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FRAG TR WE AR I 58 T S 2 R BRI JE i TR R, TR R o3 T3 1 (13X 3 AN R I ER KT 0384 nAChRs [ HC A 45 4 T RE
SRR, AR [ h 750 ) 5 i s L 4% 5, 3K TR AR AT 0344 nAChRs T 232 K (KA 40 25 46 1 2h A LS KA S50 1)
RIFRHLHII TSR T IR IF IR R

KR PCR AT 58 s AR o34 MRBR AL 2 BEAEAR 52 Ak 5848 B s ol 25 3 22 D) BEATF 55 s 770; 3@ I oy 1ALl

FE 525 R66 RAFRINED: A X EHE: 0513-4870(2022)04-1054-09

Construction and functional evaluation of an «3|K152E, E184D,
Q195T]f4 nicotinic acetylcholine receptor mutant

CHEN Shu-miao', YU Jin-peng’, ZHANG Xiao-fan', ZHU Xiao-peng’,
LUO Su-lan"*’, ZHANGSUN Dong-ting"

(1. Key Laboratory of Tropical Biological Resources of Ministry of Education, School of Pharmaceutical Sciences,
Hainan University, Haikou 570228, China; 2. Medical College, Guangxi University, Nanning 530004, China)
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constructed by PCR-mediated site-directed mutagenesis and its cRNA was obtained by in vitro transcription. The
cRNA of mutant subunits mixed in equal molar ratios with 4 subunits were microinjected into Xenopus oocytes.
The pharmacological activity and function of a3[K152E, E184D, Q195T]p4 nAChR was evaluated by a two-
electrode voltage clamp electrophysiological technique. Acetylcholine, nicotine, and cytisine were used as agonists
to evaluate the magnitude of ligand-gated currents and gating characteristics of wild-type and mutant a3/4
nAChRs. The half-maximal effective concentrations (EC,,) of acetylcholine, nicotine, and cytisine on wild-type a3/
4 nAChRs were 277.5, 34.02 and 23.05 pumol-L", respectively, while their EC,, values with o3[K152E, E184D,
Q195T]B4 nAChR were 170.5, 26.6, and 98.45 umol-L", respectively. Thus these EC,, values for the three
agonists towards the mutant receptor were changed 0.6-fold, 0.8-fold, and 4.3-fold, respectively, compared with
the wild-type receptor; cytisine was most strongly affected, with a 77% decrease in potency. However, the
maximum agonistic efficiency (£, ) of cytisine on wild-type and mutant o34 nAChRs was increased from
94.12% to 155.08% relative to the peak current amplitude induced by 1 mmol-L" acetylcholine. Thus, although
the a3[K152E, E184D, Q195T]#4 nAChR had significantly reduced sensitivity to cytisine, the maximum current
amplitude induced by cytisine was clearly increased. This mutant had slightly increased sensitivity to acetylcholine
and nicotine. The results indicate that these three amino acids of the a3 subunit have important and varying effects
on ligand binding to the @344 nAChR, providing a basis for further structure-functional research on o354 nAChR,
as well as the pathology of related diseases.
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Figure 1
(nAChR). A: Cryo-EM structures of the o344 nAChR in lipidic and
detergent environment; B: Homology binding model of a-conotoxin
to a3f2 nAChR, and the residues shown in blue are Glul84 and
GIn195 of the C-loop, and Lys152 of the B-loop, shown as a stick

Structures of the a3/4 nicotinic acetylcholine receptor

model
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Figure 2 The amino acid sequence comparison of ligand binding domain between rat (r)a3 and a6 nAChR subunits
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5 (R ). RH DB RN T, ¥ a3 W5 5b
N-Ji LBD [X 55 152 A7 [ 56 20 R (lysine, Lys). 55 184 fir
)4 & B2 (glutamic acid, Glu). 55 195 £i7 ) 2% & Bk i
(glutamine, Gln) %7 2R 48 4 a6 V.5 (¥ 50F B 24 ik
i ik FE, K a3[K152E, E184D, Q195T] = s 5848 1k
7B P J5RE B A

