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a1B16e nAChRs) F3E P, 18 78 0 LAARAS Y 2, MR AR BAZ 14k 0 A 00 56 S 245900 5010 R BB A, RISy
I AR R A AT B i AR R R LR AT BRI RS il A . 25 R0, iR R
Lv68 By — B EAL T B f A S 0 R REAR R 418 0.1 mol-L™! Tris-HCI, 1 mmol-L™" EDTA, GSH/GSSG 1
mmol-L /1 mmol-L™", 2k & Jy 50 umol-L ", SLBIAFEIH 2 h, P2 & m1k 18.14 %, Lves $r8IKTE 1 umol L™
R R AT 09010 nAChR ELA5 581 A BT FH (BHIBT R 2 80%) » AWFST AR T IRTEE Lves A— A LT
B, UESE T Lve8 X a9al0 ZBEARGEAZ 1A Y ELAT BHISTE M, #0906 T & D 2 MR AE 42 111 (19 M 5015 18
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— AR T WA AR L BRAETE . BN B A A, i T P ORISR A 2R 254 AR E
1) B B AR AR, Y X A SR AR R A IR, e B R, AR TR S A IR A S . At
FAAT 700 FhEERR, AT A A BRI, IR EAT AT 100 FhEIER, w0 2RI T 60 Y 2
F [ TR R | PR R 24 A B R O U, A BRI T R . PESE IR (Conus
lividus ) R =6 AR, Y240 1k, 35 A AP IR 2 I T 91 AP 4 2R s gl & ), L, LvIA R
{2 032 nAChR {3 BHIET 7 (1Cso A 8.7 nmol-L "), i8R 3 X 43 362 5 a6/03284 nAChRs, EL A
FHIRFZEIE A2 SEIBTE 2 Lve8 AR M PELS 218 cDNA Hh e A5 B A5 M OB i FIg s 2,
F IR T3 CCLWTCNPYCFPCCY, HA LI ) T %Y 2 b & R HE 2R (-CC-C-C-CC-), % 6 12K &
2, A AT E 5 T B =X o N R . MR SO A R W v VR T R R TR N S Tl A (-
conotoxins) . i, [ ] #4802 71 i («xM-conotoxins ) FIARBH Y 2, Bk AH A8 3Z 1A (y-conotoxins ) ! 1257261 | FEHE
FEER Lves EAT I AL R R HELR, 5 HFIZE R M M i E 83 K A /E 0 S R L4 TR 9 4h
B, HoA A 3 4 w-conotoxins 11 T ILIAI L 2, B RH B A2 AR5 27, 26 DLAT 16 T 280 2 R R B sz
RAIZEFIR R R OE . WP I T, ZIEIREE R Lve 5 IR 8RR Asi3a, Pr3a, Pu3.4 FFH AR S
WP FIAR M . LEBBE® 45X 28 2 AsiZa fEH T HUR T THE 1SS Flia R 7 WAL, B R T340 5
THIEN 6 N, LK EERETAZ IR 4 AL (al fl0e, a7, adfa, a3p4 nAChRs) BEAT T G PEIR, 5
TCBHMHEH . JIMENEZ™ 45 & B Pr3a 784 0 5250 T S5cfifi 4 fomese . 10 I IS 2R 3 3 038 PR A5
AN BT ERAELE T /) M B R IEHT R IR 8 R Lves M— E S =g vtk 1 7
WESE, B 7R LAKH BB 2, Pt AR AR SZ 1A S I 05 1) 2 5 25 10 931 1 R BB A, [l i 2R At R g 3R
B BT T YIS TR ST LA ROR AT R RS g %

