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Abstract

The alpha-amylase gene from Bacillus amyloliquefaciens MDC1974 strain was
molecularly cloned into the E. coli/B. subtilis pBE-S shuttle vector and subsequently
expressed extracellularly by the recipient strain Bacillus subtilis RIK1285, which exhibited
low protease activity. As a result of optimizing fermentation conditions, a secretion of alpha-
amylase with an activity of 1400 units per mL was achieved.

Keywords: Bacillus amyloliquefaciens, a-amylase, extracellular expression, E. coli/B.
subtilis shuttle vector

Introduction

a -Amylases (E.C. 3.2.1.1.) are starch-degrading enzymes that hydrolyze the internal
a -1,4-O-glycosidic bonds of polysaccharides preserving the o -anomeric configuration of the
products. Most o -amylases are metalloenzymes that require calcium (Ca?*) ions for their
activity, structural integrity, and stability. They belong to the glycoside hydrolase enzyme
family 13 (GH-13) based on amino acid sequence similarity [1]. Amylases are one of the most
important industrial enzymes, which are widely used from the conversion of starch into sugar
syrups to the production of cyclodextran for the pharmaceutical industry. They account for
30% of the world production of enzymes [2].

The a-amylase GH-13 family is classified within the GH-H clan of glycoside
hydrolases, which also encompasses the GH-70 and GH-77 families. This clan constitutes the
largest family of transferases and isomerases, represented by more than 30 different enzyme

forms [3-5]. These enzymes include endoamylases, exoamylases, debranching
enzymes, and transferases [5].

In numerous studies, conservative sites of the primary structure of a-amylases, as well
as their domain and spatial structures, and catalytic mechanisms, have been extensively
investigated [6].
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a-Amylases are ubiquitous enzymes produced by plants, animals, and microbes, where
they play a significant role in carbohydrate metabolism. Amylases derived from plants and
microbes have been utilized as food additives for centuries. For instance, barley amylases are
crucial in beer production, while fungal amylases are commonly employed in various food
processing applications. Despite their wide distribution, microbial-origin amylases,
particularly from bacteria and fungi (such as B. subtilis, B. stearothermophilus, B.
licheniformis, and B. amyloliquefaciens), are predominantly used in industry due to their cost-
effectiveness, ease of production, and adaptability to modification and optimization of the
production processes [4, 7-8].

In the application processes of a-amylases, determining the optimal temperature and
pH for their activity, as well as assessing their heat stability, are crucial factors. Based on
these parameters, the search for and characterization of new a-amylases represent ongoing
biotechnological challenges [4, 9-10].

The impact of Ca?*, Mg?*, Mn?*, Zn?*, Fe?*, and other metal ions on the activity of a-
amylases has been investigated in numerous studies [4, 8].

The substrate specificities of amylases for soluble starch, amylose, amylopectin,
glycogen, maltodextrin, cyclodextrins, and other substrates have been investigated in many
modern studies [11-12]. The quest for new a-amylases capable of hydrolyzing raw starch (in
technologies utilizing them, the energy-intensive stage of starch gelatinization is bypassed) is
one of the pressing issues in modern biotechnology [13-15].

Conflict Setting

The demand for a-amylases with diverse physiological and biochemical characteristics
across different industries drives the purposeful search for enzymes with novel attributes
using recombinant technologies [16-19] and enzyme engineering [20-21]. For instance,
through point mutagenesis involving the deletion of amino acids arginine 179 and glycine 180
of the a-amylase from B. stearothermophilus, a recombinant enzyme with enhanced
properties (such as increased heat resistance, capacity to function at low pH, and reduced
calcium dependency) was successfully generated and characterized [22]. Furthermore, by
optimizing the signal peptide of the a-amylase from B. stearothermophilus and enhancing the
expression of the corresponding chaperone, it became feasible to achieve the overexpression
of the secreted enzyme (at a level of 9200 units/ml) [23].

Therefore, the acquisition and characterization of recombinant alpha-amylase-
producing strains and enzyme variants with novel, enhanced attributes are currently
significant issues. These enzymes find widespread use in the processing of starch-containing
raw materials, and ongoing efforts in this direction are essential to meet the demands of
biotechnological industries.

