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The demand for amylases with improved storage and operational properties for the economical production of textiles
has been on the rise in recent years. An alkaline amylase (Amy LBW 5117) from alkaliphilic Bacillus halodurans
LBW 5117 was characterized and used to desize woven cotton. The enzyme had a shelf life of 6 weeks when
stored at 4-30°C. It exhibited pH and temperature optima of 10 and 60°C, respectively. Its activity was stimulated
or insignificantly affected by up to 10 mM K~, Ca**, Mg*, Fe*", Na*, and Zn*", as well as Cu®>* (<1.0 mM), but was
partially inhibited by Mn?* (0.5 mM). The enzyme lost all of its activity after 3 h of incubation at 60°C, but this
improved to 96% in the presence of 1.0 mM Ca®" and 0.05 mM Tween 20. The enzyme was cellulase-free and
hydrolyzed starch in an endo-fashion. Furthermore, it degraded and eliminated 8.2% starch size from woven cotton
and yielded a fabric that exhibited a TEGEWA rating of 7-8 (residual starch content = 0.0725%) under its optimum
operating conditions. This shows that Amy LBW 5117 has good storage and operational properties that potentially
make it an effective desizing agent.

ARTICLE HIGHLIGHTS

Amy LBW 5117 is an alkaline endo-o-1-4-amylase that can desize

woven cotton.

e  Athigh pH, implying less contamination from neutrophils.

e At low temperatures, implying low-energy costs.

e In the presence of metal ion impurities, implying savings on the
purchase of chelators.

1. INTRODUCTION

The genus Bacillus is one of the major sources of industrial
enzymes [1]. The application of such enzymes in the detergent,
pulp and paper, and textile industries has prompted the isolation of
strains from a variety of alkaline environments as a source of stable
enzymes with suitable activities [2,3]. Many alkaliphilic Bacillus
species have been identified, and among them is Bacillus halodurans,
which was first described by Nielsen [4]. Reports available on this
species have only focused on polysaccharide-degrading enzymes
(e.g., pectinase, amylase, xylanase, etc.) with potential in different
industrial processes [5-7]. We have previously reported the isolation
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of alkaliphilic Bacillus sp. from samples collected around L. Bogoria,
a soda lake found in Kenya’s Rift Valley area [8]. Screening of the
microorganisms for starch-degrading enzymes revealed that Bacillus
halodurans isolates were among the highest producers of amylases [8].

Amylases catalyze the hydrolysis of the 1,4 -O- and 1,6-O- glycosidic
bonds in starch or that of its degradation products [9]. Among these
enzymes is endo-o-1-4- amylase (or a-amylase) [EC 3.2.1.1],
which randomly cleaves multiple internal 1,4-O-glycosidic bonds
in the starch to rapidly produce water-soluble low molecular weight
linear o-anomeric maltooligosaccharides and o-dextrins [10].
Endo-o-1-4- amylases are produced mainly by Bacillus species,
although production by other bacterial (e.g., Chromohalobacter,
Halomonas, and Rhodothermus) and fungal (e.g., Aspergillus,
Thermomyces, and Penicillium) species has also been reported
[11,12]. Their characterization is vital if they are to find applications
in various industrial sectors. This is because enzymes possess
unique properties that enable them to operate optimally under
different conditions [13,14]. For example, different enzymes require
different operational (e.g., pH, temperature, metal ion and surfactant
requirements, etc.) conditions to optimally hydrolyze substrates into
their respective products. Therefore, an understanding of an enzyme’s
characteristics is paramount.

Endo-o-1-4-amylases have widespread applications in several
industries, e.g., detergent, brewing, baking, paper, and textiles [15]. In
the textile industry, an aqueous solution of starch (sizing material) is
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applied on warp yarns (sizing) to facilitate a fast and secure weaving
process, after which it is removed using crude or partially purified endo-
o-1-4-amylases (enzymatic desizing) to facilitate further processing of
the fabric, e.g., scouring, bleaching, dyeing, printing, and finishing [16].
Endo-a-1-4- amylases offer numerous advantages as desizing agents,
for example, they are: (a) safe and easy to handle; (b) efficient in a wide
range of temperatures; and (c) degradable. Furthermore, they require
the use of fewer chemicals (eco-friendly) and do not cause damage to
cloth (leading to the production of high-quality fabrics that are soft,
smooth, flexible, and have good strength retention) [17]. However,
most of the desizing amylases are costly, high-temperature enzymes
that have to be imported from a few European and Asian countries [9].
The situation is even worse in African countries like Kenya, where
conventional chemicals that are unfriendly to both the fabrics and the
environment are still being used as desizing agents in a time-consuming
(12 h) process (personal communication from Hosea Too, Rivatex (EA)
Ltd., Eldoret, Kenya). For these reasons, locally produced endo-o-1-4-
amylases are in great demand for the production of high-quality fabrics
in an eco-friendly environment.

The objective of our study was to determine the physicochemical
properties of crude Amy LBW 5117 from a locally isolated alkaliphilic
bacterium, B. halodurans [8], and to demonstrate its potential to desize
industrially woven cotton.

