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a b s t r a c t

Scorpion, one of the most ancient invertebrates was chosen, as a model of a primitive animal, to purify and
characterize an amylase located in the hepatopancreas. The scorpion digestive amylase (SDA) was puri-
fied. Pure SDA was obtained after heat treatment followed by ammonium sulfate fractionation and three
steps of chromatography. The pure amylase is not glycosylated and has a molecular mass of 59,101 Da
determined by MALDI-TOF MS analysis. The maximal amylase activity was measured at pH 7.0 and 50 ◦C,
in the presence of Ca2+ and using potato starch as substrate. The enzyme was able to hydrolyze also,
glycogen and amylose. The 23 NH -terminal amino acid SDA residues were sequenced. The sequence
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obtained is similar to those of mammalian and avian pancreatic amylases. Nevertheless, polyclonal anti-
bodies directed against SDA failed to recognize classical digestive amylases like the porcine pancreatic

1

w
T
p
c

p
[
H
m
p
i
w
e

l
y

l
t
B
s
G
t

1
d

altose
haracterization

one.

. Introduction

�-Amylases (�-1,4-glucan-4-glucanohydrolase, EC 3.2.1.1) are
idely distributed in plants, animal tissues and micro-organisms.

hey catalyze the hydrolysis of �-(1 → 4) glucosidic linkages of
olysaccharides such as starch, glycogen and the related polysac-
harides from different sizes of oligosaccharides.

The presence of an amylase has been described for many arthro-
oda including members of the subphylum of crustaceans (crab
1], shrimp [2,3] and lobsters [4]) and also in the subphylum of
exapods such as insects [5–11]. However, relatively little infor-
ation is available concerning the eventual presence and the

roperties of amylases in the subphylum of chelicerate and includ-
ng the class of Arachnids. Scorpion, one of the ancient arachnids,

as chosen in this work as a model of primitive animal to study the

nzyme implicated in polysaccharides digestion.

Within the phylum of arthropods, scorpions are ancient che-
icerates that have changed little since the Silurian (450 million
ears), and are considered as the oldest known terrestrial species.

Abbreviations: ELISA, enzyme linked immunosorbent assay; FPLC, fast protein
iquid chromatography; SDS-PAGE, sodium dodecyl sulfate polyacrylamide gel elec-
rophoresis; SDA, scorpion digestive amylase; BLA, Bacillus liqueniformis amylase;
SA, bovine serum albumine; PPA, porcine pancreatic amylase; DNS, 3,5-dinitro-
alicilic acid; EDTA, ethylene diamine tetra-acetic acid; G1, glucose; G2, maltose;
3, maltotriose; G4, maltotetraose; G5, maltopentaose; G6, maltohexaose; G7, mal-

oheptaose; HPLC, high presure liquid chromatography; kDa, kilodalton.
∗ Corresponding author. Tel.: +216 74675055; fax: +216 74675055.
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The food of scorpions is composed exclusively of a live arthro-
pods, insects and myriapods. It is well known that scorpions
can survive several weeks without food or water. During this
time, glycogen, which is stored in high concentrations in the
digestive glands and muscles, serves as a nutrient reserve [12].
The glycogen is broken down into glucose which is released
into the blood so that even during extended starvation peri-
ods blood sugar levels remain nearly constant [13]. The scorpion
digestive glands, which represent our starting tissue in this
work, occupy most of the space in the preabdomen and are
conspicuous, clumped together and cannot be distinguished as sep-
arate glands. The main part of digestion occurs in these glands
(http://www.lander.edu/rsfox/310vaejovisLab.html). The scorpion
digestive glands were studied at the ultrastructure level [14]. The
digestive diverticula of a scorpion, Androctonus australis, are com-
posed of two differentiated cells: basophilic cells and digestive
cells. Whereas basophilic cells produce exoenzymes, digestive cells
ensure intracellular digestion of nutrients absorbed by pinocytosis
and store lipids, glycogen and mineral salts. The wastes of the diges-
tive process are concentrated in brown body vacuoles, and then
ejected into the lumen of the diverticulum. According to Goyffon
and Martoja [14], the digestive mode of the scorpion associates a
primitive intracellular process with an advanced extracellular one.
The scorpion hepatopancreas consists of digestive diverticula and

interstitial tissue. A digestive diverticulum is composed of two dif-
ferentiated cell types: the secretory zymogene-like cells and the
digestive cells which are the most abundant. The immunocytolo-
calization of the scorpion digestive lipase (SDL), which has been
previously purified from scorpion hepatopancreas [15], indicates

http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:ytgargouri@yahoo.fr
http://www.lander.edu/rsfox/310vaejovisLab.html
dx.doi.org/10.1016/j.jchromb.2010.01.047
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hat lipid digestion might occur in specific granules inside the diges-
ive cells, as suggested by previous studies on the scorpion digestive
rocess [16].