The objective of this study is to molecularly clone the a-amylase gene of the B.
amyloliquefaciens MDC1974 strain into the E. coli/B. subtilis pBE-S shuttle vector, express
the recombinant enzyme extracellularly, and characterize it. Previously, our working group
has achieved some success in researching this enzyme. Specifically, we were able to amplify
the amylase gene from the complete bacterial genome (selected based on the analogy of the
16S ribosomal RNA gene of both our and host strains) and characterize the corresponding
enzyme [24]. Additionally, a phylogenetic analysis of the B. amyloliquefaciens MDC1974
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strain was conducted based on the 16S ribosomal gene sequence, and the enzyme was further
characterized in detail [25].

Materials and Methods

The source of the a-amylase gene used in this study was B. amyloliquefaciens
MDC1974 strain, which was provided by the microbial depository center of SPC
"Armbiotechnology”. The B. subtilis RIK 1285 strain, known for its low protease activity,
was utilized as the host for expression vector. The E. coli Top10 strain from Invitrogen was
employed for the initial transformation and propagation of the expression vector. The pBE-S
shuttle vector from Takara Bio served as the vector for cloning and extracellular expression of
the recombinant a-amylase gene.

Bacterial strains were stored either on meat peptone broth agar plates at 4°C or in meat
peptone broth supplemented with 50% (v/v) glycerol at -45°C. E. coli or Bacillus strains were
cultured on a Sanyo rotary shaker at 150 rpm, maintained at 37°C for E. coli and 33°C for
Bacillus, respectively, in Luria-Bertani (LB) medium (composed of 1% peptone, 0.5% yeast
extract, and 0.5% NaCl). When necessary, LB medium was supplemented with ampicillin at
100 pg/ml for E. coli or kanamycin at 10 pg/ml for B. subtilis. Overnight bacterial cultures
were also grown in LB medium for DNA isolation purposes.

DNA from the B. amyloliquefaciens strain MDC1974 was purified using the Monarch
Genomic DNA Purification Kit following the manufacturer's instructions. For the Gibson
assembly method, the following primer pairs were utilized to clone variants of the target
alpha-amylase gene, with and without the signal peptide, into the shuttle pBE-S vector:

For the variant with the signal peptide:

. Forward primer: amy1974 pBE-S_Ndel F
GCCGGTGCACATatgattcaaaaacgaaagcggacag

. Reverse primer: amy1974 pBE-S_Xbal R
ATGGTGATGTCTAGAttatttctgaacataaatggagacggacc

For the variant without the signal peptide:

. Forward primer: amy1974 pBE-S_Ndel_sig F
GCCGGTGCACATATGgtaaatggcacgctgatgcagta
. Reverse primer: amy1974 pBE-S_Xbal R
ATGGTGATGTCTAGACttatttctgaacataaatggagacggacc

PCR amplification of the alpha-amylase gene was conducted under the following
conditions: Initial denaturation: 95°C for 2 min; Cycling: 30 cycles of denaturation at 95°C
for 30 sec, annealing at 57°C for 30 sec, extension at 72°C for 2 min; Final extension: 72°C
for 5 min.

DNA electrophoresis was conducted using a 0.8% agarose gel (Agarose ™, VWR®
tablets) in 40 mM Tris-Acetate-EDTA buffer, pH 8.0, with the gel run at 100 volts for 35
minutes. DNA bands were visualized using "Millipore” GelRed® nucleic acid stain. NEB's
TriDye™ 1 kb Plus DNA ladder was employed as a reference for agarose gel sizing.

