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a—FEBEHELVIA £ 11 LRERN
MREUEERREBLFEE

iR, AN, KINRF?, KRR, &=
(L. EWp LB =i 4 LB B 25250, kR = 5720005
2. MR A2 P L P TR 5 0 4 1 T 20 T 63 AR S 255, W1 570228)

B OE. TR 1 AR TN LvIA S S A PRSI, 1T T LvIA 4 2 S g s
& [DIIR]LVIA il [DITHILVIA, BRI 2 4Bt 2 56 R - 2R (R) A ZH S0 (HD 4350 B 46 Tk 110 1 1k 4 S i
D, e AT AT X 2 MR ARR LR MERR, S5 R 2 R8RS &, ASRASFESE 1 (A AEE 3 210k
A (Cys 1~3), 5 2 AL 4 (2R BEERR (Cys 2 ~ 4) Z A E B L ikt . &M (i o B 4lifk
MBS R, AT &4 Cys(l ~ 3,2 ~ 4) “fsdE sy N Z Ak, HoFBuE Eaf, 20384 95% DL b FIF
XU EE B R A B R R A5 2 PGSR S 0382 nAChR HIZEA TR HEVEAT THGIN . 255 R 0, 243% 0 51
SR T i R M 5 5 A B S, X LvIA BTG PR R R K, B 4 5 306 a32 nAChR 1 LI G M 22K .
[DI11R]LVIA Al [DITHILVIA 9 3% ¥ 5 B 4= B LvIA A H 2 S BRI T 574.38% Fl 408.62%. Hi L #HH, 26
11 {3 AR I BRBEMEXT LvIA MG R R E S,

FEIE:. o FEEF R LvIA; R 55 0 o362 HIBRT 2 BEHBRSZ 4 40 S 454 0F ks e 2B B R
FESES: R969.3 XHFRERS: A

SIRRE: 2R, HZeh, KINRS, 55, o FIRFE R LvIA 56 11 (V2 IR 58 AR PR -G i S FERE s 0 1 D).
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Y2 (Cone snail) &= — P N B M 16 AR AR B
Pyu, AR IR R I 2 AN AL S TR
W, WAE Ny IR . o, ST IRZ RN
[F] B 4 18 P 28 3% M 75 R IK—F IR 5% 3= (Conotoxin,
CTx) HA T IZ M ZHEE, X 6 5 = 1 PR R
PEREPE R M2/ NIRR Z 6 ~ 50 2 FE R 5% HEAl
B, B R, DURRRE RGO E RS AR AR,
YRR 280 T IR, BA B AT A HT s,
a—FIE2FEZR (a-conotoxin, a-CTx) & H AT i)
Z MR AW CTxs, a-CTx 3 F it 8 /), H
12 ~ 20 A28 FE PR BR FE % Ha b i, S 5P 2 IE Rk
32 M (nicotinic acetylcholine receptor, nAChR ) WJ. 7!
BEREPEFEPIRIC - a-CTx —fEEH 4 2EE
R (Cys), MR H8 — i B %) A [) i 2 07 =X, ml 2 A

kS HER: 2022 — 06— 02
EL£WmE:

3 Fp SRR, Hor, KR4Y a-CTxs BTG PEIE A Bk
R, A, ARG o-CTx e & R A & LR A = 1
ANEVEE a-CTx 53 1 : a-3/5. a-4/4. a-4/6. a-4/7 %%
ZFRE . a-CTx AMUVER T HRE, FILAE S
ANFIE RS nAChR, #£I5Y7T 5 nAChR AHOCHBR AT
FAE B CHEMVEY ), I BAE U . B 55 ph
2RI PRI TR A0 A e

B E LG A AN PE G R oy B AR 3] T —
Bl a-4/7 B4 CTx LvIA, ‘B H 15 P2 IR 5% L4
i, BERSAE FH T nAChRs, X%} a3/2 nAChR E.A %5
U B9 B 35 P (ICs 2~ 8.7 nmol-L ™), {H & LvIA Xf
a6/a3p2p3, a3p4 Fl a6/a3p4 3 Fl nAChRs V. 7Y {3
Fr— B m R M8, S TR LvIA ik $E
T— Pk, BTISC R = AL T LvIA #1477 &Rk