Many studies have attempted to purify serine proteinase-like
17], phospholipase [18] and many toxins from scorpion venom.
owever, in our knowledge, no digestives enzymes from the scor-
ion digestive glands have been purified so far except for the
corpion digestive lipase (SDL) which was the first enzyme puri-
ed and characterized from the scorpion hepatopancreas [15]. This
aper reports the purification to homogeneity of an active amy-

ase from the scorpion digestive glands. This amylase, tentatively
amed: scorpion digestive amylase (SDA) was characterized with
espect to its biochemical properties.

. Materials and methods

.1. Animals

Scorpions (chelicerate, scorpionidae, Scorpio maurus) were col-
ected alive from the area of Agareb (Sfax, Tunisia) and frozen until
eath.

.2. Enzymes and oligosaccharides

Pure porcine pancreatic amylase (PPA) was purchased from
igma and pure Bacillus liqueniformis amylase (BLA) was a gener-
us gift, from Mr. Hmidet N. (Ecole Nationale d’Ingénieurs de Sfax
ENIS), Tunisia).

Oligosaccharides composed of glucose with a polymerisation
egree varying from 2 (G 2; maltose) to 7 (G 7; maltoheptaose)
ere purchased from Sigma.

.3. Delipidation of scorpion hepatopancreases

After defreezing, preabdomens were cleared from the cuticle
nd delipidated according to the method described previously [19].
fter delipidation, 15 g of powder were obtained from 60 g of fresh

issue isolated from 200 scorpions.

.4. Determination of protein concentration

Protein concentration was determined as described previously
20], using bovine serum albumin (E1%

1 cm = 6.7) as reference.

.5. Amylase activity determination

Amylase activity was measured with the dinitrosalicylic acid
ethod using soluble starch as substrate [21]. The reaction mix-

ure contained 0.5 ml of appropriately diluted enzyme and 0.5 ml

f buffer A (100 mM MOPS pH 7,3 mM CaCl2 and 10 mM NaCl)
ontaining 0.5% (w/v) of soluble starch. The amylase activity was
alculated using maltose solutions as reference. One amylase unit
U) is defined as the amount of amylase releasing 1 �mol reducing
ugar as maltose per minute.

able 1
low sheet of SDA purification.

Purification step Total activitya (units) Protein (mg)

Extract of SDA (pH 8) 10,204 ± 563 1884.6 ± 367
Heat treatment (55 ◦C) 10,057 ± 498 1509 ± 330.8
(NH4)2SO4 precipitation (50-80%) 5618 ± 75 150.5 ± 2.8
Sephadex G-100 chromatography 3923 ± 104.4 73.3 ± 0.8
Mono-Q-Sepharose chromatography 3276 ± 89.5 13.24 ± 0.47
Phenyl-sepharose chromatography 1652 ± 94.34 1.18 ± 0.35

a 1 unit, 1 �mol of maltose released per min at 50 ◦C and pH 7 using soluble starch as s
. B 878 (2010) 853–860

2.6. Purification steps of SDA

Delipidated powder (10 g) of scorpion hepatopancreases was
suspended in 100 ml of buffer B (10 mM Tris–HCl pH 8, 10 mM NaCl
and 3 mM CaCl2). The mixture was stirred during 30 min at 4 ◦C,
then centrifuged for 30 min at 12,000 rpm.

2.6.1. Heat treatment
The supernatant was incubated for 5 min at 55 ◦C. After rapid

cooling, insoluble proteins were removed by centrifugation dur-
ing 30 min at 12,000 rpm. The recovery of amylase activity in the
treated crude extract was about 98% of the initial activity (Table 1).
This step is important to eliminate proteases (data not shown).

2.6.2. Ammonium sulfate precipitation
The supernatant was subjected to ammonium sulfate fractioned

precipitation. SDA precipitated in a saturation range of [50–80%]
ammonium sulfate added under stirring conditions at 4 ◦C. After
centrifugation (30 min at 12,000 rpm) the pellet was resuspended
in 12 ml of buffer B. Insoluble material was removed by centrifuga-
tion for 10 min at 12,000 rpm.

