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Introduction
Halophiles are extremophiles that live, grow and 

multiply in highly saline environments. Moderately halo-
philic bacteria are able to grow over a wide range of salt 
concentrations, from 0.4 to 3.5 M, with optimum growth 
at 0.5 to 2.0 M (1,2), and constitute a very interesting group 
of microorganisms with a great potential for use in bio-
technology. Since their enzymes are both salt- and ther-
motolerant, halophiles represent a good source of stable 
enzymes. Exoenzymes from these organisms with poly-
mer-degrading ability at low water activity are of interest 
in many harsh industrial processes where concentrated 
salt solutions would inhibit enzymatic conversions. Starch -

-degrading amylolytic enzymes are one of the most impor-
tant enzymes, constituting a class of industrial enzymes 
that cover approx. 25 % of the world enzyme market (3). 
Halophilic amylase can tolerate high salt concentration, 
yet retains its activity at low concentrations of salt, hence 
it is very useful for industry (4). These amylases are used 
in bread and baking industries, starch liquefaction and 
saccharifi cation, manufacturing of maltose, paper and de-
tergent industries, textile designing, manufacturing of 
high molecular mass branched dextrins, direct fermenta-
tion of starch to ethanol, treatment of starch processing 
wastewater and analysis in medicinal and clinical chemis-
try (5).
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Summary

Haloarchaea are found at very high concentrations in salt-conditioned environments, 
hence produce enzymes which are able to catalyze reactions under harsh conditions, typi-
cal of many industrial processes. In the present study, culture conditions for extracellular 
amylase production from Haloarchaea isolated from a solar saltern were optimized and 
the purifi ed enzyme was characterized. Haloferax sp. HA10 showed maximum amylase 
production at 3 M NaCl, 37 °C, pH=7 and 1 % starch content. Purifi ed α-amylase was a cal-
cium-dependent enzyme with an estimated molecular mass of about 66 kDa and many in-
dustrially useful properties. It was found to be stable in a broad range of pH (from 5 to 9) 
and NaCl concentrations (from 0.5 to 3.0 M), retaining 48 % activity even at 4 M. The opti-
mal temperature for Haloferax sp. HA10 amylase activity was 55 °C (99 % activity), and 57 
% activity was retained at 80 °C, which dropped to 44 % with the increase of temperature 
to 90 or 100 °C. It was able to sustain various surfactants and detergents. To the best of our 
knowledge the detergent-stable α-amylases from halophilic archaeon have not been re-
ported yet.
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Despite wide industrial importance of enzymes from 
archaea, there are few reports on characterization of halo-
philic α-amylase from Halomonas meridiana, a moderately 
halophilic archaeon (6). In the present paper, we describe 
α-amylase from an obligate extreme halophilic archaeon 
Haloferax sp. HA10, which has the ability to grow under 
extreme conditions of alkalinity, salinity and temperature. 
This organism, isolated from the solar saltern at Barmer, 
Rajasthan, India, requires high salt concentrations (main-
ly sodium chloride) for optimal growth as its metabolic 
machinery is adapted to extreme conditions of salt and 
pH in nature. Enzymes produced by this organism, such 
as the α-amylase studied here, function at salt concentra-
tions at which other enzymes would lose their properties, 
a characteristic that distinguishes it from most of the oth-
er α-amylases from bacterial sources.

Materials and Methods

Sample collection
The samples were collected from solar salterns at 

Pachpadra, Barmer district of Rajasthan, India, located at 
latitude 25.9290° N and longitude 72.2466° E. These lakes 
are known for the production of very high quality salt, 
and their level of sodium chloride is 98 %.

Spatial and temporal sampling of soil, sludge and 
water were done from salterns and their surroundings in 
2009 and 2010 winter (December), summer (May) and 
rainy seasons (August). The samples were collected in 
sterile bo� les or polyethylene bags and brought to the 
laboratory for isolation of microorganisms.

Isolation and screening of haloarchaeal strains
The isolation of haloarchaea from environmental 

samples was made on modifi ed growth medium (MGM) 
by direct plating and dilution plate technique. The 23 % 
MGM was prepared as follows (in g): peptone 5.0, yeast 
extract 1.0 and (in mL): distilled water 200 (pH=7.5), and 
concentrated salt water (30 %) 767, containing (in g): NaCl 
240, MgCl2·6H2O 30, MgSO4·7H2O 35, KCl 7, and 1 M Tris-
-HCl (pH=7.5), 5 mL and CaCl2·2H2O 5 mL from a 1 M ster-
ile stock, distilled water 1000 mL (pH=7.5) and agar 1.5 %. 
The screening for amylase-producing strains was done on 
starch agar plates and six were found positive. The plates 
were fl ooded with iodine solution (2 % I2 and 0.2 % KI). Halo-
archaeal strain HA10 (Haloferax sp.) was selected for fur-
ther studies on the basis of the ratio of halo zone/colony 
diameter.

