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Abstract

There are more attention on the amylase enzymes in recent biotechnology because of application of
them. To provide these needed enzymes, bacterial amylase enzymes are especially focused on. The bacterial
strain was identified by sequencing of 16S rRNA coding gene (BM Company, Ankara/Tlirkiye). After
identified amylase production in starchy medium, the enzyme isolated partially, and optimum pH and
temperature parameters were characterized. The enzyme was applied to remove starch from starchy fabric.
The last product of the enzyme was determined with TLC analysis. Its optimum pH and temperature were
5.0 and 45 °C, respectively. The potassium/iodine color change showed that enzyme was able to remove
starch from fabric due to at least § of TEGEWA. Maltose is the last product. The overall results suggest that
the extracted crude amylase can be a potential enzyme candidate for textile industries after further

characterization in the future.

Keywords: Amylase; Bacillus licheniformis; Desizing; Starch; Fabric.

DOI: 10.37094/adyujsci.1532994 @

* Corresponding Author



Kocabay (2025) ADYU J SCI, 15(2), 1-11

Bacillus licheniformis Amilazimn Karakterizasyonu ve Hagil Sokme Isleminde Uygulanmasi
Oz

Son yillarda biyoteknolojide amilaz enzimlerinin uygulanmasi nedeniyle iizerinde daha fazla
durulmaktadir. Thtiya¢ duyulan bu enzimlerin saglanmasi i¢in 6zellikle bakteriyel amilaz enzimleri {izerinde
durulmaktadir. Bakteri susu, 16S rRNA kodlayan genin dizilenmesiyle tanimlanmistir (BM firmasi,Ankara
Tiirkiye). Nisastali ortamda amilaz iiretimi belirlendikten sonra enzim kismen izole edilerek optimum pH
ve sicaklik parametreleri karakterize edildi. Enzim, nigastali kumastan nisastay1 ¢ikarmak i¢in uygulandi.
Enzimin son iirlinii TLC analizi ile belirlendi. Optimum pH ve sicakligi sirasiyla 5.0 ve 45 °C olarak
kaydedildi. Potasyum/iyot renk degisimi, enzimin en az 8 TEGEWA sayesinde kumastan nisastay1
cikarabildigini gosterdi. Maltoz son firiindiir. Sonug olarak, elde edilen bulgular ekstrakte edilen ham
amilazin gelecekte daha ileri karakterizasyondan sonra tekstil endiistrileri igin potansiyel bir enzim aday1

olabilecegini gostermektedir.
Anahtar Kelimeler: Amilaz; Bacillus licheniformis; Hasil sokme; Nisasta; Kumas.
1.Introduction

a-Amylases (endo-1,4-a-D-glucan glucanohydrolase, EC 3.2.1.1) [1] are among the most important
class of enzymes and has great importance in biotechnology. The application of amylase expanded to cover
many areas from medical, analytical chemistry to starch confectionery (saccharification), food, textiles.
Industrial importance of amylases increases interest in the isolation of new bacterial species and the enzyme
accounts for about 25% of its trade [2]. Although these enzymes can be isolated from plant, animal and
many microbial sources, microbial sources are more preferred to meet the industrial needs. Amylase
isolation from microbial sources has advantages than the others such as animal and plant. The microbial
enzymes are able to show thermostability that is important in the industry. Many of microorganisms such
as Lactobacillus fermentum, Bacillus amyloliquefaciens, Bacillus licheniformis and Bacillus

stearothermophilus, produce extracellular amylase [3-5].

Starch and cellulose are the most abundant natural polymers in the world. Both glucose formed by
different bonding of monomers. Glucose in starch monomers are linked by a-glycosidic bonds, whereas in
cellulose, glucose monomers are B- linked by glycosidic bonds. Therefore, these two energy sources, which
are important for animals, humans and microorganisms, are hydrolyzed by two different enzymes: starch a-
glycoside hydrolases and cellulose is hydrolyzed by B-glycoside hydrolases [6, 7]. Starch is polymer linking
of glucose molecules to each other by glycosidic bond. Amylose and amylopectin are two different classes

of starch polymers. While the amylose is a straight chain of about 6,000 glucose units linked by a-1,4
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glycosidic bond and insoluble in water, amylopectin consists of about 2x10° units has branched chains

linked by a-1,6 glycosidic bond and soluble in water [8].

