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Research progress of neurotransmitter detection technology in live brains
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[ Abstract]  As endogenous chemical substances, neurotransmitters play a vital role in maintaining normal life
activities. Abnormal levels of neurotransmitters can lead to physical, mental, and some neurodegenerative diseases.
However, the ultralow concentration, complex chemical properties, and release modes of neurotransmitters make their
accurate detection in vivo a great challenge. To accurately monitor neurotransmitters in the brain and accurately understand
the release kinetics of neurotransmitters, we reviewed several method commonly used in the past five years to detect
neurotransmitters in vivo and their research progress. The basic principle and applicability of microdialysis, electrochemical
sensors, and fluorescence sensors are introduced in detail.
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Figure 1 Summary diagram of three neurotransmitter detection techniques
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Note. After the microdialysis needle is placed in the tissue to be tested, the artificial cerebrospinal fluid is pumped into the internal pipeline

through the inlet tube at a certain flow rate through the syringe pump. The semi-permeable membrane enters the probe and is continuously brought

out by the continuous flow of artificial cerebrospinal fluid to realize the exchange of artificial cerebrospinal fluid and cerebrospinal fluid in the

brain. Green transparent circles represent Na*, K*, Ca?* and Mg?*, etc.. Pink triangles represent amino acids, monoamine neurotransmitters

etc. Yellow circles represent proteins, polypeptides, etc.

Figure 2 Microdialysis needle structure and microdialysis membrane working principle
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Table 1 Comparison between different detectors for use with microdialysis
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Note. Sweeping up and down a range of potentials results in the oxidation and reduction of analytes adsorbed on the electrode surface to generate currents.

The concentration of neurotransmitter can be quantified by peak current value, and the amplitude of the oxidation peak increases with the increase of

neurotransmitter concentration. Therefore, qualitative information can be obtained through the potential position of the current peak, and quantitative

information can be obtained through the current intensity of the peak.

Figure 3 General setup and working principle of a fast-scan cyclic voltammetry electrochemical sensor
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THYB 1) 7 A B AR TR L A R DA AR 4 5 O A% ik
YRR AT, T T B2 AR DO B H R
W 4APY [ 1948 4E & FLLISE, FRET &4 K &
BRI 4322 1], 02 8 1 BT 2 Al A B4R T

SR T L AW B S WF 58 0 )12 U RE T 8T Y
AJREPE . Okumoto 25" Fi HI A% 5 4 22 385 [ 45
A2 R R4S G 11 (PBPs) VE AR IS S48 ¥
K F K FE 1R ) 43 S R/ R 4 R R 25 6 B 1 ybel
(AR GIl) H&x 50 E H AN B K& i &
HRI Glu 2646 78 8 1 (FLIPE) | 0 43 2 2 1) 3%
1125k 600 nmol/L, B 8] 53 HE R 2 K 1 ms, 411K
4B, Masharina %% J£F FRET A& , ¥ SNAP-tag
CLIP-tag FIH AR /3 Hr ¥y 09 52 (R 8 1 (RP ) i &
HH WS IO AL AR B 1 (Snifit) . %1%
TR D v R S R v B ) 43 S5 A el FL 30 4 3 A
L TE AN -2 B T TR, y- 2 R TR ) A ok 8 A
THUEE IR 22 2 BE SR IS B Y, B[R] A3 HERAE 1 ~ 10 s
BN TERF S R G b y-2 5 T RE I &
HEEREEMME,

T2 BN 25 BB L IR A5 AL
T HL Ak A SRR S G I 32 v 3k A o b 2 328 I 1Y
K55 A AT, 25 IF R — R 5T
Y1 B o 28 5 96 G T RE 445 2 ¢ (CNIiFERs ) , A
IXREsTE Tt D2 24K ol A B2 M1 324K 58 1
X £ B 22 BB R 2R LA R L T LR 1 3 2 A
DU T L RE RS A0 S A5 T ARG 00 0 457 8 R ERE ] B[] 43
PERIE 1 ~ 10 s BEEP ' 55 FLIPE M1 Snifit
RGMIHL,CNIFER RAECLERNER T Z 1
FAE, Muller 2557 4% CNIiFERs 1 59 20 /)N BB 1 400
iz J5 (5 OB 7 S i B ) e 25 12 s S ot A v i
ZiB R, TEiZ 75, D2 CNiFER X 2 )i
FI A EE RO B R R IR R R
BUE L 2 ERAR T 30 152047, 22 EL R A A T ik 2
2.4 ~ 2.6 nmol/L, Ifii 25 H 5 L B 28 A R I vk B2 oy
73 ~ 89 nmol/L, [AlFE, al A CNiFER %25 HU'E | i
BRI RBN ) RE, EF S LIRR K
WA E N 18 ~ 20 nmol/L, i 22 T iz Ao k6 0 946 2 Sy
1.3 ~ 1.5 wmol/L, H4R CNiFER ARES> P BN 58
Sl o et 22 1 3t | AELATY SR 2 AR Py s T o 28 366 o e A
BRIk Z—,