Cloning was conducted using the Gibson ligation method [26]. Initially, the pBE-S
vector was double-digested with Ndel and Xhol restriction enzymes following the
manufacturer's instructions provided by NEB (New England Biolabs). In the subsequent step,
cells of E. coli Top 10 were transformed using the heat shock method with pBE-
S_amy1974sig and pBE-S_amy1974 vectors synthesized (directly from the cloning reaction
mixtures). Transformed colonies were selected from colonies growing on ampicillin in LB
medium using the colony PCR method. Plasmids were isolated using the QIlAprep Spin
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Miniprep kit from QIAGEN following the manufacturer's instructions and stored at -20°C
until further use. (Link to the QlAprep Spin Miniprep Kit:
https://www.giagen.com/us/products/discovery-and-translational-research/dna-rna-
purification/dna-purification/plasmid-dna/giaprep-spin-miniprep-kit)

B. subtilis RIK 1285 strain cells were transformed using the obtained pBE-
S_amy1974sig and pBE-S_amy1974 vectors, resulting in the generation of B. subtilis RIK
1285 amy1974sig and B. subtilis RIK 1285 amy1974 strains. Transformations were
conducted following the manufacturer's instructions
(https://www.takarabio.com/documents/User%20Manual/3380/3380_UM.pdf) provided by
"Takara Bio," with certain modifications. The method involves inducing bacterial cells to
enter the stage of sporulation through starvation, which coincides with the stage of
competence for cell transformation [27].

The selection of fermentation media for recombinant amylase strains was made from 5
fermentation media with the same synthetic composition but different organic nitrogen
sources. The synthetic composition of the environments had the following percentage
composition: glucose: 1, starch: 1, (NH4)2SOa: 0.3, NH4Cl: 0.2, KH2PO4: 0.5, MgSO4: 0.025.
The media also contained 40 mg/I of L-lysine and L-tryptophan and 10 mg/l of kanamycin. In
addition to the above composition, the T1 medium contained 1% peptone and corn extract
each, T5 medium - 1% peptone and yeast extract, T6 medium - 1% tryptone and yeast extract,
T7 medium - 1% soybean meal and yeast extract, and T8 medium contained 2 percent yeast
autolysate. In the experiments studying the effect of the presence of own signal peptide and
the intensity of aeration on amylase output, T9 medium was used, which differed from T8 in
that glucose was replaced by sucrose (in order to avoid possible catabolic repression). And in
experiments studying the effect of kanamycin on amylase output, T9 medium without starch
was used. An overnight culture was grown in LB medium at 33°C on a rotary shaker (140
rpm). The overnight culture (seed material) was introduced into the fermentation medium in a
volume of 5%. The fermentation was provided in cotton-stoppered 500 mL wide-mouthed
flat-bottomed flasks containing 20 mL each of growth medium (33°C, 220 rpm).

Enzyme activity secreted in the culture fluid was determined by estimating the number
of reducing groups formed during starch hydrolysis using Sumner's 3,5-dinitrosalicylic acid
(DNS) reagent method [28] with Miller's modification [29]. The reaction medium in the final
volume (0.2 mL) contained 1% (w/v) starch, 50 mM acetate buffer at pH 6.0, 1 mM CacCly,
and the required amount of enzyme preparation. After 10 minutes of incubation at 55°C, 1 mL
of DNS reagent was added, followed by 15 minutes of incubation in a boiling water bath.
Subsequently, 1 mL of 20% Segnet salt solution (sodium-potassium tartaric acid salt) was
added. The optical absorption of the solutions was measured at a wavelength of 546 nm.

One unit of enzyme activity was defined as the amount of enzyme that catalyzed the
formation of 1 umol of reducing groups in one minute under the specified conditions. The
amount of protein was estimated using the method of Groves and Davis [30].

Research Results
The pBE-S shuttle vector utilized in this study is depicted in Fig. 1a. It encompasses
the kanamycin and ampicillin resistance sites, the ColE1 and pUB origins, as well as the aprE
promoter and signal peptide of the subtilisin protease.
The results of the amplification of the amy1974sig and amy1974 variants of the a-amylase
gene of B. amyloliquefaciens MDC1974 strain are depicted in Fig. 1b. The process of cloning
the amy1974 version of the same gene is illustrated in Figure 1c. Cloning of target genes into
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the shuttle vector was accomplished using Gibson's assembly method. For this purpose, the
quantities of the linearized vector and the amplified gene introduced into the reaction mixture
were calculated: 0.03 and 0.06 picomoles per 10 ul of the reaction mixture. An alpha-amylase
gene cloning reaction was then conducted using NEBuilder® HiFi DNA Assembly Master
Mix at 50°C according to the manufacturer's instructions provided by NEB. The
manufacturer's recommended 15-minute incubation was extended to 40 minutes. As a result,
pBE-S_amy1974sig and pBE-S_amy1974 vectors with and without the signal site,
respectively, were obtained.
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Fig. 1 Molecular cloning process of a-amylase gene of B. amyloliquefaciens MDC1974 strain.