2. MATERIALS AND METHODS

2.1. Materials

Starch from Irish potatoes (Solanum tuberosum) was purchased
from Merck (Darmstadt, Germany), while those from sweet potatoes
(Ipomoea batatas), tapioca (Manihot esculenta), rice (Oryza sativa),
corn (Zea mays), and wheat (Triticum aestivum) were bought in
the form of flour from a local store (Carrefour Supermarket, Ltd.,
Nairobi, Kenya). Precoated Kieselgel 60 F254 silica gel sheets
were purchased from Macherey-Nagel GmbH & Co. KG (Diiren,
Germany), while industrially woven plain grey cotton (100%),
containing 10% (w/v) corn starch as the sizing material, was kindly
donated by Rivatex (EA) Ltd., Eldoret, Kenya. Yeast extract, peptone,
Tween 20, 3,5-dinitrosalicylic acid, potassium sodium tartrate
tetrahydrate, carboxymethyl cellulose sodium salt, avicel, cellobiose,
glucose (G1), and maltose (G2) were purchased from Sigma Aldrich
(St. Louis, MO, USA).

2.2. Bacterial Isolate and Culture for Amylase Production

Bacillus halodurans LBW 5117 was isolated in our laboratory from
a soil sample collected in Lake Bogoria (00° 15°N and 36°06’ E), a
soda lake found in the Kenyan Rift Valley area, and identified as an
amylase producer [8]. A stock of this isolate in 40% (v/v) glycerol
was used to inoculate solid Horikoshi II medium containing starch
as the sole carbon source [pH adjusted to 10.0 using 20% (w/v)
Na,CO,] [18]. The plate was incubated at 37°C for 12 h, after which
a bacterial colony was obtained from it and used to inoculate 20 ml of
Horikoshi II pre-culture medium (without agar). The bacterium was
cultured in a thermoshaker incubator (Gallenkamp, London, UK) at
37°C and 100 rpm for 12 h. This pre-culture was then used to inoculate
80 ml of the same medium in a 500 ml conical flask, and the bacterium
was cultured for 48 h under the same conditions. The cell culture was
centrifuged at 5,000 x g and 4°C for 30 min to obtain the supernatant,
which was then treated as a crude enzyme. The appearance and odor
of the enzymatic solution were noted down, after which it was stored
at —20°C until use.

2.3. Enzyme Assay

Amylase activity was determined by adding 0.1 ml of crude enzyme
solution to 0.4 ml of 0.3% (w/v) Irish potato starch in 50 mM glycine-
NaOH bufter, pH 10. The reaction mixture was incubated at 60°C for
10 min, and the amount of reducing sugars formed was monitored as
described by Wang et al. [19]. The heat-inactivated enzyme (95°C for
30 min) was used as a control. One unit of enzyme activity was defined
as the amount of enzyme that liberated one pmol of glucose per min
under the established standard assay conditions.

2.4. Characterization of Amy LBW 5117 Activity

The enzyme was characterized to determine its physicochemical
properties, e.g., (a) appearance and (b) optimum storage and operational
conditions. This was carried out as described below:

2.4.1. Effect of storage temperature on the stability of the enzgyme
The stability of the enzyme during storage was studied by storing it in a
refrigerator (4°C) and separate incubators (20 and 30°C, respectively)
for 6 weeks. The samples were withdrawn every 2 weeks for the
determination of residual enzyme activity under the standard assay
conditions.

2.4.2. Effect of pH on the activity of the enzyme

The effect of pH on the activity of the enzyme was investigated by
carrying out the assays at pH = 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0,
10.5, 11.0, 12.0, and 13.0 at 60°C under the standard assay conditions.
Fifty (50) mM buffer systems consisting of NaOAc/CH,COOH
(pH = 3.0, 4.0, and 5.0); NaHPO,/NaH,PO, (pH = 6.0, 7.0, and
8.0); Tris/HCI (pH = 8.0 and 9.0); Glycine/NaOH (pH = 9.0, 10.0,
and 10.5); NaHCO,/NaOH (pH = 10.5 and 11.0); Na,HPO,/NaOH
(pH = 11.0 and 12.0) and KCI/NaOH (pH = 12.0 and 13.0) were
prepared according to Gomori [20] and information obtained from
the website “http://delloyd.50megs.com/moreinfo/buffers2.html”, and
used in the assays”.

2.4.3. Effect of temperature on the activity of the enzyme

The effect of temperature on the activity of the enzyme was determined
by carrying out the assays at 30, 35, 40, 50, 55, 60, 65, 70, and 90°C
using 50 mM glycine-NaOH (pH = 10) under the standard assay
conditions.

2.4.4. Effect of metal ions on the activity of the enzyme

The effect of metal ions on the activity of the enzyme was studied
by incubating the enzyme with KCl, CaCl,, MgSO,, Fe,(SO4),
CuSO,, NaCl, MnCl, and ZnSO, (final concentrations = 0-180 mM,
respectively) at room temperature (29 + 3°C) for 30 min and then
determining the residual activities under the standard assay conditions.

2.4.5. Effect of surfactants on the activity of the enzyme

The effect of Tween 20, Triton X-100, and SDS on the activity of the
enzyme was studied by incubating the latter with each surfactant (final
concentration = 0.05, 0.1, 0.5, 1.0, 1,5, 1.75, and 2.0 mM, respectively)
at room temperature (29 = 3°C) for 30 min and then determining the
residual activities under the standard assay conditions.

