2844 Biochemistry2002,41, 2844—2849

Gene Expression, Mutation, and StructdFainction Relationship of Scorpion Toxin
BmPO5 Active on Sk, Channel$

Jing-Jiang W4, Lin-Lin He,® Zhuan ZhoW and Cheng-Wu Chi#

State Key Laboratory of Molecular Biology, Shanghai Institute of Biochemistry and Cell Biology, and Institute of Neuroscience,
Chinese Academy of Sciences, Shanghai 200031, China

Receied June 29, 2001; Resed Manuscript Receéd December 3, 2001

ABSTRACT. Four peptide inhibitors of small-conductance?Gactivated, apamin-sensitivetkchannels

(SKca) have been isolated from the venom of the Chinese scomigthus martensinamed BmPOL1,
BmP02, BmP03, and BmPO05, respectively [Romi-Lebrun, R. (18if) J. Biochem. 245457-464].

Among them BmPO05 with 31 amino acid residues has been intensively studied due to its most potent
toxicity. To investigate the structurdunction relationship of BmPO5, its wild type and seven mutants
(their C-termini unamidated) were successfully expressed in the yeast secretion system and purified with
a high yield over 8 mg/L. Their toxicity to mice and electrophysiological activity on tHecKrrents

(SKca and Kv) in rat adrenal chromaffin cells were measured and compared. The results indicated the
following: (1) As a selective antagonist against @KL uM rBmPO5 is equivalent to 0.2M apamin,

and its 1Gp is 0.92uM. (2) The basic residues Lys and Arg located at positions 6 and 13 in the N-terminal
o-helix region are essential and synergetic in the interaction of the toxin wigh. & Disruption of the

o-helix by mutation of Gln at position 9 with Pro results in almost total loss of toxicity. (4) The C-terminal
residue His31 plays an auxiliary role in the interaction of the toxin witleSK6) The-turn connecting

two 3-sheets near the C-terminal part is responsible for the specificity of the toxin to the different subtypes
of K* channels.

Potassium channels form a large family of integral specifically active on low-conductance, Taactivated K
membrane proteins that are present in almost every living channels and sharing less structure homology with others
cell. They play a key physiological role by setting the resting have been widely studied, such as LeTx1 framiurus
potential and shaping bioelectric signals in excitable and quinquestriatus hebraey$), P05 fromAndroctomus mau-
nonexcitable cells. The study offkchannels is of high value  retanicus mauretanicu§?), and BmPO05 fronButhus mar-
for the understanding of many physiological processes. RattensiKarch ().
adrenal chromaffin cells (RACCexpress SKachannels), The toxins LeTx1 and P05 have been studied thoroughly
which produce slow after-hyper-polarization and play an on their primary sequences, (7), structure conformations
important role in spacing action potentials and in limiting (8, 9), chemical synthesed.q, 11), and structurefunction
the frequency of repetitive firing. relationships {1—13). They are peptides of 31 residues with

More than a hundred neurotoxins have been isolated andthree disulfide bridges, composed of@helix from residue
identified from the venom of scorpions belonging to the 5 to residue 14 and two antiparalj@isheets (residues 7
Buthidaefamily. Most of the long-chain scorpion peptides 22 and 25-29) joined by g3-turn from residue 22 to residue
composed of 6870 amino acid residues are modifiers of 25 (Figure 1) 8, 9).
voltage-gated Nachannels, while most of the short-chain Unlike the other groups of toxins against Kv or BK
scorpion peptides composed of-340 residues have been channels, whose functional sites are located infisheets
characterized to be blockers offkchannels §, 4). These near the C-termini of the toxins), a positively charged
toxins can be roughly classified into several groups according area in the N-terminab-helix is important for the activity
to their primary sequences and their not very strict specifici- of the Skc, toxins LeTx1 and P051(1—13). These toxins
ties to the subtypes of Kchannels%). Among them, toxins are capable of competing with apamin for §kchannels

