA OOJIBIIUM MOHUKEHUEM TeMIIepaTyphl Tela y
MYTaHTHBIX )KUBOTHBIX, YEM Yy KpbIC AuKoro Tumna. [lomobHoe usmMenenue temmnepaTypsl y
KUBOTHBIX C HOKayToM reHa TAAR mnpoaeMOHCTpUPOBAaHO BIIEPBBIE, XOTs paHee ObLIO
nokazaHo, uro y TAARS-KO runorepmuueckoe [eHCTBUE aroHUCTa pELENTOpPA
ceporonnna 5-HT1A tuna, 8-OH-DPAT, 6wsuto Gomnee BoipakeHHbiM [7], a TAARI
aroHuct/TAARS anTaronucr, 3-HOATHPOHAMUH, MPOU3BOJHOE THPEOHIHOTO TOPMOHA,
OKa3bIBaeT THUIMOTEPMUYECKOE JCHCTBHE Ha JKUBOTHBIX, XOTS MEXaHH3M TaKOTo

OXJIQXKJICHHS TTOKa HE BhISICHEH [6,114].

Okcnpeccus reHa Taar9 Oblna obHapyxkeHa B LIHC kprichl, BriepBble B CpeiHEM
MO3re€, & MMEHHO B BEHTPAJbHOM O0OJACTH TMOKPBHIIIKK U YEpHOW CyOCTaHIMM, T
pacnosararoTcs sapa 10paMUHEPrI4eCKX HEMPOHOB, a TAKXKe B MPUJIEKALIEM Ipe, Ky1a
UAYT OpoeKuu oT 3TUX HeilpoHoB. MPHK Taar9 taxxke O6bu1a 0OHapyXeHa B BEHTPAJIbHOM
TUNIOKAMIIE, TUIIOTAJIaMyCce€ M B IPOJOJrOBaTOM MO3re. Y MbIIIM B COOTBETCTBUH C
MpeNbIIYIIMMHA  UCCIIEOBaHUSIMH  dKcripeccust  Taar9 B MO3re  OrpaHUYUBaiach
00OHATETHFHOMN JTYKOBHUIEH U MO3keukoM [5,40]. Onnako, coriiacHO MPOBEACHHOMY HaMH
MeTa-aHainu3y OTKphIThIX JaHHBIX PHK-cexBenupoBanus crpyktyp LIHC wenoBeka u
MbllM, ciabas skcnpeccuss TAAR9 oOHapykuBaeTcs B XBOCTATOM fJpe CTpuUaTyMa
YeJIoBeKa M OTHCNbHBIX (pakiusaX HEUPOHOB NPUIIEKAILEro sAapa MBIIHA. ITO
noaTBepxkaaer npennonoxenue, 4yro TAAR9, kak u apyrue TAAR, B Mo3sre
JKCIIpECCUpPYeTCS B KJETKaxX OIpenei€HHbIX THUIIOB, MO3TOMY IpU aHAIU3€ IebIX
CTPYKTYp HX 3KCIPECCHUS 4Yallle BCEro OKa3bIBAaeTCs HIKe npeaena aerexkuuu [103,115].
Okcnpeccust TAARO B [THC, B T.4. B runorangamyce BbI3bIBAE€T OIIPEIEICHHBIN HHTEPEC B
CBSA3M C TE€M, YTO TPOBEACHHBII HaMU aHAlU3 COJEpP)KAHUS MOHOAMHUHOB BBISBHI
HeOOJbIIOE TOBBIIIEHHE YPOBHS JodaMUHA B TUIOTajJamyce, OJIHAKO, YPOBEHb
9KCIpeccHH GepMEHTOB, yUacTBYIOIIMX B MeTabonu3me nopamuaa TH u MAO y TAARO-
KO ne nzmensncs. Takxke CTOUT OTMETUTh, YTO THIIOTAJIaMyC — 3TO CTPYKTypa, KOTopas

SIBJISIETCSI LIEHTPOM TEpMOpEryJianuu y miekonuratomux [116]. Xota HaMm He yaanoch
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nokasare yuactue TAARY B dynkmmonupoBanuu [{HC, ero skcrpeccust B HECKOJIBKHX
CTPYKTYpax MO3ra KOCBEHHO MOXKET yKa3bIBaTh Ha BO3MOXHYIO BoBiieueHHOCTh TAARO.
[Tomumo Taar9, OblT Takke W3Y4YeH MATTEPH DKCHPECCUU APYTux laar B MO3re MBILIH.
Okcnpeccust Taar?2 n Taar6 mplii ObUTa TTOATBEPKIICHA B OOOHATEIHHOM SIUTEIUN U
JTyKOBUIE. Y MBI dKcrpeccust Taar2? Takxke Obuia HaiiieHa B KOpe, THIOTAlaMyce U
ctBosie mMo3ra [9], Taar5 — B cTBONE Mo3ra u Mo3zxeuke [92], Taar6 — B xope [103].
[TonydyeHHble naHHbIE MOTYT OBITH MCIIOJIB30BAHbI JJIs JalbHEWIEero 6osiee IeTaabHOro

HU3YYCHUS IAaTTCPpHA 3KCIIPECCHU I'CHOB Taar B mo3re.

Ha mepudepun sxcnpeccust Taar9 Kpbichl ObUTa OOHApy)XEHa B SUYKaX, UYTO
MHTEPECHO BBUJAY TOIO, YTO CIIEPMa COJEPXKHUT KaJaBEPHUH, CIHEPMHH MU CIEPMUIMH,
KOTOpbIE, B TOM YHCJI€ ¥ 110 HalllUM JaHHbIM, siBisitoTcs aroHuctamMu TAARO. U3BectHo,
yto octanbHbie TAAR, a takxke OP skcnpeccupyrorcst Tam xe [4,117], yto mo3BossieT
MIPEII0JIOKUTD, YTO JAHHBIE PELIETITOPHI MOTYT ()YHKLIIMOHUPOBATH B KAUECTBE yKa3aTesel
JUI XeMOTaKcHca CIepMaTo30MI0B, Kak yke Obuto mokazano qist OP hOR17-4 [118].
ITokazano, 4ro skcnpeccus U (yHkiuonupoBanue OP moxer ObITh M 3a IpenenaMmu
obonsTenpHoi cucremsl [80,119,120]. Hanpumep, onucaHo ux y4yactue B MeTaboIM3Me
III0KO3bI M Unu0B [121], a cHrkenue sxcnpeccun OP ObU10 OKa3aHO B KOpe OOJIBIINX
noJymapuil y nanueHToB ¢ 6one3nbto [lapkuncona [122] u 1.1. HTEpecHo, 4TO paHee B
Haiel aboparopun ObIIO NMOKa3aHO, YTO BbIKIoueHHe TAARY npuBoaUT K CHUXKEHUIO

koHUeHTpauuu xonecrepuna u JIITHIT y sxuBotHeix TAAR9-KO [93].

Baxuoit undopmarueit o GpyHKIMM perenTopa sBISIOTCS ero JUrasasl. B pamkax
3TOM pa®oThl HaMM OblIa MpEANpPUHATA MONbITKAa HalWTH aroHucTel TAARY. Jlns storo
OblTa ONTUMU3MpPOBAHA cUcCTeMa rereposiornyeckoil skcrpeccun TAAR9. B nepBbix
uccnenoBanusx TAAR in vitro na npumepe sxcripeccun TAAR1 B kitetkax HEK293 651510
nmokazano, uro TAARI1 nokamusyercs B uurtomnasme [2], omHako, memOpaHHOE
pacnionioskene  GPCR  kpuTnuHO a7 (QYHKUMOHUpPOBaHHS peuenTopoB. Ilpuunnoii
HEMPaBUJIbHOM JIOKAIU3AIMH MOXKET ObITh OTCYTCTBUE CUTHAIBHOMN MOCIIEI0BAaTEIbHOCTH,
a TaKkKe cailTa TNIMKO3UJIUpOBaHUsA Ha N-KOHIE, KOTOPbIE CIIOCOOCTBYIOT MPOLIECCUHTY
GPCR B »3HAOIUIa3MAaTHYECKOM PETUKYJIyME M HampaBJeHHI0O Ha MeMOpany [2,82].
ITosToMy HamH ObLIa MCIOJIB30BaHA MTOCIEI0BATEILHOCTh MEPBBIX JAEBITH aMUHOKHUCIIOT
B2-aapenopenienTopa B KauecTBe N-KOHIIEBOM MeTKH Jiis dkcripeccud TAARO9 B kiteTkax

HEK293T [82]. Hanee mbl moka3anu, uto f2N9-TAAR9 nokanuzyercs Ha memOpane. O
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(YHKIMOHATBHOCTH PELENTOpa CBUICTEIHCTBOBAJIIA €r0 AaKTHUBAllUS HA W3BECTHBIN
aroHUCT. B 1ensx NOoBBIIIEHHS] YyBCTBUTEIBHOCTH CUCTEMBI Mbl KOAKCIIPECCHUPOBAIIN
obonsTenpHbIN manepon RTP1S, ato moaxox muist yinydiieHuss MeMOpaHHON 3KCIIPECCHH
OP, KOTOpBII1 UCIIONB3YETCS HECKOIBKUMU IPYIIIIaMU, 3aHUMAIOIIUMUCS JleopdhaHn3anuen
TAAR [78,83]. B Hammx ycnoBusx RTP1S He noBblan 4yBCTBUTENBHOCTh METO1A, YTO
KOCBEHHO MOJKET yKa3blBaTh Ha TO, YTO OH HE€ ydacTByeT B HampasieHuu TAAR nHa
MeMOpany. OgHako, ecth Jin y TAAR otnenbHbie Oeaku i POJITUHTA UITH TPAHCIIOPTA K
MeMOpaHe TpeOyeT OTJeNbHOro uccienoBanus. Takum obpazom, Hamu OblIa pazpaboTaHa
U ONTHUMM3UPOBaHA CUCTEMA /IS reTepojiorndeckoit sxcnpeccuu rena TAARO B kneTkax
HEK293 ¢ ucnons3zoBanuemM Tara (2N9, KOTOpyH0 MBI YCIENIHO HCIIOJIB30BAIN IS

ckpununra aronuctoB TAAR9 merogom BRET [108].

B xone ckpununra 435 coenuHeHuid, cpeau KoTtopbix Obuin CA, OfOpaHTBhl,
(bepoMOHBI, HEHPOTPAHCMUTTEPHI, a TaKKe (HPaPMAKOIOTMYECKH aKTUBHBIC BEUIECTBA M3
6ubnuoTeku BelecTs, 0100peHHbIX FDA, HaMm He ylanoch 0OHapy>KUTh HOBBIE JIUTaH bl
TAARY, HO MBI TOATBEPAMIIM JaHHBIE APYTHX IPYIII 10 aroHU3My N-MeTHINUIepUAnHA
¢ EC50=37 uM nns TAARO kpsicsl [57,58], a Takxke 0OHApYyKUIIM arOHU3M KaJlaBeprHa ¢
EC50=81 pM. Ha MomeHT BbINOIHEHHS paOOTHI BO3MOXKHOCTh akTuBauu TAARY kpbichl
KaJJaBepuHOM ObLTa Takke oOHapyskeHa rpynmnoil Guo ¢ KoJjieraMmu, OJHaKo JaHHBIX O
EC50 storo aronucra ykazaHo He 0b110 [58], a EC50 kanaBepuna it TAARY mbimnm 243
uM  [57] HoBonpHO BbIcOKOe 3HaueHue ECS50 MoXXeT CBHUIIETEIhCTBOBATH O
HEONTUMAJIbHOM (PYHKIMOHHPOBAHUM PELIETITOPA B T€TEPOJIOrHUYECKON CHCTEME, TaK Kak
yyBcTBUTENBHOCTh TAAR, sKcnpeccHpyIOnMXcs B HATUBHBIX YCIOBHSX, TOPa3/i0 BBILIE,
4yeM ObLIO MOKa3aHo in vitro [ 123]. Ml Takke He BBISIBUIIU OTIUYHIA B OOOHITEILHOM TECTE
Mexay HokayTaMud TAAR9 u nukuM TUIIOM Ipu JI€HCTBUM aroHWCTOB KajaBepuHa M N-
MetwinunepuauHa. KanaBepun — NOpoayKT JeKapOOKCHUIMPOBAHUS aMHUHOKHUCIIOTHI
JIU3WHA, KOTOpBIM Hapsy C MYTPECUMHOM B OOJIBIIOM KOJMYECTBE MPUCYTCTBYET B
MPOAYKTAX paszIokKeHHUs, U IS 4eJI0BeKa 00J1a1aeT OTTAIKUBAIOIINM 3aI1axOM U CUTHAJIOM
o OakrepuansHoil uHpekmuu [11]. Panee Oblmo mokazaHo, uto pwiObl Danio rerio
MPOSBIIIOT aBEPCHBHOE IMOBEJACHHE K KaJaBepuHy, IIpUYEM TaKoe IMOBEACHUE
obecneunBaet peuentop TAAR13c [71]. A MbIlIu TUKOTO THIIA IEMOHCTPUPYIOT aBEPCHUIO
K KaJaBepuHy M N-METWINUNEPUIMHY MPHU Pa3HbIX KOHILEHTpAIMAX, NpUYeM HHU3KHE
KOHLEHTPALlUU 3TUX BEILECTB IEPECTAIOT BbI3bIBATh ABEPCUIO y MBIIIEH C KJIaCTEpHOMU

nenenueiit TAAR2-TAARO [39]. Cyas o Bcemy, nmogoOHas aBepcus BUaocnenuduana u
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OTCYTCTBYET Yy KpbIC. IHTEpECHO, U4TO COracHO MPEABIAYIIUM HUCCIEIOBAHUSM KPBICHI
Yare 3aKanbiBaau 00bEKThI, CMOYCHHBIE KaJJaBEPHUHOM, TI0 CPAaBHEHUIO C MPOMUTAHHBIMU
Bojon [124,125]. KamaBepuH Takke COJEPKUTCS B CHMHHOMO3TOBOM >KHJIKOCTH, a
skcnpeccus TAARY, napsiny ¢ npyrumu renamu 7AAR, moka3zaHa B COCYJIUCTOM CILJIETCHUH
KEITyJTOYKOB MO3ra, MOITOMY OBUIO BBICKA3aHO MPEIIONOKEHUE, YTO 3TU PEUEHTOPHI
MOTYT Y4YacTBOBaTh B KOHTpPOJIE COCTaBa CIIMHHOMO3TOBOW HUIKOCTH, OOecCrednBas

TOYHYIO KOHIIEHTpAIMIO BemecTB [126,127].

Pe3ynbrarel ONBITOB, MPOBEAEHHBIX B paMKax JaHHOW pabOThI, IO3BOJIUIN
BIIEPBBIC MPOJEMOHCTPUPOBaTh (pusmonorndeckoe 3HaueHne TAAR9: Obuto moxazaHo,
yto BbIKIIOYeHHEe TAAR9 mnpuBOAMT K H3MEHEHHIO (DYHKUHUU TEPMOPETYISALUU Y
KHUBOTHBIX. VICX0/Is U3 BBIIIIECKA3aHHOTO, HEOOXOAUMO OTMETUTH, YTO (pyHKIHI0O TAAR9
HEBO3MOKHO CBECTH TOJIBKO K Pacro3HaBaHMIO 3amaxoB. Takum oOpazoM, MOJy4YEeHHBIE
pe3yabTaThl AT JKCIIEPUMEHTaIbHOE OOOCHOBAaHWE JUIsi TPOJOJDKEHHUS IOUCKa
cenekTtuBHbIX JMraigoB TAAR9 u mnocaemyromero wusyuenuss poau TAAR9 B
MeTabonu3Me JUMHA0B U TEPMOPETYJISIUH B TOM 4YHCIE C MPUMEHEHHUEM HOKAyTHBIX

KHUBOTHBIX.
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BbIBO/IbI

Bnepesie Obu1a BeisiBiieHa dkcnipeccusi reHa TAAR9 B uepHoii cyOcTaHIIny U
BEHTPAJIbHOM 00J1aCTH MOKPBILIKK CPEHEr0 MO3Ia, IPUIIEXkKAIlEeM U XBOCTaTOM
g]lpax CTpUaTyma, TMIIOKaMIIE U IIPOA0IT0OBaTOM MO3IE;

Hoxayt rena TAARY npuBoauT k CHU>)KEHHOMY OTBeETY B TecTe «CTpecc-
MHAYLMPOBAHHAS TUIIEPTEPMUS», B TO K€ BPEMs B APYTHX IOBEJEHYECKUX TECTaxX
HE OKa3bIBaeT CYLIECTBEHHOTO BIIMSIHUS Ha [TOBE/IEHUE )KUBOTHBIX;

Kpsicer 6e3 TAAR9 xapakTepu3yIOTcs MOBBIIICHHOW TEMIIEpaTypoil Tena B
HOPMAaJIbHBIX YCIOBHUSAX, a OXJIAXKIEHUE COIIPOBOXKIAETCS OOIBIINM CHUKEHUEM
TEMIIEpaTyphl TeIa

TAAR9 skcnpeccupyercs B runoranamyce, a BeikiatoueHue TAAR9
COIIPOBO’KIAETCS MOBBILIEHUEM COJIepKaHus JodaMHHA B TaHHOU CTPYKTYPE;
Paspabotana u BanuaupoBaHa KJIECTOYHAsI CHCTEMA JUTsl CKpUHHMHTA JIUTaHI0B
TAARO in vitro ¥ MOATBEPkKICH arOHNU3M Ka/laBepruHa ¥ N-METUIIITHIICPUINHA 10

otHoIreHno Kk TAAR9
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BJIATOJAPHOCTH
B mnepByro ouepenp, 0coOyro OnarogapHOCTh BBIPAXKAID MOEMY HAyYHOMY
pykoBoauTtento, Paymto ["aiiHeTIuHOBY, 32 PYKOBOJCTBO B BBIINOJIHEHUU AUCCEPTALIUU, 32

BO3MOXXHOCTh pabOoTaTh B €ro 1abopaTopuu, a TakKe 3a HEM3MEHHYIO BEpY B pPe3yJIbTarT.

3a TOMOIIb B BBIIOJHEHUH OTOW paboOThBI, 3a JApPYXKEcKyr armocdepy,
B3aUMOBBIPYYKY M TOAJIEPKKY BBIPaKal0 CBOI OJaroJapHOCTh BCEMY HAy4YHOMY
KOJIJIEKTHBY J1a0OpaTOpuu HEHPOOHOJIOTUU U MOJIEKYJIspHOH (apmakonorun MHctutyTra
TpaHcasaunoHHo  Ouomenuuuuel  CIIOI'Y. Ocobenno Esrenun Edumosoit 3a
Oopranusanuio padboTsl 71a00paTOpUU U MOMOILb U 00yUueHUe padoTe C )KUBOTHBIMHU, a TAKXKE
LICHHbIC COBETHl NpHU HHTepuperanuu AaHHbIX, CaBenus KyBap3uHa 3a cOBMeCTHbIE
MIOBEJICHUECKUE FKCIEPUMEHTHI U MOMOUIb B IUCCEKIIMU, Mukasig Mopa 3a oOyueHue u
npoegeHue 3xcnepuMenToB Metogqom BOXKX, Errenus KanoBa 3a o0yuenue pabore c
KJIETOYHBIMU KyJbTypamu 1 Metoauke BRET, Haransro KaTonmkoBy 3a MHOrO4MCIIEHHBIE
LICHHbIC COBEThl M IMOMOIIb 3a Bce BpeMs oOydeHus, 3a oOyuenue pabore ¢ PHK u
00paTHON TPaHCKPHUIILMEH, a TaKXKe 3a MOPAA0K B Jlabopatopuu, AHacTacuto BaraHoBy 3a
MPOBEACHUE MeTa-aHalIM3a U 3a TeprnenauBoe obydenue padbore ¢ GEO. CorpynHukam
pecypcHoro meaTpa CIIOI'Y Anne PomanoBud u Anekcero MaiapckoMy 3a IpOBEICHHE
CeKBEHHpOBaHUs BeKTopoB, Hukomnaro KoctuHy 3a momors npu padore ¢ KOHPOKAIbHBIM
mukpockornom. Corpynnukam BuBapus CIIOI'Y 3a yxom u copepkaHue XHBOTHBIX U
nomoulp B pabore ¢ HumMH. COTpyAHMKY II€HTpa TpaHCTe€He3a W TE€HOMHOTO
penaxktupoBanus CIIOI'Y HOnuu ComnoBoif 3a moJjie3HbIE COBETHI M0 KOHCTPYHMPOBAHUIO
BekTopoB. CorpyaHukam nabopatopun Maiikina bagepa B Max Delbruck Center for
Molecular Medicine Haranse Anenunoit u Enene [Tonosoii u corpyaauue MTEM CIIOIY
Oumnbre KopenbkoBoii 3a cozpanue xuBoTHBIX MeTosioM CRISPR. ITpodeccopy University
of Toronto Ali Salahpour 3a BaxkHble coBeThl Mo onTuMuzanuu metonukd BRET.
3aBenyromniemMy Jaboparopueit (dapmakongoruu mnoBeneHus MucTtuTyTa dapmakonoruu
uM.A.B.Banpamana Ileporo CIIGI'MY Hnbe MuxaitnoBuay CyxaHOBY 3a II€HHBIC

COBCTBI IIPU HAITUCAHUHA 3TOM pa6OTLI.

H moum POOHBIM U ONU3KUM 3a BCpPY B MCHA U HCU3MCHHYIO TOAJACPIKKY HaquOﬁ

KapbCpPHhI.
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CIIMCOK COKPAIIIEHUM

5-OMYK — 5-TuIpOKCUUHIONYKCYCHAsI KHCIIOTa

28S —28S pPHK

Ache — anlerunxonuHCcTEpa3a

BDNF — neiiporpoduueckuit pakrop Mmo3ra

BRET- 6uonmoMiHECIEHTHBIN PE30HAHCHBIN MEPEHOC SHEPTUN
CDNF — nogamunoBbIi HelipoTpodudeckuii pakTop Mosra
COMT - karexon-O-metuntpancdepasa

DIR — nodamunoBsIii pementop D1

D2R — nodamunoBsIif penenitop D2

DAT — noaMuHOBBIN TpaHCTIOPTEP

DHBA — nuruapokcuOeH30iHast KHCIO0Ta

EPAC (exchange protein directly activated by cAMP) — 6enok, aktuBupyembiii TAM®D
GATI1 — TTAMK Ttpancnoprep 1 Tuna

GDNF — rnunaneHbiil HeHipoTpoduueckuil pakrop

GPCR - peuenTopsl, conpsibkeHHble ¢ G-6emKomM

HPRT — runokcantun-ryanus ¢ochopudosmnrpanchepasa
MAO (mMonoamine oxidase) — MOHOAMHUHOKCHIa3a

MAO-A — moHOaMHHOKCHa3a A

MAO-B — moHOamMuHOKcH1a3a B

NMDARI1 — rmyramatssiii peentop 1

RTP1S — Genok-TpaHcmopTep perenTopos, short

SEM — crangapTHas ouiOKa cpeiHero

TAAR2-KO (TAAR2 knockout) — HokayT 1o reny TAAR2
TAARS-KO (TAARS knockout) — HokayT o reay TAARS
TAAR9-KO (TAAR9 knockout) — HokayT o reny TAAR9
TAARs (trace amine-associated receptors) — perienTopbl, aCCOIMUPOBAHHBIE CO CIIECAOBBIMHU
aMUHAMH

TH — Tvpo3uH ruapokcuiasa

TPH2 — tpuntodan ruapokcunasza 2 Tuma

VTA — BeHTpanbHas 00J1aCTh MOKPBILIKH

WT (wild type) — nukuii Tun

I'BK — romoBaHWINHOBasA KUCIIOTA

JODVYK — 3,4-nnokcudeHnayKkcycHast KUcioTa

OP — 06oHATENBHBII penenTop

OT-IILIP — monmmepasHas nenHasi peakiys ¢ 0OpaTHOM TPaHCKPHITIIUEH
CA — cnenoBbie aMUHBI

TAM® — mukyeckuit aneHo3nHMoHodochar
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IMPUJIOKEHUA

Hpunooicenue 1. Habopvl mpanckpunmomuwvix oannvix GEQO uenosexa, coomsemcmayroujue
KpUmMepusm 6KIH04eHUS, U BKIIOUEHHbIE 8 AHATU3.

Homep 1
GEO Ha3Banmue craTbu Crpykrypa n
GSE110716 o : o i . : :
RNA-seq of brain tissue from Parkinson's disease patients [coding exome RNA-seq] Cingylate gyrus 8
GSE122649 Postmortem Cortex Samples Identify Distinct Molecular Subtypes of ALS: Motor cortex 6
Retrotransposon Activation, Oxidative Stress, and Activated Glia
Frontal cortex 5
Parietal cortex 5
GSE123496 Human brain tissues from healthy controls and multiple sclerosis patients Hippocampus 5
Corpus callosum 5
Internal capsule 5
GSE135036 Hemispheric asymmetry in the human brain and in Parkinson’s disease is linked to
divergent epigenetic patterns in neurons Prefrontal cortex 5
GSE135838 Transcriptomic Profiles of Sepsis in the Human Brain Parietal cortex 5
GSE138614  Next-generation sequencing study in multiple sclerosis white matter brain lesions White matter 25
Nucleus accumbens 59
GSE160521 Diurnal rhythms across the human dorsal and ventral striatum Nucleus caudatus 59
Putamen 59
GSE53239 RNA—sequencing of t[he brain transcriptome implicgtes‘dys‘regulatipn of neuroplasticity, Dorsolateral .
circadian rhythms, and GTPase binding in bipolar disorder prefrontal cortex
GSE53697 RNAseq in Alzheimer's Disease patients Prefrontal cortex 8
GSE57152 Alternative poly(A) in Alzheimer's disease medial temporalis ¢
gyrus
GSE68719 mRNA-Seq expression and MS3 proteomics profiling of human post-mortem BA9 brain
tissue for Parkinson Disease and neurologically normal individuals Prefrontal cortex 73
GSE79666 Transcriptome sequencing reveals aberrant alternative splicing in Huntington's disease Motor cortex 7
Nucleus accumbens 22
. o Dorsolateral 24
GSE80655 RNA-sequencing of human post-mortem brain tissues prefrontal cortex
Anterior cingylate 24

cortex

! n- KOJIUYECTBO o6pa3u013 OT KOHTPOJIbHBIX CY6’BGKTOB, BKJIFOUCHHBIX B MCTa-aHAJIN3.


https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE160521
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Hpunooicenue 2. Habopol mpanckpunmomuwvix oannvix GEO mwiiuu, coomsememayroujue
KpUumepusm 6KI04eHUs, U BKIIOYEHHbIe 8 AHATU3.