Marvin 258 W46 R B HESE (5.9 6 5 1 (circular
permutated
cpEGFP) #fi AZ| GItT HHF & T iGluSnFR, B3 T
5 Glu 85 GBI ZENAG T, I AEM 40T AL I 0%
d R A D N R R I AR E R, 5
CNiFERs A, iGluSnFR 7] LATRE 15 #2308 A 28 fih [A]
B, A I A TN R B A5 M LR Bl g 2

enhanced green fluorescenr protein,
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TE: A FRET JEAR JFUIE . 804 25 09 LA ' AT 388 5ol AR 0 1y R P HAR R B L AR SR 07 s 48 52 AR SO AT AT B2 AR O A
It B FE T FRET JFUML) 45 E M e AR B - B K o BRI AT B G 595 (0 3OL3E H (CFP) AIEE (ORI H (YFP) 20 FRET Xf
B, B TSR — AT AR IR ; CITI N AR AR A 20 TR 5 R, 2 B A 5 4 Z R A A I R S L84k, B B0 YFP I CFP AR TG
B FRET 0% FEAIT
B4 FRET A ST FRET S 75 2 W Al s

Note. A. The basic principle of FRET. Donor fluorophore in the excited state transfers its excitation energy to the acceptor fluorophore in a non-
radiative manner through the interaction between dipoles, thereby causing the acceptor fluorophore to emit light. B. Based on the principle of FRET
Schematic diagram of the glutamate sensor. First glutamate sensor was designed by fusing GltI from Escherichia coli with a FRET pair consisting of
cyan fluorescent protein ( CFP) and yellow fluorescent protein ( YFP ). GITI is the molecular recognition domain of the sensor. When it binds to
glutamate, its conformation changes, causing YFP and CFP to move away from each other, and the FRET efficiency decreases.

Figure 4 Basic principle of FRET and glutamate sensor based on FRET principle

XA SRR I 2 A JITE 98 ~ 116 wmol/L MG A,
BFE] 2 B R AE LY 5 ms B B P, R NSE LA
1 ~ 10 mmol/L, Marvin R EH BT S50
2 8 H ( circularly permuted superfolder green
fluorescent protein, cpSFGFP ) Ht X T Ji >k
cpEGFP , JF & H1 T SF-iGluSnFR, 4k SF-iGluSnFR
(2 11 % 5 5 4] 1Y iGluSnFR i b #1820 SF-
iGluSnFR FLA7 5 i (25 A1 1 MR B0%E , HE iGluSnFR
TR R T W 2 i A R I DR R
Helassa 2" JEFC I 1 iGluSnFR (9 3ER -, BT
T iGlu, M1 iGlu, PIFPH AR IR, o iGlu, REWS1E
100 Hz PYMRREN B 44 45 0K U S b 22 e 4 i vh
AR PR, A IE A 0.01 ~ 10 mmol/L,
HIRE iGluSnFR M L, iGlu, 1 iGlu, i 3% F1 J1 A FF
REEAVR I3 TR o 22 A AR S ) A 5 708 A ok 2 R 7 58
i T i Bl g A R A R T 6 AR S A5
3.2 ETGCEABERZHRNERRERSE

G H BB Z 1K (G protein-coupled receptors,
GPCRs) 2 RHYESZ ARk, L 4Ek, E PR T —
RINHT GPCR Y J8 e o I 2 ot 220358 Joie, HC
ACh f£J& %% (GACh) DA 14/ %% (GRAB,, ) fil NE
R (GRABy, ), WAL 5 fToR, LA R il ad A 2K
DAD1 Fl D4 32 AT K Y dLight 2R FHRES

55 PBPs fE WAL IRAS LA M E, 3L F GPCR &R 4%
TEJFHE L nT IR A B0 R AR A N 8 7 2% (R AE
AN A K ) A 28 38 BT E B A T 4 9 S R ) RN
Pk

