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Tab.1 Instrument parameters of FLIPR™™* for detec-

tion of y-aminobutyric acid type A receptor (GABA,R) -
CHO membrane potential signals

Parameter Value
Excitation wavelength/nm 510-545
Emission wavelength/nm 565-625
LED intensity 20%
Gain 2000
Exposure time/ms 0.4
Detection interval/s 1
Sample volume/uL 5
Sampling height/uL 5
Liquid absorption speed/uL-s™ 5
Sample adding speed/uL-s™ 10

FLIPR: fluorescent real-time imaging plate reader system.
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0.44, Na,HPO, 0.34, % %j #% 5.56, HEPES 20, H
1 mmol-L" ) NaOH % iicF pH I 1T 2 7.4
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AT DG SR, K 25 11~130 B 156615 5 B,
XTHT 10 s JLZRAG I B AF 10— b AL B, FBR AR 5 3K
R i 4, 5% i 26T 1 X (area under
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Fig.1 Fluorescence signal change curves of diazepam
(Dia, A) and gabazine (Gab, B) by membrane poten-
tial detection method. The day before the experiment, the
GABA,R-CHO cells were inoculated into 384-well cell plates at
the density of 1x10* per well. The detection reaction system
was 25 pL per well. The culture medium was removed, and 20 uL
of red dye (prepared with Cl--containing buffer) was added into
each well. After 30 min of incubation, 5 uL of compound solu-
tion was added into the well for fluorescence signal detection.
A: The fluorescence signal curves were obtained from GABA
0.15 ymol - L™", Dia 30 ymol-L™" or GABA 0.15 ymol - L™'+Dia
30 pmol - L™ solutions prepared by Cl -containing buffer. B: The
fluorescence signal curves were obtained from GABA 0.15 ymol - L™,
Gab 10.0 pmol-L™" and GABA 0.15 pmol-L"+Gab 10.0 pmol - L™
solutions prepared by CI"-containing buffer. Response over base-
line: the mean of the fluorescence signalsin the reaction system
during the 1-10™" second was taken as the baseline, and fluo-
rescence signals during the 11-130" second were normalized
according to the baseline.
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Fig.2 Effect of buffer system on GABA and Dia acti-

vation signals and Z’ factor of signals. See Fig.1 for
the number of cells, dye type and incubation time treatment.
The volume of compound solution added into the reaction system
was 5, 10, 20 or 25 uL, respectively. The solutions of GABA
1.00 umol- L and GABA 0.15 ymol - L™'+Dia 30 pmol-L™" (the final
concentration during detection)were prepared by Cl--containing
buffer or CI--free buffer. The activation signal values (ASV) of
the solutions were detected and the Z' factors were calculated
based on the ASVs. Z’' =1-3x (s of sample signal+s of back-
ground signal)/ | x of sample signal-x of background signal | .
X+, n=4. *P<0.05, compared with the GABA+Dia group under
the 5 pL reaction systemand CI--free buffer; #P<0.05, compared
with the GABA+Dia group under the 5 pL reaction system and
Cl-containing buffer.

7] GABA ., BHME 25 #47) Dia A4 7% M , H EC,, . ASV
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Tab.2 Effect of GABA activation concentration on excit-
atory concentration of 50% (EC,,) of allosteric activity
Dia

GABA concentration/ Dia EC,, value/

GABA umol-L™" umol-L™"
EC,, 0.05 7.7£2.0
EC,, 0.10 4.7+0.3"
EC,, 0.25 4.2+0.6*

See Fig.1 for the number of cells, the detection reaction system,
dye type and incubation time treatment. Concentration-effect rela-
tionship of positive allosteric agent Dia was detected at different
GABA activation concentrations of EC,,, EC,, and EC,,. There
were 384-cell plates with 1x10* GABA,R-CHO cells per well on
each test. The concentration gradient of Dia was 0.0005,
0.0015, 0.0046, 0.014, 0.041, 0.12, 0.37, 1.11, 3.33, 10, 30
and 90 umol-L™". xxs, n=4. *P<0.05, compared with the ECy, of
Dia obtained at GABA EC,, concentration.
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A 420,
100-

©
i

Relative activity
percentage/%

o
<

07 9 8 7 6 5
—1gCqpga/mol-L"