Homep 1
GEO Ha3zBanue cratbu Crpykrypa n
RNA changes in hippocampus of transgenic murine model of tauopathy (rTg4510 mice)
GSE107183 compared to controls at asymptomatic stage (2 months) of neurodegeneration as Hippocampus 6
determined by mRNA deep sequencing.
GSEL12575 grontal cortex transcriptomic analysis of a TDP-43 Q331K knock-in mouse [20month] Frontal cortex 8
GSE116752 Striatal transcriptome of a mouse model of ADHD reveals a pattern of synaptic Striatum 5
remodeling
GSE126814 Quantitative Analysis of Wild Type and Neatl -/- Cerebral Frontal Cortex Frontal cortex 5
Transcriptomes
Cerebellum 48
GSE130254 Expression profiling by high throughput sequencing Nucleus accumbens 47
Prefrontal cortex 48
GSE136869 Transcriptome analysis using RNA sequencing of the hippocampus of aged LPAR2-/- ‘
versus wildtype control mice Hippocampus 7
GSE147842 Adult mouse hippocampal transcriptome changes associated with long-term behavioral .
and metabolic effects of gestational air pollution toxicity Hippocampus 5
Frontal cortex 29
GSE148075 Wild mice with different social network sizes vary in brain gene expression Hippocampus 29
Hypothalamus 28
GSE166831 Altered hippocampal transcriptome dynamics following sleep deprivation Hippocampus 9
GSE79666 Transcriptome sequencing reveals aberrant alternative splicing in Huntington's disease BA4 7
] ) ) ) ] Brainstem 8
GSE170997 Transcriptomics data of blood and brain from th.e YACI128 Huntington's disease mouse Cerebellum 8
model [brain] Cortex 8
Striatum 8
dopaminergic
neurons from the 6
- fd . . i e sub o substantia nigra pars
GSE64452 RNA-SEQ profiling of dopaminergic neurons rom the su stantlg nigra pars compacta compacta
and ventral tegmental area regions of the mouse mid-brain dopaminergic
neurons from the 6
ventral tegmental
area
GSE84503 Activity-Dependent Regulation of Alternative Cleavage and Polyadenylation (APA) .
During Hippocampal Long-Term Potentiation (LTP) [RNA-Seq] Hippocampus 6
GSE94559 Hippocampus CA1 pyramidal cells Transcriptomic profile in WT and Fmr1 KO mice, ‘
using Wfs1-CreERT2:RiboTag:Frm1 knockout and wildtype mice Hippocampus 6
GSE99353  Frontal cortex transcriptomic analysis of a TDP-43 Q331K knock-in mouse [Smonth] Frontal cortex 6
GSE130376 Next-generation sequencing of cholinergic interneurons in the nucleus accumbens of cholinerg'ic
cocaine-addicted and non-addicted mice interneurons in the 9
nucleus accumbens
Nucleus Accumbens
Biol d Bias in Cell Type-Specific RNA f Nucleus A bens Medium Spi Medium Spiny ?
GSE121199 Biology and Bias in Cell Type-Speci 1cNN seq of Nucleus Accumbens Medium Spiny  Neurons (D1)
eurons Nucleus Accumbens
Medium Spiny 7

Neurons (D2)
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GSE 146628 Identification of Natural Antisense Transcripts in Mouse Brain and Their Association Prefrontal cortex

with Autism Spectrum Disorder Risk Genes Stri
triatum

5

! n- KOJIN4YCCTBO o6pa3u0B OT )KMBOTHBIX JHUKOI'O THIIA NN KOHTpOJ’II:HOﬁ I'pyIlIlbl,

BKJIIFOUCHHBIX B MCTa-aHAJIN3.
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Ipunoosicenue 3. [locnedoeamenvhocmu npanimepos 0 OYeHKU CPAGHUMENbHO

IKCnpeccuu.
['en Coxparmie Pazmep
-HHOE Ea:;;rénz ITocnenoBarensHOCTD 5°-3° [IPOJYKTa
Ha3BaHUC p P , II.H.
Tuposun ruapokcunaza  |TH rTHF CCTTCCAGTACAAGCACGGT 109
THR TGGGTAGCATAGAGGCCCTT
Jlobammrossiii DAT | [DATF AGACACCAGTGGAGGCTCAAGA -
TpaHCIIOPTEP [128]
DAT R GCCGATGACTGATAGCAGGAA
Karexon-O- COMT | rCOMTF GCCTTAGGCGGTTAGGGCT 0
MeTHITpaHChepasa rCOMTR | AGCCAACGGCATCTCCTCAA
Monoammrokenasa A ?fg(])A IMAOAF | TTCGCCAGCCAGTAGGTAGGAT
116
MAOAR | ATTCAACACCTCTCTAGCTGCTCG
MonoamuHokcuasa B MAOB
MAOBF | ATCTGTGGATGTCCCAGCAAG
137
MAOBR | TTTTGTGGGCCAGGAAACCA
Tpunrodan rugpoxcunaza|TPH2 rTPH2 fw
> ma | CCTTTGCAAGCAAGAAGGTC o
rlTPHz—reV TTGGAAGGTGGTGATTAGGC
TAMK tpancnoprep I GATL |\ p g GCAATCGCCGTGAACTCTTC
THITA [130] 168
{GATI R iGGAAATGGAGACACACTCAAAG
ALETUIIXOJIMHCTEPA3a Ache rAche F ACGTGAGCCTGAACCTGAAG 116
rAche R CTCGTCCAGCGTGTCTGTG
Heiiporpopuuecknit BDNF | rBDNF F TACCTGGATGCCGCAAACAT 104
axrop mosra fBDNFR | GCTGTGACCCACTCGCTAAT
JlothaMHHOBEII CDNF rCDNF F AGAAAACCGCCTGTGCTATT
HelpoTpoduIecKuit 103
(axTop mMo3ra rCDNF R CTTCACCGTGGGCATGTGTA
[ TmabHbBII GDNF
N — rGDNF 2F | GAAGACCACTCCCTCGGC
(dhakrop 79
rGDNF 2R | GGTCAGGATAATCTTCGGGCA
['mytamatssnii penentop 1| [NMDAR
. AMPARL | ATGCACCTGCTGACATTCG
142
EMDAR] TATTGGCCTGGTTTACTGCCT
Jodamunossii perenirop [DRD1 DIR F CGCGTAGACTCTGAGATTCTGAAT
D1 [131] T 77
GAGTTAAGGAGCCACCACATCAG
DIRR T
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JlopamuHOBBIH penenTop |[D2R rDRD2 F TGCCCTTCATCGTCACTCTG

138
D2 DRD2R | GGGTACAGTTGCCCTTGAGT

I nnokcantun-ryanus  [HPRT ratHPRT- CTCATGGACTGATTATGGACAGG

dochopuboszmnTpanchepa RTF AC

3a 123
ratHPRT- GCAGGTCAGCAAAGAACTTATAG
RTR CC

28S pPHK 28S

rat28S F GCAAGGTGTTCTTCACCACAAA

79
rat28S R CAGTTTCTTACGGCGTCTGTGAT

Hctounnku yka3aHsl 15 IOCIEA0BATEIbHOCTEN IPaiMepOB, B3ATHIX U3 PAHEE
OIyOJINKOBAaHHBIX PaboT
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Ipunooicenue 4. Cpasnumenvrasn 3KCnpeccus 2eH08 pepMenmos, yiacmeyouux 6
memaboauzme uetipomeouamopos (TH, COMT, MAO-A, MAO-B, TPH2, Ache),
Hetiponanvhvix peyenmopos (DIDR, D2DR, NMDARI), neupompogurnos (BDNF,
CDNF) u mpancnopmepos (DAT, GAT1) ¢ cmpuamyme, pponmanvHoti Kope u
obonsmenvro 1ykosuye scugomuvix TAAR9-KO-delC nocne oopammnoco ckpewuganus u
ouxoeo muna WT. /lannvie npeocmasinenvl kak cpeonee+SEM

cTpuaTtym

TH COMT MAOA MAOB
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Ipunoocenue 5. Bewecmsa, ucnonvsosanmsie 0t ckpununea TAARY.

N BEILIECTBO I1P-JIb I{EﬁCTBI/IE CEJIEKTUBHOCTbD
1 | Dexmedetomidine hydrochloride Sigma Sedatives
2 | Putrescine dihydrochloride Sigma Trace amine
3 | Cadaverine Sigma Trace amine
4 | N,N-Methylpiperidine Sigma TAAR agonist TAAR9
5 | 8-OH-DPAT Sigma 5-HT1A receptor
agonist
6 | Haloperidol Sigma Antipsychotic
7 | Deprenyl hydrochloride/Selegiline Sigma MAO-B inhibitor
8 | Tyramine hydrochloride Sigma Trace amine
9 | B-phenylethylamine Sigma Trace amine
10 | Isoniazid Sigma Antibiotic
11 | Phenylpiracetam Sigma Nootropic
12 | RO5263397H Roche TAARI agonist TAARI1
13 | Mefloquine hydrochloride Sigma Antimalarial
14 | 5-Hydroxy-L-tryptophan Sigma Amino acid
15 | 2-Bromo-alpha-ergocryptine Sigma D2, D3 agonist
methanesulfonate salt
16 | N-methyl-1-phenylethanamine Sigma Natural product found in Vachellia rigidula
17 | Dimethylbutylamine Sigma Amine
18 | Acetyl-L-Carnitine NOW Dietary supplement
19 | Carnitine NOW Involved in metabolism
20 | LK00281 na0. Synthesized as TAAR1 agonist
KpacaBuna*
21 | LK00445 na0. Synthesized as TAAR1 agonist
KpacaBuna
22 | LK00386 n1a0. Synthesized as TAARI1 agonist
KpacaBuna
23 | LK00764 na0. Synthesized as TAARI TAARI1
KpacaBuHa | agonist
24 | LK00760 n1a0. Synthesized as TAAR1 agonist
KpacaBuna
25 | LK00761 nab. Synthesized as TAAR1 agonist
KpacaBuHna
26 | LK00334 nao. Synthesized as TAAR1 agonist
KpacaBuHna
27 | LK00725 1a0. Synthesized as TAAR1 agonist
KpacaBuHna
28 | LK00424 1a0. Synthesized as TAAR1 agonist
KpacaBuHna
29 | Cis-3-hexenol Sigma Odorant
30 | Isocyclocitral Sigma Odorant
31 | Linalool Sigma Odorant
32 | Myrcene Sigma Odorant
33 | Borneol Sigma Odorant
34 | D-limonene Sigma Odorant
35 | Ambrinol 10% DPG (propyleneglycol) | Sigma Odorant



https://pubchem.ncbi.nlm.nih.gov/taxonomy/205076#section=Natural-Products
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36 | Trimofix 50% Sigma Odorant

37 | Timberol Sigma Odorant

38 | Citronellal Sigma Odorant

39 | Alpha-pinen Sigma Odorant

40 | Timbersilk Sigma Odorant

41 | Iso E super Sigma Odorant

42 | Monoethanolamine Sigma Odorant

43 | Bourgeonal 50% Sigma Odorant

44 | 2.3,5-trimethylpyrazine Sigma Odorant

45 | 2,6-dimethylpyrazine Sigma Odorant

46 | Eukalyptol Sigma Odorant

47 | Trimethylamine hydrochloride Sigma TAARS agonist TAARS

48 | Metformin hydrochloride Sigma Antidiabetic

49 | Tryptamine hydrochloride Sigma Trace amine

50 | Synephrine Sigma Trace amine

51 | 3-Methoxytyramine hydrochloride Sigma Trace amine

52 | DL-Normetanephrine hydrochloride Sigma Trace amine

53 | 3-Hydroxybenzylhydrazine Sigma L-AADC inhibitor L-AADC
dihydrochloride

54 | Phenibut Sigma GABA receptor agonist | GABA

55 | Dopamine hydrochloride Sigma Neurotransmitter DA

56 | Serotonin hydrochloride Sigma Neurotransmitter 5-HT

57 | Epinephrine bitartrate salt Fluka Neurotransmitter

58 | aNETA Sigma TAARS agonist TAARS

59 | Isopentylamine Sigma TAAR agonist

60 | 2,5-lutidine (2,5-Dimethylpyridine) Sigma Pheromone

61 | 2,3-dimethyl pyrazine Sigma Pheromone

62 | 2,5-dimethyl pyrazine Sigma Pheromone

63 | 2,5-pyrazinedicarboxylic acid Sigma Pheromone
dihydrate

64 | 5-methyl,2-pyrazine carboxylic acid Sigma Pheromone

65 | Farnesene, mixture of isomers Sigma Pheromone

66 | DMAA (Methylhexanamine) NOW

67 | DMHA (Dimethylhexylamine) NOW

68 | Agmatine sulfate salt Sigma Trace amine

69 | SU 4312 Sigma Inhibitor KDR

70 | SR 59230A oxalate Sigma Antagonist beta3

71 | rac BHFF Sigma modulator GABA-B

72 | Zofenopril calcium Sigma Inhibitor ACE

73 | SIB 1757 Sigma Antagonist mGluRS5

74 | SIB 1893 Sigma Antagonist mGluRS5

75 | Danshensu sodium salt Sigma Cardioprotectant

76 | Ketanserin tartrate Sigma Antagonist 5-HT2

77 | 1-(2-Methoxyphenyl)piperazine Sigma Agonist 5-HT1 > 5-HT2
hydrochloride

78 | PAPP Sigma Agonist 5-HT1A
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79 | Dolasetron mesylate hydrate Sigma Antagonist 5-HT3
80 | SR-95531 Sigma Antagonist GABA-A
81 | (#)-6-Chloro-PB hydrobromide Sigma Agonist D1
82 | L-Beta-threo-benzyl-aspartate Sigma Antagonist EAAT3
83 | Suramin sodium salt Sigma Antagonist P2X, P2Y
84 | SQ 22536 Sigma Inhibitor Adenylyl cyclase
85 | Sepiapterin Sigma Cofactor NOS
86 | Amisulpride Sigma Antagonist D2/D3
87 | (£)-SKF 38393, N-allyl-, Sigma Agonist Dl
hydrobromide
88 | SDZ-205,557 hydrochloride Sigma Antagonist 5-HT4
89 | SB 206553 hydrochloride Sigma Antagonist 5-HT2C/5-HT2B
90 | Granisetron hydrochloride Sigma Antagonist 5-HT3
91 | L-Tryptophan Sigma Precursor
92 | Tranilast Sigma Inhibitor LTC4
93 | Tiapride hydrochloride Sigma Antagonist D2/D3
94 | Taurine Sigma Agonist
95 [ FAUC 213 Sigma Antagonist D4
96 | Tolbutamide Sigma Releaser Insulin
97 | Tetraethylthiuram disulfide Sigma Inhibitor Alcohol
Dehydrogenase
98 | TCPOBOP Sigma Agonist CAR
99 | Tetraisopropyl pyrophosphoramide Sigma Inhibitor Butyrylcholinesterase
100 | Tetramisole hydrochloride Sigma Inhibitor Phosphatase
101 | Trihexyphenidyl hydrochloride Sigma Antagonist Muscarinic
102 | Theophylline Sigma Antagonist Al>A2
103 | (E)-4-amino-2-butenoic acid Sigma Agonist GABA-C
104 | Tetradecylthioacetic acid Sigma Agonist PPAR-alpha
105 | Abiraterone acetate Sigma Inhibitor CYP17Al1
106 | Tyrphostin AG 879 Sigma Inhibitor TrkA
107 | Tetracthylammonium chloride Sigma Antagonist Nicotinic
108 | Tolazamide Sigma Releaser Insulin
109 | Terbutaline hemisulfate Sigma Agonist beta
110 | 4-Hydroxyphenethylamine Sigma Agonist
hydrochloride
111 | Triflupromazine hydrochloride Sigma Antagonist D2
112 | Trimipramine maleate Sigma Inhibitor Reuptake
113 | Oltipraz metabolite M2 Sigma Inhibitor LXRa
114 | TTNPB Sigma Ligand RAR-alpha, beta,
gamma
115 | Lubeluzole dihydrochloride Sigma Antagonist NMDA
116 | Triamterene Sigma Blocker
117 | DL-alpha-Methyl-p-tyrosine Sigma Inhibitor Tyrosine hydroxylase
118 | 6-Methoxy-1,2,3,4-tetrahydro-9H- Sigma Inhibitor MAO
pyrido[3,4b] indole
119 | Acetamide Sigma Inhibitor Carbonic anhydrase
120 | Amantadine hydrochloride Sigma Releaser
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121 | GABA Sigma Agonist

122 | Gabaculine hydrochloride Sigma Inhibitor GABA transaminase

123 | O-(Carboxymethyl)hydroxylamine Sigma Inhibitor Aminotransferase
hemihydrochloride

124 | Ezatiostat Sigma Inhibitor GSTP1-1

125 | N-Acetylprocainamide hydrochloride Sigma Blocker

126 | Actinonin Sigma Inhibitor Leucine

aminopeptidase

127 | N-Phenylanthranilic acid Sigma Blocker

128 | GSK-650394 Sigma Antagonist SGK1

129 | Eptifibatide acetate Sigma Inhibitor GPIIb/IIa

130 | Aminophylline ethylenediamine Sigma Antagonist Al/A2

131 | 3'-Azido-3'-deoxythymidine Sigma Inhibitor Reverse transcriptase

132 | YM 976 Sigma Inhibitor PDE 4

133 | 5-(N,N-Dimethyl)amiloride Sigma Blocker Na+/H+ Antiporter
hydrochloride

134 | (£)-2-Amino-5-phosphonopentanoic Sigma Antagonist NMDA
acid

135 | Sodium Taurocholate hydrate Sigma Modulator Conjugate Pathway

136 | Tienilic acid Sigma Inhibitor P450

137 | Atreleuton Sigma Inhibitor S-lipoxygenase

138 | TMB-8 hydrochloride Sigma Antagonist

139 | L-azetidine-2-carboxylic acid Sigma Inhibitor Collagen

140 | GNF-5 Sigma Inibitor BRC-Abl

141 | Acetyl-beta-methylcholine chloride Sigma Agonist Ml

142 | KY-05009 Sigma Inhibitor TNIK

143 | Azathioprine Sigma Inhibitor Purine synthesis

144 | L-732,138 Sigma Antagonist NKI > NK2, NK3

145 | Amifostine Sigma Inhibitor Cytoprotectant

146 | Atropine methyl bromide Sigma Antagonist Muscarinic

147 | 5-Aminovaleric acid hydrochloride Sigma Antagonist GABA-B

148 | 4-Aminopyridine Sigma Blocker A-type

149 | p-Aminoclonidine hydrochloride Sigma Agonist alpha2

150 | Aminopterin Sigma Inhibitor Dihydrofolate reductase

151 | 5-azacytidine Sigma Inhibitor DNA methyltransferase

152 | 9-Amino-1,2,3,4-tetrahydroacridine Sigma Inhibitor Cholinesterase
hydrochloride

153 | Acyclovir Sigma Inhibitor Viral DNA synthesis

154 | Acetylsalicylic acid Sigma Inhibitor COX-3 > COX-1>

COX-2

155 | Acetazolamide Sigma Inhibitor Carbonic anhydrase

156 | Indinavir sulfate salt hydrate Sigma inhibitor HIV

157 | (£)-Nipecotic acid Sigma Inhibitor Uptake

158 | Atropine sulfate Sigma Antagonist Muscarinic

159 | Salirasib Sigma Inhibitor RAS

160 | N-Acetyl-5-hydroxytryptamine Sigma Precursor

161 | 5-(N-Ethyl-N-isopropyl)amiloride Sigma Blocker Na+/H+ Antiporter
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162 | 10058-F4 Sigma Inhibitor c-Myc

163 | Rivastigmine tartrate Sigma Inhibitor cholinesterase

164 | Aconitine Sigma Blocker Na+/H+ Antiporter

165 | Arecoline hydrobromide Sigma Agonist

166 | Aminoguanidine hemisulfate Sigma Inhibitor NOS

167 | Azelaic acid Sigma Inhibitor

168 | Atropine methyl nitrate Sigma Antagonist Muscarinic

169 | (£)-Norepinephrine (+)bitartrate Sigma Agonist

170 | Aurintricarboxylic acid Sigma Inhibitor Topoll

171 | 3-Aminopropionitrile fumarate Sigma Substrate CYP450

172 | 1-Aminobenzotriazole Sigma Inhibitor CYP450,

chloroperoxidase

173 | Sandoz 58-035 Sigma Inhibitor ACAT

174 | Acetylthiocholine chloride Sigma Agonist Nicotinic

175 | SirReal2 Sigma Inhibitor Sirt2

176 | Tryptamine hydrochloride Sigma Ligand

177 | Arcaine sulfate Sigma Antagonist NMDA-Polyamine

178 | 4-Amino-1,8-naphthalimide Sigma Inhibitor PARP

179 | (£)-2-Amino-4-phosphonobutyric acid | Sigma Antagonist NMDA

180 | Apigenin Sigma Inhibitor

181 | UNCO0379 trifluoroacetate salt Sigma Inhibitor SETDS

182 | (£)-2-Amino-3-phosphonopropionic Sigma Antagonist NMDA
acid

183 | TNP Sigma Inhibitor IP3K

184 | Arbidol hydrochloride Sigma Inhibitor

185 | 4-Aminobenzamidine dihydrochloride | Sigma Inhibitor Trypsin

186 | 5-Fluoroindole-2-carboxylic acid Sigma Antagonist NMDA-Glycine

187 | 1-Aminocyclopropanecarboxylic acid | Sigma Agonist NMDA-Glycine
hydrochloride

188 | Reserpine Sigma Inhibitor Uptake

189 | MCC-555 Sigma Inhibitor

190 | (+)-Butaclamol hydrochloride Sigma Antagonist

191 | Apomorphine hydrochloride Sigma Agonist
hemihydrate

192 | L-Arginine Sigma Precursor

193 | 2-(2-Aminoethyl)isothiourea Sigma Inhibitor NOS
dihydrobromide

194 | Kyotorphin acetate salt Sigma

195 | 3-Aminopropylphosphonic acid Sigma Agonist GABA-B

196 | AubipyOMe Sigma Phosphorylation TRAP/ACP5

197 | Cyclosporin A Sigma Phosphorylation Calcineurin

phosphatase

198 | Carbachol Sigma Cholinergic

199 | Cephalexin hydrate Sigma Antibiotic Cell wall synthesis

200 | Roscovitine Sigma Phosphorylation CDK

201 | Cyproheptadine hydrochloride Sigma Serotonergics 5-HT2

202 | 3-Morpholinosydnonimine Sigma Nitric Oxide

hydrochloride
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203 | Cantharidin Sigma Phosphorylation PP2A

204 | Chlorpromazine hydrochloride Sigma Dopaminergics

205 | Centrophenoxine hydrochloride Sigma Nootropic

206 | Tirapazamine Sigma Apoptosis

207 | D-Cycloserine Sigma Glutamatergics NMDA-Glycine

208 | Chlorzoxazone Sigma Nitric Oxide iNOS

209 | Chlorothiazide Sigma Biochemistry Carbonic anhydrase

210 | SB 204741 Sigma Serotonergics 5-HT2B

211 | GR 79236X Sigma Adenosine Al

212 | Cefaclor Sigma Antibiotic Cell wall synthesis

213 | Citalopram hydrobromide Sigma Serotonergics Reuptake

214 | Cefsulodin sodium salt hydrate Sigma Antibiotic Cell wall synthesis

215 | Clemastine fumarate Sigma Histaminergics H1

216 | (£)-Chlorpheniramine maleate Sigma Histaminergics H1

217 | 8-(4-Chlorophenylthio)-cAMP sodium | Sigma Cyclic Nucleotides

218 | L-Cysteinesulfinic Acid Sigma Glutamatergics

219 | (+)-Chlorpheniramine maleate Sigma Histaminergics Hl

220 | Ceftriaxone sodium Sigma Antibiotic Cell wall synthesis

221 | Cefmetazole sodium Sigma Antibiotic Cell wall synthesis

222 | DL-Cycloserine Sigma Sphingolipid Ketosphinganine
synthase, Alanine
aminotransferase

223 | Clonidine hydrochloride Sigma Adrenoceptor alpha2

224 | Caffeic acid phenethyl ester Sigma Cell Cycle NFkB

225 | Lumefantrine Sigma Immunomodulators and Antibiotics

226 | Cortisone 21-acetate Sigma Hormone Cortisol

227 | Calmidazolium chloride Sigma Intracellular Calcium Ca2+ATPase

228 | 9-cyclopentyladenine Sigma Cyclic Nucleotides Adenylate cyclase

229 | Cefazolin sodium Sigma Antibiotic Cell wall synthesis

230 | L-798106 Sigma Lipids EP3

231 | Clozapine Sigma Dopaminergics D4 >D2,D3

232 | McN-A-343 Sigma Cholinergic M1

233 | Cefotaxime sodium Sigma Antibiotic Cell wall synthesis

234 | Imipenem monohydrate Sigma Antibiotic

235 | Pyrocatechol Sigma Cell Cycle

236 | Cephalosporin C zinc salt Sigma Antibiotic Cell wall synthesis

237 | GR 113808 Sigma Serotonergics 5-HT4

238 | Cephalothin sodium Sigma Antibiotic Cell wall synthesis

239 | Clemizole hydrochloride Sigma Histaminergics HI

240 | (-)-Cotinine Sigma Cholinergic Nicotinic

241 | (£)-p-Chlorophenylalanine Sigma Neurotransmission Tryptophan
hydroxylase

242 | Canrenone Sigma Cell Signaling

243 | Cilostamide Sigma Cyclic Nucleotides PDE III

244 | Cephradine Sigma Antibiotic Cell wall synthesis
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245 | ML277 Sigma Ion Channels KCNQI1 > KCNQ2,
KCNQ4

246 | Nestorone Sigma Lipid Signaling Progesterone receptor

247 | Carbamazepine Sigma Anticonvulsant

248 | Cimetidine Sigma Histaminergics H2

249 | 2-Chloroadenosine Sigma Adenosine Al>A2

250 | DMH4 Sigma Kinase/Phosphotase VEGF

251 | Chloroquine diphosphate Sigma DNA DNA

252 | Cystamine dihydrochloride Sigma Glutamatergics Transglutaminase

253 | Chelidamic acid Sigma Glutamatergics L-glutamic
decarboxylase

254 | Artemether Sigma Immunomodulators and Antib

255 | Argatroban monohydrate Sigma Cell signaling Thrombin

256 | Cyproterone acetate Sigma Hormone Androgen

257 | Captopril Sigma Neurotransmission ACE

258 | Cyclobenzaprine hydrochloride Sigma Serotonergics 5-HT2

259 | Bethanechol chloride Sigma Cholinergic Muscarinic

260 | Cinepazide maleate Sigma Ca2+ Channel A2

261 | Clofibrate Sigma Lipid Lipoprotein lipase

262 | Clomipramine hydrochloride Sigma Serotonergics Reuptake

263 | 1G244 Sigma Protease DPP8/DPP9

264 | Cinoxacin Sigma Antibiotic

265 | Colchicine Sigma Cytoskeleton and ECM | Tubulin

266 | DL-p-Chlorophenylalanine methy]l Sigma Neurotransmission Tryptophan

ester hydrochloride hydroxylase

267 | CNS-1102 Sigma Glutamatergics NMDA

268 | AR-R17779 Hydrochloride Sigma Cholinergic alpha7 nACh

269 | Cinnarizine Sigma Ca2+ Channel

270 | Clotrimazole Sigma K+ Channel Ca2+-activated K+
channel

271 | Cytosine-1-beta-D-arabinofuranoside | Sigma DNA Metabolism

hydrochloride

272 | Calcimycin Sigma Intracellular Calcium Ca2+

273 | SJ000291942 Sigma Cytokines BMP

274 | Droxinostat Sigma Gene Regulation HDAC3, HDACS6, and
HDACS

275 | L-Canavanine sulfate Sigma Nitric Oxide iNOS

276 | Nitrendipine Sigma Ca2+ Channel L-type

277 | SDZ 220-581 hydrochloride Sigma Neurotransmission NMDA

278 | Lamotrigine isethionate Sigma Cell Signaling and Neuroscience

279 | Orphenadrine hydrochloride Sigma Cholinergic Muscarinic

280 | (£)-Octoclothepin maleate Sigma Dopaminergics D2

281 | O-Phospho-L-serine Sigma Glutamatergics NMDA

282 | Pancuronium bromide Sigma Cholinergic

283 | CID 11210285 hydrochloride Sigma Gene Regulation Wnt

284 | Valproic acid sodium Sigma Anticonvulsant

285 | Pyrilamine maleate Sigma Histaminergics HI
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286 | Nimodipine Sigma Ca2+ Channel L-type

287 | NS-1619 Sigma K+ Channel Ca2+ activated

288 | Oleic Acid Sigma Phosphorylation PKC

289 | AZ191 Sigma Cell Cycle DYRKI1B

290 | Progesterone Sigma Hormone Progesterone

291 | (£)-Propranolol hydrochloride Sigma Adrenoceptor beta

292 | 3-alpha,21-Dihydroxy-5-alpha- Sigma GABAergics GABA-A

pregnan-20-one

293 | 1-Phenyl-3-(2-thiazolyl)-2-thiourea Sigma Dopaminergics beta-Hydroxylase

294 | Promethazine hydrochloride Sigma Histaminergics Hl

295 | Piroxicam Sigma Prostaglandin COX

296 | Nisoxetine hydrochloride Sigma Adrenoceptor Reuptake

297 | HA155 Sigma Cell Signaling and autotaxin
Neuroscience

298 | Oxymetazoline hydrochloride Sigma Adrenoceptor alpha2 A

299 | Ofloxacin Sigma Antibiotic DNA Synthesis

300 | Topotecan hydrochloride hydrate Sigma Apoptosis topoisomerase I

301 | SKF-525A hydrochloride Sigma Multi-Drug Resistance Microsomal oxidation

302 | Pirfenidone Sigma Immune System

303 | Mitiglinide calcium Sigma Ion channels KATP

304 | Praziquantel Sigma Antibiotic Ca2+ Jonophore

305 | Atglistatin Sigma Lipids ATGL

306 | Nylidrin hydrochloride Sigma Adrenoceptor beta

307 | NBQX disodium Sigma Glutamatergics AMPA /kainate

308 | Sodium Oxamate Sigma Biochemistry Lactate Dehydrogenase

309 | Oxotremorine sesquifumarate salt Sigma Cholinergic M2

310 | Piceatannol Sigma Phosphorylation Syk / Lck

311 | Picrotoxin Sigma GABAergics GABA-C

312 | 1,3-Dimethyl-8-phenylxanthine Sigma Adenosine Al

313 | Cisplatin Sigma DNA

314 | Propafenone hydrochloride Sigma K+ Channel hKvl1.5

315 | Phenylephrine hydrochloride Sigma Adrenoceptor alphal

316 | W55 Sigma Gene Regulation TNKS1/2

317 | NSC405020 Sigma Extracellular Matrix MT1-MMP

318 | Oxybutynin Chloride Sigma Cholinergic Muscarinic

319 | SC-514 Sigma Phosphorylation IKK-2

320 | Pentamidine isethionate Sigma Glutamatergics NMDA

321 | LP44 Sigma Serotonergics 5-HT7

322 | PRE-084 Sigma Opioid sigmal

323 | Podophyllotoxin Sigma Cytoskeleton and ECM

324 | CPCCOEt Sigma Cell Signaling and mGluR1
Neuroscience

325 | Perphenazine Sigma Dopaminergics D2

326 | Terutroban Sigma Cell Signaling and TPr
Neuroscience

327 | (¥)-Octopamine hydrochloride Sigma Adrenoceptor alpha
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328 | Oxiracetam Sigma Nootropic