In the textile industry, the amylases are used to remove starch molecule from fabrics. In the weaving
of fabrics, the yarns face undesirable situations during weaving. That's why the yarn breakage should be
prevented. For this reason, it is tried to give strength to the yarn with a process called as sizing. To this end,
aremovable protective layer is applied over the yarns. Starch is one of the most used materials in this process
because it is cheap, abundant and can be easily removed completely. The process of removin starch used as
sizing material is called desizing. Amylases selectively remove starch from fabrics and they do not attack
to yarns. The enzymes randomly hydrolyze starch into dextrins which dissolves in water and easily washes

away [3, 9, 10].

In this study, we characterized the amylase enzyme from Bacillus licheniformis and analyzed

potential application of it on the fabric to remove the starch.
2. Material and Methods

Bacillus sp. was used from culture collection of Microbiology Laboratory Course at Department of
Molecular Biology and Genetics in Malatya/Tiirkiye. LB medium (Sigma), starched fabric, desizing fabric
was taken from Calik Denim Textile in Malatya/Tiirkiye. Aluminum TLC plate (Merck), DNS

(dinitrosalicylic acid) (Sigma), the other chemicals are analytical grade.
2.1. Identification of Bacterial Strain

Single bacterial colonies were grown from the overnight culture by using the pour-plate method. One
hundred of the colonies were then transferred onto LB agar plates (pH 7.0). The pure cultures were stored
at —80 °C. Molecular characterization was performed through outsourcing (BM Company, Ankara/Tiirkiye).
DNA was prepared and used for the amplification of 16S rRNA gene. The sequences obtained from an
automatic DNA sequencer were subjected to BLAST analysis and similarities were determined using the
National Center of Biotechnology Information databases [11]. An accession number for the sequence was

also obtained OP581206.
2.2. Extracellular Amylase Production and Partial Purification

Amylase production of strain was determined on LB agar medium supplemented with 1% starch.
Individual colony was inoculated onto the prepared starched LB medium agar plates and incubated at 37 °C
overnight. 200 uL Potassium iodine solution (10%) was added onto the agar medium. The zone where the

starch molecules digested was visualized as transparent. The bacteria were grown 500 ml LB medium
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containing 1% starch for 3 days at 37 °C. It was centrifuged at 4000 rpm for 15 minutes at 4 °C. The
supernatant was collected. The crude enzyme was partially purified by ethanol precipitation (1:2 v/v) at -20
°C for 24 hours. It was centrifuged at 4000 rpm for 15 minutes at 4 °C. The supernatant was poured out.

The precipitated was lyophilized at -65 °C and used as enzyme source [4].
2.3. Optimum pH

The amylase activity was determined using a pH range, 3.0-10.0, in the following buffer systems
(200 mM) at room temperature. Sodium acetate, pH 3.0-5.0; potassium phosphate, pH 6.0-7.0; carbonate,
pH 8.0—10.0. The experiment was made triplicate [4].

2.4. Optimum Temperature

In order to investigate the effect of temperature, the assay was conducted separately at 25, 37, 45, 60,
75 and 92 °C. The activity of the enzyme was determined by pre-incubating the enzyme sample at these
temperature points for 1 hour at pH 5.0, the activity was recorded using the DNS assay. The experiment was

performed in triplicate [4].
2.5. Desizing Progress and DNS Assay

The starchy fabric sample was cut in the dimensions of 5.6 cm X 3 cm (415 mg) for enzymatic
treatment and 5.5 cm X 2.7 cm (392 mg) for control group. 10 ml amylase solution with a concentration of
25 mg/mL was prepared at 0.02 M acetat buffer (pH 5.0). The piece of cloth was soaked in the solution. It
was kept at 45 °C 5 hours to remove starch from the fabrics. Aliquot samples were taken just before the
fabric was immersed in the solution and at various times. The presence of free reducing ends in the
respective samples was determined using the dinitrosalicylic acid (DNS) method [4]. The absorbance values
were recorded using spectrophotometer (epoch biotech). The samples were run in triplicate. Similar
procedures were performed for the negative control. The buffer was used instead of enzyme solution. After
5 hours, it was washed in boiling distilled water for 10 minutes. After 10 minutes in cold distilled water, it
was left to dry at room temperature. Weight and size losses of fabric samples were recorded. The fabrics
was colored with potassium iodine solution (1% I: 10% KI: H>O; 1:1:3 v/v). As soon as 20 pL of potassium

iodine was poured on the fabrics, the images were captured. Then the results were recorded [10].
2.6. Analysis of Hydrolysis Products by TLC

After reacting 250 uL of 25 mg/mL enzyme solution and 250 pL 1% starch solution under optimum
conditions for 24 hours, 30 uL was applied to commercial aluminum TLC plate (Merck, Germany) as a

stationary phase. 5 uL 2% glucose and maltose mixture was loaded as standard. A mixture of

