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ABSTRACT Objective: 5-HT (5-hydroxytryptamine) is a monoamine neurotransmitter in the brain, playing a critical role in a broad
range of biological processes. 5S-HT dysregulation has been involved in mental disorders, including anxiety and depression. Despite the
importance of 5-HT, our understanding of cell-specific 5-HT signaling is flawed, partly due to the inability to measure 5-HT with a high
spatiotemporal solution. Recently developed iSeroSnFR and GRAB; 1, two genetically encoded 5-HT sensors, have attractive features
because of their cell specificity, sensitivity, and excellent spatiotemporal resolution to probe 5-HT dynamics. Our study aims to compare
the different properties of iSeroSnFR and GRAB;syy, in response to 5-HT in the mouse brain. It can provide new insights into the
optimization of 5-HT sensors and the development of other genetically encoded fluorescent neurotransmitter sensors. It can also help us
choose the appropriate sensor based on different scientific issues and explore molecular and cellular mechanisms of neurological
diseases. Methods: The iSeroSnFR sensor or GRABs,, sensor was expressed in the CA1 neurons of cultured hippocampal slices or
DRN of acute mouse brain slices using the Sindbis viral expression system. Then the fluorescence intensity and the fluorescent changes

of iSeroSnFR and GRAB;r, in response to 5-HT drug puff on cultured mouse hippocampal slices or electrical stimuli evoked 5-HT
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release on acute mouse DRN slices were compared. Results: We found many fluorescence signals in iSeroSnFR-expressing hippocampal
CA1 neurons, but the cell boundary was unclear. In comparison, there was a robust green fluorescence signal in GRAB; yy, -expressing
hippocampal CA1 neurons. Subsequently, when the CAl region of mouse hippocampal cultured slices was exposed to 1 uM 5-HT
application, the iSeroSnFR sensor almost had no detectable fluorescence changes. However, GRABsyr, sensor produced robust
fluorescence responses. Meanwhile the fluorescence response of the iSeroSnFR is weaker than that of the GRABsyy, in response to
puffed 1 mM 5-HT. In addition, we made Sindbis viral expression of iSeroSnFR or GRAB;y,, sensor and applied electrical stimuli to
evoke 5-HT release in the DRN region of acute mouse brain slices. It provoked robust increases in fluorescence in DRN slices expressing
GRAB:; im0 sensor. On the contrary, the same electrical stimuli almost have no effect in DRN slices expressing the iSeroSnFR sensor.

Conclusion: The GRABs,, sensor can measure the exogenous 5-HT drug and endogenous 5-HT release with higher affinity and

sensitivity in the mouse brain.
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Fig.1 Comparing the expression levels of iSeroSnFR and GRAB; ;o sensor in CA1 pyramidal neurons of cultured mouse hippocampal slices.

Note: (A) Schematic diagram depicting the expression of iSeroSnFR or GRAB; 1, sensor within Sindbis viral vector; (B) Schematic drawing outlines the

design of imaging experiments in CA1 pyramidal neurons in cultured mouse hippocampal slices; (C and D) Snapshots of iSeroSnFR and GRAB; 1

expressing CAl pyramidal neurons. Scale bar, 10 pm and 50 pwm in C or D's upper left and lower right, respectively.



- 2604 -

DREMES#HE biomed.cnjournalscom Progress in Modern Biomedicine Vol22 NO.14 JUL.2022

2.2 iSeroSnFR 5 GRABm, IR$TEIEFER/NR BEEI R H
CAl #Z T HhxSMEH 5-HT 3Ot R ER

TR, TIPSO IR R B IR0/ B R 1 5
CAL 2T HRER 2T R GHmA N ZMEPERY 5-HT , T2, 3847
GG T PRI R ET (A 2T IE 25 5 1 pM 3 1 mM
S-HT 25 R 38, SR 5 A B AT 17 A Y 26 1 (o F/F,) (18] 2
A), R R, 1 uM 5-HT 4b BT, iSeroSnFR #REF A< A: B
B HZOEEA s T GRABsum o TRE FI5EG I BL 20 8.42%

A 1ISeroSnFR/GRAB Gy o

Culwred slice

—_

preparation

(& F/F,);3F H GRABsu, (8 F/F, 3 F-J& iSeroSnFR [y 13 f%
(2B I C); Hnzhysk &S] 1| mM 5-HT B, iSeroSnFR #§
B Imi 7 I B2 T2 3.57%(a F/Fy), 1] GRABs o BEEF MR
RIMEREZH 6.14%(a F/F,), 2} iSeroSnFR #8414 1.5 £%(|&] 2 B
FIC). LU ESEFFE, A7X) T iSeroSnFR #4841, GRABs im0 1541
TEEEFR /N B B - CAT 28 TTHh BB AN - At g 17 0 IR
P 5-HT.