329 | SB 216763 Sigma Phosphorylation GSK-3

330 | Pemetrexed disodium heptahydrate Sigma Apoptosis

331 | Pentoxifylline Sigma Cyclic Nucleotides PDE

332 | NAV-2729 Sigma G protein ARF6

333 | LDN-27219 Sigma Neurobiology TG2

334 | PNU-282987 Sigma Cholinergic Nicotinic alpha7

335 | Pentylenetetrazole Sigma Neurotransmission CNS

336 | Naftopidil dihydrochloride Sigma Adrenoceptor alphal

337 | N-Oleoylethanolamine Sigma Sphingolipid Ceramidase

338 | Ouabain Sigma Ion Pump Na+/K+ ATPase

339 | Suprafenacine Sigma Apoptosis

340 | Parthenolide Sigma Serotonergics

341 | Pimozide Sigma Dopaminergics D2

342 | GSK180736A Sigma Phosphorylation ROCKI1/GRK

343 | Palmitoyl-DL-Carnitine chloride Sigma Phosphorylation PKC

344 | Piracetam Sigma Glutamatergics AMPA

345 | (+)-Pilocarpine hydrochloride Sigma Cholinergic Muscarinic

346 | Bisoprolol hemifumarate salt Sigma Adrenoceptor Betal

347 | Oxolinic acid Sigma Antibiotic DNA Gyrase

348 | ODQ Sigma Cyclic Nucleotides NO-sensitive guanylyl
cyclase

349 | Oxotremorine methiodide Sigma Cholinergic Muscarinic

350 | Nanchangmycin Sigma Antiviral Viral Entry

351 | L-Glutamic acid, N-phthaloyl- Sigma Glutamatergics NMDA

352 | Papaverine hydrochloride Sigma Cyclic Nucleotides PDE

353 | R(-)-N6-(2-Phenylisopropyl)adenosine | Sigma Adenosine Al

354 | Phosphomycin disodium Sigma Antibiotic Cell wall synthesis

355 | Pilocarpine nitrate Sigma Cholinergic Muscarinic

356 | Dofequidar fumarate Sigma Mulit-Drug Resistance MDR-1

357 | Tomoxetine Sigma Adrenoceptor Reuptake

358 | Tamoxifen citrate Sigma Phosphorylation PKC

359 | Telenzepine dihydrochloride Sigma Cholinergic M1

360 | Uridine 5'-diphosphate sodium Sigma P2 Receptor P2y

361 | U-69593 Sigma Opioid kappa

362 | U-99194A maleate Sigma Dopaminergics D3

363 | Vincristine sulfate Sigma Cytoskeleton and ECM | Tubulin

364 | WIN 62,577 Sigma Tachykinin NK1

365 | Yohimbine hydrochloride Sigma Adrenoceptor alpha2

366 | Tetracaine hydrochloride Sigma Na+ Channel

367 | Brinzolamide Sigma Carbonic anydrase anydrase 11

368 | Terfenadine Sigma Histaminergics HI

369 | Thioperamide maleate Sigma Histaminergics H3

370 | U-74389G maleate Sigma Cell Stress

371 | UK 14,304 Sigma Adrenoceptor alpha2
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372 | U0126 Sigma Phosphorylation MEK1/MEK2
373 | AMG 9810 Sigma Ion Channels TRPV1
374 | Ara-G hydrate Sigma Apoptosis
375 | YS-035 hydrochloride Sigma Ca2+ Channel L-type
376 | Remodelin hydrobromide Sigma Gene Regulation NATI10
377 | 4-DAMP Sigma Cholinergic M3
378 | Tropicamide Sigma Cholinergic M4
379 | (£)-Thalidomide Sigma Cytoskeleton and ECM | TNFalpha
380 | CCT007093 Sigma Apoptosis PPMI1D
381 | U-62066 Sigma Opioid kappa
382 | SID 3712249 Sigma Gene Regulation MiR-544
383 | CP466722 Sigma Kinase/Phosphatase ATM
384 | WAY-100635 maleate Sigma Serotonergics 5-HT1A
385 | YC-1 Sigma Cyclic Nucleotides Guanylyl cyclase
386 | Tyrphostin 51 Sigma Phosphorylation EGFR
387 | Trifluoperazine dihydrochloride Sigma Dopaminergics D1/D2
388 | THIP hydrochloride Sigma GABAergics GABA-A
389 | A-68930 hydrochloride Sigma Dopaminergics Dl
390 | L2-b Sigma Cell Biology
391 | Erdosteine Sigma Antioxidants and Cytoprotectants
392 | (£)-Verapamil hydrochloride Sigma Ca2+ Channel L-type
393 | L-Mimosine from Koa hoale seeds Sigma Apoptosis
394 | TDFA trifluoroacetate salt Sigma Gene Regulation PAD4 or PADI4
395 | Zaprinast Sigma Cyclic Nucleotides PDEV
396 | RN-9893 Sigma Ca2+ Channel TRPV4
397 | D-609 potassium Sigma Lipid PIPLC
398 | Trifluperidol hydrochloride Sigma Dopaminergics D1/D2
399 | SHPP-33 Sigma Cytoskeleton and ECM | microtubules
400 | Zibotentan Sigma Endothelin ET(A)
401 | CCT137690 Sigma Kinase/Phosphatase Aurora A, B and C
Biology
402 | Galloflavin potassium Sigma Cell Stress LDN-A/B
403 | Wortmannin from Penicillium Sigma Phosphorylation PI3K
funiculosum
404 | Xylazine hydrochloride Sigma Adrenoceptor alpha2
405 | Zonisamide sodium Sigma Anticonvulsant
406 | Bropirimine Sigma Immunomodulators
407 | Thioridazine hydrochloride Sigma Dopaminergics D1/D2
408 | 3-Tropanyl-indole-3-carboxylate Sigma Serotonergics 5-HT3
hydrochloride
409 | CIQ Sigma Neurotransmission NR2C/NR2D
410 | 4-Imidazoleacrylic acid Sigma Histaminergics Histidine ammonia-
lyase/ decarboxylase
411 | Wiskostatin Sigma Actin N-WASP
412 | Vinpocetine Sigma Cyclic Nucleotides PDE I
413 | EMPA Sigma Orexin OXR2




121

414 | SCH 58261 Sigma Purinoceptor alpha2 A

415 | Caroverine hydrochloride Sigma Glutamatergics NMDA/AMPA

416 | Tyrphostin AG 538 Sigma Apoptosis Pin-1

417 | Furamidine dihydrochloride Sigma Apoptosis kDNA / Tdpl

418 | XCT790 Sigma Gene Regulation ERRalpha

419 | TPMPA Sigma GABAergics GABA-C

420 | Urapidil hydrochloride Sigma Adrenoceptor alphal

421 | (-)-trans-(1S,25)-U-50488 Sigma Opioid kappa
hydrochloride

422 | Vancomycin hydrochloride from Sigma Antibiotic Cell wall synthesis
Streptomyces orientalis

423 | Acepromazine maleate Sigma Neurotransmission

424 | Xylometazoline hydrochloride Sigma Adrenoceptor alpha

425 | Olprinone hydrochloride Sigma Phosphodiesterase PDE3

426 | Trimethoprim Sigma Antibiotic Dihydrofolate reductase

427 | IPA-3 Sigma Phosphorylation Pakl

428 | Lorcainide hydrochloride Sigma Ion Channel Modulator | Navl.5

429 | Tipiracil hydrochloride Sigma Neuroscience p53

430 | Urapidil, 5-Methyl- Sigma Adrenoceptor alphal A

431 | U-101958 maleate Sigma Dopaminergics D4

432 | (£)-gamma-Vinyl GABA Sigma GABAergics Transaminase

433 | Darglitazone sodium salt Sigma Gene Regulation PPAR/RXR

434 | Roslin 2 Sigma Phosphorylation pS3/FAK

435 | Zimelidine dihydrochloride Sigma Serotonergics Reuptake

BemectBa psgos 69-435 u3 6ubdauorexku Sigma LOPAC1280

*11a0. KpacaBHHa — BCIICCTBA CUHTC3UPOBAHBI B J'Ia60paTOpI/II/I XHUMHYECKOU

dapmakonoruu Uucruryra xumuu CII0I'Y
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Introduction
The relevance of research

G protein-coupled receptors (GPCRs) are the most common superfamily of
membrane proteins in eukaryotic organisms that respond to various extracellular signals,
including photons, ions, low molecular weight substances, peptides, and proteins. They
share a seven-spiral topology and play an important role in controlling and regulating of
cellular and physiological processes, making them promising drug targets [1]. The
discovery in 2001 of a new class of GPCR receptors, trace amine-associated receptors
(TAAR, 6 functional receptors identified in humans, TAAR1, TAAR2, TAARS, TAARS,
TAARS, and TAARDY) has expanded the possibilities of studying the functional role of
endogenous trace amines in mammalian physiology and pathology [2,3]. Trace amines
(TAs), such as B-phenylethylamine, tyramine, tryptamine, and octopamine, are structurally
close to classical monoamines and play an important role in invertebrate physiology, but
their functions in mammals, where they are present in "trace" amounts, remain poorly
understood. In general, TAs are present in the CNS and function in parallel with
monoaminergic pathways and are structurally related, colocalized, and released together
with biogenic amines. The most studied receptor among TAARs is TAARI1. The results of
studies using selective TAARI1 ligands and genetically modified animals with TAARI1
turned off (TAARI1-KO mice), suggested that TAAR] may be a promising therapeutic
target in the development of new pharmacotherapeutic agents for the treatment of
neuropsychiatric disorders such as schizophrenia, depression, ADHD, substance abuse,
Parkinson's disease, sleep disorders [4]. TAARI1 is already a proven target for
pharmacology in a wide range of psychiatric, neurological, and metabolic disorders, and
TAARI agonists are in clinical trials by F. Hoffmann La-Roche, Switzerland (nosology:
schizophrenia) and Sunovion, USA (nosology: schizophrenia, anxiety, depression, and
hallucinations caused by Parkinson's disease therapy). In addition to TAAR1 expression in
brain structures, this receptor has also been found in the pancreas, stomach, and intestines,
and preclinical studies indicate potential clinical efficacy of TAARI agonists in metabolic
disorders such as obesity and diabetes. Other TAARs were first described as a new type of
olfactory receptor with a similar pattern of expression in the olfactory epithelium and
function in detecting volatile amines [5]. However, there are currently studies on their

expression and function both in the CNS and in the periphery. For example, the second
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most studied receptor, TAARS, is expressed in the amygdala and hypothalamus [6]. One
important approach to TAAR research in the absence of selective ligands was the gene
knockout in transgenic animal model. So far, TAAR2 and TAARS knockout mice have
been described. It was shown that TAAR2 possibly influences the dopaminergic brain
system, while TAARS seems to play a functional role not only in olfaction but may also be
involved in the control of affective behavior [7-9]. It has been suggested that TAARS
antagonist drugs may have antidepressant and anti-anxiety effects, so it is of interest as a
new target for psychotropic drug development [7]. As for the other TAARs (TAAR®6,
TAARS, TAARDY), there are currently almost no published data on the function of these
receptors outside the olfactory system. For example, only 15 papers are indexed in the
PubMed database by the query "TAAR9". However, the expression of these TAARSs in
various structures in both the brain and peripheral organs may indicate that these receptors
may be more than just olfactory. For example, expression of the TAAR9 gene has been
found in the pituitary, gastrointestinal tract, kidneys, blood cells, and spinal cord [4],
although it is known that mice with a cluster deletion (TAAR2-9-KO), which lack all
TAARs expressed in the olfactory epithelium, do not differ from wild-type animals with
respect to fertility, litter size, genotype distribution, and sex ratio in their cubs [10]. A
number of TAARY agonists have also been identified, including both tertiary amines and
di- and polyamines [11]. Mouse TAARY is known to be activated by unknown urinary
components in many mammalian species, including mice, rats, humans, and carnivores
[12], however, which substance is the direct ligand is unknown. Based on the above
information, the study of the physiological role of this receptor using transgenic animals,

as well as the search for its ligands, is a perspective direction of research.

The theoretical and practical significance of the work

Theoretical Significance. In this study, we used animal knockout model to study the
functional role of TAAR9. TAAR9-KO animals have increased temperature under normal
conditions and altered thermoregulation in response to exposure to cold. Moreover,
knockout animals were found to have decreased anxiety, namely decreased temperature in
response to stressors, as well as increased dopamine content in the hypothalamus. These

findings can be used in further studies of TAARY and its involvement in thermoregulation.
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The expression pattern of TAARY, as well as other studied TAARs, in several brain
structures, might be helpful for the study of these receptors function in CNS.

Practical Significance. The developed methodology of TAARY ligands screening
might be useful for further search of TAAR9 agonists and antagonists, as well as for

optimization of other TAARSs’ heterologous expression.

Aims and objectives of the study

Aim of the study:

To study the physiological significance of the trace amine-associated receptor 9,

as well as to search for its ligands in vitro.
Objectives:

1. Evaluate the expression pattern of TAAR genes in human, rat, and mouse tissues;

2. Validation of two new rat lines with TAAR9 gene knockout;

3. Phenotyping of TAARY gene knockout rats, including characterization of possible
changes in neurochemistry and behavior;

4. Development of an in vitro screening system for TAAR9 ligands and search for its
agonists.

The scientific novelty of the study

This work was the first attempt of comprehensive study of animals with TAAR9
receptor gene knockout, a new, not yet studied member of the TAAR family. The
expression pattern of TAARY in several CNS structures was described. Phenotypic
characterization of the neurochemical and behavioral features of rats with TAAR9 gene
knockout was performed for the first time. The effect of TAAR9 knockout on body
temperature was shown for the first time. The work also investigated for the first time the
effect of various factors, such as the addition of the N-terminal B2N9 tag, RTP1S chaperone
co-expression for heterologous expression of TAARY, on the activity and localization of
the receptor in the cell. For the first time, the N-terminal tag of B2N9 was successfully used
for heterologous expression of TAAR9. More than 400 substances not previously

investigated for TAAR9 agonism were screened.
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Main findings

1. TAARO expression has been shown not only in the olfactory epithelium, but also
for the first time in the nucleus accumbens, caudate nucleus, substantia nigra,
ventral tegmental area, medulla oblongata, ventral hippocampus, and
hypothalamus;

2. Genetically modified rats with knockout of trace amine-associated receptor 9 are
characterized by elevated body temperature and a lower temperature when exposed
to cold; knockout of Taar9 gene in rats leads to changes in the dopaminergic system
of the hypothalamus, i.e. elevated dopamine level;

3. Taar9 gene knockout in rats does not lead to significant changes in parameters in
tests for locomotor activity, anxiety, depressive-like behavior, and memory;

4. A new experimental approach involving heterologous expression of the B2N9-
TAARO construct in HEK293T cells, followed by ligand search using the BRET
technique, has been developed.

Personal contribution of the author

The author was involved in all stages of the project: collection and analysis of literature
data, planning and carrying out backcrossing and maintenance of TAAR9-KO lines, active
participation in phenotyping of new lines of genetically modified animals, conducting a
meta-analysis of open RNA sequencing data, performing statistical analysis of data,
interpreting and discussing results. Molecular biology techniques such as RNA isolation,
RT-PCR, real-time PCR, and immunofluorescent staining were also performed by the
author of this work. All work related to the design and preparation of vectors and cell
cultures (maintenance of HEK293 and CHO-K1 cell lines, transfection), as well as the

BRET technique and agonist screening, were performed by the author of the work.

Publications

Results of the dissertation were published in 8 papers: 7 scientific articles in journals
indexed in WoS, Scopus, and RSCI, 1 review in the journal included in the Higher

Attestation Commissions list.

Main scientific findings were presented at 5 scientific conferences, including 2
international: Actual problems of translational biomedicine - 2019, 2022; 33rd ECNP
Congress Hybrid, Virtual, September 12 - 15, 2020 (online); 27th Multidisciplinary



129

International Neuroscience and Biological Psychiatry Conference "Stress and Behavior"
September 16-18, 2020; International School-conference of young researchers "Biology -

Science of XXI century", Pushchino, Russia, April 18 - 22, 2022.
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1 Literature review

1.1 Trace amines

TAs are structurally similar to classical monoamines, however, their concentration
in brain tissues is an order of magnitude lower, hence their name (Figure 1) [13,14].
Although TAs have been known for over 100 years, their function and distribution in tissues
are much less well studied than that of dopamine, noradrenaline, and serotonin, although
they, like these neurotransmitters, mostly are products of amino acid metabolism, and are
found in brain tissues [2,15]. Moreover, it is known that the enzymes responsible for the
synthesis and the very rate of synthesis of TAs and classical monoamines are approximately
the same. The most important difference and the most probable reason for their low
concentration in brain tissues is that these substances do not accumulate in synaptic vesicles
and therefore degrade rapidly. TAs biosynthesis begins with the decarboxylation of
precursor amino acids by the enzyme aromatic L-amino acid decarboxylase (L-AADC). L-
AADC is also involved in the synthesis of classical monoamine neurotransmitters. It is
fairly highly expressed in tissues and thus is not considered to be a rate-limiting enzyme
for synthesis[13]. TAs are degraded mainly by monoamine oxidase (MAO) enzymes
involved in the degradation of monoamine neurotransmitters. Almost all TAs are not
selective and are metabolized by both MAO-A and MAO-B [13]. Accordingly, MAO
inhibition leads to a rapid increase in the concentration of B-phenylethylamine and

tryptamine in the brain [16].

TAs are synthesized by many, if not all, species of prokaryotes and eukaryotes. In
the animal kingdom, endogenously synthesized TAs have been found in all invertebrate
and vertebrate species studied to date, including humans. As a result of their widespread
occurrence in both the plant and animal kingdoms, food products may contain significant
amounts of TAs as a result of unintentional bacterial action (food spoilage), intentional
(e.g., in cheese and wine) or as a result of fungal contamination of grain products (e.g.,
ergot-infested rye)[4]. In addition, TAs are synthesized in the gastrointestinal tract of
vertebrates under the action of bacterial L-AADC during the digestion of protein-rich food.
In many invertebrate species, TAs are known to play the role of major neurotransmitters

[14].
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In addition to their structural similarity to monoamine neurotransmitters, TAs have
a similar structure to some psychoactive substances, including amphetamine, MDMA, and
their derivatives. In humans, the most common TAs are phenylethylamine derivatives
(phenylethylamine, p-octopamine, m-tyramine, 3-methoxytyramine, synephrine),
thyronamine derivatives (thyronamine, 3-iodothyronamine), and tryptamine and its
derivatives. TAs also include di- and polyamines (putrescine, cadaverine, spermine,
spermidine)[4]. Currently, there is a large body of literature in which changes in TAs
metabolism are associated with neurological diseases (schizophrenia, depression, ADHD,
Parkinson's disease, etc.); however, the basis for such changes remains unclear [15,17]. The
question of the physiological role of TAs remained open until the discovery of trace amine-

associated receptors in 2001.
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Figure 1. Correlation of the structures of trace amines and monoamine neurotransmitters. From: Murtazina,

Gainetdinov, 2019.
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identified through a degenerate PCR approach, using complex mixtures of oligonucleotides
whose sequences were chosen based on the G protein-coupled receptors for serotonin or
catecholamines [2,3]. Bunzow and colleagues analyzed the cDNA of a rat pancreatic
cancer cell line using primers to 3 and 6 conserved transmembrane GPCR domains while
searching for new catecholamine receptors. In retrospect, it becomes clear that the choice
of this particular cell line was extremely fortunate, since subsequent researchers
encountered very low TAAR expression in most tissues, except the pancreas and, in
particular, B-cells, which show high levels of TAAR1 [2,14,18]. When expressed in
heterologous cell systems, the new receptor caused production of cyclic adenosine
monophosphate (cCAMP) after the action of p-tyramine, B-phenylethylamine, whereas the
classical monoamines (dopamine, noradrenaline, serotonin) had no such effect or gave a
much smaller response [2,3]. Six functional TAAR genes (TAAR1, TAAR2, TAARS,
TAARG6, TAARS, TAARDY), as well as three pseudogenes (TAAR3, TAAR4, TAAR7) that
do not encode a functional protein, were identified in humans. The human TAAR genes are
clustered on chromosome 6, specifically at the 6q23.2 region, associated with
schizophrenia and bipolar disorder [19]. The mouse and rat genomes contain 15 and 17
functional Taar genes, respectively. In the mouse, Taar genes are located in a single cluster
in chromosome 10 and are numbered according to the order of their appearance on the
chromosome, from Taarl to Taar9, with five paralogs of the Taar7 gene (Taar7a, Taar7b,
Taar7d, Taar7e, and Taar7f; Taar7c is the only pseudogene) and three paralogous variants
of the Taar8 gene (Taar8a, Taar8b, and Taar8c). All 17 rat Taar genes are located on
chromosome 1. Phylogenetic analysis of human, rat, and mouse TAAR revealed that the
original TAAR sequence underwent eight gene duplication events. These events gave rise
to a group of nine genes before the divergence of rodent and primate lineages. The rodent
Taar7 and Taar8 paralogs may have evolved from recent independent duplications in mice
and rats [20]. Except for TAAR2, all members of the mammalian TAAR family consist of
a single exon. TAARs are phylogenetically distantly related to biogenic monoamine
receptors such as dopamine and serotonin receptors. The only known species that does not
have a single functioning TAAR is the afaline [21]. Interestingly, the number of TAAR
genes correlates with the number of olfactory receptor genes. TAARSs can be divided into
two groups: the first group includes primary amine receptors (TAAR1-TAAR4) and the
second group includes tertiary amine receptors (TAARS5-TAAR9). Moreover, it is assumed

that the first group evolved under strict negative selection, and the second, more
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heterogeneous group, by positive selection. The TAARI-TAAR4 group is evolutionarily
older, more conservative, and members of this group are represented by a single isoform in

different genomes. It is assumed that the second group originates from the same gene [21].
1.2.1 TAARI

By far the most studied member of the family is TAART1 [22]. First evidence on the
functional role of the TAARI1 receptor under physiological conditions was obtained before
the discovery of selective ligands using transgenic mice with the Taarl gene knockout
(TAAR1-KO) generated by two independent groups [23,24] (Table 1). Many known
endogenous TAARI agonists also act on other targets in the CNS, such as dopamine
transporter (DAT) or vesicular monoamine transporter 2 (VMAT?2). In the absence of a
selective TAARI ligand, the mouse with a knockout of this gene represented the only
possible option to investigate the potential physiological consequences of TAARI
dysfunction and the role of TAARI in the action of pharmacological agents [25]. TAARI-
KO mice had no distinct phenotype compared to wild-type (WT) animals, the mutants
successfully reproduced and showed no differences from WT in most behavioral tests.
Nevertheless, a significant decrease in response in the prepulse inhibition test was found in
the knockout mice, which may indicate disturbances in sensorimotor filtration mechanisms
characteristic of patients with schizophrenia and several other brain diseases. Moreover,
TAAR1-KO showed enhanced amphetamine-induced locomotor activity. Also, when
injected with this psychostimulant, TAAR1-KO mice showed a significant increase in
extracellular monoamines [23]. Similar results were obtained with TAAR1-KO mouse line
developed at Hoffmann La-Roche [24]: mutant animals were also more sensitive to the
action of amphetamine, and the level of extracellular dopamine was higher in the striatum
after amphetamine injection than in WT. Under normal conditions in the knockouts, the
level of extracellular dopamine and motor activity did not differ from the WT mice,
however, electrophysiological recordings of the ventral tegmental area revealed an increase
in the spontaneous electrical activity of dopamine neurons [24]. It was further shown that
pharmacological blockade of TAARI is accompanied by an increase in the spontaneous
electrical activity of dopamine neurons in WT animals (but not in knockout mice), whereas
TAARI1 activation leads to inhibition of their activity. In addition to these changes,
TAAR1-KO mice showed differences in the effects of some antipsychotic drugs, in

particular haloperidol and clozapine [26]. In 2012, a line of mice with increased expression
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of TAARI (TAARI-OE) was also characterized [27]. TAAR1-OE transgenic mice did not
show overt behavioral abnormalities under baseline conditions, despite elevated
extracellular levels of dopamine and noradrenaline in the nucleus accumbens and of
serotonin in the medial prefrontal cortex. In females, only minor increase in body weight
and body temperature were shown. As expected, TAAR1-OE showed a reduced stimulatory
effect of amphetamine on locomotor activity. The electrophysiology data were unexpected
- just as in TAARI-KO, in TAARI1-OE line there was an increase in the spontaneous
electrical activity of dopamine neurons in the ventral tegmental area. One explanation for
this fact is the reduced activity of the population of GABAergic neurons, which normally
should inhibit dopamine neurons [27]. The TAAR1-OE rat line was also generated, and

TAARI intracellular signaling and expression pattern were studied [28].

It is worth noting that TAAR ] expression has been detected in several brain regions,
including the ventral tegmental area, substantia nigra, and the dorsal raphe nucleus. All of
the above nuclei are key for monoamine neurotransmission [15,29]. Data on Taarl
expression in the brain were confirmed in transgenic mice in which the LacZ gene sequence
was inserted into the Taarl gene to determine the specific expression of -galactosidase
under Taarl promoter [24]. According to its distribution in the CNS, TAARI1 appears to
function as a regulator of receptor activation in other neurotransmitter systems [30,31].
TAARI interaction with the dopaminergic system is particularly well studied, where
TAARTI activation prevents dopaminergic hyperactivity. Such effects appear to be related
to changes in the intracellular signaling of D2-like dopamine receptors (D2R) as part of the
D2R-TAARI dimer after TAART1 [26,28,32]. The first drugs with TAART1 activity are now
in clinical trials, and new agonists are being actively sought [33—35]. SHT1A/TAAR1
agonist, SEP-363856, developed by Sunovion Pharmaceuticals, reduces positive and
negative symptoms in schizophrenia patients [33,36]. TAARI1 also likely functions

peripherally in the pancreas, stomach, immune system, and oncology [4,37]
1.2.2 TAAR2, TAARS5, TAAR6, TAARS

A new chapter in the history of studying the role of TAs became a paper published
in 2006 in which TAARs were described as a new class of olfactory receptors [5]. It has
been shown that all members of the family, except for TAARI, are expressed only in the

olfactory epithelium. As we now know, due to low expression and not very sensitive



135

detection methods, they were difficult to detect in other tissues [31]. In general, the role of
these TAARs remains understudied, although there are data on their expression in CNS
tissues. It is worth noting that the expression of all TAARs has also been detected in
peripheral tissues: blood cells, cardiac tissue, kidneys, testes, and many others [4]. In the
CNS, using in situ hybridization, 7aar5 mRNA was found in the amygdala, arcuate
nucleus, and ventromedial hypothalamus of the mouse, with localization in the
hypothalamus and amygdala coinciding with TAAR1 [6]. The expression of TAARG6 in the
human prefrontal cortex, substantia nigra, amygdala, basal nuclei, and hippocampus was
detected by RT-PCR, with the highest expression in the hippocampus [3,38]. TAARS
mRNA was found in the amygdala [3].

Therefore, the characterization of animals with individual TAAR knockout was
required to more accurately determine the function of these receptors. The first studies on
animals with TAAR gene knockout focused on their role in olfaction. A cluster deletion
mouse lacking all TAARs expressed in the olfactory epithelium, was developed (TAAR2-
TAAR9-KO mice) [39,40]. Deletion of several genes at once was possible due to the
clustering of Taar genes on a single chromosome. This model was used to study the
significance of several odors recognized by TAAR and their effects on behavior. In addition
to changes in olfaction, TAAR2-TAAR9-KO mice showed no significant differences in

mass, or locomotor activity [39].

TAARS-KO mice with LacZ insertion were used to show Taar5 expression in the
olfactory bulb, orbitofrontal and entorhinal cortex, amygdala (amygdala body),
hippocampus, nucleus accumbens, thalamus, and hypothalamus in the laboratory of
neurobiology and molecular pharmacology of the Institute of Translational Biomedicine of
SPBU [7]. These data are consistent with those obtained by in situ hybridization [6].
Previously, expression of TAARS5 was also found in the amygdala in humans, which may
indicate conservative expression in the mouse and humans [41]. TAARS knockouts were
viable and did not show strong abnormalities in most behavioral tests; however, they had
changes in tests for depressive-like behavior and anxiety, and there were decreased
serotonin levels in the striatum and hippocampus. Interestingly, the hypothermic effects of
8-OH-DPAT, a 5-HT1A-serotonin receptor agonist, were more pronounced in TAARS
knockouts than in WT animals [7]. Further studies of these animals revealed an increase in

the number of dopaminergic neurons and an elevated dopamine level in the striatum [8].
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Thus, TAARS appears to play a functional role not only in olfaction but may also be

involved in the control of affective behavior. The TAAR2-KO mice with LacZ insertion

had an increase in locomotor activity and less immobility in the forced swim test, elevated

dopamine levels in the striatum, and expression of beta-galactosidase under Taar2

promoter was detected in the olfactory bulb, hippocampus, hypothalamus, and brainstem

[9]. These findings suggest that not only TAARI1 but also other members of the TAAR

family may play a significant role in CNS functioning and require further study, including

using transgenic animal models [42].

Table 1. TAAR transgenic animal lines

Line Species Characteristics Ref.
[23,24]
enhancement of amphetamine-induced locomotor
TAARI- | mouse/ | activity, decreased response in the prepulse inhibition
KO rat test, increased number of spontaneous impulses of
dopaminergic neurons in the ventral tegmental area
the stimulatory effect of amphetamine on locomotor [28,43]
activity is reduced, number of spontaneous impulses of
dopaminergic neurons in the ventral tegmental area is
TAARI- | mouse/ increased. F:le\{ated extracellular levels of dopamine and
OF rat noradrenaline in the nucleus accumbens and of
serotonin in the medial prefrontal cortex; the
connection between TAAR1 and D2R was confirmed
in vivo, and a B-arrestin2/AKT/GSK3 cascade was
discovered upon TAARI activation
TAAR2- altered threshold of olfactory sensitivity to volatile [39]
mouse i
9-KO amines
increased locomotor activity and less immobility in the | [9]
TAAR2- . . . .
KO mouse | forced swim test, increased dopamine levels in the
striatum
changes in depressive-like behavior; changes in the [7,8,44]
TAARS- . . .
KO mouse | dopamine and serotonin system; decreased attraction to
trimethylamine
1.2.3 TAARY

Human TAARY gene encodes a 348 a.a. protein. Alignment of human and rat

TAARY amino acid sequence results in the identity of 84.2%, human and mouse - 86.8%.

A181T polymorphism leading to nonfunctional TAARY (stop codon as a result of mutation
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appears after the first transmembrane loop) is known in 20% of the population, however,
its clinical significance is still unclear [45,46].

TAARY expression in humans was detected in the olfactory epithelium [47], stomach
[48], pituitary, skeletal muscle [45], and leukocytes [49,50]. Taar9 mRNA was also
detected in the murine gastrointestinal tract, where it is predominantly localized to duodenal
mucosal cells [51], as well as spleen [52], kidney [18], retina [53], olfactory epithelium,
and olfactory bulb [40]. In rats, only a few groups have studied the expression of the Taar9
gene. [52,54,55]. Chiellini and colleagues analyzed whole-brain and peripheral organs
homogenates using RT-PCR and showed weak expression of Taar9 in the cortex, brain
white matter, cerebellum, intestine, and testes, but the signal was less than 10 copies
cDNA/Ing RNA, so these data need confirmation [54]. In another study, expression of
Taar9 was detected along with other TAARSs in the spinal cord of rats [52].