1 MR5ERE

1.1 SLIGH# R Fmoc—& FE R [Fmoc-Asn(Trt)-OH, Fmoc-Cys(Trt)-OH, Fmoc-Leu-OH, Fmoc-Phe-OH,
Fmoc-Pro-OH, Fmoc-Thr(tBu)-OH, Fmoc-Trp(Boc)-OH, Fmoc-Tyr(tBu)-OH]; Wang # 5 . N,N——Ff ) Hhk
PR (DCC) N N- I BEE (DMF) | 1 2 A28F = (HOBt) , =38 1 AL 2 5L H1 e (Tris) . —H
AV (DMSO), ¥ F % IR AE A BIEA FRA 5 359 I (Acetonitrile, ACN, SE[E Tedia 22w ); il
2 = 9. LR ( Trifluoroacetic acid, TFA, 3 [E Tedia 24 ) ); 7Y Cyq #:(Vydac, 5 um, 4.6 mmx250 mm) Fil
il B Cyg #: (Vydac, 10 pm, 22 mm x 250 mm), ¥ 53¢ [ Grace 24 7)o HAl# I35 1 04 [ 73 Hr
g, B0 A T Mk 2R 2 B o 28 vl ND96 % W 4 A : 96.0 mmol-L' NacCl, 2.0 mmol- L™ KCI,
1.8 mmol-L™" CaCl,, 1.0 mmol-L™' MgCl,, 5 mmol-L™' Hepes, pH 7.1 ~ 7.5, ¥ sh# A & ddH,0 & 0.1%
TFA, Jishi# B 4 90% Z 5 0.1% TFA,

12 LU 4 A3hZIKE I E 5 (ABI433, Applied Biosystems) ; # 4fi /K % 48 (PURELAB Ultra,
ELGA ) ; il £ % & 0 AH 4,113 (2535 Separations Module, Waters ) 5 4387 7 =5 5508 A 6,15 L (ACQUITY
UPLC H-Class Bio, Waters) ; & AH {0, % —J5t 3% B¢ F 1% ( Acquity H Class-Xevo TQD, Waters) ; H, T K-
(Xs365M-sc, Precisa) ; i /14 £ #% (RET Basic C, IKA) ; # 3 & 43 6 6 11 (NanoDrop 2000, Thermo-
Fisher); 2.0 4R { (RVC 2-25 CDplus, 3652 HM AR B RHE & B A BR S F] ) ; AXON CLAMP 900A X HL
F HE £ (36 [E] Molecular Devices 22 7] ) ; P-97 St B AR B il {1 (3€ [E Sutter /A 7] ) ; SZX-ILLD2-200 {A M & £
B (H A Olympus 24 ) ; Nanoliter 2000 & ESHX (F E Sutter A7) o

1.3 ZMMRERRAENL FIREGER Lves L ik (CCLWTCNPYCFPCCY) & H] Fmoc [ AH & A
IEPO G, VIEE B E BRI T AT 2 BE R AN A M PR AP L, 6 1R IR I S B 3 b T JFORES, %
MRS 3T 50 1 819.19 Dao ARG IAS B Lves L UL kR HI il 45 51 HPLC #EA74lifk, 73
B s A B i 25% 2 50%, 30 min ZEPEASEEVE G, A BT 40 °C, WT5E 10 mL-min™, A K
214 nm, WO 0, KAk 5 L PERKIES T UPLC-MS 2001 %5 . UPLC-MS ZPE PR iAH B 4510 A R4S
40 °C, 90% ~ 50% i s AH A, 10% ~ 50% i 240 B, 7 min Z& M6 PRI, 2 0.5 mL-min™', i 240
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Source Voltages: Capiliary 0.5 kV, Cone 30 V; Source Temperalutes: Desolvation Temp. 600 °C; Source Gas
Flow: Desolvation 800 L-Hr ', Cone 50 L-Hr'c £ B85 UAE, TR 2ti 8 b g s .

14 — S EEUMBREZHEML EHEREZ YN 0.1 mol LY 25 % vl ¥k ( Tris-HC1 Fl
NH,HCO5) ., 3 FiEE i )55 (GSH/GSSG 0.5 mmol-L™'/0.5 mmol-L ™', GSH/GSSG 1 mmol-L™'/0.5 mmol-L™,
GSH/GSSG 1 mmol-L™/1 mmol-L™") . 3 Fr &k ¥ k¥ J& (10 , 20 , 50 pmol-L™") 1 2 i I 8] (10 min, 0.5 ,
1,2,3,4, 6 WAEN— P A T B R AMFHETTRGE D, IR A 1 mmol- L™ EDTA. #4ifb/m
AIRME IR T 60% SRR, e B 28 15 B2 vl il R S8 A IR TSRS A4 R A 3 v, SR TR S A 2R P ik
JE, B 500 romin, FIER AN ROV RIS B SO I (8] I BROSZ EVA R 20 pl, 78 AT BCSON #
WO PO AT R, 8 P PR 2R 2y 8% T 1484 S . LA UPLC-MS 43t A [ BBURE B[] 114 J52 g ¥
WO P TR AR A, Sl ISR HERR, AR 701 6 DX 23 S A R 7 4, ARl e o AR ORIV i
ESRMAT Y . UPLC RAEVEBURS BE 254 - AL IRAR 40 °C, 95% ~ 50% i sIAH A, 5% ~ 50% i 34 B,
7 min ZEPERLEE VRS, Vi 0.5 mL-min™, AN SRS AR 214 nm i S A I RO AR, 235
RO ML SRR | G SR VAR B LA R S N )T = S A 47 00 7 R A s e, LAY 1] v 3 28 ke T AR
AT BRI 7 38, T 8t 7 b e 1) — 2D SRR OB 25