B 120-

i VL2 5 B FY 5 Dia (9 ASV K/NEIA I 22 5
TE X A5 ¥4 751) Dia i) ECoo MBS, 15 (o o HL 4T 2 e
LAY ECL 1 K 24 2.73 1% (P<0.05) ; £T A Yk} Z
F(0.59) W& m Tyt Z' 5 (0.40) (£ 3) .
FE W8 1 GABA,R-CHO 4 Jifd %} B 7% 4 7] Dia 5|
R 114D L A7 G 00 i, 7€, G A A D0 2R A0 L i e
B
2.2.4 A[EIZAIEE A i8] 3 575 155 46 U 35 AR AO B2 0
3 K 4 5 g kg 10,30, 50 #1120 min,
DU s 75 GABA FIH AR A4 77 Dia 136 14, H ECs,
B ASV .Z' AT IRmZs R (K 4, 3% 4) o, fEGL R}
§5 7 30 A1150 min 244 F , GABA F1 Dia 1Y) EC,, {H#2
YR E 10 #1120 min 2544 N B (P<0.05) , £l
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Fig.3 Effect of dye on concentration-effect relationships of GABA (A) and Dia (B). See Fig.1 for the number of cells,
the detection reaction system and incubation time treatment. The concentration gradient of GABA was 0.0005, 0.0015, 0.0046, 0.014,

0.041, 0.12, 0.37, 1.11, 3.33, 10 and 30 ymol-L™". The concentration gradient of Dia was 0.0005, 0.0015, 0.0046, 0.014, 0.041,

0.12,

0.37, 1.11, 3.33, 10, 30 and 90 ymol-L"". Relative activity percentage (RAP) was the percentage of the AUC value of tbe excitation or
inhibition signal curve under each concentration and the AUC value of the maximum excitation or inhibition signal curve. x+s, n=4.

Tab.3 Effect of dye on concentration-effect relationships of GABA and Dia

GABA Dia
Dye type
Z' factor ASV EC,,/umol-L™" Z’ factor ASV EC,,/umol-L™"
Red dye 0.88 0.49 154.1+8.6 0.59 0.13 3.7+0.6*
Blue dye 0.81 0.56 170.8+12.5 0.40 0.17 10.1£2.9

Tab.3 was the calculation result of Fig.3. x+s, n=4. *P<0.05, compared with blue dye group.
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100+
80-
60-
40+
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Fig.4 Effect of dye incubation time on concentration-effect relationships of GABA (A) and Dia (B). See Fig.1 for the
number of cells, the detection reaction system and dye type treatment. See Fig.3 for the concentration of GABA and Dia treatment. x+s,

n=4.
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Tab.4 Effect of dye on concentration-effect relationships of GABA and Dia

_ o , GABA Dia
Dye incubation time/min - .
Z’ factor ASV EC,,/umol-L™" Z' factor ASV EC,/umol-L™"
10 0.55 0.58 305+52 0.31 0.12 4.3+2.9
30 0.87 0.52 211£15* 0.53 0.13 41128
50 0.81 0.72 197+29* 0.42 0.11 3.0£0.7*
120 0.75 0.69 996+76 0.35 0.12 6.8+2.5

Tab.4 was the calculation result of Fig.4. x+s, n=4. *P<0.05, compared with the GABA group after 10 min of incubation ; ¥P<0.05, compared
with the GABA group after 120 min of incubation; #P<0.05, compared with the Dia group after 120 min of incubation.

R W Y kL F 30 A1 50 min &4 T,
GABA f1 Dia B Z' A T4 4« B2 & 10 #1120 min
ZRAF T R I AR MR A SR P R (]
il #£ 30~50 min B iE F X GABA,R G 1L & 9
FAASIN
2.3 GABA,RAYBEBEIHIE A ZHEEM

W% 5 i, AL Ak Ja B Ee o7 A6z I ik, X
GABA (0.05,0.25 #1 1.00 ymol -L™") . Dia (1,5 Al
30 pymol-L™") #1 Gab (0.1,1.0 #110.0 umol-L™") 4
PIEAE 5 AUC HIEATHE R AE 5+ R B CV% 1 Z' A
T HIHA 3B W AE AR R E T CVe <
15.64% , H:rf1, 7F GABA 0.25 #11.00 umol-L™ . Dia 5
F1130 umol - L } Gab 10.0 pymol- L™ 44 F 451y
CV%1<10%. 7 GABA 0.25 F11.00 umol-L™" . Dia
5 F130 ymol - L' #1 Gab 1.0 #110.0 umol - L' &4 F
Mgz HF1=0.4. 4558 %W b5 GABAR
254 iy 3 i 0 8 7 0T T GABAR AL &
TG PRSI, 12 7 A AR R

