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Research progress of trace amine-associated receptor 1 signaling pathways
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Abstract: Trace amine-associated receptor 1 (TAARI1) is a classical type of G-protein-coupled receptor, which is widely distributed in
the brain of mammals, especially in the limbic system and the region rich in monoaminergic neurons, and it is a highly conserved
TAAR subtype in all species. TAAR1 can specifically respond to endogenous trace amines in the central nervous system and peripheral
tissues, and plays an important role in the pathophysiological mechanisms involving the dysregulation of monoamine system and
glutamate system leading to mental disorders. In addition, TAAR1 modulator can act on inwardly rectifying potassium channels and
regulate synaptic transmission and neuronal activity. According to the latest research findings, TAAR1 exerts a series of functions by
regulating signal pathways and substrate phosphorylation, which is related to emotion, cognition, fear and addiction. Therefore, we
conducted a detailed review of relevant studies on the TAAR1 signaling pathways, aiming at revealing the great potential of TAAR1

as a new target for drug treatment of neuropsychiatric disorders.
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% FEPE TAART B3 770 A4 P05 w] LA A 2 A 9] A
DX 14 5% sk ) 6 AN B @8 S 1, TAART B8
FE I PR 8 O 52 B A 2038 R i 2408 i IR 1)
TEF, HAHEAAN R BIE MBS, £
B b R OV TE I BUAAR . Y87 254 LR {2
IWEIZE/EM " B, TAARL AR 2> 74
VE FIHLHI DA T 3545 530 e O B 45 232 I 960
(B 1),

GluR1

7 A
—> Activate

— Inhibit

D Glu
@ oa

y
A

\

Bl 1RSI I I NS S IR 1R R 4%

Fig. 1. Regulation of trace amine-related receptor 1 (TAAR1) on intracellular signaling pathway. Glu, glutamate; DA, dopamine;
PEA, 2-phenylethylamine; Ty, p-tyramine; Tryp, tryptamine; EAAT, excitatory amino acid transporter; DAT, dopamine transporter;
Kir3, G protein-gated inwardly rectifying potassium channel; D2R, dopamine D2 receptor; G,; and Ga,, G protein o subunit 13 and s;
CaMKII, calcium/calmodulin dependent protein kinase II; AMPA, a-amino-3-hydroxy-5-methyl-4-isoxazole-propionic acid; NMDA,
N-methyl-D-aspartic acid; GluR1 and GluR2, AMPA receptor subunit 1 and 2; GluN1 and GluN2B, NMDA receptor subunit 1 and
2B; GABA;, GABA type B receptor; cAMP, cyclic adenosine monophosphate; NT-3, neurotrophin-3; BDNF, brain-derived neuro-
trophic factor; PKA, protein kinase A; PKC, protein kinase C; AKT/PKB, serine-threonine kinase/protein kinase B; GSK3, glycogen
synthase kinase 3f; RhoA, ras homolog gene family member A; NF-«B, nuclear factor-kB; NFAT, nuclear factor of activated T cells;
CREB, cAMP response element-binding protein.
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2001 4, Bunzow %§. Borowsky %55 H £ %
(dopamine, DA) 8% 5- ¥2 & % (5-hydroxytryptamine,
5-HT) ZAF A 519, RIT —FoEiil G A
BEZAA, fr4 h TAARL UV 3Rz 4] DL S
P NN PR G, W0 B- 2K 4% (B-phenylethyl-
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A2 BRI I Y, X A5 7T TAARD Xt R
e A 5 g A LS AR CEAR KBk

