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CLONING OF THE THERMOSTABLE a-AMYLASE GENE

Abstract: This article presents the results of the determination of bacteria of
the genus Bacillus, stored in the Laboratory of Enzymology at the Institute of
Microbiology of the Academy of Sciences of the Republic of Uzbekistan in order to
identify the genes responsible for the synthesis of thermostable a-amylase, which are
cloned and expressed in the E. coli system. Preliminary results showed that a-
amylases of culture fluid obtained from Bacillus spp.-amyR and Bacillus spp.-104.K
isolates demonstrated the highest activity and stability at high temperatures. The
Bacillus spp.-amyR isolate showed enzyme activity of 0.96 U/ml at 70 °C, while the
Bacillus spp.-104.K isolate showed 0.37 U/ml at 90 °C. Both isolates were identified
by the 16S rRNA gene sequence and registered in the NCBI database. Along with
these, the corresponding primers for a-amylase genes were designed, amplified by
PCR, successfully cloned to the pUC18 cloning vector, and gene expression in host
cells on starch-containing Petri dishes was shown.

Keywords: Thermostable a-amylase, enzyme activity, Bacillus velezensis,
Bacillus licheniformis, 16S rDNA, cloning, PCR amplification, vector, expression.
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TERMOSTABIL a-AMILAZA GENINI KLONLASH

Annotatsiya: Ushbu maqolada O‘zR Fanlar akademiyasi Mikrobiologiya
instituti Enzimologiya laboratoriyasida saqlanayotgan Bacillus avlodiga mansub
bakteriya izolyatlarining termostabil a-amilaza fermentini sintez qiluvchi genlarini
aniqlash, klonlash va E. coli ekspression tizimida ekspressiya qilish bo‘yicha
o‘tkazilgan tadqiqotlar natijalari yoritilgan. Dastlabki natijalar shuni ko ‘rsatdiki,
Bacillus spp.-amyR va Bacillus spp.-104.K izolyatlaridan olingan kultural suyuqlik a-
amilaza fermentlari eng yuqori faollikni yuqori haroratlarda namoyish etgan.
Bacillus spp.-amyR izolyatining a-amilaza fermenti 70 °C da yugqorti 0.96 Bir./ml
faollikni, Bacillus spp.-104.K izolyatida esa 90 °C da 0.37 Bir./ml ni tashkil etdi. Har
ikkala izolyat 16S rDNK geni asosida identifikatsiya qilindi va NCBI bazasiga
joylandi. Shu bilan birga ularning a-amilaza fermentlari genlariga mos praymerlar
tuzildi, PZR-usulda amplifikatsiya qilindi, pUC18 klonlash vektoriga muvaffaqiyatli
klonlangan va kraxmalli Petri idishlarida xo‘jayin hujayralarida gen ekspressiyasi
ko ‘rsatilgan.

Kalit so‘zlar: Termostabil a-amilaza, ferment faolligi, Bacillus velezensis,
Bacillus licheniformis, 16S rDNK, klonlash, PZR-amplifikatsiya, vector, ekspressiya.
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MaxcymxaHoB AxMajpkaH A'b3aMXaHOBUY
W.o. 3aBepytoiiero siaboparopueii s3H3UMO/OrMH MHCTUTYTa MUKpOOUonoru AH
PY3, crapimii HayuHblii COTPYHUK, KaHAWAAT OHMO0/IOTHYeCKUX HayK.