(@) - Structural diagram of pBE-S vector. (b) - Flowchart for amy1974 (1) and amy1974sig (2) gene
amplification. (c) - Flowchart for amy1974 gene cloning: (1) - pBE-S vector, (2) - pBE-S vector cut
with Xbal restrictase, (3) - pBE-S_amy1974 vector, (4) - pBE-S_amy1974 vector cut with Xbal
restrictase. In images (b) and (c), DNA ladders are represented by (L).

Transformation of E. coli Top 10 cells was employed to select, propagate, and obtain
working quantities of the constructed targeting vectors. Transformed colonies were selected
from colonies growing on ampicillin in LB medium using the colony PCR method. The
transformation efficiency, defined as the total number of colonies per microgram of vector,
was found to be 1.5x10"7 and 2.1x10"7 for pBE-S_amyl1974sig and pBE-S_amyl1974
vectors, respectively.

To obtain an alpha-amylase-secreting strain-producer, B. subtilis RIK 1285 strain cells
were transformed with pBE-S_amy1974sig and pBE-S_amy1974 vectors propagated in E.
coli cells. Given that the B. subtilis RIK 1285 strain has auxotrophy towards lysine and
tryptophan amino acids, the casamino acids recommended by Takara Bio were replaced by L-
lysine and L-tryptophan at 40 mg/L each during the stage of obtaining competent cells of that
strain.

According to the method, circular plasmid is added to the competent cells and slowly
shaken for 90 minutes on a rotary pendulum. Many experiments conducted by us have
indicated that transformation occurs only after shaking for 90 minutes and leaving it in static
conditions for another 60 minutes. Under these conditions, the efficiency of natural
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transformation of the competent strain with pBE-S_amy1974sig and pBE-S_amy1974 vectors
was 2.5x1072 and 2.1x10"2, respectively.

Active transformants carrying pBE-S_amy1974 vectors lacking their own signal
peptide gene were utilized to select the composition of the fermentation medium. The media
utilized had a constant inorganic salt composition, including the carbon/nitrogen ratio, and
contained different sources of organic nitrogen at the same 2% concentration. Considering
that the target amylase gene is regulated by the subtilisin protease expression system (the
inducibility of this system has no available information), isolated sources of peptides were
tested in the study.

The obtained results are depicted in Fig. 2a. It is evident from the figure that T7 and T8
environments provide significantly higher enzyme activity compared to other environments.
The volumetric activity of amylase in T8 medium at 48 hours reaches an absolute value of
740 units/ml.
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Fig. 2 Dependence of a-amylase expression of B. amyloliquefaciens MDC1974 strain.
(a) — on the nature of the nitrogen source of the fermentation medium, (b) — on the presence of
its own signal peptide in the cloned gene, (c) — on the intensity of aeration of the fermentation

medium and (d) - on the concentration of kanamycin in the medium.

() — 100% activity corresponds to Amy1974 volumetric activity of 740 units/ml, (b) — 100%
activity corresponds to Amy1974 volumetric activity of 1100 units/ml, (c) — 100% activity
corresponds to Amy1974 volumetric activity of 1300 units/ml, (FM: fermentation medium) (d)
— 100% activity corresponds to a volumetric activity of Amy1974 of 1410 units/ml.

Additionally, it can be observed from the results that in all investigated environments,
the maximum enzyme activity is observed near the 48th hour, gradually decreasing later.
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Furthermore, it is evident from Fig. 2a that, under other equivalent conditions, the tryptone-
based medium (containing relatively larger peptides) has an advantage over the peptone-
based medium. In the subsequent parts of the study, the T8 medium based on yeast autolyzate,
which provides maximum expression of the enzyme, was selected as the basis.

