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Abstract To investigate activities of three isomers of a-conotoxin TxID on human o334 and a6/a3B4 nicotinic
acetylcholine receptors ( nAChRs) . The three isomers of a-conotoxin TxID were synthesized using solid phase
Fmoc chemistry and fully folded by two-step oxidations. Human o334 and «6/a3B4 nAChRs were expressed in
oocytes of Xenopus laevis, which were used for bioassay of the three isomers, including inhibition and washout
reversibility. There were obvious differences between the inhibition potency of each isomers at human o334 and
a6/03B4 nAChRs. The blocking was reversible and washout rapidly. The most potent isomer is the globular form
with an 1C, of 9. 3 nmol/L on human a3B4 and a6/a3B4 nAChRs respectively. The 2nd potent isomer was the
ribbon form with much less potency, which had an ICs, of >5 pmol/L. The bead isomer had little or no block on
human «3B4 and a6/a3B4 nAChRs with an ICy; of >10 pmol/L. The three isomers of a-conotoxin TxID were
synthesized successfully with two pairs of desired disulfide bond. Inhibition activities of the 3 isomers on human
a3B4 and a6/a3B4 nAChRs were obtained respectively, which would be basis for new marine drug development
of a-conotoxin TxID.
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o-THREER TxID & M 7= 2L R rh &
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Enasco 24 m) HE F o JioRE o il 32 35050 & BR )
22 D 7w 5 0 15/ e . 7 29 Wi
(TaKaRa KEFAEY) TRAMRAF) . cRNA FIK
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OR-2 ZH AN 96. 0 mmol/L NaCl,2. 0 mmol/L KCI,
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KCl,1. 8 mmol/L CaCl,,1.0 mmol/L. MgCl,,5 mmol/L
Hepes,pH 7.1 ~7.5,
.2 &

Z G ORI I A e 45 26 B 4 A sh 2 Ik
T E S ABI433A; £ [E Waters 2535 HPLC 45 &
gt H A B e = ROBOH £53% LC-20A 5 15 Ht LCMS-
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LIR-7K - B BE-2R - 15 A Bt Fik , 90 5: 2. 5: 7. 5¢
5)BZAE KR g E1# R R, I vk S BEDTTE
FIR A% [T 2 M BACREL & , FH Al 5 284 /2 1) HPLC Cig
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P l 4
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ribbon

1| ] 4
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J
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12 T 1
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3 4

Figure 1 Peptide sequences of the three isomers of a-conotoxin TxID

(a-CTx TxID) with different disulfide connectivities

(#.C-terminal carboxamide)

2.2 o-FAF TID ke BT &
DIFIAEAL)E 1) o IR AR 3R TxID Sl R 2tk

BRH ) —XF Cys 47 H Aem BEH, 73 —XF Cys 1 A
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MIERIERN 2 A Aem FEATAY Cys Z (8] & SUE B
X . S — 20 A AR TR A —
XF B, AR 20 AR VR T SR 2 X
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WA T IE cRNA fMREE /My B4 4 T - 70 C
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HON-EEZIAE (BEDN ) L 7E 17 C R 53R, MO FR 1
552 R ARIER NI cRNA PUREE #5181 1R EL
BNE A o F1 B AR cRNA, BKF o3 5 B4 nAChR
W HEF) cRNA 5 8RA , B a6/a3 F1 B4 nAChR .
FE cRNA S5 R G, TS BIBR BRI b F A T3R5,
BRI 5 B W) cRNA 28 5 ~ 15 ng,
TS I A e B9 2 A% 215 6 1 1 A P04 2R 19 ND96
B 3 o R DR SRR A 5l ND96 B3¢
WA B I — 2 W B/ 3 Rt AR 2, e A4l
SRR R 10 pg/mL FHR 10 pg/mL JKRKER
100 pg/mL, GG EEIITESS 2 ~5 d,a3B4 5
a6/a3B4 nAChRs nJ 15 B F R W L3k, T )5 4L
Y HE A R SR
2.4 A% a3p4 5 a6/a3p4 nAChRs #§ ¥ 4 52
H i)