PCRTEMERRE U E o3 WHFF 5
KRR, X a3 W3 F 55 152 o7 3 R HEAT 52 A 5828,
KA M FH WK 1. 7E PCR I N AR R A, IR
FEAR 100 ng, 1E [ 514 125 ng, [ 18 5140 125 ng, Q5 %
AHEHUR (2x mix) 25 uL, 5 A 27K (ddH,0) %h
JEEBARRS0 uL. PCR N 24 A 95 °C AR o4
2 min; 95 °CAEE 20 s, 60 °CiB K 10 s, 68 °CHEAH 3 min,
18 MGIR; AR KIEHE 68 °CFHAEH S min. [ M 45 HJF,
] ;2 NAR B2 N 1 pl Dpn 1, 37 °C [ 3 2 h, PLZFR
AN . 4 PCR % N DHSo & Z S5,
WATEANEERZPEN LB FMR L, 37 CH 7%
14~ 16 h, 16 UER oo J 11 9%, SR ISR IR I8 42 TAEY) T
2 (W) B IR AT, #iE H bR 8 | RAEIE
By = AR 7B ) JTURLIE Ik DNA W 36 30F 6 )=,
HHAT G 8525 .

DL 5 1E A B0 A& a3[K152E] 5 i 98 A8 7 JE 1
RN AR, A 3R T VR U 23 Sl 6] 28 184 AT 195
L) TR 72 e AL AT RAL, A RIF B H o3
[K152E, E184D, Q195T] = i 2% 48 IV F 1 =5 4H i % .
KERFR S = AR WA E A B, 3 5 05k
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a3 ARSI 1 JORL I B AN Al
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(fE5h 8 SR B9 mRNA) B9 & & (8 IR &2 0 ) g
EcoR 1Y) ¥ a3[K152E, E184D, Q195T] 5 A% {4 . i Jiii
hor, A 3 28 4 4k, H 55 & MiniBEST DNA Fragment
Purification Kit [/ 28 1AL 724 . SR 5 K406 %
JEE VT 0 B A A 58 Jog P ORGP RN B s, AR A
AN S (R 22 1AL DNA B . R4 1071 & mMESSAGE
mMACHINE SP6 Transcription Kit 3 B 45, 4 % 20 pL
PR A1 B S I BEAR ZR s B (1~1.5) pg, 10x Reaction
Buffer 2 uL, 2x ANTP 10 pL, Enzyme Mix 2 uL,

ddH,0 #h & & B AR R 20 uL. 37 °ClH R 4 1 F ) M
6 h i, M= n N 2 uL Turbo DNase, 2k 4 2 v
60 min /K fF RIS o A SR B8 72 ) cRNA,
22 MEGA Clear Kit 4li{t J5, FIH 5 4036 6 BE 1F F B
JIE W % Fsz PR KRS W) CRINA PR IAR B R o g 1) 4% 47 1
cRNA 7335 /Moy, I F =70 CCIRAFERE T . FSSMBM 0 7
15, #1145 T a3.p4 WK cRNA.

e THE DR SRR D B ERUES LR
BRI TCE, VK8 BRI 60 min, £5 H: 58 45 BREE 5 i T
A, R R —MIEE 28 1~2 em & V1T, /N ECH
53 A O BE AN L, AR S ST 4 AR LR IR . K R
YPREZN A BY i/ A H, BT OR-2 VA Hh b e 25 88,
b5 N 0.5 g L IS B 7 OR-2 WA W, T35 1
100 r-min” #% 3% 1 46 21 20~40 min, B % K& 254
S B UNMUIRZS, {4 F OR-2 W M Pe W . £ BsE
Pk AR ZS B4 B A% 53 BH 1) 51 BEZH B 6 AT 2 0
S B A R E R AR 63 4y ) 5 p4 W EE 1) cRNA %
121 AT IR A, TR 5T )5 1 S 2 R 1 TOMS B9 REZH
J 5 o, A5 O BEAH B E 4 55.2 nL cRNA VR AW -