Patriarchi 2% JF & T —Fh 3L T8t {L B 1Y £
AL SR ——dLight 1, %A% J8 A8 BE W8 LA = i 25 3
BRI /N RO AR T 22 1 e 2 R R ) AR AR A
ZAE AR X 2 B SE ML AE 300 ~ 360 nmol/L Y
TR N, AFSE W] dLight] 7ERFST 25 BERAE | H A 3
oGRS DL T 2 L ) s S AR s 2
AARTRAY S, Patriarchi 55 B THBR T T4k
PE/NFDE R E P58 B9 RdLightl , RdLight1 X 22 [ i
B2 A1 2R 229 nmol/L, K Y5 > 0. 01 ~ 100
pwmol/L, AP EFTF GPCR AYAL &A% 1) B (0 G ik 2
T —AEH], Sun % epGFP BUR T 2 EL K
D2 Z{& GPCR W% = 40N IR, 20t | iz etk il
& T 2 B LA R SRR GRAB,, , %A%
TS ELAT A0 M 43 PR W RD Bl 2 R R I
FERT DA B i oy R S M BE 8 S AR T
D BE T AN AE 2 BT R g rh TR 2 R
HIsh 251k, GRAB,, X £ 5 i (9 5% F1 1 R 130
nmol/L, B} 0] 43 B K K F 100 ms, dLight il
GRAB,,, 7E HEK293 T #fi il H #8 B A AR 4 1) K 3k F
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Note. GPCRs consist of seven a-helical transmembrane domains (TMs) , and the conformation of the cytoplasmic end of TM6 changes the most
when a ligand binds to the GPCR. Ligation of TM5 and TM6 is accomplished by ¢cpGFP inserted into the third intracellular loop domain of GPCRs
to detect conformational changes that occur upon GPCR binding to ligands. Ligand binding induces a conformational change in the GPCR resulting
in increased fluorescence.

Figure 5 Fluorescent sensor based on G protein-coupled receptors

RAFHITERE

Jing T I & T — R HIHETF GPCR 1Y GACh,
FE A5 198 456 P b ) 107 /MR P R D9 DM 2 e RELARK , 3
RO B B B 5R ZU M SO 5, B R4
MR BRI S RO E M, %L
AR AERT C BERERR %) 3 F1 J1 K 100 wmol/ L, B [A] 43
PERAE L RPN BTN, Feng %5 I FHC (4 45
B B SRS TR A 7K B BRI 2 ] 1 R 2 AR A ke T T 4

FHTOCERRSEE, TR T — R 5T GPCR
1) GRABy, . BFFE &I, GRAB  HA AR & Y 7
JBE RS RDEARE M, Xb 2 VR BB SRR A
20 B 20 ZE (R0 K O R LI R ] 2 9 3 7 S D 4
FYE LY, R SE O 0.1 ~ 100.0 pmol/L,
GRAB RETRH 57 i M 00 /1 Bl A= SRR B 7 v
RN L EIRR R shA2 A, T T L L
JR AR AT D v A 5 RS e AT B AR A

R 2 AR B 238 OGN Iy 1h 14 e A

Table 2 Comparison of different kinds of fluorescence sensors for neurotransmitter detection

R IRRAR A AY Bl Ekainiie] SEHT) R ] 3 G0 FEl ik
Sensor type Type Target analyte Affinity Temporal resolution Detection range Reference
FLIPE M ?B%%EE /ﬁiﬁﬁ Appri?(i;j]na?g(})l ggglr/l}r‘lol/ L Appri?;iﬂ‘rr::aie{;lsl ms 10 ~ 10,000 pmol/L. [53]
cvrne MEITAGEN LGNk seman 1o w0s R
DA,NE, ACh ’
s s S/l Ao s e 1= 10000 g/l (58
dLight1 ¢ %Flcli%cﬂzfﬁﬁg giﬁi 300 ~ 360 nmol/L 10 ~ 100 ms 0.01 ~ 10 pwmol/L [64]
RdLightt  © ﬁ%ﬁﬁé%ﬁs # ]iﬂﬁ 229 nmol/L 126 ~ 320 ms 0.01 ~ 100 pmol/L [65]
GRAB,, Gﬁ%ﬁzﬁfgw gliﬂf 130 nmol/1. < 100 ms 0.01 ~ 1 pmol/L [66]
GACh G E%ﬁ?\f%w Zaﬁ(}jﬁﬁﬁ 100 pmol/L 2:;7 - 381327 ”I:S’ 1 ~ 100 pmol/L [67]
GRABy GEE‘GL%CB?%{ZS fﬁaﬁEﬂ’ﬂi 1 pmol/L 3762: 1688098“31’5 0.1 ~ 100.0 pmol/L  [68]
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% 2 AR RS DA% s A 1 22338 RS I 7 1h
A EEEL