Wk 9 b N2 o3B4 B ab6/a3B4 nAChR
cRNA {9 1 A BEDE, 8 T 30 L il sg A, @ ) 3
HoA 0.1 mg/L 4= 1ML ¥E H 8 H (BSA) 1% 38
ND96 H5F7K , i 2974 2 mL/min, SZARFFHGH &
PR ARAK ( ACh) i1 ND96 i i =[] W FH Fa. i 72
AT H BN, R 1 el H B 1 s WY
100 pmol/L (1) ACh, | FIACHL M) 3 B R 4t , i
ML 4 il 72 — 70 mV, K il o34 5 o6/a3p4
nAChRs HL it R IA MG 00, fE 2k sk ACh T4 HL 3t .



486 ‘1’ @ F # X # % #i¢ Journal of China Pharmaceutical University 2016,47(4) :483 —490

H4TE
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O B L U B A O
2.5 wARKEGI AT

WEZE T 53 1 HL Y 30 ) v 3 /N AZ AL
P AR «-CTx TxID SRR H) A AT
LS A58 (% ), BN E J5 ACh ko™= 4 B 56
— A R Y FL T R /N5 ND96 o I R I Y
Iy EL. WX SRR s A GraphPad Prism #F #E47
Gt o, il 0] i SO £k, 4 ND96 X iE F i
FREAL R 100% |, THRFIRFE R Y 10, Mh 2 b,
DASHABAR DG 28, i S th 4k b i) B4 B
FARERZ D 4 A BP0 LI BB 7 23 B0 % £ s
K AR AE R34 1% , ] GraphPad Prism #4311
SR BHLIT R 1

3 4 B

3.1 a-F A% TxID F 4k 69 4%,

o-FIRFER TXID A 3 W] BRI &l B 5 14
1% ; globular . ribbon FI bead, TxID {9 3 4~ FA9 145
FERR Y 9 S H i S e S 1 R 3
SRR R W AL A EE A T4 & , HC HPLC A5
A E SR ANE 2 R

3 A SR TE HPLC (&1 rb e 3 1) 56 J5
A, ribbon SFAB A S R, HGE: bead SAE{A, globu-
lar SRR fc 1% o globular S 4 14 i) i /K P4 22 HE 55
A0 2 A SRR Y B 7K P 2 5 — 26, ribbon FI bead
SRR K PEZEE T globular AR, 3 4>t
PR EST i S , H0 237 o i R IR (1] 2-B,
D,F), 3 A5 0 HBe A X 4 7 Ak
1 488.559 3 D, EAITHY S AH X 5t 58 0 31
globular AR 1 488. 560 6 (& 2-B) ; ribbon 5
gk 1 488.559 6 (& 2-D); bead F 4 {& Ky
1 488.566 0( K] 2-F) . Z&gi Syl T<ID %) 3 N7
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Figure 2 Chromatographic and mass spectrum properties of isomers of
a-conotoxin TxID

A:HPLC chromatograms of globular isomer; B :Mass spectrum of globu-
lar isomer; C; HPLC chromatograms of ribbon isomer; D :Mass spectrum
of ribbon isomer; E; HPLC chromatograms of bead isomer;F: Mass spec-

trum of bead isomer

3.2 o-¥EAEE TXID F # 4k A% o3p4
nAChRs #9 FELET /&4

o-FIRFEER TxID 3 DA AR A a3B4 2
WEAHBRAZ 14 (ha3B4 nAChRs) TG TE2E IR K. &
T4} ha3B4 nAChRs Ht i BH KT 4% &0 4 & 3 FF R
1 wmol/L globular 3 4 {A& 52 4> FH Wr T ha3p4
nAChRs FJHLUE (18] 3-A) , Pt A 18, 72 6 ~
7 min N A]SE 4R AL B0 B Ko Al T
globular S {4 10 £% ¥ E 1Y 10 wmol/L ribbon 5
P ARAN BEL T 1 % B 19 55% (&1 3-B) , Pe it
T8, TE S ~ 6 min A AT 58 4K 52 300 BEH A 7K
o 17 10 pmol/L bead 44 {4 LT 1 X% B H 3
(49 28% , A~ B0 B I 1 — 28, b T MR R L
55, AR PR FEVEIE 56 4, 72 1 min WK 2 2 1 %) IR
R AT (B 3-C) o il 1 3 A S A A4 A [ vk
JEXF ha3B4 nAChRs B L JR M1 00, 25 7% 1 B AT
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(R R N 2 AN 18] 4 B globular S 44 14 i 5]
RO MR BE , ribbon F1 bead SFAA (A Y 714 52 7
MBS, 25 B I BT ) & (1C,, ) il 2 mh %
(Hill slope) & 45 F 3 1 1, globular 5 4 {£& Xf
ha3B4 nAChRs 1 1C {7 9. 31 nmol/L, iH LA % ,
ribbon S A [ 1Cs, &35 5 304 nmol/L, i P AR 134