a3p4 nAChRs FAE B R H= g RT B R IX
SlAEEERN EENEMI A E TSk
3 I ND-96 35 72, BT & PUAE 2 0 Fh S8 A0 B 43
MNEBFER 10 pgmL FEE R 10 pgmL' KR KER
100 pg'mL". 17 °C R #5748 h UL b, ik 24kt 47 78 5
Fik, BT T B0 B A A AN . o O
cRNA 35 772 5 I HE I TCHE OF BESH IR B T2 9 50 uL
() 20 B Al A5 45 0.1 mg-mL" BSA ] ND-96 & i
WEIR, RN 2~4 mL-min™. 1 min ) LI 1R A,
TS T O BEAE L 2 s B BN 7R K v o, A R L
0 A8 TR A N ) LR, BE S 58 s I ND-96 it . [
ST IS R, O A R AR SRR sk
AN TR B 0 BB 75035 S 34 nAChRs B 28 7 J 1 =
AT R R /N o FELALIE 3R Clampfit 11.3 K
P, BN R BE BT RSS2 AR, A 5% 6~ 8 AN U1 BE2H i 1)
CERIRAETT

FHitFESHMH L1 mmol L' ZFEAEA (acetylcholine,
ACh) 5% 4 2 161, (cytisine, Cyt) 5 S = A HIR AN
SR JE T TT R R LR, 1% 100% 1H 5. TRl T

Table 1 The primer sequences for mutations at position 152, 184 and 195 of a3 nAChR subunit

Mutant primer

Sequence of bases (5’ —3")

K152E FM
K152E RM
E184D FM
E184D RM
Q195T FM
Q195T RM

GAGGACCAGGTCGATTTCTGCCTTGTCGTAGGACC
GGTCCTACGACAAGGCAGAAATCGACCTGGTCCTC
CCTCACAGCAGTTGTACTTGATGTCATGTTTGTAGCCC
CCTCACAGCAGTTGTACTTGATGTCATGTTTGTAGCCC
CAGCGAGTACGTGATGTCTGTGTAGATCTCCTCACAGC
GCTGTGAGGAGATCTACACAGACATCACGTACTCGCTG
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(nicotine, Nic) ¥ 7, LA 100 umol-L™ if5 5 7= A 1) I
B FLRAE N 100%. AN 7] 9 B B0 sl 77168 AH 7 52 4
FEAE R TR AL, B DL S2 A TE T TR K HLL, P Y
B 5 bE IR B HE R S SR, B Response% . AN [
WP B 7 IS FEIAE 1~1 000 pmol- L™ 2 Ja] .

W P BN 7375 3 A T T LA SR 2 3N Graph-
Pad Prism7.0 # 14 (3% [& GraphPad Software) #1748t it
0T . K FH AR 2 1% 75 72 Response% = 100/[1+ (EC, /
[agonist])™'] (' nH A 3£ Hill R %), 1+ & 33 71 %
0384 nAChR B¢ 3 58 A5 44 1) - K f5e K AU K B (half
maximum effect concentration, EC,); ¥ & J< i it £ [&]
1 Response% N34 + ArifE iR (mean £ SEM). 41[H]
i LR FH LR 3R O 22 43 T (one-way ANOVA). B
P <0.05 NEFRA G EE

&R
1 3TEEERNERRT

CLAR A B A2 Y o3 1 5 36 [ 1 R A B AR, 38 ik
PCR /13 1€ s AR AR 43 0 il £ o3[K152E, E184D,
QI195T] AP FEFL (K] . # PCR =4 ] Dpn 1 B
I, 1% PR B8 R W 48 e i vk R I (11 3), SR AR A4 11
PCR =¥ K /NI 5 000 bp £ 4 . 45 DNA | ¢ 5
W, o3 = f5 S AR FE R (1 7 51 56 A TR, S 2 Y R

bp M

Query 618 CGGCTCCTGGT!

Sbict 663

Query 738

Sbjct 783

TCAAGTACAACTGCTGTGAGGAGATCTA!

