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ABSTRACT: The scorpion Buthus martensii Karsch (BmK) has been one of the indispensable materials in Chinese traditional
medicine for thousands of years. In this work, an analgesic peptide was purified through four continuous chromatographic steps.
The mouse twisting test was used to identify the target peptides in every separation step. The molecular weight, isoelectric point,
and N-terminal residues of the purified peptide were determined. Based on the N-terminal sequence, the cDNA was also cloned
by rapid amplification of cDNA ends from the cDNA pool of scorpion glands. This peptide was identical to BmK AS, an agonist
of rabbit skeletal muscle ryanodine receptors. Preliminary pharmacodynamics revealed the following: the dose–effect curve plotted
by the mouse twisting test showed an ED50 of 1.42 mg/kg; and the time–effect curves plotted by a hot plate procedure showed a
similar effect to the painkiller morphine. We report a purification procedure that yields substantial amounts of natural BmK AS
having high activity. BmK AS has the potential to become a new analgesic medicine. Copyright © 2007 John Wiley & Sons, Ltd.
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INTRODUCTION

The scorpion Buthus martensii Karsch has been used
in Chinese traditional medicine for thousands of years.
Whole scorpions, scorpion tails and their extracts have
been found to be effective in treating certain neural
diseases such as apoplexy, epilepsy, facial paralysis and
hemiplegia, in addition to their use for soothing the
nerves and relieving pain caused by meningitis, cerebral
palsy and rheumatism (Liu et al., 2003). After testing
scorpion venom in rats, mice and monkeys in five dif-
ferent models, Li et al. (1997) reported that this venom
did not elicit dependence. Moreover, long-term clinical
data have shown no cases of addiction. Considering
that traditional painkillers often lead to the develop-
ment of tolerance, the use of bioactive peptides
alone or in combination may produce a concerted anti-
nociceptive effect without tolerance.

Being a toxic animal, scorpions also produce side
effects in clinical use, and thus the purification of ana-
lgesic peptides from scorpion venom has become a
subject of vigorous investigation. In recent decades,

several hundred scorpion peptides have been identified
through biochemical purification or deduced from gene
cloning (Tan et al., 2006). Most purification has been
carried out using RP-HPLC, which can yield peptides
with high purity; however, upon elution with organic
solvents, peptides may be partly or entirely denatured,
with consequent loss of bioactivity.

To address the issue of peptide denaturation during
purification, we have utilized biochemically temperate
macromolecular separation and purification techno-
logies to purify scorpion peptides that retain their
bioactivity. Here, we report the purification and charac-
terization of an analgesic peptide, BmK AS, an agonist
of rabbit skeletal muscle ryanodine receptors. This
peptide is a potential painkiller that may circumvent
the propensity for addiction of traditional painkillers
and decrease the side effects of crude scorpion and
scorpion venom preparations.

EXPERIMENTAL

Materials and equipment. Scorpion venom collected by an
electrical milking procedure was a lyophilized product pur-
chased form Qinhuang Dao (He Bei province, China). The
chromatography media, SP Sepharose Fast Flow and Phenyl
Sepharose 4 Fast Flow, were purchased from Amersham
Pharmacia Biotech (Uppsala, Sweden). The columns of
Superdex Peptide HR 10/30 and µRPC C2/C18 ST 4.6 × 100
were also from Amersham Pharmacia Biotech (Uppsala,
Sweden). Trifluoroacetic acid and acetonitrile were purchased
from Merck (Schuchardt, Germany). ÄKTA purifier 100
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chromatography system and a gel electrophoresis apparatus
were from Amersham Pharmacia Biotech. The mice used in
the bioactivity assay were Kunming mice from the animal
center of Shenyang Pharmaceutical University.

Preparation of scorpion venom solution. Lyophilized scor-
pion venom powder (5.0 g) was dissolved in 50 mL buffer A1

(50 mM sodium phosphate, pH 6.0) overnight. After centrifu-
gation at 10,000g for 10 min at 4°C, the supernatant was re-
served for subsequent separation and purification procedures.