2.4.6. Effect of optimum temperature of activity of the enzgyme on
its stability

If the enzyme is to be used to degrade starch optimally, then it must be
stable at its optimum temperature of activity. Thus, Amy LBW 5117
was incubated at 60°C in the absence and presence of Ca*" and Tween
20 (final concentrations = 1.0 and 0.05 mM, respectively), individually
and together. The samples were withdrawn after 30 min, 1, 2, and 3 h
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for the determination of the residual activity of the enzyme under the
standard assay conditions.

2.4.7. Effect of different substrates on the activity of the enzyme

This was carried out using both semi-quantitative and quantitative
assays. For the semi-quantitative assays, 10 ul of enzyme containing
Ca** and Tween 20 (final concentrations = 1.0 and 0.05 mM,
respectively) was aliquoted in small depressions (0.5 cm in diameter)
made on the surfaces of agar media (pH = 10.0) containing 0.3% (w/v)
Irish potato-, sweet potato-, tapioca-, rice-, corn-, and wheat- starch
products, respectively. The plates were incubated at 60°C for 6 h
and then stained with an iodine reagent [21]. The presence of halos
around the depressions is indicative of enzymatic hydrolysis of the
starch. Similarly, 10 ul of enzyme was aliquoted in depressions made
on cellulosic plates containing 1.0% (w/v) of carboxymethyl cellulose
sodium salt, avicel (microcrystalline cellulose), and cellobiose,
respectively. The plates were also incubated at 60°C for 6 h and
then stained with Gram’s iodine dye solution [22]. The presence of
halos around the critical micellar concentration (CMC), avicel, and
cellobiose plates, if any, is indicative of endoglucanase, exoglucanase,
and PB-glucosidase activities, respectively. For the controls, a heat-
inactivated enzyme (95°C for 30 min) was used.

The effect of the different starch products on the activity of the enzyme
was also studied quantitatively in the presence of Ca** and Tween 20
(final concentrations = 1.0 and 0.05 mM, respectively). This was
carried out as described in the assay method (section 2.3) by using 0.3%
(w/v) of the substrates. In addition, the activities of endoglucanase,
exoglucanase, and B-glucosidase in the crude enzyme were determined
using a modified version of the method described by Kiio et al. [23]:
500 ul of enzyme was added to 500 ul of 1% (w/v) carboxymethyl
cellulose sodium salt, avicel, and cellobiose, respectively, prepared in
50 mM glycine-NaoH buffer pH = 10. The mixtures were incubated
at 60°C for 1 h, and the amount of reducing sugars formed followed
using the method described by Wang et al. [19]. One unit of enzyme
activity was defined as the amount of enzyme that liberated one wmol
of glucose per min under the established standard assay conditions.
The heat-inactivated enzyme (95°C for 30 min) was used as a control.

2.4.8. Mode of action of the enzyme

The mode of action of the enzyme was determined according to Wang
et al. [24]. 500 ul (0.5 U) of Amy LBW 5117 was added to an equal
volume of 1% (w/v) Irish potato prepared in 50 mM glycine NaOH
buffer (pH = 10). The reaction mixture was incubated at 60°C, and
samples (150 ul) were withdrawn after 0, 2, 4, 8, and 24 h. The samples
were heated (95°C, 5 min) and stored at 4°C until use. A defined amount
of the sample (5 uL) was spotted on the bottom of a precoated Kieselgel
60 F254 silica gel aluminum sheet, left to dry, and then developed with
a mobile phase of 1-butanol: ethanol: water (5:3:2; v/v/v), with two
ascents, in a saturated thin layer chromatography (TLC) chamber at
room temperature. The sheet was air-dried, immersed in 15% (v/v)
H,SO, (5 s), air-dried again, and finally developed by heating at 110°C
until spots appeared. 0.1% (w/v) of the linear sugars glucose (G1) and
maltose (G2) were used as standards.

2.5. Desizing Potential of Amy LBW 5117

A 5 cm x 5 cm piece of plain-woven grey cotton containing corn
starch as the sizing material was weighed and subjected to enzymatic
desizing using Amy LBW 5117 in a batch process [25]. The fabric
was first wetted to approximately 100% in desizing liquor (1.0 mM
Ca?*, 0.05 mM Tween 20, and 3.9 U of Amy LBW 5117 in 50 mM
glycine NaOH buffer pH = 10) in a thermoshaker incubator

(Gallenkamp, London, UK) set at 29 + 3°C without agitation for
30 min (the material/liquor ratio was maintained at 1:20). Thereafter,
the temperature of the incubator was raised to 60°C and 100 rpm for
4 h. The fabric was then removed from the desizing bath and washed
in hot water (95°C, 10 min), followed by several cold-water washes.
The fabric was then oven-dried (105°C, 1 h), cooled in a desiccator,
and re-weighed. As a control, a second piece of woven cotton (5 cm X
5 cm) was weighed, treated similarly but with a heat-inactivated
enzyme (95°C for 30 min), and finally re-weighed.

The efficiency of the desizing process was assessed by determining
the extent to which the size material was removed from the fabric and
then comparing the results with the control fabric. This assessment
was carried out as follows:

(a) Surface property determination: The sample was handled or
felt freely for softness, firmness, roughness, smoothness and
flexibility or stiffness [26].