4
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butanol:ethanol:water (5:3:2) mobile buffer was used. After waiting for 24 hours for the separation of
products, the chromatography paper was dried. After spraying with a sulfuric acid solution (20%) prepared

in methanol, it was heated at 120 °C for 20 minutes. The end product of the enzyme was determined [10].
3. Results and Discussion
3.1. 16S rRNA Gene Sequencing

After the detection of the amylase-producing isolate, the genomic characterization results are
presented in Fig. 1. According to the obtained phylogenetic tree diagram, it was identified as Bacillus

licheniformis. The similarity score is 100%.

firmicutes | 3 leaves

Q Bacillus licheniformis strain NB45 16S ribosomal RNA gene, partial sequence
OBacillus sonorensis strain NB35 168 ribosomal RNA gene, partial sequence
OBacillus paralicheniformis strain CB211 16S ribosomal RNA gene, partial sequen...
OBacillus paralicheniformis strain SA25 168 ribosomal RNA gene, partial sequence
OBacillus sp. (in: Bacteria) strain L23 16S ribosomal RNA gene, partial sequence
OBacillus licheniformis strain MPF37 16S ribosomal RNA gene, partial sequence
OBacillus licheniformis strain MPF13 16S ribosomal RNA gene, partial sequence

0.0001 OBacillus paralicheniformis strain Sac7 16S ribosomal RNA gene, partial sequence
I_I Q

‘ﬁlmjcutes and unknown | 90 leaves

Figure 1: The phylogenetic tree based on partial sequencing of 16S rRNA gene. According to the tree, it belongs to
Bacillus licheniformis. The scale bar represents 0.0001 substitutions per base position

3.2. Enzyme Production

Bacillus licheniformis was inoculated into the starched culture medium. After overnight, the
potassium iodine solution was added on it. Fig. 2 A depicts that the bacterial amylase enzyme activity was
determined like transparent. The rest of transparent was purple. Fig. 2 B shows the colony shape of Bacillus
licheniformis. The production of amylase from Bacillus sp. strain was determined in the literature [12-16].
Fig. 2 A explains that there is transparent zone around the colony meaning to having amylase activity. lodine
staining showed the transparent zone around single bacterial colony having amylase production. The dark

blue color appears after the iodine reacts with the starch molecules.
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Figure 2: The amylase production (A) and colony shape (B) of Bacillus licheniformis

3.3. Optimum pH

The optimum pH was examined with pH 3.5, 4.0, 5.0 in 0.2 M acetate buffer, and 6.0, 7.0, 7.5, 8.0 in
0.2 M phosphate buffer, and 9.0,10.0,10.5 in 0.2 M carbonate buffer, respectively. The Fig. 3 shows that
pH 5.0 and 9.0 are optimum for amylolytic activity. The enzyme displays lowest activity at pH 6.0 while
The enzyme exhibits relative activity at other pHs. The optimum pH evaluated between the different pH
from 3.5 to 10.5. The enzyme showed most activity at pH 5.0 and 9.0 as shown in Fig. 3. The literature
explained different amylase enzymes from bacillus had different optimum pH such as pH 10.0 [5], pH 7.0
[13], pH 5.0 [17]. Although amylase from bacillus subtilis showed maximal activity at pH 6.0 [18], the
interested enzyme indicated lowest activity at pH 6.0. The enzyme had activity at range of pH 3.5 and 10.5.

Optimum pH
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Figure 3: Optimal pH value for the enzymatic activity of extracellular amylase
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3.4. Optimum Temperature

The optimum temperature was determined to be 45 °C based on the data presented in Fig. 4. Enzyme
activity was assessed at various temperatures, including 25 °C, 37 °C, 45 °C, 60 °C, 75 °C, and 92 °C, @
evaluate the thermal stability and catalytic efficiency of the bacterial amylase. Among these, the highest
enzymatic activity was observed at 45 °C, indicating it as the optimal temperature for this enzyme under the
tested conditions. Different temperature degrees were assayed. The enzyme showed highest activity at 45
°C. Similar results were recorded in work of Ibrahim et.al (2013) [19]. The enzyme had catalytic activity
at 92 °C. Different enzyme optimal temperature values ware recorded in the literature. Akkaya et.al (2012)
showed the amylase had optimum temperature at 95 °C [5]. This temperature is good for the application of
amylase in textile industry. However, low temperature sensitive enzyme is also applicable for the same
industry because of its cost effects in electric consuming [20-22]. Chinnamal et. al (2013) In their desizing
experiment, the TEGEWA score of the amylase enzyme obtained from the bacteria Bacillus licheniformis
was determined as 8-9 and the optimum temperature was determined as 60 °C. In addition, the absorbency
result was recorded as 12 [16]. The enzyme we used in our study is more advantageous in terms of reducing

the cost, as it shows activity at the best 45 °C.
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Figure 4: The optimum temperature at which extracellular amylase exhibits maximum activity