First rat TAARY agonists turned out to be tertiary amines, N-methylpiperidine
(EC50=18.3 uM) and N-dimethylcyclohexylamine (EC50=26.6 uM) [56] (Table 2). The
list of TAARO agonists was further expanded to include aminoethylpiperidine, the diamine
cadaverine, and the polyamines spermine and spermidine with EC50 > 50 pM for murine
TAAR9 [57], and the EC50 of the previously described N-methylpiperidine and N-
dimethylcyclohexylamine of the murine TAAR9 was >100 uM. A 2022 study with a high-
throughput screening of TAAR agonists of various species revealed that spermidine also
activates rat, hamster, rabbit, and cat TAAR9; cadaverine and spermine - rat and cat; N-
methylpiperidine, N-dimethylcyclohexylamine, triethylamine - mouse and rat only [58].
However, these compounds also activated other TAARs (TAARS, TAAR6, TAARSc,
TAAR7b, TAART7c), except for cadaverine, spermidine, and spermine, which were
agonists of TAARO alone. Also, murine TAARY is known to be activated by a currently
unknown component(s) of both carnivore and noncarnivore urine, including mice, rats,
humans, and predators [12].

Differential expression of 7A4AR9 was found in inflamed areas in Crohn's disease
[59] and in the kidney in a model of diabetic nephropathy in rats [60]. When studying the
positive effect of cadaverine on breast cancer survival in vitro, it was shown that this effect
may be mediated, along with TAAR1 and TAARS, through TAAR9 [61].

TAARSs belong to the class A G-protein coupled receptor (A-GPCR). This class has
two types of ligand-binding sites: allosteric and orthosteric. Allosteric sites are located on

disordered extracellular loops, while orthosteric sites are located within transmembrane
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domains. Although the structural basis for ligand recognition by TAAR receptors is not
fully understood at this time, in mouse TAARY, two entry tunnels and two vestibular
binding pockets have been described, and site-directed mutagenesis has identified amino

acids (Asp3.32, Tyr6.51, Tyr7.43) that are important for ligand recognition [62,63].

Table 2. List of TAARY agonists

TAARY agonist EEE/[O’ Species | Reference
122 | mouse | [57]
N, N-dimethylcyclohexylamine 26.6 . [56]
30| ™ [[58]
i 163 | mouse | [57]
N-methylpiperidine 133 ot 56]
66 57

triethylamine - m;);ltse { 5 8}
1-(2-aminoethyl) piperidine 66 | mouse | [57]
55| mouse | [57]

- rat

spermidine - | hamster
58

- | rabbit [58]

- cat
120 | mouse | [57]
spermine - rat [58]
- cat [58]
dJaveri 243 | mouse | [57]

cadaverine

- cat [58]

1.2.4 TAARs and olfaction

As stated earlier, TAARSs are involved in odor recognition [5,64], so they have been
assigned to a new class of olfactory receptors (ORs) that regulate instinctive behavior. It is
known that the first step of odor perception is the interaction of odorant with G-protein
coupled OR located on the surface of olfactory sensory neurons (OSNs) in the olfactory
epithelium of the nose. Activated OR initiates the signaling cascade necessary to transmit
the odor signal, which ultimately reaches the brain. An individual OSN monoallelically
expresses a single functional odorant receptor gene; neurons with the same receptor are

randomly distributed within the same olfactory epithelial zone. More than 1000 olfactory
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receptors are known in mammals, which agrees well with their ability to detect and

distinguish a variety of odors [65].

It has been shown that each Taar is expressed monoallelically and defines a unique
population of sensory neurons (<0.1% of the total) that does not express other Taar or
canonical odorant receptor (Olfr) genes [40]. Thus, the "one-receptor-one-neuron rule" of
canonical ORs appears to be true for TAARs as well. However, it seems that 7aar have a
different mechanism than canonical Olfr in choosing which gene to express. The epigenetic
heterochromatin signature characteristic of silent OR genes is absent in the Taar genes
[66,67]. In addition, the inactive Taar genes are in a different nuclear compartment than
the inactive Olfr genes [68]. Also, two groups simultaneously described two enhancers in
the Taar genes. Deletion of both of these enhancers led to the complete elimination of the

TAAR-OSN cell population [69,70].

Changes in sexual behavior and mate choice have been described in TAAR2-9-KO
knockout animals [10]. The urine of many predators contains B-phenylethylamine, which
induces an avoidance response in mice; however, when TAAR2-9-KO was turned off in
the animals, this response disappeared [12,39]. TAARS-KO mice were found to lose
attraction to trimethylamine, a TAARS agonist that is present in the urine of mice [44]. And
in high concentrations, it causes aversive behavior, and in low concentrations, which
correspond to the physiological concentration, it acts as an attractant [44]. Wild-type mice
show avoidance of cadaverine and N-methylpiperidine at different concentrations, with low
concentrations of these substances no longer causing aversion in mice with the Taar2-
Taar9 cluster deletion [39]. It has also previously been shown that Danio rerio fish exhibit

aversive behavior to cadaverine through the TAAR13c¢ receptor [71].

Thus, these receptors play a role in odor recognition that regulate instinctive behavior
(predator smell, rotting tissues, sex odors) and there appears to be a complex relationship

between TAARs to olfactory cues and species-specific behavior [64,67].

1.3 TAAR signaling

GPCRs, which include TAARs, are membrane proteins with >800 identified genes
in humans. They transmit most intracellular responses to external stimuli (light, taste,

smell, hormones, neurotransmitters). GPCRs are usually divided into five families
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depending on their structure and sequence. Ligands from small molecules to peptides and
proteins bind to class A (rhodopsin-like) GPCRs, which include TAARs. Peptide hormones
activate class B receptors (secretin receptor family). Ions and small molecules are ligands
for class C receptors (metabotropic glutamate receptors). The ligands of adhesion GPCRs
are largely unknown. GPCRs of the Frizzled family are receptors for wingless int-1 (WNT)
signal peptides [1].

The GPCR family receptors have a similar structure; they contain seven
transmembrane helices as well as extracellular N-terminal and intracellular C-terminal
sites. The binding sites of low molecular weight compounds (ligands) in many cases are
localized in the transmembrane domain of the receptor, while peptide hormones and
regulators of protein nature interact with the N-terminal site and extracellular loops. After
GPCR activation, the receptors form a complex with a heterotrimeric G-protein (guanine
nucleotide-binding protein). G-protein is usually a complex consisting of three subunits G,
Gg, Gy. Several types of Ga subunits are known, the activation of each of which leads to
different effects: Gus, Goi/Gao, Gag/Gai1, Ga12/Gai13, and small monomeric GTPases [72].
Signal transduction occurs due to a change in the receptor structure, which leads to the
replacement of GDP by GTP in the binding domain of the G, subunit. This leads to the
breakdown of the heterotrimeric complex into G, and Ggy subunits, each of which triggers
a biochemical enzymatic reaction cascade that causes genomic (changes in gene expression
and replication) and other (activation of enzymes, ion channels) responses. cAMP, Ca**
ions, inositol triphosphate, diacylglycerol, and nitric oxide are the most common secondary
messengers of these signaling cascades [1]. In addition, B-arrestin is an important GPCR
partner. Although 30-40% of all currently available drugs are GPCR ligands, only <10%
of known GPCRs are used in medicine [73].

TAARI1 was found to bind to Ggs, which increases the intracellular concentration of
cAMP and activates further signal transduction [2]. Therefore, the activation of TAARI in
the cellular system was mainly studied using methods based on the production of cAMP
[74]. However, there are also studies in which in vitro activation of TAAR1 signaling has
been successfully analyzed via Gq (namely, Gqie) [75,76]. It has also been shown that in
response to amphetamine, TAAR1 can recruit Goq and Gai13 [77]. Activation of TAARI by
the agonist RO5166017 involves the Gg, protein and leads to outward K+ ion current

through G-protein-coupled inwardly rectifying potassium channels (GIRKs) in
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dopaminergic and serotonergic neurons [30]. Also, TAAR1 activation can occur via the G-
protein independent pathway via -arrestin [28].

Although TAARs are phylogenetically distinct from canonical ORs, they transmit
a response using the canonical cascade of olfactory signal transmission, at least in the
olfactory epithelium [67]. TAARSs signal through olfactory G-proteins Gaoir, which are
synthesized in the olfactory epithelium and, like Gs, activate adenylate cyclase type I1I and
increase the production of cAMP [5,57,78]. In other tissues, most TAARs are coupled to
Gos [11]. However, reports are showing that some TAARSs are coupled to different G,. For
example, the basal activity of TAARS can be mediated by G and leads to a decrease in
the cCAMP level in heterologous cells [79]. In addition, it has been shown that TAARS
signaling can involve the Gag/11- and Gai2/13-dependent MAP-kinase cascade in vitro [6].
Interestingly, TAAR2 can heterodimerize with TAARI in polymorphonuclear neutrophils
(PMN), which is necessary for the chemotactic response [50]. As in the case of other
TAARs, activation of TAARY leads to Gus- and Goir- coupled accumulation of cAMP
[11,12]. Interestingly, a study of olfactory receptor expression outside the olfactory system
showed co-expression of proteins involved in the transmission of olfactory signals [80].

TAAR signaling pathways are of particular interest, but many groups have had a
problem studying TAARSs in vitro because of the difficulty in expressing them on the cell

membrane, at least in heterologous cell systems [31].

1.4 Heterologous TAAR expression

Functional analysis of receptors requires a reliable and sensitive assay system
suitable for the efficient screening of a large number of ligands. A cell line derived from
human embryonic kidney cells HEK293 is most commonly used for functional GPCR tests
in vitro. Xenopus laevis oocytes, insect cells, and other mammalian cell lines are also used.
For some GPCRs, accessory proteins are required for proper targeting to the cell membrane

[81].

Since TAARs are poorly expressed on the membrane in heterologous systems in
vitro, signal sequences of previously studied GPCR that are well localized on the membrane
are being used: first 9 amino acids of the B2-adrenergic receptor [82], first 20 amino acids

of human [78] or bovine [6] rhodopsin. One reason for poor membrane expression may be
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the lack of glycosylation at the N-terminus, which has been shown for TAAR1 [82].

Different approaches for the heterologous expression of TAAR are summarized in Table 3.

To increase the membrane expression of TAAR, the approach used in ORs
deorphanization, which are also difficult to express in a heterologous system, is also used
in several studies [83]. This is because the proteins remain in the endoplasmic reticulum
and are subsequently degraded in the proteasome [84]. These data suggest that olfactory
neurons possess a molecular mechanism that facilitates the proper transport and folding of
olfactory receptors and, apparently, TAAR on the cell surface, but the components of this
mechanism are poorly understood. The RTP1 protein (receptor transporting protein 1),
along with several others (RTP2, REEP1) have been discovered in the search for such
olfactory cell-specific chaperones. The HEK293-derived HANA3A line, which
constitutively expresses RTP1, RTP2, REEP1, and Goir, was developed for this purpose
[85]. Of all these proteins, RTP1 has the most pronounced effect. It is a transmembrane
protein expressed in olfactory neurons, although weak expression has also been found in

the brain. It has also been shown that deletion of the first 36 N-terminal amino acids of this

protein (RTP1S, s - short) further increases the surface localization of ORs [86].

Table 3. Heterologous expression of TAARs

Receptor Species Cell line N-tag Detection Accessory protein | Refe-
co-expression rence
TAARI human HEK293T B2N9, EPAC BRET | no [82]
3HA- biosensor
tag
TAARI rhesus HEK293 notag | CRE'-driven | no [87]
monkey luciferase
reporter
construct
TAARI1 human RD-HGA16 notag | Calcium 3 Gq (Gaie) [75]
(CHO-K1 derived) fluorescent
dye
TAARI rat AV12-664 cell HA-tag | HitHunter rat Gos [88]
line (Syrian cAMP XS kit
hamster fibroblast
cell line)
mTAARI1, | mouse HEK293 bovine | CRE-SEAP? | no [5]
hTAARI, Rho-tag | activity
mTAAR3,
mTAAR4,
mTAARS,
mTAARTT:
rTAAR3, rat, mouse | HEK293 bovine | CRE-SEAP no [56]
rTAAR7D, Rho-tag | activity
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rTAART7d,
rTAAR7h,
rTAARSc,
rTAARO9,
mTAAR4,
mTAART7e,
mTAART,
mTAART7D,
mTAAR7e,
mTAART7f
TAAR3, primate, HEK293 HA-tag, | CRE-SEAP; no [89]
TAAR4, mouse, Flag, Alphascreen
TAARS rat, cOw, bovine | cAMP assay
human Rho-tag
TAARS human HANA3A human | Dual-Glo™ RTPI1S and Golf | [78]
(HEK293T- Rho-tag | Luciferase
derived); Xenopus Assay System
laevis oocytes.
TAARS mTAARS, | HEK293 HA-tag; | Alphascreen | no [6]
hTAARS, bovine
chimera Rho-tag
TAARG6 rhesus HEK293 no tag Dual- no [90]
monkey Luciferase
Reporter
Assay
TAARS human, HEK293 HA-tag; | Alphascreen | no [79]
mouse bovine
Rho-tag

Bovine Rho-tag (20 aa of bovine rhodopsin — MNGTEGPNFYVPFSNKTGVV); Human
Rho-tag (20 aa of human rhodopsin — MNGTEGPNFYVPFSNATGVV); B2N9 —
MCQPGNGSA; tags for antibody detection: HA-tag (hemagglutinin tag); FLAG-tag. 'CRE
(cAMP response element) — DNA sequences, to which cAMP response element-binding

protein binds. ’SEAP — secreted alkaline phosphatase




2  Materials

General chemicals

Compound Supplier
Agarose Helicon, Russia
Ethidium bromide Helicon, Russia
Chloroform Scharlau
Ethylenediaminetetraacetic acid (EDTA) Sigma-Aldrich
Isopropanol AppliChem
PBS tablets Rosmedbio
Potassium chloride (KCl) AppliChem
Sodium chloride (NaCl) AppliChem
Magnesium chloride (MgCl12) AppliChem
Calcium chloride dihydrate Biofroxx
Ampicillin Sintez, Russia
Kanamycin Applichem
Yeast extract Applichem
Agar Applichem
Tryptone Chimmed, Russia

RNA extraction, RT-PCR, qPCR, genotyping

Compound Supplier
IntactRNA Evrogen, Russia
Trizol Sigma-Aldrich
TRI Reagent MRC

TURBO DNase Kit Thermo Scientific

Diethylpyrocarbonate (DEPC), for water
treatment

Amresco

Revertaid RT Reverse Transcription Kit

Thermo Scientific

DNase I, RNase-free

Thermo Scientific

gDNA Eraser DNA Removal Kit

Grisp

Random hexamer, N6

Beagle, Russia

5x qPCRmix-HS SYBR

Evrogen, Russia

Deionized water, nuclease-free

Evrogen, Russia

BioMaster HS-Taq PCR-Color reaction

Biolabmix, Russia

mix
Sacl restrictase NEB
Primers Evrogen, Russia
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Mobile phase composition:
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NaH>PO4 14.9g/L; NaHPO4 1.376 g/L; 1-octanesulfonic acid sodium salt 400 mg/L;

EDTA 50 mg/L; Methanol 19.5% v/v; pH=4.5

Compound

Supplier

1-octanesulfonic acid sodium salt

Sigma-Aldrich

Dihydroxybenzoic acid (DHBA), 98%

Sigma-Aldrich

Sodium Phosphate monobasic

Sigma-Aldrich

Sodium Phosphate dibasic

Sigma-Aldrich

EDTA

Sigma-Aldrich

Perchloric acid

Fluka

Standards
Dopamine hydrochloride Sigma-Aldrich
Serotonin hydrochloride Sigma-Aldrich
L-Noradrenaline hydrochloride Sigma-Aldrich
Homovanillic acid Sigma-Aldrich
Dihydroxyphenilacetic acid Sigma-Aldrich
5-hidroxyindoleacetic acid Sigma-Aldrich
Cloning and plasmid purification
Compound Supplier

Phusion High-Fidelity DNA Polymerase

Thermo Scientific

10 mM dNTPs

Thermo Scientific

T4 ligase

Thermo Scientific

CloneJET PCR Cloning Kit

Thermo Scientific

Genelet Gel Extraction Kit

Thermo Scientific

GenelJet Plasmid Miniprep Kit

Thermo Scientific

GenelJet Plasmid Maxiprep kit

Thermo Scientific

Restrictases
EcoRI Thermo Scientific
Xbal Thermo Scientific
HindIll Thermo Scientific
Kpnl Thermo Scientific

Cell culture, transfection

Compound

Supplier

DMEM, (high glucose, GlutaMAX™ Supplement, HEPES)

Gibco

Nutrient Mixture F12), #51445¢

DMEM/F12 (Dulbecco's Modified Eagle's Medium/Ham's

Sigma-Aldrich

Opti-MEM Gibco
Minimum Essential Medium without phenol red Gibco
Penicillin-Streptomycin (10,000 U/mL), 15140122 Gibco
Fetal bovine serum (FBS) Gibco
GlutaMAX Gibco




146

MEM Non-Essential Amino Acids Solution (100X) Gibco

Sodium Pyruvate (100 mM) Gibco

TrypLe Express Gibco

PBS Thermo Scientific

Lipofectamine 2000 Thermo Scientific
BRET

Compound Supplier

Magnesium Sulfate AppliChem

Ascorbic acid

Sigma-Aldrich

Dimethylsulfoxide (DMSO)

Sigma-Aldrich

Forskolin

Sigma-Aldrich

Isoproterenol hydrochloride

Sigma-Aldrich

3-Isobutyl-1-methylxanthine (IBMX)

Sigma-Aldrich

Coelenterazine A

Promega

Plastic consumables for cell culture

Name Supplier

Cell culture dish 100 mm Eppendorf

6-well plate Eppendorf

96-well plate, white clear-bottom Costar
Reagents for immunohistochemistry

Compound Supplier

antiHA antibody, mouse (ab18181) Abcam

Alexa Fluor 555 goat anti-mouse antibody | Lifetech

(A21424)

Normal horse serum (ab7484) Abcam

Adhesive microscope slides Thermo Scientific

Cover slides 24x24mm #1, 0.13 — 0.16 mm | Deltalab

Poly-d-lysine Biolot, Russia

Fluoroshield DAPI Sigma-Aldrich

Paraformaldehyde

Sigma-Aldrich
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3  Methods

3.1 TAARs gene expression analysis

3.1.1 Expression analysis of rat and mouse tissues by RT-PCR

To analyze expression of Taar9 gene in rats, we used a group of Sprague-Dawley
female rats (n=3, age 1 year) and two groups of male rats (n=3, age 7 months; n=3, age 3
months); for analysis of gonads, we additionally took two male rats (age 1 year). The
following structures were taken from females: striatum, medulla oblongata, small intestine,
colon, liver, spleen, kidney, adrenal gland, brown fat, and white fat. Male rats, 7 months:
midbrain (separately black substance, ventral tegmental area), nucleus accumbens,
hippocampus, hypothalamus, cerebellum. Male rats, 3 months: hypothalamus. Tissues were
dissected on ice, and immediately placed in liquid nitrogen, then stored at -80°C until

isolation. Details of Taar gene expression analysis in mice are in the table:

Gene | Animals Structures

Taar5 | female, cerebellum, brainstem
C57Black6N
(n=3,
>1 year)

Taar2 | male,
Taar6 | C57Black6N olfactory epithelium, olfactory bulb, striatum, cerebellum,
Taar9 | (n=3, brainstem, hippocampus, hypothalamus, frontal cortex,
3-4 months); cervical spinal cord.

RNA isolation and DNase treatment. Liver and intestine after dissection were placed in
IntactRNA fixative solution for better preservation of RNA and then stored at -20°C. RNA
isolation from the mouse brainstem and cerebellum was performed using the GeneJet RNA
Purification kit (Thermo Scientific) according to the manufacturer's instructions. RNA
isolation from the remaining mouse and rat tissues was performed using TRI Reagent
according to the manufacturer's instructions. RNA precipitate was resuspended in RNase-
free water and stored at -80°C until use. RNA concentration and quality were determined
using a NanoDrop spectrophotometer (Germany). A TURBO DNase kit was used to
remove the remaining genomic DNA. It is worth noting that this kit was the most effective

for the complete removal of genomic DNA. We compared the performance of DNase I
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(Syntol, Russia), DNase I (ThermoScientific, EN0521), and gDNA Eraser DNA Removal
Kit (GK83, Grisp, Portugal).

cDNA Synthesis. 1 ng of RNA was used for cDNA synthesis using the RevertAid RT
Reverse Transcription Kit. Reverse transcriptase and reaction mixture containing 1 pM N6
primers were added to DNase-treated RNA and the following protocol was applied:
annealing at 25°C for 10 min, transcription at 42°C for 90 min, and termination at 70°C for
10 min. The cDNA samples were stored at -20°C. As a control for the successful removal
of genomic DNA, each sample was exposed to the same treatment except that the reverse

transcriptase was not added (RT(—) control).

PCR. Gene expression was assessed by quantitative real-time PCR on a CFX96 instrument
(Bio-Rad, USA). 1 pg of RNA was used for reverse transcription, and the dilution of cDNA
for PCR was 1:30.

PCR mix:
1 uL cDNA (corresponding to 30 ng RNA)
4 pL | 5x HS buffer
0.5uM | F primer
0.5uM | R primer
x uL | deionized, nuclease-free water

2=20uL
Amplification program
95°C — 5 min
| 1.95°C — 20 sec
C sse. 2. 60°C — 20 sec

| 3. 72°C — 30 sec
| 4. 95°C — 60 sec
melting curve | 5.55°C = 95°C 10
sec increment 0.5°C
Primers were designed using PrimerBlast. Upon delivery, primers were tested for

specificity using plasmids carrying the TAAR genes and genomic DNA, and a dilution
curve was constructed. The rat Hprt gene and the mouse Gapdh gene, which are
housekeeping genes, were included as internal loading controls. The CFX96 instrument
(Biorad, USA) was used for PCR. Reactions were performed in duplicates, and RT(-)
controls were also included for each assay. To confirm target amplification, melting curve
was analyzed after each PCR reaction and compared with the positive control (olfactory
epithelium cDNA). A single peak on the melting curve was observed in all samples. RT(-)

control was analyzed in the same manner. Samples with genomic DNA contamination were
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excluded from the analysis. Further, PCR products, including RT(-) controls, were

additionally analyzed in 2% agarose gel electrophoresis in SB buffer [91].

Primers used for Taar gene expression analysis

Gene Primer name | Sequence Produc | Ref
t
length,
bp
Taar2 mTAAR2 F | 5’-CGGATTCACCATCATGCCAT-3’ 105 [5]
mouse | mTAAR2 R | 5’- CTAAGCATCAGGTCGAAGCT -3’
Taar5 mTAARS F1 | 5-TTCTGCTACCAGGTGAATGGGT-3' 74 [92]
mouse | mTAARS R1 | 5'-GCCAGATAGATGACGACCTGGA-3'
Taar6 mTAARGF 5’-TCTCTCTTCCACCTGAGCTT-3’ 9 [5]
mouse | mTAAR6R 5’-GACACAGACACCGTGAACTT-3’
Taar9 mTAAROF 5’- TGGAGAGCTGCTGGTACTTT-3' 108 [5]
mouse | mTAAR9R 5’-GGTCAATGGAGATGCAGCAT-3'
Taar9 TAAR96 F 5'-AGCCAACGAGGAAGGGATTG-3' a4 |-
rat TAAR96 R 5'-GACGACAGTGGGCAGAAAGA-3
GAPD | mGAPDH F2 | 5'-TTGATGGCAACAATCTCCAC-3’ [92]
H mGAPDH R | 5-CGTCCCGTAGACAAAATGGT-3’ 110
mouse | 2
HPRT | ratHPRT-F 5'- [93]
rat CTCATGGACTGATTATGGACAGGAC-
3!
ratHPRT-R 5'- 123
GCAGGTCAGCAAAGAACTTATAGCC
-3

3.1.2 Public transcriptomic data meta-analysis of mRNA expression

Transcriptomic data were retrieved from the National Center of Biotechnology

Information (NCBI) Gene Expression Omnibus (GEO) database. GEO Browser was

2 13

searched for the terms “brain”,

2 (13

cortex”, “cortical”, “hippocampus”, “hippocampal”,

29 <¢

“striatum”,

2 ¢¢ 29 ¢

, putamen’,

29 <6

accumbens”,

2 ¢¢

striatal”, “caudatus raphe”, “brainstem”, “pons”,
“cerebellum”, “cerebellar”, “basal ganglia”, and “white matter”. Each GEO dataset

included in the analysis meets the following criteria:
(1) human or mouse RNAseq study;

(2) TAARY values are available, and expression data are represented in raw counts or

counts per million (CPM, counts per million);
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(3) clear explanation of sample origin (i.e., data were excluded if the part of the brain or

cortex was not specified;
(4) at least 5 samples from healthy adult subjects/non-treated control animals per dataset;

(5) at least 40 million reads per SRA file (Sequence Read Archive) in healthy

subject/control animal groups.

Additionally, we have included 3 mouse datasets that consist of data on RNA isolated
from single neurons or subcellular fractions (Appendix 2). GSE130376 contains data for
nine single cholinergic neurons isolated from the nucleus accumbens. Cells were isolated
from mice that were hereditarily susceptible or resistant to cocaine addiction. Only three
animals were wild-type, so this dataset did not fully meet the inclusion criteria for the
number of samples. Another dataset, GSE121199, contains transcriptomic data of D1- or
D2- dopamine medium spiny neuron (MSN) cell fraction of the mouse nucleus accumbens
(D1-MSN and D2-MSN, respectively). Samples in this dataset were sequenced with less
depth than inclusion criteria. However, the RNA sequencing results in these studies are
sufficiently informative to detect TAAR expression, probably due to the design of the

experiment involving cell fractionation.

Normalization of expression of human tissue datasets was performed by a number of
transcripts per million reads, TPM (Transcripts Per Million) using the GEO2R tool. For
estimation of the expression levels, all murine data were CPM-normalized by the cpm
function in the edgeR package [94]. For both CPM and TPM, a value of 0.1 was considered
a threshold value. The analysis was performed with the great help and guidance of Dr.
Anastasia Vaganova, a researcher at the Laboratory of Neurobiology and Molecular

Pharmacology at the Institute of Translational Biomedicine.

3.2 Knockout animal studies

3.2.1 Generation of TAARY knockout rats with CRISPR/Cas9

TAAR9-KO rats were produced using CRISPR/Cas9-based technology on the
Sprague-Dawley outbred genetic background. Single guide RNA (sgRNA) was designed
to target the translation initiation site at the TAARY single exon according to the Zhang

Lab protocols [95]. To prepare the TAAR9-sgRNA expression plasmid, the oligo pairs
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330TAAR9S (5- CACCGTTCTCGTAGCAGAGCTCCA-3’)/330TAAR93 (5’
AAACTGGAGCTCTGCTACGA GAAC-3’) encoding the 20-nt guide sequences (5°-
GTTCTCGTAGCAGAGCTCCA-3’) were annealed and ligated into pX330 plasmid
(Addgene plasmid ID: 42230) digested with Bbsl. The sgRNA was amplified with primers
T7sgRNATAARO9fw (5’-TTAATACG
ACTCACTATAGGTTCTCGTAGCAGAGCTCCA-3’) and sgRNA31 (5°-
AAAAGCACC GACTCGGTGCC-3’) to add a T7 promoter sequence. sgRNA was
transcribed in vitro by T7 RNA polymerase using Ambion MEGA shortscript T7 kit
(AM1354). A mixture of sgRNA (25 ng/uL) and Cas9 mRNA (IDT, 30 ng/uL) was
microinjected into pronuclei of fertilized eggs from Sprague Dawley rats (Janvier, Le
Genest-Saint-Isle, France). The injected zygotes were cultured to the 2-cell stage and
transferred into pseudo-pregnant females according to established methods [96]. The
resulting offspring were genotyped by polymerase chain reaction with primers flanking the
gRNA target region (Taar95: 5’- CAGCAGGTAGAAAATGGGAG-3’ and Taar931 5°-
AGTGGAGGATAGCGGTGATG-3’) and screened by Sanger sequencing. The generation
of knockout animals was carried out in collaboration with Olga Korenkova of the Institute
of Translational Biomedicine, SPBU, Natalia Alenina and Elena Popova of the Michael
Bader laboratory at the Max Delbruck Center of Molecular Medicine (MDC), Germany.

3.2.2 Genotyping and knockout validation

Two mutant lines, with a single nucleotide insertion (TAAR9-KO-insA) and single
nucleotide deletion (TAAR9-KO-delC), were used in the study. Since both mutations
resulted in a loss of Sacl restriction site, genotyping of animals was performed as a
combination of PCR followed by Sac/ digestion. PCR was run on genomic DNA isolated
by alkaline lysis [97] from ear biopsies using primers flanking the mutation site (TAAR952:
5’-TGGCCTTTTGCAAGAAGTTT-3’ and TAAR932: 5’-
GCAAAGCAGAAGGAGGTGTC-3’). PCR amplification was performed in a buffer
containing 2 x BioMaster HS-Taq PCR-Color reaction mix with 1 uM of each primer, and
500 ng genomic DNA. After incubation at 95 °C for 3 min, 35 cycles of 20 s at 95 °C, 20 s
at 63 °C, 40 s at 72 »C, and a final incubation of 72 »C at 5 min, the resulting 586 bp product
was digested by Sacl restriction enzyme. The appearance of two bands at 315 and 271 bp
corresponds to the WT; of three bands at 586, 315, and 271 bp to HET; and of a single
undigested 586 bp band to KO genotypes.
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Validation of the knockout was performed by sequencing. For the offspring ratio 90
animals born to heterozygote+heterozygote pairs were analyzed. To evaluate Taar9 mRNA
level from the olfactory epithelium after gene knockout females of three genotypes
(TAAR9-KO-delC, TAAR9-KO-insA, WT, n=1, age 7 months) were used. RNA isolation,
reverse transcription, and PCR were performed as in 3.1.1. Primers used for the rat Taar9
gene were TAAR93 F (5-AAGAGTAGAGCCAGACGAGAGAGAGAGG-3") and
TAAR93 R (5'- TCATGTAGGCATCAATCACGGC-3").