x1 FESFELvS EUFTBREZHMRLSR

Tab. 1 Optimization scheme of oxidative folding reaction of conotoxin Lv68

I LM ke 2 Y
e i CEILIGER S I
Code Buffer p p. Redox pairs
concentration

1 0.1 mol-L™" Tris-HCI, 1 mmol-L' EDTA 20 pmol-L™" GSH/GSSG 0.5 mmol-L /0.5 mmol-L™"
2 0.1 mol-L™" Tris-HCI, 1 mmol-L™' EDTA 20 pmol-L™ GSH/GSSG 1 mmol-L /0.5 mmol-L™'
3 0.1 mol-L™" Tris-HCI, 1 mmol-L™' EDTA 20 pmol-L™ GSH/GSSG 1 mmol-L™"/1 mmol-L™
4 0.1 mol-L™" NH4HCO3, 1 mmol-L™' EDTA 20 pmol-L™" GSH/GSSG 0.5 mmol-L™'/0.5 mmol-L™
5 0.1 mol- L' NH,HCO5, 1 mmol-L™' EDTA 20 pmol-L™ GSH/GSSG 1 mmol-L /0.5 mmol-L™
6 0.1 mol- L' NH,HCO5, 1 mmol-L™' EDTA 20 pmol-L™ GSH/GSSG 1 mmol-L™/1 mmol-L™"
7 0.1 mol-L™" Tris-HCI, 1 mmol-L™' EDTA 10 pmol-L™ GSH/GSSG 1 mmol-L"/1 mmol-L™
8 0.1 mol-L™" Tris-HCI, 1 mmol-L™' EDTA 50 pmol-L™" GSH/GSSG 1 mmol-L"/1 mmol-L™

1.5 SEWIFEBZYHSBEMENL B 20 mg FIRF R Lvoe8 Lk, R FI# vk il e A B Ak 3 & 1 6 il
Lv68 18 fk o BT B S 2% W i 3 S A A i 2ot il 25 8 HPLC #2047 43 25 4lifk, alifh)s i 3 54
& UPLC A HLali B, JFH UPLC-MS #EA7ARXT 43 A, FH DA & Ak &= . 18k
PSPyl i R 43 6B E T NanoDrop HE47 7 &, 715873, 432 (B4 & A 50 nmol & /24), &
OTHIE, T-20 C WAER .

1.6 SWIWESWEMEMNR il )E S A (49 50 nmol) #1161 ND96 I3
R RIE TR AV A, VR 10 mol- L' DAZMREAE M BEWR, 10 580 BERG RS, 245 — R 51k 1) Ik
W o A RIS R 25 () AR 55 2 Tk HE 837 1 (nAChR s ) B8, % EIEEE 28 Lves 3= At 28 ki3 e
AT e . AR nAChRs W72 (a, B %5725 ) f) cRNA $5%— 78 F A1 70 51 1 AUTURE BR-BE 40 it 4300
3~ 5d FIEFKFNTHAY nAChRs(a3p4, abB4, 042, 09410, alBlyd, alploe), Fl FHALHL L L R 5 A4 £
g, BB H R FE—70 mV, R EE R 2 mL-min !, 31 10 SR SZ A A 0 FL R AR Ak, S s A 3
FEAE L