Culture conditions
The amylase production by Haloferax sp. HA10 was 

studied under various physicochemical conditions and 
the parameters were as follows: NaCl concentration 1, 2, 3 
and 4 M, temperature 30, 37, 42 and 50 °C, pH=5.0, 6.0, 
7.0, 8.0, 9.0 and 10.0, starch 0, 0.5, 1.0, 1.5 and 2.0 %, and 
CaCl2 0, 0.5, 1.0, 1.5 and 2.0 %. Modifi ed Sehgal and Gib-
bons complex (SGC) medium (7) was used for amylase 
production.

A loopful of 48-hour-old culture plate was used for 
inoculation of 20 mL of SGC medium. The absorbance of 

the samples drawn from 36-hour grown Haloferax sp. 
HA10 culture was fi xed at 0.1, 0.2, 0.3, 0.4 and 0.5 and 
used as inocula. The amount of inoculum showing maxi-
mum growth was used for further experiments on amy-
lase production. The highest growth was recorded with 
inoculum prepared from 36-hour grown culture and ab-
sorbance fi xed at 0.2. The samples were drawn at regular 
intervals for measurement of growth, expressed as tur-
bidity at 600 nm, and amylase activity.

Amylase activity
Amylase activity was qualitatively estimated on 

starch agar plates in six haloarchaeal strains isolated from 
environmental samples. The plates were fl ooded with io-
dine solution (2 % I2 and 0.2 % KI). Haloarchaeal strain 
HA10 (Haloferax sp.) was selected for further studies on 
the basis of the ratio of halo zone/colony diameter.

Bradford assay was used for estimation of protein 
concentration (8). For quantitative determination of amy-
lase activity, selected isolate Haloferax sp. HA10 was 
grown in modifi ed SGC medium (7) for amylase produc-
tion. The absorbance of approx. 36-hour-old culture was 
fi xed at 0.2 and this solution was used as inoculum. The 
inoculated fl asks were incubated at 37 °C on an incubator 
shaker operating at 4×g for 48 h. Cell-free supernatant 
was collected by centrifugation at 112×g for 20 min at 4 °C 
and used as a source of crude enzyme.

The amylase activity was determined following Bern-
feld method (9). A volume of 2 mL of reaction mixture 
consisting of 1.0 mL of 1 % soluble starch solution in buf-
fer A (Tris-HCl 20 mM, NaCl 2.0 M and CaCl2 10 mM, 
pH=7.4) and 1.0 mL of crude enzyme was incubated for 15 
min at 50 °C. A volume of 1 mL of 3,5-dinitrosalicylic acid 
reagent was then added in each test tube to stop the reac-
tion. A control was prepared with 3,5-dinitrosalicylic acid 
added before the addition of enzyme. All tubes were 
placed in a boiling water bath for 10 min, cooled at room 
temperature, each diluted 5 times with water and vor-
texed. The amount of reducing sugar was determined 
spectrophotometrically at 540 nm. The amount of re-
leased reducing sugar was quantifi ed using 3,5-dinitro-
salicylic acid with maltose as standard. One unit of 
α-amylase activity was defi ned as the amount of enzyme 
that releases one µmol of reducing sugar as maltose per 
minute under assay conditions.

The amylase activity was quantitatively determined 
in all the experiments a� er 48 h of incubation, unless oth-
erwise stated.

Partial purifi cation of α-amylase
The protein was precipitated by chilled acetone. The 

purifi cation process was initiated by drop-wise addition 
of two volumes of acetone (–20 °C) with constant stirring 
to the supernatant maintained at 4 °C in ice. The precipi-
tate was collected and dissolved in appropriate amount of 
Tris-HCl buff er (pH=6.5) containing 2 M NaCl.