3.2.3 Backcrossing of knockout animals

For backcrossing, Sprague-Dawley rats were purchased from the SPF Vivarium of
the Institute of Cytology and Genetics, Siberian Branch of the Russian Academy of
Sciences. Six consecutive rounds of backcrossing of heterozygotes with pure wild type

were performed. This process took 2.5 years.
3.2.4 Animals

Information on the species, lines, and number of animals used in all experiments,
except knockout generation, is presented in Table 4. Two mutant lines of rats with a Taar9
gene knockout were used: with a single cytosine deletion (TAAR9-KO-delC) and with a
single nucleotide insertion (TAAR9-KO-insA).

Table 4. Animals

Species Line/background | Mutation Number of Sex
animals

rat Sprague Dawley | no 38 3430+ 49

rat Sprague Dawley | TAAR9-KO- | 27 268+ 19
delC

rat Sprague Dawley | TAAR9-KO- 11 108+ 19
insA

mouse C57Black no 6 38 +39

The animals were kept in the SPF vivarium of St. Petersburg State University. Rats
were housed in acrylic plastic cages with wire covers. Wood sawdust or domestically
produced granulated wood filler for laboratory rodents were used as bedding material. Up
to 3 animals were housed in one cage, except for the experiment on implantation of

temperature sensors and analysis of food and water consumption, where animals were kept
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one per cage. Animals were allowed access to food and water ad libitum and kept at a room
temperature of 20-22°C under natural light levels with a day-night cycle of 12:12 (lights

were turned on at 10:00 a.m.).

Animals (rats) were sacrificed by decapitation after light inhalation anesthesia with
isoflurane, and mice - by cervical dislocation. The genotypes of all rats used in this study
were confirmed twice, from samples collected at weaning and after the sacrifice. All
procedures were approved by the Ethical Committee of St. Petersburg State University (No.
131-03-4, May 15, 2021).

3.2.5 Behavioral analysis

All behavioral tests, except the olfactory preference test, were performed on the

following groups in two rounds:

1) comparative analysis of three groups of the following genotypes: wild type (WT),
TAAR9-KO-delC (KO-delC) knockout, and TAAR9-KO-insA (KO-insA) knockout. Male
rats, n=10 in each group, 3 months of age, were used for this round. The use of two
independent knockout lines with different mutations of the same gene provides reliable
results from gene knockout without the influence of other factors, including off-target

mutations that may occur after CRISPR/Cas9.

2) second round took place after 2.5 years of backcrossing, behavior, and brain
neurochemistry analysis of TAAR9-KO-delC and wild type were investigated. Two groups
of 3-4-month-old male littermates (n=8) after 6-fold backcrossing were taken for this round.

These animals were also used for the olfactory test.

Before each behavioral test, animals were habituated for >10 min in a room adjacent
to the experimental room. Behavioral experiments were performed together with my
colleagues from the Laboratory of Neurobiology and Molecular Pharmacology at the
Institute of Translational Biomedicine, SPBU, Savelii Rostislavovich Kuvarzin, and Ph.D.

Evgeniia Viktorovna Efimova.

3.2.5.1 Open field

The baseline locomotor activity of the animals was assessed using an open field
test. The setup was a black plastic circular arena (97 cm in diameter) with holes in the floor

of the arena (2 cm in diameter). Each rat was placed in the center of the arena and
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spontaneous exploratory activity was recorded with a video camera. The recorded file was
analyzed using Noldus Ethovision video-tracking software for 5 minutes. The following
behavioral indicators were monitored: total distance traveled, speed, time in the central
zone and frequency of visits to the central zone, number of holes explorations, number of

rears, and total time of grooming.

3.2.5.2 Open field with a novel object

To analyze long-term memory, we conducted an open field test with a novel object.
The setup was a black plastic circular arena (97 cm in diameter) with holes in the arena
floor (2 cm in diameter). On the first day, animals were placed in the center of the arena
containing two identical round objects in each half of the arena (symmetrically) and
spontaneous exploratory activity was recorded by a video camera. The recorded file was
analyzed using Noldus Ethovision video-tracking software for 5 minutes. On the second
day, 24 hours later, the rats were placed in the center of the same arena, but one round
object was replaced by a new rectangular-shaped object. The following parameters were
assessed: time spent near the new object, as well as time and frequency of sniffing the new

object.

3.2.5.3 Elevated plus maze test

The elevated plus maze is used to measure anxiety-like behavior in rodents. The maze
consisted of two opposite open arms without walls (50 x 14 cm), and two opposite closed
arms (50 x 14 x 30 cm) raised 40 cm from the floor. Normally, animals prefer to stay in
closed sleeves, so exploratory behavior in open sleeves is considered an indicator of
reduced anxiety. Rats were placed in the center of the maze facing the open arm and
spontaneous motor activity was recorded by a video camera for 5 min. The following
parameters were analyzed using Noldus Ethovision software: cumulative duration in open
arms, frequency of entries into open arms, total distance traveled separately in open and
closed arms, average speed, number of rears in closed arms, and a number of head dips in

open arms.
3.2.5.4 T-test

T-test was used to study short-term memory of animals. T-maze parameters were
as follows: starting alley 50x16 cm, arms 50x10 cm, wall height 32 cm. The test was

conducted in two stages. In the first stage, each rat was placed in a T-shaped maze with one
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arm closed for 5 minutes, and after 45 minutes was placed in the same maze for 5 minutes,
but both arms were open. Normally, animals explore new arm more frequently. Time spent
in the known and previously closed arm was measured using recorded video with Noldus

Ethovision.

3.2.5.5 Stress-induced hyperthermia

A BIO-TK8851 digital thermometer (BIOSEB, France) was used to measure rodent
body temperature. For each measurement, the sensor was inserted into the rectum of the
animal until the thermometer reading stabilized. The temperature of the animals was

assessed twice with a difference of 10-15 minutes.

3.2.5.6 Forced swim test

To assess depressive-like behavior, we used a forced swim test. The study was
conducted in 4 cylindrical containers made of glass (diameter 20 cm, height 50 cm). Before
each experiment, the cylinders were filled by 2/3 with fresh tap water (temperature 20 + 1
°C). Rats were placed in the water and the duration of each test was 10 minutes. On video
recording, the same researcher estimated the total time of immobilization, active and

passive swimming, using Realtimer software (Russia).

3.2.5.7 Olfactory preference test

The method was carried out as previously described by Saraiva and colleagues [57].
Animals were placed in a new cage without bedding, 52x40 cm, h=20 cm (one rat per cage),
and habituated there for 10 min. Exposure to olfactory stimuli was performed by gently
dropping pieces of filter paper (1.5 % 2 cm) soaked with 50 pL distilled water (H20) in one
end of the cage and odorant (85 mM in H>O, equivalent to 4.25 umol) into another end.
Animal behavior was recorded on video for 5 minutes. Recordings were evaluated by a
“blinded” (with respect to odorant and genotype) experimenter. Total sniffing time was

measured during 5 minutes of exposure to the odorant.

3.2.5.8 Food and water consumption measurement

To measure animal weight, food and water consumption, 3-month-old males of the
TAAR9-KO-delC genotype (n=8) were kept by one in a cage. For four days, food and water

were weighed once a day.
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3.2.6 Body temperature recording

Thermometry studies were performed on 6-8-month-old wild-type and TAAR9-KO-
delC knockout males (WT, n=8; KO, n=6). Animals were divided into two subgroups with
an equal number of 3 KO and 4 WT per subgroup because of the limited number of loggers.
Experiments were performed under as similar conditions as possible, including the
sequence of different exposures and the interval between them. The data obtained in the
two subgroups were first analyzed separately and then combined.

iButton implantation. The iButton Data Loggers were implanted into the peritoneal
cavity (“Elin”, Russia). The animals were anesthetized with isoflurane narcosis. The lower
abdomen was shaved, treated with betadine, and a 1.5-2 cm long incision was made in the
skin and the peritoneal wall. Then iButton was inserted into the peritoneal cavity, and the
peritoneum and skin were closed separately with Vicryl Ethicon absorbable suture material,
20 mm (Braun, Germany). The suture was covered with BF-6 glue, which had wound-
healing and antiseptic effects. While the animal was under anesthesia, an intramuscular
injection of gentamicin and ketorolac 10 mg/kg was administered. After surgery, the
animals were kept in separate cages and allowed to recover for 7 days. Three months after
the experiments, the animals were euthanized by decapitation after anesthesia with
isoflurane, and the iButtons were removed from the abdominal cavity. In parallel, we
checked for any signs of injury of internal organs caused by iButton.

Recording of body temperature with iButton. Central body temperature was
automatically recorded using intraperitoneally implanted iButtons in continuous mode. The
iButtons weigh 3.3 g (diameter: 16 mm, thickness: 6 mm). Each sensor can store
temperature readings at a user-defined time interval. The start of the measurement is
defined by the user. Here we used a 3-minute interval and the measurement period was
over 30 days. The iButton started recording the temperature ~20 minutes before
implantation.

Temperature recording analysis. After the removal of the sensors, data were
transferred to Excel using iBDL R software (IButton Data Logger Revisor). A daily
temperature change of each animal and the average temperature for the day and night were
analyzed. We obtained 480 points per day from each animal. Temperature data from day 7
postoperatively were used to plot the dynamics of mean temperature during the week. To

determine body temperature at day time (hours 12:00-19:00) and nighttime (hours 00:00-
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07:00), the average for each animal (140 points) was calculated for 6 days, excluding the
first 7 days after surgery, days of bedding change, and before the first experiments (i.e.
heating on day 17 after surgery). The day of surgery was taken as Day 1 in the graphs and
descriptions.

Heating. The ambient temperature in the room with the cells was maintained between
30-36°C for 3 hours. Most of the time the temperature was ~33°C.

Exposure to 21°C and 17°C. Exposure to cold was conducted in 4 cylindrical
containers made of glass (diameter 20 cm, height 50 cm). Before each experiment, the
cylinders were filled with fresh tap water of the required temperature (temperature + 1 °C)
by 2/3. The duration of each test was 10 minutes. After bathing, the rats were taken out of
the water, wiped dry with a towel, returned to their home cage, and left in a warm
environment.

Immobilization stress: Rats were placed in a cylindrical container with free access to
air, without the ability to move for 3 hours.

Operations and thermometry experiments were performed together with members of
the Laboratory of Neurobiology and Molecular Pharmacology of the Institute of
Translational Biomedicine, M.S. Savelyi Rostislavovich Kuvarzin, Ph.D., Evgeniia

Viktorovna Efimova and Ph.D., Evgeny Viktorovich Kanov.
3.2.7 Monoamine tissue content analysis

Analysis was performed by reverse-phase high-performance liquid chromatography
with electrochemical detection. Dissection of the hypothalamus, striatum, and frontal
cortex was performed on ice. The isolated structures were immediately transferred to liquid
nitrogen and stored at -80°C until analysis. Samples for chromatographic analysis were
weighed, thawed, and homogenized in an appropriate volume of 0.1 M chloric acid
containing 2,3-dihydroxybenzoic acid (DHBA) at a given concentration (acid volume was
calculated depending on the structure and its weight). Homogenization was performed
using a Q125 ultrasonic sonicator (Qsonica, USA). The next step was centrifugation (14000
g, 10 min, +4°C). The supernatant was transferred to 20 pM filter tubes (PVDF, Millipore)
for the second centrifugation step (12000 g, 2 min, +4°C). Next, chromatographic
separation of the supernatant obtained during filtration was performed. An Eicom HTEC-
500 (Japan) instrument was used for the analysis. The separation was performed on a

reversed-phase CA-50DS column (150*2.1 mm, Eicom, Japan). The mobile phase
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consisted of the following components: 100 mM sodium phosphate buffer, 0.17 mM
EDTA, 1.8 mM octyl sulfonate, 18% methanol, and pH 4.5. Detection was performed on
an analytical cell with graphite electrode WE-3G (Eicom, Japan), at a potential of +650
mV. The eluent flow rate was 0.2 ml/min. To calibrate the chromatograph, mixtures of
working standards of the substances to be determined at a concentration of 0.5 nmol/ml
were used. The chromatograms were processed using the "PowerChrom" program. The
content of monoamines and their metabolites was determined using an internal standard
DHBA (a substance of catecholamine nature, but not found in native tissue) at a
concentration of 0.5 nmol/ml.

The content was calculated in ng/mg of tissue. Norepinephrine, dopamine (DA),
serotonin (5-HT), metabolites of dopamine (dihydroxyphenylacetic acid (DOPAC) and
homovanillic acid (HVA)), and serotonin metabolite 5-hydroxyindoleacetic acid (5-HIAA)
were analyzed. The 5-HIAA/5-HT, DOPAC/DA, and HVA/DA ratios reflecting the
turnover of the respective monoamines, were also examined. HPLC analysis was performed
together with M.S. Mikael Mor from the Laboratory of Neurobiology and Molecular

Pharmacology at the Institute of Translational Biomedicine, SPBU.
3.2.8 Relative gene expression

Relative gene expression of key proteins of the dopaminergic, glutamatergic, and
serotoninergic systems in the brains of wild-type and TAAR9 knockout animals was
analyzed using real-time PCR. For the analysis, 3-month-old males of WT and TAAR9-
KO-delC were used (n=6-8) before the completion of backcrossing. Striatum, midbrain+
medulla oblongata, frontal cortex, hypothalamus, and olfactory bulb were dissected on ice.

Tissue was immediately placed in Trizol reagent and stored at -20°C.

Primer design and validation. Primers used for cDNA amplification were designed using
NCBI PrimerBLAST instrument based on mRNA sequences. Where possible, primers
were selected at the exon-exon junction. Criteria for primer selection were as follows:

- length 18-22 bp.

- product size ~ 120 bp.

- Tm ~ 60°C

- no hairpins and homo-, heterodimers with AG < -10 kcal/mol (evaluated with the

IDT OligoAnalyzer online calculator)
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- absence of nonspecific binding to rat mRNA and genomic DNA, human genomic
DNA.

Upon delivery, PCR was performed with rat striatum cDNA, and the melting curve
was analyzed with SYBR green dye, then the product was analyzed by 2% agarose gel
electrophoresis. Primers that gave nonspecific products in the negative control (water) or
double peak on the melting curve were excluded. Next, a series of 5 dilutions of cDNA
obtained from 1 pg of rat striatum or midbrain was amplified simultaneously in separate
tubes and used to construct a calibration curve. The calibration curve in the coordinates "Ct
(threshold cycle value) - cDNA concentration" was constructed in Excel by calculating the
R? parameter, which had to be > 0.99. The sequences of the primers used in this work are
given in Appendix 3.

RNA isolation and RT-gPCR. RNA extraction and RT-qPCR were performed as in
section 3.1.1 with slight modifications. Isolated RNA was treated with DNase I
(ThermoScientific) (1 U/1 pg RNA, 37°C, 10 min) and then DNase was inactivated by
incubation at 60°C. Then, 1 pg of RNA was reverse transcribed using primer N6 in a 20
pL reaction with RevertAid Kit. cDNA was diluted 4-fold and used for quantitative real-
time PCR with specific primers and primers for normalization (HPRT gene or 28S
ribosomal RNA gene). Normalization and analysis were performed using the AACt method

[98].

3.3 In vitro methods

3.3.1 Cloning

For this work, the rat Taar9 gene was cloned into a vector for eukaryotic expression.
The pcDNA-B2N9-rTAAR9 vector was developed to express TAAR9 in HEK293T cells
under the control of the CMV promoter. An N-terminal f2N9-3xHA tag consisting of the
first 9 amino acids of the B2-adrenergic receptor (MCQPGNGSA) was added to enhance
membrane expression. A hemagglutinin tag in 3 repeats (YPYDVPDYA) was also added
to detect cellular localization using antibodies. This tag will further be referred to as B2N9.
To analyze protein localization in the cell, B2N9-TAAR9 gene sequence was cloned into
the pEGFPN3 vector. Primers were designed using Benchling, and gene sequences were

from the NCBI site.
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General cloning principle: after PCR with primers to insert restriction sites,
restriction was performed. The target vector was processed with the same restrictases. After
ligation, competent E. coli cells were transformed with the ligation mix. Antibiotic
resistance was used for potential positive clones’ selection, then clones were confirmed by

restriction analysis and Sanger sequencing.
3.3.1.1 Vectors

The pEGFPN3 vector was a kind gift of Y.V. Sopova of the Center for Genome
Transgenesis and Editing of the ITBM SPBU. pcDNA RTPIS vector for RTPIS
expression was obtained from Addgene (#296736) [99]. The Exchange Protein directly
Activated by cAMP (EPAC) BRET biosensor to detect cAMP level was the same construct
as published previously [82]. The BRET EPAC cAMP biosensor contains a truncated
EPAC (residues 149-881), flanked by Renilla reniformis luciferase and citrine fluorescent
protein on the 5° and 3 ends respectively. Plasmid pcDNA-B2N9-hTAARI1 was the same

construct as published previously [82].

TAAR9 gene expression vector (pcDNA_P2N9-rTAARY). The Taar9 gene was amplified
from rat genomic DNA by PCR with the introduction of EcoRI and Xbal restriction sites
using primers rTTAAR9 EcoRI F and rTAAR9 Xbal R. Next, the amplicon was purified
with the GeneJet Gel Extraction Kit and then cloned by blunt end cloning into pJetl.2
subcloning vector using the commercial CloneJET PCR Cloning Kit. The resulting
pJet TTAARY vector was sequenced to confirm the correct sequence of the TAARO gene.
Then, it was hydrolyzed with EcoRI and Xbal, and inserted into the pcDNA-B2NO-
hTAARI vector hydrolyzed with the same restrictases.

Vector for the expression of the TAARY fused with EGFP (pEGFP-2N9-rTAARY). To
study the cellular localization of the protein, pEGFP-B2N9-rTAAR9 vector was developed,
with the Taar9 gene fused with GFP gene at 3’-end under the control of the CMV promoter.
To obtain this vector, the B2N9-TAAR9 gene was amplified by PCR using 3HA HindIIl F
and rTAAR9 Kpnl R primers, pcDNA-B2N9-rTAARY vector as a matrix. The resulting
amplicon was hydrolyzed by restrictases HindIIl and Kpnl, and inserted into the pEGFPN3

vector hydrolyzed with the same restrictases.



161

Primers for cloning

BN9-TAARO9 cloning into pcDNA-B2N9-hTAAR1 with EcoRIl/Xbal

rTAAR9 EcoRI F | 5’- CAGGAATTCATGGAGCTCTGCTACGAGAAC
rTAAR9 Xbal R | 5’- CGCTCTAGATTAACCTGCACCTGCTTCTTCA
BN9-TAARY-EGFP cloning with HindIll/KpnIR

3HA HindIIl F 5’ - CATAAGCTTATGGCTAGCTACCCATACGATG
rTAAR9 Kpnl R | 5 - CGCGGTACCACCTGCACCTGCTTCTTCA

Primers for sequencing

pletl.2 F 5’- CGACTCACTATAGGGAGAGCGGC
pletl.2 R 5’- AAGAACATCGATTTTCCATGGCAG
CMV_F 5’ - CGCAAATGGGCGGTAGGCGTG
BGH R 5’ —= TAGAAGGCACAGTCGAGG

3.3.1.2 PCR amplification

A PCR was used to amplify genes and add restriction sites and tags.

PCR mix:
50-250 ng of genomic DNA or
10 ng of plasmid DNA
1 x | Hi-Fi buffer
0.2mM | dNTPs
0.5uM | F primer
0.5uM | R primer
Phusion ~ High-Fidelity = DNA
0.8U
polymerase
x uL | deionized, nuclease-free water
>=40uL

Amplification program

98°C — 3 min

| 1. 98°C — 20 sec
C'35c.[]2.64°C — 15 sec
| 3. 72°C — 40 sec
72°C — 10 min
Fragments were separated by 1% agarose gel electrophoresis, cut from the gel, and

purified with GeneJet Gel Extraction Kit based on DNA binding to silica gel columns;

elution volume was 10 pL. DNA concentration was measured spectrophotometrically using
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Nanodrop. Purified fragments were either immediately subjected to restriction or stored at

-20°C for up to 2-3 days.

3.3.1.3 Restriction and ligation

Restriction. Restriction protocols were generated using online DoubleDigest Calculator
from ThermoFisher Scientific. Vectors and fragments were subjected to restriction for
subsequent ligation or for restriction analysis of the resulting clones.

General restriction protocol:

10 uL purified PCR product or
1 pg plasmid DNA
1 x | suitable buffer
5-10 U | restrictase
deionized, nuclease-free

x ul. | water
>=20uL

Incubation for 1-2 hours at 37°C.

Ligation. In total 50-100 ng of DNA was used for ligation with an insert: vector ratio being
3:1. The ligation mix was made on ice, then incubated for 30 minutes at 22°C. The ligation
mix was either immediately used for transformation or stored at -20°C overnight.

Ligation mix
3:1 (insert: vector)
1 x | T4 buffer
5 Weiss U | T4 ligase
deionized, nuclease-free
water

x uL

>=10uL
As a control for self-ligation of the vector after restriction, a ligation without insert was

also performed in a separate tube, and the number of colonies was compared with the

control.

3.3.1.4 Transformation of E. coli

Competent E.coli XL10-Gold cells were either purchased from Evrogen (Russia)
or made using the CaCl, method [100]. The competent cells were transformed with a
ligation mix using heat shock. Aliquots of competent cells stored at -80°C were thawed on
ice. Cold ligation mix was then added and gently mixed. The reaction was incubated for 30
minutes on ice. This was followed by a heat shock for 90 seconds at 42°C, and 2 minutes

on ice. 600 pL of SOC medium without antibiotics was added and incubated for one hour
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at 37°C. During this period, bacteria begin to produce enzymes for antibiotic resistance.
Cells were seeded on agar plates with ampicillin or kanamycin for positive selection and
incubated at 37°C overnight. Then 3-5 clones were seeded in 3-10 ml of LB medium +
antibiotic (kanamycin or ampicillin), grown at 200-300 rpm overnight at +37°C. Plasmids
were then purified using GeneJet Plasmid Miniprep Kit and eluted in 50 pL. Plasmids were
subjected to restriction and analyzed with 1% agarose gel electrophoresis for bands of
predicted length. Selected clones were then analyzed by Sanger sequencing to confirm
correct insertion. Sequencing was performed by A.E. Romanovich and A.E. Masharskii at
the Centre for Molecular and Cell Technologies, SPBU. Sequencing results were analyzed

using Snapgene software (United States). Plasmid stocks were stored at -20°C.

3.3.1.5 Plasmid preparation for transfection

To obtain a sufficient amount of plasmid DNA, bacteria were transfected with 10
ng of plasmid and seeded in 100 ml of LB or TB medium [101], then grown overnight at
+37°C and 250 rpm. The GeneJet Plasmid Maxiprep kit was used for purification with
slight modifications: elution was performed in a volume of 100-200 pL in several steps to
increase the concentration. Next, the most concentrated fractions were combined. The
concentration for successful transfection was 0.9-1 pg/uL. Another plasmid purification
method was used as published [101]. It should be taken into account that the plasmid DNA
obtained by this method cannot be stored at +4°C, as it starts to degrade; also, these
plasmids are not suitable for restriction analysis, nevertheless, we successfully used it for
transfection. Purified plasmid DNA was analyzed by agarose gel electrophoresis.
NanoDrop 2000 spectrophotometer (Thermo Fisher Scientific, USA) was used to
determine plasmid concentration. Plasmid DNA was stored at -20°C or for long-term

storage at -80°C.
3.3.2 Cell culture

3.3.2.1 Cell culture

HEK293T cell culture was grown on 100 mm dishes in humidified air containing
5% CO2 using DMEM medium, and DMEM/F-12 medium was used for CHO-K1 for no
more than 16-20 passages. The medium was supplemented with 10% fetal bovine serum,
I1xGlutaMAX (L-alanyl-L-glutamine), | mM sodium pyruvate, Ix MEM-NEAA (non-

essential amino acids), and 0.1 mg/ml penicillin/streptomycin at 37°C. Cells were passaged
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every 2-3 days by treating with Tryple Express, an improved trypsin analog. All cell
cultures were routinely checked for Mycoplasma spp. contamination by PCR every 2-3

months [102].

3.3.2.2 Transfection

HEK293T or CHO-K1 cells at >6 passages were used for transfection. The principle
of transfection is that the liposomal reagent Lipofectamine2000 leads to the complexation
of plasmid DNA and liposomes. Liposomes are internalized through endocytosis. After
endosome degradation, the plasmid DNA is freed and enters the nucleus during the next
cell division. Cells were seeded on a 100 mm dish, and grown to 70% confluence, then
DMEM medium was replaced by antibiotic-free OptiMEM medium supplemented with 2%
fetal bovine serum, 1x GlutaMAX, and 1 mM sodium pyruvate. 30 pL Lipofectamine2000
was incubated with 120 pL OptiMEM for 5 minutes. At this time, the plasmid DNA volume
was brought up to 150 pL in OptiMEM medium (5 pg of EPAC plasmid + 5 pg of TAAR9
plasmid). Then, the contents of the tube with Lipofectamine 2000 were added dropwise to
the plasmid DNA solution and incubated for 20 minutes at room temperature, and gently
added to the cells. Then cells were incubated for 4 hours or overnight. For confocal
microscopy, cells were seeded on a 6-well plate and 1 ug of TAAR9-GFP plasmid per well

was transfected after reaching 70% confluence.

3.3.2.3 Confocal microscopy and immunofluorescence staining

Cells transfected with the pEGFPN3 vector as a positive control and the
pEGFP_PB2N9-rTAAROY vector, which encodes TAARY fused to the EGFP protein at the
C-terminus, were used to analyze receptor localization in the cell. After transfection
overnight, cells were seeded to a 6-well plate at a density of 100 000/well with poly-D-
lysine-coated slides on the bottom and grown on a supplemented DMEM for 24 hours. For
preliminary evaluation of transfected cells, GFP fluorescence of live cells was visualized
using a ZOE Fluorescent Cell Imager (Biorad, USA). Next, all steps were performed at
room temperature. Cells were washed with PBS, fixed with 4% paraformaldehyde solution
for 12.5 minutes, then washed with PBS solution 3 times for 5 minutes each. Next, cells
were mounted on a slide with Fluoroshield DAPI. For immunofluorescent staining, after
fixation and washing, nonspecific binding was blocked by incubation with 5% normal horse

serum diluted in PBS for 1 hour at room temperature. Incubation with the primary antiHA
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antibodies was performed for 60 minutes at room temperature or overnight at +4°C,
antibodies were diluted with 5% normal horse serum on PBS at a ratio of 1:1000. A
secondary antibody was diluted with 5% normal horse serum on PBS at a ratio of 1:1000,
incubated for 1 hour, then washed 3 times with PBS. Next, cells were mounted on a slide
with Fluoroshield DAPI Cells were visualized by a Leica TCSSP5 confocal microscope at
the Centre for Molecular and Cell Technologies, SPBU, using an excitation wavelength of

488 nm to visualize GFP, 553 nm for the Alexa Fluor 555 antibody.

3.3.2.4 Bioluminescence resonance energy transfer assay (BRET)

For the BRET assay of cAMP level coelenterazine h reagent (a substrate for Renilla
luciferase) was used to initiate bioluminescence. Transfected cells were plated on a 96-well
white plate at 150 000 cells/well (Minimum Essential Medium without phenol red
supplemented with 2% fetal bovine serum, 1xGlutaMAX, 1 mM sodium pyruvate, 0.1
mg/ml penicillin/streptomycin). Plate was incubated for 24 hours. All BRET assays were
performed at a final volume of 100 uL per well at room temperature. Right at the start of
the experiment, a Perkin Elmer Backseal sticker was applied to the bottom of the plate, and
the culture medium was replaced with 80 uL of PBS (with 0.03% ascorbic acid, 100 mg/L
CaCl,, and MgSQO4) followed by the addition of 10 pL of 50 uM coelenterazine-h (final
concentration 5 pM) and 10 pL of 2 mM phosphodiesterase inhibitor IBMX (final
concentration 200 uM). After 10 min of incubation with Rluc substrate, 10 puL of tested
compounds or vehicle were added. For screening, compounds were used at a final
concentration of 50-250 uM. For EC50 following concentrations were used: 1000, 500,
250, 125, 62.5, 31.25, 15.6, 7.8 uM). Isoproterenol (an agonist of the endogenous [2-
adrenergic receptor HEK293T) at 1 uM and the nonspecific adenylate cyclase activator
forskolin at 20 uM were used as positive controls. DMSO concentration did not exceed
1%. BRET signal was analyzed dynamically for 20 minutes using Mithras Centro XS3 LB
960 plate reader (Berthold Technologies, Germany) with optical filters of 465-505 nm for
the donor (Rluc) and 515-555 nm for the acceptor (YFP). Data were analyzed using
MicroWin software. BRET signal was calculated as the ratio of light emitted at 540 nm to
light emitted at 480 nm (YFP/Rluc). Next, ABRET = BRET ratio (PBS) - BRET ratio
(compound) was calculated. ABRET values were used to plot the EC50. BRET ratio
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Rluc/YFP was used to better represent the results of the screening. The experiment scheme

is shown in Figure 2.

EPAC plasmid

CAMP

Sy om0 o _— @ @
iy = 4750m EPAC/
| ) B
525""\
- EPAC biosensor for analyzing the ratio of the YFP acceptor

» fluorescence intensity {525 nm) to the luminescence intensity of
l Plate seeding " the donor Rluc (480 nm) upon cAMP binding

Rluc substrate and ligands addition

Figure 2. Schematic of the TAARY agonist screening experiment using BRET. Illustration of the EPAC biosensor is
from Salahpour, 2012.

