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Abstract: A novel amylase producing bacterium FAD4 was isolated from the wastewater of a
textile factory located in Soke (Aydin/Turkey). The amylase production ability of gram positive,
coccoidal FAD4 strain was confirmed with plate assay. Morphological and 16S rRNA sequence
analyses revealed that FAD4 belongs to the genus Brachybacterium with a sequence similarity of
99.8% with B. paraconglomeratum. The optimal conditions for amylase production were

determined as 72 h at 30 °C with supplementation of 1% starch. Optimum temperature and pH of
the amylase were 50 °C and 7.0 respectively. Different starch, carbon and nitrogen sources were
investigated for amylase production. A high enzyme production was observed with 1% potato

starch and among nitrogen sources peptone was

induced the production of amylase. Lactose,

galactose, and fructose were also increased the enzyme production as carbon sources.

Yeni Bir Amilaz Ureticisi Brachybacterium paraconglomeratum FAD4’iin Izolasyonu ve
Enzim Uretim Kosullarinin Optimizasyonu

Anahtar
Kelimeler
Amilaz,
Brachy-
bacterium,
Nisasta

Oz: Yapilan bu ¢alismada Aydin (Tiirkiye)’in Séke ilgesinde bulunan bir tekstil fabrikasmin atik
suyundan amilaz iireten bir sus; FAD4 izole edilmistir. Gram pozitif ve kokoid olan FAD4’iin
amilaz iiretme yetenegi petri deneyi ile belirlenmistir. FAD4 {in morfolojik 6zellikleri ve 16S rRNA
dizin analizi sonuglart bu susun %99.8 oraninda Brachybacterium paraconglomeratum tiiriine
benzedigini gostermistir. Amilaz iiretimi i¢in optimum kosullar %1 nisasta ilavesi ile 30 °C’de 72
saat olarak belirlenmistir. FAD4 amilazinin optimum aktivite sicakligi 50 °C ve pH’s1 7.0°dir.

Amilaz iiretimi i¢in farkli nisasta, karbon ve azot kaynaklarinin etkisi incelenmistir. %1 patates
nigastast varliginda yiiksek oranda amilaz iiretimi gozlenmistir. Ayrica azot kaynaklarindan
peptonun amilaz tiretimini artirdigi, karbon kaynaklarindan ise laktoz, galaktoz ve fruktozun enzim

tiretimini artirdig1 gdzlenmistir.

1. INTRODUCTION

Microbial enzymes have been used in industrial
applications for decades because of their high activity
and stability. They also cost-effective and economically
friendly. Many of these microbial enzymes are used in
various industries such as food, detergent, textile, paper,
medicine etc. [1]. Amylases (EC 3.2.1.1) are one of the
most significant enzymes used in industry. These
extracellular enzymes catalyse the breakdown of starch
into glucose and oligosaccharides via hydrolysing the
internal a-1,4 glycosidic linkages in a random manner
[2]. Sequence similarity analyses of the catalitic domain
revealed that most of the a-amylases are belong to
glycoside hydrolase (GH) family 13 [3]. The conserved

structure of GH13 include a (B/a)s barrel that contains
the active site and extra domains can vary based on the
type of amylase [4]. Although amylases can be produced
by a variety of organsisms (microorganisms, animals,
and plants), microorganisms are the best source for
industrial applications due to mild growth conditions and
cost-effectiveness [5]. However, the demand of growth
conditions differ significantly depending on the
producers like temperature, time, nutritional source,
metal ions etc.

Starch is produced by most of the plants for energy
storage and constitutes an important part of the human
and animal diet. The enzymatic hydrolysis of starch has
a broad range of applications in industry. a-amylases are
one of the major enzymes used in starch processing and
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they utilized in glucose syrup, brewing, baking as well as
detergent, paper and pulp, textile, leather, and distilling
industries for decades [6]. A variety of bacteria have
been reported for a-amylase production. Bacillus species
are the most common bacterial sources, however
amylases from Geobacillus, Lactobacillus,
Pseudomonas, Corynebacterium, Nesterenkonia species
were also reported [5, 7, 8, 9].

In this work an amylase producing bacterium
Brachybacterium paraconglomeratum was isolated from
wastewater samples. Species of Brachybacterium are
rod-cocci shaped, Gram-positive, nonmotile, aerobic or
weakly anaerobic bacteria. They were isolated from
various environments, such as garden soil, oil-
contaminated sand, seawater, poultry deep litter, mouse
liver, fermented cheese and seafood, and roots [10, 11,
12, 13]. There is only one report about amylase
producing Brachybacterium that is a
maltooligosaccharide-forming amylase from
Brachybacterium sp. strain LB25 [14]. In present study
we aimed to determine the optimum conditions of a-
amylase production from the newly isolated strain
Brachybacterium paraconglomeratum.

