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Abstract: Nicotinic acetylcholine receptors (nAChRs) belong to ligand-gated ion channel receptors, of which
a7 nAChR subtype is widely distributed in the cerebral cortex, thalamus, hippocampus, and also identified in
microglia, macrophages, bone marrow cells, etc. Previous studies revealed that a7 nAChR is closely related to the
function of the cholinergic anti-inflammatory pathway, and is a vital target for drug development of Alzheimer's
disease and schizophrenia. The establishment of a stable a7 nAChR in vitro drug screening system is crucial for the
efficient screening of novel drugs targeting this target. Recombinant expression of different subtypes of nAChRs on
Xenopus laevis oocyte membranes and current detected by two-electrode voltage clamp (TEVC) is an advanced

and complex model for novel drug screening. Molecular chaperones can assist the assembly of some nAChR

WcAe 1 : 2024-02-07; &9 H JH: 2024-04-24.

FE4 A K E SR RO 8] BR R B8 A 4 S T (2022YFE0132700); ) PU R HE AN A A4 & 10 (F:RF AD22035948); [ 5 [ 43 Rl 5
S BHIE (42376112, 82320108019, 82360698).

*E T Tel: 86-771-3949335, E-mail: sulan2021@gxu.edu.cn; biozxp@163.com

DOI: 10.16438/7.0513-4870.2024-0121



-+ 1994 - 242 %4 Acta Pharmaceutica Sinica 2024, 59(7): 1993-2001

subunits to form functional receptors, providing a stable expression model for the screening of compounds
targeting this receptor. In this study, a molecular chaperone gene of a7 nAChR, transmembrane protein 35A
(Tmem35a), was isolated and cloned from rats. We constructed the recombinant expression vector and obtained the
cRNA of Tmem35a by in vitro transcription technique. Two cRNAs (Tmem35a and a7) were mixed and injected
into X. laevis oocytes for expression. Then, the effects of this molecular chaperone on the current expression and
pharmacological properties of a7 nAChR were evaluated by the TEVC. The results revealed that TMEM35A, also
known as novel acetylcholine receptor chaperone (NACHO) could effectively increase the expression of o7
nAChR protein on oocyte membranes, and the amount of a7 nAChR protein was increased about 1-fold. The peak
current induced by agonist acetylcholine (ACh) was increased about 10-fold. After injection of Tmem35a cRNA,
the median effect concentration (EC,,) value of a7 nAChR to agonist ACh is 228.5 pmol-L", which shows almost
no difference from native a7 nAChR (EC,,: 223.3 pmol-L"), indicating the preservation of the normal properties of
a7 nAChR. The results of this investigation indicate that the molecular chaperone NACHO effectively assists the
heterologous expression of a7 nAChR in X. /aevis oocytes, which provides a model for screening the potency of
lead compounds targeting a7 nAChR. All animal experiments in this study were reviewed and approved by the
Ethics Committee of Guangxi University (approval number: GXU-2023-0249).
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B COR #8 (Warner, 3% [H); Axon Digidata 1550B 4%
5 1k %8 (Molecular Devices, 3% [#); PowerPac Basic
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1£0.5~2 MQ Z [f] . ND96 #E R (& 0.1 mg-mL" 4
3% A& ) B A, #E 4 mL-min. FAREN AR
Jo VR, 3NN BEGE S, V)4 TEVC #8582, 4 il i
J£-70 mV. F]FH pCLAMP {4 3E 47 5095 (1 R 4E, 75
1 min [REEFRI TR, 45 F 2 s ACh il SRR F 3 IR
2, FI ] Clampfit11.0.3 #4FE AT B0 AL 3 A5 H7 o

o7 nAChREHKEFRIEEHRMN I X laevis
N BE 20 M BB A, %€ T AR Tmem35a Xt a7
nAChR & HRIE K50 o U8 5T cRNA Ja 5 7%
3~4 KA IR BELI AL T 30 R, N 30~50 L 28
7 (0.1 mol-L" NaCl; 1% + — §t 3 - p-D- 7 2F i 4F ;
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Figure 1 Flow chart of molecular chaperone cloning and recombinant vector construction
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EEWEE: o7 AR LR Z AR 70 T PEAR Tmem35a i) 50 BE J2 L DhRET ¢ 1997
1 ATG GCA TCC CCA CGA ACC ATA ACT ATT GTG GCC CTC TCT GTG GCC CTG GGA CTC TTC TTT GTT
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E M G T I K L TP R I S K D A Y S E M K R
1 GCT TAC AAG AGC TAT GTT CGA GCC CTT CCT CTG CTG AAG AAA ATG GGC ATT AAT TCC ATT CTC

A S K S Y v R A L P L L K K M G I N S 1 1L,
1 CTT CGG AAA AGC ATT GGT GCG CTT GAA GTA GCC TGT GGC ATT GTC ATG ACC CTG GTA CCC GGT

L R K 5 1 G A L E V A C G I vV M T L VvV P G
1 CGT CCC AAA GAT GTG GCC AAC TTC TTC CTG CTC TTG CTG GTG TTG GC[ GTG CTT TTC TTC CAC

R P K D V A N F E L L L L VvV L A V L E F H
1 CAG CTG GTT GGC GAT CCT CTC AAA CGT TAT GCC CAT GCT CTG GTG TTT GGA ATC CTG CTC ACC

Q L v G D i 1L, K R Y A H A L v & G 1 L L il
1 TGC CGC CTG CTG ATT GCC CGC AAG CCT GAA GAC CGG TCT TCT GAG AAG AAG GCT TTG CCT GAG
s e e
1 AGT GCA GAA GAG CAA CCG TCC TTA TAT GAG AAG GCC CCA CAG GGC AAA GTG AAG GTG TCA TAA