2.6.3. Filtration on Sephadex G-100
The supernatant issued from ammonium sulfate precipita-

tion, was loaded on a gel filtration Sephadex G-100 column
(2.8 cm × 90 cm) equilibrated with buffer B. Elution of amylase was
performed with the same buffer at 30 ml/h. The fractions contain-
ing the amylase activity (eluted at 1.2 void volume) were pooled
(fractions from 86 to 104) (Fig. 1A).

2.6.4. FPLC anion exchange Mono-Q Sepharose
The pooled fractions of Sephadex G-100 column were con-

centrated and injected onto an FPLC Mono-Q Sepharose column
equilibrated with buffer B. The column (1.6 cm × 15 cm) was rinsed
with the same buffer. Then, proteins were eluted with a linear
gradient of NaCl prepared in buffer B. SDA was eluted at a salt
concentration of 50–70 mM NaCl (Fig. 1B).

2.6.5. Phenyl-sepharose chromatography
Active fractions eluted from Mono-Q Sepharose column were

pooled and loaded onto a phenyl-sepharose column (1.6 cm × 6 cm)
equilibrated with buffer B. Under these conditions, SDA was
adsorbed onto the gel. After washing the column with buffer B,
the enzyme was eluted by running a linear gradient of acetonitryl
ranging from 0 to 20% prepared in buffer B. The amylase activity
was not affected by the presence of acetonitryl (data not shown).

2.7. Chromatographic analysis of the starch or oligosaccharides
hydrolysis products
The reaction mixture contained 10 U of amylase and 0.5% of
soluble starch or oligosaccharides in buffer A at 50 ◦C. The starch
hydrolysis products were analysed by HPLC method using an
Aminex HPX-42A saccharide analysis column. Water was used
as mobile phase at a flow rate of 0.3 ml/min. Eluted peaks were

Specific activity (U/mg) Activity recovery (%) Purification factor

5.41 ± 0.2 100 1
6.66 ± 0.23 98.6 ± 5.9 1.23 ± 0.09

37.42 ± 1.89 55 ± 2.7 6.91 ± 0.32
53.5 ± 5.65 38.4 ± 1.56 9.89 ± 0.28

247.43 ± 7.8 32.1 ± 0.78 45.73± 1.89
1400 ± 58 16.19 ± 0.24 258.79 ± 8.5

ubstrate.
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Fig. 1. (A) Chromatography of SDA on Sephadex G-100. The column
(3.2 cm × 100 cm) was equilibrated with buffer B (10 mM Tris–HCl pH 8, 10 mM
NaCl and 3 mM CaCl2). The elution of amylase was performed with the same buffer
at a flow rate of 30 ml/h and 4.6 ml by fraction. SDA activity was measured as
described in Section 2 using potato soluble starch as substrate. Active fractions
(86–104) were pooled. (B) Chromatography of SDA on FPLC Mono-Q Sepharose.
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at 37 ◦C. Thereafter, 100 �l of serum, diluted at 1:500 with saturat-
he column was equilibrated with buffer B; a linear gradient was applied from 10
o 150 mM NaCl in buffer B; the elution of amylase was performed with the same
uffer at a flow rate of 2 ml/min and 3 ml by fraction.

etected using a differential refractometric detector (Shimadzu).
urthermore, the starch or various oligosaccharides (from G 2 to G
) hydrolysis products were subjected to a thin-layer chromatogra-
hy (TLC) on silica gel 60 (Merck) using a solvent system composed
f chloroform/acetic acid/water (60:70:10; v/v/v). The spots were
isualized by spraying TLC plates with H2SO4/methanol (5:95; v/v)
ollowed by a heating step at 105 ◦C for 10 min.

.8. Zymogram

Zymogram for amylase activity was carried out on polyacry-
amide native gel. After separation, the polyacrylamide gel was
laced on the top of an agarose–starch gel and incubated for 10 min
t 50 ◦C [22]. The agarose–starch matrix was stored in close iodine
hamber and amylase activity was revealed by clear bands on a
ark background.