{&[E] HER:2022 — 06 — 28
S AR H (2021GXYL42); EZR HRFHEIEI H (81872794)
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BIEEE:
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T, ARAT T XT3 i 24, [T ) P 32 A 58 AR
AR T 5 362 nAChR AHHAE 7 FHL
e, R B, M 11 7 KA (Asp, D)
RAF N RER (Ala, A)J5%T a362 nAChR TG M4
FEARAR, IS R W, A 11 LR Y
LvIA 5 a382 nAChR 9454 VE FHI 1 45 11 fif
JETEJE LVIA MY SCH SRR 1, AR e 3L T4
P AT LvIA A7k, A RRRAWFS .

ABFFEIET LvIA 1 AT & 3R O H 2 gk
{202 FERANRTEE 11 &R, X LvIA
HEATHE— 2Tl , 43 B FH RS 2008 (Arg, R) A4
Z MR (His, H)XT Asp #HATHUR, it T 2 Rl e
AR, 25 SRS 11 A0 A 3 R Rl P R B R AT X
LVIA JG PRI, B 78 LvIA BB & 2
HEARARE

1 #MR5ERE

1.1 REMBEME  o-CTx LvIA L HA %
AR PR G /R A A BRA R, ik
=3 L& (Trifluoroacetic acid, TFA)( I & i Hi7 T
AR AR A BR AT, (9 LA (Acetonitrile,
ACN)(ThermoFisher Scientific /3 7)), N,N——H J&
HIE I (DMEF), i (1), B ALHR (K5[Fe(CN)g]).
FHR 5 43 B 2320 O MR ), Bk B Gt
7 & (Omega), & JiL i (Collagenase). £ B JIH fisk
(ACh), FIT¥G/h (Atropine)(Sigma /2] ), DNA 4lifk
7 & (TaKaRa KA FRA A, RSN 50 &
(Fisher Scientific /A ] ), I& It & H #§ A
Sigma-Aldrich /A ], [ — o 35465 076 K 13075
AR KA o A O 42 43t Waters 2695 il
o B RO (2154, Waters €2695 43 M1 AU = 50K
AH A (32 [E Waters 23 7] ), &t HL 55 L 25 it
ji% (Electrospray ionization-mass spectrometer, ESI-
MS) (& E 48 T WA Al ), SR B B R 5 R 48 Axon
900A I Digidata 1550B % B %% e 2% (3%
Molecular Device /A ) ), ELGA # 47K & 4t (9%
ELGA A ]); 5066 T (Smart SpecTM plus) (3
= Bio-RAD /A F] ), Alphalmager HP Bt/ 5 248
(3£ [ Protein Simple 23 A ); 5 56 FH AE I TCHE (3€
= Nasco A Al) .