(b) Weight loss (%) determination: The weight loss (%) that the fabric
incurred after the treatment was calculated using the equation
below:

Wi1- W2

Weight loss (%) = x100% [27]

Where W and W, are the weights of the fabric before and after
treatment, respectively.

(c) lodine-stain test: This was carried out according to Au and
Holme [28]. The fabric was immersed in a 0.005 M iodine
solution in a 250 mL beaker. After 1 min, it was removed, washed
with cold water, mangled, air dried, and immediately observed
for color changes. A deep bluish, purple, or black color indicates
the presence of a significant amount of starch, while a brownish
or beige color signifies its absence or near absence [29].

(d) TEGEWA rating and residual starch (%) content determination:
The color of the stained fabric in (c) above was visually compared
with those on the TEGEWA violet scale, and its closest match was
identified, along with its numerical value (TEGEWA rating) and
corresponding approximate residual starch (%) content [28,29].
The TEGEWA violet scale is shown in Figure 1. It consists of
colors ranging from bluish/black/violet to brownish/beige with
corresponding numerical values ranging from 1 to 9, where a
rating of 1 = no desizing or starch content >1% and a rating of
9 = complete desizing or starch content is approximately 0.04%.
In between these two colors are other colors whose shades
decrease from dark to light as their ratings and starch contents
increase and decrease, respectively.

2.6. Data Presentation and Analysis

The data for the characterization of Amy LBW 5117 concerning its
catalytic activity and stability are presented in graphical or tabular
form and were conducted in duplicate with calculated means. The data
for substrate specificity studies of the enzyme are presented in both
pictorial and graphical forms, with the latter conducted in duplicate

Tegewa violet scale shade . . . . ‘
1 2 3 4 5)

Corresponding approx. residual { s 1
starch on fabric (%)

1
6 ¥ & 9
0.6 0.35 0.2 0.1250.085 0.06 0.04

Figure 1: TEGEWA violet scale showing the different colors and their
corresponding ratings and starch contents (%).
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with calculated means. Finally, the data for the enzyme’s mode of
action and that for the desized cotton are presented in either tabular or
pictorial forms, or both, and were conducted once.

3. RESULTS AND DISCUSSION

The enzyme was characterized to determine its physico-chemical
properties, including appearance and optimum storage and operational
conditions. This was carried out as described below.

3.1. Physico-chemical Properties of Amy LBW 5117

3.1.1. Appearance

The enzyme Amy LBW 5117, from the culture supernatant of
alkaliphilic Bacillus halodurans LBW 5117, was a brown liquid that
exhibited a slight fermentation odor. These are some of the typical
physical characteristics of crude enzymatic preparations that are used
for commercial desizing (http://www.sunsonenzyme.com/Products/
Textile/Desizing/),  (https://biosolutions.novozymes.com/en/textiles/
products/desizing/aquazym). The catalytic activity of the enzyme
(0.41 U/ml) is similar to that produced by Bacillus subtilis after
utilizing different substrates as carbon sources, e.g., treated wheat straw
(0.46 U/ml), maize straw (0.47 U/ml), and rice straw (0.44 U/ml) [30],
but much lower than those of known commercial desizing amylases
[Table 1]. Thus, if Amy LBW 5117 is to be used as a desizing agent, its
catalytic activity will have to be enhanced, e.g., through optimizing the
culture conditions that were used to grow the bacterium [31].

3.1.2. Storage stability

Temperature is an important limiting factor for the transportation and
storage of enzymes following their production. Industrial enzymes
are often produced in bulk liquid form, with each container weighing
25 or 30 kg because emphasis is laid on catalysis rather than purity
(https://www.sunsonzymes.com/product/9/97/160/detail). These
liquid enzymes are therefore not suitable for storage in frozen form
and are instead stabilized to enable them to withstand wide ranges
of temperature, e.g., 5-25°C, during their transportation and storage
(https://www.sunsonzymes.com/product/9/97/160/detail). This is cost-
effective in terms of time and energy consumption because freezing
is avoided. For these reasons, Amy LBW 5117 was stored at various
temperatures in a liquid state, and its catalytic activity was monitored
after every 2 weeks for 6 weeks. As seen in Figure 2, the activity
of the enzyme declined gradually, reaching 93, 76, and 70% of the
activity after 6 weeks of storage at 4, 20, and 30°C, respectively. This

shows that the active site and tertiary structure of the enzyme were not
adversely affected by the storage temperatures investigated, implying
that savings on the cost of its purchase can potentially be made due to
its good stability property in the absence of stabilizers. In the future,
it would be interesting to store the enzyme for up to 12 months under
these conditions and then determine its catalytic activity, as is the case
with most commercial desizing amylases [Table 1].

3.1.3. Optimum pH of enzyme activity

Another important limiting factor that affects the activity of enzymes
is pH. For this reason, the activity of Amy LBW 5117 was measured
using different 50 mM buffer systems at 60°C. As seen in Figure 3,
the activity of the enzyme increased rapidly with an increase in pH
from 3.0 to 4.0. This was followed by a gradual increase in activity
as the pH increased to 10. The activity declined sharply thereafter
at higher pH values, reaching 0 at pH 13. The enzyme exhibited an
optimum pH of 10 in 50 mM glycine NaOH buffer, with over 80% of
its original activity displayed in the pH range of 7.0-10.5 (operational
range). Most commercially available desizing amylases are, however,
optimally active in the near-neutral pH range [Table 1]. This implies
that Amy LBW 5117 has an added advantage over them since it can
be used to hydrolyze starch optimally under alkaline conditions and
thus help minimize contamination from neutrophilic microorganisms.

