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Background
Extracellular hydrolytic enzymes such as α-amylases are
widely used in diverse applications in different industrial
areas. α-amylase (EC 3.2.1.1) is an important endo-type
carbohydrase that hydrolyzes α-1,4 glycosidic linkages of
D-glucose oligomers and polymers. This enzyme has been
found in organisms of the three Domains, being a key
enzyme of carbohydrate metabolism. Haloferax mediterra-
nei is an extremely halophilic Archaea that requires high
salt concentrations to grow. This microorganism is able to
grow in a minimal medium with ammonium acetate as
the only source of carbon and nitrogen.H. mediterranei
shows α-amylase extracellular activity when grows in this
minimal medium in the presence of starch. The main role
of this enzyme is the starch metabolism in the extracellu-
lar medium, so a lot of microorganisms depend on amy-
lases for survival [1].

Results
The extracellular halophilic H. mediterranei α-amylase has
been purified to electrophoretic homogeneity [2]. The
enzyme has been digested in the presence of trypsin to
analyse the resulting peptides using the technique of
nanoelectrospray LC/MS. From the obtained peptides and
by sequence homology with other α-amylases, the H.
mediterranei α-amylase gene has been isolated and
sequenced, using a library of genomic DNA from H. med-
iterranei in bacteriophage lambda EMBL3. The molecular
mass estimated from the deduced amino acid sequence
was similar to the calculated by SDS-PAGE. This enzyme
is rich in acidic amino acids with a 16% Asp and Glu con-
tent which is also the case in other halophilic enzymes [3].

The PCR product for α-amylase was ligated in the plasmid
pSTBlue1 and cloned into E. coli NovaBlue cells. The
insert was digested and subcloned in expression vector
pET3a in E. coli NovaBlue cells, and introduced in the E.
coli BL21(DE3) cells for expression. The recombinant pro-
tein was mainly obtained as inclusion bodies, although a
small amount of protein was presented in the cytoplasmic
soluble fraction (Figure 1). The protein obtained as inclu-
sion bodies was refolded by solubilisation in 8 M urea fol-
lowed by dilution into a high salt concentration buffer in
the presence of calcium (Figure 2), and the protein of the
soluble fraction was obtained in active state.

Furthermore, four genes have been sequenced by primer
walking, which match up with four proteins belonging to
ABC maltose transport system.

Conclusion
The α-amylase gene from H. mediterranei has been cloned,
sequenced and overexpressed. The recombinant protein
has been obtained in large amounts and refolded with a
high efficiency.
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SDS-PAGE for expression cell fractionsFigure 1
SDS-PAGE for expression cell fractions.(a) Lane 1: molecular weight standards; Lanes 3 and 4:E. coli BL21(DE3) containing 
pET3a; Lanes 2 and 5: E. coli BL21(DE3) containing pET3a-Amy; Lanes 2 and 3: total cell proteins; Lanes 4 and 5: soluble cyto-
plasmic fractions.(b) Lane 1: molecular weight standards; Lanes 2 and 3: inclusion bodies E. coli BL21(DE3) containing pET3a-
Amy with different concentrations.
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(a) Effect of NaCl concentration on the folding efficiency of α-amylase inclusion bodies dissolved in 8 M ureaFigure 2
(a) Effect of NaCl concentration on the folding efficiency of α-amylase inclusion bodies dissolved in 8 M urea. Refolding buffer: 
20 mM Tris-HCl pH 7.4 with salt. (b) Effect of calcium concentration on the folding efficiency of α-amylase inclusion bodies 
dissolved in 8 M urea. Refolding buffer: 20 mM Tris-HCl pH 7.4, 3 M NaCl and calcium.

Study of salt and calcium concentrations on the refolding process.
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