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Isolation and identification of an alkaliphilic Bacillus
flexus XJU-3 and analysis of its alkaline amylase
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(College of Life Science and Technology, Xinjiang University, Urumgi 830046, China)

Abstract: [objective] To isolate and identify a new Bacillus strain capable of growing under highly alkaline condi-
tions as alkaline amylase producers and to characterize its enzymatic properties. [Methods] The isolates were
sampled from alkaline sewage in Shihezi city, Xinjiang and screened by plating them on the amylase agar medium
depending on the halo zone diameter. The alkaline amylase producer with best enzymatic activity was designated
as XJU-3. XJU-3 was identified by its physiological and biochemical characteristics, 16S rDNA sequence homol-
ogy, and the content of its major cellular fatty acids. [Results] XJU-3 was a Gram-positive, spore-forming, aerobic,
motile rod alkaliphilic bacterium. It can grow at a broad range of pH (4.0-12.5) in Luria broth medium and its
optimum growth was at pH 10 and 37°C. Its NaCl tolerance was up to 15%. Its major cellular fatty acids were
anteiso-C15:0 and iso-C15: 0. Comparative 16S rRNA gene sequence analyses showed that XJU-3 was most
closely related to Bacillus flexus, with 99% similarity. The genomic DNA (G+C) content of our isolate was 39.13
mol %. XJU-3 produced extracellular alkaline amylase, and its maximal enzyme activity was observed at 40°C and
pH 10.0. More than 70% of the enzymatic activity was remained at pH 13.0. The enzyme activity was strongly
enhanced with the presence of Co*" and Mg*'. [Conclusion] The strain XJU-3 was confirmed as B. flexus. Owing
to its excellent pH tolerance, the kinds of major cellular fatty acids, and several phenotypic characteristics that
were different from the description of the reference strain, the strain was further classified as a new variant of the spe-
cies B. flexus. The enzymatic properties of XJU-3 alkaline amylase indicated its potential in industrial applications.
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1 INTRODUCTION with potential applications in processes that demand
extreme conditions. Alkaliphilic Bacillus species have

Microorganisms that prefer unusual extreme env- attracted much interest due to their ability to produce
ironments to normal conditions play an important role extracellular enzymes that are active and stable at high
as investigative tools for studying the relationships pH, including alkaline amylase, protease and car-
and interactions between environmental factors and boxymethylcellulase'®. The unusual properties of
microbial life!". Organisms which display pH maxima these enzymes offer a potential opportunity for their
for growth in the alkaline pH region, usually between utilization in processes demanding such extreme
9 and 10 are properly defined as alkalophiles. Alka- conditions'®. An application of great impact has been
liphilic Bacillus strains grow well in extremes of alka- the inclusion of enzymes in laundry and dishwashing
linity higher than pH9!*!. The alkaliphilic Bacillus is a ~ detergents, leather tanning, paper pulp bleaching, pro-
potentially rich source of useful enzymes”!. Alka- duction of cyclodextrins and wastes from food proc-
liphilic microorganisms produce extracellular enzymes essing industries. Among the isolated enzymes, highly
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alkaline amylases were most studied because of their
industrial importance!®).

Amylases (E.C.3.2.1.1) are enzymes which hy-
drolyze starch molecules to give diverse products in-
cluding dextrins and progressively smaller polymers
composed of glucose units. Amylases constitute a
class of industrial enzymes, which alone form ap-
proximately 25% of the enzyme market covering many
industrial processes such as sugar, textile, paper,
brewing, distilling industries and pharmaceuticals "*!.
Because of the industrial importance of amylases,
there is ongoing interest in the isolation of new bacte-
rial strains producing amylases suitable for new in-
dustrial applications, such as alkaline amylase for the
detergent industry!”. Amylases with pH values higher
than 8.0 have potential applications for starch sac-
charification in starch and textile industries and also
are an ingredient in detergents for automatic dish-
washers and laundries!'”. Thus, the potential of alka-
line amylases for industrial applications have stimu-
lated the search for microbial strains expressing ac-
tivities with desired properties!”’.

