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Abstract Hainantoxin-IV (HNTX-TV) purified from the venom of the spider Selenocosmia hainana is a potent antagonist that
acts on tetrodotoxin-sensitive {TTX-S) sodium channels. It is a 35-residue polypeptide and includes three disulfide hridges. In
order to investigate the struciure-function relationship of HNTX-TV, two mutants { SI2A-HNTX-TV and R29A-HNTX-1V) of
HNTX-IV in which Ser12 and Arg29 were replaced by Ala respectively, were synthesized by solid-phase Fmoc chemistry, fol-
lowed by oxidative refolding of purified peptides under the optimal conditions. The synthetic mutants were analvzed by MALDI-
TOF mass spectrometry ., nuclear magnetic resonance spectroscopy ( VMR ) and electrophysiological experiments for molecular
weight, conformation and physiological activity. respectively. The results show that the mutants and native HNTX-IV (nHNTX-
IV} have almost identical three-dimensional structures. The bivactivity level of SI2A-HNTX-TV is also about the same as that of
nHNTX-1V, suggesting that Serl2 does not play any important role for the biocactivity of this toxin. The bioactivity of R29A-
HNTX-IV is reduced by at last 155 times, indicating that Arg29 is a key residue relative to the bioactivity of HNTX-IV. It is pre-
sumed that the decrease in activity of R29A-HNTX-IV is due to the changes of the property in the binding site rather than the

change in the basic conformation of the molecule.
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HHEWSHRER-IVZENEREERH S5 (Sele-
nocosmia hainana )l EFT A EHHN ML EE.
NSO HEM MY RHAT TOLWE,E
THRHEEB A ERBENOFY 3N _HmEN
R HFERTLUEEGRT . EAHEREMN,
%G EBETE 34 n/L B KT b BH W K 3 B
(TTX-S)BIEY 38 71 aH - . ANTX-TV 1 (8 403 & B
FEIVHWVIX-V) AHREWREMN " . @25
HWTX-IV P51 Lo R P 204, #E ) HNTX-IV 35 12
Ul 22 ZBEME 29 M E BT ERE 5 HNTX-IV
EMEEEEANRE. AXABEHEE KGR
BB L Ala 73 B AL Serl2 AT Arg29 1Y E AF {
SI2A-HNTX-IV 1 R29A-HNTX-1V, 3+ & H =5 (8] 45 44
R b FI A B S P 1T o0 87, 4R Serl2 Al Arg29 5
HNTX-TV A2 36 P2 80 06 &, AT AN X HNTX-1V
BTN X RN T #.

1 MR E
1.1 ##

9-%; 1 E Ak & (Fmoc ) 2 282 4 Millipore 27 A1 Y
™ & . Fmoce-PAL-PEG-PS B g . ib I B 7% M H Bk
(GSH) AL T4 Bt H IR (GSSG) L 3 Znds P B9 R IR
PO# B B2 £ (TBTU) . 1-¥k B 25 37 I e (HOBt) £ 5
Sigma 2y Al =5 . AR B E (DMEF) | = & L A
{TFA) N-F B HE WK (NMM) R BE ( piperidine ) 2
HEKA .

1.2 FZ
1.2.1 EREAEES R, & & R

BREMBIMFETFLH#GT. E2IMERE T
FERHEES I CHK 4 097 B 1E Pioneer™ £ ik
GRAL B TT. & RUHLS B RP-HPLC #E 1k 2 3K -
F—xalifk . Elite C18 £ .10 mm x 250 mm, % % 5
B .0~ 60 min.10% ~350% 0.1% TFA/ZIEHER:$
kAl Vydae C18 #.4.6 mm x 250mm, % B #
B .0~ 60 min, 10% ~50% 0.1% TFA/ZREHH#E - H
MALDLTOF 038 43 87 2 53 85 e 09 53 T & L 5 5 fli
EHME.

1.2.2 ETEERMNALES - SRUE2IMNTIEE
Waters Alliance HPLC F % { Vydac C18 H 4.6 mm x
250 mm, VER A .0 ~ 30 min, 15% ~ 30% 0.1%
TFA/Z G W) EXEAT pH I TR & B H iR A
fhEMTRETEM BERTACEERTF. &
BLO.1 mg ¥ 5 MA 0.1 mmol/L Tris-HC1.0.1 mmol/L
NaCl. 0.5 mmol/L GS5G.5 mmol/L GSH, pH {45154

7.4.7.8.8.0.85 MEMBHE T HEHKE N0
mg/L, BT &L, 45 F 0.2.5.10.30 min # 1h,
2h 24h K HF A S0% B9 TFA LR M B BT 4r
. HEEEESHENT KELEEME.