.9. SDS-PAGE, isoelectric focusing gel and Western blotting

Analytical polyacrylamide gel electrophoresis of proteins in
he presence of sodium dodecyl sulfate (SDS-PAGE) was per-
ormed as described by Laemmli [23]. Isoelectric focusing gel was
tained, using Coomassie brilinant blue in the same way as the
DS-PAGE gel after removing the ampholitic compounds. Samples

or sequencing or immunoblotting were electrotransferred onto
olyvinylidene difluorid and a nitrocellulose membrane respec-
ively. Protein transfer was performed during 2 h at 4 mA/cm2 at
oom temperature.
. B 878 (2010) 853–860 855

2.10. MALDI-TOF mass spectrometry analysis

The molecular mass of the purified SDA was determined by
matrix-assisted laser desorption ionization time-of-flight analysis
(Applied Biosystems, Foster City, CA, USA) in positive ion linear
mode with a delayed extraction. A solution of sinapinic acid in
water and acetonitrile (40:60, v/v) was used as a matrix. One micro-
liter of enzyme solution was mixed on the plate target with an equal
volume of the above matrix, and the spot was allowed to air-dry.
Ions were accelerated with an extraction voltage of 25 kV. Spectra
were obtained by performing 256 successive laser shots. It is worth
noting that when proteins are being studied, an error of less than
0.5% can be expected to occur with MALDI-TOF analysis.

2.11. Amino acid sequencing

The NH2-terminal end of scorpion digestive amylase (SDA) was
sequenced by automated Edman’s degradation, using an Applied
Biosystems Protein Sequencer Procise 492 cLC [24].

2.12. Oligosaccharides content

The glycan chains content of the purified SDA was estimated by
anthrone-sulfuric acid method using glucose as a standard [25].

2.13. Production of polyclonal antibodies

Polyclonal antibodies directed against purified SDA were pro-
duced on rabbits after subcutaneous and intra-muscular injections
every 3 weeks of 0.5 mg of pure amylase. The first injection included
complete Freund’s adjuvant, while the last two injections contained
incomplete adjuvant.

2.14. Immunoblotting technique

The reactivity of anti-SDA serum with amylases (SDA, PPA or
BLA) was checked using immunoblotting technique. After protein
transfer, membranes were rinsed three times with PBS (phos-
phate buffer saline: 10 mM phosphate pH 7.2, 150 mM NaCl), then
saturated with 3% of milk powder in PBS (saturating buffer) for
1 h at room temperature. Thereafter, anti-SDA serum diluted at
1:1000 with PBS containing 0.05% Tween-20 (PBS/Tween-20) were
incubated with the membranes for 1 h at room temperature. After-
wards, membranes were washed three times with PBS/Tween-20
then incubated for 1 h at room temperature with a 1:2000 dilution
of alkaline phosphatase-conjugated anti-rabbit immunoglobulin
(Sigma). After washing as mentioned above, membranes were incu-
bated with a phosphatase substrate solution containing 0.3 mg/ml
of nitroblue tetrazolium chloride (Sigma), 0.2 mg/ml of 5-bromo-
4-chloro-3 indolyl-phosphate (Sigma) and 0.2 mg/ml of MgCl2 to
reveal the specific immunoreactivity.

2.15. Enzyme linked immunosorbent assay (ELISA) analysis

The immunoreactivity of anti-SDA polyclonal antibodies with
amylases (SDA, PPA or BLA) was checked, using the ELISA technique.
Purified amylases (SDA, PPA or BLA) were diluted using coating
buffer (PBS) to obtain a final concentration of 1 �g/ml. Aliquots
(100 �l) were coated onto polyvinyl chloride microtiter wells and
incubated overnight at 4 ◦C. The wells were then saturated by
adding 100 �l of saturating buffer (3% of powder milk in PBS) for 2 h
ing buffer, were added to each well and the plates were incubated
for 1 h at 37 ◦C. Afterwards, 100 �l of peroxidase-conjugated anti-
rabbit immunoglobulin (Sigma) diluted at 1:2000 with saturating
buffer were added to each well and the plates were kept at 37 ◦C
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or an additional hour. Then, 100 �l of freshly prepared peroxidase
ubstrate solution (an o-phenylenediamine tablet (Sigma) was sol-
bilized in 50 mM sodium phosphate/citrate, pH 5 containing 0.4%
f fresh hydrogen peroxide) were added to each well. The plates
ere incubated in the dark for 30 min at room temperature. The

nzymatic reaction was then stopped by adding 50 �l of 0.5 M
2SO4. The absorbance was read at 490 nm in a micro-ELISA reader

Dynatech).