LECEEEETEE TP

ATCAAGTACAACTGCTGTGAGGAGATCTACCAAGACATCACGTACTCG

HE PR (1 B 2 AR 2 BT (1 3D).
2 BHARMRTER o3 TERAAREAEGTI &ML

e A i ou <O g S B N |
a3[K152E, E184D, Q195T] W & & [A /) Jii ki, I F
EcoR 1 B YI# 2 26 PEAK . BT A BN TEAR Y 63 7 Kt
5= DR R S K VD 7 0 4% 3 L, T 1% B i W 6 fise
FLUKA I (B 4). 45 R BIR, RAZ A o3 W1 5 J K] AL
K/NA2 500 bp 7i 45, BV 2 VEA 9 B — iy, Ui B
BN R . Se AL TRE (P 4 iR 55 2 FEE 6 3k
TE) 7E HL Pk B 2 B T RE LM e 45 FA B FROR R
18 o AN THIN E T Y AR AR 98 AR A R DA R
25 11k DNA R FE RN A, /A, HEAE - X 22 DNA ik
JEAE (0.2~0.3) pg-pl”, A, /A, LU AE 7F 1.86~1.88 22
[, L7 R4 R A R
3 BFERIMERT A o3 T E cRNA BIHI &

ARG ) 4l 4k J5 1 22 1t DNA 4 T1E N BEH, BL SP6
NIBBNTF, TEARINE N T AR T B AR o3 158 AR 7Y
a3[K152E, E184D, Q195T] ¥ #£ ) mRNA, & % cRNA .
o3 cRNA IR FE 8 , N 0.8 pg-ul’s a3[K152E, E184D,
Q195T] cRNA K EERAAIC, 79 0.43 pg-pLs HIAH A )
75 ¥ # % T a3[K152E]. a3[E184D]. a3[Q195T] #1 4
EFE) cCRNA. 3X 25 cRNA (1) 4, /A, HEAE > 2, 7 2.08~
2.1 218 FT3RTG cRNA (¥R FE R4l FE 35 75 & LK,

5 6 bp M 7 8 9

1000

250

AATCGACCTGGTCCTCATCGGCTCC

LLLCELELETTT LT

YATCGACCTGGTCCTCATCGGCTCC

AGACATCACGTACTCG

NERRRRRARARRRRY

Figure 3 The agarose gel electrophoresis of 3 subunit mutants. A-C: The agarose gel electrophoresis. M: DNA marker; 1, 4, 7: a3 sub-
unit plasmid; 2, 5, 8: a3 subunit linear DNA; 3: a3[K152E] subunit PCR product; 6: a3[K152E, E184D] subunit PCR product; 9: a3[K152E,
E184D, Q195T] subunit PCR product; D: Sequence alignment of a3 subunit and its mutant. Query is the gene sequence after mutation, Sbjct

is the wild type gene sequence, and the red box is the mutated region successfully
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Figure 4 The agarose gel electrophoresis of a3 subunit and

linearized DNA. M: DNA marker; 1: a3 subunit plasmid; 2: a3
subunit linear DNA; 3: a3[K152E] subunit plasmid; 4: a3[K152E,
E184D] subunit plasmid; 5: a3[K152E, E184D, Q195T] subunit
plasmid; 6: a3[K152E, E184D, Q195T] subunit linear DNA