1.2.3 FEEEPEH 8T A28 IR R (nu-
clear magnetic resonance spectroscopy, NMR ) 43 7 8
M54 HF 2~ 3mg B & E T 500 pL 20 mmol/L iR
BB G P W R A K (H, 0) FIE K (D, 0) IR
HW(9:1, V/V), & 0.01 mmol/L EDTA{i¥ & Wi # &
BB TR K 20 mg/L NaN, (TSI M4 K ),
W pH fH R HCL i £ 4.0, 8 R AW A 4 mmol/L, B
FIA 1 1L 200 pmol/L B9 TSP £ R fb 22 (6 8 45 -
H Bruker DRX500 # 8 IR L0 E — LR
-

1.2.4 EEHE4LHEIR. Z2HXBS MTER
AR EFARTRWZT(DROWRET. 51
k(68 A H, 8 H A TE 50pS BFE K DRC 418
BEAT 2 ) BT A F SR (TTX-S ) BY S d 18 MBI 5E
KAl & 40K 8 #l ( Whole-cell patch clamp ) id R,
BB L (¥ A7 Narishige PC-10 %4, 8 4 B2 % FH 09 &%
P38 EAE (F E Fisher 24 7)) — 4 W5 L i 5L, 8
BHMEE#H N 2.0~3.0MQ, SR BB (EER2 -
3um) B E P IE (105 mmol/L CsF.,35 mmol/L NaCl,
10 mmol/L. HEPES .10 mmol/L EGTA, pH 7.4) A 42
P, 40 B IR 78 R (150 mmol/T. NaCl.2 mmol/L KCI,
1.5 mmol/L CaCl, 1 mmol/L MgCl, .5 mmol/L ] % # .
10 mmol/L HEPSE, pH 7.4) J7#0 M2 b . M6 H3 i
10 kHz 8% . BHEAUARR N EPCO B . BB
RHITES MQ AR RIEBIRBEER P4 TR E.

2 FRfiti

2.1 REEMERR
HHETEREMEEEHESAOOH K, HRHE
A S @ (RP-HPLC) 70 B4 fk 2 iR, 26 R WA
1. R REW, B (AP RER R A 29
min ffJ B — 1% 43 T & (MH" ) 4 3979.71D, 45 S12A-
HNTX-IV (#ktE) B4 T & 3978.58D tH7T; F(B)
RS A] 4 28.5 min A9 B8 -UE S FE(MH ) A
3910.29D, 5 R29A-HNTX-IV (&) Bit 4+ + &
3909, 24D M7 - E R EZ BRI .
22 REEMELEN
MTFEARM B ALE ST . REEDF
WA B DAAE BT LR TR R AT R AL E AR
HIE A E# a0 s Bl a5 el —mi Ao xt . HALEMLRE
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Fig. 1 RP-HPLC chromatograms and mass spectra of
secondly purified crude synthetic mutants
(A) S12A-HINTX-IV. {B) R29A- HNTX-IV. Column: Vvdac C18 col-
umn{30nm.4.6 mm % 250mm)} . Buffer: (A} 0.1% TFA in water; (B)
0.1% TFA in acetonitrile. Gradient: 10% ~350% (B} in 60 min. Flow-

rate: 0.7 mi/min. Temperature: 40°C . Detection: 280 nm.
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Fig. 2 RP-HPLC chromatograms and mass spectra
of refolded mutants
{A) SI2A-HNTX-I¥. (B) R29A-HNTX-IV. Column: ¥ydac C18 co-
Jumn{ 30nm 4.5 mm x 250 mm) . Buffer: { A)0. 15 TFA in water; (B)
0.1% TFA in scetonitrile. Geadient: 15% ~ 30% (B)in 30 min. Flow-
rate: 0.TmL/min. Temperature: 40 C . Detection: 280 am.

it o 7 E i

O hERFRHEMHRTATIRKSHRET http

—MEREFRMER, ZHREERMBW. BTL,
FEATR MBS E L E T, F BN s
A KA HETER.
HTHESMAGTFTETEMEALEETE,
TEB R S fE T FH 10pg 2875 (& 50 8 SORAH L% 2 A
# 5% R 0 min B RP-HPLC #y 6w B UE A EAE ™
FH 100% 8T WU E R & ARG TREAEREMN
RP-HPLC M Eif 5 H ¥, SR A, AL 24h #Y
EHREE &N pH AR THEESFEH
KL H pH 7.4 MEM ™ R THMERHFTHE
¥R, B4 WH A, S mmol/L GSH.0.5 mmol/L
(SSG.0.1 mmol/L Tris.0.1 mmol/L NaCl,pH7.4 2%
B BAER L&,
FrAREHTHEATEAESGHELEE
(E2), ZEE%E,SI2A-HNTX-1V #Hl R29A-HNTX-
W EH Y H S T8 (MH ) 45128 3973.95D #I