Cont_ro] =1 umol/L—4—— washout ——
Globular *

360 nA

A

Control =10 umol/L=—— washout ——
[~ Ribbon ]

[ 6! q

2 min 2 min

55, L R IR Y globular 1 £ 22T [ 24 570 %, bead
SRR 1Cs, K F 10 pmol/L, X} ha3p4 nAChRs JL
TRATE . 3 A SRS ha34 nAChRs (1) BHLIFT
15 K /N A ¢ globular | ribbon |\ bead , JL H7 globular 76
WRTEME

Control 10 umol/L—twashout]
Bead

2 min *

B C

Figure 3 Traces of 3 isomers of a-CTx TxID on human o334 nAChR subtype
A :Traces of 1 pmol/L TxID globular; B: Traces of 10 pmol/L TxID ribbon; C: Traces of 10 pmol/L TxID bead. Oocytes expressing human o334
nAChR were subjected to a 1 s pulse of 10 pmol/L ACh every min. The arrow denotes the first ACh response in the presence of toxin. Toxin was then

washed out and subsequent responses to ACh measured at 1 min intervals

Table 1 1Cs, and Hill slope values for block of human o334 nAChR
subtype by 3 isomers of a-CTx TxID
IC5y/ (nmol/L)*

TxID isomer Hill slope®

Globular 9.31(6.92-12.53) 1.19(0.74-1.63)
Ribbon 5304(2 677-10 510) 0.67(0.31-1.02)
Bead > 10 000 -

*Numbers in parentheses are 95% confidence intervals

3.3 -FAEE TXID F Mkt A £ ab/a3p4
nAChRs #9 LI 7& M

o-FIEFER TxID 3 AR AXT A ab/a3p4
ARG Z 14 (ha6/ a3 B4 nAChRs) PTG 14 22 5 i
AR, HAG M 5 %5 ha3B4 nAChRs 176 VU
WAL, B S B/R BTN ha6/a3B4 nAChRs H
TRAIBH BTG &l o 1 wmol/L globular 544 {4 5% 4= fH
Wi T ha6/a3p4 nAChRs Y HE IR (18] 5-A) , e i
FAHP L, TE 3 ~4 min N AJ S8 AR 5 B0 B HL I Y
Ko [RIFE, @ T globular S 44 4 10 £ ¥ JF 1)
10 wmol/L ribbon S #J & FH Wi T ha6/a3p4
nAChRs X B HL UL 1Y 64% (& 5-B) , Pe i tL F b,
12 ~3 min PN A] 58 2K B0 AL K-, 28
LY, 10 wmol/L bead S 44 {4 A AL FHL KT T ha6/
o334 nAChRs X H LI 1Y 29% , J A 21| % B8 H 37t
)—2F,1 ~2 min NARPRRBENL 58 4, R 3] 1

XFHREL A ACE (B 5-C) o B 6 IR T 3 54y
PRBR ) it S22k, o globular S 14 4 77) it S
Il R ARBE , ribbon )4 2 07 i 2k Bt . 3 4> 5+
FIRXT ) ha6/ a3 B4 nAChRs [ 1C, Fi £ Ah% &
5T 32 ., globular YA hat/a3p4 nAChRs
1 ICs HA9. 26 nmol/L, 1% P E % 3 , ribbon 5744
PRI 1Cs, 53k 5 903 nmol/L, Jif PEAE #3055, H K
SRIY globular 1 YN FE 2y 637 £, bead S i) {4
A ICs, th K F 10 pumol/L, ¥ ha3p4 nAChRs 3 JL
AWM. a-CTx TxID 3 A~ F AR X A2 a6/
o384 Fl o34 nAChRs 14~ 5 [ 755 14 5% ) e 44
—5,

