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Background: Alpha-amylases are digestive enzymes which hydrolyze starch glycosidic bonds to glucose, maltose, maltotriose and 
dextrin which have diverse applications in a wide range of industries such as food, textile, paper, detergents representing approximately 
30% of the world enzyme production.
Objectives: In this study, the gene encoding the alpha-amylase enzyme of native isolated Bacillus subtilis was amplified with specific 
primers containing of NotI and AscI restriction sites by PCR and then sequenced. Purified PCR product and shuttle episomal vector 
p316TDH3 were cut by restriction enzymes and cloned into Escherichia coli and yeast hosts.
Materials and Methods: The haploid auxotroph (ura3-) strain of  Saccharomyces cerevisiae and p316TDH3 were used as the host and 
vector for cloning and expression of the alpha amylase gene, respectively. In native Bacillus sp. the amyE gene without signal sequence 
was amplified with specific primers that introduced AscI and NotI restriction sites. After constructing the recombinant plasmid, it was 
transformed into E. coli competent cells. Then, colonies selection and confirmation were performed and the extracted plasmid was 
introduced to competent yeast cells using carrier sperm DNA. Recombinant yeast cells could grow on minimal media and produce 
extracellular enzyme.
Results: The presence of alpha-amylase gene in recombinant bacteria was certificated by colony-PCR method. After extraction of 
recombinant vector from E. coli, the competent S. cerevisiae cells were transformed using polyethylene glycol and carrier sperm DNA. The 
recombinant yeast strains were screened by URA3 auxotrophic marker and analyzed for alpha-amylase gene existence. In the other hand, 
the amylase gene length of native B. subtilis was 1887 base pairs (bp) with an approximately 93.65% similarity with standard bacterial strain.
Conclusions: Based on this similarity and our bioinformatics evaluations, this mentioned alpha-amylase gene can be expressed in S. 
cerevisiae as extracellular enzyme.
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Implication for health policy/practice/research/medical education:
This research project has a good innovation because of cloning alpha-amylase gene of a native Iranian Bacillus sp. into Saccharomyces host for the first 
time. One of the results of this project is design of a new recombinant strain of yeast that has much importance for biotechnology. 
Copyright ©  2013, Ahvaz Jundishapur University of Medical Sciences; Published by Kowsar Corp. This is an open-access article distributed under the terms of the Cre-
ative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

1. Background
Amylases constitute a class of industrial enzymes, rep-

resenting approximately 30% of the world enzyme pro-
duction (1). They have diverse applications in a variety 
of industries such as food, fermentation, textile, paper, 
detergent and sugar industries. It can be used in field re-
lated to biotechnology such as: environmental pollutant 
remediation, conversion of starch to desired substrates 
by many microorganisms, infiltration of waste contains 
starch and production biochemical material with the 
help of starch substrate. With the advent of new frontiers 
in biotechnology, the spectrum of amylase application 
has expanded into many other fields, such as clinical 
studies, medicine and analytical chemistry. Interestingly, 
the first enzyme produced industrially was an fungal 
source amylase in 1894, which was used as a pharmaceu-

tical drug for the treatment of digestive disorders (2). Al-
though amylases can be derived from several sources, in-
cluding plants, animals and microorganisms, microbial 
enzymes generally meet industrial demands (3, 4).

The major advantage of using microorganisms for the 
production of amylases is the economical mass pro-
duction capacity and the fact that microbes are easy to 
manipulate to produce enzymes with desired character-
istics (5). Fungal sources are confined to terrestrial iso-
lates, mostly to Aspergillus species and to only one species 
of Penicillium, P. brunneum (6). The microbial amylases 
have almost completely replaced chemical hydrolysis of 
starch in starch processing industry (7). It is estimated 
that Bacillus sp. enzymes compromised about 50% of the 
total global enzyme market (8). Bacillus subtilis, B. stearo-
thermophilus, B. licheniformis and B. amyloliquifaciens are 
known to be good producers of alpha-amylase (9, 10). 
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Most important genetic engineering proceed to intro-
duce recombinant alpha-amylase can signify transmit of 
alpha-amylase gene from bacillus species to other micro-
bial host (11). Some recombinant strain had represented 
to enhance production of enzyme because of high ex-
pression of gene (12). Also gene transmission has done 
from bacterial source into yeast  Saccharomyces  cerevisiae 
(11). The bakers' yeast, S. cerevisiae, is one of the most im-
portant microorganisms bioindustries, and is one of the 
best model organisms for basic biological research. This 
yeast is the first eukaryote that its genome is entirely se-
quenced in 1996 (13). Based on defined information that 
established many decades ago S. cerevisiae autonomously 
replicating plasmid, the cell transformation system, and 
the ability to rapidly form colonies on simple defined me-
dia ensured that it remained at the forefront of develop-
ments during the recombinant DNA revolution. 