1.7 B\GIHH BRI BT R S GraphPad Prism6. 176 143 1% B4 434 25 4
7 M1k, K Clampfit 10.2 3R/ T4 3
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21 LMBKMARSE  Ead B AHA LA R Lve8 2Pk BOHLAK, SR FH il 45 7 HPLC 4lifk Bk 2%,
UPLC My H 4l BE AT 35 95% LA b (& 1), i@k UPLC-MS X HAH XT3 F 5 47 58 58 (B 2), HSz s K
1 819.58 Da, S5HLS(H—5X,

20 910.57
l 5.0x107 [M+2H]*
15} 4.0x107
=z E 7
S ol < 3.0x10
=) =
| = 2.0x107 1819.58
05 r [M+H]l+
1.0x107
J
0 ; ; ' ; = 0 . . .
t/min miz
Bl 1 2EEHZE Lves LIk UPLC K3 B2 FFEIEFEE Lve8 &PEAKK) UPLC-MS ik

Fig. 1 UPLC spectrum of conotoxin Lv68 linear peptide Fig.2 UPLC-MS spectrum of conotoxin Lv68 linear peptide
22 —HEEUMBRAFHMA Lves LRGN F i@ L UPLC X Wit f1 2087 (14 3), ¥
ESFAART T AR, S S e AR STty 1 813.55 Da([&] 4), SEAMERAX /> FitAH2E 6.03 Da,
BB 2 7 6 AT, MR HIE T 3 X AR AT A K

3.0x106 907.37
Major folded peptide [M+2H]*
Major folded peptide Minor folded peptide
. . 6 |
\ P Linear peptide tg\] 2.0x10
[—"————— React3 h E
M A React 2 h &
TAWEAN T eact A 1.0x10°f 1813.55
WSS M React 1 h [M-+H]"
React 0.5h_
Linear peptide 0
2.0 2.5 30 35 4.0 4.5 500 1 000 1500 2 000
tx/min mlz
K3 FFIREER Lves At S i) s 5 A K4 IR Lves Ekdrd £ ik &l
Fig.3 Dynamic liquid chromatographic diagram of oxidative Fig.4 Mass spectrum of the major folded product of
folding reaction of conotoxin Lv68 conotoxin Lv68

it — 2 A AT R VAR R I AL, B2 v AR | Stk IR BE | B N Do = R
2 Lv68 F S M A 7= 1 7 FE R 5, WG R AR A TR 1 R o A AT B AR B EE S R, 1T
10 ~ 50 pmol- L™ AL MR B2 Y B X 7= SR AN K o 255 SEIR A 2R, B 5E Lves i — L f k& e il
244 0.1 mol-L™! Tris-HCI, 1 mmol-L ™' EDTA, GSH/GSSG 1 mmol-L /1 mmol-L, &M 50 umol- L',
B TE] 2 he
23 SWUWRETYNSBESUREETIE 20 mg Lves Ltk ik, SRHIZ RN £ 44 AL Lves
Z K, DL 8% FIRR ALV K RN i , 28l 45 ) HPLC 43 B 4lifk, Jf-if it UPLC-MS #EAT41 B FAR X 24k
WE, BBARAFFIZTE R Lves AT~ H24 2 000 nmol, T 23N 18.14 %, 41k 95% VL E (K 5),
A A B PR
24 FHHBSYEEMR  FIREE Lves FALYTE J2 Wkt 5 WA (1 H a8 AL £ BEARGRAZ 141 H
A BRVE IR ZE SR, R EE N 1 umol- L™ F, Lv68 Xt a3p4, a6p4, adp2, al flyd, alflde Z. LRGN Z
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PR TE BT I 4, X 09010 & B AR 52 A B AT — 5 Y BELIBT % 1%, 1 pmol- L™ W] BHLIKT 24 80% (151 6), H
ICsy /NF 1 pmol- L',

a9a10 nAChR  Washout

------ . 71*.””----- i " 5
03+ ( IlpmolL rfur-
02} T
>
=)
0.1} < |
b
1 min
O L L L L ]
2.0 2.5 3.0 3.5 4.0 4.5
t,/min
Fls FIRFEER Lves EALYT& 1 Wk UPLC 1% Bl6  Lves At T a4 PG P 4S
Fig.5 UPLC spectrum of the major folded product of Fig. 6 Electrophysiological assay of the major folded product
conotoxin Lv68 of Lv68
3 i