1.2 [DI1I1R]LVIA #1 [D11H]LVIA B9 & B A& 1L
HE &I 2 Fl LvIA 55 11 VR RFAEE

5 IR A A BRZS W), 48 [ AH A Bl (Fmoc 75)
AT A R (L Ry 80% ~ 85%) o AR I i F ol £ A4l
RP-HPLC XA mids B4 e IRt A T 4lifk, 7= i
AFEIRF] 95% LA b Aifb i3 B LRI ICR FH A4
RA R R AT AR YT S, SRUIETE AR T, 11-
IV W B 450 . 26 1 Ak, el i
BRI T HEE T B60(60% Z.), 218 b in 3|
Bk E AL A B2 R (K5[Fe(CN)g] 10 mmol-L™", Tris
0.1 mol-L™", pH7.5) 1, Z 7843 )N 45 min, 2 ffi
HI WA 1R R EE (Cys-2 T Cys-8), Lk ik ik
AR T 50 g-L'. FIH RP-HPLC 4lifk 52 ) Ji5 15
FIHIRPEY) KA 1 Bk S B 2 RETES 2
Al AR ELT, BREMA R (1) &
NI (7.5 mmol L™ L, B W Vit Vipa & Vaen=
73 23 :24), LN ] 8 ~ 12 min, i fdf H: % %
Cys-3 Hll Cys-16 T 55 2 % Wik, [ W 5¢ 540
TV C R ANA W 2 B0 (0 SR R A A T, 2%
1 LA R, b, RS 2 X R
LvIA AR ). fii H RP-HPLC X% fk
&Pk T aifb G A 5 0.075% TFA K¥%
W, %7 B 2N 0.05% TFA. 90% ACN, H & 1k i 4%
4 5% ~ 35%), LA R R T 95%, 2lifbds 24
A4 B P2 M) A ESI-MS %2 Hoor T i, i
LvIA B H 58 AR 1A S 75 T8 1l 1E B 1) i S 4 7
Ko HTIRAE, FFas i SR

1.3 ZEIEWZAHERNMNESY MNEBATH
(rat, r)a3., 2 2 Fi MV HE JE PR Ji R i) DHS o %52 2%
1 6 mp R SR, K AR IR SR it DR e R SR
Je it b 2k M Ak DNA A5, FIH 0.8% 9B iE Hi
158 ¢ P YRS 36 4 B, I Nanodrop U 5 ¥ % o
i F T7 RNA polymerase & 4N 7] &K DNA
RIS 5%, T S 5 1 RN i i Ak ik 70 & A7 4t
b, 4ifb 5729 cRNA, FAl FH 266 B 1 5 e
&, HHH 0.8% MBIR MG T2l S . 1k
BT RS B i AR IDTCIE , VKUR 1 h PR,
it AR 05 TCE () &38R 15, 55 0K L
IS IF, B 2 i B B F OR-2 ¥k b, P IR
11 P B e D, 25 A 4 B 440 i 6 18 G
JE, Bbsge FLr AR AT, eI 22, B 4 I G T
GREEANMG . 208 1 2 1 B9 Fe IR A BT T B 37 A,
A UE A 0 A9 7 B A 50.6 nL, T S A e B
BT &P A R A ND6 £ 37 W (96 mmol-L™!
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NaCl, 2 mmol-L™" KCI, 1.8 mmol-L" CaCl,,
1 mmol-L™" MgCl,, 5 mmol-L™" HEPES, pH7.1 ~
170 R: FEE. 10mg L™ 558 R 100 mg-L™!
PRKBER), 17 CHF 2~3d, £k a3p2 %1k
&V

1.4 LvIA SRTEATEMREN Kk THE 2
DA 1) BB 200 A 00 40 S PN, e 00 P AR i
4T holder, FHEHETEZY) 1/2 3 mol- L™ KCI AWK Y
HL A 22 2% B holder I, K A IR AW THT, 1
&, AR E R 70 V, BEAEH R T 100 nA,
W HL RIS ST RS ON By, S 4, 4775
¥, B4 Sweep(1 min) Y% 2 B0 A4 B I &
G 45T IR0 MY 100 umol- L™ & J¥ A ACh #ill ¥,
A 2 2240 FH NDO6 I R RE T . i FH XL e A%
FL R B 2R 0 A DN A S e B 40 1 P A, R PO
KANEESE LA, 3B ORI 2 3 Aok s B ) o 0 8
TEPERY LvIA 750K, BEE B 5 min, F—KIF
JA AR, LA R AR BN 25 R0 IS 2 W A B TR Y
BIFNZESE, THE UV R (Response) » B ARZ P4

95 [DITH]LVIA
A
20l 14.8 min
L 15t
3
1.0+
0.5¢
0 T n T
10 15 20
Time/min
[DITH]LVIA
2.0p
C M-+3[H]*
569.04
1.5¢
g
<
= 1.0t
5
E
0.5}
0 h.—
0 500 1 000
m/z

& J7 2 : Response=100/[1+([toxin]/ICs5o)nH]x100%
AT LA 43T, AR 25 1 VR R A R0 o e g it 2k
(ICso ), Horb, nH 035 Hill %K.