N TS TAART 7E4HH8_ L9504, Miller 55 A
sl TR 4 K TAARL, 5 A28 TAARI [FEME
BB T 96%, AR T N I 5 2¢O B H
TAARI k& &, ¥ 1% v b %% 4L ik HEK293 41 i,
i R RIR, TAARIL KA R/ 76 40 i i 3Rk,
FEEM R P RIE, AR E 1 DA gt
TAARI 5 PN R N G0y, AEH A0 T fg
PHI TAARL ™. Bunzow %5 N4RIE TR UIRIREL, i
fITF Flag Fric i K B TAARI % A7 %: Je ik HEK293
gif, LR RIE L EIR, TAARI k& R 1E 4
Ay 2RI A, 5 N DA 24K 1 7R i I
()28 TE T B BE B 5 B MY Xie 45 N3 X i ) A
HIN G G 2L 23R4T S e AL et IESE T TAARI
TERANR . F Mo AN 1w 28 0 4 B b S0 Bk
PEMACIRERE, TERETANMAZ A, 2B 2
58, ETEAN AR 1 K I B TAART 3£ 34 U,
Borowsky &5 N 18 i J5 A7 4% 52 41 2346 2% 1) 7 VR AE /I
R AR 2 R b R BT )2 T MURR (1) TAARIT
mRNA 7347, — L8 X 23 H IR 1) TAARL {55,
R MR, SR B AR N = X4
SMURLIRAZ AE R A%, M B REIE A S, TAARI
mRNA 55 3 8@ T4 2 o0 gn i i b 1, 1
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M BRI, R4V ROCILIREE % (biolumi-
nescence resonance energy transfer) 32 # 25 G cCAMP
AP R, MR T MOR AR AT 58 TAARI
Bl A it i U BhAbh, Navarro %5 A A F £ B 50 44
ZH iV #% (hamster ovarian cell substrain) SZH T K48
1& i 1) N YR TAARL F1 G 2 4 o I % (G protein a
subunity——Gq & 181 G16 & [ 78 40 i P Fa 5 1 3L
ik, FEHK TAARL B0 5 40 M P9 5045 30 2 # &
ok, XA OTEMRE T TAAR]D EAFDIRS T2
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B RIGESN, 7R S HURE R 245 B ALY
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R B, tbah, o> SURE BB T REAE IR IR &
P 3B (glycogen synthase kinase 3B, GSK3B) &5
T % 1L B 0 , TAAR - 2 L D2 5244 (dopamine
D2 receptor, D2R) & & ¥ B0 AT 47 1n] 5 GSK3p
155k P, SEP-363856 & — M L R1L &4, iX
FhZjH%t TAARL A1 5-HT1A 24K B A 5 1,
R BE VR I RS Bl 0 ZL0E (1) — 2858 B B0k A
25 B, et 25 F AR S PR AT R IR
(1 8 W AT 9 51 #2 CaMKIIa/GluR 1 {5 5 3 % () &5 2%
WG, s SEAT 7R oR, RO5166017 A A 5L
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FLZW, TAARI BB 7 AT A shm 1) 6 o7 42 fi
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BHCS R E S T AR /M. 4 TAARL 55 E
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EUIREIREEN 78 s e NN R VG S s e SN 7 = (N (R
TAARI1 FH B[4 28 70 H 52440 ) ) 458 B0 1 28 7T
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Leo 25 NG E T TAARI i AL fla poh 28 A 3o £ 1R 428 1
H, AT, TAARIL 58428355 RO5166017 fg
P/ 8 O SR A4 R0 AR B 7% DA IR ik, ik B 1
TAARI #1771 EPPTB f¢ 100 8 % L #8, b AITE 7
TAARI A= /) B AR B8 AZ A A il 31 DA F0 AR
Vi) H B, Bradaia 5 NRABL, 1EFME TAARI
S4B 71 RO5166017 F1 RO5256390 fg i % [F Ik
JE I 75 X DA fg i 28 70 A 885 7% 5-HT Rt &
JCIE & JHCH, EPPTB GE#E = IE M 4% 55 X DA Befi
SR E R P, B, IXEEEARESE T TAARL
X LG R R AEE