3.4 Statistical analysis

All data are presented as mean = SEM. The graphs also show individual values as
points. Data were analyzed using the nonparametric Mann—Whitney U test. Two-way
ANOVA with Bonferroni posthoc test was used to analyze continuous iButton temperature
recording. Dose-response curves were fitted with non-linear curve fitting. Analysis was
performed using GraphPad Prism version 8.0 for Windows from GraphPad Software, San
Diego, CA, USA (www.graphpad.com). Values of p<0.05 were considered significant,
*p<0.05, **p<0.01, ***p<0.001.
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4 Results

4.1 Chapter 1. A pattern of TAARSs expression

4.1.1 Expression of Taars in mouse and rat tissues

The study of TAARs is complicated by the current lack of specific antibodies and
selective agonists/antagonists. The lack of specific antibodies does not allow to obtain
relevant data on TAAR expression at the protein level. Therefore, TAAR expression mostly
can be assessed at the mRNA level using reverse transcription and in situ hybridization
methods. The coding region of Taar genes, except Taar2, is consisted of one exon.
Therefore, we could not use primers specific to cDNA but not genomic DNA. Here, for
each sample, we used RT (-) control to check genomic DNA contamination: RNA without
reverse transcriptase added during reverse transcription and thus not containing cDNA. A
double check was performed by analyzing the fluorescence signal on the melting curve of
RT (-) control and agarose gel electrophoresis. Samples clean in both cases were included
in the analysis. In the mouse, Taar2, Taar6, and Taar9 were examined by RT-PCR in the
following tissues: olfactory epithelium, olfactory bulb, striatum, cerebellum, brainstem,
hippocampus, hypothalamus, frontal cortex, cervical spinal cord; Taar5 in cerebellum and
brainstem. In rats, the expression pattern of 7aar9 was examined in the following tissues:
olfactory epithelium, striatum, medulla oblongata, midbrain (substantia nigra, ventral
tegmental area), nucleus accumbens, hippocampus, hypothalamus, cerebellum, small

intestine, large intestine, liver, spleen, kidney, adrenal gland, testes.

Expression of mouse Taar2, Taar6, and Taar9 was confirmed in the olfactory
epithelium and olfactory bulb. In the mouse, Taar2 expression was also found in the cortex,
hypothalamus, and brainstem [9], Taar5 — in the cerebellum and brainstem [92], Taar6 —
in the frontal cortex [103], Taar9 — in the cerebellum (Figure 3). No 7aar9 mRNA was
found in any of the other studied mouse brain structures. However, in rats, Taar9 gene
expression was much more diverse: mRNA was detected in the ventral tegmental area,
substantia nigra, and nucleus accumbens (Figure 4). Taar9 mRNA was also present in the
ventral hippocampus, hypothalamus, and medulla oblongata. In the periphery, expression
was confirmed in the olfactory epithelium and testes. The expression could not be detected

in the liver and small and large intestines, and the amount of RNA isolated from brown and
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white adipose tissue was insufficient for analysis. The highest level of expression was

observed in the olfactory epithelium.
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Figure 3. Taar gene expression in mouse tissues by RT-PCR. RT-PCR products were applied to a 2% agarose gel. 10
uL of Taar amplicons, 4-5 puL. of Gapdh amplicons as an internal RNA loading control were applied to the gel.
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Figure 4. Taar9 gene expression in rat tissues by RT-PCR. RT-PCR products were applied to a 2% agarose
gel. 10 puL of Taar9 amplicons and 4-5 pL of Hprt amplicons were applied to the gel. Rat Hprt gene was used
as an internal RNA loading control.
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4.1.2 Meta-analysis of TAARY gene expression data

We expanded our RT-PCR analysis of TAARY expression with data from open
databases. For this purpose, we performed a meta-analysis of RNA sequencing data of
mouse and human brain structures from the GEO database. Thirteen datasets containing
data from human brain tissue studies and 15 murine datasets were analyzed. Additionally,
3 datasets from studies of individual midbrain dopaminergic neurons (GSE64452) and a
cholinergic interneuron fraction of the mouse nucleus accumbens (GSE130376) were
analyzed; as well as a cytoplasmic and nuclear fraction of D1- and D2- medium spiny
neurons (MSN) (GSE121199). Information about datasets and a number of samples
analyzed is given in Appendix 1 for humans, and Appendix 2 for mice. According to our
previous experience, currently, there are no suitable rat datasets in the GEO repository, so

we focused on TAARY expression in mouse and human brain structures.

In humans, the most represented structure was cortex (prefrontal cortex = 121
samples, cingulate cortex = 32 samples, motor cortex = 13, parietal cortex = 10, frontal
cortex = 5). Of these, in the single GSE135838 dataset, expression of 7TA4AR9 mRNA was
detected in two of the five parietal cortex samples at 0.25 TPM (cut-off = 0.1). In the
nucleus accumbens, TAARY expression was below cut-off in all 81 samples, as well as in
the hippocampus and corpus callosum. In the putamen, 744AR9 expression was above cut-
off in two of 59 samples. In the caudate nucleus of the striatum, TA4R9 expression was

above the threshold in 10 of 59 samples (Figure 5a).

According to our RT-PCR data, Taar9 is expressed extremely weakly in the mouse
brain. However, analysis of the GEO repository data showed that this is true for the whole
tissue fragments. When sequencing individual cell fractions, namely MSNs and cholinergic
interneurons of the nucleus accumbens, expression of 7aar9 was higher than the threshold

value (Figure 5b).
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4.2 Chapter 2. Characterization of TAAR9-KO rats

As Taar9 expression pattern analysis showed, rats have a much more interesting and
pronounced expression in the CNS compared to mice. Therefore, rats were chosen for

Taar9 gene knockout as a model to study the role of the receptor.
4.2.1 Generation of TAAR9-KO Rats

For the development of new mutant animal lines, CRISPR/Cas9 technology is now
the preferred method [104]. Due to its high speed and accuracy, CRISPR/Cas9 makes it
possible to obtain a knockout animal already in the first generation. The method is based
on introducing a double-stranded break in the DNA of the gene to be switched off, followed
by SOS repair. To generate knockout rats, we targeted rat Taar9 gene by using
CRISPR/Cas9 genome editing. A single guide RNA (sgRNA) and protospacer adjacent
motif (PAM) were designed to target the coding strand of the rat 7Taar9 gene with a
predicted cut site 5 bp downstream of the translation initiation codon (Figure 6A). A total
of 31 embryos microinjected with sgRNA and Cas9 mRNA were implanted to foster
mothers that resulted in the birth of 17 founder offspring, which were analyzed for edits.
Two founders carried mutations in the targeted region, deletion of cytosine, and insertion
of adenine (Figure 6B), and gave rise to two TAAR9-KO rat lines, TAAR9-KO-delC and
TAAR9-KO-insA, respectively [93]. Both mutations led to the loss of the Sac! restriction
site (Figure 6B), that was used to distinguish WT and KO alleles for the genotyping of the
animals (Figure 6C). The selected founders were backcrossed to WT rats to generate the
heterozygous (HET) F1 and F2 generations. While we continued backcrossing to exclude
potential off-target mutations from CRISPR/Cas9 genetic manipulations [105], we also
expanded a colony of F2 generation to perform part of the experiments (refer to 3.2.5). By
observing similar alterations in two independently developed strains of knockout of the
same gene, we excluded the likelihood of the contribution of off-target mutations to the

effects observed [93].
4.2.2 Validation of TAAR9-KO Rats

WT, HET, and KO animals for the TAAR9 of both strains were born at close to
Mendelian ratios, and homozygous KO animals were viable and reached adulthood without

any overt phenotypes. Next, we performed validation of the TAAR9-KO animals at the



172

mRNA level. mRNA was isolated from an olfactory epithelium (OE), the site with the
highest TAAR9 expression [5], of WT and both KO-insA and KO-delC TAAR9-KO
strains, reverse-transcribed into cDNA and quantified by qPCR.
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Figure 6. Generation of TAAR9-KO rats. (A) Diagram of the TAAR9 exon 1 sgRNA. The sgRNA sequence is
underlined. Protospacer adjacent motif (PAM) sequence is indicated in red; the arrow indicates the Cas9 cutting site;
the sequence in capital letters indicates the TAAR9 open reading frame. (B) Chromatograms of the TAAR9 genomic
sequence from WT (upper panel), heterozygous insA (middle panel), and heterozygous delC (lower panel) animals.
The black frame indicates the Sac/ restriction site on the WT allele. The Sac! site was destroyed by both A insertion
and C deletion. (C) Genotyping of TAAR9-KO rats generated by CRISPR/Cas9 technology by Sac/ digestion of PCR
fragments. Undigested 586 bp band corresponds to the KO allele; the appearance of two bands, 315 bp and 271 bp,
corresponds to a WT allele. The presence of all three bands corresponds to a heterozygous animal. (D) Reverse
transcription-polymerase chain reaction (RT-PCR) with TAAR9- and HPRT (housekeeping gene)-specific primers
using RNA isolated from the main olfactory epithelium (MOE) of WT, KO-delC, and KO-insA rats. (E) N-terminal
TAARY protein sequences of the WT, KO-insA, and KO-delC animals. Both A insertion and C deletion result in a
premature stop codon and synthesis of short, non-functional peptides. From Murtazina et al. 2021 with modifications.

Although housekeeping transcripts (Hprt) were identified in all probes analyzed,
Taar9 mRNA was expressed only in WT animals but was undetectable in mutant rats by
qPCR. Additionally, a drastic reduction in TAAR9 expression was visible when PCR

products were run on the agarose gel (Figure 6D). Both mutations lead to a reading frame
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shift resulting in a premature stop codon (Figure 6E). The insertion of a premature
termination codon in exon 1 in both strains may result in a loss of mMRNA expression likely

due to the nonsense-mediated decay of mRNA [106].
4.2.3 Phenotyping of two independent lines of TAAR9-KO rats

As indicated earlier, two lines of rats with the TAAR9 gene knockout were
established. In this work, a simultaneous comparative analysis of three groups was
performed: wild-type, TAAR9-KO-delC (KO-delC), and TAAR9-KO-insA (KO-insA).
Examining two distinct knockout lines with separate mutations that result in the knockout
of the same gene can be advantageous in obtaining accurate results from gene knockout,

free from the impact of external factors such as off-target effects after CRISPR.

As previous studies have shown differences in behavior and levels of dopamine
and serotonin in other TAAR knockout lines (such as TAAR2 and TAARS) [7-9], we
initiated the phenotyping of TAAR9-KO by conducting behavioral tests and analyzing

monoamine levels in the brain.

4.2.3.1 Behavioral analysis

For behavioral analysis, 3-month-old male littermates were divided into three
groups: wild type, KO-delC, and KO-insA. Open Field test was conducted to measure basic
locomotor activity. Time spent in the central area, speed, and distance traveled were
measured. However, the differences observed in these parameters in animals of the three

groups were negligible (Figure 7).
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Figure 7. Open field test in animals of three genotypes.

Two methods were used to assess memory in rats: Open field with novel object and

T-test. In the Open field with a novel object test, which is used to analyze long-term
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memory, there were no differences in the time in the zone with a novel object between the

three groups. The duration of sniffing novel object was also comparable. In the T-test used

for short-term memory, rats of both lines with TAAR9 knockout also did not differ in the

time spent in the novel arm (Figure 8).
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Figure 8. Study of two TAAR9-KO lines in the Open field with novel object and T-Test

To assess general anxiety in rats, we used Elevated Plus Maze (EPM) test.

Normally, rodents prefer to stay in closed sleeves, so exploratory behavior in open sleeves

is considered an indicator of reduced anxiety. In the EPM test, time spent in open and closed

arms, as well as the time spent in the central zone, did not differ between the animals of the

three groups. Vertical activity in the form of rears and head dips from open sleeves, as well

as grooming duration were also comparable. (Figure 9).
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Figure 9. A study of anxiety levels in the Elevated Plus Maze test.
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Depressive-like behavior in TAAR9-KO rats of both groups was studied using
Forced swim test. This test assesses animals' resistance to stressful influences. There were

no differences in active, passive swimming, and freezing in the three groups (Figure 10).
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Figure 10. Forced swim test used assessing depressive-like behavior in animals.

In the stress-induced hyperthermia test assessing stress-induced temperature
increase in animals of both knockout lines, the AT parameter was reduced (KO-insA 0.86

+0.06 °C; KO-delC 0.8 + 0.09 °C versus WT 1.26 + 0.05 °C, p < 0.0005) (Figure 11).

Thus, based on the results of the comparison of two knockout lines, we found no
significant differences in most of the behavioral tests, however, in the stress-induced

hyperthermia AT parameter was reduced.
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Figure 11: Change in AT in animals of the two knockout lines in the stress-induced hyperthermia test.

4.2.3.2 Analysis of monoamine content in brain tissues of animals of three genotypes

After behavioral analysis, the content of the monoamines in the brain of knockout
animals of two lines was evaluated. We measured the levels of dopamine and its

metabolites DOPAC and HVA; serotonin and its metabolite 5-HIAA; and noradrenaline in
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the frontal cortex and striatum. Assessing the concentration of monoaminergic
neurotransmitters, such as dopamine and serotonin, requires special conditions and a well-
established measurement technique because they are found in the brain in relatively low
concentrations and are easily degraded. HPLC-ED allowed us to detect even low

concentrations of monoamines with high accuracy and work with low sample volume

(Figure 12).
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Figure 12. Example chromatogram of rat striatum with 7 separate peaks of individual substances separated by
HPLC-ED and eluted at specific exit times. 1) noradrenaline, 2) DOPAC, 3) DHBA standard (internal control), 4) 5-
HIAA, 5) dopamine, 6) HVA, 7) serotonin

In the cortex, we found no significant changes in the levels of dopamine and its
metabolites, as well as serotonin and norepinephrine (Figure 13). Similarly, in the striatum,

all parameters did not differ in the TAARO9 knockout and wild-type groups (Figure 14).

Noradrenaline 5-HT 5-HIAA
1.0 1.5 0.8
o
o]

0.8
E 2 o g 06 °
8 06 ° g 10 ° 8 o —_
s o & © o0 £ oo =
£ 04] o Sesa = 2 T 2% re 2o =

E oJo e 5] o
£ % %o o5 S 05 peseL T o) - S ° ®
c o c ® 3 < 0.2

0.2 ’

0.0- T T T 0.0 T T T 0.0 T T T

wT KO-insA KO-delC WT KO-insA KO-delC WT KO-insA KO-delC

Figure 13. Assessment of serotonin and its metabolite 5-HIAA and norepinephrine content in the TAAR9-KO and
WT groups in the cortex.
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Figure 14: Assessment of the content of dopamine and its metabolites in the striatum of TAAR9-KO and WT rats.

4.2.3.3 Assessment of daily food and water intake

Interestingly, in both groups of animals with TAAR9 knockout, a comparative
analysis of blood biochemistry revealed a significant decrease in total cholesterol and LDL
cholesterol. These data were published in the article [93]. The non-random role of TAAR9
is indicated by a decrease in both lines with TAAR9 knockout. This discovery was
unexpected because at present the involvement of TAAR in lipid metabolism is an
unexplored area. We also made a comparative analysis of microbiota composition in wild-
type and TAAR9-knockout animals [107], which revealed an increase in bacterial species
diversity in TAAR9-KO, as well as the appearance of the genus Saccharimonas, which was
absent in the wild-type. However, the question of what can be caused by the decrease in
cholesterol levels when the TAARY gene is knocked out should be investigated in further

works.

Considering lipid metabolism changes, in this work the amount of food and water
intake in WT and one line of TAAR9-KO-delC was evaluated for four days. The weight of
the animals did not differ, and the amount of food and water intake by the knockouts was

slightly lower. However, when converted to animal weight, there was no difference
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between the two groups, indicating that there was no change in food and water intake
(Figure 15).
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Figure 15. Analysis of daily food and water consumption in the wild-type and knockout groups revealed no
differences. The weight of males in the knockout group was also comparable to that of the wild type

4.2.4 Phenotyping TAARY-KO after backcrossing

After obtaining data on the evaluation of various parameters in the two lines with
the Taar9 gene knockout described above, the backcrossing was continued and completed.
The experiments were then repeated, and new ones were added in one line. At this time,
only one TAAR9-KO-delC (hereafter designated as KO or TAAR9-KO), after 6-fold
backcrossing was used. For behavioral, and neurochemical analyses, 3-4-month-old WT

and KO male littermates were used (n=8).

4.2.4.1 TAAR9 gene knockout does not cause behavioral changes

The open field test again was used to analyze the locomotor activity of the rats.
There were no differences in TAAR9-KO rats as in the previous step. (Figure 16). Other

parameters, including time in the central zone, number of rears, and grooming duration
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Figure 16. TAAR9-KO and WT parameters in the Open Field test. Distance traveled and time in the central zone (an
indicator of anxiety-like behavior) did not differ.

were comparable as well.
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As previously, two tests were repeated to examine memory. The Open Field test
with a novel object was used to investigate long-term memory function. Time spent in the
area with a new object and time spent sniffing the object did not differ in TAAR9-KO rats
(Figure 17). To measure short-term memory, a T-maze was used, in which there was also

no significant difference between the two groups (Figure 17).
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Figure 17. TAAR9-KO and WT parameters in memory tests: Open field test with novel object; T-test.

The EPM test was used to measure the level of anxiety. Distance traveled, time in
closed sleeves, and a number of rears and head dips also did not differ in TAAR9-KO rats
compared to WT rats (Figure 18).
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Figure 18. TAAR9-KO and WT parameters in the EPM test.

The forced swim test repeatedly showed no differences between the two groups.

We compared freezing time, passive and active swimming time (Figure 19).
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Figure 19. Comparative study of the two groups in the Forced swim test.

The stress-induced hyperthermia test revealed a decrease in AT (KO = 0.88+0.10
versus WT = 1.3£0.09, p<0.05) (Figure 20). We previously observed the same decrease in
AT in animals of two KO lines, indicating the contribution of Taar9 gene knockout to this

effect.
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Figure 20. TAAR9-KO and WT parameters in stress-induced hyperthermia test. TAAR9 gene knockout reduces AT
in stress-induced hyperthermia test.

4.2.4.2 Monoamine levels in the TAAR9-KO brain after backcrossing

Previously, when comparing monoamine levels in the striatum and cortex of the
wild-type and two knockout groups, we found no significant differences. When repeating
the analysis on the TAAR9-KO-delC group after backcrossing, we supplemented the
structures with the hypothalamus. In the frontal cortex, the levels of dopamine and
serotonin and their metabolites in the knockouts repeatedly did not differ from those of the
wild type. From the data obtained, we can assume that TAAR9 knockout has no significant

effect on the monoaminergic system in the cortex (Table 5).
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Table 5. Content of monoamine neurotransmitters and their metabolites in the frontal
cortex of wild-type and knockout rats.

WT +SEM KO +SEM
Dopamine 0.078 0.004 0.067 0.003
DOPAC 0.019 0.001 0.020 0.002
HVA 0.012 0.001 0.010 0.002
5-HT 0.572 0.030 0.607 0.024
5-HIAA 0.197 0.009 0.186 0.012
Noradrenaline | 0.595 0.031 0.559 0.018

Data are presented as ng/mg tissue.

Similarly to the cortex in the striatum, the levels of norepinephrine, serotonin, and
its metabolites, did not differ from those of the wild type (Figure 21). However, this time,
the concentration of DOPAC, a dopamine metabolite, produced by the MAO-A enzyme,
was slightly lower in Taar9 knockout animals (0.94+0.07 ng/mg tissue in the KO group
versus 1.1940.94 ng/mg tissue in the WT group). The levels of dopamine and another

metabolite of HVA were nevertheless comparable to those of the wild type.
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Figure 21. Determination of the concentration of dopamine and its metabolites in rat striatum. WT - wild type, KO -
TAARY knockout. *p < 0,05
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Figure 22. Determination of the concentration of serotonin and its metabolite 5-HIAA in rat hypothalamus.
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In the hypothalamus, there were no significant changes in the content of serotonin
and its metabolite 5-HIAA, although there was a slight increase in serotonin levels, it did

not reach statistical significance (Figure 22).

However, there was a statistically significant increase in dopamine levels in TAAR9-
KO animals (0.48+0.04 ng/mg tissue in the KO group versus 0.33+0.03 ng/mg tissue in the
WT group, p=0.023) (Figure 23). Dopamine metabolites, DOPAC and HVA, were at the

same level as in wild-type animals.
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Figure 23: Determination of the concentration of dopamine and their metabolites in the rat hypothalamus. WT - wild
type, KO - TAAR9 knockout.

4.2.5 Continuous body temperature analysis of TAAR9-KO rats

Due to changes in the stress-induced hyperthermia test, daily temperature
measurements were performed on a separate group of TAAR9-KO-delC (n=6) and WT
(n=8) for several weeks. Using [Button temperature sensors implanted intraperitoneally,
temperature data were recorded for each animal with a measurement frequency of every 3
minutes. As shown in Figure 24, rats exhibited a clear diurnal rhythm of body temperature

with low values during the inactive light phase (36.85+0.15°C in the WT group;
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37.13£0.39°C in the KO group) and high values during the active dark phase
(37.86+0.19°C in the WT group; 38.18+0.37°C in the KO group) in both animal groups
(Figure 24). The graph shows that the average temperature of the animals of the TAARO-
KO genotype was higher.
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Figure 24. Dynamics of average body temperature in the group of wild-type and knockout animals during 8 days (Day
7 - Day 14). Data are presented as arithmetic mean. 1 division of the scale is 24 hours. A diurnal rhythm is seen, with
temperature increasing during the active phase (night) and decreasing during the daytime period. The graph starts
from the time 00:00 of day 7
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Next, we compared the average temperature (average of 140 points obtained over 7

hours) of each animal during the daytime (12 to 19 hours) and nighttime (00 to 07 hours)
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Figure 25. Comparison of the average temperature of each animal during the daytime (from 12 to 19 hours) and
nighttime (from 00 to 07 hours) for several days. Almost all comparisons showed a statistically significant
temperature increase, with a higher difference at night.

for several days. A statistically significant temperature increase was detected on almost all

days, with a higher difference at night (Figure 25).
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We further investigated the effect of exposure to heat and cold and immobilization
stress on body temperature. Heating for 3 hours in the two subgroups could not be analyzed
together due to the different duration of heating between the subgroups. Therefore, this
effect should be investigated in future work. Immobilization stress according to our data

revealed no differences in body temperature in the two groups (Figure 26).

Immobilization

WT

[1jisscisnaasatzes

Addpdh A s AAAL L] L ;“aﬁ;"qwaﬁﬁnuﬁﬁhgg
i T

lirpxs=<

body temperature, °C

Yf———

time, hours
Figure 26. Effect of immobilization stress on the body temperature of TAAR9-KO and WT animals.
However, exposure to low temperatures revealed interesting changes. Animals
were cooled in 17°C and 21°C water for 10 minutes. Experiments were performed several
days apart. Next, temperature data from sensors obtained half an hour before exposure and
for 4 hours afterward were analyzed. KO animals exhibited a decrease in body temperature
at the same rate, but their temperature dropped lower compared to the wild type in both

experiments, with a statistically significant difference at 17°C (Figure 27).
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4.2.6 Relative gene expression of key neuronal markers

Since Taar9 gene expression was detected in several brain regions and leads to
changes in monoamine levels, we decided to evaluate the level of gene expression of key
proteins of the dopaminergic, glutamatergic, and serotoninergic systems in several brain
structures after gene knockout in TAAR9-KO-delC and WT. The expression of genes of
enzymes involved in neurotransmitter metabolism (TH, COMT, MAO-A, MAO-B, TPH2,
Ache), dopamine receptors (DIDR, D2DR), neurotrophins (BDNF, CDNF) and
transporters (DAT, GATI1) was assessed using real-time RT-PCR in the midbrain and
medulla oblongata. Despite minimal differences, the level of all studied genes was

comparable in both groups (Figure 28).
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Figure 28. Comparative expression of genes of enzymes involved in neurotransmitter metabolism (TH, COMT, MAO-
A, MAO-B, TPH2, Ache), neuronal receptors (D1DR, D2DR), neurotrophins (BDNF, CDNF) and transporters (DAT,
GAT1) in the mid and medulla oblongata.

Similarly, expression was assessed in the striatum, olfactory bulb, and cortex
(Appendix 4), where expression in the TAAR9-KO group was at the WT level. In the

hypothalamus, we examined the expression level of dopamine receptors as well as the
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enzymes tyrosine hydroxylase, MAO-A, and MAO-B, which did not differ in the two
groups (Figure 29).
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Thus, the TAAR9 gene knockout does not cause significant changes in the
expression of the studied genes.

4.2.7 Effects of TAARY agonists on olfaction

As will be shown below, we confirmed that the rat TAAR9 agonists are cadaverine
and N-methylpiperidine. To assess possible changes in olfaction in animals with Taar9
knockout when presented with TAAR9 agonists, an olfactory preference test was
performed on wild type and TAAR9-KO-delC animals (Figure 30). According to the
results, the investigation time of water and cadaverine (CAD) or N-methylpiperidine (PIP)
was not different in the wild type group, as it was in the TAAR9-KO group. In the TAAR9-
KO group, animals spent more time in the area with N-methylpiperidine than in the area
with water, but the investigation time did not change. Thus, the olfactory test revealed no

preference or aversion to the TAAR9 agonist in either wild type or TAAR9-KO group.
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Figure 30. Animals without TAARY and wild type animals were tested in olfactory preference test to analyze
preference or aversion when presented with odorants agonist rat TAARY. For this purpose, animals were presented
with two filter papers soaked in water or agonist and sniffing (investigation) time as well as time in the zone with
the substance were measured. PIP-N-methylpiperidine, CAD-cadaverine.
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4.3 Chapter 3. Study of TAARD in vitro

4.3.1 Heterologous TAARY expression

Another part of TAAR9 research was a development of a system for ligand
screening. TAARs are known to be poorly expressed on the membrane in heterologous
systems [20]. In this work, we used the approach of Barak et al. in which, after noticing the
lack of glycosylation common in the GPCR rhodopsin family in TAAR1 when expressed
in HEK293T, first 9 aa. of the f2-adrenoreceptor were added to the N-end of the receptor,
which allowed the protein to position itself on the membrane [82]. Here, we cloned rat
TAARO receptor with an N-terminal tag into an expression vector. First, rat genomic DNA
was cloned into the pJet cloning vector. Then pcDNA-B2N9-rTAAR9 vector was cloned to
express TAARY in HEK293T cells under the control of the CMV promoter. An N-terminal
tag consisting of the first 9 amino acids of the f2-adrenergic receptor (MCQPGNGSA) was
added to enhance membrane expression. Also, a hemagglutinin tag in 3 repeats
(3xYPYDVPDYA) was added to analyze localization using antibodies (Figure 32a). To
study the localization of the protein in the cell, the pEGFP-BN9-rTAAR9 vector was
cloned, which contains the Taar9 gene with the B2N9 3HA tag fused to the GFP gene at
the C-terminal, under the control of the CMV promoter (Figure 32b).

pEGFP-BN9-rTAAR9 pcDNA3

Figure 31. Live imaging of the TAAR9-GFP hybrid protein in HEK293T cells and comparison with cells transfected
with the GFP gene alone and with the empty pcDNA3 vector as a negative control.



191

A

BamHI EcoRI

accatggctagectaccecatacgatgttcctgactatgegggetateoctatgacgteecggactatgeaggatectatecatatgacgttecagattacgecagatetgatateatggggeaaccegggaacggeagegeeggaticaty
tggtaccgatcgatgggtatgetacaaggactgatacgeccgatagggatactgeagggectgatacgtectaggataggtatactgeaaggtctaatgeggtctagactatagtaccecgtigggecctigecgtegegegcttaggtac
2 4 6§ 8 19 12 14 16 18 28 22 24 26 28 30 32 34 36 38 40 42 44 46 48
M A S NBP MEDEVHP DENSA C HMBP HMEDEVHP DB A G S MOP BEDEVEP IDRNBA RS BTOM G Q P G N G S A JERIEOM

THA-tag 2 HA-tag I 3-HA-tag B2NG

poR3ze_origin CMV_immearly_promoter

HA-beta-2N9-tag

pEGFP

pEGFP_HA-b2N9-rTAAR9
5870 bp

Sv48_enhancer

pEGFP-BN9-rTAAR9

Figure 32. Heterologous expression of TAARY protein fused with EGFP in mammalian cells. A. Nucleotide and amino
acid sequence of the N-terminal tag 3 repeat hemagglutinin + 9 first a.a. f2-adrenergic receptor; B. Plasmid scheme for
expression of the rTAAR9-GFP hybrid protein with N-terminal tag; C. Comparison of EGFP and rTAAR9-EGFP hybrid
protein localization during transient transfection of HEK293T cell line. DAPI and GFP overlay on the left side, and GFP
alone on the right side. When compared with EGFP, which is expressed cytoplasmically, the rTAAR9-GFP protein tends
to be weakly localized to the membrane.