Fig. 2b illustrates the expression of amylase depending on the presence of its own
signal peptide in the cloned gene. The results obtained demonstrate that in the presence of the
own signal peptide (where signal peptides from the vector and the amylase gene are
simultaneously present in the amplified gene), the expression of the enzyme decreases by
about two times. This decrease could be attributed either to the complexity of processing two
different signal peptides in the same secretion system, or to the activation of different
secretion systems by the host organism for different enzymes.

Fig. 2c illustrates the dependence of alpha-amylase expression on aeration intensity.
The obtained results indicate that the intensity of aeration substantially enhances the
expression of recombinant alpha-amylase of B. amyloliquefaciens MDC1974 strain, reaching
1300 units/ml at the 51st hour in the case of 10 ml fermentation medium in a 500 ml flask.

Fig. 2d depicts the dependence of alpha-amylase expression on kanamycin
concentration. In the presence of 10 mg/L kanamycin in the medium, 1410 units/ml of
amylase activity is observed at 48 hours. In the absence of kanamycin and with 30 mg/L

kanamycin, more than 75% of this activity is maintained, indicating the high segregation and
structural stability of the pBE-S vector-based expression system, as evidenced by Takara Bio.

Conclusion

Through cloning by Gibson's assambly method, a stable and high-activity secretory
alpha-amylase strain-producer of B. amyloliquefaciens MDC1974 strain was successfully
obtained utilizing the pBE-S vector from "Takara Bio", with some characteristics of the
enzyme synthesis studied. Moving forward, the plan involves introducing the 173 signal
peptides from "Takara Bio" into the resulting system and obtaining multiple more active
strains of amylase through the selection of active variants.

Acknowledgment: We gratefully acknowledge the financial support provided by the
Committee of Higher Education and Science of the Republic of Armenia under the auspices
of scientific topics with codes Ne 13-21359, 16YR-21016, and 21AA-21029, which facilitated
the completion of this research.

References
1. Henrissat B. A classification of glycosyl hydrolases based on amino acid sequence
similiarities. Biochem. J., 280, 309-316, 1991. https://doi.org/10.1042/bj2800309
2. Van der Maarel M.J.E.C., van der Veen B., Uitdehaag J.C.M., Leemhuis H.,
Dijkhuizen L. Properties and applications of starch-converting enzymes of the o-
amylase family, J. Biotechnol., 94, 137-155, 2002. https://doi.org/10.1016/s0168-
1656(01)00407-2

21



Bulletin Of High Technology N 1 (29) 2024.-pp. 15-24. NATURAL SCIENCES

T.M. Soghomonyan
EXTRACELLULAR EXPRESSION OF THE ALPHA-AMYLASE GENE FROM

BACILLUS AMYLOLIQUEFACIENS MDC1974 STRAIN USING BACILLUS SUBTILIS RIK1285 CELLS

10.

11.

12.

13.

14.

15.

16.

17.

MacGregor E.A. An overview of clan GH-H and distantly-related families. Biologia,
Bratislava, 60/Suppl. 16: 5-12, 2005. https://doi.org/10.1007/1-4020-5377-0 1
Gupta R., Gigras P., Mohapatra H., Goswami K.V., Chauhan B. Microbial a-
amylases: a biotechnological perspective. Process Biochemistry 38 1599-1616, 2003.
https://doi.org/10.1016/50032-9592(03)00053-0
Sivaramakrishnan S., Gangadharan D., Nampoothiri K.M., Soccol C.R. and Pandey
A. alpha-Amylases from Microbial Sources. Food Technol. Biotechnol., 44, 2, 173-
184, 2006.

https://doi.org/10.1590/51517-83822010000400004
Takata H., Kuriki T., Okada S., Takesada Y., lizuka M., Minamiura N., Imanaka T.
Action of neopullulanase: Neopullulanase catalyzes both hydrolysis and
transglycosylation at a-(1-4)- and a-(1-6)-glucosidic linkages. J. Biol. Chem., 267,
18447-18452, 1992. https://doi.org/10.1016/5S0021-9258(19)36983-2,

A. Vihinen M., Mantasala P. Microbial amylolytic enzymes. Crit. Rev. Biochem.
Mol. Biol., 24, 329-418, 1989. https://doi.org/10.3109/10409238909082556