due to their similar basic residue sequence though this

T This work was supported by funds from 973 program G1998051121, Sequence in apamin is in the opposite position at the
G2000077800, and NSFC (39525009). C-terminal part 1).
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Ficure 1: Structures of scorpion S toxins. (A) Primary
structures of BmPO5 and its analogues: LeTx1 flongquinques-
triatus hebraeu¢23), PO5 fromA. mauretanicus mauretanicig),

and BmPO5 fromB. martensiKarsch (). (B) Three-dimensional
structure of PO5-NK (9), viewed by rasmol software; the corre-
sponding residues to be mutated in rBmPO05 are indicated in stick
format.

mice and the electrophysiological effect on RACCs using
whole-cell patch-clamp recording.

MATERIALS AND METHODS
Materials

Escherichia colistrain DH& was used for production of
plasmids Saccharomyces cersiaestrain S78 (Leu2, Ura3,
Rep4) and vector pvVT1020/ (gifts from Dr. You-shang
Zhang, Shanghai Institute of Biochemistry, China) were used
for expression of BmPO5; uracil-deficient YSD and YPD
media (L5) were used for propagation of yeast transformants.
Enzymes used for DNA manipulation were purchased from
Promega (U.S.A.), the chromatography media from Phar-
macia Biotech (Sweden), and HPLC C-18 columns (4.6
250 mm) from Waters (U.S.A.). PCR primers were synthe-
sized in an Applied Biosystems DNA synthesizer 380-A
(Perkin-Elmer), and other chemicals were of analytical
reagent grade. The mice used for toxicity bioassay were male
Kunming mice with a body weight of 28 2 g.

Methods

Construction of Expression Plasmid$he expression
plasmid pVT102U&-BmPO05 was constructed on the basis
of the cDNA sequence of BmP034) (Figure 2). P1 was
used as a sense primer with Xbd restriction site (5CG
TCTAGAT AAA AGA GCA GTT TGT AAT C-3'),
corresponding to two additional basic residues Lys-Arg, a
site for the enzymatic cleavage by the yeast kexin, and the
first four residues (Ala-Val-Cys-Asn) of the mature peptide.
P2 was used as an antisense primeG AAGCTTA GTG
TTT AAC ACA TTC GCA-3) with a Hindlll restriction
site, corresponding to the last six residues (Cys-Glu-Cys-
Val-Lys-His) of the mature peptide. Using M13mp18-BmP05
(14) as a template, the amplified product was precipitated,

...TCT CTA GAT AAA AGA GCA GTT...

...AGA GAT CTA TTT TCT CGT CAA...
Ficure 2: Construction of the expression plasmids. The genes
encoding the mature peptide of BmPO5 or its mutants were cloned
into the expression vector pVT102W/The gene was downstream
of the gene encoding the leading peptide of yeast mating factor
The additional residues Lys-Arg between the leading peptide and

the toxin was designed for the enzymatic cleavage by the yeast
kexin.

digested withXba and Hindlll, and then cloned into the
expression plasmid pVT102t/