N T W E TAARL RAEAE FH I A BEHL ), — 2t
MAEFEES5HE G RANHBE . 2
G RGP T &0 o () Dh R e 5 AR A,
W TR N R A5 R0 I Z AR 3 1) cAMP
FEAE, cAMP AT LGS B H BB A (protein kinase A,
PKA) fl & H i C (protein kinase C, PKC), K %
—RIVEFDRE P RER, BT WIEERER,
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JL % B i AR )t 25 W0 TAARL, 5 &2 40 g N
cAMP )7t ", H TR TA R B- 2K L R AE S R
LR RE, SRR EATEY), ST ERN
Jige AT Y XU R A I, BT LB AR T
TAARIL, A cAMP £/ [FIP0RH A A AT i 22 48 AR
2, TAARL A 340 cAMP BLE AR
A g LTIV L S oo e = B L R N B < 3
¥ TAARL 5 2 2 ik 2 74 52 {& % 5+ 1) 44 (dopamine
D2 receptor short isoform, D2s). B _FREfE o 44
2A M (subtype A of alpha adrenal receptor 2, a2A).
B _EIR 2R o %244 2B WY (subtype B of alpha adrenal
receptor 2, 02B). 5-HT1A &Y 5-HT1B 4L YLEf,
5 TAARL 0% 5 1) cAMP /K F T *. Underhill
LN RN, RAEEL /N G 2 H RhoA
PKA 30 R 75 DA B3z i M 43 20 R e 32 14 19
i B, B HES BoR, TAARL W] A 52K
Ji&Xt RhoA A1 cAMP {55 Il % ) FE R, A1 /1N 4 i
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PRI RHE, ¥ % T H H ¥4 B (protein kinase B,
AKT) HI GSK3B MR IRBORK R, £ DA R4
NSRRGSR EEAEH P, B-arrestin2 2
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FE AN 2 A5 S8 B, 0 Toll K324k 4/ B4 K1
kB (Toll-like receptor 4/nuclear factor-kappa B). #2%4¢
J& 5 Ak 25 1 ¥4 B (mitogen activated protein kinase).
AL 4 KK T - (transforming growth factor-B). Jif
HRELEA BN/ WA ERERLEAS
(adenosine 5'-monophosphate-activated protein kinase/
mammalian target of rapamycin) 5 {5 5 i 1%, K%
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F P B R, O e DA AT AR TAART 42
/1N B HE IR0 28 ABA A 4 AR 0 32 Bl B A S IR B,
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BER R TIRME RS i+ & P it &
B S, BT RRRZ I RIEER .. RER
ZREIEPIE, —RNE TR AR Z K (ionotropic
glutamate receptors, iGluRs), L+ N- 3 -D- K4
RIS (NMDAR). 3 N 5214 (KAR) F a- 24
$ -3 BRI -5 S -4 BB A7 /K (AMPAR)PY,
— N AR B A R R %2 1R (metabotropic glutamate
receptors, mGluRs)™, X £ 52 4 7 #ih 28 50 2 45 1k
Gl i A P AR BT R R AR R EAE A M R
B MR P2 R G0 b el LI % A MR 4
i, HE RN AR FEMAE T EXY AT,
A PR AR R G JORE R B AT M Y B
HRIEUE], TAARL 0] AR N2 B AL 3 R 15 741
HEM TAARL 7] DLS HAh G 88 A REEASZ AR A BAEH
T RS — BEAR R TS S E ek, Hh s DAL
5-HT. 5 FERERAEZ MR Z B 24k P,