3.1.4. Optimum temperature of enzyme activity

Temperature is yet another important limiting factor that affects
the activity of enzymes. The activity of Amy LBW 5117 was thus
investigated at different temperatures in 50 mM glycine-NaOH buffer
(pH = 10). As shown in Figure 4, the activity of the enzyme increased
rapidly with an increase in temperature, reaching optimum at 60°C,
and then declining rapidly thereafter to reach 0 at 90°C. The enzyme
exhibited optimum temperature at 60°C with over 80% of the activity
falling between 50 and 63°C (the operational range). The optimum
temperature of activity of the enzyme falls within those listed as
low-temperature commercial desizing amylases, e.g., COENZYME®
LTAA3P and NOVOZYME AQUAZYME® ULTRA 1200 N
[Table 1]. Amylase LBW 5117 can, therefore, also be considered a
low-temperature amylase. This comes with numerous advantages, for
example, low energy costs and savings on the purchase of specialized
equipment that is resistant to heat [9].

3.1.5. Effect of metal ions on the activity of the enzyme
Metal ions play an important role in the functioning of enzymes, with
the most notable ones being the alteration of their structures to improve

Table 1: Comparison of some properties of crude Amy LBW 5117 with those of commercially available desizing amylases.

Enzyme Catalytic activity Storage temp (°C)
(U/ml)

LTAA31° >3000 5-25, for 12 months

HTAA25L° >25000 5-25, for 12 months

Coenzyme® LTAA3P® >3000 5-35, for 6-9 months

Coenzyme® DD990L® >6000 5-25, for 12 months

HTAAI190L° >190000 5-25, for 12 months

Aquazyme® Prime - R

12000L°

Aquazyme® Ultra 1200N* - -

Amy LBW 5117 0.41 4-30, for 6 weeks

PH of activity Optimum Temp* of activity Optimum
operational operational

5-7 6 20-90 80
5.5-9.0 5.5-8.0 80-110 95
6.0-7.0 6.0 35-70 60
5.5-7.5 6.5 40-120 80
5.5-10.0 5.8-8.0 50-110 95
5.0-10.0 5.0-10.0 35-90 50-80
5.0-7.5 5.0-7.5 40-95 55-70
7.0-10.5 10.0 50-63 60

*Temperature. “Commercial desizing amylases from Sunsonzymes, Sunson Industry Group Co., Ltd, Suite 2302, Zhong’an Shengye Building, Chaoyang District, Beijing, China
(100101) (http://www.sunsonenzyme.com/Products/Textile/Desizing/). *Commercial desizing amylases from Novozymes A/S, Krogshoejvej 36, 2880 Bagsvaerd, Denmark (https://

biosolutions.novozymes.com/en/textiles/products/desizing/aquazym).
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their stability and/or by taking part in their catalytic functions [32].
The type and concentration of the metal ion must, however, be selected

—6—4°C —A—20°C —8—30°C
120
;\3 100
_g 80 -
S 60 1
4
£ 40 A
=
& 20 -
0 T T T T T T 1
0 1 2 3 4 5 6 7
Storage time (weeks)

Figure 2: Effect of storage temperature on the activity of the enzyme at

pH = 10.0. Enzyme activity corresponding to 100% was 0.41 U/ml.

—6—NaOAc/CHsCOOH buffer —#&— NaHPOs/NaH:POs buffer
—8— Tris/HCl buffer —— Glycine/NaOH buffer
—&— NaHCOs/NaOH buffer —=— Na:HPO+/NaOH buffer
—*%— KCI/NaOH buffer

120 1
£ 100 -
£ 80 -
% w0
g 40
R
S 20 -

0 T T T T T
2 4 6 8 10 12 14
pH

Figure 3: Effect of pH on the activity of the enzyme at 60°C. The enzyme
activity corresponding to 100% was 0.41 U/ml at pH = 10.0.

120

100

80 A

60

Enzyme activity (%)

0 T T T T T T A

20 30 40 50 60 70 80 9 100
Temperature (°C)

Figure 4: Effect of temperature on the activity of the enzyme at pH = 10.0.
The enzyme activity corresponding to 100% at optimum pH was 0.41 U/ml.