4.3.2 TAARY in vitro expression optimization

To study the localization of the receptor in the cell, we transfected the P2N9-
TAARO protein gene with EGFP at the end. As a control, GFP protein localization and
transfection with the empty pcDNA3 vector were assessed in parallel (Figure 31). The
confocal microscope showed that less than half of the cells expressed GFP. But when
comparing GFP and TAAR9-GFP, we saw that in individual cells the hybrid was more
often localized on the membrane in contrast to GFP in the cytoplasm, although in many
cells with TAAR9-GFP, a diffuse distribution of the hybrid protein was visible (Figure
32c¢). However, immunofluorescence staining of paraformaldehyde-fixed cells transfected
with B2N9-TAARY without a permeabilization step indicated that in some cells the HA-tag
at the N-terminus of the receptor was located on the outer side of the plasma membrane

(Figure 33). Although the signal from GFP was very weak for interpretation.
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antiHA

overlay

pEGFP-BN9-rTAAR9

Figure 33. Immunofluorescence staining of fixed transfected HEK293T cells with murine anti-HA antibody followed by
incubation with a second GAM-Alexa Fluor 555 antibody without permeabilization.

pEGFP-BN9-rTAAR9

pPEGFP-BN9TAAR9 + RTP1S

Figure 34. Live imaging of TAAR9-GFP protein in HEK293T cells and comparison of RTP1S chaperone co-
transfection on the expression level of TAAR9. Top row - HEK293T cells expressing TAAR9-GFP in brightfield light
and with GFP imaging. Bottom row — co-expression of TAAR9-GFP and RTP1S chaperone.
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To increase membrane expression, we further used an approach often used in the
deorphanization of ORs, that are also difficult to express in the heterologous system. Co-
expression of OR with RTPI1S significantly increased the membrane localization of the
receptors. We performed RTP1S transfection with B2N9-TAAR9-GFP in HEK293T cells
(Figure 34). We did not observe differences in live images of both variants. We further
labeled HA-tag at the N-terminus of the receptor by immunofluorescence staining without
permeabilization. However, the RTP1S chaperone did not significantly contribute to the
localization of the receptor, and without co-transfection, cells with TAAR9 had a similar
pattern of membrane localization (Figure 35). Moreover, as will be shown below, co-
transfection of RTP1S shifted the EC50 of the TAARY agonist to the right, that is, it rather

impaired the sensitivity of the system.

pEGFP-BN9-rTAAR9 pEGFP-BNO-rTAAR9+RTP1S

Figure 35. Immunofluorescence staining of fixed HEK293T cells with murine anti-HA antibody followed by incubation
with a second GAM-Alexa Fluor 555 antibody without permeabilization. Effect of OR chaperone RTP1S on the
localization of the rTAAR9-EGFP hybrid protein during transfection. Left half, transfection with rTAAR9-GFP alone;
right half, transfection with rTAAR9-GFP and RTP1S. According to immunofluorescence staining, the RTP1S
chaperone does not significantly contribute to the localization of the rTAARY receptor.
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4.3.3 TAARY ligand screening optimization

For screening, we used the BRET method using the EPAC biosensor. The principle
of BRET involves energy transfer between a donor (Renilla firefly luciferase, Rluc) and an
acceptor (YFP) [32,82,108], although there are various donor-acceptor pairs [109]. It is
based on the cAMP-dependent factor EPAC, which changes its conformation in response
to cAMP molecule binding [110]. When the luciferase substrate, h-coelenterazine, is
oxidized, Rluc emits light with a 475 nm peak. If the donor is nearby (about 10 nm), the
energy emitted by Rluc excites YFP, which in turn emits light with a peak of 530 nm. The
change in the ratio between Rluc and YFP emission reflects the change in the distance
between these molecules. In the EPAC biosensor, Rluc and YFP are in close proximity to
each other when the baseline concentration of cAMP is low, resulting in an increased BRET
signal. And when EPAC binds to cAMP, a conformational change occurs and Rluc and
YFP become distant leading to a decrease in the BRET ratio. For BRET, HEK293T cell
culture was co-transfected with two expression vectors EPAC, which provides constitutive
expression of the hybrid gene Rluc-EPAC-YFP, and TAARO. A nonselective f2-adrenergic
receptor agonist, isoproterenol, at a concentration of 1 M, was used as a positive control.
This receptor is present on the cytoplasmic membrane of HEK293T cells in the normal

state and will give a positive signal from the EPAC biosensor.
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Figure 36. Specific dose-dependent response of TAARY to N-methylpiperidine. HEK293T cells were co-
transfected with vectors encoding EPAC and rTAAR9 or EPAC and pcDNA3. Data are presented as mean ABRET
relative to background + SEM. The measurement was performed in duplicates.

To evaluate the performance of the system, the only known rat TAAR9 agonist, N-

methylpiperidine, was used. To exclude the intrinsic response of other cell receptors to the
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ligand, the response level of cells transfected with the "empty" pcDNA3.0 vector was also
measured. A specific positive response of the TAARY receptor to the N-methylpiperidine

agonist was detected, and EC50 = 87 uM was measured (Figure 36).

In order to increase the sensitivity of the system, we compared the duration of
transfection: initially used 4-5 hours and overnight. However, the response level was not
significantly affected by the duration of transfection (Figure 37), although the variant with
overnight transfection provided a lower EC50 value, therefore further we chose overnight

transfection.

0.101
- 5 h. transfection
EC50=53,78 uM
— 0.051
LIJ .
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2 & transfection
0.00 T T 1 EC50=38,60 lJM
1 2 3
log[uM] N-methylpiperidine
-0.05-

Figure 37. Comparison of the EC50 of the TAARY agonist as a function of the duration of TAARSY transfection
in HEK293T cells. The measurement was performed in duplicates.

We also compared the EC50 curve of the TAAR9 agonist N-methylpiperidine by

BRET to evaluate the effect of the chaperone on system sensitivity. However, when the

0.10-

-~ rTAAR9, EC50=37.8uM

= rTAAR9 +RTP1S, EC50=92,6 yM

-0.05-

log[uM] N-methylpiperidine

Figure 38. Effect of olfactory receptor chaperone RTPIS on the rTAAR9 receptor response to the agonist N-
methylpiperidine. HEK293T cells were co-transfected with vectors encoding TAARY, biosensor BRET without/with
RTP1S chaperone, incubated with different concentrations of ligand, and reporter activity was assessed. With
simultaneous expression of the receptor and chaperone, the signal from the G4 pathway becomes significantly weaker
compared to expression without chaperone, EC50 increased threefold. The data are presented as duplicates + SEM.
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receptor and chaperone were simultaneously expressed, the signal from the Gqs pathway

became weaker compared to expression without the RTP1S (Figure 38).

In further attempt of optimization, we changed the HEK293T host cell line for to the
CHO-K1 line. Previously, TAARI receptor was successfully expressed in this line without
the addition of the N-terminal tag [75,76]. However, we noticed a very high background
during the transfection of the EPAC and TAARY into CHO-K1 cells, so the signal from the
agonist did not reach threshold values relative to the background at either concentration.
Although we observed a dose-dependent increase in signal, the HEK293T line originally
chosen is the optimal option.

Thus, according to the results of the work, the optimal conditions for screening of
TAARY agonists by the BRET method are transient transfection of TAAR9 with f2N9 tag
in HEK293T cells overnight, further incubation for a day. Under these conditions, the EC50
for N-methylpiperidine is 38 uM. According to other groups, the EC50 of this agonist for
rat TAAR9 was 18 uM [56] and 163 uM for murine TAARO [57].

4.3.4 TAARY agonists screening

Screening of agonists by BRET using HEK293T was performed in a 96-well plate
format. Screening was performed at concentrations of 50, 100, and 250 uM. It is critical to

use a low concentration of DMSO of 0.1 to 0.5%, as a higher concentration results in a high
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Figure 39. Screening of odorants, trace amines and neurotransmitters for TAAR9 agonism at a concentration of 250
uM. Black dashed line is mean background (0.25% DMSO) + SD (red dashed lines). Controls are highlighted in color.
A response of cadaverine as well as adrenaline was detected. Adrenaline was excluded from further analysis because
of the nonspecific response.
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background level and poor reproducibility. To determine EC50, the ligand was added in
dilutions of 10 uM to 1000 uM.

In this work, 435 compounds were screened (Appendix 5). N-methylpiperidine, a
TAAR9 agonist, was used as a control. Also, we included 20 uM forskolin, which
nonspecifically increases the concentration of cAMP, and isoproterenol as positive
controls. In the first step, various trace amines, odorants, and neurotransmitters were
examined (Figure 39).

Further, we analyzed 320 compounds from the FDA-approved pharmacologically
active compound library, Sigma LOPAC 1280. For the library compounds, the
concentration used was 50 uM to keep the DMSO concentration below 1%. An example of
SigmalLOPAC library screening results is shown in Figure 40. However, all of them were

inactive against the TAARO receptor.
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Figure 40. Example BRET screening of TAAR9 agonists. 80 compounds from SigmalLOPACI1280 library plate 1
were tested at a single concentration of 50 uM. Measurements were taken 5 minutes after addition of the substances.
The black dashed line is the mean background (0.5% DMSO) + SD (red dashed lines). Controls are highlighted in

color.

The screening detected a cadaverine response to TAAR9 (Figure 41). Its EC50 was
measured as 81 pM. In addition to cadaverine, several compounds (2-
aminophosphonopentanoic acid, 2-chloroadenosine, and noradrenaline) were found to
increase the concentration of cAMP, but cells transfected with empty vector also yielded a
response, suggesting a nonspecific response. In the case of noradrenaline, these are most

likely endogenous adrenoreceptors of HEK293T, and 2-chloroadenosine is most likely
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adenosine receptors [111]. None of the other trace amine compounds, as well as odorants,

activated TAARO.
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Figure 41. Dose-dependent curve of the TAARY agonist cadaverine. EC50=81uM
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S5 Discussion

In this work, the TAARSO receptor was investigated. At the time of the beginning of
this work, information on the role of TAARY, except its involvement in olfaction, was
practically absent. However, animal studies with a knockout of other TAAR1, TAAR2, and
TAARS family members have shown their expression and possible function in the limbic
system, neurogenesis, and cognitive processes [4,8,9,112,113]. Also, as the analysis of the
Taar9 expression pattern performed in this work showed, rats have a more diverse and
pronounced expression in the CNS compared to mice. Therefore, rats in which 7aar9 gene

knockout was performed were chosen as a model to study the role of TAARSY.

We generated two rat TAAR9-KO lines by CRISPR/Cas9-mediated gene editing in
zygotes. A cytosine deletion or adenine insertion mutation was introduced into the gene,
leading to an early stop codon in TAARY in the two lines, resulting in a drastic decrease of
Taar9 mRNA levels in the olfactory epithelium. Next, we set out to characterize TAAR9
outside the olfactory system using various approaches. The experiments performed in the
study are the first attempt to characterize the effect of TAAR9 gene knockout on animal

behavior.

Since the CRISPR/Cas9 method can cause off-target mutations, it was important to
eliminate this effect. For this purpose, in the first step, to remove this effect, we evaluated
two independent lines simultaneously, and then, after a process of backcrossing to get rid
of possible unwanted mutations, we repeated the experiments on one line. When the studies
were performed, we found that genetic deactivation of TAAR9 had no effect on general
condition, locomotor activity, memory, and affective behavior in rats. However, we found
reduced anxiety in rats without TAARO in the stress-induced hyperthermia test. It is worth
noting that our results were demonstrated first on rats of two different knockout lines and
then on animals after backcrossing, further indicating that the change detected was related
specifically to TAARY deactivation. At the same time, however, in other behavioral tests,
which were also aimed at assessing anxiety behavior, rats without TAARY did not differ
from the wild type animals. Therefore, to better understand what caused this temperature
change, the animals were implanted with sensors for continuous temperature monitoring.
According to the results of the study, we show that TAAR9-KO rats are characterized by a

constantly increased body temperature under normal conditions. At the same time,
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exposure to low temperatures is accompanied by a greater decrease in body temperature in
mutant animals than in wild type rats. Temperature change in animals with TAAR gene
knockout has been demonstrated for the first time, although previously it was shown that
in TAARS-KO the hypothermic effect of the serotonin 5-HT1A receptor agonist, 8-OH-
DPAT, was more pronounced [7], and the TAARI1 agonist/TAARS antagonist, 3-
iodothyronamine, a derivative of thyroid hormone, has a hypothermic effect on animals,

although the mechanism of this is not yet clarified [6,114].

Taar9 gene expression was detected in the rat CNS, for the first time in the
midbrain, namely in the VTA and substantia nigra, where dopaminergic neurons are
located, as well as in the nucleus accumbens, where dopaminergic projections lay. Taar9
mRNA was also found in the ventral hippocampus, hypothalamus, and medulla oblongata.
In the mouse, according to previous studies, Taar9 expression in the brain was limited to
the olfactory bulb and cerebellum [5,40]. However, according to our meta-analysis of
RNA-seq data in an open database on human and mouse CNS structures, weak expression
of TAARO is detected in the human striatum caudate nucleus and certain fractions of
neurons of the murine nucleus accumbens. This confirms the assumption that TAARY, like
other TAARs in the brain, is expressed in cells of certain types, so when whole structures
are analyzed, their expression is most often below the detection limit [103,115]. The
expression of TAARY in CNS, including the hypothalamus, is of some interest because our
analysis of monoamine content revealed a slight increase in dopamine level in the
hypothalamus, however, the expression level of enzymes involved in dopamine metabolism
TH and MAO did not change in TAAR9-KO. It is also worth noting that the hypothalamus
is a structure that is the center of thermoregulation in mammals [116]. Although we were
unable to show the involvement of TAARY in CNS function, its expression in several brain
structures may indirectly indicate the possible involvement of TAARY. In addition to
Taar9, the expression pattern of other 7aar in the mouse brain was also studied. The
expression of mouse 7aar2 and Taar6 was confirmed in the olfactory epithelium and
olfactory bulb. In the mouse, expression of 7Taar? was also found in the cortex,
hypothalamus, and brainstem [9], Taar5 — in the brainstem and cerebellum [92], Taar6 —
in the cortex [103]. These findings can be used for further more detailed study of the Taar

gene expression pattern in the brain.
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In the periphery, expression of rat Taar9 was detected in the testes, which is
interesting since sperm contains cadaverine, spermine, and spermidine, which, according
to our data, are agonists of TAARY, among others. The other TAARSs as well as the OR are
known to be expressed there as well [4,117], suggesting that these receptors may function
in sperm chemotaxis, as has already been shown for the hOR17-4 OR [118]. It has been
shown that ORs are expressed and may function outside the olfactory system [80,119,120].
For example, their involvement in glucose and lipid metabolism has been described [121],
and reduced OR expression has been shown in the large hemisphere cortex in patients with
Parkinson's disease [122], etc. Interestingly, in our laboratory, it was shown that TAAR9
knockout leads to a decrease in cholesterol and LDL concentrations in TAAR9-KO animals

[93].

Important information about the receptor function is its ligands. As part of this work,
we attempted to find TAARY agonists. For this purpose, we optimized the system of
heterologous expression of TAARO. In the first studies of TAAR in vitro in HEK293 cells,
it was shown that TAARI is localized in cytoplasm [2], however, membrane localization
of GPCR is critical for receptor functioning. The reason for the incorrect localization may
be the absence of a signal sequence as well as a glycosylation site at the N-terminus, which
contribute to the GPCR processing in the endoplasmic reticulum and direction to the
membrane [2,82]. Therefore, we used the sequence of the first nine amino acids of the 2-
adrenoreceptor as the N-terminal tag for TAAR9 expression in HEK293T cells [82]. We
further showed that B2N9-TAARO is localized on the membrane. The functionality of the
receptor was evidenced by its activation on a known agonist. To increase the sensitivity of
the system, we co-expressed the olfactory chaperone RTP1S, an approach to improve the
membrane expression of the OR that is used by several groups engaged in TAAR
deorphanization [78,83]. Under our conditions, RTPIS did not enhance the sensitivity of
the method, which may indirectly indicate that it is not involved in directing TAAR to the
membrane. However, whether TAAR has separate proteins for folding or transport to the
membrane requires a separate study. Thus, we developed and optimized a system for
heterologous expression of the TAARO9 gene in HEK293 cells using the f2N9 tag, which
we successfully used to screen TAAR9 agonists by BRET [108].

During the screening of 435 compounds, including TAs, odorants, pheromones,

neurotransmitters, and pharmacologically active substances from the library of FDA-
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approved substances, we were unable to detect new TAARO ligands, but we confirmed data
from other groups on the agonism of N-methylpiperidine with EC50=37 uM for rat TAAR9
[57,58] and also found agonism of cadaverine with EC50=81 uM. At the time of this work,
the possibility of rat TAARY activation by cadaverine was also discovered by Guo and
colleagues, but no EC50 data for this agonist were reported [58], while EC50 of cadaverine
for murine TAAR9 was 243 uM [57]. A rather high EC50 value may indicate suboptimal
receptor function in a heterologous system since the sensitivity of TAARs expressed in
native conditions is much higher than has been shown in vitro [123]. We also found no
differences in the olfactory preference test of cadaverine and N-methylpiperidine between
TAARY knockout and wild type animals. Cadaverine is a decarboxylation product of the
amino acid lysine, which along with putrescine is present in large quantities in
decomposition products, and for humans has a repulsive odor and a signal of bacterial
infection [11]. It was previously shown that Danio rerio exhibits an aversive behavior to
cadaverine, and this behavior is provided by the TAAR13c receptor [71]. Wild type mice
also show aversion to cadaverine and N-methylpiperidine at different concentrations, with
low concentrations of these substances ceasing to induce aversion in mice with the TAAR2-
TAAROY cluster deletion [39]. Apparently, such aversion is species-specific and absent in
rats. Interestingly, according to previous studies, rats were more likely to bury cadaverine-
soaked objects compared to water-soaked ones [124,125]. Cadaverine is also found in the
cerebrospinal fluid, and expression of TAARY, along with other TAAR genes, has been
shown in the choroid plexus of the brain ventricles, so it has been suggested that these
receptors may be involved in controlling cerebrospinal fluid composition, providing an

accurate concentration of substances [126,127].

The results of the experiments carried out in this work allowed demonstrating for
the first time the physiological significance of TAARO: it was shown that TAAR9 knockout
leads to changes in thermoregulation in animals. Based on the above, it should be noted
that the function of TAAR9 cannot be reduced to odor recognition alone. Thus, the results
obtained provide an experimental rationale for the continuation of the search for selective
TAAROY ligands and further study of the role of TAARY in lipid metabolism and

thermoregulation, including the use of knockout animals.
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Conclusions
For the first time, expression of the TAAR9 gene was shown in the substantia
nigra and VTA of the midbrain, nucleus accumbens and caudate nucleus of the
striatum, hippocampus, and medulla oblongata;
Knockout of the Taar9 gene leads to a reduced response in the stress-induced
hyperthermia test, while in other behavioral tests, it has no significant effect on
animal behavior;
Rats without TAARY are characterized by elevated body temperature under
normal conditions, and exposure to cold is accompanied by a more significant
decrease in body temperature
TAARSY is expressed in the hypothalamus, and TAARY knockout leads to an
increase in dopamine levels in this structure;
A system for in vitro screening of TAARO ligands was developed and validated,

and the agonism of cadaverine and N-methylpiperidine of TAAR9 was confirmed.
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Abbreviations

5-HIAA - 5-hydroxyindoleacetic acid

28S - 28S rRNA

Ache - acetylcholinesterase

BDNF - brain-derived neurotrophic factor

BRET - bioluminescence resonance energy transfer
cAMP — cyclic adenosine monophosphate

CDNF- brain dopamine neurotrophic factor
COMT- catechol-O-methyltransferase

DIR - dopamine receptor D1

D2R - dopamine receptor D2

DAT - dopamine transporter

DHBA - dihydroxybenzoic acid

DOPAC — dihydroxyphenilacetic acid

EPAC - exchange protein directly activated by cAMP
GATI1 - GABA type 1 transporter

GDNEF - glial neurotrophic factor

GPCR — G-protein coupled receptor

HPRT - hypoxanthine guanine phosphoribosyltransferase
HVA — homovanillic acid

MAO - monoamine oxidase

MAO-A - monoamine oxidase A

MAO-B - monoamine oxidase B

NMDARI - glutamate receptor 1

RTP1S - receptor transporter protein, short
RT-PCR — polymerase chain reaction with reverse transcription
SEM - standard error of the mean

TA — trace amines

TAAR2-KO - TAAR2 knockout

TAARS-KO - TAARS knockout

TAAR9-KO - TAARY knockout

TAARs - trace amine-associated receptors

TH - tyrosine hydroxylase

TPH2 - tryptophan hydroxylase type 2

VTA - ventral tegmental area

WT - wild type
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Appendix

Appendix 1. Human transcriptomic GEO datasets meeting the inclusion criteria and included

in the analysis.

GEO Publication Structure n!
number
GSE110716 RNA-seq of brain tissue from Parkinson's disease patients [coding exome RNA-seq] Cingylate gyrus 8
GSE122649 Postmortem Cortex Samples Identify Distinct Molecular Subtypes of ALS: Motor cortex 6
Retrotransposon Activation, Oxidative Stress, and Activated Glia
Frontal cortex 5
Parietal cortex 5
GSE123496 Human brain tissues from healthy controls and multiple sclerosis patients Hippocampus 5
Corpus callosum 5
Internal capsule 5
GSE135036 Hemispheric asymmetry in the human brain and in Parkinson’s disease is linked to
divergent epigenetic patterns in neurons Prefrontal cortex 5
GSE135838 Transcriptomic Profiles of Sepsis in the Human Brain Parietal cortex 5
GSE138614  Next-generation sequencing study in multiple sclerosis white matter brain lesions White matter 25
Nucleus accumbens 59
GSE160521 Diurnal rhythms across the human dorsal and ventral striatum Nucleus caudatus 59
Putamen 59
GSE53239 RNA—sequencing of t[he brain transcriptome implice.ltes‘dys‘regulati‘on of neuroplasticity, Dorsolateral .
circadian rhythms, and GTPase binding in bipolar disorder prefrontal cortex
GSE53697 RNAseq in Alzheimer's Disease patients Prefrontal cortex 8
GSE57152 Alternative poly(A) in Alzheimer's disease medial temporalis ¢
gyrus
GSE68719 mRNA-Seq expression and MS3 proteomics profiling of human post-mortem BA9 brain
tissue for Parkinson Disease and neurologically normal individuals Prefrontal cortex 73
GSE79666 Transcriptome sequencing reveals aberrant alternative splicing in Huntington's disease Motor cortex 7
Nucleus accumbens 22
. o Dorsolateral 24
GSE80655 RNA-sequencing of human post-mortem brain tissues prefrontal cortex
Anterior cingylate 24

cortex

! n- number of samples from control subjects included in the meta-analysis.
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Appendix 2. Murine transcriptomic GEO datasets meeting the inclusion criteria and included
in the analysis

GEO Publication Structure n!
number
RNA changes in hippocampus of transgenic murine model of tauopathy (rTg4510 mice)
GSE107183 compared to controls at asymptomatic stage (2 months) of neurodegeneration as Hippocampus 6
determined by mRNA deep sequencing.
GSEL12575 grontal cortex transcriptomic analysis of a TDP-43 Q331K knock-in mouse [20month] Frontal cortex 8
GSE116752 Striatal transcriptome of a mouse model of ADHD reveals a pattern of synaptic Striatum 5
remodeling
GSE126814 Quantitative Analysis of Wild Type and Neatl -/- Cerebral Frontal Cortex Frontal cortex 5
Transcriptomes
Cerebellum 48
GSE130254 Expression profiling by high throughput sequencing Nucleus accumbens 47
Prefrontal cortex 48
GSE136869 Transcriptome analysis using RNA sequencing of the hippocampus of aged LPAR2-/- ‘
versus wildtype control mice Hippocampus 7
GSE147842 Adult mouse hippocampal transcriptome changes associated with long-term behavioral .
and metabolic effects of gestational air pollution toxicity Hippocampus 5
Frontal cortex 29
GSE148075 Wild mice with different social network sizes vary in brain gene expression Hippocampus 29
Hypothalamus 28
GSE166831 Altered hippocampal transcriptome dynamics following sleep deprivation Hippocampus 9
GSE79666 Transcriptome sequencing reveals aberrant alternative splicing in Huntington's disease BA4 7
] ) ) ) ] Brainstem 8
GSE170997 Transcriptomics data of blood and brain from th.e YACI128 Huntington's disease mouse Cerebellum 8
model [brain] Cortex 8
Striatum 8
dopaminergic
neurons from the 6
- fd i ) i e sub o substantia nigra pars
GSE64452 RNA-SEQ profiling of dopaminergic neurons rom the su Stal’ltl?l nigra pars compacta compacta
and ventral tegmental area regions of the mouse mid-brain dopaminergic
neurons from the 6
ventral tegmental
area
GSE84503 Activity-Dependent Regulation of Alternative Cleavage and Polyadenylation (APA) .
During Hippocampal Long-Term Potentiation (LTP) [RNA-Seq] Hippocampus 6
GSE94559 Hippocampus CA1 pyramidal cells Transcriptomic profile in WT and Fmrl KO mice, ‘
using Wfs1-CreERT2:RiboTag:Frm1 knockout and wildtype mice Hippocampus 6
GSE99353  Frontal cortex transcriptomic analysis of a TDP-43 Q331K knock-in mouse [Smonth] Frontal cortex 6
GSE130376 Next-generation sequencing of cholinergic interneurons in the nucleus accumbens of cholinerg'ic
cocaine-addicted and non-addicted mice interneurons in the 9
nucleus accumbens
Nucleus Accumbens
Biol d Bias in Cell Type-Specific RNA f Nucleus A bens Medium Spi Medium Spiny ?
GSE121199 Biology and Bias in Cell Type-Speci 1cNN seq of Nucleus Accumbens Medium Spiny  Neurons (D1)
eurons Nucleus Accumbens
Medium Spiny 7

Neurons (D2)
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GSE146628

Identification of Natural Antisense Transcripts in Mouse Brain and Their Association  Prefrontal cortex

with Autism Spectrum Disorder Risk Genes Stri
triatum

5

1

n- number of samples from wild-type or control animals included in the meta-analysis.
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Appendix 3. Primers for relative expression by RT-qPCR.

rDRD2 R GGGTACAGTTGCCCTTGAGT

Gene Short Primer Produc
name name Primer sequence 5°-3’ t size
Tyrosine hydroxylase  [TH rTHF CCTTCCAGTACAAGCACGGT 109
rTH R TGGGTAGCATAGAGGCCCTT
Dopamine transporter ’[’1‘3;] tDAT F AGACACCAGTGGAGGCTCAAGA 71
rDAT R GCCGATGACTGATAGCAGGAA
Catechol-O- COMT | rCOMT F GCCTTAGGCGGTTAGGGCT o3
methyltransferase {COMTR | AGCCAACGGCATCTCCTCAA
Monoaminooxidase A 1[\;[‘;9%“ IMAOAF | TTCGCCAGCCAGTAGGTAGGAT
116
MAOAR | ATTCAACACCTCTCTAGCTGCTCG
Monoaminooxidase B MAOB
MAOBF | ATCTGTGGATGTCCCAGCAAG
137
MAOBR | TTTTGTGGGCCAGGAAACCA
;fypt"pha“ hydroxylase TPH2 | 1pyy fy1 | CCTTTGCAAGCAAGAAGGTC
TPH2 154
rl TV | ITTGGAAGGTGGTGATTAGGC
GABA transporter | ﬁ‘g‘oT]l rGAT1 F GCAATCGCCGTGAACTCTTC 168
rGATI R AGGAAATGGAGACACACTCAAAGA
Acetylcholinesterase  |Ache rAche F ACGTGAGCCTGAACCTGAAG e
rAche R CTCGTCCAGCGTGTCTGTG
Brain—deri\(ed BDNF rBDNF F TACCTGGATGCCGCAAACAT Lo
meurotrophic factor 'BDNF R GCTGTGACCCACTCGCTAAT
Cerebral dopamine CDNF rCDNF F AGAAAACCGCCTGTGCTATT
neurotrophic factor 103
rCDNF R CTTCACCGTGGGCATGTGTA
Glial cell line-derived GDNF
neurotrophic factor rGDNF 2F | GAAGACCACTCCCTCGGC
79
rGDNF 2R | GGTCAGGATAATCTTCGGGCA
Glutamate receptor 1 INMDAR
. NMPARL | ATGCACCTGCTGACATTCG
142
EMDARI TATTGGCCTGGTTTACTGCCT
Dopamine receptor D1 ][311311{] DIR F CGCGTAGACTCTGAGATTCTGAATT | 14
rDIR R GAGTTAAGGAGCCACCACATCAGT
Dopamine receptor D1~ [D2R rDRD2 F TGCCCTTCATCGTCACTCTG

138
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Hypoxanthine HPRT ratHPRT-

phosphoribosyltransferas RTF CTCATGGACTGATTATGGACAGGAC

e 123
ratHPRT- GCAGGTCAGCAAAGAACTTATAGC
RTR C
rat28S_F GCAAGGTGTTCTTCACCACAAA

28S rRNA gene 28S 79

rat28S R CAGTTTCTTACGGCGTCTGTGAT

References are given for primer sequences taken from previously published works
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Appendix 4. Relative expression of genes of enzymes involved in neurotransmitter
metabolism (TH, COMT, MAO-A, MAO-B, TPH?2, Ache), neuronal receptors (D1DR,
D2DR, NMDARI), neurotrophins (BDNF, CDNF) and transporters (DAT, GATI) in
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Appendix 5. Compounds tested for TAARY agonism.
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N COMPOUND SUPPLIER | ACTION SELECTIVITY
1 | Dexmedetomidine hydrochloride Sigma Sedatives
2 | Putrescine dihydrochloride Sigma Trace amine
3 | Cadaverine Sigma Trace amine
4 | N,N-Methylpiperidine Sigma TAAR agonist TAAR9
5 | 8-OH-DPAT Sigma 5-HT1A receptor
agonist
6 | Haloperidol Sigma Antipsychotic
7 | R-(-)-deprenyl Sigma MAO-B inhibitor
hydrochloride/Selegiline
8 | Tyramine hydrochloride Sigma Trace amine
9 | B-phenylethylamine Sigma Trace amine
10 | Isoniazid Sigma Antibiotic
11 | Phenylpiracetam Sigma Nootropic
12 | RO5263397H Roche TAARI agonist TAARI1
13 | Mefloquine hydrochloride Sigma Antimalarial
14 | 5-Hydroxy-L-tryptophan Sigma Amino acid
15 | 2-Bromo-alpha-ergocryptine Sigma D2, D3 agonist
methanesulfonate salt
16 | N-methyl-1-phenylethanamine Sigma Natural product found in Vachellia rigidula
17 | Dimethylbutylamine Sigma Amine
18 | Acetyl-L-Carnitine NOW Dietary supplement
19 | Carnitine NOW Involved in metabolism
20 | LK00281 Krasavin Synthesized as TAARI agonist
lab*
21 | LK00445 Krasavin Synthesized as TAARI agonist
lab
22 | LK00386 Krasavin Synthesized as TAARI agonist
lab
23 | LK00764 Krasavin Synthesized as TAARI TAARI1
lab agonist
24 | LK00760 Krasavin Synthesized as TAARI agonist
lab
25 | LK00761 Krasavin Synthesized as TAAR1 agonist
lab
26 | LK00334 Krasavin Synthesized as TAAR1 agonist
lab
27 | LK00725 Krasavin Synthesized as TAAR1 agonist
lab
28 | LK00424 Krasavin Synthesized as TAAR1 agonist
lab
29 | Cis-3-hexenol Sigma Odorant
30 | Isocyclocitral Sigma Odorant
31 | Linalool Sigma Odorant
32 | Myrcene Sigma Odorant
33 | Borneol Sigma Odorant
34 | D-limonene Sigma Odorant
35 | Ambrinol 10% DPG (propyleneglycol) | Sigma Odorant
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36 | Trimofix 50% Sigma Odorant