TAART 7] AT 5 i S A B0 1) 774 9 4
2 N FBUG B W R RERITER, Wi R
SORMA PR BRI T H R ™Y, BRI IEE A7
ET IR A0 AT 28 o A s b, 2 PR 2 R
A B . A2 IR is B LR T AL A
HHEBIRMDIRE, QFE AT LSz 2R il (7] 38 45 (1) 15 (8]
AR, PIT RALZARBOE KRB A, PB4
B R y- "/ T R (y-aminobutyric acid, GABA). %
PEH Bk A1 5 % . DA it TAARI-EAAT? {3
510 % PR AR R TR R T 4 B X A R s PR e T, B
YA J IR AR R, S AR R TR IR Jo 4 i 1)
fe . MRS ERRIA R BN T AMPAR R,
75 S 40 1 fh 28 % R B (calcineurin, CaN)/ 346 T 4f
g #% A -7 (nuclear factor of activated T cells, NFAT)
TSR IEOE, Sl TR AR R 4R T i M
24K [A - (brain-derived nerve growth factor, BDNF)
Ff2s 5 FE K1 -3 (neurotrophic factor-3, NT3) [(]7=
A4 W1 Cisneros 25 N R B, i T3 RNA Fiff 2
TE I 5L 40 i 1 TAAR] ()85 3R IE K, 7] DU
HAR AR B R R BT, @ R T i
WOE TAARL,  A] {5 T8 5T 40 il 9 cAMP 7K - fi
E Tt E, AME EIR T R ORI RS, R
TAAR] 58 R L% 2 A E ERBCR M,
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Z T IERE R, 2B NMDAR Zhgg{k T 7E
A4 43 R PO B A= B AT o) P R A R T,
L-687,414 j&—FhikFPE NMDAR ##E5i57, T4
BRARZIRIN AT SRR ZUE R, TAARI
e B M W 3 77 T DA R L-687,414 B9 1 U,
Espinoza £5 N\ & 3, TAARI 4=/ B AT & i 2
FEI A SR AL 36 S TR A NMDAR #8128 firh o &g
fEh5. Hrf, NMDAR V3 GluN1. GluN2B % i
K 5 2 PR M, Sukhanov 25 A\ & B, TAARI 4
/N SRR 2 A e 75 ) A B8 i B I gURk, - HL
SURAR T NMDAR 7 3£ GIluN1 2 i 7K ~F F1 1k B2 1k
KPR ETE Y. F4h, TAARL Bsh 7 fe A 3L
W B-JE M AR O S RN I B G, DA K
NMDAR 7EZUARAE b ik B 451 E s
H ¥ 1 (calmodulin-dependent protein kinase II, CaM-
KIT) 2 5 i 41 i 23S 28 P 605 28 A 0t 1 45 5 30 B 1 =
HA, HpL e WA H A T AERE 5IE
Ttk o< 32 44 BY, TAART A 6 5] 3 5 CaMKlla )
W SR 2 S AT R N E AT N P CaM-
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SRS 5w R E AR .
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1949 4F, Py ] B30 9 8 18 (inwardly rectifying
potassium channel, Kir) B IXEB BN K I, FEE
YR WA B R A, Kir RBLC A, X2
FH T2 PN B AN 2 e e AL I P ZE Bk
BB T REER AN, H AT &% 5w 15 A Kir W&
FER, BT VYA ThRELH, 43248 3L Kir JETE (Kir2.x).
G HE A% Kir ##i8 (Kir3.x). ATP g Kir @8
(Kir6.x) 2 B + #% iz 18 18 (Kirl x, Kird.x, Kir5.x,
Kir7.x)®. G & A0S i) Kir3 81 P9 AN AS 7] 1) J8
A K, Mo, Kird.1. Kir3.2 Al Kir3.3 #£ 4>
W35 2Rk, Kir3.4 RAE/D N X Rk, A& i
X [F] i ek BL L PUAPE L, Kir3.1 Al Kir3.3 mRNA
FETS P i o 0k, Kir3.2 76 o il #MIAZ AR
Wrp Rk . Kir3 ANCRT DL 32 0 ) 14 5 fih Ji5 FLA
TR LA IE ok S i LA R 45 b i s BY B
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7R, TAARI 5 Go, BT HEUE cAMP, 5| A
cAMP FH 2, thAiE Kir KA TR,

B- K RN K i Re 4 i Hh i DA RE 2 T
il SR A B A, HHLEI I AE PKA B PKC BRI,
1M /&2 GABA B % 5% {& (GABA;) /5 K Kir ¥ i%,
ZIEE UIEW] T B- 2K £ Ji I A Sy b 28 18 715 771
o 400 1 R A A 8 4 L B W 9T K, EPPTB
BELIET T TAARL 519 Kir 3005, 1% 7 AT 440 55
T tertiapin FEWT. (A, TAART 32200 i #0E
Kir3 818 FF % DA BE 420 50 B A % PO, R 3
TR T LLBOE TAARD Al cAMP/PKA 2565 538
BB SRR, WA LA 5] R R TR
JoT 4 fE 25 WAk, I A ) E R 1] 45 4 8 T AT K,
EPPTB ] LAIS #5322 2000, FF 4] PKA 3 14 A A
T R AR 2 WAk o TR, 2 R o 200 it L L AR
BT IEIE R A MR B PR, (RIS R G S E
AT 2E B9, TAARI A5 538 B A 5 4908 38 X ML )
A Frik— B 5T

5 B4
gz ATk, HTROBE T3 R TAAR] A B2l i

VG RS, BRI R G E A S RIS
SR, RIS A 2R AT I (AR
. soh, 1EA—REHE) G B ARG IA, TAARL
g4 G B AR I G OCE R R E 5 I8 R 1 2k
TR R B2 AR SR FL 1 A, X T 48 7R TAARI
FC A LS A 2 S8 . RibTH
HI TAARL MU FUAFAE 2 B R, il = 45 55 8
SRIGPUA. BARRIAEME. RERAREE, M
TEAHARL A MR SEYEE A
BERHE K BIIRN A A R — D78 TAARL 5 Z
2 AR 7 R S -3 AR ELAE R (AL, T B
THATTF & 3T TAART #E 55 (10 %0259 UL A
TAAR1 FERSAHIR R BEAL S o 2 576 1 .
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