Characterization of purifi ed α-amylase
The stability of purifi ed α-amylase was characterized 

when incubated under various conditions of pH=2.0 to 10 
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at 4 °C for 24 h, salt mass fractions of 0, 3, 5, 10, 20 and 25 
% in buff er at pH=6.0 for 24 h, temperature of 30, 35, 40, 
45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95 and 100 °C for 30 min 
each; metal divalent cations, viz. Ca2+, Mg2+, Co2+, Mn2+, 
Zn2+ and Cu2+ at 5 mM concentration. Chelator, surfactants 
and detergents included in the study were: ethylenedi-
aminetetraacetic acid (EDTA, 5 mM), sodium dodecyl sul-
phate (SDS, 0.1, 0.3 and 0.5 %), 0.1 % of Triton X-100 and 
Tween-80 each, and 0.1 % of commercial detergents, viz. 
Rin and Surf Excel produced by Hindustan Unilever 
(Mumbai, India) and Tide (Procter & Gamble, Mumbai, 
India), added separately and incubated at 30 °C for 30 min. 
Activity in the absence of metal ions and eff ectors was 
taken as 100 %. The residual activity was determined un-
der standard assay conditions.

Molecular mass determination
The molecular mass of purifi ed amylase was deter-

mined using standard protein markers by SDS-PAGE 
(10). A volume of 50 µL of the sample was mixed with 50 
µL of loading dye and loaded into the wells. The gel was 
run at 50 V until the Bromophenol Blue front migrated 
into the resolving gel, then it was increased to 150 V until 
the tracking dye reached the bo� om of the resolving gel. 
The gel was stained overnight in a solution of Coomassie 
Brillant Blue R-250 (0.1 %) and destained for 5 h in de-
staining solution (40 % methanol and 10 % glacial acetic 
acid). The molecular mass marker used was a broad range 
marker (range 3.5–205.0 kDa, PMWB105975, Merck Ge-
NeiTM, Mumbai, India).

Zymogram
For confi rmation of the presence of amylase activity, 

in-situ staining was done. Native PAGE was run using the 
same composition as in the SDS-PAGE but without the 
SDS. Also, before the addition of ammonium persulphate, 
0.2 % soluble starch was incorporated into the separating 
gel. A� er electrophoresis, the gel was stained in a solu-
tion of iodine (I2 5 g/L and KI 50 g/L) for 30 min, and clear 
bands indicated the presence of amylase activity.

Statistical analysis
All experiments were done in triplicate and standard 

error was calculated at 5 % level of signifi cance.

Results and Discussion

Amylase production
All the six haloarchaeal strains isolated showed good 

amylase activity on starch agar plate (Fig. 1). They were 
identifi ed by 16S rDNA sequencing as Haloferax sp. HA1, 
Haloferax sp. HA3, Halobacterium sp. HA4, Haloferax sp. 
HA8, Haloferax sp. HA9 and Haloferax sp. HA10. The ratio 
of halo zone/colony diameter was ≥1 in all six strains (Ta-
ble 1). As per qualitative and quantitative determination 
of amylase activity, Halobacterium sp. HA4 (colony index, 
CI=2.3±0.02 and amylase activity 5.6 U/mL) and Haloferax 
sp. HA10 (CI=2.0±0.02 and amylase activity 4.2 U/mL) 
were found to be excellent producers of amylase, fol-

lowed by Haloferax sp. HA3, HA8, HA9 and HA1. The 
partial sequence of Haloferax sp. HA10 has been submit-
ted to GenBank (National Center for Biological Informa-
tion, Bethesda, MD, USA) with the accession number 
HM368369 (unpublished data).

Optimization of culture conditions
For further studies, Haloferax sp. HA10 was selected 

over other isolates as it was stable, showed good activity 
and grew fast. The most characteristic feature of halophil-
ic proteins is their ability to thrive under highly saline 
conditions. Fig. 2 shows amylase at various NaCl concen-
trations, with maximum zone production at 3 M NaCl.

Under shaking conditions, the optimum salt concen-
tration for growth and amylase production was 1 and 3 M 
NaCl, respectively, and 37 °C was optimum temperature 

Table 1. Colony index and amylase activity of six haloarchaeal 
strains

Isolate Colony index
Amylase activity

U/mL

Haloferax HA1 1.31±0.02 1.4
Haloferax HA3 1.54±0.01 3.1
Halobacterium HA4 2.32±0.02 5.6
Haloferax HA8 1.24±0.01 2.8
Haloferax HA9 1.83±0.04 2.4
Haloferax HA10 2.03±0.02 4.2

Fig. 1. Qualitative estimation of amylase produced by six halo-
archaeal strains on starch agar plates

Fig. 2. Amylase activity of Haloferax sp. HA10 at diff erent NaCl 
concentrations
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for both growth and amylase production (3.2 U/mL of en-
zyme) (Figs. 3 and 4). Maximum α-amylase production at 
3 M NaCl by Haloferax sp. HA10 indicates good adapta-
tion as well as stability of enzymes under highly saline 
conditions. Hydrated salt ions are associated with acidic 
residues on the protein surface in such a way that the salt 
concentration of the solvation layer is higher than that of 
the bulk solvent. It was suggested that this characteristic 
allows halophilic proteins to remain stable and soluble at 
high salt concentrations (11).