2 HR5HH

2.1 LvIA RTRER  aifbZrhpk, i Halifg
T 95%, TG 2emy 8 Ak & I, 4% 2 X 8
S BT AS PE 4p3E F HPLC AT MS %878, ELRSE R
JLIE 1-A. B, [DIIH]LVIA {EZ G 23% Wik
i, Y6 5 BF 1] A4 14.8 ming 1 [D11R]LVIA 7E 2 i
W PR 25% BRI, RIS [A] 2 14.9 min, i@ i
1% HG 2 T [DI1IH]LVIA 1 [D11R]LVIA F{AH X}
ST, 9 1702.95 i1 1 721.99 Du, S53EE
B —2, ¥ AR AT 7 F 520 T 4 Du,
VLI T 3 T 2 X A B e 1k, WL
Kl 1-C. ¥ 1-D,

22 ZEtREWFHERES IS RIE
03, B2 3 2 P IR TR, i 0.8% B B e
R PR HEA T 2 FE RGN o DA BT 2-A W] A, SR 4R

[D11R]LVIA
1.5¢
14.9 min
1.0}
~
5
0.5}
0 T n n
5 10 15 20 25
Time/min
[D11R]LVIA
4 M-+3[H]*
D 575.4
3L

Inten.(1x10°)
[\S)

: Ld

0 500 1 000
m/z

1 LvIA 228K 1% HPLC F1 MS 45
A: [DIIR]LVIA f) HPLC; B: [D11H]LVIA ) HPLC; C: [D11R]LVIA 43T i fe; D: [DITH]LVIA A3 T .
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T, A A HE R L, R BT 45 F4 K /INTE 2 500
bp 247, FFEBISE AR/, E 2-B AT HI, 540775
BT DL, TCIREON G, BB RS R/ INEE 5000 ~
7500 bp JEFEIN . AR EEEE TR e £k b

JECR B ST R, RV E R TF 0.2 gL, AT LA
PRUEJE ZHR g0 Ak B oK . & o3, B2 1X 2 Al
LMY cRNA, FT1H RNA [ 5E S HL Uk 45 R an & 2-C,

A M
bp

o3 p2

15 000
10 000

7500
5000

2500

1 000

250

Bl 1 %%Eﬁﬁﬁfrﬁ K/NE 750 ~ 1 000 bp 2
6], & FISAE, a3 WA N 0.4 g L, f2
%E@ﬂ%ﬁﬁ 049 gL' f 2 R SEFEIE 1 : 119
LUV A, S0 i S 2800 Tt e 2 7 TS B0 41 i v
(¥l 2-D), ik 2 ~ 3 d, il B ACh Ji#%, 7T LA
T 4B RS b A I 1 P ) FR O R I KN FE 200 ~
2000 nA JEFEN, WA 2-E.

a3 B2

a3 B2 C M
bp

2 000

1000
750

500
250

g

10s

200

P;El 2 @32 nAChR RS
A.a3 Fl B2 A0 2 ol IV 5 A S A 3t I W 2 U F UK 1R s BLo3 T B2 105 2 ARl 1 6 4 R 1 ) I B M AR OB e P DK IR
C.a3 H1 p2 2 P FEAY cRNA Bl hiidie i o vk (515 D AEYTE BB L; E.ACh 337 T @382 nAChR FLIRHLTE

2.3 LvIA RTEFEMRM 50K LvIA F1 2 Ff
11 2 (% LvIA €28 KTE R IK 0342 nAChR YR Y
JTCUE GR-BR A1 b A7 F A B PEAS I AR e
9 10 pmol- L™ A F 4514 F, LvIA, [DI1R]LVIA

H [DITH]LVIA %} a32nAChR it BH W7 5 43 %1 Ky
(95.8+2.8)%(n=6) . (9.8+2.5)%(n=7) F1 (12.4+3.1)%
(n=5) (&l 3), 58F4: % LvIA AL, 2 B 11 £ 5875
&%} o382 nAChR & JL-F-58 21k