2. MATERIAL AND METHOD
2.1. Bacterial Strain

In a previous work wastewater and contaminated soil
samples were collected from a textile factory located in
Soke (Aydin/Turkey). Samples were diluted, inoculated
into nutrient agar medium (NA, 105450, Merck
Millipore) and incubated at 30 °C for 18 h. Growing
colonies were subcultured into NA plates to obtain single
colonies. Based on coloni morphologies 13 isolates were
selected. Gram staining was performed and colony
morphologies were determined using an Olympus CX21
light microscope. Amylase production capacities of the
isolates were screened via plate assay. Four of the
isolates (FAD2, FAD3, FAD4, and FAD12) were
amylase positive. The 16S rRNA sequences of the
strains were amplified by PCR using universal UNI16S-
L as forward and UNI16S-R as reverse primers for
identification. Sequence similarities were analysed with
online databases NCBI Genbank and EzTaxon. After
identification of the strains, FAD4 was choosen for
amylase production.

2.2 Qualitative Screening of Amylase Production

The method of Atlas et al. [15] was used for amylase
activity screening. Bacterial strains were inoculated into
NA medium containing 1% (w v*) of soluble starch and
incubated at 30 °C for two days. After incubation plates
were flooded with 1% of lodine solution and kept at
room temperature for 5 minutes. The formation of dark-
blue color represented the precence of starch and clear
zones indicated the hydrolysis of starch around colonies.
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2.3. Enzyme Production and Amylase Assay

Enzyme production was carried out in a shake flask
containing NB medium enriched with 2% of soluble
starch. 2 ml overnight culture of FAD4 was inoculated
into enriched medium and incubated at 30 °C for two
days. Samples were centrifuged at 11.000 rpm for 6 min
and supernatant was used as crude enzyme extract.

DNS (3.5-dinitro salicyclic acid) method [16] was used
for determination of amylase activity, soluble starch
(0.5% w vY) in 0.05 M Tris-HCI buffer (pH:7.0) was the
substrate. The reaction mixture containing 50 pl of crude
enzyme and 50 pl of substrate was incubated at 50 °C for
30 min. 500 ul of DNS (1%) was added to stop the
reaction and boiled in a water bath for 10 min. The
release  of  reducing sugar was  measured
spectrophotometrically at 540 nm, the amount of
liberated maltose was calculated by a standard curve.

2.4. Effects of Temperature and Incubaion Time on
Enzyme Production

The strain FAD4 is a mesophilic bacterium, thats why it
can not grow at high temperatures. Incubations at room
temperature, 30 °C, and 37 °C were performed for
determining optimum enzyme producing temperature.
The effect of incubation time was determined by
cultivating FAD4 at different times ranging from 18
hours to 4 days.

2.5. Optimum Temperature and pH of Amylase

Optimum temperature of FAD4 amylase was determined
by incubating the reaction mixture including crude
enzyme extract and substrate (soluble starch; 0.5% w v!
in Tris-HCI buffer) at different temperatures ranging
from 30 — 80 °C. The effect of pH on enzyme activity
was measured by using following buffers: sodium
acetate buffer (pH 5.0), sodium phosphate buffer (pH 6.0
— 8.0), Tris-HCI buffer (pH 7.0 — 9.0), glycine buffer
(pH 9.0 — 12.0). Soluble starch (0.5%) was dissolved in
each buffer (50 mM), mixed with enzyme and the
reaction performed as mentioned above. Each
experiment was carried out three times.

2.6. Effects of Starch Sources

Optimal strarch concentration was determined by
supplementing NB medium with 0.5, 1, 2, and 5% (w v
1) of soluble starch. The effect of different starch sources
on bacterial growth and enzyme production was
analysed by using 2% (w v?) of each starch source
(soluble starch, corn starch, wheat starch, and potato
starch) dissolved in NB medium. After inoculation with
2 ml of overnight FAD4 bacterial culture and incubation
at 30 °C for 2 days, crude enzyme extract was obtained
as mentioned above. Enzyme production was measured
with Bradford [17] method and DNS method was used
for enzyme activity.
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2.7. Effects of Various Carbon and Nitrogen Sources
on Enzyme Production

Various carbon sources (glucose, galactose, glycerol,
sucrose, fructose, lactose, maltose, and starch) and
nitrogen sources (peptone, tryptone, yeast extract, urea,
casein, ammonium chloride, ammonium sulphate) were
tested for enzyme production. Each source was dissolved
in NB medium at a concentration of 1% w v, and
autoclave sterilized. After an incubation period of 2 days
at 30 °C, crude enzyme extracts were obtained via
centrifugation and enzyme activity assay was performed.