The strain XJU-3 was originally isolated from
alkaline sewage in the city of Shihezi, Xinjiang Uygur
Autonomic Region of China. It showed very high al-
kali-tolerance and was identified as a new member of
Bacillus flexus. This article deals with the isolation
and characterization of XJU-3 and some properties of
its extracellular alkaline amylase. The above features
could favorably overcome the current industrial
drawbacks of commercially exploited saccharifying
enzymes.

2 MATERIALS AND METHODS

2.1 Isolation and screening of the amylase-
degrading bacteria

Fourteen Bacillus spp. capable of growing highly
alkaline conditions were isolated from alkaline sewage
(pH11.0) in Shihezi city, Xinjiang. Screening for
starch hydrolysis activity among the isolated colonies
was performed by plating them on the amylase agar
medium containing (W/V%): soluble starch 1.0, pep-
tone 1.0, yeast extract 0.5, K,HPO,4 0.1, MgSO4 7H,0
0.02, NaCl 1.0, agar 1.8, pH 10.0 and incubating for
24 h at 37°C. Staining of the plates with iodine reagent
was carried out to reveal any starch hydrolysis halos!®’.
The diameter of the halo zone versus the diameter of the
colony was used as a semiquantitative method for the
selection of the starch hydrolyzing strains. Depending on
the zone diameter and clearance isolate XJU-3 was se-
lected as a good alkaline amylase producer.
2.2 Physiological and morphological charac-
teristics of the strain

Cell morphology was studied using light micros-
copy and transmission electron microscopy (TEM).
Phenotype tests were performed according to [11] and

the methods described in the Genus Bacillus''?'.
2.3 Amplification of 16SrRNA gene and seque-
nce analysis

Genomic DNA was extracted from the isolate and
purified according to Saito and Miura (1963)!"*). Uni-
versal 16S rDNA PCR forward primer 8-27F (5 TAG-
AGTTTGATCCTGGCTCAG-3 49 and reverse primer
1492R (5 “CTACGGCTACCTTGTTACGA-3 7 were
used to amplify 16S rDNA genes!'*!. The sequences were
edited with MEGA (a freeware program available in the
webpage http: //www.megasoftware.net/ MEGA3.1)!",
16S rRNA gene sequence data of the isolate have depos-
ited at GenBank database with accession number
EF157300. A phylogenetic tree was drawn from neighbor-
joining analysis Kimura 2- parameter model of the 16s
RNA sequences, to depict the relationship between strain
XJU-3 and closely related taxa.
2.4 Genomic (G+C) content

The (G+C) content of the DNA was determined
by high performance liquid chromatography of the
derived deoxyribonucleosides as described by Tama-
oka and Komagata!'®l.
2.5 Analysis of cellular fatty acids

The cellular fatty acids of the isolated XJU-3
were analyzed in accordance with the procedures de-
scribed in the User’s Manual of the Sherlock-MIDI
Automated Microbial Identification System (Sherlock
Microbial Identification System, version 4.0, MIDI
Inc., Newark, DE, USA)!'.
2.6 Characteristics of amylase
2.6.1 Enzyme production medium: The medium for
enzyme production comprised (W/V%): starch 2.0,
peptone 1.0, yeast extract 1.0, K,HPO, 0.1, and
MgS0O47H,0 0.02. The medium (50 mL) was inocu-
lated with 0.5 mL of the inoculum with an optical
density of 0.6 at 600 nm and incubated at 37°C. Sam-
ples were harvested till 72 h by centrifugation at
6000xg for 10 min and the cell free supernatant was
assayed for amylase activity as described below.
2.6.2 Enzyme assay: The amylase activity was esti-
mated on the basis of the reduction in blue color
intensity resulting from enzymatic hydrolysis of
starch!"®!'”! The reaction mixture containing 1% starch
(0.1 mL), 0.3 mL of 0.05 mol/L glycine NaOH buffer
(pH 10.0) and 0.1 mL of culture filtrate was incubated
at 37°C for 15 min in a water bath. The reaction was
terminated by adding 1 mL chilled 1 mol/L HCI. To
this mixture, 2 mL of diluted iodine was added and the
volume was made to 10 mL with double distilled water.
A substrate control-lacking enzyme was also kept with
each set of reaction. The amylase activity was estimated
after appropriate dilution and absorbance was read at 620
nm against a substrate blank in a SpectumLab53 spec-
trophotometer. One dextrinizing unit of amylase activity
is defined as the amount of enzyme that results in 10%
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decline in the optical density of the starch iodine com-
plex at 620 nm when compared to substrate blank.

