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Evaluation of Amylase Activity Produced by Genetically Modified Bacillus
Grown on Different Media Containing Sugar Crops Wastes
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ABSTRACT

In this investigation, a-amylase gene region from a thermophilic Bacillus stearothermophilus isolated from sugar beet
juice obtained from Dakahlia Sugar factory (Egypt) was cloned to competent Bacillus licheniformis ATCC 27811 cells. The
original and modified Bacillus strains were spread on different media composition and enzyme activity was determined.
According to the results, the a-amylase enzyme was seen to have highest activity at media containing sugarcane bagasse and/or
sugar beet pulp. The results revealed that modified Bacillus surpassed the original one at all studied media. This obtained result
proofed that gene transferred into BL had effective action on increase a-amylase activity. The thermo-stability studies revealed
that enzyme activity of modified bacillus was high for the first 8 hours at 90°C, it was ranged from 95-90 % after 6 hours
(enzyme activity decreased from 7.80 to 7.02 gm glucose/ml) then, decreased to 65-63 % at the end of 24 hours.
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INTRODUCTION

In any industrial biotechnological process,
achieving high productivity is an essential factor for
commercial success. Bacterial extracellular enzymes are
an important class of industrial enzymes constituting
approximately 20% of the enzyme market (Rao et al.,
1998 and Gupta et al., 2003). Genetic improvement of
bacterial extracellular enzyme production is achieved by
applying a range of strategies based on molecular
cloning tools. Amylases are very important enzymes
that analyzed the starch and related polysaccharides.

Amylase used to obtain maltose, glucose and
maltodextrins during industrial processes. Amylases are
widely distributed enzymes in bacteria, fungi, higher plants
and animals. Thermophilic enzymes are widely demanded
in order to be stable at different process conditions.

a-Amylase has been used for starch liquefaction
for decades, and the properties of the enzyme have been
improved for industrial applications. Many commercial
enzymes that are stable at a temperature of 95°C or
above have been developed by the enzyme industry
from the a-amylase of Bacillus licheniformis (BLA).

Thermostable o-amylase isolated from B.
stearothermophilus (BSTA) is widely used for starch
hydrolysis in the food industry (Kirk ez al., 2002). Niu
et al. (2009) constructed a new strain of B. licheniformis
(CBBD302) carrying a recombinant plasmid pHY-
amyL to increase a-amylase production. They found
that production of BLA by B. licheniformis (CBBD302-
pHY-amyL) is amongst the highest levels in Gram-
positive bacteria reported so far. Rabbani et al. (2011)
isolated and expressed the randomly mutated a-amylase
gene from B. subtilis strain 168. The gene was ligated
into expression vector pET-15b and then further
confirmed using digestion analysis. They observed 3
clones with higher enzymatic activity compared with
the wild type. Kiihnel ef al. (2011) showed that Sugar-
beet pulp (SBP) consists of up to 75% w/w of
carbohydrates (dry matter). Arabinose, glucose and
galacturonic acid (GA) are the main sugar moieties
present in complex polysaccharide structure.

A B. subtilis strain KCC103 was used to produce o-
amylase in medium containing sugarcane bagasse

hydrolysate (SBH). a-amylase production in SBH-medium
was enhanced to 144.5 Um 1 (-1) (2.2-fold) by response
surface methodology (Rajagopalan and Krishnan, 2008).

In this investigation, we aim to construct a B.
licheniformis carrying a recombinant amylase gene from
B. stearothermophilus to increase a-amylase production.

MATERIALS AND METHODS

1 Bacterial strain, growth conditions and amylase
activity test
Sugar beet juice is exposed to high temperature
(70-80°C) during processing and production of sugar
(Sucrose) in sugar factories. A strain of bacteria was
isolated from sugar beet juice obtained from Dakahlia
Sugar factory (Dakahlia, Egypt). The strain was
identified as B. stearothermophilus using API methods
according to Logan and Berkely (1984). Two strains of
Bacillus sp were used in this study B. licheniformis
ATCC 27811 which was provided by VACSERA and
B. stearothermophilus that described previously.
2 Effect of media containing sugar crop wastes on
Bacillus strain
Nine media were used to spread B. strains. The
composition of the media was presented in Table 1. The
strains were spread on LB media containing sugar crops
wastes with different levels and with or without starch.

Table 1. Cultured media codes and their composition:
No. Codes Media Composition

M1 LB broth + 1gm sugar beet pulp/100 mL

M2 LB broth + 1gm sugarcane bagasse/100 mL
M3 LB broth

M4 LB broth + 1gm starch/100 mL

MS5 1 gm sugarbeet pulp +1gm starch/100 mL
M6 1 gm sugarcane bagasse + 1gm starch/100 mL
M7 1 gm sugarcane bagasse/100 mL

MS8 1 gm sugarbeet pulp/100 mL

9 M9 1 gm sugarbeet pulp + 1 sugarcane bagasse/100 mL
The pH was adjusted to 7 with NaOH and medium was sterilized
by autoclaving at 121°C and 1atm pressure for 15 min.