Two-step cation exchange chromatography. The first separa-
tion step was carried out on an SP Sepharose Fast Flow column
(2.6 × 20 cm). The column was equilibrated with buffer A1, allow-
ing the binding of the desired solute molecules. The sample
solution in buffer A1 was loaded at a flow rate of 1.0 mL/min.
The column was eluted at 5.0 mL/min by five steps of increas-
ing ionic strength using 500 mL of each of the buffers: B1 (A1

+ 100 mM NaCl), C1 (A1 + 200 mM NaCl), D1 (A1 + 300 mM

NaCl), E1 (A1 + 500 mM NaCl) and F1 (A1 + 1.0 M NaCl).
The buffer E1 fraction [Fig. 1(A)] contained analgesic activity

and was used for a second separation step on another SP
Sepharose Fast Flow column (1.6 × 15 cm). The buffer E1 frac-
tion was concentrated and desalted by ultra-filtration, adjusted
to pH 6.8, and loaded onto the column equilibrated with buffer
A2 (50 mM sodium phosphate, pH 6.8, + 200 mM NaCl).

Elution was carried out at 2.0 mL/min with a linear ionic strength
gradient of buffer A2 to 100% buffer B2 (50 mM sodium phos-
phate, pH 6.8 + 500 mM NaCl) over 20 column volumes.

Hydrophobic interaction chromatography. The analgesic
fraction from SP Sepharose chromatography was further puri-
fied by hydrophobic interaction chromatography on a Phenyl
Sepharose 4 Fast Flow column (1.6 × 15 cm). The column was
equilibrated with two column volumes of buffer A3 (50 mM

sodium phosphate, pH 7.0 + 1.0 M ammonium sulfate). Peak 4
of the second step of SP Sepharose chromatography [Fig. 1(B)]
was loaded onto the column after ammonium sulfate had
been added to a concentration of 1.0 M and adjusted to pH
7.0. The column was eluted at 2.0 mL/min with a linear
descending salt gradient of buffer A3 to 100% buffer B3

(50 mM sodium phosphate, pH 7.0) over 10 column volumes.

Gel filtration chromatography. Based on the molecular
weight of known scorpion neurotoxins (<10 kDa), Superdex
Peptide HR 10/30 was chosen for its ability to separate
peptides and small proteins below Mr 10,000. The hydropho-
bic interaction chromatography fractions containing analgesic
activity were pooled [Fig. 1(C)] and concentrated to 3 mL
and then loaded onto the Superdex Peptide HR 10/30
column. The elution buffer was 50 mM sodium phosphate, pH
7.0, 150 mM NaCl, at a flow rate of 1.0 mL/min.

Figure 1. Separation and purification procedure for the analgesically activity peptide from BmK venom. (A) Crude venom sepa-
rated by cation exchange chromatography on SP Sepharose Fast Flow. (B) Second step: further separation by cation exchange
chromatography on SP Sepharose Fast Flow. (C) Third step: separation on Phenyl Sepharose Fast Flow. (D) Final step: separa-
tion by gel filtration on Superdex Peptide HR 10/30.



Copyright © 2007 John Wiley & Sons, Ltd. Biomed. Chromatogr. 21: 1266–1271 (2007)
DOI: 10.1002/bmc

1268 J. Shao et al.ORIGINAL RESEARCH

RP-HPLC. The first peak that eluted from the gel filtration
column [at ~8 kDa; Fig. 1(D)] was further purified by RP-
HPLC on a column of µRPC C2/C18 ST 4.6 × 100 mm
(Amersham Pharmacia Biotech). Gradient elution was
carried out with solvent A (0.1% TFA in water) and solvent
B (0.1% TFA, 70% acetonitrile in water) from 15 to 100% B
over 40 min at a flow rate of 0.8 mL/min.

SDS-PAGE and isoelectric focusing. Polyacrylamide gel
electrophoresis was carried out using a 15% separation gel
with a 5% stacking gel in a Tris-glycine buffer system.
Samples of 20 µL were loaded per well. Constant currents of
10 mA at the stacking gel and 20 mA at the separation gel
were applied. The gel was stained with Coomassie brilliant
blue (CBB) R-250.

Isoelectric focusing was carried out on a 4% polyacryla-
mide gel with 2% carrier ampholytes (pH range 3.5–10.5).
Samples of 20 µL were loaded per well. The running buffers
were 1.0 M H3PO4 (anode) and 1.0 M NaOH (cathode), and a
constant voltage of 150 V was applied to a current of about
0.5 mA. The gel was stained with CBB R-250.

