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Figure 1 (Color online) The GPCR-based fluorescent dopamine sensor design principle and development history

R K 36T Nature MethodsZ<7E.

I N G ok A 2 4% B 1 45 B D A A2 4 I 1Y
(GPCRfENRE MBS, [ FHIA gDA2m. dLightl1.37!
DA Im %55 EARE M ICLIBUR Z R IWICL3. B, it X4
ABLE S BB — RIS AL, TS T e 3k
MKIFIETHIDATRET, HIGESEgDAIMIRE(GE T AJEDIR)
HMgDASMEE GETHIEDIR). ZLArDA2mAlrDA2KRES (&
FLLAD2R), VIR ArDA3ImArDA3hEE (T AR
DIR). )5, iEid— RN 0L IE Tk SRR T4 B
FAZRR IR e, HEA AR 1%:, I HASMH
IXGPCR F#HfE 5l . X545 2 AiIGRABp, MdLight
BRETHLL, BRI S PR E . (FIR LA TR
P, W5 E XFHBOETF RS, S A, @ ki
NAc. ZURIEFISNcIEDABIZ, EigDA3ImAIrDA3ME
RGBS, ARSI S R —B, SRR
DAIREHHEL, gDA3MAIrDA3ImMIRE! % DA R A8 Fni i i
SRS/

N T iR R B CDARE R N B A R
REGEER TR DB R T /N2 oK S R
NAcH MDA, EMEZHMWgDA2m. rDAImAl
RdLight 141 HI L, #Hi—1CgDA3MAIDAIMIRET DG
AR s B, T DA UK o2 il KN ARk, 7
PEEERE 1, BRI — PR RS S i — U DARE
RE TS IC 7 2 LU Rl 2 O AR S AR B (9 ik X DA R RE L. st
BOGVTAMZ 0, B 4] 7 AR gDA3R,
rDA2mArDA3mIREF 56 G TEmPECAN P e 75~ 42 B R fi
W BB A RO SR AR A B . AE RT3 2 T eRe N
EHE bR R AR I A mPFCKM 3 —CDAYRET X DA
ML AR, £ IrDA3mAIgDA3hE L BIAH 1k
JEFXTDAR I RAFRIBEREE. BLAh, Sk [ 2 s+
WA, TEM1/M2i2 3 B2 J2 W E gD A3h gD A3miREH Dt
JE Wi 538 L AR R B T AT IR N,  HLRIUH AT R
FAZS AR, T 2 AT dLight 1. 3b3RET Y RS AL IR F5 3%

R GR I DAZE L.

wJE, WA A AL BDARRE 5 HA LR PO R
ISR, M RDCLFIC SR, TR MINIX 2T R
FE T DAFI AR 2 A 224 I A TR IS AR IS
FH N TENAc[F B WM rDA3m A G-Flamp 1 (PRSI
CAMP LRSI HED) IR E A M /N BRSS BCAd F 1 1
SRk, I RIIDAG S 54N c AMP/K - TIM G, FE/h
SR IS /MU A [~ 4% (basolateral amygdala, BLA)[wE] T Wil
tDA2mAleCB2.0( I RIFRZR 1 4 (0GR I RIS LE T
Jndz R AR A BT E S AR A, TR IDA2mAeCB2.0%5t
R B TR A B BE A PR . ot
Ak, BFE/NERNACHIMPFCH A B WEillrDA3mATACK3.0( Z, ik
JELB Py 2 €0, ¢ SR Y PR AR AT 6 T 52 B T 9% R 2 1 IR ST
%5 R E 5781k, 878 T DAMIAChRITE A2 > ik F i

ZIR T Se R A ZFIDAZ IR BRI & T — K5 BA &
RGP WERIEAERLL, BA RGN 3] 715 1 4
LI B AIGRABp IEIGIRET. SR i — R I AR RS 40 UF 53X
SO RERGAG TN 22 I X AR [ K- IDARR R, #8718 TDARE
BB AR s . PEAR A (L GRABp A B GIRET RERS
5 HA RS e EREH(UINcAMP. e CBFIA ChZ 454 [a] i,
PR AT i e P A A A L R R A B . g B Y
i FH# FEBEBEDATOCIRET I, 75 EARYE A J 90Tk &
B REERETBIER T SRR R, R E R,
IXLEAREHFEAR I DA/NEAT 859 e, (IS8 T
REFE AR R BT AR A FEARIF. - TFDAFINETE IF £ IX 45}
HT7, FHREAARESHDARNER MK T —ICGRABp,
PRET e B, K P9 24 9 A Bl AR R P 2 R4
FRHUAR [EAN e sh b Rl JE Y, TR L4 2 AN HAbE
BT —1RGRABp 54T, A B F LB R B A DA Z R H Al
TR R 203 B/ 2 TR sh M Bh B AR, B, X —fR
GRABp FFENRS A 45 T A BAR BLA A R DATE Y
PR T A