The expression plasmids of BmP05 mutants were also
constructed as follows: The gene encoding mutant H31A
was amplified by one-step PCR using pVT102tBmP05
as a template. P1 was paired with the antisense primer P3
(5-CGAAGCTTA GGC TTT AAC ACA-3') containing a
HindlII restriction site, a stop codon, and codons for the last
four residues (Cys-Val-Ly#da). The amplified product was
precipitated, digested witkba andHindlll, and then cloned
into the expression plasmid pVT102UJ/The genes encoding
mutants K6A, Q9P, IGD2224MNG, and K6A/R13A were
obtained by two steps of PCR. In the first step PCR of K6A,
P2 was paired with the sense primer PAGECA GTT TGT
AAT CTT GCC AGA-3') corresponding to the first seven
residues of K6A using pvVT102d/BmPO5 as a template.
To avoid interference from the original template, the ampli-
fied product was precipitated and cloned into vector pGEM-
T. Then pGEM-T-K6A was used as a template for the second
PCR with a pair of primers, P1 and P2; the product of the
second PCR was precipitated and digested witlal and
Hindlll and cloned into the expression plasmid pvVT102U/
o.. Since the same strategy was used for other mutants in
the second PCR, only the template and primers in the first
PCR are given as follows. For Q9P, the template was
pVT102Ul-BmPO5, and the pair of primers were P2 and
the sense primer P5'(3GT AAT CTT AAA AGA TGT
CCG-3) corresponding to residues-3 of Q9P (Cys-Asn-
Leu-Lys-Arg-CysPro). For IGD22-24MNG, the template
was pVT102Ué&-BmPO5, and the pair of primers were P1
and the antisense primer P8-®AC ACATTC GCATTT
CCC ATT CAT -3) corresponding to residues 229 of
IGD22—24MNG (Met-Asn-Gly-Lys-Cys-Glu-Cys-Val). For
KBA/R13A, the template was pVT102&/R13A, and the
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primers were P2 and P4. The mutant R13A was obtainedintracerebroventricular injection. For the control only the
using three steps of PCR. In the first PCR, the template wasbuffer solution was injected. Aft& h the percentage of dead
pVT102Uk-BmPO5, the primers were P2 and the sense mice in each group was calculated and transformed into the
primer P7 (5AGA TGT CAG TTATCT TGT GCA TCA- reaction rate. A plot of reaction rate versus log dose was
3) corresponding to residues-714 of mutant R13A (Arg- made. The dose corresponding to the reaction rate 5.0 from
Cys-GlIn-Leu-Ser-Cy#la-Ser), and the amplified product the regression straight line was the 4¢Dvalue of the
was purified and cloned into pGEM-T vector. For the second measured toxin.

PCR, the above plasmid was used as a template with P2 Cell Cultures Rat adrenal medulla chromaffin cells were
and the sense primer P8{GTT TGT AAT CTT AAA AGA prepared as described previously), Briefly, adult Wister
TGT CAG TT-3) corresponding to residues-20. The  rats of 256-300 g were used. All individual cells were
amplified product was directly used as template for the third gbtained after 40 min digestion in the enzyme solution. The
PCR, in which the primers were P1 and P2; the amplified cells were cultured with DMEM in a CQincubator. The
product of the third PCR was precipitated, digested Witill  cells cultured for +-4 days were used in experiments.

and Hindlll, and then cloned into the expression plasmid  gjectrophysiological Experiment3he standard external

pVT102Uk. ) solution in the bath contains (mM) 125 NaCl, 2.8 KClI, 10
Gene Expression of Constructed Plasmilise constructed CaCbh, 1 MgCh, and 10 HEPES, pH 7.4. The 0 Ca bath

plasmid confirmed by DNA sequencing was transformed into q)ytion is the same as the standard solution, except 10 mM
S. cereisiae S78 in terms of the LiCl method. One positive 2+ s replaced by NaCl. The standard internal solution in
transformant on the YSD plate was cultured in 50 mL of o patch pipet contains (mM) 145 KCI, 8 NaCl, 1 MgCl
YSD liquid media overnight and then transferredit L of and 10 HEPES and nystatin, 25@/mL p,H 7.2 The toxin
Y'TDD '_“]‘c‘_edt'? forfBRday Cg!t'vatt'%”- 005 and Its Mutaits was dissolved in the standard external solution.

urification of Recombinant Bm and Its Mutar@me
. : X The voltage-gated membrane currents were recorded under
!I'_tﬁé OLYOI??hgu;tjurgr\:;;z:tevr\gguag de'l(jls?; d4?§®(|)_: 72% rvnv:'?h 2N whole-cell voltage clamp using the nystatin perforated patch-