Pandey A., Nigam P., Soccol C.R., Soccol V.T., Singh D., Mohan R. Advances in
microbial amylases (review article). Biotechnol. Appl. Biochem., 31, 135-152, 2000.
https://doi.org/10.1042/ba19990073
Weemaes C., De Cordt S., Goossens K., Ludikhuyze L., Hendrickx M., Heremans K.,
Tobback P. High pressure, thermal, and combined pressure-temperature stabilities of
alpha-amylases from Bacillus species. Biotechnol. Bioeng., 50, 49-56, 1996.
https://doi.org/10.1002/(SIC1)1097-0290(19960405)50:1<49::AIDBIT6>3.0.C0;2-1

Burhan A., Nisa U., Gokhan C., Omer C., Ashabil A., Osman G. Enzymatic properties
of a novel thermostable, thermophilic, alkaline and chelator resistant amylase from an
alkaliphilic Bacillus sp. isolate ANT-6, Process. Biochem., 38, 1397-1403, 2003.
https://doi.org/10.1016/S0032-9592(03)00037-2
Aguilar G., Morlon-Guyot J., Trejo-Aguilar B., Guyot J.P. Purification and
characterization of an  extracellular alpha-amylase produced by Lactobacillus
manihotivorans LMG 18010T, an amylolytic lactic acid bacterium. Enzyme Microb.
Technol., 27, 406-413, 2000. https://doi.org/10.1016/S0141-0229(00)00230-1
Kunamneni A., Singh S. Response surface optimization of enzymatic hydrolysis of
maize starch for higher glucose production. Biochem. Eng. J., 27, 179-190, 2005.
https://doi.org/10.1016/j.bej.2005.08.027
Okolo B.N., Ezeogu L.I., Mba C.N. Production of raw starch digesting amylase by
Aspergillus niger grown on native starch sources. J. Sci. Food Agric., 69, 109-115,
1995. https://doi.org/10.1002/jsfa.2740690117

Puspasari F., Radjasa O.K., Noer A.S., Nurachman Z., Syah Y.M., van der Maarel M.,
Dijkhuizen L., Janecek S. and Natalia D. Raw starch-degrading alpha-amylase from
Bacillus aquimaris MKSC 6.2: isolation and expression of the gene, bioinformatics
and biochemical characterization of the recombinant enzyme. J. Appl. Microbiol., 114,
108-120, 2013. https://doi.org/10.1111/jam.12025

Mitsuiki S., Mukae K., Sakai M., Goto M., Hayashida S., Furukawa K. Comparative
characterization of raw starch hydrolyzing alpha-amylases from various Bacillus
strains. Enzyme Microb. Technol., 37, 410-416, 2005.
https://doi.org/10.1016/j.enzmictec.2005.02.022

Kaneko A., Sudo S., Takayasu-Sakamoto Y., Tamura G., Ishikawa T., Oba T.
Molecular cloning and determination of the nucleotide sequence of a gene encoding an

22


http://dx.doi.org/10.1016/S0032-9592(03)00053-0
https://doi.org/10.1016/S0021-9258(19)36983-2
https://doi.org/10.3109/10409238909082556
https://doi.org/10.1042/ba19990073
https://doi.org/10.1002/(sici)1097-0290(19960405)50:1%3C49::aid-bit6%3E3.0.co;2-1
https://doi.org/10.1016/S0032-9592(03)00037-2
https://doi.org/10.1016/S0141-0229(00)00230-1
https://doi.org/10.1016/j.bej.2005.08.027
http://dx.doi.org/10.1002/jsfa.2740690117
https://doi.org/10.1111/jam.12025
https://doi.org/10.1016/j.enzmictec.2005.02.022

Bulletin Of High Technology N 1 (29) 2024.-pp. 15-24. NATURAL SCIENCES

T.M. Soghomonyan
EXTRACELLULAR EXPRESSION OF THE ALPHA-AMYLASE GENE FROM

BACILLUS AMYLOLIQUEFACIENS MDC1974 STRAIN USING BACILLUS SUBTILIS RIK1285 CELLS

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

acid-stable alpha-amylase from Aspergillus kawachii. J. Ferment. Bioeng., 81, 292-
296, 1996. https://doi.org/10.1016/0922-338X(96)80579-4