813



4

30 B 2024538 ¥69% HT7H

5% 3CHik

1

10
11
12
13
14
15
16
17

18

19

814

Teleanu R I, Niculescu A G, Roza E, et al. Neurotransmitters—Key factors in neurological and neurodegenerative disorders of the central nervous
system. Int J Mol Sci, 2022, 23: 5954

Franco R, Reyes-Resina I, Navarro G. Dopamine in health and disease: Much more than a neurotransmitter. Biomedicines, 2021, 9: 109
Poulin J F, Lerner T N, Howe M W. Editorial: Dopamine neuron diversity in circuits and diseases. Front Neural Circuits, 2022, 16: 856716
Zaborszky L, Vadasz C. The midbrain dopaminergic system: Anatomy and genetic variation in dopamine neuron number of inbred mouse strains.
Behav Genet, 2001, 31: 47-59

Beier K T, Steinberg E E, DeLoach K E, et al. Circuit architecture of VTA dopamine neurons revealed by systematic input-output mapping. Cell,
2015, 162: 622634

Nandi P, Lunte S M. Recent trends in microdialysis sampling integrated with conventional and microanalytical systems for monitoring biological
events: A review. Anal Chim Acta, 2009, 651: 1-14

Zhang T, Xuan X, Li M, et al. Molecularly imprinted Ni-polyacrylamide-based electrochemical sensor for the simultaneous detection of dopamine
and adenine. Anal Chim Acta, 2022, 1202: 339689

Inagaki H K, Ben-Tabou de-Leon S, Wong A M, et al. Visualizing neuromodulation in vivo: TANGO-mapping of dopamine signaling reveals
appetite control of sugar sensing. Cell, 2012, 148: 583-595

Muller A, Joseph V, Slesinger P A, et al. Cell-based reporters reveal in vivo dynamics of dopamine and norepinephrine release in murine cortex.
Nat Methods, 2014, 11: 1245-1252

Sun F, Zeng J, Jing M, et al. A genetically encoded fluorescent sensor enables rapid and specific detection of dopamine in flies, fish, and mice. Cell,
2018, 174: 481-496.¢19

Patriarchi T, Cho J R, Merten K, et al. Ultrafast neuronal imaging of dopamine dynamics with designed genetically encoded sensors. Science, 2018,
360: eaat4422

Patriarchi T, Mohebi A, Sun J, et al. An expanded palette of dopamine sensors for multiplex imaging in vivo. Nat Methods, 2020, 17: 1147-1155
Sun F, Zhou J, Dai B, et al. Next-generation GRAB sensors for monitoring dopaminergic activity in vivo. Nat Methods, 2020, 17: 1156-1166
Wang S, Che T, Levit A, et al. Structure of the D2 dopamine receptor bound to the atypical antipsychotic drug risperidone. Nature, 2018, 555: 269—
273

Yin J, Chen K Y M, Clark M J, et al. Structure of a D2 dopamine receptor-G-protein complex in a lipid membrane. Nature, 2020, 584: 125-129
Zhuang Y, Xu P, Mao C, et al. Structural insights into the human D1 and D2 dopamine receptor signaling complexes. Cell, 2021, 184: 931-942.e18
Xiao P, Yan W, Gou L, et al. Ligand recognition and allosteric regulation of DRD1-Gs signaling complexes. Cell, 2021, 184: 943-956.¢18
Zhuo Y, Luo B, Yi X, et al. Improved green and red GRAB sensors for monitoring dopaminergic activity in vivo. Nat Methods, 2023, doi: 10.1038/
$41592-023-02100-w

Roeser A, Gadagkar V, Das A, et al. Dopaminergic error signals retune to social feedback during courtship. Nature, 2023, 623: 375-380


https://doi.org/10.3390/ijms23115954
https://doi.org/10.3390/biomedicines9020109
https://doi.org/10.3389/fncir.2022.856716
https://doi.org/10.1023/A:1010257808945
https://doi.org/10.1016/j.cell.2015.07.015
https://doi.org/10.1016/j.aca.2009.07.064
https://doi.org/10.1016/j.aca.2022.339689
https://doi.org/10.1016/j.cell.2011.12.022
https://doi.org/10.1038/nmeth.3151
https://doi.org/10.1016/j.cell.2018.06.042
https://doi.org/10.1126/science.aat4422
https://doi.org/10.1038/s41592-020-0936-3
https://doi.org/10.1038/s41592-020-00981-9
https://doi.org/10.1038/nature25758
https://doi.org/10.1038/s41586-020-2379-5
https://doi.org/10.1016/j.cell.2021.01.027
https://doi.org/10.1016/j.cell.2021.01.028
https://doi.org/10.1038/s41592-023-02100-w
https://doi.org/10.1038/s41586-023-06580-w

	新一代基于G蛋白偶联受体构建的高灵敏红色和绿色荧光多巴胺探针