3 DNA Extraction, plasmids construction and
cloning of amylase coding gene region

The genomic DNA of B. stearothermophilus

carrying the target DNA was extracted using the CTAB-
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method described by Doyle and Doyle (1987) and
modified by Khaled and Esh (2008). The primers were
designed based on the B. stearothermophilus a-amylase
sequence (GenBank accession no. M57457.1). PCR
mixture prepared and the reaction performed, then the
product was run on 1 % agarose gel and visualized
under the UV light. Agarose gel piece including the
amplified gene region was extracted from gel and
purified as described by Downey (2003). The amplified
PCR product was digested using restriction enzymes
and ligated into pET15b vector using the TA cloning kit
vector (Invitrogen, USA). Competent cell of E. coli
DH5a was prepared and transformation was carried out
according to Tu et al. (2005). The cloning vector
pET15b and pLip expression vector were digested with
the Ndel and HindIII digestion enzymes as described in
Burhanoglu (2012). Then plasmid pLip with insert was
transformed to competent B. licheniformis ATCC
27811 cell line, transformation was carried out
according to Tu et al. (2005). The recombinant plasmid,
designated as pLip-BSKI1, was transformed in B.
licheniformis ATCC 27811 and cultured in LB medium
supplemented with kanamycin (80 pg/mL) for 32 h at
370C.
4 Amylase activity assay

Amylase activity was determined by 3, 5-
dinitrosalicylic acid (DNS)-based method for measuring
the release of reducing sugar from soluble starch
according to method of Miller (1959) and described by
Shafaat et al. (2011). The absorbance of the mixture

was measured at 540 nm, and D-glucose was used to
create a standard curve.
5 Evaluation of thermal stability for enzyme

To evaluate of thermal stability for enzyme, 25 pl
enzyme was incubated at 65 °C, 80 °C and 90 °C for 24
hours (h) and 50 pl starch was added (Sajedi et al.,
2005), then amylase assay was performed according to
DNS method.

RESULTS AND DISCUSSION

1 Cloning of amylase coding gene region

Competent cell of E. coli DH5a was prepared
and transformation was carried out. After incubation of
the components cells on LB-amp agar plate contain
starch, white colonies from the plate were chosen and
plasmids were isolated from them. The recombinant
plasmid, designated as pLip-BSK1, was transformed in
B. licheniformis ATCC 27811 and cultured in LB
medium supplemented with kanamycin (80 pug/mL) for
32 h at 370C. The genetically modified B. licheniformis
was extracted and conducted to amylase activity assay.
2 Amylase activity assay

Amylase activity was determined by DNS-based
method for measuring the release of reducing sugar
from soluble starch according to method of Miller
(1959) and described by Shafaat et al. (2011). Table 2
and figures from 1 to 3 contain mean performance of
bacterial strains cultured on different media calculated
as gm glucose per mL.

Table 2. o-Amylase activity (gm glucose/mL) of B. stearothermophilus (Bst), original B. licheniformis (BL) and
modified B. licheniformis (BLm) over three incubation periods (24, 48 and 72 h).

Media 24h 48h 72h
Code*  Bst BL BLm  Mean Bst BL BLm  Mean Bst BL BLm Mean
Ml 8.61% 10.13% 12.30" 1035 10.09° 8.58¥V% 19.26" 12.64 15237 12.94™ 20.10° 16.09
M2 429 5057 1236 723 10.08%T 8.57VV 19324 12.65 1648 14.01% 20.87* 17.12
M3 8.88°® 1045 1225 10.53 12.98" 11.032 17.58% 13.86 17.38° 14.77" 20.10° 17.42
M4 11.028 12.97F  826% 1075 11.25°% 956" 13.44%% 11.42 10.02®% 85157 12.05N 10.19
M5 8.53% 10.03" 9.03"® 920 11.31° 961V 1255 11.16 9.96% 847" 10.92° 9.78
M6 13.71° 16.13* 8917 1291 12.24™ 10.40% 12.10% 11.58 10.18° 8.65° 11.47° 10.10
M7 9.98"™ 11.75 14.73¢ 12.15 14.49% 12.32 15.69° 14.17 17.14° 14.57"% 14.92% 1554
M8  9.27V%F 10.91" 15.38® 11.85 14.085¢ 11.97M 1532P°% 13.79 16.85° 14.32 16.197 15.79
M9 9.53% 11.20% 1524% 1199 13.90° 11.81MN 16.59¢ 14.10 16.06° 13.65° 17.54° 15.75
Mean 931 1096 12.05 10.78 1227 1043 1576 12.82 1437 1221 16.02 14.20

M1toM9 = code of media that presented in Table 1, Different letters refer to significant difference (P< 0.05) by Duncan's test

Amylase activity over 24 h of incubation
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Figure 1. Amylase activity (gm glucose/mL) of B.
stearothermophilus  (Bst), original B.
licheniformis (BL) and modified B.
licheniformis (BLm) over 24 h.

