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Abstract: The a-conotoxins are peptide toxins that are identified from the venom of marine cone snails and
they hold outstanding potency on various subtypes of nicotinic acetylcholine receptors (nAChRs). nAChRs have an
important role in regulating transmitter release, cell excitability, and neuronal integration, so nAChR dysfunctions
have been involved in a variety of severe pathologies. Four types of a-3/5 conotoxins MI, MIA, MIB and MIC
have been found from Conus magus. Among them, the activity and selectivity of MIA and MIB have not been well
studied. In this study, four a-3/5 conotoxins MI, MIA, MIB and MIC were synthesized by solid peptide synthesis
method, and the bioactivities of them were screened by double electrode voltage clamp electrophysiology. The results
showed that MIA and MIB selectively inhibited muscle type acetylcholine receptors with IC,, values of 14.45 and
72.78 nmol-L", respectively, which are slightly weaker than MI and MIC. Molecular docking results have shown
MIA and MIB interact with muscle-type nAChRs with similar mechanism. The reasons for activity differences may
relate to the size of the N-terminal amino acids. Together, the conotoxins MIA and MIB may have the potential to

develop as a tool for detect the function of muscle type nAChRs, as well as the diagnosis or treat of related diseases.
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MI GRCCHPACGKNYSC* 3/5

MIA DGRCCHPACAKHFNC* 3/5

MIB NGRCCHPACARKYNC* 3/5

MIC CCHPACGKNYSC* 3/5
Loop 1 Loop 2

Figure 1 Peptide sequence of a-CTx MI, MIA, MIB and MIC.
The CysI-CyslII and CyslI-CyslV disulfide bridge are indicated by

the connecting lines above the sequence. * indicates a C-terminal

amide
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18, AN 2-H5 5 4 £ s (Oxyma) FI N, N-— 57
Nk — 0 % (DIC). 2k P Ik A 1k i 1 FH 24 A v Vi
[TFA/= R FERERE/H,0 (95:2.5:2.5)] =i FUIE 2 h,
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A 45 mine AL S T RO & H — % B ) 22 ks
To 1) 2% 2 S AH i RO i Ak, AAK IS 1 2 ke ik
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) A5 B BS) 1) 43 59 /& 15.3.10.2.10.1 #19.7 min. &4 H
R 22 K43 7 R ESI-MS 4 58 10 i &, K il 45 1
Z B FF 2 E R MI.MIA MIB.MIC 15 15 823 5 5
1 493.8.1 659.9.1 691.2 Al 1 280.4 Da, 5 # i kI X} 7
TR EAHAT
2 FI2EHZE MI.MIA.MIB F1 MIC 51218 nAChRs
HPHIE M

o-3/5 B MR R KN 32 EAE B0 S LA Y
nAChRs, ELND96 ¥ % UL Al 24 nAChRs i — /> %%
X B S 56 (B 3A), I ND96 1 Vi v fift 1 12 5 3 M.
MIA . MIB A1 MIC, Wl i 3£ X} UL P B4 nAChRs # 1] i
P, H A B A5 A0 & 3B~ E fiT 2%, 7€ 10 pmol-L™' £ fik
YRIRIE T, Y2 R MILMIA .MIB Al MIC JL-F 7]
DL 5E 4 PH BT ACh 30K [ LA B nAChRs HLVL, R EHA
IR 4 b 3202 75 250 LA BY nAChRs #5411 5 (1) B ¥y
WM. TEULERAN b, 3 — 200 E 4 Fh 2 K EE = AR A
PR B AN IR DL, 2R R = OB T R, AN IR
FE A A R 2D I 5E 3 ek B 0, S o a0 181 3F B
N, 4P EE R 2 LA B 2 Tk FE B A2 A 8 A 5 1
FELIT VS M o 1C, THAE 25 Wk 1 s, FFIRE 2 ML
T B 5, 1C,, {54 0.23 nmol-L™. 5 MI % 4 A L,
MIC [ 1C, {88 1.28 nmol-L™, T+ T 415.6 1%, 4k,
5 MIAH EE, MIA F1 MIB 36 P4 BEAC 5 22, W 5E (1 1C,, 73
AN 14.45 F172.78 nmol-L™', 32 F+ T 62.8 f1316.4 1% .
Wi 1 FroR, 8T M 51N i L MIC 2 7 Gly Al
Arg A 2 DNE LR, T 3 MIC W& P [k . MIA #
MIB 5 MI 741 % S 80K, £ 2R ILAE N i Al loop2 X,