P p ! pri 7. clamp techniquel(8). Experiments were performed by using
NaOH. The solutl_on was thgn applied onto a DE-22 column Axon 200B (Axon Instruments, Foster City, CA) or the PC-
E)Zu f>f<er2c() (|:—|m)7 %r)eglcozSm‘llxéviquglfg‘tidzwrm_/sn?ir:m\'?h-(ra”zrce:ak- 2B (INBIO Inc., Wuhan, China) patch-clamp amplifier with

pH 7. ) : o . apClamp 8 data acquisition system. Data were analyzed with

through was collected, and its pH was ao!Justed to 4.5 with Igor software (AveMatrix, Lack Oswego, OR). The toxin
1 N HOAc. Then the solution was applied on a CM-32 sample was puffed to the cell through the perfusion system.

column (2 x 20 cm) previously equilibrated with 35 mM : :
All experiments were carried out at room temperature{22
NaOAC/HOAC buffer (pH 4.5) at a flow rate of 1.0 mL/ 25 °C). The control/wash solution and the solution with the

min. After being washed with the same b‘%ffe“ f[he' chrom.a- toxin of interest were puffed locally to the cell under
tography was developed by a stepwise elution with increasing recording via RCP-2B multichannel micro perfusion system

concentrations of NaCl (0.1, 0.25, and 0.5 M) in the . : :
RO . ..~ (INBIO Inc., Wuhan, China), which has a fast exchange time
;quutglr?trsat(lgognp t;l;f;elrégoz rEZTI\(jII\:(eBC?fTebIr\]/\?Qrte qutpe(l)l?teadngultts (<100 ms) for electronic switching between seven solution
- they channels. The puffing pipet of 1Q0n tip diameter is located

until 0.5 M NaCl was used. For the mutants K6A, R13A .
: ! ' about 12Q:m from the cell. The patch-clamp data are given
K6A/R13A, and H31A, they emerged in the 0.25 N NaCl as meant SD. For the significant test we used théest.

elution due to the reduction in positive charge caused by For fit of the dose curve, we used the standard Hill equation

the Ala replacement. The collected fraction of interest was : - .
" e L Y=Yo/[1+ (KJC). HereY is effect, Y, is maximum effect
further purified on the HPLC C-18 column equilibrated with of the drug,Kq is dissociation constan€ is concentration

0 . : : L
0.1% TFA and eluted with a linear gradient of acetonitrile of the drug, anah is Hill coefficient. The IGOR Pro software

in 0.1% TFA. The peak of the recombinant toxin was then : : .
pooled, lyophilized, and rechromatographed on the HPLC (WaveMatrix, ORY) is used for data analysis and graphs.

C-18 column. , _ RESULTS AND DISCUSSION
Tricine—SDS-PAGE ElectrophoresisThe experiments
were performed as describeto]. Construction of the Expression Plasmids and Gene

Mass SpectraThe molecular weights of rBmPO05 and its Expression of BmP05 and Its Mutantssing PCR, the gene
mutants were measured by LC-MS on HP1100 filtration coding for the mature peptide of BmP05 was amplified with
system and Finnigan LCQ ion trap. two additional residues Lys-Arg upstream of its N-terminus;

Circular Dichroism (CD) SpectroscopyThe protein this pair of basic residues is necessary for the yeast kexin to
samples with concentration of 0.2 mg/mL were measured cleave the fusion protein. After being digested wiXhba
on a Jasco J-715 spectropolarimeter with nitrogen purge atand Hindlll, the amplified gene was then inserted into the
room temperature. A 0.1 cm path-length cuvette was used,expression plasmid pVT102tfust downstream of the gene
and spectra were accumulated over three scans. coding for the leading peptide of the yeast mating factor