The pH=7.0 was most conducive for growth and am-
ylase production, which sharply decreased either at 
pH=6.0 or 8.0, and there was absolutely no activity at 
pH=9.0 (Fig. 5). Rodriguez-Valera et al. (12) also reported 

pH=7.2 to be the usual pH of culture medium for growing 
Haloferax mediterranei. Our isolate showed maximum am-
ylase production at pH=7.0 and 37 °C, which confi rms the 
fi ndings of Coronado et al. (6) in Halomonas meridian.

Haloferax sp. HA10 showed maximum amylase activ-
ity in broth at 1 % starch (Fig. 6), which decreased with 
increasing starch mass fraction. No amylase was pro-
duced in the medium in the absence of starch, indicating 
inducible nature of the enzyme. Likewise, Swain et al. (13) 
demonstrated that 1 % starch was optimum for extracel-
lular α-amylase production by Bacillus subtilis, and the 
enzyme production decreased gradually with increasing 
starch mass fraction. Kiran and Chandra (14) also report-
ed inducible nature of enzyme in Bacillus sp. and 1 % 
starch as optimal mass fraction.

For the production and stability of α-amylase calcium 
ions are o� en necessary. Supplementing the medium with 
calcium chloride increased both growth and α-amylase 
production, which decreased proportionally with the in-
crease of calcium ion mass fraction (Fig. 7). Optimal mass 
fraction was 0.5 % CaCl2 (4.7 U per mL of enzyme). Amy-
lases are calcium metalloenzymes, thus CaCl2 acts as an 
activator for amylase production, as also observed by 
Prakash et al. (15) in Chromohalobacter sp. A decrease in 
α-amylase production by Streptomyces sp. was also re-
ported by Kar and Ray (16).
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Fig. 3. Eff ect of temperature and salt concentration on the 
growth of Haloferax sp. HA10 a� er 48 h

Fig. 4. Amylase production by Haloferax sp. HA10 at diff erent 
temperatures and NaCl concentrations a� er 48 h

Fig. 5. Growth of and amylase production by Haloferax sp. 
HA10 at diff erent pH values

Fig. 6. Growth of and amylase production by Haloferax sp. HA10 
at diff erent mass fractions of starch

Fig. 7. Growth of and amylase production by Haloferax sp. 
HA10 at diff erent mass fractions of CaCl2
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The eff ect of pH on purifi ed amylase
Fig. 8 shows that purifi ed amylase from Haloferax sp. 

HA10 was stable in broad range of pH, i.e. from 5 to 9, the 
optimal being pH=6 (97 %). The stability of amylase in al-
kaline pH may be accounted for alkaline properties of 
Pachpadra salt lake region from where the organism was 
isolated. These values are comparable with an amylase 
from alkaliphilic Bacillus sp., which was stable in a range 
of pH=6 to 10 (17). Similar to our strain, α-amylase of 
halophilic archaeon, Haloarcula hispanica, showed maxi-
mum activity at pH=6.5, which dropped more than 65 % 
at acidic pH of around 5 (18). The high stability of the en-
zyme is a remarkable feature, which can fi nd numerous 
industrial applications (19). Nielsen and Borchert (20) 
have emphasized the use of α-amylases with high stabili-
ty in washing environments, usually in detergent indus-
tries.

The eff ect of temperature on purifi ed amylase
The eff ect of temperature on the stability of purifi ed 

enzyme is shown in Fig. 9. The optimal temperature for 
Haloferax sp. HA10 amylase activity was 55 °C (99 % ac-
tivity) and 57 % activity was retained at 80 °C, which 
dropped between 41 and 44 % as the temperature was in-
creased to 90 or 100 °C. Chen et al. (21) also reported high-
est amylase activity between 50 and 60 °C in a halophilic 
archaebacterium belonging to the species Haloferax medi-
terranei R4. This high optimal temperature may be a result 
of an adaptive response of archaea to high temperatures. 
Since solar salterns are exposed to intense sunlight, the 

enzymes of halophilic organisms have to endure high 
temperatures in their natural environments. This thermo-
philic nature has been reported not only for amylase but 
also for other halophilic enzymes in several organisms 
(22–25).