All the experiments were carried out in triplicates
and results presented are the mean of three values. The
standard deviation was within 5%.

2.6.3 Partial purification: The cell free supernatant
fluid was precipitated using ammonium sulphate to
85% saturation. The precipitate was dissolved in 0.2 M
glycine NaOH buffer (pH 10.0) and dialysed overnight
against the same buffer!'”). The dialysate was used for
all enzyme characterization studies.

2.6.4 Effect of pH on enzyme activity and stability:
The pH optimum of the enzyme was determined by
varying the pH of the assay reaction mixture using the
following buffers (0.2 mol/L): Na,HPO,/citrate phosphate
buffer (pH 3.0-8.0), glycine/NaOH buffer (pH 9.0—-10.0),
Na,HPO,/NaOH buffer (pH 11.0) and KCI/NaOH buffer
(pH12.0-13.0). To determine the stability of amylase,
the enzyme was pre-incubated in different buffers (pH
7.0-13.0) for 30 and 60 min. The residual enzyme activ-
ity was determined as described earlier.

2.6.5 Effect of temperature on enzyme activity and
stability: The temperature optimum of the enzyme was
evaluated by measuring the amylase activity at differ-
ent temperatures (40°C —90°C) in 0.2 mol/L gly-
cine/NaOH buffer (pH 10.0). The effect of tempera-
ture on amylase stability was determined by measuring
the residual activity after 20, 40 and 60 min of prein-
cubation in 0.2 mol/L glycine/NaOH buffer (pH10.0),
at temperatures ranging from 40°C to 70°C.

2.6.6 Effect of metal ions on enzyme activity: For
determining the effect of metal ions on amylase activ-
ity, enzyme assay was performed after pre-incubation,
at 40°C (optimum) for 60 min, of the enzyme with
various metal ions each at a concentration of 50
mmol/L. The enzyme assay was carried out in the
presence of CaCl,-2H,0, MgS0,4.7H,0, FeSO,, CoCl,,
MnS044H,0, ZnS0O,47H,0, CuSO,4 and EDTA.

3 RESULTS

3.1 Morphological, physiological and biochem-
ical properties

From a sample of alkaline sewage (pH11.0) col-
lected from Shihezi city, Xinjiang, we have screened a
novel alkaline amylase-degrading microorganism.
Depending on the zone diameter and clearance, the
isolate XJU-3 was seclected as a good alkaline amylase
producer. The isolate has deposited in the China Cen-
ter for Type Culture Collection (CCTCC AB 207167).

The isolate was able to grow and produce ex-
tracellular amylase when it was cultured in amylase
induction medium. It was a Gram-positive, aerobic,
motile, spore-forming, alkaliphilic bacterium, and its
cells was rod-shaped [(0.9-1.4) umx(2.0—4.3)um] with
non-fla gella under transmission micrograph (Fig. 1).

It grew at a wide range of pH values (4.0-12.5) in LB
medium, with the optimum being at pH 10. Growth oc-
curred at 10°C-60°C, with the optimum growth tem-
perature being at 37°C. Its NaCl tolerance was high up to
15 %. It showed obviously catalase-positive and oxidase-
negative reactions but did not reduce nitrate to nitrite.
Typical phenotypic and chemotaxonomic properties of
are summarized in Table 1. The differences were ob-

Fig. 1 Transmission micrograph of Bacillus flexus XJU-3.