Tab.5 Stability of high throughput screening method
for GABA, Dia and Gab

Tool drug/umol- L™ AUC CV% Z' factor
GABA 0.05 9.51+1.46 15.30 0.670
0.25 27.47+1.55 5.64 0.822
1.00 39.91+1.59 4.09 0.861
Dia 1 16.28+1.35 8.30 0.175
5 28.13+1.57 5.59 0.400
30 40.25+2.66 6.62 0.558
Gab 0.1 7.73+1.21 15.64 0.109
1.0 -8.87+1.29 1459 0.712
10.0 -16.22+0.92 5.65 0.817

See Fig.1 for the number of cells, the detection reaction system,
dye type and incubation time treatment. AUC: area under curve;
CV: coefficient of variation. xxs, n=6.
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Fig.5 Concentration-response relationships of GABA

(A), Dia (B) and Gab (C). See Fig.1 for the number of cells,
the detection reaction system, dye type and incubation time
treatment. The concentration gradient of GABA was 0.0005,
0.0015, 0.0046, 0.014, 0.041, 0.12, 0.37, 1.11, 3.33, 10 and
30 pmol - L™'. The concentration gradient of Dia was 0.0015,
0.0046, 0.014, 0.041, 0.12, 0.37, 1.11, 3.33, 10, 30 and 90 pmol - L.
The concentration gradient of Gab was 0.0005, 0.0015, 0.0046,
0.014, 0.041, 0.12, 0.37, 1.11, 3.33, 10, 30 and 90 umol-L™". x+s,
n=4.1C4,: 50% inhibitory concentration.
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A high throughput screening method for drugs targeting y-amino-
butyric acid type A receptor based on principles of
membrane potential detection

ZHANG Yi, SHI Tong, ZHANG Rui-hua, CHEN Xue-jun, JIN Qian, SHI Jing-jing, WANG Chen, LI Li-gin
(State Key Laboratory of Nuclear Biological Chemical Protection for Civilian, Beijing 102205, China)

Abstract: OBJECTIVE To establish a high-throughput screening method for drugs targeting y-amino-
butyric acid type A receptor (GABA,R) based on the principles of membrane potential detection. METHODS
A high-throughput screening reaction system for drugs targeting GABA,R was constructed on o,B,y,-
GABA,R-CHO cell lines. The buffer system, GABA activation concentration, dye type and dye incuba-
tion time were optimized by the excitatory concentration of 50% (EC,,) value of GABA and diazepam
(Dia), the activation signal values (ASVs) and Z' factors obtained from the detection curves at the EC,,
concentrations of GABA and Dia were the indexes for assessment of optimization. The stabilities of the
method were investigated under optimized conditions by the signals of agonist GABA (0.05, 0.25 and
1.00 ymol - L™), positive allosteric Dia (1, 5 and 30 umol - L™") and antagonist gabazine (Gab, 0.1, 1.0
and 10.0 umol-L™). The dose-effect relationships of agonist GABA, allosteric agent Dia and antagonist
Gab were detected by the optimized high-throughput screening method of GABA,R drugs. RESULTS
Specific detections of GABA, Dia and Gab were made possible, respectively. The optimization condi-
tions were as follows: 5 uL chlorine-containing rection system containing GABA concentration of EC,,—
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EC,,, incubation with red dye for 30—50 min. The variation coefficients of the method were 4.09% —
15.30%, 5.59%—8.30%, 5.65%—15.64% at the concentrations of GABA (0.05, 0.25 and 1 ymol-L™"), Dia
(1, 5 and 30 umol L") and Gab (0.1, 1.0 and 10.0 umol-L™), respectively. The EC,, values of GABA
and Dia were (137.4+26.3) nmol-L™ and (3.2+0.7) umol - L™, respectively, and the 50% inhibitory concentra-
tion of Gab was (164.9+36.6) nmol-L". CONCLUSION This high-throughput screening method for drugs
targeting GABA,R based on the principles of membrane potential detection show specificity, high preci-
sion and stability and high sensitivity, which can technologically facilitate the discovery of lead com-
pounds targeting GABA,R.

Key words: high-throughput screening; y-aminobutyric acid type A receptor; diazepam; membrane
potential; cell model
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