The DNA sequence of S. cerevisiae was just the start-
ing point for large-scale molecular analysis of eukary-
otic cells (14). Unlike most other microorganisms, yeast 
strains have both stable haploid and diploid states. Thus, 
recessive mutations can be easily isolated and showed in 
haploid strains, and the complementation tests can be 
carried out in diploid strains. The development of DNA 
transformation has made yeast a proper candidate for 
gene cloning and genetic engineering techniques. Struc-
tural genes corresponding to virtually any genetic traits 
can be identified by complementation from plasmid 
libraries. Plasmids can be introduced into yeast cells ei-
ther as the episomal replicating cassettes or by integra-
tion into the yeast genome (15). On the other hand, gene 
transmission has been done from fungal source into the 
prokaryote and eukaryote hosts (16, 17).

Amylases are one of the most important industrial en-
zymes that have a wide variety of applications in biotech-
nology. Alpha amylases (E.C. 3.2.1.1.) are starch-degrading 
enzymes that catalyze the hydrolysis of internal α-1,4-O-
glycosidic bonds in polysaccharides with the retention of 
α-anomeric configuration in low molecular weight prod-
ucts, such glucose, maltose and maltotriose units (18). 
Most of the a-amylases are metallo enzymes, which re-
quire calcium ions (Ca2+) for their activity, structural in-
tegrity and stability. They belong to the family 13 (GH-13) 
of the glycoside hydrolase group of enzymes. These en-
zymes possess an 8 (α/β) or TIM barrel structure contain-
ing the catalytic site residues and consisted of four highly 
conserved regions in their primary sugar syrups, to pro-
duce cyclodextrins for the pharmaceutical industry (19). 
The properties of α-amylases such as thermo-stability and 
pH profile should match the application (20, 21).

2. Objectives
The present study describes the amplification, sequenc-

ing and cloning of the alpha-amylase gene from Iranian 
native B. subtilis source in S. cerevisiae host.

3. Materials and Methods

3.1. Strains and Culture Condition
The bacterial strains used in this study were native B. 

subtilis and Escherichia coli DH5α. The haploid auxotroph 
(ura3-) strain of S. cerevisiae and p316TDH3 were used as 
the host and vector for cloning and expression of the al-
pha amylase gene, respectively. Chemically competent E. 
coli DH5α cells were used for plasmid transformation (18). 
The competent yeast cells were preparedusing lithium 
acetate and heat shock protocol (14). The Bacilli isolated 
from soil were grown in a Tryptic (Merck, Germany)Soy 
Agar (TSA) medium. B. subtilis was grown in a Luria-
Bertani (Merck, Germany)(LB) medium with 1% soluble 
starch at 37°C. Cultures of S. cerevisiae were grown at 30◦C 
and in Yeast Extract Peptone Dextrose (YPD) medium (Dif-
co, Europe union). The YPD medium contained 1% yeast 
extract, 1% peptone, 2% glucose and 1.5% agar. Cultured re-
combinant S. cerevisiae were grown at 30°C on a minimal 
medium. The minimal medium contained 0.17% Yeast Ni-
trogen base (YNB), 0.5% ammonium sulphate, 2% glucose 
and 2% agar was used for selection of recombinant yeast 
cells that containing genetic construct.

3.2. Isolation of Bacilli From Soil
Soil samples were collected from five different regions. 

The soil was processed by removing all large particles 
and plant materials such as leaves. Each soil sample (5 g) 
was suspended in 5 mL of sterile distilled water in a ster-
ile universal bottle. Soil suspensions were vortexed and 
placed in a water bath with temperature adjusted to 85ºC. 
Heat treatment of the soil suspensions was performed 
at 85ºC for 15 minutes. After heat treatment, heat-treated 
soil suspensions were incubated at room temperature 
for 2 hours and then plated on TSA medium for isolation 
of single colonies. Plates were incubated at 37ºC for 16 
hours. In order to identify Bacilli producing alpha amy-
lase, extracted bacilli were grown in starch medium.