Table 1 Characteristics of Bacillus flexus XJU-3 and B.flexus
DSM 13207

Characteristic B.flexus XJU-3 B.flexus DSM 13207 *
Colony color Cream Cream
Gram reaction + +
Spore position C ND
Tolerance of

pH4-12.5 + ND
Growth in NacCl at:

5% (W/v) + +
8% (W/v) + +
15% (w/v) + ND
Growth at:

40°C + +
50°C + -
60°C + -
Catalase + ND
Oxidase - ND
Nitrate reduction - -
Hydrolysis of:

Casein + +
Starch + +
Urea + -
Tween20,40,60,80 + ND
Acid production from:

D-Fructose + +
D-Glucose + +
Glycerol + +
D-Lactose - +
Maltose + +
D-Mannitol + +
D-Raffinose — +
Sucrose + +
D-Xylose + -
D-Trehalose + +

C, central; +, positive; —, negative; ND, no data. * data for refer-
ence strain B. flexus DSM 1320" from Lim J-M et al.(2006)*!
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the isolate and reference strain B. flexus DSM 1320"2")
served that our isolate could grow at 50°C—-60°C and
assimilate urea. Both strains showed nearly identical
results on the carbohydrate utilization tests. And they
also could use glycerol, D-Glucose, Maltose,
D-Fructose, D-Mannito, starch, D-Trehalose and su-
crose. However, D-Xylose could be used by strain
XJU-3 but can not be used by B. flexus DSM 1320".
At the same time, D-Lactose and D-Raffinose could be
used by B. flexus DSM 1320" but can not be used by
strain XJU-3.
3.2 16S rDNA sequences analysis and (G+C)
content

For further analysis, we amplified complete 16S
rDNA sequence (1451 nucleotides) of the strain XJU-3
with GenBank accession number was EF157300. In
order to understand the phylogenetic position of our
isolate, we constructed a phylogenetic tree based on
comparison of 16S rDNA sequences of our isolate and
correlative taxa (Fig. 2). XJU-3 has 99% sequence
similarity with all known strains of B. flexus and
formed a tight cluster with them. The (G+C) content of
the genomic DNA of strain XJU-3 (39.13 mol %) was
almost identical to that of B. flexus (37-39 mol %).
All obtained data of 16S rDNA sequences similarity,
phylogenetic tree and (G+C) content of the genomic
DNA demonstrated that the isolate XJU-3 is a new
strain of B. flexus.

Bacillus megaterium (EU109501)
Bacillus megaterium (EF428248)
Bacillus megaterium (DQ789400)
Bacillus megaterium (X60629)
99 |Bacillus megaterium (AM237398)
Bacillus megaterium (AB271751 {
Bacillus megaterium EAY5055 10
Bacillus megaterium (DQ275181)
Bacillus megaterium (DQ275179)
Bacillus megaterium (AY030338
90 —Bacillus flexus (AJ550461)
71 Bacilliis flexus (AJ563600)
* XJU-3 (EF157300)
99|Bacillus flexus (AB021185)
Bacillus flexus (EF101733
Bacillus flexus (DQ3760240)
Bacillus flexus (AY422986) B
Bacillus cohnii (X76437) DSM6307"

—
0.02 Kimura

Fig. 2 Phylogenetic tree drawn from neighbor-joining analysis
(Kimura 2-parameter model) of the 16s rDNA sequences, depicting
the relationship between strain XJU-3 and closely related bacillus.
With 1000 bootstrap replicates are shown. Numbers in parentheses
represent the sequences accession number in GenBank. The number
at each branch point is the bootstrap support value (%).

3.3 Cellular fatty acids analysis

The cellular fatty acid profile of strain XJU-3 was
characterized by saturated branched fatty acids such as
anteiso-C15:0 (20.98%), iso-C15:0 (44.83%) as the
major fatty acids. The fatty acid profile of strain
XJU-3 was similar to that of its close relative, B.
flexus DSM 1320", but the fatty acid compositions are
somewhat different (Table 2), the primary component
of cellular fatty acid in XJU-3 is an is0-C15:0, and the
secondary component is an anteiso-C15:0, Whereas

the primary component in B. flexus DSM 1320" is an
anteiso-C15:0, and the secondary component is an
i1s0-C15:0.

