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Purification Characterization and '"H NMR Resonance Assignment
of an o -Like Neurotoxin BmK 16 from the Venom of Chinese Scor-

pion Buthus martensii Karsch
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A natural scorpion toxin BmK 16 was purified for the first time
from the venom of the Chinese scorpion Buthus martensii
Karsch BmK by using combined gel-filtration ion exchange
and reversed phase chromatography. The sequence of the N-
terminal 8 amino acid residues was determined by Edman
degradation. Using the N-terminal sequence as a tag the
database searching revealed a hit in the scorpion cDNA Bank.
The sequence for N-terminal 8 amino acid residues molecular
weight and amino acid compositions of BmK 16 were identical
with the calculated values according to the first 64 residues’ se-
quence of the precursor peptide alpha-neurotoxin TX16 derived
from the sequence of the cDNA AF156597 EMBL . The se-
quence-specific resonance assignment of BmK 16 was achieved
and the intact sequence of BmK 16 was determined as follow-
ings VRDAY JAKPH NCVYE CARNE YCNDL CTKNG
AKSGY CQWVG KYGNG CWCKE LPDNV PIRVP GKCH.
Furthermore the results from the sequence homology analysis
and the toxicity assays indicated that BmK 16 was an «-like
scorpion neurotoxin.
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Introduction

The scorpion venoms are rich source of fascinating
peptides  which usually composed of 28—70 amino acid
residues. They interact specifically with the Na* K*
Ca®* or Cl~ ion channels and are widely served as useful
tools in probing the protein mapping of ion channels and
clarifying the molecular mechanism involved in the signal
transmission and channel gating. The long-chain neurotox-
in polypeptides 62—67 amino acid residues isolated
from scorpions can be divided into two classes a- and (3-
toxins on the basis of their effects on the sodium chan-
nels.! They bind to different receptor sites on the sodium
channels and induce distinct electro-physiological effects.
The B-toxins shift the voltage of activation toward more

negative potentials causing the membrane to fire sponta-

neously and repetitively. The a-toxins slow or make in-
complete the inactivation of the sodium ion permeability in
the channel.? At the same time the a-toxins display a
wide array of preferences on interaction with sodium chan-
nels of different animal phyla.® Accordingly scorpion a-
toxins are divided into the following three categories 1

Classic a-toxins which are highly active on mammals e.
g. a-toxin II from the venom of the scorpion Androctonus
australis hector AaH 11

rus quinquestriatus hebraeus

a-toxin from the scorpion Leiu-
Lqgh TI 2

ins  which are highly toxic to insects and show weak activ-

insect a-tox-
ity in mammalian CNS e.g. a-toxin from Leiurus quin-
questriatus hebraeus Lqh olT  a-toxin Il from L. quin-
Lgqq OI  and a-toxin from
BotIT1 3

which are considerable toxic to both mammals and insects

questriatus quinquestriatus
Buthus occitanus tunetanus a-like toxins

e.g. a-like toxin from Leiurus quinquestriatus hebraeus
Lqgh 11T
Bom III

martensii Karsch BmK I .

a-like toxin from Buthus occitanus mardochei
a-like toxin from Chinese scorpion Buthus
47
a-Like toxin displays special electro-physiological ac-
tions atypical to other a-toxins. For example Lgh III in-
hibits the sodium current inactivation in the cockroach ax-
on but induces in addition a resting depolarization due to
a slowly decaying tail current. The specific binding site of
a-toxins and «-like toxins on the extracellular surface of
sodium channels has been identified as the receptor 3 us-
ing competitive binding studies.* 8 It has been demonstrat-
ed that receptor 3 on insect sodium channels is homologues
but not identical to its mammalian counterpart.® In addi-
tion the a-like toxin is identified binding to different sodi-
um channel subtypes other than those identified by the
classic a-toxins.” Recently it has been discovered that a-
like toxins have ability to specifically target a somatic Na
channel subtype in the mammalian brain.'® This discovery
boosts the interest in a-like toxins.
In this paper we report the purification the charac-
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terization and the sequence determination of an a-like tox-
in named BmK 16 from the venom of Chinese scorpion
Buthus martensii Karsch. The isolation and purification of
this peptide were carried out by a hybrid chromatographic
procedure consisted of gel-filtration ion-exchange chro-
matography and reversed-phase HPLC. Edman degradation
sequencing and 2D NMR techniques were employed to in-
vestigate the primary structure of BmK 16.