KJIOHUPOBAHVE I'EHA TEPMOCTABU/IBHOMN a-AMWJIA3BI

AHHOmayus: B OaHHOlU cmambe npedcmae/neHbl pe3yibmambl onpeoeneHus
6akmepuli pooda Bacillus, xpaHsiwjuecs 8 nabopamopuu SH3umono2uu MHcmumyma
Mukpobuono2uu Akademuu HayK PY3 c yenbio 8bisieneHUs1 2eHO8, 0MBemCcmeeHHbIX 3d
cuHme3 mepmocmabuabHOU Q-amuaasbl, KOMopble KAOHUPOBAHbI U 3KCNPeCcCUpOB8AHbI
8 cucmeme E. coli. IlpeosapumenbHble pe3yabmambl NOKA3ad/aAu, Umo «Q-amu/adasbl
KyAbmypanbHOU HcuodKocmu, noayveHHble u3 uzonsimos Bacillus spp.-amyR u Bacillus
spp.-104.K, npoOeMOHCmpupoeanu HAuBbICWY0 AKMUBHOCMb U yCmMOU4Yu8oCmb npu
8bICOKUX memnepamypax. HW3onam Bacillus spp.-amyR noka3an akmugHOCMb
¢epmernma 0,96 Ed/ma npu 70 °C, moeda kak uzonsm Bacillus spp.-104.K — 0,37
Eo/mn npu 90 °C. Oba uzonsma 6bLiu udeHmuguyuposaHbl no cekeeHcy 2eHa 16S
pPHK u 3apecucmpupogaHbl 8 6a3e OauHbix NCBI. Hapsdy c¢ smumu,
CKOHCMpYupoeaHbl ~ coomeemcmeylowjue  npaiiMepbl K  2eHAM  O-AMUAA3bl,
amnauguyuposaubl  memooom IILIP, ycnewHO KJAOHUPOBAHbI K  8EKMOpY
ka1oHuposaHuss pUCI8 u noka3aHa 3Kcnpeccusi 2eHd 6 K/emKax XOo35UHd Hd
Kpaxmasncooepicawjux uawkax Ilempu.

Knwueeble cnoea: TepmocmabuibHas o-amuaasd, akmueHOCMb (pepmeHma,
Bacillus velezensis, Bacillus licheniformis, 16S pPHK, «knoHupoeaHue, III[P-
amnaugukayus, 8eKmop, 3KCnpeccusl.

Introduction

The recombinant production of thermostable a-amylase enzymes holds
significant importance for both industrial applications and scientific research.
Through recombinant production technologies, the structure of the enzyme can be
altered, improved, or adapted to specific conditions. These technologies allow for the
cloning and expression of genes from various bacterial sources, enabling the mass
production of enzymes. Utilizing the local Bacillus sp. strains in Uzbekistan for the
recombinant production of thermostable a-amylase would facilitate the efficient use

of national resources and foster competitive research on an international scale.



Amylases are enzymes that hydrolyze starch by cleaving a-1,4-glycosidic
bonds to produce smaller molecular weight products, including glucose and maltose.
Due to their catalytic properties, scalability, and stability at high temperatures,
microbial amylases are preferred over plant and animal derived amylases for
industrial applications [1]. Among bacteria, thermostable a-amylases derived from
species of the Bacillus genus are widely used in industry [2]. Common bacterial a-
amylases originate from Bacillus licheniformis [3-6], Bacillus amyloliquefaciens [7-

9], Bacillus subtilis [10-12], and Bacillus velezensis [13-15].

Amylases are extensively employed in various commercial sectors, including
food production, detergents, alcohol, textiles, and paper industries. Additionally, they
are utilized in pharmaceuticals, environmental remediation, biofuel production, and
other biotechnological processes [16, 17]. Amylases can be categorized into two main
types: exo-amylases and endo-amylases. Exo-amylases hydrolyze starch molecules to
release small sugar units, while endo-amylases cleave internal glycosidic bonds
within the starch molecules, breaking them into smaller fragments. Both types play
crucial roles in the starch hydrolysis process [18, 19]. Over the past decade, several
research groups have successfully isolated amylase-producing bacteria from soil,

cloned their genes into suitable plasmids, and expressed them in E. coli cells [20, 21].

The aim of this study was to screen thermostable a-amylase producers, identify
bacterial strains exhibiting the highest activity and thermostability, and clone their

amylase genes.
Materials and methods

To identify bacterial isolates, universal primers used for the 16S rDNA gene
amplification, including 27F (5-AGAGTTTGATCMTGGCTCAG-3'), 533F (5'-
GCCAGCAGCCGCGGTAA-3'), and 1492R (5'-TACGGTTACCTTGTTACGACTT-
3"). Genomic DNA was extracted from bacterial strains using the Marmur method

[22].



a-Amylase activity was determined using a modified version of the 3,5-
dinitrosalicylic acid (DNS) method [23]. Activity assays were performed at
temperatures ranging from 30 °C to 100 °C in a reaction mixture of 0.6 mL containing
0.54 mL of 0.5% (w/v) potato starch solution in 100 mM potassium phosphate buffer
(pH 7.0) and 0.06 mL of enzyme solution. The reaction mixture was incubated for 10
minutes at the desired temperature in a water bath, followed by the addition of 1.8 mL
of DNS reagent to terminate the reaction. The mixture was boiled for 10 minutes,

cooled to room temperature, and absorbance was measured at 540 nm.