Table 2  Cellular fatty acid profiles of B. flexus xju-3 and
B.flexusDSM 13207

Fatty acid B.flexus xju-3  B.flexusDSM 1320"

Straight-chain fatty acids

Cl15:0 - -
C16:0 6.39 1.2
Branched fatty acids

is0-C14:0 6.97 1.6
is0-C15:0 44.83 32.2
anteiso-C15:0 20.98 52.4
is0-C16:0 2.92 8.6
is0-C17:0 2.98 2.1
anteiso-C17:0 2.54 3.4
Unsaturated fatty acids

Cl16:1w7¢ alcohol 0.72 ND

Values are percentages of total fatty acids. ND, Not detected.
Fatty acids representing less than 0.5 % are not included.

3.4 Characteristics of amylase

3.41 pH optimum and stability: Optimum pH of
XJU-3 amylase is shown in (Fig. 3-A). Determination
of enzyme activity at 40°C at pH values ranging from
3.0 to 13.0 showed the amylase to be active in a wide
range of pH values with maximum production being at
pH 10.0 (14.63 U/mL). More than 70% of enzyme
activity was found between pH 9.0 and 13.0. A sig-
nificant decline of enzyme activity was observed in
the acidic pH and only 50% residual activity was re-
tained at pH7.0, whereas 90% retained at pH 11.0. The
pH stability was determined at 40°C with different pH
values (pH 7.0—13.0). Amylase was stable between pH
8 and 13, and more than 60% of the activity was re-
tained after incubated for 1h (Fig. 3-B). It is clearly
evident that amylase produced by XJU-3, which was
designated as XJU-3 amylase, is very stable to ex-
tremely alkaline environment.

3.4.2 Temperature optimum and stability: Using
starch as substrate, the optimum temperature of the amy-
lase was 40°C (Fig.3-C). Under some constant tempera-
ture, we found that XJU-3 amylase was very stable at
50°C. Even more than 60% of amylase activity still ob-
served when it was incubated at 60°C for 1 h (Fig.3-D).
3.4.3 Effect of different metal ions and chelating
agents: The effects of various metal ions and chelating
agents on enzyme activity were examined at pH 10
and 40°C (Table 3). Slight effects were observed in
the presence of Zn*', Fe*', Cu*", Mn*", Ca*" and che-
lating agents of EDTA only inhibited activity of the
enzyme to 52, 78, 39, 54 and 65%, respectively. In
contrast, Mg>", Co*" obviously increased the enzyme
activity to 138 and 123%, respectively.
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Fig. 3 The effects of temperature and pH on the amylase activity and stability. A: The effects of pH on the amylase activity,
B: pH stability of the enzyme, C: The effects of temperature on the amylase activity, D: Thermal stability of the enzyme.

Table 3 Effects of metal ions
Cation/(50 mmol/L)

Relative activity /%

Control 100
Fe** 52
Co* 123
Ccu* 78
Mn** 39
Zn* 91
Mgt 138
Ca’ 54
EDTA 65

4 DISCUSSION

The isolate XJU-3 could grow and produce
extracellular amylase when it was cultured in amylase
agar medium. Combined with morphological, physio-
logical and biochemical characteristics with 16S rDNA
sequence analysis and the (G+C) content of the ge-
nomic DNA , the strain should be identified as B.
flexus.

Owing to the primary component of cellular fatty
acid, the 16S rDNA sequences, the hydrolysis of urea,
the utilization of D-Xylose, D-Lactose and D-Raffi-
nose, and the excellent pH tolerance, which were dif-
ferent from those of the reference strain B. flexus
DSM1320" and the description of the Manuals of
Bergey!'!), the strain was classified as a new member
of B. flexus.