MI

A MI B
0.47 3 .
15.3 min M+ 3[H]
498.95
z g 2
%“ 0.2 =1
2 +
=1 M+2[H]
748.00
0.0 T T T 1 01— . A. d
5 10 15 20 25 250 500 750 1000
t/min m/z
C MIA D MIA
. (H"
i M+3[H
0.44 10.2 min 0.8 55333
< M +4[H]"
2 206 41530
% 0.24 g 0.4
- g M+ 2[H]"
0.2 829.41
0.0 T 1 0.0+ l
5 10 15 200 400 600 800 1000
t/min m/z
E MIB F MIB
6
10.1 min M+ 3[H]*
0.4 564.75
o4 -
1 e M +4[H]
423.84
5 02 8 M+ 2[H]
. g2 846.61
0.0 T 1 0+ ? T T J
5 10 15 200 400 600 800 1000
t/min m/z
G MIC H MIC
1.0 9.7 min 5
M+ 2[H]"
4 641.24
: 23
%‘“ 0.5 =1
5}
g2 N
= M+ 3[H]
1 427.90
0.0F T ] 0+ 7 T T 1
5 10 15 200 400 600 800 1000

¢/min m/z
Figure 2 MI, MIA, MIB and MIC were identified using RP-HPLC
and ESI-MS. Analytical RP-HPLC elution method: UV detecting
wavelength: 214 nm, temperature: 40 °C, A: ddH,0 (0.75% trifluo-
roacetic acid); B: B90 (10% ddH,0, 90% acetonitrile, 0.5% trifluo-
roacetic acid). Figure A chromatographic conditions for B liquid
from 5% to 30% change, A liquid 95% to 70% change, flow rate:
1 mL-min". Figures C, E, G chromatographic conditions for B liquid
from 5% to 50% change, A liquid 95% to 50% change, flow rate:
I mL-min”. Figures B, D, F, H: MS data of MI, MIA, MIB and MIC,
with single isotope mass of 1 493.8, 1 659.9, 1 691.2 and 1 280 Da,

respectively

MIA A1 MIB ) N % 73 77 2 tH 7 Asp #1 Asn, loop2 [X 2
FEPR 7 A AR AE B 2 e, IR SE S I IR T 41 Xl 5 B
MIA F1 MIB ¥ P [ 1%

Table 1 Potencies of MI, MIA, MIB and MIC on mouse muscular nAChR subtype expressed in Xenopus oocytes
Name ICSO/nmol‘L'1 (95% confidence interval) Hillslope Ratio (IC,,of MI = 1) Oocyte count/n
MI 0.23 (0.15-0.36) 0.6 (0.85-0.47) 1 6
MIA 14.45 (9.135-22.51) 0.4 (0.54-0.38) 62.8 6
MIB 72.78 (41.84-23.10) 0.4 (0.55-0.32) 316.4 6
MIC 1.28 (0.85-1.93) 0.4 (0.48-0.35) 5.6 6
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Figure 3 a-CTX MI, MIA, MIB and MIC inhibit muscle type nicotinic acetylcholine receptors (nAChRs). A: Blank control using ND96
solution; B-E: Inhibition of 10 umol-L"" MI, MIA, MIB and MIC on muscle type nAChRs; F: Comparison of concentration-response curves of
MI, MIA, MIB and MIC in inhibiting muscle type nAChRs. The operation mode was: 2 s ND96 washing, 2 s acetylcholine (ACh) stimulation,

56 s ND96 washing. Each data point is the average of responses obtained from 3-6 oocytes. Statistical analysis was performed using GraphPad

Prism software (San Diego, CA). The semi-blocking concentration (IC,)) and the slope of the curve (Hillslope) were calculated using the

nonlinear regression equation

3 a-Fi23F = MI.MIA, MIB 1 MIC X} H 2 I &
nAChRs [ 5E 1%

FE I E 4 Tl - W5 5 2540 1) JUL P 2Y 2 1k JH Bk 52
A VR B R A b, AR SR O A R R R R R,
— DR M A 08 E 2 MIA A MIB X e Ath A [ 37 284 4
2 7 nAChRs [ #0175 7%, S0 46 45 R an & 4 fros, 78
100 pmol- L™ Z 1t JH G B2 1T, A [5) 37 2 2 Pt fE Bk
SRR B TE F YOS FTIF, N 10 pmol- L MIA %%
R, BRI 4A~ C.G~ 17K, adf2 a2p4adp4.
032 a6p4 Fl a3p4 1) I8 T8 FF I Z 43 5l 4 64%- 68%
98%48%  73% FH 92%, 3 BH = WK FE 1 L T, MIA Xf
04B2a2p4 F a3p2 44 — MG . 5 MIA K4, 78
10 pmol- L' MIB B4 5Kk BE 25 T, 04B2 024 adfp4
a3p2 ab6p4 Fl a3p4 1) HL LI K TH AR FF 75% 52%-
94%-64%.55% 11 88% (& 4D~ F.J~ L), & W 1E =ik
FEFS LR, MIB XF 0284 F1 064 B AT — 5 B30 H135 1
3 YT AT S5, MIA R MIB Xt 6 Fh BRI i 22 71
nAChRs F1 LA 7 nAChRs ) BH Wt 3 14 1 1 5 B, %ot
UL P B nAChRs (1) 3% P 35 & 5, 1 6 L Ath 4 2 1Y
nAChRs 7 14 i 55
4 FIZHEZEMIAFMMIBSAIAE nAChRs HHEEFA
S