3904. 13D, W58 1 4 F (3978.71D H1 3909.29D) & 6
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Fig. 3 NMR spectra of native HNTX-IV and its mutants
{A) native HNTX-IV; (B} SI2ZA-HNTX-1V; (C) R29A-HNTX-IV.
The chemical shift of the residues that were different from these of native

toxin were indicated in the figure by arrow.
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MET BB 6 MEMERERT 34 _HE.
2.3 REAKNZTESHSH
ERiitiRiEmEAeE kR BEFRE s
B EEWHRURSHABENEIEESSH. X
LB SHNEYHNENEEFINXE. B
M BELRER S EFIA S BN EELR
Z—. RERLH R AR IS K E S12A-
HNTX-IV #1 R29A-HNTX-IV By = M5+ . B3 Bx
TR F X HNTX-IV (nHNTX-IV) #1515 % {& 43
FHIID' H-NMR & F M BERE R FREL. WLLHE S
S12A-HNTX-IV A9 3% B A oHNTX-IV £ if B HE % 4
ol BB E TR A A T EF K, Serl2 # Ala
BRERAEIIRS TS MM R TA, BiRR
SI2A-HNTX-IV & b B /5 76 W 1 1E % 89 — 6 f2 Ac
. R29A-HNTX-IV #7915 nHNTX-IV #y3% B
REF—-HRHER TREREEAISE®RTTFFHF—1
FEMBRENESR | ET > FPh LR FrEFER
BT AMSBRILER FMALFENBHEREDR
(BT ML FE B R E LB FRAE) .
HELEEMFLHHE @M E T oHNTX-IV fil

R29A-HNTX-IV IE W =550, R LM E R N
L, A A ICK B (B RFEER) . X Arg29
AL BHREHFEHE WS FRBEIRS B,
[Fl et 4 {5 B8 R29A-HNTX-IV 89 3 X i 8 F ¥ AC
%t .
2.4 BREEER

BT EZ% KM DRG F 5 m FRiEReH
BEHR(TIX-S) B FHEE " FUERAERS
£ 20 ~ 40 pm (9 DRG HRM#H TR TEHEATUI 5
HaxHE2MBUHHICRELT, KABERHE
ZFRTE 1.0 pmol/L IR E THRAH —ERNEDF
. EATE IC, (5 W & 5 FF v, SI2A-HNTX-1V
(IC, = 58.3 nmol/L) X 8RB M A BH BTIEAI 5 X K
HNTX-TV(IC, = 44 .6nmol/L) 7+ F B A 24, [ R29A-
HNTX-TIV(IC,, = 6.93 pmol/L) 43 F ML K A& K 4
FiEtETHR TR EER EETET 155, &
AT, Arg29 B2 5 HNTX-IV A ¥ EHHENE
EREZ—.

BEAHETENEDFELTLELER
Tt RALER A= ) # 22 ILPR HE L PR B L 36 S 21

-
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Centrel I —
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~ 1.0pmol L RIOA-HNTX-IV

5.00nA

Control 3.00ms

a4 R HANT-IV MR TBRT AR DRG # £ TUH) TTX-S B Na® RUHE AT fEHH
Fig. 4 Effects of native HNTX-IV and its mutants on TTX-3S sodium curremts on rat DRG neurons
(A} native HNTX-IV: (B} SI2A-HNTX-IV; (C) R2Z9A-HNTN-IV.
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Fig. 5 The concentration-dependent blockage of native HNTX-IV and its mutants on TTX-§ sodium currents on rat DRG neurons

They were applied at doses from 1 nmol/L to 100 umol/L with & tenfold increment. (4) SI2A-HNTX-1V; (B} R29A-HNTX-IV.
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KOF b T e AT LR AT OB A 8
AU MM ACE BRI . BR AR
TREE S R TR A9 E B 4k, M B A Pulse/
Pulsefit 8.0 {4 ( HEKA Electronics , Germany Y {#{{ 5 , 71
o ¥ BENEEEAENRE. B4 85
H S12A-HNTX-IV XF Na® B it i) P i b R29A-HNTX-
Iv ju%% MME Sl IR KR EEES KRE RN
fol ' ERELA M KM T, R29A-HNTX-IV #9775 1 1
SI2ZA-HNTX-IV B{E T K.

o5 E R, Serl2 Ml Arg29 7 B AE N Ala f5 3
A B K 4 F RO R (R 5 [A] 45 4, R29A-HNTX-
WAFESEMEEAARES T o 7FRET 5
e Efe, w2 Ala B A2 ERRFE S
THRZEERMM S ES: T, B, ATLIIAN
Serl2 &5 HNTX-IV £ EH X XS X RE A A, M
Arg29 H1 2 HNTX-IV R EE W FEHE T LT L8
REZ—.
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