Materials and methods
Materials

Scorpions of the species Buthus martensii Karsch
were collected from local culture farms in Henan province
China. The crude venom was obtained by electrically stim-
ulating of the telson the last caudal segments containing
the venom gland of scorpions. The crude venom was pre-
served after it had been lyophilized. Acetonitrile was of
spectroscopic grade. Other chemical reagents were of ana-
lytical reagent grade. Trifluoroacetic acid TFA was pur-
chased from Merck. D,0 and DCI were obtained from Sig-
ma. NaOD was available from Aldrich Chemical Compa-

ny.
Sample preparation and chemical characterization

The peptide BmK 16 was isolated and purified from
the venom of Chinese scorpion Buthus martensii Karsch as
described previously.!! The peptide purification was car-
ried out by a hybrid chromatographic procedure consisted
ion-exchange FPLC and reversed-phase
HPLC. The crude venom was dissolved in ammonium bi-
carbonate buffer 50 mmol/L. pH 8.5 and centrifuged at
4000 g for 15 min. The supernatant was applied to a
Sephadex G-50 column 2.5 em x 150 em  Pharmacia
Fine Chemicals  which was equilibrated and eluted with
ammonium bicarbonate buffer 50 mmol/L. pH 8.5 . The
further separation of fraction IV from the Sephadex G-50
HR 5/5
Pharmacia  with a step gradient of solution A 20 mmol/
L sodium acetate buffer pH 5.0 to solution B 20 mmol/
L. sodium acetate buffer containing 1 mol/L NaCl  see
Fig. 1B . Fraction 12 from the Mono S column was fur-
ther purified by HPLC using a Cjg column 5 pm 4.6 mm
x 250 mm Alltech  eluted at a flow of 1 mL/min with a
linear gradient from 75% solution A

of gel-filtration

column was performed on a Mono S column

water containing
to 40%
acetonitrile containing 20% water and 0.1%
trifluoroacetic acid . The peptide BmK 16 was obtained
after the HPLC chromatography .

The molecular weight of BmK 16 was determined us-
Quattro
VG Micromass UK . Amino acid analysis was performed
on a Beckman 6300 apparatus Beckman USA after hy-
drolysis of the sample in 6 mol/L. HCl under vacuum at

110 °C for 20 h. The N-terminal sequence of BmK 16 was

10% acetonitrile and 0.1% trifluoroacetic acid
solution B

ing a triple-stage quadruple mass spectrometer

achieved by Edman degradation using a Beckman LF3200
Protein-Peptide sequencer.

2.0

A v
E 1.5
[
o0
(o]
5 1.01
(53
g
<
=]
2 05
<
0.0 T T T
50 70 90
Tube number
B
0.60 12 100
€
=1
(=
& 0.40 S
s8] ~
3 F50 =
2 S-
<
< 0201
<
2z
<
0.00 . : : ; . -0
0.0 5.0 10.0 15.0 20.0 25.0
Time (min)
¢ BmK 16
E
o 0.4 4
o0
(o]
=
3
k:
5 0.2 -
2
< U
0 10 20
Time (min)
Fig. 1 Isolation and purification of BmK 16. A  Gel-filtration

chromatography of crude venom on a Sephadex G-50 col-
umn. B FPLC fractionation of the fraction IV from the
Sephadex G-50 column on a Mono S column. C RP-
HPLC fractionation of the fraction 12 from the Mono S col-
umn on a C;g column.