Amylase activity over 48 h of incubation
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Figure 2. Amylase activity (gm glucose/mL) of B.
stearothermophilus  (Bst), original B.
licheniformis (BL) and modified B.

licheniformis (BLm) over 48 h.
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Amylase activity over 72 h of incubation
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Figure 3. Amylase activity (gm glucose/mL) of B.
stearothermophilus  (Bsf),  original  B.
licheniformis (BL) and wmodified B.
licheniformis (BLm) over 72 h.

These data showed the differences between the B.
licheniformis ATC27811 (BL), modified B. licheniformis
(BLm) and B. stearothermophilus (Bst) in their amylase
activity calculated as gm glucose/ml. As shown in Table 2, it
was observed that original Bst surpassed BL in their amylase
activity (calculated as gm/glucose/mL) when they grow for
48 and 72 h, while BL was the superior after 24 h. The
maximum o-amylase activity mean was recorded by Bst
(14.366 gm glucose/ml) after 72 h (Table 2).

On the other hands, it was observed that modified B.
licheniformis (BLm) surpassed BL in their amylase on all
studied grown period (24, 48 and 72 h). The maximum o-
amylase activity mean was recorded by BLm (16.02 gm
glucose/ml) after 72 h.

3 Effect of media containing sugar crop wastes on
amylase activity of Bacillus strain

Bacillus strains were spread on LB media contain
sugar crops wastes with different levels and with or without
starch; and amylase activity was measured.

Data presented in Table 2 revealed that best bacterial
performance was observed with media containing sugarcane
bagasse and/or sugarbeet pulp over three incubation periods.

While enzyme activity recorded the highest value with M6
medium (sugarcane bagasse + starch) over 24 h of
incubation (12.91 gm glucose/mL), M7 medium (sugarcane
bagasse only) over 48 h of incubation (14.17 gm
glucose/mL) and M2 medium (LB + sugarcane bagasse)
over 72 h of incubation (17.12 gm glucose/mL). Amylase
activity recorded the highest value on M2 and M6 media
which contains sugarcane bagasse over the three incubation
periods i.e enzyme activity recorded 16.13 gm glucose/ml
with M6 over 24 h, 19.32 gm glucose/ml with M2 over 48
hrs and 20.87 gm glucose/ml with M2 over 72 h. The
maximum amylase activity was recorded by BLm (20.87 gm
glucose/ml) after 72 h of incubation at LB broth + sugarcane
bagasse media (M2), however the minimum amylase
activity by BLm was (826 gm glucose/ml) after 24 h of
incubation at LB broth + starch media (M4). The results
revealed that BLm was surpassed BL at most studied media.
4 Thermal stability for enzyme

Stability of the enzyme at different temperatures was
determined in different time intervals. According to results
presented in Figure 4, enzyme activity has relative stability
for the first 8 hours over different temperature. Enzyme
activity recorded values ranged between 7.55-7.021 gm
glucose/ml at 90°C, while it ranged between 7.7-7.052 gm
glucose/ml at 80 °C. On the other hands it ranged between
7.8-7.12 gm glucose/ml at 65 °C. The reduction percentage
in enzyme activity was 7% at 90 °C, 8.4% at 80 °C and 8.7
at 65 °C after 8 h. Then, enzyme activity decreased to 5.02,
5.02 and 5.11 gm glucose/ml at 90, 80 and 60 °C
respectively after 24 h. (Figure 4). Kolcuoglu et al. (2010)
reported that incubation at 80°C resulted about 80% enzyme
activity after 72 h. For a-amylase of Bacillus sp., the activity
was completely stable at 80°C for at least 90 minutes (Ben
Al et al, 1999). This obtained result proof that gene
transferred into BL had effective action on increase amylase
activity.

Amylase activity over different temprature scale
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Figure 4. Amylase activity (gm glucose/mL) of modified B. licheniformis (BLm) incubated at 65, 80 and 90°C over 24 h.

CONCLUSION
a-Amylase gene region from a thermophilic B.
stearothermophilus ~ was  cloned to competent B.

licheniformis ATCC 27811 cells. The original and modified
Bacillus strains were spread on different media composition
and enzyme activity was determined. o-amylase enzyme
was seen to have highest activity at media containing
sugarcane bagasse and/or sugarbeet pulp. Enzyme activity
recorded the highest value with M6 medium (sugarcane
bagasse + starch) over 24 h of incubation (12.91 gm

glucose/mL), M7 medium (sugarcane bagasse only) over 48
h of incubation (14.17 gm glucose/mL) and M2 medium
(LB + sugarcane bagasse) over 72 h of incubation (17.12 gm
glucose/mL). Amylase activity recorded the highest value on
M2 and M6 media which contains sugarcane bagasse over
the three incubation periods i.e enzyme activity recorded
16.13 gm glucose/ml with M6 over 24 h, 19.32 gm
glucose/ml with M2 over 48 h and 20.87 gm glucose/ml
with M2 over 72 h. The thermo-stability studies revealed
that enzyme activity of modified Bacillus was high for the

175



Khaled, K. A. M. et al.

first 8 h at 90°C, it was ranged from 95-90 % after 6 h
(enzyme activity decreased from 7.80 to 7.02 gm
glucose/ml) then, decreased to 65-63 % at the end of 24 h.
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