3.3. Bioinformatics Analysis
The amyE gene sequences obtained from NCBI, EBI and 

Ensemble sites were compared by CLC Main Workbench 
5-6-1- Limited Mode software. The oligonucleotide prim-
ers were designed based on the nucleotide sequences 
of B. subtilis gene in order to obtain the gene encoding 
alpha-amylase.

B. subtilis and S. cerevisiae codon usages were considered 
by Rare Codon Analysis software. This software shows 
codon adaption index (CAI), GC content and codon fre-
quency distribution (CFD). the possibility of high level of 
protein expression is correlated to the value of CAI. A CAI 
of 1.0 is considered ideal while a CAI of > 0.8 is rated as 
good for expression in the desired expression organism. 
The lower the number, the higher the chance that desired 
gene will be expressed poorly. The ideal percentage range 
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of GC content is ranged from 30% to 70%. Any peaks out-
side of this range will adversely affect transcriptional and 
translational efficiency. The value of 100 of CFD is set for 
the codon with the highest usage frequency for a given 
amino acid in the desired expression organism. Codons 
with values lower than 30 are likely to hamper the expres-
sion efficiency.

3.4. Gene Amplification and Gel Electrophoresis
In this study, native B. subtilis was used as a source of 

DNA for amylase gene. The amyE gene without signal pep-
tide was amplified with forward and reverse primers that 
introduced AscI and NotI restriction sites. Amplification 
of the amyE gene without signal sequence was performed 
using a Bio-Rad thermo cycler machine with the primers 
AmyF5’AGG CGC GCC AGT GCT GAA ACG GCG AAC AAA TCG 
AA 3’ and 5’TTG CGG CCG CTC AAT GGG GAA GAG AAC CGC 
TTA AG 3’designed to incorporate AscI and NotI restriction 
sites to the PCR product. B. subtilis chromosomal DNA was 
used as template for PCR reactions. The PCR mixture con-
sisted of 2.5 μL PCR buffer, 0.5 μL dNTP mix, 1.5 μL MgCl2, 
0.2 μLTaq DNA polymerase, 1 μL each of forward and re-
verse primers and 500 ng of template in a total volume 
of 25 μL. 

The PCR was performed with the following cycling pro-
file: initial denaturation at 94◦C for 5minutes, followed 
by 35 cycles of 1minute denaturation at 94◦C, annealing 
at 54◦C for 1 minute, and extension at 72◦C for 3minutes. 
The time for the final extension step was extended to 15 
minutes. The PCR product was electrophoresed in 90 Mm 
Tris-borate, 32 mM EDTA on 1% agarose horizontal slab 
gels. Gels were run at 80 V, and stained with ethidium 
bromide for 15 minutes. The expected PCR product was 
purified using the BIONEER Kit.

3.5. Cloning of the B. subtilis Alpha- amylase Gene 
in S. cerevisiae

The restriction endonucleases were obtained from Fer-
mentas (Germany) and the T4-DNA Ligase was obtained 
from Takara (Japan). The p316TDH3 plasmid and PCR 
product were double digested with AscI and NotI and gel 
purified using the BIONEER kit (South Korea). The PCR 
product was ligated to vector p316TDH3 with T4 Ligase. 
Ligation stage was achieved by adding T4-DNA ligase to 
solution containing PCR product and p316TDH3 vector at 
22◦C overnight. Recombinant plasmid was transformed 
into E. coli competent cells. Standard cloning procedures 
were used and competent clones were selected by growth 
in the presence of ampicillin. Then, extracted plasmid 
DNA from the resulting clones was purified by prepara-
tion of plasmid DNA by Alkaline Lysis with SDS. The Mini-
preparation was done and purified recombinant plasmid 
was transformed into S. cerevisiae competent cells using 

lithium acetate and carrier sperm DNA. Recombinant 
yeast cells could grow on minimal media and plasmid 
extraction were performed from these colonies. The iso-
lated plasmids were used to confirm the recombinant 
plasmid presence in yeast cells by gel electrophoresis and 
also used in PCR reaction as DNA template. In addition, 
colony PCR was performed on yeast colonies using spe-
cific amyE primers for more confidence.

4. Results

4.1. Isolation of Bacilli Producing Alpha-amylase 
From Soil

A simple heat treatment selective method that is ef-
ficient for the rapid isolation of soil bacilli is reported 
here. 11 isolated bacilli from soil, collected from five sites 
in Iran, showed the halo in starch medium. Biochemical 
tests were performed and extracted bacillus was identi-
fied. Two bacilli were known as B. subtilis, 3 bacilli as B. 
licheniformis, 1 bacillus as B. coagulans, 1 bacillus as B. poly-
mixa and 4 bacilli as B. cereus were identified.