AT FH T 9N BESH H 2 (0 S SR A LI 52 A
4 7 ACh 5t a3p4 nAChR X H R TR 5E 14
S

I3 A BT AR T 03 B = AR AR o3[K 152K, E184D,
Q195T] V3 1) cRNA 5 g4 3 [ cRNA, 4% 1:1 )t
BIR A J5, e S N 3R I TCME o B 48 i o 43 i R
KB AR o384 5 RAZ T o3[K152E, E184D, Q195T]p4
nAChRs, 14 i H A2 B 2200 PR R Wl s e Y o R A A
[ 94 £ 1) ACh 138 a3 84 nAChRs [z = i R AR 1K, #ifie
% 175 5 B -8 T AR IR T IR AR R L, LR
K/NE AChKBE 2 IEAHE (B15.6). 45 RE ], AR
WPE 1) ACh X 85 42 71 354 52 A4 77 A (1 T AR 11 4% FL I
B 2% T a3[K152E, E184D, Q195T]p4 548 7l 57 {4 =
AR (K 5AB). ACh sh 5 42 B 344 F15R AR 7Y
o3[K152E, E184D, Q195T]p4 %2 AR ¥ EC,, 43 7l N 277.5
(258.6~297) 1170.5 (157.8~184.2) pmol-L"', — & #H

ZE1.6 %o 3 A8 J5 EC,, B K 21 40%, i B ACh
Xof AR T B2 A (1) B B0 S 1 B 5 T 2 40%, 8 T %)
ACh [ BURPE R N . 76 1 mmol-L™" ACh F 7 38 % 1
T, S AENA R T H ORI UE (B 6A).
5 HEhF Nic %t 34 nAChR B H ST RHTEM 47
AN [R] 9 B 1) Nic 313 @384 nAChRs J = pi 58
AR, WFERENE IS T 3 @ I IE 5 TF R R A
HLI, FELIA K/ 5 Nic iR R IEA ¢ (B15.6). 5%
B, A [ 96 B A Nic 6 B 2E B a3 54 5244 72 A F T 44 1)
W5 o3[K152E, E184D, Q195T]p4 58 48 74 52 44
A ELIR R /MR 2R (K] 5C.D). Nic sl HF A R a3p4
F9e A5 B 63[K152E, E184D, Q195T]p4 32 A ) EC,, K
ANFE 24, 43 5 R 34.02 (30.69~39.39) A126.6 (20.92~
35.24) pmol-L™!, = F fHZEAL 1.3 /5. 3 /ML sl KA )5
EC,, F# 1% £ 20%, B Nic X 7% 48 78 52 44 (1) 3 3 3 1 s
A5 (B 6B). 5 ACh A [A ) &, Nic 75 8RRk /%
100 pmol L™ W RIS AF T, W5 A2 B o384 FI AR T 57
P 5t Ak B L S K R T ORE , U X P A B2 AR k)
Nic [ REURAE Lo 2 B BB D 171428 e 82 B IR A
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Figure 5 The current traces of wide-type and mutant o34 nAChRs
evoked by different concentrations of different agonists. A, B:
Acetylcholine (ACh); C, D: Nicotine (Nic); E, F: Cytisine (Cyt)
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Figure 6 Concentration response curves of wide-type and mutant a34 nAChRs gated by 3 agonists. A: ACh; B: Nic; C: Cyt
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6 HENF Cyt3f a3p4 nAChR K HRI(AHIEME 24

AN [ ¥k 1 Cyt 3138 o34 nAChRs f = p5 R AR
A%, T A 1198 8 08 T TR0 AR TR P T R IR AR A 2
5 Ei& ACh FI Nic #i A HH[F] (K15.6). 45 R EIR, HHIF
WL Cyt, 5t B A2 7 0384 52 4K 72 A6 A C A4 T 14% AL,
Et o3[K152E, E184D, Q195T]f4 5848 R 52 {4 7= A ff)
W KIRZ (K SEF). B4R 4R7E Cyt 50,100,
1 000 pmol-L™" 3 /MK RE T, I 145 FL i 3 M B2 45D,
B 34N HL AL AE 22 S 30/, B Cyt ik B 38K rL I K 2%
1 1M = R AR ZARAE IR 34N CytiRFE T, H 185
T KM IR, B 3 AN LRI AE 22 K, Bl Cyt ik
JEE B BRI R . Cyt fER 1 000 umol- L™ ) )
WA, B AR o34 FNTAR B 52 A4 3 ] 3k B e K
LI TR