Toxicity tests

Toxicity on mammals was recorded after subcutaneous
18—20 ¢

and toxicity to insects was monitored by injection into the
ventral intersegmental membranes of the cockroach Blat-

injection into mice Kunming strain male
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tella germanica 60 =3 mg . The lyophilized sample

was weighted and dissolved in a solution of 9 mg/mL NaCl

and 10 mg/mL BSA Sigma and injected into each mouse
50 uL.  and cockroach 2 pL .

NMR experiments

The toxin BmK 16 was dissolved in 20 mmol/L
NaH,PO4-H;POy4 buffer containing 20 mg/L. NaN3 and 0.1
mmol/L. EDTA. The solvents were either 100% D,O or
the mixture of 90% H,0 and 10% D,O V/V . The pH
was adjusted to 5.0 by adding microliter of dilute DCI or
NaOD and the final concentration was 2.8 mmol/L.

All '"H NMR experiments of BmK 16 were carried out
on a Unity Inova600 spetrometer. Two-dimensional dou-

ble-quantum-filtered  correlation

COSY

and nuclear

spectroscopy DQF-
TOCSY M

spectroscopy

12 total correlation spectroscopy
Overhauser  enhancement
NOESY 5 spectra were performed in phase sensitive
mode using TPPI the time-proportional phase incrementa-
tion method. The quadrature detection was employed for
both F2 and F1 dimension acquisition with the carrier fre-
quency always maintained at the solvent resonance. An
MLEV-17 composite pulse was used for spin lock in TOC-
SY experiments. Water suppression was achieved using
presaturation during the relaxation delay 1.5 s . All the
two dimensional spectra were measured with 4096 data
points in ¢, dimension and 512 points in ¢; dimension.
Shifted sine window function and zero-filling was applied
prior to Fourier transformation. All NMR data were record-
ed at 300 K. TOCSY spectra were performed in various
mixing periods 30 80 and 120 ms in H,0 80 ms in
D,0 . NOESY spectra were obtained with different mixing
times 200 and 300 ms in H;O 250 ms in D,O respec-
tively. For determination of slowly exchanging protons at
pH=5.0 a series of TOCSY spectra t,, =80 ms were
recorded at 300 K after the sample being redissolved in
D,0 100% . Those amide protons still having correlation
peaks in the TOCSY after standing for 24 h at 300 K were
considered to be slowly exchangeable.
The spectra of BmK 16 were acquired and processed
using Vnmr 6. 1B software. The processed data of the toxin
were analyzed with XEASY 26 on a Silicon Graphics In-

digo 2 computer.
Results

Purification and characterization

The crude venom was initially separated by gel-filtra-
tion chromatography on a Sephadex G-50 column to give
rise 4 fractions Fig. 1A . The toxin-containing fraction
IV from the Sephadex G-50 column was separated by FPLC
into 12 sub-fractions Fig. 1B on a Mono S cation ex-
change column. Fraction 12 from the Mono S column was

purified on a C18 column to afford the peptide BmK 16

Fig. 1C .
The ESI MS spectrum of BmK 16 was shown in Fig.
2 which indicated the homogeneity and molecular mass of
7231.8 Da. The result of amino acid analysis of the toxin
BmK 16 was listed in Table 1. The N-terminal sequence
of BmK 16 determined by Edman degradation was VA-
DAYIAK.

A:7231.8
100
BmK 16
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Fig. 2 ESI-MS spectrum of BmK 16.
Table 1  Amino acid compositions of BmK 16
Amino acid Number of residues

Gly 5.7 6
Ala 4.2 4
Val 4.7 5
Ile 2.0 2
Leu 2.1 2
Asx 8.0 9
Thr 0.7 1
Ser 0.8 1
Glx 3.5 4
Pro 3.5 4
Tyr 4.8 5
Lys 6.2 6
His 1.9 2
Arg 3.0 3
Cys-Cys 3.5 4
Trp 2
MW  calculated 7231.5 Da
MW  experimental 7231.8 Da