The alkaliphiles can grow at pH 9 and the opti-
mum pH is 10.0-12.0, but they can grow weakly or
not grow at pH6.5 approximately!”', while al-
kali-tolerant bacteria cannot grow at the pH over 10.5,

but can grow at pH7.0-9.0”). According to the broad
range of pH tolerance (from 4.0 to 12.5), we could not
distinguish exactly that the strain was belonging to
alkaliphiles or alkali-tolerant bacteria. Similar obser-
vations were also reported by Yixia et al. (2006) for B.
halodurans XJU-1 (pH4.5-12.6) and B. halodurans
XJU-80 (pH3.8-12.8)**1. Furthermore, the isolate
seemed to have some facultatively acid-tolerant char-
acters, which also suggested that the isolate has
adapted to various regulatory pathways for its survival
under different pH environmental conditions during
long stage of evolutionary process.

The optimal temperature and pH of amylase ac-
tivity from XJU-3 was 40°C and pH 10.0, respectively.
From the fact that its enzyme activity was sharply de-
clined at the acidic pH, 50% residual activity was still
retained at pH 7.0 and even 90% enzyme activity was
observed at pH11.0, it seemed that the amylase was an
alkaline enzyme. The optimum amylase activity was at
pH10.0, and it showed better resistance to alkaline
condition, which is comparable to that described for
other Bacillus. Commercial saccharifying amylase
from B. licheniformis NCIB 6346*"! showed maxi-
mum activity at pH7.0-9.0, and its activity was re-
duced markedly at lower or higher pH. Micrococcus
halobius OR-1 remained 60% of amylase activity at
pH12.01**). However, amylase of XJU-3 was very sta-
ble at pH8.0-13.0, with 70% of its activity being re-
mained after incubated for 1 h at pH13.0, and it was
more stable under the alkaline condition, than that of
Bacillus sp. L1711, It is clear that the amylase of our
isolate is more stable to extremely alkaline environ-
ment than all above mentioned amylase and this is a
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desirable property for industrial starch liquefaction.

E.C.M.J. Bernharsdotter reported that Co®" was
found to stimulate activity on amylases from Bacillus
sp. L1711%) and our data are in accordance with the
results. Co>" stimulates the enzymatic activity up to
123%. The effect of Mg”" were irregularly varied, for
instance, it had a potent inhibitory effect on the amy-
lases of B. subtilis JS-2004!**) and Bacillus sp.
L17115)) whereas it could stimulate on the enzyme of
XJU-3 to 138%. A stronger inhibitory effect was ob-
served at the presence of Ca®’, Cu®’, and Mn**. Ca*"
plays an important role in the maintenance of enzy-
matic activity and structural integrity of amylases,
including those of various alkaliphilic Bacillus spe-
cies!'™* 1 Amylases of B. subtilis JS-2004*!, Bacillus
sp. TS-232"1 and ANT-6**! were activated by low
concentration of Ca®’. Inhibition of amylase activity at
high concentration of Ca®" has been reported earlier
also for Bacillus sp. L1711 amylase. Similarly, in
this study, amylase of XJU-3 was inhibited by 54%
(50 mmol/L Ca®"). Inhibition of catalytic activity of
certain amylases at relatively high concentrations of
Ca”" ions has been ascribed to interference caused by
the binding of the metal ion at the secondary binding
site within the substrate binding cleft that involves the
catalytic residues!”>". The inhibition of XJU-3 amy-
lase by Cu*" and Mn*" could be due to competition be-
tween the exogenous cations and the protein-associated
cations, resulting in decreased enzyme activity'*~",

XJU-3 can grow at a broad range of pH values
(4.0-12.5), and its alkalitolerance was obviously higher
than previously reported Bacillus sp. To date, there
wasn’t any report about the properties of amylase pro-
duced by B. flexus, Moreover, XJU-3 amylase was most
active at pH10.0 and showed better stability at alkaline
condition (pH8.0-13.0). Thereby, our isolate may not
only provide important clue for clarification of the
mechanism of adaptation to extreme environment and
stress response, but also is as significant as reference
strain for the study of extreme organism and the indus-
trial application of potential extremozymes. Along with
these characteristics, XJU-3 amylase would certainly
have a wider industrial application and have a prospect
future. Moreover, we can screen amylase high-produc-
tion strain through conventional mutative methods and
gene engineering techniques to increase its output, and
the correlative study is carrying out.
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