Cyt ¥ zh B 4 1 o354 F1 94 R 03[K152E, E184D,
Q195T]B4 SZAR I EC,, K/ANEA AR B3, 4351 8 23.05
(21.12~25.15) £ 98.45 (82.18~119.1) pmol-L", — %
HHZE 43 5. BI3ML ARG BC, 390 1 4.3 i, th
JE U Cyt b 578 Y 57 R (R 38 30 3% 1 B 2 T B, RAR Y
Xf Cyt RSB KR BEAR (B 6C). RAZTIM Cyt ik
SN 2% 5 AR B R AR B, BB A4 R T R, P
S £ 2 A U BE B AGE . IX 5 ACh X 98 A8 B 2 A4
JEVE 10 0 1) 25 R A . AR B ACh IR B e BE
2k 5 87 AE R 2B MR EL, e BT R . RARAL
Nic ¥ B J o i 28 5 B 26 AL (0 il 28 MR UL, 10 A2 B 07 i
A, Bk gz A EE BRI
7 =TI a3p4 BFE B R HRT R F A
MR KRINTHERELER

PA 1 mmol-L" ACh 5 5 7 AL I HLiAt 1, 1 52 4
A TFREUE, 118 100%. 43 BRI I 11 57 Nic £ Cyt
Xf a3p4 nAChRs J Ho R BRI e KRB FRE,,, 1T
ﬁ /L\\ ﬁ ?‘SJ ] max (Nic)/ 1 max (ACh) E‘Z Imax (Cyt)/ Imax (ACh)° EE‘ /—:E IE é‘j:'E
RN (E7.8), a3 AR A 5, Nic Fl Cyt 0] B A4 A Al
RAZ M 384 nAChRs [ e KB FE A, 43 5 K
100 umol-L" Al 1 mmol-L". Nic Xt B A= %4 Fil ¢ 45 7Y

a3p4 a3[K152E, E184D, Q195T1p4
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Figure 7
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a3p4 nAChRs 1 E,, Jo B & 2 5, 73 7l N 51.55% +

4.25%+60.91% + 2.2%. [fi] Cyt % R4 0384 nAChRs
(1 E,, b1 X EF AR 7 1 94.12% + 3.71% $2 15 %1 155.08% +
9.34%, IEH BRI E T 120 F E AWEEZE
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Figure 8 The £ _of wild type and mutant o34 nAChR evoked
by Nic and Cyt compare to ACh as 100%. n = 5, mean = SEM.
"P<0.000 1 vs wild type a3p4. ns: No significance
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a3[E184D]p4.a3[Q195T]p4 SZ AR EC,, 73 5l N 277.5+
39.01.53.99 fi143.34 umol-L"', 5 B 4= Uk bb 98 A8 44 %}
BB 7 ACh B AE L7 A G 9 729 7.5 6 i M
ACh X = R ECy, 24 170.5 pmol L™, 55 A4 Y
BT 16165, AT o3 WIEHIEH 152 AL &M AT A,
{8 Nic % 2344 nAChR ) BUR A FEAK 57% 1104 3 4095
AN G4 Y 03[E184D]44 Al a3[Q195T 144 M h s M 5
R B WA T 49 20%.  Cytiish st s AR
a3[K152E]p4. a3[E184D]B4 Fl a3[Q195T]B4 52 A I i
PRI AR 384 SZ AR LE R % T 29 60%, 1M 3 /ML A
RAR GG TE T T 77% (K 2).

g
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The maximum current traces of wild-type (A, C) and mutant a344 (B, D) nAChRs induced by ACh, Nic and Cyt
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Table 2 EC,, and hillslope values of 3 agonists for wide-type and
mutant o354 nAChRs. hECSO mutant /o34