Toxicity assay

The toxicity of the toxins BmK I and BmK 16 on
mammals was tested using mice by subcutaneous injection .
LDsgs of BmK I and BmK 16 were 0.63 and 0.24 mg/kg
respectively . The toxicity of two toxins on insect was tested
using cockroach and PUsps of BmK I and BmK 16 were 54
and 29 pg/kg  respectively. Compared with BmK I BmK
16 showed higher toxicities on both mammals and insects.
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Resonance assignment

The sequence-specific resonance assignment of the
toxin BmK 16 was achieved according to the general proce-
dure developed by Wiithrich.!® The spin systems of BmK
16 were identified by their scalar connectivities on the ba-
sis of the DQF-COSY and the TOCSY spectra. The finger-
print region of the DQF-COSY spectrum recorded in H,O
showed most of the HN-H, cross peaks expected. The
TOCSY spectra were used to correlate the side-chain spin-
systems with the HN-H, cross-peaks. Intraresidue NOESY
cross-peaks between 7-NH; of Asn or 6-NH; of Gln and -
H of Asn or r-H of Gln were used to discriminate between
Asp/Asn and Glu/Gln respectively.

The spin systems of the toxin BmK 16 were connected
in sequence by virtue of sequential HN-H, HN-HN and
HN-Hjg connectivities in well-dispersed NOESY spectra.

Two amino acids that are uniquely presence in the
BmK 16 were used as the starting points for sequential as-
signments  Ala4-Tyr5 Vall3-Tyrl4  Glu20-Tyr21 and
Tyrd2-Gly43. Starting from the above dipeptide segments
the assignment proceeded smoothly both in forth and re-
verse directions via HN-H, Fig. 3 HN-HN Fig. 4
and HN-Hp and the sequential connec-
tivities were observed throughout except Cys16-Alal7. The

data not shown

sequential assignments of four proline residues were ob-
tained on the basis of strong NOE cross peaks observed be-
tween the &-protons of each proline and the «-protons of
the proceeding residues and between the «-protons of
prolines and the backbone amide protons of the next
residues. The chemical shifts of the toxin BmK 16 were

listed in Table 2.
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Fig. 4 Sequential HN-HN NOE correlations of BmK 16 H,O 300
K pH=5.0 .

Table 2 'H chemical shifts of BnK 16 300 K pH=5.0
Residue NH a-H B-H Others
Vall 4.20 1.56 y-CH;0.79 0.90
Arg2 8.77 4.70 1.67 1.93 7-CHy1.31 1.44 §-CH,2.99 3.09 NH 7.70
Asp3 8.24 5.26 2.73
Alad 7.54 3.34 1.12
Tyr5 8.28 5.21 3.03 2.79 2 6-H7.50 3 5-H6.91
Ile6 6.53 4.06 1.76 7-CH1.65 1.25 y-CH30.75 &-CH30.66
Ala7 7.88 5.10 0.82
Lys8 8.60 4.42 0.62 7-CH,0.61 0.65 §-CH,0.90 1.05 e-CH,2.55 2.66
Pro9 4.29 1.17 1.32 y-CH,1.78 1.90 6-CH,3.32 3.70
His10 7.68 4.36 2.23 2.71 2-H8.55 4-H7.32
Asnll 8.89 4.06 3.80 2.15 Y-NH, 6.54 6.62
Cys12 8.00 4.83 2.37 3.17
Vall3 7.81 4.65 2.53 y-CH30.53 0.89
Tyrl4 9.04 4.41 2.88 2.69 2 6-H7.19 3 5-H 6.55
Glul5 8.50 4.23 1.92 2.00 y-CH,2.30
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Residue NH a-H B-H Others