4.2. Bioinformatics Analysis
Sequence analysis with BLAST program revealed 93.65% 

homology between this gene and standard alpha-amy-
lase gene that outlined in NCB site. Results of Rare Codon 
Analysis showed that Codon Adaptation Index (CAI) of B. 
subtilis alpha amylase gene is 0.68 (Figure1) and the GC 
content is 44.72% (Figure 2). The percentage of low fre-
quency (<30%) codons based on our target host organism 
is 6% (Figure3).

Figure 1. Codon Adaptation Index
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in the desired expression organism.

The value of 100 is set for the codon with the highest 
usage frequency for a given amino acid in the desired 
expression organism. Codons with values lower than 
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30 are likely to worsen the expression efficiency.

Figure 2. GC Content Curve
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Figure 3. The Percentage of Codon Distribution in Computed Codon 
Quality Groups

4.3. Gene Amplification and Sequencing
The PCR amplification of the alpha-amylase gene result-

ed in production of a band in the expected region of 1887 
bp as shown in Figures 4. 

Figure 4. Gele Electrophoresis of PCR Product
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L: 1 kb ladder. P: PCR product

Figure 5. Digestion of Plasmid and PCR Product With NotI and AscI 
Restriction Enzymes
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L: 1 kb ladder. P: plasmid. Amy: alpha amylase gene.

4.4. Cloning of the B. subtilis Alpha- amylase 
Gene in E. coli and S. cerevisiae

Transformation of recombinant p316TDH3 plasmid in 
E. coli DH5α produced several colonies containing the 
recombinant plasmid. The colonies of E. coli carrying re-
combinant plasmid were tested by colony-PCR that con-
firmed the presence of alpha-amylase gene (Figure 6). 

Figure 6. Colony-PCR Recombinant E. coli 
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L: 1 kb ladder. P1: PCR product of non-recombinant strain. P1. PCR product 
of recombinant strain.

Recombinant plasmid was extracted (Figure 7), 
and cloned into S. cerevisiae . Transformed cells were 
grown in minimal medium. Recombinant cells grown 
in minimal medium were tested by colony-PCR with 
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specific primers. 

Figure 7. Plasmid Extraction From E. coli .
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L: 1 kb ladder. P: Linear and circular plasmid bands.

5. Discussion
The aim of the current research project was to isolate 

amylase gene from Iranian native B. subtilis strain and to 
clone into S. cerevisiae. Bacillus species are among bacte-
ria that are widely used for production of commercial en-
zymes, so bacilli producing alpha-amylase were extracted 
from different soils in Iran that are identified by chemical 
test. Results showed two extracted bacilli were B. subtilis 
and produced alpha-amylase well. In same study to iden-
tify bacterial strain producing alpha-amylase, 72 single 
bacterial colonies, which produced clear halos with io-
dine solution were selected and purified. Among these 
strains, B. licheniformis alpha-amylase showed the highest 
activity (22).

The homology results revealed significant similarity 
between native B. subtilis alpha-amylase and alpha-amy-
lase from B. subtilis 186 (93.65% similarity). The phyloge-
netic relationship analysis indicated that native B. subtilis 
alpha-amylase is genetically closely related to B. subtilis 
amylase, which belong to the glycosyl hydrolase family 
13 (23). Therefore, this gene should be classified as a mem-
ber of glycosyl hydrolase family 13. So this result confirms 
the results of biochemical tests to identify bacilli extract-
ed from different soils. The deduced amino acid sequence 
of the mature enzyme was compared with those of other 
a-amylases obtained from Bacilli strains. Four highly 
conserved regions among amylolytic enzymes designat-
ed I, II, III and IV were found in the deduced amino acid 
sequence of native B. subtilis. This protein shares 89.18% 
identity with the sequence of the reference standard B. 
subtilis. These enzymes differ by 68 amino acids. 

The possibility of high protein expression level is corre-
lated with the value of CAI. CAI of 1.0 is considered ideal 
while a CAI of >0.8 is known as good expression level in 
the desired expression organism. The lower the number, 

the higher the chance that desired gene will be expressed 
poorly. The ideal percentage of GC content is ranged 
from30% to 70%. Any peaks outside of this range will ad-
versely affect transcriptional and translational efficiency. 
The value of 100 of CFD is set for the codon with the high-
est usage frequency for a given amino acid in the desired 
expression organism. Codons with values less than 30 are 
likely to have ill effects on the expression.