Analgesic activity assays. The mouse-twisting assay was
performed as described by Fennessy and Lee (1975). Mice of
18–20 g were injected intraperitoneally with 0.2 mL 0.6%
acetic acid per 20 g body weight to induce extensive and long-
lasting pain in their internal organs. The resultant twisting
response of the mouse, reflecting pain intensity, was quanti-
fied. To perform the bioassay, 0.2 mL analgesic fractions solu-
tions varying in concentration were injected intravenously at
the tail; 0.9% sodium chloride solution was the negative con-
trol and the pain killer morphine (Shenyang, China) was used
as an analgesic control. Twenty minutes later, 0.2 mL 0.6%
acetic acid solution was then injected intraperitoneally. Five
minutes later, the number of mouse twisting actions was
counted for 10 min. At each sample, including the controls,
10 mice per group were injected with the same dose, and the
results were analyzed using a t-value test.

The hot plate assay was performed as described (O’Callaghan
and Holtzman, 1975). Female mice of 18–22 g were placed on
a hot plate (55 ± 0.5°C) to induce foot pain. In response, mice
would lick or kick their feet; pain intensity was quantified
as the time from hot plate placement to the licking or kick-
ing action. To perform this bioassay, prospective analgesic
(0.2 mL) was injected through the tail vein 5 min in advance.
Pain intensity, as described above, was measured at 10 min

intervals. If no pain response occurred within 60 s, the mouse
was removed from the hot plate to prevent foot damage, and
the time was recorded as 60 s. Morphine was used as an ana-
lgesic control. Ten mice per group were injected with the
same dose, and the results were analyzed by t-value test.

Sequencing. First, the N-terminal 17 amino acids of the ana-
lgesic peptide were determined by automated Edman degra-
dation with an Applied Biosystems Procise Sequencer. The
phenylthiohydantoin (PTH) derivatives of amino acids were
analyzed with an on-line PTH analyzer using a PTH-C18

column (ABI).
The cDNA encoding the mature analgesic peptide was

cloned by 3′-rapid amplification of cDNA ends (RACE).
Total RNA (0.5 µg) was converted to cDNA using RevertAid™
M-MuLV reverse transcriptase (Fermentas) and an oligo
dT(17) at 42°C for 60 min (Bougis et al., 1989). The partial
gene encoding the analgesic peptide from the 3′ end was then
amplified by a pair of PCR primers: gene-specific primer for
the analgesic peptide (5′-gtaaagaccgataatggttacttgcttgac-3′),
corresponding to the N-terminal seven residues (DNGYLLD),
and oligo dT(17). The PCR product was cloned into the
pGEM-T Easy T Overhang Vector System (Promega), and
several positive clones were analyzed by nucleic acid sequenc-
ing (Sambrook et al., 1989).

RESULTS AND DISCUSSION

An analgesic peptide was obtained by a four-step separ-
ation and purification protocol that included cation
exchange chromatography [Fig. 1(A, B)], hydrophobic
interaction chromatography [Fig. 1(C)] and gel filtration
chromatography [Fig. 1(D)]. The purity of the analgesic
peptide was determined by SDS-PAGE [Fig. 2(A)] and
RP-HPLC [Fig. 2(C)]. Its isoelectric point was 9.0 as
determined by isoelectric focusing [Fig. 2(B)], and the
apparent molecular weight was determined to be about
8 kDa.

Every separation and purification step was monitored
by an analgesic activity bioassay (Table 1). Interestingly,
the dose required to produce equivalent analgesic
effects did not decrease with the increasing purity of
the sample (Table 1). It is generally acknowledged that

Table 1. Analgesic activity at each purification step

Dose Twisting times Analgesic
Samples (mg/kg) (mean ± SD) activity

Control — 36.6 ± 2.5 —
A-E 2.0 2.5 ± 4.0 93.2%
B-IV 1.6 4.5 ± 1.9 87.7%
C-I 2.0 5.7 ± 2.4 84.3%
D-I 2.6 3.5 ± 2.6 90.5%
Morphine 2.0 7.1 ± 3.0 80.6%

