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Establishment and optimization of drug screening model for N-type
voltage-gated calcium channels in Xenopus laevis oocyte expression
system
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Abstract: N-type voltage-gated calcium (Ca*") channels (N-type VGCC, Ca,2.2) mediate Ca’*" influx in
response to action potential at the presynaptic terminal, and play an important role in synaptogenesis,
neurotransmitter release and nociceptive signal transduction. It is a new target for the development of drugs for the
treatment of neuralgia (chronic pain) and other major diseases. Due to the difficulty of calcium channel expression
in vitro and the detection of channel current, there is a great lack of new drug screening models. In this study, we

established and optimized the electrophysiological drug screening model using Xenopus laevis oocytes for the
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recombinant expression of Ca,2.2 in vitro (this study were reviewed and approved by the Ethics Committee of
Guangxi University, approval number: GXU-2023-0249). Firstly, the linear plasmids encoding cDNA of major
subunit o1B and auxiliary subunits a2J1 and A3 of rat Ca,2.2 were used as templates for in vitro transcription to
generate their related mRNA (cRNA), after which three kinds of cRNA were injected into Xenopus laevis oocytes
at the mass ratio of 2:1:1 for expression. The two-electrode voltage clamp (TEVC) technique was used to detect
the inward current produced by Ca,2.2. At the same time, the expression conditions of Ca,2.2 were optimized, and
its gating function was characterized from the aspects of channel activation and inactivation. The results showed
that 3-5 days after cRNA microinjection, stable Ca,2.2-mediated barium ion (Ba™) currents were successfully
detected. The interference of endogenous potassium channels and Ca’*-activated chloride channels can be
eliminated by tetraethylammonium hydroxide (TEAOH) and 1,2-bis(2-aminophenoxy)ethane-N, N, N', N'-tetraacetic
acid tetrakis (BAPTA-AM) treatment. The maximum potential for Ca,2.2 activation is 0 mV, and the current
reverses to be outward when the membrane potential is greater than +50 mV. By fitting the steady-state activation
and inactivation curves, the half-maximal activation potential and half-maximal inactivation potential of Ca,2.2 are
identified as —15.9 and -60.2 mV. In this study, a stable Ca,2.2 expression system was established based on
Xenopus laevis oocytes. The in vitro expression system can provide a new way for the screening of Ca,2.2 active
compounds or lead drugs.
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calcium channels, VGCCs) & — F 8 fix T 40 o I 1 1)
HHEWEEED, | ZamT2an XNad, £
AR PR S EEAE . VGCCs X Ca™ 3% 5 1 %
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Figure 1 Classification and nomenclature of voltage-gated calcium channels (VGCCs). VGCCs were historically first divided into high
voltage-activated (HVA) and low voltage-activated (LVA) calcium channels according to their activation threshold. Based on the types of
Ca®™ current, VGCCs are categorized into 5 members (L-, P/Q-, N-, R- and T-types VGCCs). The latest research indicated that VGCCs could

be further classified into three sub families based on a1 subunit homology (Ca,1, Ca,2, and Ca,3)
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JTC s B BE 20 Mg 0 00 H AR L B B2 R (two electrode
voltage clamp, TEVC) LA Al 44 14 5 . 51 &2 1 4F S50
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PR —Z A AR G R VB R R 2 A e S G
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marker (525 : 3584A) Fl DNA F Bealifb ik & (5 5
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T R R T A A B A A IR 2\ 4S Red Plus
i gkl (555 A606695) HEPES (5% 5: A100511).
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Bio-Rad A 7); FluorChem E #t I 1% & 4t (35 [H Pro-
teinSimple 2 7); Nanodrop One 8 il & 73 Y66 it (36
Thermo Fisher Scientific 2+ #]); KCL-2000 18 iz 6 ¥
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2.0 MQ. RGP BEAN B I £ - 100 mV, B 10 s 45 T —
200 ms [ 2K & WAL 2= 0 mV [ HE BB, fE
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(half-maximal inactivation voltage); k /& &} R K F. &
ARG & E b v, B+ bR R (mean +
SEM).

RABAGH AT =1, + A1 ™)+ A, (1 -
e ™) A Cay2.2 1 AR TG I 0] ik i i 2 0 2k 36 1k &l
o Horh, DR RIE (W) AN RIS [E] FR) AL ; 1, A2 WA
LV (FRUARI I P AT 5 R R DA LI ); ¢ 72 2R (V) I
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SEM).

o
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(1] cRNA 261 5N B IR, H 5 3 R W0 35 336 (R (1 2208 4
i BT (B 2B)s Hor, rad B F 38 cRNA I 257
B ra21 Frp3 W3 cRNA SR U™ &, i T H K JE it
7.1 kb, A1 4 s B E IR AS = T IK) cRNA, I ]
97 H16 I AR SN 557 4 v 58 B cRNA IR EL 451 35 AN
T, NS TE) 42 i) A 10 h S R S 3R 45K B 5 R 52 B 1
ralB IE3E cRNA (K 2C).