Toxicity Bioassay and L{g Determination Toxic activity (MFa). The plasmid was then transformed into yeast S78.
was tested on Kunming mice. The lyophilized recombinant After being cultured for 3 days in YPD media, a good harvest
toxin was dissolved in a solution of 0.9% NaCl and 1 mg/ of the recombinant rBmPO05 could be found in the superna-
mL BSA. Mice were divided into five groups and given tant. The construction of expression plasmids for other
different doses (nanograms of toxin/gram of mouse); each mutants was the same as for rBmPO05. It is worth pointing
group consisted of 510 mice with the same dose. Five out that there is no enzyme catalysis system for the
microliters of the toxin solution was administrated via C-terminal amidation of protein in the yeast expression; thus,
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Ficure 3: Purification of rBmPO05. (A) The breakthrough from DE-
22 was chromatographed on CM-32 (columx 20 cm), and the
rBmPO5 fraction was eluted with a buffer of 0.5 N NaCl, pH 4.5,
at a flow rate of 1.0 mL/min. (B) The collected fraction eluted
from CM-32 was further purified on HPLC and eluted at the
retention time of 30 min. Conditions: buffer A, 0.1% TFA,; buffer
B, 70% acetonitrile and 0.1% TFA; flow rate, 1.0 mL/min with a
slow gradient elution increasing at 0.5% acetonitrile per minute.
(C) Mass spectra of rBmPO05. The calculated MW of rBmP05 was
3373.1; the measured MW was 3373.0.

different from the native BmPO5, its recombinant wild-type
rBmPO0O5 and all its mutants were not amidated at their
C-terminus.

It is interesting to point out that some gkscorpion toxins
such as LeTx1X0) and BmPO05 1) are amidated at their
C-termini, while P05 is not1(1).

Purification of the Recombinant BmPO05 and Its Mutants.
The expressed rBmPO5 or its mutamtdliL of YPD culture
were first applied on DE-22 at pH 7.5 to remove bulk
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Ficure 4: CD spectra of r BmPO05 and its mutants. (A) CD spectra

of rBmPO05 and its mutants Q9P and IGD224MNG. (B) CD
spectra of rBmP05 and the mutants K6A and R13A.
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KBA/R13A, the yield even reached 20 mg/L, which was
much higher than 0.153.5 mg/L of other recombinant
scorpion K channel toxins ever reported in the literature
(19—21). Thus, the yeast expression system has prominent
advantage of the high yield, easy purification, and needless-
ness of disulfide refolding.

Molecular Weight Determination of rBmPO05 and Its
Mutants by Mass Spectrahe measured molecular weights
(MW) of rBmPO5 and its mutants agreed well with the
calculated ones (data not shown), indicating that the recom-
binant products were no other than the real ones which were
expected to be expressed.

CD Spectra of rBmPO05 and Its Mutaniehe CD spectra
of rBmP05 and its mutants K6A, Q9P, R13A, 1GD22
24MNG are presented in Figure 4. The curves of the mutants
K6A and R13A showed no apparent difference from that of
rBmPO05, while obvious changes in spectra were found in
the mutants Q9P and IGD224MNG. This implied that the
o-helix and loop conformations might be distorted by
substitution with Pro at position 9 and with MNG at positions
2224, respectively.

Toxic Actwity. The determined LBy of the expressed
rBmP05 and its mutants are shown in Table 1. Thed.D
value of rBmP05 was 66 ng/mouse (3.3 ng/g of mouse),
higher than 37 ng/mouse for the native BmPO05 as described

contaminant and negatively charged dark pigments in YPD previously (). This might be explained by the fact that the
media. The breakthrough of DE-22 was then subjected to C-terminal amidation of the toxin may also have some
cation chromatography on CM-32, and the fraction of interest significance for the toxicity or the amidated toxin is more

was further purified on HPLC (Figure 3). About-80 mg
of r BmPO05 fran 1 L of culture was obtained. For the mutant