carefully, or else the enzyme can become inactivated. In this regard,
the effect of different concentrations of metal ions on the activity
of Amy LBW 5117 was studied. The activity of the enzyme was:
a) either stimulated or insignificantly affected in the presence of up to
10 mM concentrations of most metal ions tested; and b) insignificantly
affected by Cu*" and partially inhibited by Mn>" at low concentrations
[Table 2]. This shows that Amy LBW 5117 requires some metal
ions, particularly Ca?" at I mM. Ca®" ions play the important roles of:
(a) linking starch to the active site of amylases to help maintain the
enzyme’s catalytic activity; (b) interacting with the negatively charged
amino acid residues (glutamic- and aspartic-acid) and resulting in
the stabilization and maintenance of the enzyme conformation; and
(c) salting out the hydrophobic amino acid residues to force the
enzyme to acquire a compact structure that can resist extreme pH and
temperature [32]. On the other hand, the complete inhibitory effect
on the activity of the enzyme by >5 mM Cu*" is ascribed to the fact
that this metal ion binds to His-amino acid residues at the active site
of enzymes, and this perturbs the proton shuttling effect in which the
amino acid participates during catalysis [33]. The inhibitory effect
exerted by >1 Mn** could be due to its ability to outcompete or displace
the more essential metal ions that bind to the enzyme’s metal binding
sites, thus leading to a modification of the enzymatic activity [34]. The
overall result, however, shows that the activity of Amy LBW 5117
can either be stimulated or may not be significantly affected by the
metal ions present in cotton fibers and tap water, both of which the
textile industry heavily depends on for desizing woven cotton [35],
(Chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https://
wasreb.go.ke/downloads/Water_Quality & Effluent_Monitoring_
Guidelines.pdf, 2008). This means that if the enzyme is to be used for
such an application: a) a high turnover rate of desized fabrics (implies
more profits); and b) savings on the cost of purchasing metal ion
chelators can be realized. No information is available on the effect of
metal ions on commercially available desizing amylases (http://www.
sunsonenzyme.com/Products/Textile/Desizing/), (https://biosolutions.
novozymes.com/en/textiles/products/desizing/aquazym).

3.1.6. Effect of surfactants on the activity of the enzyme

The penetration of enzymes into untreated fabric is often difficult
and slow during desizing [17]. Therefore, surfactants are added to
desizing baths to accelerate the wetting of the fabric and penetration
of the enzyme. The type and concentration of the surfactant must,
however, be selected carefully, otherwise the enzyme can become
inactivated [9,17,36]. In this context, the effect of different Tween

Table 2: Effect of metal ions on the activity of Amy LBW 5117. The
activity of the enzyme is expressed as a percentage of the untreated enzyme
(enzyme activity corresponding to 100% activity was 0.41 U/ml).

Metal ion Enzyme activity (%)
0.5 mM 5 mM 5 mM 10 mM 180 mM

None 100 100 100 100 100
K* ND 146 153 147 78
Ca* ND 200 176 106 ND
Mg** ND 131 145 96 ND
Fe?* 125 159 162 102 ND
Cu* 99 96 0 0 ND
Na* ND 101 153 116 ND
Mn** 74 0 0 0 ND
Zn* 103 96 95 96 ND

ND: Not determined
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20, Triton X-100, and SDS surfactants on the activity of Amy LBW
5117 was investigated under optimized pH and temperature. As
seen in Figure 5, the activity of the enzyme increased to 115 and
104% in the presence of 0.05 mM Tween 20 and 0.1 mM Triton
X-100, respectively, and declined gradually thereafter to just below
the 95% activity mark at a 2 mM concentration of both surfactants.
Both surfactants are classified as nonionic or mild detergents and do
not, therefore, interact strongly with enzyme surfaces when used at
concentrations that are lower than their CMCs (the CMC for Tween 20
is 0.06 mM and that for Triton X-100 is 0.24). Instead, they lower the
surface tension between aqueous solutions, which in turn facilitates
contact frequencies between the active site of the enzyme and their
substrates, thus speeding up the reactions [17]. However, when used at
concentrations that are higher than their respective CMC values, they
form micelles, which interact with enzyme surfaces to form colloidal
detergent-protein suspensions, which lower the catalytic function of
enzymes by promoting: (a) conformational changes in their active
sites; (b) partial unfolding of enzyme; or (c) disruption of substrate
binding [9,17,36]. On the other hand, increasing the concentration of
SDS resulted in a decrease in the activity of the enzyme from the onset
until 0% at 1 mM SDS [Figure 4]. SDS is an anionic surfactant and
may therefore have interacted strongly with the enzyme to induce a
conformational change in its active site in a concentration-dependent
manner that resulted in its inactivation. Similar results were obtained
by other researchers [37,38]. The overall result shows that Tween 20,
at a concentration of 0.05 mM, was the most compatible wetting agent
for use with Amy LBW 5117.

BTween20 @TrtonX-100 @SDS

Activity (%)

0 0.05 0.1 0.5 1 15 1.75
Surfactant concentration (mM)

Figure 5: Effect of different concentrations of various surfactants on the
activity of Amy LBW 5117. Enzyme activity corresponding to 100% was
0.41 U/ml in the absence of the additives.
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Figure 6: Effect of 1.0 mM Ca2+ and 0.05 mM Tween 20 on the stability of
the enzyme at 60°C and pH = 10. Enzyme activity corresponding to 100% was
0.41 U/ml (Enzyme only [control]).