A B C
C . C 10 umol-L™! C 10 umol-L™!
r—'_ 10 F{T&L —Hpwashout =4 = piRjLVIA HewashoutS =ty e T gshont
< 5
gl 2 L T sl T
= 1 min <1 min

<1 min

B3 LvIA K&EZMEX T a382 nAChR By HE 38150 &

KT B E 2 Fl LvIA B9 11 {75
T 0342 nAChR [ RHIBTIE P, 285501 78 S i i

AN

2% (K1 4), 35 5%E T [D11R]LVIA F1 [D11H]LVIA
X} 032 nAChR [ ICsy {8, 2 Bl SR XT T a3p2
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nAChR 1 ICsq 43514 8 976 nmol-L™' 1 6 390
nmol-L'(F 1), 1§15 ARG G PEAR L, 43l
KT 574.38% Hi1 408.62%. EWA 2445 11 f7 () Asp
ARG, LVIA B3GR R R

-e- LvIA
100 -A- [D11H]LVIA
-2 [DIIR]LVIA
80}
&
3 60}
@
{
= 40l
20} 3
A
\‘3
0 . . e ,
-10 -9 - —4

8 -7 -6 -5
LvIA FIHZEAR A B 1 55k
Bl 4 LvIA BIHEAEX T a382 nAChR Bk FE i 2k

#1 LvIA & 11 URER7E o362 nAChR £ ICs,
0352 nAChR
Zik ICs /(nmol-L™) Hill Slope 2% ik
(95% C.1) (95% C.1)
LvIA 15.6 (12.8~19.1)  0.71(0.59~0.85)  [23]

[DIIAJLVIA  12(9.7~1438)
[DIIRJLVIA 8976 (414 ~1050) 0.47(0.34 ~0.78) 7%
[DITH]LVIA 6390 (2961 ~ 13 820) 0.60(0.48 ~ 0.79) ZAHF5¢

I BEXIE95%,

0.84(0.59 ~0.96)  [23]

3 i

0342 nAChR J&—Ff 43 H LW Z 1k, 5K
I BURE S A A E R DI G . LvIA &2 —Fh
SYEF) a-CTx, YEFT a362 nAChR, = MIEGH T
R & BIE BT RIS R Y, X LvIA F506 R A
FOHA 55 T ARTGHE A a362 nAChR A7 TH5
5, B BT X5 382 nAChR 56 25 322 B 5% .
Hi, KEESERT a362 nAChR 1Y a-CTx A
1RZ, Hi, GIC, MIL, OmIA F PelA 45 B A3 #:1%
AR [ D, B X 3k 4 2 R R 2R ) 5 A3 s o T
ARG HAT S E P2, EX) o-CTx MII
PIBESE A B8, MILZE 11 A A 2R (Glu) 5 a3-
B2 WL A 1E FL AT R R A (+) K153 il (-)K163
TR AR, A2 3E MIT 5 032 nAChR U454,