resistant for exopeptidase degradation. It is also worth
pointing out that the binding affinity of the C-terminal
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Table 1: Toxicity of BmPO5 and Its Mutants
LDso relative
mutant (ng/g of mouse) toxicity (%)

rBmP05 3.3 100

K6A 243 13.6

Q9P 131.8 25

R13A 19.3 17.0
IGD22—24MNG 10.45 31.6

H31A 7.39 44.6
K6A/R13A undetectable undetectable

amidated P05 for the apamin receptor was much higher than

that of the C-terminal free PO®). The toxicity of the
mutants K6A and R13A decreased to 13.6% and 17%,

respectively. These basic residues R6 and R13 in LeTx and

P05 were also reported to be important for their toxicities
and competitive activities with apamirl1—13). If both
residues were substituted with Ala, the toxicity of the mutant
was totally undetectable. The results were also confirmed
by electrophysiological experiments (data not shown), indi-
cating that these two basic residues in théelix are not
only essential but also synergetic for the toxicity.

Replacement of the residue GlIn at position 9 with Pro (a
very strongo-helix breaker) resulted in a great change in
the conformation of the toxin, which was verified by the
CD spectra. As expected, the toxicity of the mutant dramati-
cally dropped to 2.5%. Thus, we provided direct evidence
to elucidate the relationship between théelix structure
and activity of the toxin though it has been predicted that
thea-helix of the toxin is believed to interact with its receptor
(9, 11). The mutation at the C-terminal residue His with Ala
led to loss of half the toxicity (Table 1). It implied that the
C-terminal His has an auxiliary effect if not essential on the
activity of the toxin.

Electrophysiology Assayin addition to many voltage-
gated Nd, K*, and C&" channels, RACC has prominent
small-conductance Caactivated potassium channels (§K
channels)2). Thus, to verify whether r BmPO05 has an effect
on the Sk, channel, the cultured rat adrenal chromaffin cells
were used. Figure 5A provides the patch-clamp protocol
recording pure SK; currents in RACCs. The slow tail S5
currents were activated atL00 mV afte a 1 sdepolarization
prepulse conditioning step to 0 mV for the Lainflux
through the C& channel 2, 22). Figure 5B shows the effect
of rBmP05 and apamin on SKcurrents using the same
protocol as in Figure 5A. Their block effects could be washed

Wu et al.

-100mv

J200pa
100ms

no Ca influx

SK current

100ms BmPO5(1uM)

apamin{200niv)

-« Wwash
et RSP RN FGoT memnmirni™ me cotro

n
IC50=0.92 M /

Hill=0.95 /

/

7
N

e,
e, -

100
80 —
60

401

Relative block (%)

20

T LR | TorTTTI

0.1 1 10

Concentration (M)

Ficure 5: Effects of rBmPO05 and apamin on gkchannels in rat
adrenal chromaffin cells (RACCSs). (A) A protocol to record §K
currents in a rat adrenal chromaffin cell. The slow tail current was
elicited at—100 mV either with or withotia 1 sconditioning step
to 0 mV (nh = 4). (B) Block effects of BmP05 and apamin on §K
channels. The experimental protocol of panel A is applied while
puffing control, rBmPO05, control, and apamin one after another
with 180 s intervals between two successive recordings (the access
resistanceRs is reduced to less than 20®). 1 uM rBmPO5 or
200 nM apamin gave almost 50% block of §kcurrents ( =
27). (C) Dose effects of rBmPO05. The curve was fitted well with
Hill = 0.92 andKy (or ICsg) = 0.92uM. 5—27 cells were used for
different concentrations.

out nearly completely. It has been reported that the bee toxin The block effect could also be washed out nearly completely.

apamin specifically blocks S§ currents in chromaffin cells
(2). This experiment indicated that M rBmPO05 gave an
effect similar to that of 0.2M apamin on the block of Sk,
in RACC (48.5+ 3.1%,n = 27). The dose curve in Figure
5C showed that the Kz value is 0.92uM for rBmP05 and
the Hill coefficient against Skyis 0.95. This implied that a
single binding site between the RACC &Kchannel and
rBmPO5 was responsible for the block.