Imaging

Camera J

Pull pipette

18h

® iScroSntR @ GRAB .
%k %k %k %k *
[ JPY ®
- )
b®e
34
o®
guns

B C 15 -
= iSeroSnFR
= GRABs 471 0
10 4
X
A =
I uM 5-111 =
%
5 —
g
[
-
I . 0
I mM 5-111 10s

1 uM 5-HT I mM 5-t1r

[ 2 b2 iSeroSnFR 5 GRABsum, IR FEIEFRAV/INREE i85 CAl MZ TR SNEYE S-HT AYMTERRESHES

Fig.2 Comparison of the fluorescence changes between iSeroSnFR and GRAB;,y1, sensor in response to puffed 5-HT

in CA1 pyramidal neurons of cultured mouse hippocampal slices

Note: (A) Schematic drawing illustrates the design of imaging experiments in CA1 pyramidal neurons in cultured mouse hippocampal slices;

(B) Fluorescence responses of iSeroSnFR and GRABs r; expressing CA1 pyramidal neurons to a brief puff of 1 uM and 1 mM 5-HT, respectively;

(C) Values for the fluorescence responses of iSeroSnFR(red) and GRABs i o(blue) expressing CA1 pyramidal neurons to the application of 1 uM and 1

mM 5-HT, respectively. Data in (C) were shown as Mean+SEM, 2 F/F, of iSeroSnFR- and GRAB; 1 i-expressing hippocampal CA1 pyramidal neurons to
5-HT drug application (1 wM 5-HT-iSeroSnFR: 0.64%=+ 0.02%; 1 pM 5-HT-GRABs 11 : 8.42% +0.55%; 1 mM 5-HT-iSeroSnFR: 3.57% + 0.28%; 1 mM
5-HT-GRABs 1 : 6.14%:+0.94%). n =9, *¥***P<(.0001, * P=0.0181. Two-tailed Student's unpaired t-test.

2.3 iSeroSnFR 5 GRABsm, R $TEE 214 /NR B/ DRN #4
TS AR 5-HT B3R ER

Fofa, A T PR PIRMRE R T L BR8 R B A A
TEPEREIC 5-HT, FATEHEH A iSeroSnFR 5 GRABs im0 1Y
Sindbis Ji 71 120 il 7 A4 2 67 {5 e B/ BRURORS G B RE R 22T
£ IGIX DRN(E 3 A), =ik 18 h il S/ MR A . 0
TN 5-HT B, FRAT4E/NR DRN figi X 32354 PHA%:

PREF 0 ph Z2C MR 455 20 ANMI0R Ry 64 Hz kool g, WAt
TSR IEE AR 7= A DB RN . SR R AN
Fik GRAB; o FREF Y DRN #1220 H LS 3] S 25 B3 (1) 9Ol
JZW , & FIFy 257k 3.46%; 1M iSeroSnFR f{ja F/F, {X 214 0.37%,
JUPAR AW RO (KI3BAIC), LU ESRpIE&R
B, GRABs o PRETETE 2 45 A mA R H 005 9 PN IR 5-HT

Rk,



DREYESSHE  biomed.cnjournals.com  Progress in Modern Biomedicine Vol22 NO.14 JUL.2022

-+ 2605 -

A iScroSnFR/GRAB: 4y,

Mouse brain I8h Acute slice
invivo preparation
B C,_
i %k % %k %k
= iSeroSnFR
— GRAByy, 4 0....0
Q) I
= R, -
e 34
B 2 ( 1 ]
[
<4 (1]
2 —
o 1
o=
- 8, ' o
-
4 § 0 L T T
20 pulscs @ 64 11z 10s iScroSnFR GRAB; 4411 ¢

[ 3 tL% iSeroSnFR 5 GRABS-HT1.0 2Rt £ 2 /MRy DRN #Z TR FE RIEE S MR S-HT B ERESHESR

Fig.3 Comparison of the fluorescence changes between iSeroSnFR and GRAB;y sensor to electrically induced endogenous 5-HT release

in the mouse DRN neurons

Note: (A) Schematic drawing shows the design of stimulation-imaging experiments using

an in vivo viral expression and ex vivo acute mouse DRN slice preparation; (B) Representative traces of the changes in iSeroSnFR and GRAB; 1

fluorescence in response to electrical stimulation; (C) Comparing the fluorescence response in the mouse DRN neurons expressing iSeroSnFR(red)

and GRAB;yp (blue). Data in (C) were shown as Mean + SEM, A F/F, of iSeroSnFR-and GRAB; 1, -expressing DRN neurons to electrical
stimuli-evoked 5-HT release (iSeroSnFR: 0.37% + 0.03%; GRABS5-HT1.0: 3.46% + 0.21%). n = 10, **** p<0.0001.

Two-tailed Student's unpaired t-test.
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