2 Ca,2.2 BAIRFIRARE B9 B N2 A4

4 ralB.ro261 Al 153 0 3L ) cRNA % 8 i = Lk
211 R AR, LA 50.6 nL (R AR FR 0 B ik N
SRR AR, 75 S RIE 4 RGO BFA MRS RaF . W&
IR 20 i 4H 1 B A2 A -100 mV, BL 10 mV Jy &, 43 51
25 F Y N -60 mV E+60 mV [K]— R FFF 52200 ms 1]
F WA A I, B ORI AR 10 s, 123 Cay 2.2 KIS
AWEHR . 45K M, [ BAPTA-AM i & 2 h i),
Ca” K ReM 78 0 B, T CaCC HLR T, U0 RF40 i
TE— ZR A0 B IR 72 AR K B A ) LU, 40 T
N4 W, GE B ARAE — R P EA IR PR AR R E N A
HLUE (FH+60 mV 25 M 46 ¥ Ca, 2.2 /v 5 1T HLIR R
) (FI3AB). B EMWALE 0 mV B Ca,2.2 1L
T AL, 45 T 4 M 2 AR A R e B S A P O 5
FEAE N TR FRLI, 10 ms /7 AT FELIALIA 2 A, Bl fa ik N\ 2%
18 RS, FF 82200 ms JE 175 20 33% 12 B, 17F
5 WA N ra251 A B3 11 4 B 2 3L R IA B Ca2.2
A5 AR AR, R B Ca,2.2 75 OP BRI il R IA

1000 nt

Figure 2 Identification of plasmids, linearized products and cRNAs of ralB, ra2d1 and /33 subunits by agarose gel electrophoresis. A: M:

DL10 000 DNA marker; 1: Plasmid encoding ra1B subunit; 2: Linearized plasmid encoding ral1B subunit; 3: Plasmid encoding re241
subunit; 4: Linearized plasmid encoding ra2J1 subunit; 5: Plasmid encoding rf3 subunit; 6: Linearized plasmid encoding rf3 subunit; B: M:
500-9 000 bases ssRNA ladder; 1: cRNA of ralB subunit; 2: cRNA of ra201 subunit; 3: cRNA of 13 subunit; C: 1: ra1B subunit cRNA
obtained by transcription for 7 h; 2: ra1B subunit cRNA obtained by transcription for 16 h; 3: ra1B subunit cRNA obtained by transcription
for 10 h; M: 500-9 000 bases ssRNA ladder

A ~ B C
AV=10 mV, 200 ms 0mV, 200 ms

+60 mVj
- — ]
-100 mV-

[

50 ms

50 ms

Figure 3  Electrophysiological evaluation of Ca,2.2 expressed in oocytes. A, B: The steady-state activation current of Ca,2.2 induced by a
series of 200 ms depolarizing pulses from —60 mV to +60 mV in 10 mV increments after incubation with 100 umol-L"' BAPTA-AM for 4 h
(A) or 2 h (B); C: The current of Ca, 2.2 induced by 0 mV depolarizing pulse after incubation with 100 pmol-L"' BAPTA-AM for 4 h
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BTN
3 Ca 22 87SBURM B E RIS

A 90 BE A B A T - 100 mV, &EFF 10 s 45 7 — K
Fr22200 ms R LA, A 202 AR A TR A e A7
PAS mV Jy3h & M —60 mV iZ A L4l £+60 mV, id 5%
FE AN [E - LA SR 7 A 1 P T LA T 9T Cay 2.2
P AR WO 0 B AR . DAL, A, AR HLAL
VNBEAERR, 22 Ca, 2.2 B I-V 1 48 F T 3R 1F Ca,2.2 2%
W AL WS I R R AR M . RIS R R oR, B
FE-30 mV W3 AL T IF A6 TF G 0 mV I A B i
KFFHL, 24 PR ALK F+50 mV i B S 5 o A B
(B 4A). THE2MREE R R G, UL G/G,, NPk
e, WA HL AL VoA B AL bR, 2 AR A U0 il 2, {3
Boltzmann J; 244 J5 313 Ca, 2.2 1V, H-15.9 mV
(K 4B).

60 40 20 | 20 40 60 1:0
V/mV

I/ Ly ~¥-1 -60 -50 -40 -30 -20 -10 0
VimV

Figure 4 Voltage dependence analysis of steady-state activation
of Ca,2.2. A: The I-V curve of Ca,2.2 obtained by fitting the
activation currents induced by different test potentials; B: Steady-
state activation curve of Ca,2.2. The results were normalized to
the conductance-voltage (G/V) relationship, and the curve fits to

Boltzman equation. n = 8, x £+ SEM

4 Ca22f37SKRIEMNEBEMRBIE S

L T2 B T IBIE K V) ;o BE AR B 3 R AE 300 38 2K
T PR R LS AR, 3 AE R AIE 24 W) B T e R AR )
T )4 AR ) s i R R L AR
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Figure 5 Voltage dependence analysis of steady-state inactivation
of Cay2.2. A: Steady-state inactivation current traces of Ca,2.2
elicited by a 0 mV test potential after a series of 10 s prepulses
ranging from =100 mV to —10 mV in 5 mV increments; B: Steady-
state inactivation curve of Ca,2.2. The electrophysiological results

were fitted by Boltzman equation. n = 6, x £+ SEM
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Figure 6 Kinetic analysis of Ca,2.2 inactivation. A: Inactivation
time course of Cay2.2 during 5 s depolarizing pulses to 0 mV
starting from a holding potential of — 100 mV; B: Analysis of
inactivation process of Ca,2.2. The results were fitted by a double

exponential function. n =7, x £+ SEM
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Figure 7 Time-dependent analysis of Ca,2.2 recovery from steady-state inactivation. A: The current of Ca,2.2 showing recovery from

inactivation caused by 5 s pre-stimulation. Red: Current obtained by different recovery time; Black: Current without pre-stimulation

inactivation; B: The Ca, 2.2 recovery time course was fitted to a double exponential function. n =7, x £ SEM
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