. Results and discussion

.1. Purification of SDA, and NH2-terminal sequence
etermination

SDA was purified according to the procedure described in Sec-
ion 2. The purification flow sheet is shown in Table 1. After
henyl-sepharose chromatography, the purification factor reached
59 with a recovery yield of 16% of the initial amylase activity. At
his stage, the SDA specific activity was found to be 1400 U/mg using
oluble starch as substrate at 50 ◦C and pH 7.

After hydrophobic chromatography, the fractions containing
DA were pooled and analysed on SDS-PAGE. Fig. 2A shows that
fter the last step of chromatography, the enzyme appears as one

and having an apparent molecular mass of 59 kDa. This value is in
greement with that determined by MALDI-TOF analysis 59,101 Da
data not shown).

The activity staining of purified enzyme under native condi-
ions given in Fig. 2B revealed a clear zone of amylase activity

ig. 2. (A) Analysis of purified SDA by SDS-PAGE (10%). Lane 1, molecular mass markers
atography; lane 3, SDA solution (20 �g) obtained after Mono-Q Sepharose chromatog
ative-PAGE of the purified enzyme, protein stained by Coomassie blue (lane 1); zymogr

able 2
roperties of purified digestives amylase from different invertebrates.

Origin Subphylum class Molecular
mass (kDa)

Opti
(acti

Scorpion S. maurus Chelicerata arachnida 58 7, 6–
Snail A. glabratus Mollusca ND 6.5, 5
Scallop P. maximus Bivalvia 50 ND
H. bacteriophora Nematode 46 7
Erthworm E. foetida Annelida 60 5.5;
P. vannamei Crustacean decapoda 30 7.6
Silkworm A. mylitta Hexapoda insect 58 9.5
Camel tick H. dromedarii Hexapoda insect 106 7
Large grain borer P. truncatus Hexapoda insect 60.2 6
M. funereus Hexapoda insect 33 5.2

D: not determined.
. B 878 (2010) 853–860

indicating that the purified protein corresponds to the scorpion
amylase.

Amylases molecular masses are generally in the range of
45–67 kDa (Table 2). However, SDA has a smaller molecular mass
than that recorded for tick �-amylase [7]. This molecular mass is
however higher than that of Morimus funereus larvae �-amylase
(33 kDA [10]) or Paneiuss vannamei (30 kDa [26]). The isoelectric
point of the SDA was 7.0 as determined by isoelectric focusing (data
not shown).

The NH2-terminal sequencing of native SDA allowed the unam-
biguous identification of 26 residues. It is noteworthy that the
sequencing of the transferred SDA band gave the same aminoacids
sequence (Table 3). The alignment of SDA sequence with those of
ostrich [27], human [28], porcine [29] and shrimp [30] amylases
is shown in Table 2. SDA NH2-terminal sequence exhibits more
than 54% identity with those of mammalian, bird or crustacean
amylases.

3.2. General characteristics

3.2.1. Substrate specificity
Based on their mode of action [31], amylases can be classified

into various groups: �-amylases, exoamylases (�-amylase, glu-

coamylase) and debranching enzymes (pullulanase). To establish
the specificity of the purified SDA toward some substrates, the
enzyme was incubated, under the same conditions, with various
substrates as shown in Table 4. Except for pullulan, SDA hydrol-
ysed efficiently all tested substrates (starch, amylose, amylopectine

(Pharmacia); lane 2, SDA solution (100 �g) obtained after Sephadex G-100 chro-
raphy; lane 4, purified SDA (10 �g). The gel was stained with Coomassie blue. (B)
am of the purified �-amylase SDA (lane 2).

mum pH
vity–stability)

Optimum T◦

(activity–stability)
Metal ion
requirement

References

11 50 ◦C, 50 ◦C CaCl2 This study
–10 37 ◦C ND [34]

ND ND [4]
40 ◦C, up to 40 ◦C CaCl2, NaCl [32]

7–9 50 ◦C, 50–60 ◦C CaCl2 [11]
37 ND [26]
45 ◦C, 45–60 ◦C CaCl2 [6]
40 ◦C, up to 50 ◦C CaCl2 [7]
30 ◦C, 40 ◦C ND [8]
45 ◦C, 45–60 ◦C CaCl2, NaCl [10]
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Table 3
Alignment of the NH2-terminal sequence of scorpion digestive amylase with those of ostrich [27], human [28], porcine [29] and shrimp [2] amylases.
Residues in bold indicate the identical amino acids.