In other scorpion voltage-gated"kchannel toxins, there
is a conserved sequence MNGK in {igurn between two
antiparallel5-sheets. We wonder whether this sequence is
related with the specificity of the toxins for their correspond-
ing subtypes of the K channel and whether the mutant
IGD22—24MNG could also block Kv besides Skcurrents.
Figure 6A shows the effect of this mutant on §Kurrents.

However, compared with the wild-type rBmPO05, the block
effect was relatively low. A 15M quantity of the mutant
was needed to block 724 3.3% of Ske, in RACC (n =
13). According to the dose curves of rBmPO05 (Figure 5C)
and the MNG mutant (Figure 6D), the mutant 4G 2.2
uM) was 2.5 times less potent for gkthan its wild type
(ICso = 0.92uM). Being approximated to the toxicity assay,
the toxicity of the mutant was around three times lower
(Table 1).

Figure 6B shows the effect of the mutant IGD224AMNG
on Kv currents in 0 mM C& bath solution, under the
conditions that all C&-dependent currents including 8K
and BKz,were absent?). The Kv currents were elicited by
depolarization te+20 mV from a holding potential of- 70
mV. The experiments showed that the maximum block of
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Ficure 6: Effects of the mutant IGD2224MNG on Sk, and

Kv currents in RACCs. (A) Effect of the mutant on gkcurrents
recorded with the same protocol as in Figure 5. (AyM mutant
blocked 72+ 3% of SKc, currents § = 13). (B) Effect of the
mutant on Kv currents. The Ca-activated Burrents were blocked
by the 0 mM C&* bath solution. The Kv currents were elicited by
a step to 20 mV from the holding potentialx81 mutant blocked

20 £+ 2% of Kv current p < 0.01,n = 15). In the same cell 20
mM TEA blocked 88+ 4% of Kv current p < 0.01,n = 3). (C)
Effect of rBmPO05 and the mutant on Kv currents. Experiment
conditions were same as in (B). rBmP05 showed no effect on Kv
currents in the same cells. (D) Dose effects of the MNG mutant.
The curve was fitted with Hill= 0.81,Kq (or ICsg) = 2.20 uM.
4—7 cells were used for different concentrations.

Kv channels in RACC was 2& 2% with 3 4M mutant f
= 15, p < 0.01). The block could not be increased more
even using 15:M mutant (data not shown). As shown in
Figure 6B,C, TEA, a classical Kv blocke24), could block
88 + 4% of the depolarization-induced outward current in
the same cellsn(= 3, p < 0.01). This confirmed that the
MNG-sensitive component was indeed a Kv current. On the
contrary, rBmPO5 gave no effect on Kv currents (Figure 6C)
(n =5, p < 0.01). The dose curve of the MNG mutant
(Figure 6D) showed that the gwas 2.20uM for MNG
mutant and the Hill coefficient against gKis 0.81. This
implied that probably the same single binding site of RACC
SKca for BmPO05 was also for the MNG mutant. Thus, this
mutation caused two effects: reducing the affinity of the
SKc, binding site and creating a new binding site between
the NMG mutant and the voltage-sensitive Kv channel.
The present structurgfunction study of the scorpion toxin
BmPO5 is based on both the toxicity tests and electrophysi-
ological experiments. Their results paralleled well with each
other (not all data shown). The technique of protein
engineering used in this paper made it possible to elucidate
the contribution of a definite residue to the function of toxin.
The results gave a general view of the structtftenction
relationship of the scorpion SKtoxins. On the basis of this
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knowledge, a toxin with a new function might be designed
and created using such a peptide scaffold. Furthermore, this
paper provides a clue to a better understanding of the
molecular basis of the important gikchannels.
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