3. RESULTS AND DISCUSSION
3.1. Identification of Bacteria

Based on qualitative screening of amylase, strain FAD4
was choosen for this study because of better starch
hydrolising capacity than other three amylase producing
strains. FAD4 was Gram positive and the cells were
round-shaped. 16S rRNA sequence analyses revealed
that FAD4 has a 99.8% sequence similarity with
Brachybacterium paraconglomeratum. Clear zones
around colonies in amylase plate assay represented that
FADA4 has the ability of amylase production (Figure 1).

Figure 1. After washing the plates with 1% of iodine solution,
formation of clear zones around strain FAD4 colonies indicates the
starch hydrolysis

Microbial amylases have been used in industry for
decades due to their starch hydrolysing capacity.
Detergent, textile, paper, food and alcohol industries are
some of the industries that amylases widely used [18].
Though most commonly used bacterial amylase sources
are Bacillus species such as B. subtilis, B. licheniformis,
B. amyloliquifaciens, B. stearotherpophilus [19], some
other strains are also capable of amylase production. For
example Chromohalobacter sp., Caldimonas
taiwanensis, Halobacillus sp., Haloarcula hispdnica,
Halomonas  meridiana, = Rhodothermus  marinus,
Geobacillus thermoleovorans, Lactobacillus fermentum
are also reported as amylase producing strains [20]. In
our study we identified a new amylase producing
bacterium Brachybacterium paraconglomeratum strain
FADA4 from wastewater of a textile factory. In addition to
16S rRNA sequence similarities, the Gram staining
feature and the coccoidal form is also similar with B.
paraconglomeratum. There is only one report about
amylase producing Brachybacterium presented by
Doukyu et all. [14, 21]. They cloned a
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maltooligosaccharide-forming amylase gene from
Brachybacterium sp. strain LB25 into E. coli and
expressed but the specific activity of the clonned enzyme
was lower than the crude enzyme extract.

3.2. Effects of Temperature and Incubaion Time on
Enzyme Production

Industrial enzyme production is affected by various
factors like fermentation procedure, growing media,
carbon and nitrogen sources, temperature, pH, etc.
Brachybacterium  paraconglomeratum FAD4  was
incubated at room temperature, 30 and 37 °C from 18
hours to 4 days and followed by crude enzyme
extraction. Spectrophotometric measurements at 540 nm
for protein concetration and 489 nm for amylase activity
revealed that maximum vyield of amylase was obtained
from B. paraconglomeratum FAD4 at 30 °C for 72 h.
When incubation period decreased to 48 hours there was
only a 10% decrease observed in enzyme production,
and halved when incubated for 24 h. After third day
there was no increase in enzyme production. The
optimum growing duration of industrial amylase
producing Bacillus strains is range from 24 to 72 h [22].
The temperature needed for bacterial amylase production
is between ~25 °C to around 100 °C [23]. Based on
these data it can be said that the growing conditions of
strain FADA4 is suitable for industrial applications.

3.3. Optimum Temperature and pH of Amylase

The activity and stability of the bacterial enzymes are
highly related to the pH and temperature. The amylase
activity of FAD4 was examined at different temperatures
ranging from 30 — 80 °C, and different pH values
ranging from pH 5.0 — 12.0. The optimum temperature
and pH of the crude amylase extract were determined as
50 °C and pH 7.0 respectively (Figure 2). Optimum pH
of the bacterial amylases were range from 4.0 (Bacillus
sp. KR-8104) to 10.0 (Bacillus subtilis DM-03), and
mostly 7.0. The temperature optima is varied from 33 °C
(Bacillus amyloliquefaciens) to 135 °C (Bacillus subtilis)
[20]. The results obtained from strain FAD4 were similar
with literature.
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Figure 2. Optimum pH and temperature of the amylase of strain FAD4
3.4. Effects of Starch Sources on Enzyme Production

Starch concentration optimization was performed by
using 0.5, 1, 2, and 5% (w v!) of soluble starch. FAD4
can grow in NB medium but there was very slight
amylase production without starch supplementation.
With 0.5% starch there was 1.6 mg ml' maltose
liberation, and it was 2 mg ml** with 1 and 2% starch.
Increasing the starch concentration to 5% did not effect
the yield so much, which means using FAD4 for amylase
production is cost effective.