Knox A.M., du Preez J.C., Kilian S.G. Starch fermentation characteristics of
Saccharomyces cerevisiae strains transformed with amylase genes from Lipomyces
kononenkoae and Saccharomyces fibuligera. Enzyme Microb. Technol., 34, 453-460,
2004. https://doi.org/10.1016/j.enzmictec.2003.12.010

Feller G., Bussy O. Le, Gerday C. Expression of psychrophilic genes in mesophilic
hosts: Assessment of the folding state of a recombinant alpha-amylase. Appl. Environ.
Microbiol., 64, 1163-1165, 1998. https://doi.org/10.1128/AEM.64.3.1163-1165.1998
Leveque E., Haye B., Belarbi A. Cloning and expression of an alpha-amylase encoding
gene from the hyperthermophilic archaebacterium Thermococcus hydrothermalis and
biochemical characterization of the recombinant enzyme. FEMS Microbiol. Lett., 186,
67-71, 2000. https://doi.org/10.1111/j.1574-6968.2000.tb09083.x

Chen J., Chen X., Dai J., Xie G., Yan L., Lu L., Chen J. Cloning, enhanced expression
and characterization of an alpha-amylase gene from a wild strain in B. subtilis WB800,
International Journal of Biological Macromolecules, 80, 200-207, 2015.
https://doi.org/10.1016/].ijbiomac.2015.06.018

Liu X., Jia W., An Y., Cheng K., Wang M., Yang S., and Chen H. Screening, Gene
Cloning, and Characterizations of an Acid-Stable alpha-Amylase. J. Microbiol.
Biotechnol., 25(6), 828-836, 2015. https://doi.org/10.4014/imb.1409.09094

Gai Y., Chen J., Zhang Sh., Zhu B. and Zhang D. Property Improvement of alpha-
Amylase from Bacillus stearothermophilus by Deletion of Amino Acid Residues
Arginine 179 and Glycine 180. Food Technol. Biotechnol., 56(1), 58-64, 2018.
https://doi.org/10.17113/ftb.56.01.18.5448

Yao D., Su L., Li N. and Wu J. Enhanced extracellular expression of Bacillus
stearothermophilus alpha-amylase in Bacillus subtilis through signal peptide
optimization, chaperone overexpression and a-amylase mutant selection. Microbial
Cell Factories, 18:69, 2019. https://doi.org/10.1186/s12934-019-1119-8
Hambardzumyan A.A., Koloyan H.O., Paloyan A.M., Mkhitaryan A.V., Kinosyan
M.H., Davidyan T.S., Khachaturyan N.S. Cloning of genes of o-amylase and
glucoamylase of technological value and characterization of corresponding enzymes.
Biolog. Journal of Armenia, Special Issue, 2016, 68; 39-49.

Paloyan A.M., Melkonyan L.H., Sargsyan A.S., Mkhitaryan A.V., Dyukova K.G.,
Hambardzumyan A.A. Production and Properties of a Novel Raw Starch Hydrolyzing
a-Amylase from Bacillus amyloliquefaciens MDC1974. Electronic Journal of Natural
Sciences of NAS of Armenia 2020, 34(1); 4-11. http://ejns.sci.am/allissues.html
Gibson D.G., Young L., Chuang R.-Y., Venter J.C., Hutchison C.A. & Smith H.O.
Enzymatic assembly of DNA molecules up to several hundred kilobases. Nature
Methods, 6(5), 343-345, 2009. https://doi.org/10.1038/nmeth.1318

Murayama R., Akanuma G., Makino Y., H. Nanamiya, and Kawamura F.
Spontaneous Transformation and Its Use for Genetic Mapping in Bacillus subtilis.
Biosci. Biotechnol. Biochem., 68(8), 1672-1680, 2004.
https://doi.org/10.1271/bbb.68.1672