FIRFEZR Lvos 7 6 M2KMEEmR, B AL 3 XF mikd, BlS A 15 Fh B EESS AR, AT R — 4
FALIE TR Lve8 BEITE AT, 18 i T H A B OS5 F PR, i 1t — A AL A 2 A R A A L 1]
Bk, B S A BARE . P AE R B EL IR . AR TR R L TR S A
AL EHTEIEE R Lves RS M. TFIREER Lves Y KA A TIF R Lves M4k 5 IR ZEAH %
HIBFIE . AWFIE S5 BAEH], 23 % Lve8 X a9a10 nAChR B A —E BHWHEYE . SCHk [31] 1 «9al0
nAChR 5 # 295 VA7 48 S B PIA 54 . 09010 nAChR 5 BELWT 57 (9] 4. 5425 &K Vel . 182, RgIAPY, Ge-
XIVAP) BAT i B TE e o JRE | 005 S5 i 2o B AR 2 TP X sl AN B 2 R G s D BE S 0
BRI LE B AECY, FLX R i AR IR ME B IRAE A, 45 BB R R A v I AR5 FH 8 4 BT
AR 259 UG mME) X # 2R BURAICR 22 . BIVERI 2 . 5 BURE . AEAE T 322000 o R0, B 2 s 2k
RV 24 (AT T R A0 TR JE B, B B Rl 298 R T 25 B o T IR TEIFIE T & o Vel 1 B 4 25 i A
I R 1T BABIFFE B B O PR i 22 S IR K 1 F )BT, GeXTV AP TEAE Jg 187 il 28988 B4R 245 b T R RTIF 9%
BB, 1Bl T @9a10 nAChR BHIBTFHIAE A T & BRI 5 R AT, IR Z Lves X a9a10 nAChR HA7 FH K
YER, AU TE T S P He R AE SR TIT () MR G305 IR 3 22 1V F A0 SO L, Xz 28 IR s R ik — 2
e A X, 1 A4S Lve8 Al /E ML a9a10 nAChR A FIAE & B9 EUR 259 5 300 7, A
PEFTIRAMIGE o ARSI 0] g FLfth 2 B R X 1L ) MO R P F IR R A ki & O, A=
PriEPEIT 58 LA SOR ATE R R AR L 2 S5 A 4 .
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One-step Oxidative Folding and nAChR Blocking
Activity of Conotoxin Lv68

LI Cheng, ZHANG Yu, LUO An, JU Shuang, FU Ying, LUO Sulan
(Key Laboratory of Tropical Biological Resources of Ministry of Education / School of Life Science and Pharmacy/
Haikou Key Laboratory of Marine Drugs, Hainan University, Haikou, Hainan 570228, China)

Abstract: Conotoxin Lv68 is a new M superfamily conotoxin cloned from the cDNA of Conus lividus from
Hainan. It consists of 15 amino acid residues, and contains 6 cysteine, and the cysteine framework is -CC-C-C-
CC- (type III). Linear peptide of conotoxin Lv68 was synthesized by using Solid Phase Peptide Synthesis. The
one-step oxidative conditions of disulfide bond folding for the major folded products of Lv68 were studied and
optimized. Bioactivities of the major folded products were assayed on a series of nicotinic acetylcholine
receptor (nAChRs) subtypes (a354, a6p4, a4p2, 69010, alf1yd and alf1de) by using the voltage patch clamp
technology. The Lv68 produced maximum folding yield (18.14%) under the optimized folding conditions
including reaction system composition (0.1 mol-L™" Tris-HCI, 1 mmol-L™" EDTA, GSH / GSSG | mmol-L™" /
1 mmol-L™"), linear peptide concentration (50 pmol-L™"), and reaction time (2 h). A medium blocking effect
(80% inhibition) on 9010 nAChR subtype was detected for the Lv68 at the concentration of 1 pumol-L™". These
results confirmed the optimized folding conditions of conotoxin Lv68 and its activity to block 09010 nAChR,
which broadened the target range of the M superfamily conotoxins containing cysteine framework IlI. The
results not only lay the foundation for the further development of Lv68 as an analgesic drug lead targeting
a9a10 nAChR, but also provide a reference and guidance for the oxidative folding, biological activity research

and further development and utilization of other M-conotoxins containing cysteine framework III..
Keywords: conotoxins; disulfide bond; oxidative folding; a9a10 acetylcholine receptor
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