Fig. 3. High performance liquid chromatography of starch hydrolysate produced by the purified amylase SDA. (A) Soluble starch (1%), (B) soluble starch (1%) after incubation
with purified SDA (10 U) at 50 ◦C for 60 min and (C) thin-layer chromatography analysis of the main products from hydrolysis of maltooligosaccharides (G2–G7) by the
purified SDA. The reaction mixture contained 10 U of amylase enzyme and 1% substrate in 0.1 M MOPS buffer (pH 7) at 50 ◦C. Lane 1: a mixture of maltooligosaccharides
containing glucose (G 1) was used as standards. Lanes 2–7 represent the products after 1 h incubation as reacted with maltose (G 2) (lane 2), maltotriose (G 3) (line 3),
maltotetraose (G 4) (lane 4), maltopentaose (G 5) (lane 5), maltohexaose (G 6) (lane 6) and maltoheptaose (G 7) (lane 7).
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Table 4
Substrate specificity of the purified SDA and PPA.

Substrates (1%) Main linkage/monomer Specific activity (U/mg)

SDA PPA

Starch �(1 → 4)/�(1 → 6) glucose 1357 1810
Amylose �(1 → 4) glucose 1065 1661

o
s
2
o
t
b

h
l
p
m
m
a
l
a
r
r
g

F
w
C
e
p

Amylopectine �(1 → 4)/�(1 → 6) glucose 934 1263
Glycogen �(1 → 4)/�(1 → 6) glucose 434 630
Pullulan �(1 → 6) glucose 0 0

r glucogen). The enzyme is unable to attack the �-(1 → 6) gluco-
idic linkage. The kinetic of hydrolysis remains linear for more than
0 min (data not shown). The SDA maximal activity was recorded
n starch, followed by amylose, amylopectine and glycogen. PPA,
aken as a model of pancreatic �-amylase, hydrolyses at compara-
le levels the same substrates (Table 4).

To confirm the action mode of SDA, potato soluble starch was
ydrolyzed at various time durations, and the products were ana-

yzed by HPLC column. After 15 min of hydrolysis, the sugars
roduced were maltose (G2), maltotriose (G3), maltotetraose (G4),
altopentaose (G5) and maltooligosaccharides of higher poly-
erization degrees (data not shown). Nevertheless, the products

nalysis of 1 h hydrolysis reaction showed essentially an accumu-
ation of G2 with small amounts of glucose (G1), G3 or G4 (Fig. 3A

nd B). Furthermore, when using various intermediate oligosaccha-
ides of starch hydrolysate (from G2 to G7) as substrates, maltose
emained the major hydrolysis product with a minor amount of
lucose (Fig. 3C). It can be concluded that scorpion digestive amy-

ig. 4. Effects of pH on SDA or PPA activity (A) and stability (B). The enzyme activity
as tested at various pH using soluble starch as substrate in the presence of 3 mM
aCl2 at 50 ◦C. The pH stability of the amylase was determined by incubating the
nzyme in different buffers for 1 h at 4 ◦C and the residual activity was measured at
H 7 and 50 ◦C. The activity of the enzyme before incubation was taken as 100%.
Fig. 5. Effects of temperature on SDA or PPA activity (A) and stability (B). The enzyme
activity was tested at various temperatures using soluble starch as substrate at pH
7 in the presence of 3 mM CaCl2. Residual enzyme activity was determined from 0
to 15 min. The initial activity before pre-incubation was taken as 100%.

lase SDA is an endoamylase presenting the same behaviour than an
�-amylase.

3.2.2. Effect of pH, temperature and metal ions on SDA activity
The effect of pH and temperature on the activity and stability of
the purified SDA was examined and compared to that on the activity
of a pancreatic model (PPA) using soluble potato starch as substrate.
Our results showed that maximal SDA activity was measured at pH
7 (Fig. 4A). The enzyme was stable in a pH range of 6–11 at 4 ◦C
for 1 h. Similar results were obtained with PPA which is stable in a

Fig. 6. Effect of increasing Ca2+ (�), Mg2+ (�), Zn2+ (�), Fe2+ (�) or Cu2+ (©) ions
concentrations on the SDA activity using starch as substrate, (�) indicates the value
of amylase activity measured in presence of 5 mM EDTA. SDA activity was measured
at 50 ◦C and pH 7.
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w of 1:5
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ig. 7. (A) Immunoblot analysis, molecular mass markers (Bio-Rad) (lane 1), pure S
lane 5) using anti-SDA serum at 1:1000 dilution. (B) Immunocross-reactivity of SD
as performed by direct coating of one amylase (100 ng/well) with a fixed dilution

H range of 5–11 at 4 ◦C for 1 h and showing an optimal activity at
H 7 (Fig. 4B). The optimum pH values of SDA and PPA were also
imilar to those of Heterorhabditis bacteriophora [32] and Camel tick
yalomma dromedarii [7] �-amylases (Table 2).