Sumner J.B. The Estimation of Sugar in Diabetic Urine, Using Dinitrosalicylic Acid.
J. Biol. Chem., 62(2), 287-290, 1924. https://doi.org/10.1016/S0021-9258(18)85062-1
Miller G.L. Use of Dinitrosalicylic Acid Reagent for Determination of Reducing
Sugar. Analytical Chemistry 31, 426-428, 1959. https://doi.org/10.1021/ac60147a030

23


https://doi.org/10.1016/0922-338X(96)80579-4
https://doi.org/10.1016/j.enzmictec.2003.12.010
https://doi.org/10.1111/j.1574-6968.2000.tb09083.x
https://doi.org/10.1016/j.ijbiomac.2015.06.018
https://doi.org/10.1186/s12934-019-1119-8
https://doi.org/10.1016/S0021-9258(18)85062-1
https://doi.org/10.1021/ac60147a030

Bulletin Of High Technology N 1 (29) 2024.-pp. 15-24. NATURAL SCIENCES

T.M. Soghomonyan
EXTRACELLULAR EXPRESSION OF THE ALPHA-AMYLASE GENE FROM

BACILLUS AMYLOLIQUEFACIENS MDC1974 STRAIN USING BACILLUS SUBTILIS RIK1285 CELLS

31. Peterson G., Determination of total protein. Meth. Enzymol., 91, 95-119, 1983.
https://doi.org/10.1016/s0076-6879(83)91014-5

BACILLUS AMYLOLIQUEFACIENSMDC1974 TSUU b ULSU-UUhLURP GELDH
UrSUPRRU3PL ERUMMGUNKY BACILLUS SUBTILISRIK1285 PRPRLEMNS

S.U. Unpnidntjwt
<L FUU «Luglybuuwpbputininghus ghippuwpugwnpuiljuat Yatiypnpnt

Bacillus amyloliquefaciens MDC1974 owwdh wjdw-wdhjmquyht  ghup
UnjEnyujhtt dwupnuynd Yintwnpdby & £ coli/ B. subtilis pBE-S dwpnpujhlt
Jijuinpnid b wpuwpeouyhtt dinyg  Epuwypbudl] gwdp wpnunbwquyht
wlwhynmpjudp Bacillus subtilis RIK1285 nhkghuyhtun ownwdhg: Shpdbundwut
wuydwutbph oyunhdwjugdut wpyniipmd vnwgyt] B wpnnwuquuynn widw-wdhjugh
1400 dhwiynp/uj] mljnnpynipinih:

Pwbunh  pwnbp.  Bacillus  amyloliquefaciens, o-wuhjwg, tpuwypbunid
wpunuquundwdp, E. coli/B. subtilis dwpnpuyjhti yEjunnp

BHEKJIETOYHAS SKCIIPECCHUSA I'EHA AJIb®A-AMUJIA3BI U3 IITAMMA
BACILLUS AMYLOLIQUEFACIENS MDC1974 C UCIIOJIb3OBAHUEM KJIETOK
BACILLUS SUBTILIS RIK1285

T.M. Coromonsin
Hayuno-npouseoocmeennuvuii Llenmp (HIIL]) «Apmbuomexuonoeusn»

I'en aneda-amunasel mramma Bacillus amyloliquefaciens MDC1974 Gbi1 KIIOHHpOBaH
Ha MosekysipaoM ypoBue B E. coli/B. subtilis pBE-S 4yenHOYHBIH BEKTOp U IKCIPECCOBAH
BHEKJIETOUYHO u3 mramma-perunuenta Bacillus subtilis RIK1285 ¢ Huskoii mporeasHoit
aKTUBHOCTBIO. B pesysnbraTe ONTHMH3AIMKM YCIOBUH (epMeHTalmu ObUla JTOCTHUTHYTA
cekpenus anbda-aMuiiaspl ¢ akTUBHOCTBIO 1400 em./mi.

Knroueswie cnosa: Bacillus amyloliquefaciens, o- amunasa , skcrpeccusi ¢ ceKpenueii,
E. coli/B. subtilis uenHouHbIi1 BekTOp

Submitted on 20.12.2023
Sent for review on 21.12.2023
Guaranteed for printing on 25.03.2024

24