3.5. Desizing

Figure 5 explains the enzyme activity on the starched fabric. A shows treated starched fabric without
enzyme. B depicts treated starched fabric with 25 mg/mL crude extract enzyme concentration after 5 hours

at 45 °C. In Fig. 5, A1, B1 have air dried potassium iodine solution on the fabrics. The desizing activity of

7
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the obtained enzyme is shown in Fig. 5 (B). When the color intensity of the enzyme applied fabric is
compared with the color intensity of the fabric without enzyme application, in other words, when Fig. 5 A
and B are compared, it can be said that the amount of starch is less in the enzyme applied fabric. This may
mean that the applied amylase enzyme is successful in removing starch from the fabric. Fig. 5 A1 and B1
are the results obtained after pouring more marker on the same fabrics and drying in air for a long time. The
Al and B1 results can be interpreted as the result of the marker does not change instantly. When the A1 and
B1 results are compared with the TEGEWA score, it can be said that Al is 1 while B1 is at least 8. When
all these findings are considered together, it can mean that the obtained amylase enzyme is applicable in the

desizing process. It is ready for the next step for dyeing.

= 8 7 6 5 4 3 2 1

Figure 5: The results obtained 3 minutes after adding 20 pl of 10% potassium iodine solution of the fabric piece
treated with 25 mg/ml enzyme concentration after 5 hours at 45 °C. A: treated starched fabric without enzyme, B:
treated starched fabric with enzyme. Al, Bl have air dried potassium iodine solution on the fabrics. TEGEWA
standard scale from 1 to 9 (https://texcontrol.com.br/produto/escala-de-iodo-violeta-tegewa/)

3.6. DNS Method

The reducing end of starch was determined using the DNS method. Fig. 6, line blue shows amylase
activity. After addition of amylase, the absorbance value is 0.642 at 5 minutes. 0,1 and 1 minute later, the
absorbance is 0.303, 0.624 respectively. Itis observed that the activity of the enzyme on the fabric increases
after 5 hours compared to the fabric medium that does not contain the enzyme (Fig. 6 right). Desizing
activity of the amylase was measured with DNS method. Removed starch from the fabric has reducing end
and is able to determine with DNS reagent. Fig. 6 explains the amylase activity on the fabric during the
time. The enzyme activity reached to maximum level at 1 min. Then the activity continued at 5 min. After
5 hours, when the activity of the enzyme is compared with the initial activity, the binding of the reducing
ends in the medium with DNS is more than 2 times, while the result is not changed in the control group

without enzyme (Fig. 6 right).
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Figure 6: The amylase activity was measurement with DNS method. The reducing end was compared in the
enzyme-fabric treatment at initial time and final time (5 hours) (right). A) initial enzyme activity, B) initial enzyme
activity without enzyme, C) final enzyme activity, D) final enzyme activity without enzyme

3.7. TLC Experiment

As a result of the chromatography experiment, the end product of the enzyme is maltose, which is

shown in Fig. 7.

Figure 7: Last product of the amylase determined with TLC experiment. (G: Glucose, M: Maltose)

Comparison of fabric information before and after enzyme application for desizing process is given
in Table 1. When the initial weight of the fabric and the dried weight after the process are compared, it is
found that there is a weight loss of 8.94% in the fabric applied with enzyme, while it is 5.86% in the fabric
not applied with enzyme. TEGEWA rating is also determined as 8 and 1, respectively.

Table 1: Comparison of the effect on the fabric with the control group after the enzyme treatment

With enzyme Without enzyme
Initial weight (mg) 425 392
Final weight (mg) 387 369
Weight loss (%) 8.94 5.86
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Initial width (cm) 3 2.7
Final width (cm) 2.5 2.5
Initial length (cm) 5.6 5.5
Final length (cm) 5.1 4.9
TEGEWA rating 8 |
Absorbency test (sec) 5 non

4. Conclusion

The isolated enzyme showed activity optimally at 45 °C and pH 5.0. It can be used in textile industry
thanks to amylase activity. Working at low temperatures is very important in terms of industrial use. Both
the factory costs are reduced and the fabric is not adversely affected by high temperature. It is a good

candidate for industry application after detailed studies in the future.
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