Primer design and cloning simulations were performed using SnapGene

software [24].

Primer Name Primer Sequence (5’ — 3') Restriction
Enzyme
AmyF_B. lich CCAGGATCCATGAAACAACAAAAACGG BamHI
AmyR_B.lich CCACATATGGCTCTTCTATCTTTGAACAT Ndel
AmyF.1_B.vel CCAGGATCCATGTTTGAAAAACGATTCAA BamHI
AmyR.1_B.vel CCACATATGCCATTAATGCGGAAGATAAC Ndel

AmyF.2_B.vel CCAGGATCCATGATTCAAAAACGAAAGCG BamHI
AmyF.2_B.vel CCACATATGCCTTATTTCTGAACATAAATGG Ndel

Table 1. Primers used in the study for amplification of amyL and amyV genes and

their associated restriction enzymes.
Results and discussion

Initial screening for thermostable a-amylase producers identified two bacterial
isolates with the highest enzymatic activity and thermostability [25]. The amyR
isolate displayed an enzyme activity of 0.96 U/ml at 70°C, whereas the 104.K isolate
demonstrated an activity of 0.37 U/ml at 90°C (Figure 1). Based on 16S rDNA



sequencing, these isolates were classified as Bacillus licheniformis (GenBank:

OR781719.1) and Bacillus velezensis (GenBank: OR781816.1).
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Figure 1. Amylase activity of Bacillus licheniformis 104.K and Bacillus velezensis
amyR strains. The enzyme activity was measured using crude enzyme extracts

obtained from the respective strains.

Specific primers targeting the amylase genes were designed based on the
genomic DNA sequences of the identified strains (Table 1). PCR amplification
yielded amyL (1539 bp) and amyV (1980 bp) fragments from the bacterial genomic
DNA (Figure 2A). These fragments were digested with BamHI and Ndel restriction
enzymes according to the manufacturer's protocol and ligated into the similarly
prepared pUC18 vector. The ligation mixtures were then transformed into E. coli
DH5a competent cells, and transformants were cultured on ampicillin-selective
plates. Plasmids isolated from positive colonies were analyzed by double digestion to
confirm the successful insertion of amyL and amyV genes (Figure 2B). The results

verified the successful cloning of amyL and amyV into the pUC18 vector (Figure 3).
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Figure 2. A) Amplification of amyL and amyV genes from the genomic DNA of
Bacillus licheniformis 104.K and Bacillus velezensis amyR. The amplified amyL (1)
and amyV (2) gene fragments are visualized on a 1% agarose gel. M: 1 kb DNA
marker. B) Confirmation of the successful cloning of amyL and amyV genes into the
pUC18 vector. The recombinant plasmids containing amyL (1) and amyV (2) genes
were double-digested with BamHI and Ndel, and the digested fragments were
analyzed on a 0.8% agarose gel. M: 1 kb DNA marker.
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Figure 3. A) Map of the recombinant plasmid containing the amyL gene inserted into
the pUC18 vector. B) Map of the recombinant plasmid containing the amyV gene
inserted into the pUC18 vector. Plasmid maps were generated using SnapGene

software.

The amylase gene from the B. licheniformis 104.K strain is 1539 bp in length, a
result that is consistent with the findings of Niu et al. [26]. The amplicon of the
amylase gene from the B. velezensis amyR strain is 1980 bp, which aligns with the
results reported by Zhang et al. [27]. Recombinant a-amylase activity detected by

iodine solution method on starch containing agar plate (Figure 4).

Figure 4. This image shows the amylase activity screening of E. coli DH5a
transformants carrying the pUC18+amyV construct on LB agar supplemented with
1% soluble starch. After 24 hours of incubation at 37 °C, the plate was flooded with

Lugol’s iodine solution to visualize starch hydrolysis.
Conclusion

This study successfully identified Bacillus licheniformis 104.K and Bacillus
velezensis amyR strains as producers of thermostable a-amylase and designed primers

specific to their amylase genes. The amyL and amyV genes were amplified and cloned



into the pUC18 vector. Future studies will focus on transferring these genes into

expression vectors and characterizing the properties of the recombinant enzymes.
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