N A E E Q ig S L A7 E K A B Q G K v K v S L3

T7 promoter | Xenopus globin 5'-UTR | Tmem35a | Xenopus globin 3'-UTR

Figure 2 Transmembrane protein 35A (Tmem35a) gene sequence analysis. 1: Coding sequence of the Tmem35a gene; 2: Coding sequence

of the cloned Tmem35a gene, the number of base pairs is 504; Gray area: Amino acids sequence of Tmem35a protein, the number of amino

acids is 167
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TR, 430 0 BE T AR JBORL IR FE 43 5l O 0.45 Al
0.43 g-L', B Ul 4lifk J5 i 28 14 1k DNA ¥ £ 4 0.30 A1l
0.28 gL', HLIK ST A B FR /s IE A IO PR & 58 4
A (B 3A) . ARAMNEF IR R a7 F Tmem35a 1]
cRNA, HKE /0518 0.50 F10.47 gL', Mk 4s R4k 3B
e, B AT L cRNA 2555, 56 5 2Rt 2K .
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M 1

2 3 4

1 2

10 000 bp
7000 bp
4000 bp
2000 bp
1 000 bp

500 bp
250 bp

Figure 3  The agarose gel electrophoresis analysis rat a7
nicotinic acetylcholine receptors (nAChR) subunit and Tmem35a
plasmids, linear DNA, and cRNA. A: a7 subunit and Tmem35a
plasmids, linear DNA electropherograms. M: DNA Marker DL
10 000; 1: a7 plasmid; 2: a7 plasmid after Sma 1 digestion; 3:
Tmem35a plasmid; 4: Tmem35a plasmid after Nhe I digestion; B: o7

subunit and Tmem35a cRNA. 1: a7 cRNA; 2: Tmem35a cRNA

3 HFHBNACHO X} a7 nAChR RiABIF N

FH A FEAS I o7 nAChR £ 35 9 TCRE DR RF 28 fifg o
MR R IE . LI A EL 0.7 uL a7 cRNA F1 0.8 uL
Tmem35a cRNA, V& & ¥4 5] 5 0 5 N 91 BE21 g
BN O 41 33 5 69 nL, BEB o7 R Tmem35a cRNA
VE BB Y N 16 ngy AR 4K 0.7 pL o7 cRNA Al

A A

0.8 pL RNase-free ddH,O V£, FA/™ ek B3 5 A4 RRURT 52
9o 2H PR 7 — 2, RIS 48 i 69 nL, b B X HE2H o7
cRNA (1) VE 5t i & th 8 16 ng. 1€ VE 5 55 9% 5 (0 48
1 RH 2R VE 3 K457 H 200 umol-L™ ACh 25 ¥ I 5
2 s PR, FH R0 FE R PR B A I ACh 5 K T e 1 PR
Mo FESLIGY (a7 + NACHO) FIXFHEZH (a7 + RNase-
free ddH,0) I UK L cRNA V5 i & 55 77 K H . BE
TR G SIS AT — BUR TS B0 T, Rl 45 3 R 4 1
FEARZH I a7 nAChR FRIE AR, 78 W A0E 5 J5 55 1 R
S ) HL IR, U HRZH R R IE (n = 10). BRI
REH N, ATNACHO 3£ 35 ) o7 nAChR 7E 55 3 K
HL DL 1 000 nA . H 2 AH [F S8 T H0 B4 H
WAK A /N (B 4A). Wi E 4B Fros, 76 AH [\ % B
ACh (200 pmol-L™") Hll¥ ~, {14 Tmem35a cRNA )i
I 240 R 75 R A B L R B R R K 204 v T 10 6%, 4
A4 447 F1339 nA. FELREF a7 F1 Tmem35a cRNA LA
JRELE 1T 1RA WA, i SCR R, 2 ks
7 8.12.16.22.27 ng o7 cRNA V5] Jii & F NACHO
VB R BRI 22 5, VRT3 9% 3 R Jm, AR BRG44SR
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Figure 4 TMEM3S5A (also known as novel acetylcholine receptor chaperone, NACHO) assisted a7 nAChR expression in Xenopus laevis

oocytes. A: Quantification of current amplitude in oocytes stimulated with 200 pmol-L™" acetylcholine (ACh) within 3 days after injection

(n = 10); B: Current traces from X. laevis oocytes injected with indicated cRNA; C: Quantification of peak currents in response to ACh in

oocytes injected with different amounts of cRNA 3 days after injection (n > 10 oocytes). X = SEM. P < 0.05, ""P < 0.001,
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Table 1
values of rat a7 nAChR with and without NACHO. ‘5%

The median effect concentration (EC,,) and Hill slope

confidence intervals of EC, shown in parentheses

nAChR EC,%/pumol-L" Hill slope
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«7 + NACHO 228.5 (214.4-248.1) 136 (1.31-1.55)
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Figure 5 Current trace and dose-response curve of a7 nAChR expressed in X. /aevis oocytes against agonist ACh. A: Current trace of a7
nAChR without NACHO; B: Current trace of a7 nAChR with NACHO; C: Dose-response curve of a7 nAChR expressed in X. laevis
oocytes against agonist ACh, data are normalized to 5 mmol-L"'ACh. n = 8, X = SEM (from 3 different batches of oocytes)
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Figure 6 The expression of 7 nAChR was analyzed by Western
blot. A: Bands from Western blot: the oocytes injected a7 cRNA
and mixture (a7 cRNA + Tmem35a) were represented as wt and +
NACHO, respectively. ck indicates blank oocytes without injection.
GAPDH was used as the internal control; B: Quantification of

grayscale analysis of protein bands. "P < 0.05
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