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Abstract:
thereby modulate insulin secretion. Because of its central role in this important physiological process, Kv2.1 channel is a

Kv2.1 channel currents in pancreatic B-cells are thought to contribute to action potential repolarization and

promising target for the treatment of type 2 diabetes. Jingzhaotoxin-XI (JZTX-XI) is a novel peptide neurotoxin isolated from
the venom of the spider Chilobrachys jingzhao. Two-microelectrode voltage clamp experiments had showed that the toxin
inhibited Kv2.1 potassium currents expressed in Xenopus Laevis oocytes. In order to investigate the structure-function
relationship of JZTX-XI, the natural toxin and a mutant of JZTX-XI in which Arg3 was replaced by Ala, were synthesized by
solid-phase chemistry method with Fmoc-protected amino acids on the PS3 automated peptide synthesizer. Reverse-phase high
performance liquid chromatography (RP-HPLC) and matrix assisted laser desorption/ ionization time-of-flight mass
spectrometry (MALDI-TOF/TOF MS) were used to monitor the oxidative refolding process of synthetic linear peptides to find
the optimal renaturation conditions of these toxins. The experiments also proved that the relative molecular masses of refolded
peptides were in accordance with their theoretical molecular masses. RP-HPLC chromatogram of co-injected native and
refolded JZTX-XI was a single peak. Under the whole-cell patch-clamp mode, JZTX-XI could completely inhibit hKv2.1 and
hNav1.5 channels currents expressed in HEK293T cells with ICsy values of 95.8 nmol/L and 437.1 nmol/L respectively. The
mutant R3A-JZTX-XI could also inhibit hKv2.1 and hNav1.5 channel currents expressed in HEK293T cells with ICs, values of
1.22 umol/L and 1.96 pmol/L respectively. However, the prohibitive levels of R3A-JZTX-XI on hKv2.1 and hNav1.5 channels
were reduced by about 12.7 times and 4.5 times respectively, indicating that Arg3 was a key amino acid residue relative to the
hKv2.1channel activity of JZTX-XI, but it is also an amino acid residue correlated with the binding activity of JZTX-XI to
hNav1.5 channel. Our findings should be helpful to develop JZTX-XI into a molecular probe and drug candidate targeting to
Kv2.1 potassium channel in the pancreas.

Keywords: Jingzhaotoxin-XI (JZTX-XI), solid-phase polypeptide synthesis, oxidative refolding, Kv2.1 channel, Navl.5
channel
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FEH 0.05 /L B, AR5 LR FIAS[R] L 491k B 1Y
A WeH IK4H 4 GSH/GSSG (5 mmol/L : 0.5 mmol/L,
2 mmol/L : 0.2 mmol/L, 1.0 mmol/L > 0.1 mmol/L)
MR pHH (7.0, 7.5, 8.0) ZEwhiFm &M T &
P T AL R /N, TR AN JZTX-XT 1 e A AL
EAESIE A & 1.0 mmol/L GSH. 0.1 mmol/L
GSSG. pH 4 8.0, ¥JEH 0.1 mol/L A9 Tris-HC1 2%
TR, FESLREWE N 0.05 /L, BHEIREN 4T,
2A JBIR T2k 12TX-X1 S B M ah B2 b1
o W& ZVERRIAEER, Bk B IR B K,
W AR TG N M E AT E 12 h DR, IR AE
48 h Z N REMS IR FEA X R e, B — R, $2
IRZEHRDTHEMTE 12h NEZREAER., B
M F=#) 2 MALDI-TOF/TOF i %5, M1

0.0 10.0 20.0 30.0 40.0

¢ (min)