4 REERE

[LESST PP R LS4 e i A3t ok o i U ¢4
FEARIE R B LE a6 sl h 9 i+ A
IRCA TG AR I B A (1 SCE, (H R FR 7
CEAFEIHE R — I 238 Bl B . A 3C
Xk P A8 BE 08 S I M 04 P e 222088 o B R
PEAT T AT A BT, T2 PR GR T A A T ik B9
JEHE RO T, PO T X S5 3L R PR, sk 3 i
TN YT AN R A1 BLR, W] LA R4l A FOR

Rt T RIFE%

15 A G S i sh PR 2= A, %l 224l
SN ST A R A TN )5 SR O B B AR Y
bR 7 EEIERECR SN, DFSEF AR TT R T A A
TR AR i 1 T 1 2R M W A e L2 gl g 2
BE FHREA AW Rk = S5 A P 25 OB B AR Y AN
W7 A R, RN o 22 338 Jor A I 52 S B BF g 2 i A 1)
— B iz 2 AT T TR L A0 IR
PRI AR 3 25 b 5 A v 5 A 28 6 HCUIDRE o T
ARSI A 22 328 T T T A LA 5 Y
Kol E B 2 B B ) 36l VF 2 HOR IETE 2 )
Iz BRUE SR R R AT 5t R 220

R3 PRZB BRI TR 2 8] 69 LA

Table 3 Comparison between neurotransmitter detection tools

. 25 [a] 4 39 2% s ] 433 3R .
ik o ERARE O MEAPE G song R By
S Spatial Temporal . IR L .
Methods Principle . . Sensitivity Practicality Limitations Model organisms
resolution resolution
RAAg )™, A
Z R W5 AN B
s . %, Z W% R Y 2
A T » A
I (> 1 BRI, ST R %
Ty L K, ~ 200 HIEH HEY AL K/NEL I BT
PN FAR pwm HAE) W 530 3] 43 h Broad detection Poor spatial and  J& fEHIAHE
BT Collection of . . ik
. L . Low, limited Sub-minutes range allows temporal Rat, mouse, dogs,
M101‘0(11a1y51s neurotransmitters . . Low . . . . .
throuch dialvsi by probe size to minutes multimodal studies  resolution, rabbits, pigs,
r(]))ug . li‘ysis d (=1mm and multiplexed causing rhesus monkeys
I,D rotheslirfl;') ante long, ~ 200 detection of tissue damage
1 the bram pm diameter) neurochemicals in
normally behaving
animals
VLA,
—— AT 2
i 1 1 v e PN .
REBBILA 2 o P 7 0 0 3 9
B TR = B4, A T G
T e S A U TN
TR RZ [JJ;inu}\ 10 pm HEE) WSRO Allows for T RA R BS VAR IERTIE TN
S R _b lectrodes t Medium Sub- = multimodal Poor spatial Rat and mouse,
Fast scan mm:'(: clectrodes to height, limited second High studies, can be resolution, zebrafish, pigs,
cyclic Hiuntl o Iy acti by probe size ( resolution used in acute brain  causing rhesus
voltammetry elee nloa Y a:t 1er = 50 pm slices or in normal tissue damage monkeys, humans
feuro ‘ransml ors long, 5 ~ 10 behaving animals,
usiilg a e pm diameter) microelectrodes
certain voltage reduce
tissue damage
TR B I (]
7% 1 5 ek, TE -
iV T vl g S D
11 BT £ S e Fesethly B2 T 2 W 4%, E\j(/J\ ﬁa: bﬂE/E
2238 AT ] MO R R e N P "TE‘M% '
POUMR NI WA B - H Bl s IR M
5 . - . i . e Escherichia coli,
ik Indirect = Sub- Medi Good  specificity,  Fluorescence Drosophil:
Fluorescence monitoring or High second he}l}l]r[n with a variety of intensity decays l(i‘SOI) ldl )
Sensors measurement of resolution I8 fluorescent over time, melanogastet,

neurotransmitters
via small molecule

or protein sensors

indicators and

protein sensors

prevents
continuous
observation of the
same sample,
limited use in vivo

caenorhabditis
elegans, rat and
mouse, zebrafish,
rhesus monkey
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