Human o 38 4 nAChRs
100 . * TxID globular

2 80 4 TxID ribbon
g 60 ¢ TxID bead
~ 40
< 20

0+ T T F——— |

-10 -8 -6 -4

g [TxID]

Figure 4 Concentration-responses of the 3 isomers of a-CTx TxID on
human o334 nAChR subtype (x +s,n=4-6)
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Control |—1 pmol/L——— washout —|

A

Control f—10 pmol/L—{}— washout —|
L

[

Globular F f— f‘ Ribbon
< <
= =
Hi :
2 min 2 min

Control F—10 umol/L—]l-washout-

f’ Bead F (

B C

!

310 nA

Figure 5 Traces of 3 isomers of a-CTx TxID on human a6/a3B4 nAChR subtype
A:Traces of 1 pmol/L TxID globular;B: Traces of 10 wmol/L TxID ribbon;C: Traces of 10 wmol/L TxID bead

Human a6/03p4 nAChRs
100 * TxID globular

2 80 g * TxIDribbon
=}
g 60 * TxID bead
& 40
< 20

0 +

-10 -8 -6 -4

lg [TxID]

Figure 6 Concentration-responses of the 3 isomers of a-CTx TxID on
human a6/a3B4 nAChR subtype (x +s,n=4-6)

Table 2 ICs5, and Hill slope values for block of human a6/a3B4
nAChR subtype by 3 isomers of a-CTx TxID
IC5y/ (nmol/L)*

TxID isomer Hillslope®

Globular 9.26(8.53-10.06) 2.20(0.61-3.76)
Ribbon 5903 (4790-7270) 1.16(0. 83-1.48)
Bead > 10000 -

*Numbers in parentheses are 95% confidence intervals

4 1 i

KRBT E T o-FIREER TXID 3 4~ ZfR
FESEAA, MK T EATXAZE o384 5 ab6/a3p4 2
PFENEARSZ A4 2 AR ILAR RO B R BTG . 285 53R
B, BAT RARM R globular 1 ¥ fe 5, X 3% P A
P {E PEAR T, H 1C5, 12974 9. 3 nmol/L; H;
ribbon Y33 W7 Y A 5P U8 T B, L globular
T PHEEES 570 ~637 £, FEL IC, 7E 5 wmol/L L)
o 1 bead X 3% 954~ W58 L% A AE A, H IC,,
AT 10 pmol/L, i 3 /5744 A 0 238 R e 91
FAIRS 3 B 5 Al F], RO A iy 4 57 2
ANe], AT S PR A A 22 0, 3 78 U B T A
TEHERF -CTx TxID W5 RRE M FI R IR Z IR S5 &
I D T AR A AR O B RO VE T R, 7R N B
o-CTx I, PR L™ P2 5 B RAR i 4
BREE, BN, A s AR 2% it B2

AR a-CTx Y36 2, T A5 AN HERR 1 4508 . 4
HRTE— AL A G B, 3 A4 S A A ] B
BAESTE =Y A IARMEX 43, X R BLGAR & L o
BRITTT , % T3 2 % AR o-CTx SR U, Fedif ok
FHW A B A AT 0 A B 4% , ] A o
1) a-CTx, HA Y 3 A F AR HPLC M i [A]
FHZARE , B B A B0, A v F— 2 E Ak

— RN, a-CTx 1) 3 4~ T A4 AR T 4 0 1 5
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02 e AN TR 1), DRI 39 P o /D 53 2 0 M,
ribbon J& FiX % Z [H], & PE LA T globular i
bead 22 &), BLGABI T (1 - 1235 F TxID fiz
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O DRI, AT XS R I AR IR R R ST
SRR A ST REM C R LA EEE L,

a-FFIEFE R TXID globular AT KB o3p4
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