11 AEXHFIE MIT A5 22 56 d s ) k2% iy
HeARXT o-CTx GIC BIWF5E & B 7 0/ Ala,
11 {5214 Asn F1 12 £ (%) Asn %F T GIC 552K 11045
G HA T EZEER, FlJ& 1146789 Asn AT LA
W A S Ac-AChBP A B4R T, 58 o 725
11 (AR IR, 230 GIC 52 AKMZ5 4, 11 41
BIEMRNT T 0-4/7 B CTxs 52 R4S S 2%
E AR Y FE PelA AR SCBF 58 b, & 3
11 IR 53 248 R Arg Bl Lys Z i, XF a3p2
nAChRs ) ICsy 53 5l 22 24 30.9 pmol-L™' FI 45.4
umol- L7, FEA L T G PEC7, bk 45 AR UEI T
11 AR R T a-4/7 B CTx IG5
WG AMESE, &P 2 WIE B 3 N A
T59K. V1111, F119Q %} a-CTx LvIA YA
R, SZUR AR e A BRZE R AZ AR - 59,
111 A1 119 B 3 M, 25 LvIA 256 1 87
M, B2 AT LvIA FiaEsE s, 3545 7
LvIA 5 Ac-AChBP [ 3L hah 44, i Bl 2 i 45 44
T8 12 R T a3 WAL Y Lys-155 7] LA
5 LvIA g B 1) Asp-11 JE BCER P, 34 A
HAER, DA 11 A2 A9 Asp XF T LvIA 5 a3p2
nAChRs [ HH BAEF 52 88K, (HR KA 11 R
HL Ala ZJETEHEORFREANE, BT LA A5 S AL T
LA B — 2D UR ARSI 11 ALl 52 LvIA
XFF 0382 nAChRs G, %5 11 AT
AGARAR [D1IR]LVIA Fil [DITH]LVIA, 4% 11 {37
R IR AL B F LR Arg A1 His 25, 2 %
AR BTG PERR I R R . 455 A I3 S 45 4 A
3Tl IR AT, 24 11 7 AR R R
5, 5 a3 WEHY) Lys-155 #B it g Lim, [FvE
AR, 456 10058, T LvIA WG PER IR, %
RER T A EZEEH, B4 JEHRT LvIA
)3T T AT S T 3Lt

SE R
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Synthesis of new analogs of a-conotoxin LvIA mutated at the
position 11 residue and their target activity

LI Haonan?, YANG Yishuai’, ZHANG SUN Dongting’>, ZHU Xiaopeng’, LUO Sulan’
(1. Department of Pharmacy, Sanya City Womenfolk & Infant Health Care Hospital, Shanghai Children’s Medical Center, Sanya, Hainan 572000,
2. Ministry of Education Key Laboratory of Tropical Biological Resources/ Haikou Key Lab for Marine Drug/ School of
Life Sciences and Pharmacy, Hainan University, Haikou, Hainan 570228, China)

Abstract: o-snail toxin LvIA is a small peptide targeting a352 acetylcholine receptor (nAChR), which was
found in the South China Sea snail. The structure and function of LvIA were previously analyzed in our
laboratory. After alanine scanning mutation it was found that the mutant [D11A] LvIA, which was replaced by
alanine (A) with aspartic acid at the site 11 of LvIA, maintained its activity against a352 nAChR. In order to
further explore the effect of the properties of amino acid at the position 11 on the binding activity of LvIA
target, two new mutants of LvIA [D11R] LvIA and [D11H] LvIA were designed, namely, two basic amino
acids - arginine (R) and histidine (H) were used to replace the original acid amino acid D, respectively. The
linear peptides of the two new mutants were synthesized and then folded by a two-step oxidation method to
obtain a disulfide bond between the first and third cysteines (Cys 1-3) and the second and fourth cysteines (Cys
2-4). The peptides containing Cys (1-3, 2-4) disulfide bond were successfully synthesized by high performance
liquid chromatography (HPLC) and mass spectrometry. The synthesized peptides were correct in molecular
weight and their purity was above 95%. The binding activity of these two mutants to a352 nAChR was detected
by two-electrode voltage clamp electrophysiology. The results showed that when the amino acid properties of
the site were changed from acidic to alkaline, LvIA activity was greatly affected, resulting in direct loss of 352
nAChR blocking activity. The activity of [D11R] LvIA and [D11H] LvIA was 574.38% and 408.62% lower
than that of wild-type LvIA, respectively. This suggests that the acidity and basicity of the 11th amino acid is
crucial to the activity of LvIA. These results provide some reference for the optimization design and
modification of LvIA in the future, based on which it is expected to obtain more specific peptide tools targeting
032 nAChR, which can provide a better pharmacological molecular probe for the study of the structure,

function and distribution of an 352 nAChR receptor.
Keywords: a-conotoxin LvIA; mutant design and synthesis; a3f2 nicotinic acetylcholine receptor; target

binding activity; electrophysiological technique.
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