Also computation GC content of the gene encoding al-
pha amylase from native B. subtilis is 44.44%. It seems that 
the GC content of this gene could be influenced by the GC 
content of the total nuclear DNA that is 43.5% and also has 
similarity with the GC content of S. cerevisiae (24). The GC 
content of S. cerevisiae is 38%. The similarity of GC content 
between cloned gene and host is very important for high 
efficiency expression. Also result of Rare Codon Analysis 
software showed Codon Adaptation Index (CAI) of this 
gene is 0.68 that is less than the optimum value. The per-
centage of low frequency (<30%) codons based on S. cere-
visiae host is 6%. This un-optimized gene employs tandem 
rare codons that can reduce the efficiency of translation 
or even disengage the translational mechanisms (25). But 
these results show that amyE gene can be expressed in S. 
cerevisiae. 

In attention to these results and results obtained from 
working on cloning of alpha-amylase gene from B. subtilis 
PY22 in Pichiapastoris and B. stearothermophilus in S. cerevi-
siae can be understood the gene encoding alpha-amylase 
from native B. subtilis can express in S. cerevisiae as host 
(11, 26). The presenting of alpha-amylase gene in recom-
binant colonies was tested with colony-PCR method. Af-
ter extracting recombinant plasmid from E. coli, it was 
cloned into S. cerevisiae. The Vector p316tdh3 has biosyn-
thetic marker URA3. Genetic markers are an indispens-
able component of modern molecular cloning strategies, 
because they facilitate the high-efficiency screening of 
target-trans formants. The two most widely used genetic 
markers are antibiotic resistance marker and biosynthet-
ic marker (27). 

Among these, antibiotic resistance markers are widely 
applied in the genetic manipulation of yeast (28). Howev-
er, there are several limitations to the application of anti-
biotic resistance markers in eukaryote microorganisms: 
1- high price and instability; 2- high level of maximum tol-
erance concentrations; 3- high amount of false-positive 
ratios (28); 4- the natural tolerance by some yeast strains 
to many common antibiotics (29); 5- possible effects on 
the physiological function of yeast by introduction of 
antibiotic resistance markers (30); and 6- in some cases, 
failure of a specific system, like the genetic operation of 
mitochondrial genome (30). The URA3 and LEU2 genes are 
common biosynthetic markers for yeast strains and do 
not present the above mentioned disadvantages (31). The 
rapidly increased use of yeast in industrial biotechnology 
requires elucidation of the physiological characteristics 
and subsequent genetic operation of the yeast strains by 
molecular cloning techniques. This has resulted in a high 
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demand for auxotrophic strains such as Δura3, Δleu2 or 
Δhis4 mutants (32). The strain used in this project was 
Δura3. So the extracted plasmid was cloned in S. cerevi-
siae Δura3 by lithium acetate method.

The first methods for the transformation of S. cerevisiae 
involved enzymatic removal of the cell wall to produce 
sphaeroplasts which is time-consuming approach. A 
more convenient method was later developed in which 
intact yeast cells were made competent by treatment 
with lithium ions. This method is now widely used de-
spite the fact that it gives lower frequencies; a variation 
using DMSO increases frequency 25-fold. More recently a 
third approach, electroporation, is very fast and high ef-
ficiency. Since the lithium acetate method is a rapid and 
easy approach, it is used commonly (33). So we choose 
this method in this study. Recombinant S. cerevisiae was 
grown on minimal medium and was tested by colony-
PCR to confirm the presentation of alpha amylase gene. 
In some studies, formation of halo in starch medium has 
used to indicate the existence of gene in recombinant 
strains (34, 35).

Utilization of low-value agro-industrial residues as sub-
strates should be focused for enzyme production, as this 
would reduce the cost of production and help to solve 
the pollution concerns. In attention to the fact that for 
drugs with limited solubility or in some drugs which 
solubility can be influenced by variation on gastro–in-
testinal pH, a system is required to accelerate the drug 
release and polysaccharide biodegradable matrices are 
of interest, since the degradation of a natural products 
such as starch occurs naturally in the human body, it is 
hoped that amylases will continue to provide new oppor-
tunities in biotechnology as biocatalysts and that new ap-
plications will emerge in the biopharmaceutical sectors. 
Also in order to use alpha-amylase in different industries, 
it can be focused on the enzyme production with vari-
ous features. This enzyme can be produced by site- direct 
mutagenesis on desired genes and or synthesis of these 
genes. 
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