3.1.7. Thermostability of the enzgyme

In addition to exerting a stimulatory effect on the activity of amylases,
Ca* ions and Tween 20 have been reported to be good thermostabilizers
of the enzyme [39,40]. For this reason, the stability of Amy LBW 5117
was studied with and without these additives (final concentrations of
Ca?*= 1.0 mM and Tween 20 = 0.05 mM) at optimized temperature and
pH. As seen in Figure 6, the enzyme exhibited initial activities of 110,
115, and 190% in the presence of 1.0 mM Ca*", 0.05 mM Tween 20,
and both additives together, respectively, and retained 71, 76, and 96%
of these activities 3 h later. Furthermore, it retained 70% of its original
activity in the presence of both additives upon extending the incubation
period to 20 h (data not shown). On the contrary, the control enzyme
(no additive added) exhibited an initial activity of 100% but lost all the
activity after 3 h [Figure 5]. This result shows that the enzyme is most
stable in the presence of both Ca*" and Tween 20 and can therefore
be used to hydrolyze starch repeatedly for as long as it is active. This
is cost-effective. Ca*" ions contribute to the stability of amylases
by: (a) interacting with the negatively charged amino acid residues
(e.g., glutamic-and aspartic-acid), resulting in the maintenance of the
enzyme conformation; and (b) salting out the hydrophobic amino acid
residues to force the enzyme to acquire a compact structure that can
resist extreme temperatures [32]. On the other hand, Tween 20 may
have contributed to the stability of the enzyme by preventing it from
dissociating into its respective monomers or inhibiting the removal of
essential cofactors (or prosthetic groups) from its active sites [40].

3.1.8. Substrate specificity

The possibility of the enzyme to hydrolyze different starch and
cellulosic products was studied semi-quantitatively in the presence
of 1.0 mM Ca* and 0.05 mM Tween 20 on solid agar media under
optimized pH and temperature. After 6 h of incubation and staining the
starch plates with Gram’s iodine solution, halos were observed around
the depressions on the plates to indicate that the enzyme hydrolyzed all
the starch products tested [Figure 7a]. On the contrary, no halos were
observed on plates containing CMC, avicel, and cellobiose, respectively,
indicating that cellulosic enzymes (endoglucanase, exoglucanase, and
B-glucosidase) could be absent in the crude enzymatic preparation
[Figure 7a]. To confirm these results, both the starch and cellulosic
products were subjected to enzymatic hydrolysis in liquid media, and
the enzymatic activities obtained were determined quantitatively. As
seen in Figure 7b, the enzyme hydrolyzed all the starch products tested.
The highest activity was observed with the medium containing Irish
potato starch as substrate, and this was therefore taken to represent 100%
activity. Using this as a reference point, the activities of the enzyme in
the presence of the remaining starch substrates were calculated. The
activities varied from one product to another in the order: Irish potato
> sweet potato > tapioca > rice > wheat or corn. This variation can be
attributed to the differences in the chemical compositions of the various
substrates (e.g., moisture, ash, lipid, protein, amylose, and amylopectin
contents), which in turn affect the accessibility of the enzyme and
its subsequent conversion to the product once bound [41,42]. On the
contrary, no halos were observed on the CMC-, Avicel- and Cellobiose-
plates, thus confirming that the crude enzymatic preparation was free
from the cellulosic enzymes [Figure 6b].

This result confirms that Amy LBW 5117 has the potential to be used
as a textile desizing agent, where the degradation and elimination of
different types of starch-based sizing agents from woven cotton are
required without damaging the cellulosic structures of the cloth [43].
Commercial desizing amylases exhibit a similar property (http://
www.sunsonenzyme.com/Products/Textile/Desizing/) and (https:/
biosolutions.novozymes.com/en/textiles/products/desizing/aquazym).
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Table 3: Comparison of some properties of Amy LBW 5117 treated fabric with those of the control fabric.

Property Fabric treated with:
Active enzyme Denatured enzyme (control)
Surface handling “feel” Softer, smoother, and more flexible Firm, rough and stiff
Weight loss (%) 9.5(8.2) 1.3
Starch plates CelluloTe plates
|

Halos

Control — 4

Irish

A\

Halos

e < |
Sweet

Tapioca Avicel  Cellobiose
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Figure 7: Effect of different starch- and cellulosic- products on the activity of the enzyme. The activities were determined: (a) Semi-quantitatively, and are seen as

halos around the depressions on solid starch plates, and (b) quantitatively, and are expressed as a percentage of that of Irish potato starch (activity corresponding to

100% was 0.41 U/ml). No halo formation around the depressions on cellulosic plates suggests the absence of cellulases in the crude enzymatic preparation.

3.1.9. Enzyme’s mode of hydrolysis

An investigation into the products formed by the action of Amy LBW
5117 on the hydrolysis of starch is shown in Figure 8. A mixture of
low and high a-maltooligosaccharides and o-dextrins was formed
after 2 h of reaction time, the yields of which increased and decreased,
respectively, with time. After 24 h, another set of degradation products,
i.e., moderate o-maltooligosaccharides and moderate o-dextrins were
formed. In all cases, the main final product was maltose. This profile
is typical of endo-0i-1-4 amylase, which is a group of starch-degrading
enzymes that randomly cleave multiple internal a-(1,4) glycosidic
linkages in starch, thereby disintegrating it into water-soluble linear
o-maltooligosaccharides of varying lengths, o- dextrins, and a small
amount of glucose [44]. Based on this fact, Amy LBW 5117 is an
endo-o-1-4 amylase (endo amylase or o-amylase). Commercially
available desizing enzymes are also endo-c-1-4 amylases. They are
used to degrade starch sizes present on the warp yarns of woven cotton
into varying lengths of water-soluble o-maltooligisaccharide and
o-dextrins, which can then easily be removed from the fabric through
washes (desizing) (http://www.sunsonenzyme.com/Products/Textile/
Desizing/) and  (https://biosolutions.novozymes.com/en/textiles/
products/desizing/aquazym).