Cysl6 8.59 4.80 3.03 3.11

Alal7 9.08 4.81 1.48

Argl8 7.56 4.98 2.25 1.93 y-CH, 1.74 §-CH,3.35 NH 7.45

Asnl9 9.58 4.43 2.98 3.20 7-NH,7.96 7.30

Glu20 10.32 4.04 2.09 7-CH,2.45 2.54

Tyr21 6.64 4.37 3.06 3.40 2 6-H7.10 3 5-H 6.81

Cys22 6.80 4.23 2.39 2.63

Asn23 9.07 3.96 2.82 7-NH,7.83 6.89

Asp24 8.08 4.15 2.73 2.56

Leu25 7.52 3.71 0.97 1.29 y-H0.84 6-CH3;0.20 -0.14

Cys26 8.63 3.96 2.55

Thr27 8.37 4.29 4.17 y-CH;1.12

Lys28 8.32 4.11 1.94 1.79 7-CHy 1.43 §-CHy 1.53 e-CH,2.88 e-NH3 7.52

Asn29 7.04 4.60 2.35 2.94 7-NH, 7.28 7.60

Gly30 7.68 3.73 4.16

Ala31 7.89 4.69 1.21

Lys32 7.87 4.11 1.71 y-CHy 1.44 §-CH,1.58 1.65 ¢-CH,2.97

Ser33 7.56 4.51 3.95 4.06

Gly34 8.68 4.27 4.83

Tyr35 9.00 4.82 3.01 3.12 2 6-H6.95 3 5-H 6.61

Cys36 9.43 5.07 2.70 2.82

GIn37 8.30 4.62 1.82 2.32 y-CH,2.08 2.14 §-NH,5.83 6.53

Trp38 8.78 4.47 3.43 3.09 2-H7.33 4-H7.72 5-H7.15 6-H7.16 7-H 7.42 NH 10.13

Val39 7.77 4.35 2.07 7-CH; 0.86

Gly40 7.75 3.83 4.25

Lys41 8.87 3.81 1.33 1.65 7-CH,0.76 0.90 6-CH, 1.54 ¢-CH,2.87 2.92

Tyrd2 6.87 4.65 1.20 2.88 2 6-H 6.81 3 5-H 6.67

Gly43 7.39 3.61 4.03

Asnd4 8.35 5.20 2.51 2.82 7-NH, 5.58 6.62

Gly45 8.51 4.70 3.87

Cys46 8.23 5.22 2.66

Trp47 9.19 4.47 2.23 2.39 2-H6.31 4-H6.12 5-H7.03 6-H7.16 7-H 7.32 NH 10.09

Cys48 8.29 5.28 2.32 2.81

Lys49 8.27 4.40 1.62 7-CH,1.43 1.30 6-CH,1.73 e-CH,3.06

Glu50 9.28 3.27 1.95 2.10 7-CH, 2.15

Leu51 8.81 4.13 1.76 1.12 7-CH, 1.56 6-CH30.60 0.76

Pro52 4.33 2.44 2.01 7-CH,2.23 1.97 §-CH,3.75 3.51

Asp53 8.64 4.07 2.43 2.60

Asn54 8.05 4.48 2.64 2.96 7-NH,6.76 7.53

Val55 7.40 4.28 1.89 7-CH; 1.09

Pro56 4.25 2.20 1.87 7-CHy2.12 1.90 §-CH,3.70 4.06

1le57 7.71 4.87 1.75 y-CH,0.81 1.08 y-CH30.55 &-CH;0.64

Arg58 8.04 3.95 1.58 0.84 y-CH,0.16 0.20 §-CH,1.99 2.66 NH 6.46

Val59 8.93 4.76 2.39 7-CH;0.73 0.87

Pro60 4.42 1.81 2.35 7-CH,1.98 2.16 §-CH,3.63 3.80

Gly61 8.51 4.54 3.75

Lys62 8.50 4.40 1.70 7-CHy 1.43 §-CH,1.64 ¢-CH,2.95

Cys63 8.53 5.18 3.75 2.54

His64 8.85 4.67 3.00 3.28 2-H 8.44 4-H 7.22
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Amino acid sequence of BmK 16

N-terminal se-
quence analysis eight residues and molecular weight de-
termination are consistent with the calculated values ac-