1 JZTX-XI 71 R3A-JZTX-XI #9& A RP-HPLC £ 47 &

Fig. 1 Identification of synthetic JZTX-XI and R3A-JZTX-XI by RP-HPLC. (A) JZTX-XI. (B) R3A-JZTX-XI. The synthetic
JZTX-XI and R3A-JZTX-XI were applied to a phenonmenex C;s column (10 mmx*250 mm) pre-equilibrated with 0.1% TFA. Elution
was performed with a linear gradient of 25%—35% acetonitrile over 20 min at a flow rate 3.0 mL/min at 40 °C. Asterisks indicated the
fractions of interest.
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Fig. 2 RP-HPLC chromatograms of sJZTX-XI. (A) HPLC chromatograms in refolding process of synthetic JZTX-XI. (B) HPLC
chromatogram of co-injected native and refolded JZTX-XI in refolding process.
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Fig. 3 Mass spectra of refolded sJZTX-XI and R3A-JZTX-XI. (A) sJZTX-XI. (B) R3A-JZTX-XI.
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hNav1.5 18 18 HL I A9 40 7 A DR/ AR i
A
1 pmol/L nJZTX-XI
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Control 5 ms
C
1 umol/L R3A-JZTX-XI
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Control 5 ms

HAESEA B IZTX-XT 5 KAR JZTX-XT 7E 4546 5 75
PE A S, RS2 g R R Gl JZTX-XI
XF hNav1.5 338 B0 HE FHE A B 5 00 vk BE AR
M, HRAPEOE M HIHRE (1Cs0) A 437.12 nmol/L,
SR 1.0 umol/L 1Y & M AR & R3IA-JZTX-XI A1 2

RE 410 ] W) A 7 Y SRR M BM M IE hNavl.5 B
(35.7+4.1)% (& 4C, n=4), HFECH R H kB
(ICsp) 7 1.96 pumol/L (K] 4D). H# LiRWFFE s R
KIRARR RIA-JZTX-XI XH4H@ E VA hNavl.5
AR 1 L R AR nJZTX-XT FRAK T4 4.5 1%, %
B JZTX-X1 50 F 26 3 0 1R A R Sk SL 2 5 Nav 1.5
I 25 A A DG 1) S SR TR R AL

S
1 pmol/L sJZTX-XI
2nA
—— Control S ms
D
100 ®sJZTX-XI
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:—2) 80
=)
=
9]
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>
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Fig. 4 Effects of nJZTX-XI, sJZTX-XI and R3A-JZTX-XI on hNavl.5 channel currents expressed in HEK293T cells. Navl.5
currents traces were evoked by a 50 ms depolarization to —10 mV from a holding potential of =80 mV. Every data point ( X £s)
came from 3—5 separated experimental cells. A, B and C showed that 1.0 pmol/L nJZTX-XI, sJZTX-XI and R3A-JZTX-XI could
inhibit hNav1.5 channel currents expressed in HEK293T cells, and they reduced Nav1.5 currents by (70.4£3.1)% (n=5), (67.5+4.2)%
(n=5) and (35.7%4.1)% (n=4), respectively. D showed that the ICsy values of sJZTX-XI and R3A-JZTX-XI were 437.12 nmol/L and

1.96 umol/L, respectively.
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Fi/R, sIZTX-XI fil R3A-JZTX-XI % hKv2.1 £ H
Tt B AT A P Rl e R B B R A sk, B By
WM, HRECR SR B (ICs) 7390k
95.8 nmol/L 1 1.22 umol/L, Hu3 il i 58 45 5 & B
RAK RIA-JZTX-XT X} hKv2.1 438 18 B 40 il 3 14

FL R AR JZTX-XI FRAE T 29 12.4 £, u‘éHﬂ“ REDAINE
RIRFEFEIE N TT JZTX-XT 5 Kv2.1 #4540 e i
TE PR
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Fig. 5

Effects of nJZTX-XI, sJZTX-XI and R3A-JZTX-XI on hKv2.1 channel currents expressed in HEK293T cells. hKv2.1

currents traces were evoked by a 300 ms depolarization to +30 mV from a holding potential of -80 mV. Every data point ( X *s)
came from 3—5 separated experimental cells. A, B and C showed that 100 nmol/L nJZTX-XI, sJZTX-XI and R3A-JZTX-XI could
inhibit hKv2.1 channels currents expressed in HEK293T cells, and they reduced hKv2.1 currents by (53.9+7.8)% (n=5), (51.2+5.4)%
(n=5) and (5.7£3.1)% (n=4), respectively. D showed that the ICsy values of sJZTX-XI and R3A-JZTX-XI were 95.8 nmol/L and

1.22 pmol/L, respectively.
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