3.2. Assessment of the Amy LBW 5117 Desized Fabric

The extent to which the starch sizing material was removed from
the fabric by Amy LBW 5117 was assessed by determining the new
properties of the fabric, e.g., (a) surface-handle or “feel,” (b) weight
loss (%), (c) stainability with iodine dye solution, (d) TEGEWA rating,
and (e) residual starch content (%), and then comparing the results
with those from the control fabric. As seen in Table 3, the fabric that
was treated with active enzyme acquired new surface-handle or “feel”

- Gl

il %# ]—Lowa—maltooligosacchaﬁdes+lowu4.|exuins
AT

a-dextrins

Mod ool T A
; i High o-maltooligosaccharides + high a-dextrins

0 2 4 8 24
Incubation time (h)

Standards
* Gl =Glucose
* G2 =Maltose

Figure 8: Thin-layer chromatography analysis of starch hydrolytic products
generated by Amy LBW 5117 over a 24 h incubation period. G1 and G2 are
the standards of glucose and maltose, respectively.

properties to suggest the absence or near absence of starch compared
to the control (treated with denatured enzyme), which exhibited the
characteristics of a starched fabric [26]. Furthermore, it incurred a
gross weight loss of 9.5% compared to that of the control, which lost
only 1.3% [Table 3]. Assuming that the weight loss incurred by the
latter was due to the loss of small particles as well as the removal of
fringe yarns from its surface and edges, respectively, then the same
can be argued for the former. This means that the fabric that was
treated with the active enzyme incurred an additional weight loss of
8.2%. This relatively high weight loss was attributed to the removal
of a significant amount of the starch from the fabric by Amy LBW
5117, which then went on to acquire the new surface handle properties
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Figure 9: Photograph of the iodine-stained fabrics that were treated with; (a) active enzyme and (b) denatured enzyme (control). The TEGEWA violet scale

showing the numerical value (rating) for each shade of color (1-9) and the corresponding approximate residual starch content (%) is shown in (c) [28,29].

observed earlier on. Although no reports are available on weight
loss measurements incurred by enzymatically desized fabrics at the
commercial level, a similar weight loss has previously been reported
at the lab-scale level [29].

That the enzyme was responsible for the removal of starch from the
fabric was confirmed by performing the iodine stain test on the latter.
As seen in Figure 9a, the fabric was presented with a light brown color
to signify the absence or near absence of starch on it (desized), while the
control fabric was presented with a black color to indicate the presence
of starch (undesized) [Figure 9b]. This result confirms that Amy LBW
5117 removed the starch from the fabric by degrading it into soluble
low molecular weight o-anomeric maltooligosaccharides and dextrins,
which were subsequently eliminated from the fabric through several
washes. The colors of the two fabrics were then compared with those
on the TEGEWA violet scale [Figure 9c]. The color of the desized
fabric matched with one that exhibited a high TEGEWA rating of 7-8
on the scale, thus confirming that most of the starch was removed from
it and that it now had an estimate of only 0.0725% residual starch. On
the other hand, the color of the control fabric matched with one that
exhibited a low rating of 1 on the TEGEWA, implying that most of
the starch was still intact on the fabric (residual starch > 1.0%). The
recommended commercially acceptable amount of residual starch on
desized fabrics is 0.125-0.085 (rating of 6—7) [45] This is important
because improperly desized fabrics can develop different shades of
color when subjected to subsequent processing steps, e.g., dyeing [17].
This result shows that Amy LBW 5117 can degrade and eliminate
a significant amount of starch-sizing material from woven cotton.
Therefore, it has the potential to be a good fabric-desizing agent.

4. CONCLUSION

Like commercial desizing amylases, Amy LBW 5117 is an endo-oi-1-
4-amylase with good storage and operational properties. The enzyme
can be produced, stored in liquid form at 4, 20, or 30°C, and used within
6 weeks, during which it is expected to have retained at least 70% of its
activity. This can help reduce the cost of its production. Furthermore,
the enzyme can be used to hydrolyze starch under alkaline conditions
(pH= 7.0-10.5 [optimum 10]) and relatively low temperatures
(50-63°C [optimum 60°C]) without being negatively affected by
metal ions. This can help reduce contamination from neutrophilic
microorganisms, lower the cost of energy consumption, and render

the purchase of specialized heat-resistant equipment and metal ion
chelators null and void. The implication is reduced operational costs.
Moreover, it is thermostable (in the presence of Ca®* and Tween 20
surfactant) and can hydrolyze different types of starch-based products
under optimized pH and temperature. This shows that it has the potential
to be used repeatedly to eliminate different types of starch-based sizing
agents from woven cotton. A preliminary application study of the
enzyme revealed that it could eliminate up to 8.2% corn-starch sizing
material from woven cotton under its established optimum operating
conditions and yield a fabric with a high TEGEWA rating of 7-8, which
corresponds to a residual starch content of only 0.0725%. This shows
that the enzyme possesses good operational and storage properties that
potentially make it a good desizing agent. This is, however, subject to
optimization of its desizing conditions.
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