MIA Fl MIB 4 J& T a-3/5 W R iR & &, H4hW
5 R J& a-3/5 W24 = 08 5 2 GI R JRMEIEH &, A5
I R AL 5 XA 1 2 18 5 3 MILMIA il MIB
ZE R, 7 HE il - ) B Rosetta 8 £F 7 FlexPepDock i

1T 50 T R 82, 3% B 4T 7 5 11K 1 A2 € 45 74 (Supporting
Information 1), # & 7 MIA f1MIB 5 al(+)6(-) 45 & i1
MBI E G0 5y 18 (8 6), 4 R IR 2
P28 RS al (+)0(-) I T & 2 7 R 2%
Bl ZEIREE R MIA 5 MIA 2544 4 N-ii Al loop 1 5 6
Kb p- B A HAE R %, Hodb o AR 113 A0 IR L
R 2R 5 N-Z 2L R & A A HAF L, 72 521 MIA Al
MIB 36 1 22 e G B  2K . F IR 8 3% MIA 5 MIB
(1) loop2 X 7E A& 2 AN, X 45 & 1 FH 5% e #H %) 452 /)N, C-
AR Uiy 1) 2 FHE 2 R T B — B, % 3 R 7 3K MIA Il MIB
SRR B, 5 ol W C-loop M HAE
H, & W] Cys II-Cys IV J¥ 5 (1) B B0 2 02 55 2 7% P
EALLEE NS

g

AR Y F g E b i BT M R 2
TEIE 2K, X EFIRR R 2K R K L
T A%, ¥y 4 B A BRI RE, B RRIF R B X &R,
BUR B . RRFEIRL) IR AT s
RN ISR R 2, AR 95 2 08 58 2 2045 % Conoserver ic
B, B R O NLFIRRE R ORI T 30 2 B IR 5
=, FEAR OB IR A- M Z A T8 5k, Hop
wE AW RN T Cav,, I FIBH R o-MVIA, BT
2004 44 FDA #tbitk, FF & N6 T #4890 1) 25 )10
o-FIREE R MIT /2 L) 88 vk B, e85 53 1 H
TFH 21 a382 nAChRs" . BEAh, AATIELE L) 4E
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Figure 4 Representative superimposed ACh-evoked currents
mediated by a4p2, a2p4, a4p4, a3p2, a6f4 and a3f4 nAChRs
obtained in the absence (control, 100 pmol-L" ACh) and presence

of 10 pmol-L™' peptides MIA and MIB
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Figure 5 Bar graphs showing relative ACh-evoked peak current
inhibition of muscle-type nAChRs by MIA and MIB (n = 3)
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Figure 6 Molecular models of the binding modes of MIA and
MIB at the al/0 nAChR. A: The MIA-ald complex structure; B:
The MIB- ald complex structure. The al subunit is shown in

green, and J subunit is shown in gray
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Table 2 The sequence alignments of 3/5 a-conotoxins are shown in Table. The cysteines residues are shaded in red. #C-terminal carboxamide

Conotoxin Sequence Target Reference

Acl.la NGRCCHPACGKHFNC# alflyé (3.2 nmol-L™) [18]

CIA NGRCCHPACGKHFSC# alBlyd (5.7 nmol-L™); «342 (2.06 umol-L™) [19]

GI ECCNPACGRHYSC# alf1y6 (5.86 nmol-L™) [20]

MI GRCCHPACGKNYSC# al1B1y5 (400 pmol-L™) [11], this work
MIA DGRCCHPACAKHFNC# alf15e (14.45 nmol-L™) This work
MIB NGRCCHPACARKYNC# al1p15e (72.78 nmol-L™) This work
MIC CCHPACGKNYSC# alf1de (1.28 nmol-L™" [13], this work
SIA YCCHPACGKNFDC# Not determined [21]

SII GCCCNPACGPNYGCGTSCS# alf1yo (8 umol-L™) [22]
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