Agonist  nAChR EC,(umol-L",95% CI)  Hillslope "Ratio
ACh a3p4 277.50 (258.6-297) 2.0(1.8-2.3) 1
a3[K152E]p4  39.01 (34.86-43.52) 1.4(1.3-1.6) 0.14
a3[E184D]p4  53.99 (41.25-69.98) 0.9 (0.8-1.1) 0.2
a3[Q195T]p4  43.34 (31.13-59.61) 0.9 (0.7-1.1) 0.16
Nic  a3p4 34.02 (30.69-39.39) 2.0(1.7-2.5) 1
a3[K152E]p4  79.15(69.47-90.42) 1.3 (1.1-1.7) 23
a3[E184D]p4  27.90 (13.69-28.32) 1.8(1.4-2.8) 0.8
a3[Q195T]p4  28.60 (22.52-36.2)  1.6(1.3-2.3) 0.8
Cyt  a3p4 23.05 (21.12-25.15) 1.5(1.4-1.7) 1
a3[K152E]p4  67.28 (59.93-75.78) 2.0 (1.4-2.8) 2.9
a3[E184D]p4  53.91(48.18-59.94) 1.4 (1.2-1.7) 23
a3[Q195T]p4  57.91(52.87-63.15) 1.5(1.3-1.7) 2.5

DR 2R A . 1% B 32 200 A & B i 2 RGN
X P 28 28 G0 030 23 X 33, 7 S 2R ot 2 338 J ) % Ml e
JEOR T A R E AR AR, EE R
7B % (medial habenula, MHDb)- JHl [i] #% (interpeduncular
nucleus, IPN) &% 7, a34 nAChR X J& i T 3% 5
W VR U S I AR B AR EE R Park ST TR B,
0344 nAChR 2 J& i T 177 £ 2 R A 28 2% He 551 1) A
B A5, AT RES S BOM AL B LR S AN, AL TR
Fe i 1) a3p4 nAChR 2 5 Jé 7 T /- T 1 & 81 B (R ik
FEUS . o3 W FEAE AR 22 R Gt rp IR 473 T 5 E B A (1
2 5SS B 1B PA, 1 a3 WHES i
B A 22 R FEAL I AT AN TE A . OB B 9 AR B,
o34 nAChR T BE /& V6 J7 1 R AR 1) — A H 2250 507
JE L @344 nAChR [ B ZEVE . 354 nAChR TE [ - i
i PR JHE 55 VF 22 B R 1 K AR VR SR R R A TR
B, (H AR OG5 AR BEAL A AN 4
KA PCR A 18 R A, @ T
o3 WFE ) = R A o3[K152E, E184D, Q195T], # 5
7 AR R pA VR A, 75 AR TS 5 RESH B T Bl )
FKiE. LRI 7 45 B 2R, loop B Fl loop C ¥4 a
72 N-ity i M A 25 45 [X L, S i A i 98 1 &5 5 1
IR DX IR, T A 152 A = R AL T loop B HY, £ 184
195 A7 G HEBR AL T loop C 1, "B AT 3 B 1 B 5 5771 )
BCRENY . BT DL R TSR AL, AR T o3 WS R
152,184 F1 195 A7 1) 3 M FERR AL s A 5T a3-a6 .
JE A S TR DR B AL A, K DA B 3 AN R BN AT E )
RAL, Mg T = /R AL K T 5 o3[K152E, E184D,
Q195T], I3t — 5 FI H i A= #E R @37 1 o3[K152E,
E184D, Q195T]p4 ifi T A% il £ &4, m] H T Wt Fi a3p4
nAChR ZH 5 a3 5 5 e 44 A AR F R S i O
RAFEBR A7 5, 1) W] AR R o34 nAChR A H./E FH ) 43
AL, BT AT 5 A 25 1 v S S5 Rt gt