Stability of amylase at diff erent salt concentrations
The amylase of Haloferax sp. HA10 revealed substan-

tial stability from 0.5 to 3.0 M NaCl, retaining 48 % activi-
ty even at 4 M. Maximum activity was observed in the 
presence of 1 M NaCl (Fig. 10). Recently, an extracellular 
halophilic α-amylase from Nesterenkonia sp. strain F has 
shown maximum activity at 0.5 M NaCl and was active 
up to 4 M salt concentration (26). In contrast, amylase 
from Halobacillus sp. MA-2 showed maximum activity at 
5 % (0.85 M) NaCl (27). Madern et al. (28) reported that 
most of the halophilic enzymes studied were inactivated 
when the NaCl or KCl concentrations decreased to less 
than 2 M. However, α-amylase from Haloferax mediterranei 
was stable even at lower salt concentrations (19).

The infl uence of metal ions on amylase activity
The eff ect of various metal ions on the activity of pu-

rifi ed amylase was analyzed. The activity was enhanced 
by 15 % in the presence of CaCl2, as compared to control. 
Bacillus spp. ANT-6 and TSCVKK also showed increased 
activity in the presence of Ca2+ ions (14,29). Regarding 
other metal ions, Fe2+ (70 %) and Mg2+ (46 %) had negative 
eff ect on amylase activity, whereas Co2+, Zn2+, Cu2+ and 
Mn2+ inhibited the activity only mildly by 22, 18, 10 and 2 
%, respectively (Fig. 11). Thus, it can be deduced from the 
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Fig. 10. Relative activity of amylase from Haloferax sp. HA10 af-
ter 24 h of incubation in a buff er at pH=6.0 and diff erent NaCl 
concentrations

Fig. 11. Eff ect of metal ions (5 mM) on the activity of purifi ed 
amylase from Haloferax sp. HA10

Fig. 9. Relative activity of purifi ed amylase from Haloferax sp. 
HA10 a� er 30 min of incubation at various temperatures
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data that amylase from Haloferax is a calcium-dependent 
enzyme. Gupta et al. (30) have reported that most of the 
α-amylases are calcium-dependent metalloenzymes. In 
Haloferax sp. HA10, only Fe3+ had strong negative eff ect, 
which corroborated the results of Shafi ei et al. (26).

Amylase activity in the presence of EDTA, surfactants 
and detergents

In the presence of 5 mM EDTA 39 % of enzyme activ-
ity was lost. As shown in Table 2, among the various test-
ed surfactants, 54 % of the activity was retained in the 
presence of 0.5 % SDS, which decreased with increasing 
its concentration. In the presence of Tween 80 and Triton 
X-100, 97 and 52 %, respectively, activity was retained. 
Among the commercial detergents, 84 % activity was 
found in the presence of Surf Excel. The amylase was sta-
ble in the presence of detergents. The fi rst report about a 
detergent-stable amylase from moderate halophilic bacte-
ria was published by Kiran and Chandra (14). To the best 
of our knowledge, the detergent-stable α-amylases from 
halophilic archaeon have not been reported yet.

Molecular mass determination and zymogram analysis
SDS-PAGE analysis of the enzyme revealed a single 

band which had a molecular mass of about 66 kDa (Fig. 
12). The in-gel activity staining confi rmed that it was an 
amylase enzyme (Fig. 13). Similar molecular masses of 
α-amylases obtained from Bifi dobacterium adolescentis and 
halotolerant alkaliphilic Bacillus sp. AB68 were deter-

mined by Lee et al. (31). Haloferax mediterranei α-amylase 
appeared as a single band of 58 kDa (19). Most of the re-
ports indicated that molecular mass was between 53 and 
70 kDa; however, an alkalophilic Halobacterium sp. H371 
amylase produced a single band of 27-kDa molecular 
mass (17,32,33).

Conclusion
The purifi ed amylase from halophilic archaeon Halo-

ferax sp. HA10 is active at salt concentrations at which 
other enzymes would lose their activity, can tolerate and 
retain activity at high temperature and pH, and is stable 
in the presence of various surfactants and detergents. 
These characteristics distinguish it from most of the other 
α-amylases obtained from common bacterial sources and 
make it suitable for industrial applications.
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