Analgesic activity was calculated as: (T0 − T)/T0 × 100%, in which T0 is the average twisting time of
the control group and T is the average twisting time of experimental mouse groups injected with
analgesic fractions or the pain killer morphine as a positive control (n = 10, p < 0.01).
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by Edman degradation. Based on the first seven residues,
we cloned the corresponding 198 bp cDNA [Fig. 3(A)]
that encoded a mature peptide of 66 residues [Fig. 3(B)].
In NCBI Sequence Blast (Fig. 4), this analgesic peptide
was determined to be identical to BmK AS (GenBank
accession number AF079060; Ji et al., 1999; Lan et al.,
1999). BmK AS was found to be an agonist of skeletal
muscle ryanodine receptors of rabbit (Ji et al., 1997a).
BmK AS relieves formalin-induced two-phase sponta-
neous flinching response and carrageenan-induced
mechanical hyperalgesia, probably by modulating the
voltage-gated Na+ channels of sensory neurons (Chen
and Ji, 2002; Chen et al., 2006).

Compared with the previously published purification
procedure for BmK AS using RP-HPLC (Ji et al.,
1997b), we established a protocol whereby BmK AS
maintained its native structure and activity. As such,
the yield of BmK AS was sufficient for further phar-
macology study. Two classic models were used to test

scorpion venom contains a wide variety of compounds.
It contains mucopolysaccharides, hyaluronidase, pho-
spholipase, low relative molecular mass molecules like
serotonin and histamine, protease inhibitors, histamine
releasers and polypeptides (Martin and Couraud, 1995).
Such venoms have the function of defending the scor-
pion against very different organisms or quickly para-
lyzing its victims. A common basis is their occurrence
in the venom together with hyaluronidase, which acts
in a general manner on a wide range of different cell
membranes (Wullschleger et al., 2005). This implies that
the venoms contain both direct-acting and synergistic
components. When the synergistically acting components
are separated, the peptides exhibit reduced activity. We
can also presume that there exist certain pain-causing
components to mask the analgesic activity of certain
peptides.

The N-terminal 17 residues of the purified analgesic
peptide, DNGYLLDKYTGCKVWCV, were determined

Figure 2. Characterization of the analgesic peptide, BmK AS. (A) Coomassie Blue R250-stained SDS–
PAGE gel (15%) of the purified analgesic peptide (reduced). The left lane shows a low molecular
weight marker, and the right lane shows the purified analgesic peptide. (B) Isoelectric focusing analy-
sis of the purified analgesic peptide on a 4% polyacrylamide gel with 2% carrier ampholytes (pH
range 3.5–10.5). (C) RP-HPLC of the purified analgesic peptide on a µRPC C2/C18 ST column (4.6 ×
100 mm). The sample was applied in 0.1% trifluoroacetic acid in water, and the column was eluted
with a gradient of acetonitrile over 40 min.

Figure 3. (A) Analysis of the amplified cDNA encoding the analgesic peptide on a 1.0% agarose
gel. (B) The nucleotide and deduced amino acid sequences of the analgesic peptide.



Copyright © 2007 John Wiley & Sons, Ltd. Biomed. Chromatogr. 21: 1266–1271 (2007)
DOI: 10.1002/bmc

1270 J. Shao et al.ORIGINAL RESEARCH

the analgesic effect of purified BmK AS on whole
animals: in the mouse-twisting model, mice were injected
intraperitoneally with acetic acid to induce pain in their
internal organs, whereas in the hot plate procedure the
mice were placed on a hot plate to induce pain in their
limbs. BmK AS had a strong analgesic effect on both
visceral and somatic pain. In our preliminary pharma-
cological studies, the dose–effect curve showed that BmK
AS was effective over a wide dose range [Fig. 5(A)],
with an ED50 of 1.42 mg/kg. As shown by the time–
effect curves [Fig. 5(B)] BmK AS had activity nearly
equivalent to that of morphine.

Recently, several bioactive peptides have been used
clinically as painkillers; these include α-CTX from
conotoxins (Brose and Gutlove, 1997) and HWAP-I
from Selenocosmia huwena venoms (Liang et al., 1993).
Scorpions, and parts/extracts thereof, have been used in
traditional medicine for thousands of years, and the
safety and efficacy of these natural products have been
confirmed. As such, BmK AS, as an analgesic and anti-
hyperalgesia peptide, has the potential to become a
new kind of painkiller.
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