o34 nAChR #2177 [ = # 4 R 40 Ik Ag 7 H
FE 2, 84 N IEMATE I E 5 BRI 4G5
FHLHIE AT HAE 82 B, AN [E sl AR 52 4 3k 4
PEZE A J7 NASE R A7 A5 22 52Y: Lindovsky 25244 2
T W GRAAK a3p4[D191N, D192N], & 5848 5 i 5
I Nic H BEE 3 mmol- L™ Kk B N i 5 52 A FF T8, 1Mk
By 7] b e 20T 52 AR B R A K 2 03 T
_F /) Phe 1 Tyr 248, 52 #& %} ACh 1 Nic (1] EC, & 4%
b, (RN — FEE P B R 2R 1 EC, 2035 F ™. H
Costa Z5P5@ 1ok 737 g A%, 40 HH 38 2) 7] AChNic. Cyt
5 0384 nAChR H1 03 WE.FE E 1 1oop B Al loop C ()2 IR
LA RIS G . BRI, ARSCRIF PCR AT 1052
M SRR RR, W T4 E A B A R R 2 1 AR A )
AN F RN ) 45 G PE R R . a3 MEJE F 152,184 Al
195 =AML A I 5278 48 384 nAChR X A [ 3 5h 771 (1)
MU R A AR . SEFAERISZ AR LG, SRAF S 1K a3p4
nAChR X} # 3l 7f ACh /) B PEIE 5%, H 100 pmol-L!
Nic 5 R 2814 a3[K152E, E184D, Q195T184 = i1 A
[T R S Sy N3 Pl e R VAN O 2 G S N
LBD X 5 A F| T Nic (19115 5 45 &, 18 18 i Ut 1
Jon, TR] B ORE P 1K

LA, AH BT B AR Y RAF 4K o3[K152E, E184D,
Q195T]B4 nAChR X} Cyt BUR %9 55, EC,, N HF A= 8 52
) 4.3 4%, 7E 1 mmol-L™" Cyt fil B A= 78 52 44 = A= 1
R B 5 1 mmol-L ACh T 4 7= A= ) Ha 37T 45 AR
8L, 5 2611 55 F Cyt Al /E 4 p4* nAChRs 58 4= 88 71
W Fe s R — 8" (B2, KA K o3[K152E, E184D,
Q195T]B4 fE 1 mmol-L" Cyt#5h F P £ R (E 2 h
1 mmol-L"' ACh §ll 3= R 1.5%. &L, a3E
FIX 3 AN IR R TR AL T RS 2 Sl Cyt 5 a3p4
nAChR 25 4 If R BT 11, 840 J5 38 UC AR 5 2 A 45 &
IS, TR A S A B R AR

B S BE R AT A R AR A 2 U 2 AR TE BB
H S N RTE A RE . AR AR K a3[K152E]p4-
a3[E184D]p4 Al a3[Q195T]p4 X ACh B I 14 5 1
5~10 15, 1 = 5t A I AL 5 25 A0 B 5%, 32 AR SO A%
AN B g5 SRR . AT XS Cyt, = A R B 5 AR
A M L, X a3p4 nAChR [ 45 5 iGHEEF T
P R ESE A o BT AT 9T 2 B, nAChRs Y028 1 51
TR TEAL 23 50 V. 1) 47 B F1 2% [B] 45 4424, 286 AR S
T 45 3, HEWT = s SR ARXT o3 W0 L 1) 25 (M &5 M R 9T &
77 2= AR R, R A I 7 1B M OR AR AR A, AT A S5
5 = RUR AR 1 45 G 6 VR R R R A 2 S
Hoor O A fr itk — AR .

KW FEHESL T a3[K152E, E184D, Q195T]44 nAChR
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RALZMAER, XA BT 7 RIS 2 A BAR
73 5 HLH ™, 905 o34 nAChR ME AL AH % 1
PRI L IT AR BT SR A, K 09 BL a3B4 nAChR
B A (13T 25 BT AU A SR SR (K B ST HF o AR TR
F 3 R BC A T 142 30 71 (AChNic 1 Cyt), I & T Hox
o34 B HE RN = 3 R AR Y B2 AR R 45 5 6 1k, WE TR AR
RSZ AR DI REALAL, [ W] T RN i SR A 2R 5 2 4k
ThREZ AR AH 2% 2R, 4 9 Je 2001 T 034 nAChR A5 4
ZER AN T e LA R A 7 AR SC I R LA 2 (1 B B R

{EE STmk: FRAT i 9 5T AL IR RNA BRI S TR E 5
a5 5K LA 5T RAS M TORL A S I T HEMS AR RS
INVRERME R el vt SRS RS S

FEEHSE: AR A I TCAR T A 25 00 R
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