37 | Timberol Sigma Odorant

38 | Citronellal Sigma Odorant

39 | Alpha-pinen Sigma Odorant

40 | Timbersilk Sigma Odorant

41 | Iso E super Sigma Odorant

42 | Monoethanolamine Sigma Odorant

43 | Bourgeonal 50% Sigma Odorant

44 | 2.3,5-trimethylpyrazine Sigma Odorant

45 | 2,6-dimethylpyrazine Sigma Odorant

46 | Eukalyptol Sigma Odorant

47 | Trimethylamine hydrochloride Sigma TAARS agonist TAARS

48 | Metformin hydrochloride Sigma Antidiabetic

49 | Tryptamine hydrochloride Sigma Trace amine

50 | Synephrine Sigma Trace amine

51 | 3-Methoxytyramine hydrochloride Sigma Trace amine

52 | DL-Normetanephrine hydrochloride Sigma Trace amine

53 | 3-Hydroxybenzylhydrazine Sigma L-AADC inhibitor L-AADC
dihydrochloride

54 | Phenibut Sigma GABA receptor agonist | GABA

55 | Dopamine hydrochloride Sigma Neurotransmitter DA

56 | Serotonin hydrochloride Sigma Neurotransmitter 5-HT

57 | Epinephrine bitartrate salt Fluka Neurotransmitter

58 | AlphaNETA Sigma TAARS agonist TAARS

59 | Isopentylamine Sigma TAAR agonist

60 | 2,5-lutidine (2,5-Dimethylpyridine) Sigma Pheromone

61 | 2,3-dimethyl pyrazine Sigma Pheromone

62 | 2,5-dimethyl pyrazine Sigma Pheromone

63 | 2,5-pyrazinedicarboxylic acid Sigma Pheromone
dihydrate

64 | 5-methyl,2-pyrazine carboxylic acid Sigma Pheromone

65 | Farnesene, mixture of isomers Sigma Pheromone

66 | DMAA (Methylhexanamine) NOW

67 | DMHA (Dimethylhexylamine) NOW

68 | Agmatine sulfate salt Sigma Trace amine

69 | SU 4312 Sigma Inhibitor KDR

70 | SR 59230A oxalate Sigma Antagonist beta3

71 | rac BHFF Sigma modulator GABA-B

72 | Zofenopril calcium Sigma Inhibitor ACE

73 | SIB 1757 Sigma Antagonist mGluRS5

74 | SIB 1893 Sigma Antagonist mGluRS5

75 | Danshensu sodium salt Sigma Cardioprotectant

76 | Ketanserin tartrate Sigma Antagonist 5-HT2

77 | 1-(2-Methoxyphenyl)piperazine Sigma Agonist 5-HT1 > 5-HT2
hydrochloride

78 | PAPP Sigma Agonist 5-HT1A
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79 | Dolasetron mesylate hydrate Sigma Antagonist 5-HT3
80 | SR-95531 Sigma Antagonist GABA-A
81 | (+)-6-Chloro-PB hydrobromide Sigma Agonist D1
82 | L-Beta-threo-benzyl-aspartate Sigma Antagonist EAAT3
83 | Suramin sodium salt Sigma Antagonist P2X, P2Y
84 | SQ 22536 Sigma Inhibitor Adenylyl cyclase
85 | Sepiapterin Sigma Cofactor NOS
86 | Amisulpride Sigma Antagonist D2/D3
87 | (£)-SKF 38393, N-allyl-, Sigma Agonist D1
hydrobromide
88 | SDZ-205,557 hydrochloride Sigma Antagonist 5-HT4
89 | SB 206553 hydrochloride Sigma Antagonist 5-HT2C/5-HT2B
90 | Granisetron hydrochloride Sigma Antagonist 5-HT3
91 | L-Tryptophan Sigma Precursor
92 | Tranilast Sigma Inhibitor LTC4
93 | Tiapride hydrochloride Sigma Antagonist D2/D3
94 | Taurine Sigma Agonist
95 [ FAUC 213 Sigma Antagonist D4
96 | Tolbutamide Sigma Releaser Insulin
97 | Tetraethylthiuram disulfide Sigma Inhibitor Alcohol
Dehydrogenase
98 | TCPOBOP Sigma Agonist CAR
99 | Tetraisopropyl pyrophosphoramide Sigma Inhibitor Butyrylcholinesterase
100 | Tetramisole hydrochloride Sigma Inhibitor Phosphatase
101 | Trihexyphenidyl hydrochloride Sigma Antagonist Muscarinic
102 | Theophylline Sigma Antagonist Al > A2
103 | (E)-4-amino-2-butenoic acid Sigma Agonist GABA-C
104 | Tetradecylthioacetic acid Sigma Agonist PPAR-alpha
105 | Abiraterone acetate Sigma Inhibitor CYP17A1
106 | Tyrphostin AG 879 Sigma Inhibitor TrkA
107 | Tetracthylammonium chloride Sigma Antagonist Nicotinic
108 | Tolazamide Sigma Releaser Insulin
109 | Terbutaline hemisulfate Sigma Agonist beta
110 | 4-Hydroxyphenethylamine Sigma Agonist
hydrochloride
111 | Triflupromazine hydrochloride Sigma Antagonist D2
112 | Trimipramine maleate Sigma Inhibitor Reuptake
113 | Oltipraz metabolite M2 Sigma Inhibitor LXRa
114 | TTNPB Sigma Ligand RAR-alpha, beta,
gamma
115 | Lubeluzole dihydrochloride Sigma Antagonist NMDA
116 | Triamterene Sigma Blocker
117 | DL-alpha-Methyl-p-tyrosine Sigma Inhibitor Tyrosine hydroxylase
118 | 6-Methoxy-1,2,3,4-tetrahydro-9H- Sigma Inhibitor MAO
pyrido[3,4b] indole
119 | Acetamide Sigma Inhibitor Carbonic anhydrase
120 | Amantadine hydrochloride Sigma Releaser
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121 | GABA Sigma Agonist

122 | Gabaculine hydrochloride Sigma Inhibitor GABA transaminase

123 | O-(Carboxymethyl)hydroxylamine Sigma Inhibitor Aminotransferase
hemihydrochloride

124 | Ezatiostat Sigma Inhibitor GSTP1-1

125 | N-Acetylprocainamide hydrochloride Sigma Blocker

126 | Actinonin Sigma Inhibitor Leucine

aminopeptidase

127 | N-Phenylanthranilic acid Sigma Blocker

128 | GSK-650394 Sigma Antagonist SGK1

129 | Eptifibatide acetate Sigma Inhibitor GPIIb/I1Ia

130 | Aminophylline ethylenediamine Sigma Antagonist Al/A2

131 | 3'-Azido-3'-deoxythymidine Sigma Inhibitor Reverse transcriptase

132 | YM 976 Sigma Inhibitor PDE 4

133 | 5-(N,N-Dimethyl)amiloride Sigma Blocker Na+/H+ Antiporter
hydrochloride

134 | (£)-2-Amino-5-phosphonopentanoic Sigma Antagonist NMDA
acid

135 | Sodium Taurocholate hydrate Sigma Modulator Conjugate Pathway

136 | Tienilic acid Sigma Inhibitor P450

137 | Atreleuton Sigma Inhibitor S-lipoxygenase

138 | TMB-8 hydrochloride Sigma Antagonist

139 | L-azetidine-2-carboxylic acid Sigma Inhibitor Collagen

140 | GNF-5 Sigma Inibitor BRC-Abl

141 | Acetyl-beta-methylcholine chloride Sigma Agonist Ml

142 | KY-05009 Sigma Inhibitor TNIK

143 | Azathioprine Sigma Inhibitor Purine synthesis

144 | L-732,138 Sigma Antagonist NK1 > NK2, NK3

145 | Amifostine Sigma Inhibitor Cytoprotectant

146 | Atropine methyl bromide Sigma Antagonist Muscarinic

147 | 5-Aminovaleric acid hydrochloride Sigma Antagonist GABA-B

148 | 4-Aminopyridine Sigma Blocker A-type

149 | p-Aminoclonidine hydrochloride Sigma Agonist alpha2

150 | Aminopterin Sigma Inhibitor Dihydrofolate reductase

151 | 5-azacytidine Sigma Inhibitor DNA methyltransferase

152 | 9-Amino-1,2,3,4-tetrahydroacridine Sigma Inhibitor Cholinesterase
hydrochloride

153 | Acyclovir Sigma Inhibitor Viral DNA synthesis

154 | Acetylsalicylic acid Sigma Inhibitor COX-3>COX-1 >

COX-2

155 | Acetazolamide Sigma Inhibitor Carbonic anhydrase

156 | Indinavir sulfate salt hydrate Sigma inhibitor HIV

157 | (£)-Nipecotic acid Sigma Inhibitor Uptake

158 | Atropine sulfate Sigma Antagonist Muscarinic

159 | Salirasib Sigma Inhibitor RAS

160 | N-Acetyl-5-hydroxytryptamine Sigma Precursor

161 | 5-(N-Ethyl-N-isopropyl)amiloride Sigma Blocker Na+/H+ Antiporter
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162 | 10058-F4 Sigma Inhibitor c-Myc

163 | Rivastigmine tartrate Sigma Inhibitor cholinesterase

164 | Aconitine Sigma Blocker Na+/H+ Antiporter

165 | Arecoline hydrobromide Sigma Agonist

166 | Aminoguanidine hemisulfate Sigma Inhibitor NOS

167 | Azelaic acid Sigma Inhibitor

168 | Atropine methyl nitrate Sigma Antagonist Muscarinic

169 | (£)-Norepinephrine (+)bitartrate Sigma Agonist

170 | Aurintricarboxylic acid Sigma Inhibitor Topoll

171 | 3-Aminopropionitrile fumarate Sigma Substrate CYP450

172 | 1-Aminobenzotriazole Sigma Inhibitor CYP450,

chloroperoxidase

173 | Sandoz 58-035 Sigma Inhibitor ACAT

174 | Acetylthiocholine chloride Sigma Agonist Nicotinic

175 | SirReal2 Sigma Inhibitor Sirt2

176 | Tryptamine hydrochloride Sigma Ligand

177 | Arcaine sulfate Sigma Antagonist NMDA-Polyamine

178 | 4-Amino-1,8-naphthalimide Sigma Inhibitor PARP

179 | (£)-2-Amino-4-phosphonobutyric acid | Sigma Antagonist NMDA

180 | Apigenin Sigma Inhibitor

181 | UNCO0379 trifluoroacetate salt Sigma Inhibitor SETDS8

182 | (£)-2-Amino-3-phosphonopropionic Sigma Antagonist NMDA
acid

183 | TNP Sigma Inhibitor IP3K

184 | Arbidol hydrochloride Sigma Inhibitor

185 | 4-Aminobenzamidine dihydrochloride | Sigma Inhibitor Trypsin

186 | 5-Fluoroindole-2-carboxylic acid Sigma Antagonist NMDA-Glycine

187 | 1-Aminocyclopropanecarboxylic acid | Sigma Agonist NMDA-Glycine
hydrochloride

188 | Reserpine Sigma Inhibitor Uptake

189 | MCC-555 Sigma Inhibitor

190 | (+)-Butaclamol hydrochloride Sigma Antagonist

191 | Apomorphine hydrochloride Sigma Agonist
hemihydrate

192 | L-Arginine Sigma Precursor

193 | 2-(2-Aminoethyl)isothiourea Sigma Inhibitor NOS
dihydrobromide

194 | Kyotorphin acetate salt Sigma

195 | 3-Aminopropylphosphonic acid Sigma Agonist GABA-B

196 | AubipyOMe Sigma Phosphorylation TRAP/ACPS

197 | Cyclosporin A Sigma Phosphorylation Calcineurin

phosphatase

198 | Carbachol Sigma Cholinergic

199 | Cephalexin hydrate Sigma Antibiotic Cell wall synthesis

200 | Roscovitine Sigma Phosphorylation CDK

201 | Cyproheptadine hydrochloride Sigma Serotonergics 5-HT2

202 | 3-Morpholinosydnonimine Sigma Nitric Oxide

hydrochloride
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203 | Cantharidin Sigma Phosphorylation PP2A

204 | Chlorpromazine hydrochloride Sigma Dopaminergics

205 | Centrophenoxine hydrochloride Sigma Nootropic

206 | Tirapazamine Sigma Apoptosis

207 | D-Cycloserine Sigma Glutamatergics NMDA-Glycine

208 | Chlorzoxazone Sigma Nitric Oxide iNOS

209 | Chlorothiazide Sigma Biochemistry Carbonic anhydrase

210 | SB 204741 Sigma Serotonergics 5-HT2B

211 | GR 79236X Sigma Adenosine Al

212 | Cefaclor Sigma Antibiotic Cell wall synthesis

213 | Citalopram hydrobromide Sigma Serotonergics Reuptake

214 | Cefsulodin sodium salt hydrate Sigma Antibiotic Cell wall synthesis

215 | Clemastine fumarate Sigma Histaminergics H1

216 | (£)-Chlorpheniramine maleate Sigma Histaminergics H1

217 | 8-(4-Chlorophenylthio)-cAMP sodium | Sigma Cyclic Nucleotides

218 | L-Cysteinesulfinic Acid Sigma Glutamatergics

219 | (+)-Chlorpheniramine maleate Sigma Histaminergics Hl

220 | Ceftriaxone sodium Sigma Antibiotic Cell wall synthesis

221 | Cefmetazole sodium Sigma Antibiotic Cell wall synthesis

222 | DL-Cycloserine Sigma Sphingolipid Ketosphinganine
synthase, Alanine
aminotransferase

223 | Clonidine hydrochloride Sigma Adrenoceptor alpha2

224 | Caffeic acid phenethyl ester Sigma Cell Cycle NFkB

225 | Lumefantrine Sigma Immunomodulators and Antibiotics

226 | Cortisone 21-acetate Sigma Hormone Cortisol

227 | Calmidazolium chloride Sigma Intracellular Calcium Ca2+ATPase

228 | 9-cyclopentyladenine Sigma Cyclic Nucleotides Adenylate cyclase

229 | Cefazolin sodium Sigma Antibiotic Cell wall synthesis

230 | L-798106 Sigma Lipids EP3

231 | Clozapine Sigma Dopaminergics D4>D2,D3

232 | McN-A-343 Sigma Cholinergic Ml

233 | Cefotaxime sodium Sigma Antibiotic Cell wall synthesis

234 | Imipenem monohydrate Sigma Antibiotic

235 | Pyrocatechol Sigma Cell Cycle

236 | Cephalosporin C zinc salt Sigma Antibiotic Cell wall synthesis

237 | GR 113808 Sigma Serotonergics 5-HT4

238 | Cephalothin sodium Sigma Antibiotic Cell wall synthesis

239 | Clemizole hydrochloride Sigma Histaminergics Hl

240 | (-)-Cotinine Sigma Cholinergic Nicotinic

241 | (£)-p-Chlorophenylalanine Sigma Neurotransmission Tryptophan
hydroxylase

242 | Canrenone Sigma Cell Signaling

243 | Cilostamide Sigma Cyclic Nucleotides PDE III

244 | Cephradine Sigma Antibiotic Cell wall synthesis
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245 | ML277 Sigma Ton Channels KCNQI1 > KCNQ?2,
KCNQ4

246 | Nestorone Sigma Lipid Signaling Progesterone receptor

247 | Carbamazepine Sigma Anticonvulsant

248 | Cimetidine Sigma Histaminergics H2

249 | 2-Chloroadenosine Sigma Adenosine Al >A2

250 | DMH4 Sigma Kinase/Phosphotase VEGF

251 | Chloroquine diphosphate Sigma DNA DNA

252 | Cystamine dihydrochloride Sigma Glutamatergics Transglutaminase

253 | Chelidamic acid Sigma Glutamatergics L-glutamic
decarboxylase

254 | Artemether Sigma Immunomodulators and Antib

255 | Argatroban monohydrate Sigma Cell signaling Thrombin

256 | Cyproterone acetate Sigma Hormone Androgen

257 | Captopril Sigma Neurotransmission ACE

258 | Cyclobenzaprine hydrochloride Sigma Serotonergics 5-HT2

259 | Bethanechol chloride Sigma Cholinergic Muscarinic

260 | Cinepazide maleate Sigma Ca2+ Channel A2

261 | Clofibrate Sigma Lipid Lipoprotein lipase

262 | Clomipramine hydrochloride Sigma Serotonergics Reuptake

263 | 1G244 Sigma Protease DPPS8/DPP9

264 | Cinoxacin Sigma Antibiotic

265 | Colchicine Sigma Cytoskeleton and ECM | Tubulin

266 | DL-p-Chlorophenylalanine methy]l Sigma Neurotransmission Tryptophan

ester hydrochloride hydroxylase

267 | CNS-1102 Sigma Glutamatergics NMDA

268 | AR-R17779 Hydrochloride Sigma Cholinergic alpha7 nACh

269 | Cinnarizine Sigma Ca2+ Channel

270 | Clotrimazole Sigma K+ Channel Ca2+-activated K+
channel

271 | Cytosine-1-beta-D-arabinofuranoside | Sigma DNA Metabolism

hydrochloride

272 | Calcimycin Sigma Intracellular Calcium Ca2+

273 | SJ000291942 Sigma Cytokines BMP

274 | Droxinostat Sigma Gene Regulation HDAC3, HDAC6, and
HDACS

275 | L-Canavanine sulfate Sigma Nitric Oxide iNOS

276 | Nitrendipine Sigma Ca2+ Channel L-type

277 | SDZ 220-581 hydrochloride Sigma Neurotransmission NMDA

278 | Lamotrigine isethionate Sigma Cell Signaling and Neuroscience

279 | Orphenadrine hydrochloride Sigma Cholinergic Muscarinic

280 | (£)-Octoclothepin maleate Sigma Dopaminergics D2

281 | O-Phospho-L-serine Sigma Glutamatergics NMDA

282 | Pancuronium bromide Sigma Cholinergic

283 | CID 11210285 hydrochloride Sigma Gene Regulation Wnt

284 | Valproic acid sodium Sigma Anticonvulsant

285 | Pyrilamine maleate Sigma Histaminergics HI
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286 | Nimodipine Sigma Ca2+ Channel L-type

287 | NS-1619 Sigma K+ Channel Ca2+ activated

288 | Oleic Acid Sigma Phosphorylation PKC

289 | AZ191 Sigma Cell Cycle DYRKIB

290 | Progesterone Sigma Hormone Progesterone

291 | (£)-Propranolol hydrochloride Sigma Adrenoceptor beta

292 | 3-alpha,21-Dihydroxy-5-alpha- Sigma GABAergics GABA-A

pregnan-20-one

293 | 1-Phenyl-3-(2-thiazolyl)-2-thiourea Sigma Dopaminergics beta-Hydroxylase

294 | Promethazine hydrochloride Sigma Histaminergics Hl

295 | Piroxicam Sigma Prostaglandin COX

296 | Nisoxetine hydrochloride Sigma Adrenoceptor Reuptake

297 | HA155 Sigma Cell Signaling and autotaxin
Neuroscience

298 | Oxymetazoline hydrochloride Sigma Adrenoceptor alpha2A

299 | Ofloxacin Sigma Antibiotic DNA Synthesis

300 | Topotecan hydrochloride hydrate Sigma Apoptosis topoisomerase I

301 | SKF-525A hydrochloride Sigma Multi-Drug Resistance Microsomal oxidation

302 | Pirfenidone Sigma Immune System

303 | Mitiglinide calcium Sigma Ion channels KATP

304 | Praziquantel Sigma Antibiotic Ca2+ Ionophore

305 | Atglistatin Sigma Lipids ATGL

306 | Nylidrin hydrochloride Sigma Adrenoceptor beta

307 | NBQX disodium Sigma Glutamatergics AMPA /kainate

308 | Sodium Oxamate Sigma Biochemistry Lactate Dehydrogenase

309 | Oxotremorine sesquifumarate salt Sigma Cholinergic M2

310 | Piceatannol Sigma Phosphorylation Syk / Lck

311 | Picrotoxin Sigma GABAergics GABA-C

312 | 1,3-Dimethyl-8-phenylxanthine Sigma Adenosine Al

313 | Cisplatin Sigma DNA

314 | Propafenone hydrochloride Sigma K+ Channel hKvl.5

315 | Phenylephrine hydrochloride Sigma Adrenoceptor alphal

316 | W55 Sigma Gene Regulation TNKS1/2

317 | NSC405020 Sigma Extracellular Matrix MT1-MMP

318 | Oxybutynin Chloride Sigma Cholinergic Muscarinic

319 | SC-514 Sigma Phosphorylation IKK-2

320 | Pentamidine isethionate Sigma Glutamatergics NMDA

321 | LP44 Sigma Serotonergics 5-HT7

322 | PRE-084 Sigma Opioid sigmal

323 | Podophyllotoxin Sigma Cytoskeleton and ECM

324 | CPCCOEt Sigma Cell Signaling and mGluR]1
Neuroscience

325 | Perphenazine Sigma Dopaminergics D2

326 | Terutroban Sigma Cell Signaling and TPr
Neuroscience

327 | (¥)-Octopamine hydrochloride Sigma Adrenoceptor alpha
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328 | Oxiracetam Sigma Nootropic

329 | SB 216763 Sigma Phosphorylation GSK-3

330 | Pemetrexed disodium heptahydrate Sigma Apoptosis

331 | Pentoxifylline Sigma Cyclic Nucleotides PDE

332 | NAV-2729 Sigma G protein ARF6

333 | LDN-27219 Sigma Neurobiology TG2

334 | PNU-282987 Sigma Cholinergic Nicotinic alpha7

335 | Pentylenetetrazole Sigma Neurotransmission CNS

336 | Naftopidil dihydrochloride Sigma Adrenoceptor alphal

337 | N-Oleoylethanolamine Sigma Sphingolipid Ceramidase

338 | Ouabain Sigma Ion Pump Na+/K+ ATPase

339 | Suprafenacine Sigma Apoptosis

340 | Parthenolide Sigma Serotonergics

341 | Pimozide Sigma Dopaminergics D2

342 | GSK180736A Sigma Phosphorylation ROCK1/GRK

343 | Palmitoyl-DL-Carnitine chloride Sigma Phosphorylation PKC

344 | Piracetam Sigma Glutamatergics AMPA

345 | (+)-Pilocarpine hydrochloride Sigma Cholinergic Muscarinic

346 | Bisoprolol hemifumarate salt Sigma Adrenoceptor Betal

347 | Oxolinic acid Sigma Antibiotic DNA Gyrase

348 | ODQ Sigma Cyclic Nucleotides NO-sensitive guanylyl
cyclase

349 | Oxotremorine methiodide Sigma Cholinergic Muscarinic

350 | Nanchangmycin Sigma Antiviral Viral Entry

351 | L-Glutamic acid, N-phthaloyl- Sigma Glutamatergics NMDA

352 | Papaverine hydrochloride Sigma Cyclic Nucleotides PDE

353 | R(-)-N6-(2-Phenylisopropyl)adenosine | Sigma Adenosine Al

354 | Phosphomycin disodium Sigma Antibiotic Cell wall synthesis

355 | Pilocarpine nitrate Sigma Cholinergic Muscarinic

356 | Dofequidar fumarate Sigma Mulit-Drug Resistance MDR-1

357 | Tomoxetine Sigma Adrenoceptor Reuptake

358 | Tamoxifen citrate Sigma Phosphorylation PKC

359 | Telenzepine dihydrochloride Sigma Cholinergic Ml

360 | Uridine 5'-diphosphate sodium Sigma P2 Receptor P2Y

361 | U-69593 Sigma Opioid kappa

362 | U-99194A maleate Sigma Dopaminergics D3

363 | Vincristine sulfate Sigma Cytoskeleton and ECM | Tubulin

364 | WIN 62,577 Sigma Tachykinin NK1

365 | Yohimbine hydrochloride Sigma Adrenoceptor alpha2

366 | Tetracaine hydrochloride Sigma Na+ Channel

367 | Brinzolamide Sigma Carbonic anydrase anydrase 11

368 | Terfenadine Sigma Histaminergics HI

369 | Thioperamide maleate Sigma Histaminergics H3

370 | U-74389G maleate Sigma Cell Stress

371 | UK 14,304 Sigma Adrenoceptor alpha2
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372 | U0126 Sigma Phosphorylation MEK1/MEK2
373 | AMG 9810 Sigma Ion Channels TRPV1
374 | Ara-G hydrate Sigma Apoptosis
375 | YS-035 hydrochloride Sigma Ca2+ Channel L-type
376 | Remodelin hydrobromide Sigma Gene Regulation NATI10
377 | 4-DAMP Sigma Cholinergic M3
378 | Tropicamide Sigma Cholinergic M4
379 | (£)-Thalidomide Sigma Cytoskeleton and ECM | TNFalpha
380 | CCT007093 Sigma Apoptosis PPMID
381 | U-62066 Sigma Opioid kappa
382 | SID 3712249 Sigma Gene Regulation MiR-544
383 | CP466722 Sigma Kinase/Phosphatase ATM
384 | WAY-100635 maleate Sigma Serotonergics 5-HT1A
385 | YC-1 Sigma Cyclic Nucleotides Guanylyl cyclase
386 | Tyrphostin 51 Sigma Phosphorylation EGFR
387 | Trifluoperazine dihydrochloride Sigma Dopaminergics D1/D2
388 | THIP hydrochloride Sigma GABAergics GABA-A
389 | A-68930 hydrochloride Sigma Dopaminergics Dl
390 | L2-b Sigma Cell Biology
391 | Erdosteine Sigma Antioxidants and Cytoprotectants
392 | (£)-Verapamil hydrochloride Sigma Ca2+ Channel L-type
393 | L-Mimosine from Koa hoale seeds Sigma Apoptosis
394 | TDFA trifluoroacetate salt Sigma Gene Regulation PAD4 or PADI4
395 | Zaprinast Sigma Cyclic Nucleotides PDE V
396 | RN-9893 Sigma Ca2+ Channel TRPV4
397 | D-609 potassium Sigma Lipid PIPLC
398 | Trifluperidol hydrochloride Sigma Dopaminergics D1/D2
399 | SHPP-33 Sigma Cytoskeleton and ECM | microtubules
400 | Zibotentan Sigma Endothelin ET(A)
401 | CCT137690 Sigma Kinase/Phosphatase Aurora A, B and C
Biology
402 | Galloflavin potassium Sigma Cell Stress LDN-A/B
403 | Wortmannin from Penicillium Sigma Phosphorylation PI3K
funiculosum
404 | Xylazine hydrochloride Sigma Adrenoceptor alpha2
405 | Zonisamide sodium Sigma Anticonvulsant
406 | Bropirimine Sigma Immunomodulators
407 | Thioridazine hydrochloride Sigma Dopaminergics D1/D2
408 | 3-Tropanyl-indole-3-carboxylate Sigma Serotonergics 5-HT3
hydrochloride
409 | CIQ Sigma Neurotransmission NR2C/NR2D
410 | 4-Imidazoleacrylic acid Sigma Histaminergics Histidine ammonia-
lyase/ decarboxylase
411 | Wiskostatin Sigma Actin N-WASP
412 | Vinpocetine Sigma Cyclic Nucleotides PDE I
413 | EMPA Sigma Orexin OXR2
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414 | SCH 58261 Sigma Purinoceptor alpha2 A

415 | Caroverine hydrochloride Sigma Glutamatergics NMDA/AMPA

416 | Tyrphostin AG 538 Sigma Apoptosis Pin-1

417 | Furamidine dihydrochloride Sigma Apoptosis kDNA / Tdpl

418 | XCT790 Sigma Gene Regulation ERRalpha

419 | TPMPA Sigma GABAergics GABA-C

420 | Urapidil hydrochloride Sigma Adrenoceptor alphal

421 | (-)-trans-(1S,25)-U-50488 Sigma Opioid kappa
hydrochloride

422 | Vancomycin hydrochloride from Sigma Antibiotic Cell wall synthesis
Streptomyces orientalis

423 | Acepromazine maleate Sigma Neurotransmission

424 | Xylometazoline hydrochloride Sigma Adrenoceptor alpha

425 | Olprinone hydrochloride Sigma Phosphodiesterase PDE3

426 | Trimethoprim Sigma Antibiotic Dihydrofolate reductase

427 | IPA-3 Sigma Phosphorylation Pak1

428 | Lorcainide hydrochloride Sigma Ion Channel Modulator | Navl.5

429 | Tipiracil hydrochloride Sigma Neuroscience pS3

430 | Urapidil, 5-Methyl- Sigma Adrenoceptor alphalA

431 | U-101958 maleate Sigma Dopaminergics D4

432 | (£)-gamma-Vinyl GABA Sigma GABAergics Transaminase

433 | Darglitazone sodium salt Sigma Gene Regulation PPAR/RXR

434 | Roslin 2 Sigma Phosphorylation p53/FAK

435 | Zimelidine dihydrochloride Sigma Serotonergics Reuptake

Compounds from 69 to 435 are from Sigma LOPAC1280 library.
* Krasavin lab — compounds were synthesized by the Krasavin group at the Institute of

Chemistry (organic chemistry division) of Saint Petersburg State University.
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