The effect of the temperature on SDA and PPA activities were
lso checked. As shown in Fig. 5A, the SDA activity increased with
he temperature to reach an optimum at 50 ◦C and decreased
harply at higher temperatures. However, the enzyme activity was
apidly lost after 15 min incubation at 60 ◦C (Fig. 5B). Similar results
ere obtained for PPA (Fig. 5A). The enzyme remains stable up to

0–60 ◦C during an incubation of 15 min (Fig. 5B). The maximal
PA activity was measured at 50 ◦C (Fig. 5A). One can say that SDA
nd PPA are moderately thermostable �-amylases as those isolated
rom various insects (Table 2).

The effect of various metal ions on SDA activity was also inves-
igated. Our results showed that no SDA activity can be detected
n the presence of 5 mM of ions chelator such as EDTA (Fig. 6). To
dentify the required ion, increasing concentrations of various ions
Ca2+, Mg2+, Cu2+, Fe2+ or Zn2+) were added to the reaction medium.
he addition of Fe2+, Zn2+ or Cu2+ ions failed to trigger significantly
he SDA activity. The SDA activity was reached its maximal activity
n the presence of 3 mM Ca2+. It can be claimed that the presence
f Ca2+ is mandatory to detect the enzyme activity [33].

.2.3. Immunochemical properties
The supernatant of the scorpion hepatopancreas homogenate

ontaining 200 �g of total proteins was subjected to SDS-PAGE
nalyses followed by immunoblotting using anti-SDA serum. Our
esults showed that anti-SDA serum reacts with a single band
59 kDa) corresponding to the SDA present in the crude extract
Fig. 7A, lane 3). No other protein bands were recognized by this
erum. This result suggests a good specificity of this serum toward
DA. Anti-SDA serum was used to carry out cross-reactivities
etween SDA, PPA and BLA using the ELISA and the Western blotting
echniques. SDA was strongly recognized by anti-SDA serum and
o cross-immunoreactivity was detected with pancreatic or bacil-

us amylases (Fig. 7A). For the ELISA technique used for the sake
f better sensibility, microtitration plates were coated with a fixed
mount of pure amylases and incubated with an antiserum diluted
0 times. Only SDA reacted strongly with its corresponding anti-
erum (Fig. 5B). These results might be explained by the fact that
DA may not share common antigenic determinants with classical
ancreatic amylases. Although the 26 residues of SDA NH2-terminal

nd showed significant homology with those of pancreatic amy-
ases, the absence of immunoreactivity between PPA and anti-SDA
erum strengthen the idea that SDA could be structurally differ-
nt from mammalian pancreatic amylases. This hypothesis needs
urther structural and biochemical investigations.
0 �g) (lane 2), SDA solution (200 �g) (lane 3), BLA (50 �g) (lane 4) and PPA (50 �g)
A, and PPA with anti-SDA serum using a simple sandwich ELISA. Each experiment
00 for the serum tested.

4. Conclusion

In this paper we report for the first time in our knowledge the
purification of an amylase from a primitive chelicerate, the scor-
pion. The enzyme was purified to homogeneity from delipidated
hepatopancreas. SDA has a molecular mass of 59,101 Da and it was
not glycosylated. The maximal SDA activity was measured at pH 7
and at 50 ◦C. The enzyme remained stable up to 60 ◦C of incuba-
tion during 15 min and its thermostability can be enhanced by the
presence of Ca2+. The SDA NH2-terminal sequence exhibits more
than 54% identity with those of mammalian, bird and crustacean
amylases. Our results indicate that, despite the primitive character
of the scorpion, similar properties have been observed between
SDA and known pancreatic amylases. However, the absence of
cross-immunoreactivity between porcine pancreatic amylase and
anti-SDA serum strengthens the idea that SDA could be struc-
turally different from mammalian pancreatic amylases. Further
investigations are needed to better establish the structure–function
relationship of this class of enzyme.
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