Commercial starch sources (soluble starch, corn starch,
wheat starch, and potato starch) with different
concentrations were tested for amylase production. After
an incubation period of 2 days, enzyme activity was
measured. The most effective starch source was
determined as potato starch with a maltose liberation of
1.0 mg mlt, The yield for soluble starch was 0.35 mg
ml-* while 0.2 mg ml* maltose liberation were observed
for both corn starch and wheat starch in same conditions.
Some of the Bacillus strains can produce good amount of
amylase with the supplementation wheat bran [24] which
is a cheap starch source. Strain FAD4 is also produce
amylase with the supplementation of wheat starch.
Besides, some other strains utilize potato starch for
amylase  production. B. licheniformis and B.
amyloliguefaciens were used for maltose manufacture,
and potato starch was one of their starch sources [25].
High amount of amylase production was observed also
for Anoxybacillus sp. [26] and A. flavithermus SO-13
[27] with potato starch. The only Brachybacterium strain
reported in the literature B. paraconglomeratum Strain
LB 25 was studied with potato starch [14].
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3.5. Effects of Carbon Sources on
Production

Enzyme

Commercial carbon and nitrogen sources are known to
be effective on amylase production. Different carbon
sources were used for determining the effects on amylase
production. After incubation at 30 °C for 2 days, cells
were harvested and supernatant was used as crude
enzyme extract. Standart reaction conditions were
performed for each amylase. Among various carbon
sources, the best results obtained from lactose (Figure 3).
1.70 mg ml* of maltose liberation observed when lactose
used in growing medium. It was 1.35 mg mi?! for
galactose, and 0.85 mg ml? for fructose. There was no
enzyme production when glucose used as carbon source.
Similar results were obtained from other bacterial strains
in the literature. Supplementation of the medium with 5¢g
I of lactose increased the amylase production from
Bacillus amyloliquefaciens [28]. In another study, the
highest amylase production from Anoxybacillus sp. AH1
was observed with maltose supplementation, glucose,
and lactose were also increased the enzyme production
[26]. The inhibitory effect of glucose on FAD4 was also
observed for Anoxybacillus flavithermus. Aguloglu
Fincan et all., [29] determined that using glucose and
sucrose in growing media decreased the amylase
production from A. flavithermus [29].

I I
I |
Galactose W Fructose M Lactose W Maltose

i
®Glycerol ®Sucrose W Starch M Glucose

ty (%)

Relative activ

Figure 3. Effects of different carbon sources on amylase production
from strain FAD4

3.6. Effects of Nitrogen Sources on
Production

Enzyme

Some of the nitrogen sources were also exhibited
enhancing effects on amylase production from strain
FAD4 (Figure 4). Among nitrogen sources used in this
study peptone was the best source for enzyme
production. Using 1% of peptone was increased the yield
in a rate of 5.15% when compared with soluble starch,
and yeast extract supplementation was also yielded a
good enzyme production (only 4% lower than peptone).
Other nitrogen surces decreased the enzyme production
in a rate of 50% or more. Peptone and yeast extract were
also suitable for the production of amylase from Bacillus
amyloliquefaciens [28]. In another study amylase
production from Streptomyces sp. MSC702 was induced
by pepton [30]. The increasing effect of yeast extract
was also observed for Bacillus subtilis MB6 [31] and
Bacillus sp. [32].
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Figure 4. Effects of different nitrogen sources on amylase production
from strain FAD4

4. CONCLUSION

Brachybacterium paraconglomeratum strain FAD4 was
isolated from the wastewater of a textile factory located
in Soke (Aydm/Turkey). FAD4 was able to hydrolyse
starch with amylase production. The optimal conditions
for amylase production were 72 h at 30 °C. Optimum
temperature and pH of the amylase were suitable for
industrial applications. A high enzyme production was
observed with 1% potato starch and other starch sources
(soluble, wheat, corn) were also suitable for amylase
production. Among nitrogen sources peptone and yeast
extract were induced the enzyme production. Lactose,
galactose and fructose were also increased the enzyme
production as carbon sources. The amylase production
features of B. paraconglomeratum strain FAD4 were
similar with the other amylase producing strains used in
industry, and it can be said that the amylase produced by
B. paraconglomeratum FAD4 colud be a useful tool for
industrial applications.
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