The results of amino acid analysis

cording to the amino acid sequence of the mature peptide
from the precursor peptide alpha-neurotoxin TX16 derived
from the sequence of the ¢cDNA AF156597 EMBL
These data suggested that BmK 16 shared the same primary
structure with the mature peptide from the precursor pep-
tide alpha-neurotoxin TX16. The sequence-specific reso-
nance assignment of BmK 16 was achieved and the results
supported above conclusion. Therefore the intact se-
quence of BmK 16 is as followings VRDAY IAKPH
NCVYE CARNE YCNDL CTKNG AKSGY CQWVG
KYGNG CWCKE LPDNV PIRVP GKCH.

Discussion

Recently the ¢DNA sequence library of BmK neuro-
toxins has been available.!” '® This afforded a new ap-
proach for the determination of primary sequences of BmK
neurotoxins by the database searching on the basis of the
partial sequence of the unknown peptide within the library
of precursor peptides derived from the ¢DNA sequences.
In this study the sequence of BmK 16 was determined by
Edman degradation sequencing of the N-terminal 8 amino
acid residues of the toxin and the following database
searching. The amino acid sequence of BmK 16 was fur-

ther verified by the sequential assignment of the proton res-
onance of the peptide.

The sequence alignment of BmK 16 with other repre-
sentative a- and a-like toxins Fig. 5 shows that BmK 16
and BmK I share high homology of the primary structure
only having difference at the position 49. Meanwhile the
toxicity tests of BmK 16 showed that it was high toxic to
both mammals and insects suggesting the character of the
a-like toxin. On the other hand although the sequences of
the toxins BmK 16 and BmK 1 share high homology the
toxicity of BmK 16 towards mammal and insect is about two
times higher than that of BmK 1. At the same time it is
fascinating that the sequence of BmK 16 has a distinct low-
er homology with a-like neurotoxins Lgh III and Bom III
than with insect a-toxins LqhalT Lqgq III and BotlT1.
Therefore the facts mentioned above indicate that BmK 16
should be a new member of the «-like neurotoxin subfami-
ly.

The work reported in this paper is a good starting
point for the further study of the solution structure of BmK
16 to gain an insight the pattern of the interactions between
the a-like toxins and the sodium ion channel.
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1 10 20 30 40 50 60 64
BmK 16 VRDAY TAKPHNCVYECA-RNEYCNDLCTKNGAKSGY CQWVGKYGNGCWCKELPDNVPIRVPG—KCH-
BmK I ... . i B Ioooooooin, el
Lgh TIT ...G...Q.E....H FPGSSG. DT. . KEK. GT. . H. GFKVGH. LA. . . NA. . . .. G.I.E.E...Sx%
Bom III G..G...Q.E....H FPGSSG. DT. . KEK. . T. . H. GFLPGS. VA. . . DN. . NK. .. V.G.E. .. -
LghaIT  ........ NY...... F-.DA...E....... Sl Ao ALYA ool T
Lgg III  ........ NY...... F-.DS........... Sooo AL ALYA ool el
BotIT1  ....... QNY....F.M-KDD........... S Ao ACUYALLoL L I..-...S
AaH TI .K.G..VDDV. . T.F.G-..A...EE...LKGE. .. ... ASP...A. Y. YK... H.RTKG..-R..—*
Lgh IT IK.G..VDDV..T.F.G—..A...EE...LKGE. .. ... ASP...A. Y. YK...H. RTKG. . R.R-

Fig. 5 Sequences alignment of BmK 16 BmK I and also other representative a- and a-like toxins. The amino acid sequences are aligned ac-
cording to their cysteine residues. An asterisk indicates amidation at the C terminus. Gaps are presented as dashes. Numbers are la-
beled according to the sequence of BnK 16. BmK I !7 Lqh III and Bom III are a-like toxins !° LqhadT Lqq III and BotIT1 are «-tox-
ins highly active on insects.!® 20
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