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ABSTRACT

The importance of amylase enzymes is attributed to their ability to catalyze hydrolysis of starch and polysaccharides into maltose,
glucose and/or maltodextrin for industrial processes. Their thermophilic characteristics are necessary to maintain stability under different
conditions. Amylases are produced by, fungi, higher plants and animals. In the present study, thermophilic Bacillus (Bacillus
stearothermophilus) isolated from beet pulp during sugar processing was used for cloning a-amylase gene into Bacillus licheniformis. The
cloned and sequenced gene was 1827 bp in length. It has been registered in the GenBank (accession no. LC259133.1). This thermophilic
amylase, with a molecular weight of 60 kD, was expressed and purified from the recombinant strain and matched to the a-amylase family
protein of Bacillus stearothermophilus (GenBank accession no. M57457.1) using the NCBI database. The amino acid sequence of the
cloned recombinant enzyme was 98% similar to that of the Bacillus stearothermophilus enzyme in the database. Bacillus strains were
cultured and the activity of the enzyme was determined. The purified amylase on sugarcane bagasse and/or sugarbeet pulp media was
highly active. Moreover, the modified B. licheniformis surpassed the other strain in cell mass amount and amylase activity on all media.
These results confirmed that the gene transferred into B. licheniformis effectively increased amylase activity in this bacterium, while
sugarcane wastes increased cell mass amount and enzyme activity. Also, thermostability of a-amylase was not clearly different between
modified and original B. licheniformis. These provided evidence that gene transfer to B. licheniformis effectively increased its amylase
activity but did not affect its thermostability. The enzyme produced in this study have high thermostability even 90 °C, high

<
CHECKED

against plagiarism

using
THrnV

S artigN
was

thermostability range allows it to be utilized in industrial applications, because their high yield, as well as their time and cost saving.
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INTRODUCTION

For commercial success in biotechnological process,
the most important factor is achieving high productivity.
Enzymes from Bacteria are important in industry,
constituting roughly 20% of the market (Rao et al., 1998 and
Gupta et al., 2003). For decades, a-amylase used for starch
decomposition, and their properties have been improved for
industrial goals. Many commercial enzymes developed from
the o-amylase of Bacillus licheniformis (BLA) have
thermostability at high temperature. Thermostable o-
amylases isolated from Bacillus stearothermophilus (BSTA)
are also used for starch decomposition (Kirk ez al, 2002).
Moreover, the Bacillus licheniformis (CBBD302) strain that
carried the plasmid (pHY-amyL) was constructed to increase
level of a-amylase production to be among the highest
Gram-positive bacteria reported till now (Niu ez al., 2009).
In addition, a mutated a-amylase gene (from Bacillus subtilis
strain 168) was isolated and ligated into the expression
vector pET-15b, three clones with high enzyme activity
were observed (Rabbani et al., 2011). The complex
polysaccharide of sugar-beet pulp contains glucose,
Arabinose and galacturonic acid and comprises up to 75%
w/w carbohydrates on the dry matter (Kiihnel et al. 2011).
Sugarcane bagasse has been used to produce amylase from
Bacillus subtilis (strain KCC103) which was enhanced to
2.2-fold (Rajagopalan and Krishnan, 2008).

The aim of the present study was to increase amylase
production through genetic transformation by generating B.
licheniformis strain carry a recombinant gene from B.
stearothermophilus in order to increase amylase production.

MATERIALS AND METHODS

1-Bacterial Strains

This investigation was carried out in Sugar Crops
Research Institute (SCRI), Agricultureal Research Centre
(ARC), Egypt. Processing of Sugar beet for sugar production
need to expose the juice to high temperatures (70-80°C). In
the present study, thermophilic Bacillus (Bacillus

stearothermophilus) was isolated from beet pulp during
sugar processing in Dagahlia Sugar & Refining Company
(Daqahlia, Egypt) and Delta Sugar Company (Kafr El
Sheikh, Egypt); and tested using API methods described by
Logan and Berkely (1984). Another Bacillus strains
(Bacillus licheniformis ATCC 27811) provided by Egyptian
Organization for Vaccines Services (VACSERA) were used.
2- Culture media

Both strains i.e. Bacillus stearothermophilus and
Bacillus licheniformis were cultured on six different media
with or without Luria-Bertani broth (LB broth), starch,
sugar beet pulp, and sugarcane bagasse (Table 1).

Table 1. Culture media

No. Codes Media Composition

1 M1 LB broth

2 M2 LB broth + 1 % starch

3 M3 LB broth + 1 % sugar beet pulp

4 M4 LB broth + 1 % sugarcane bagasse

5 MS LB+ 1% sugar beet pulp + 1 % sugarcane bagasse
6 M6 1 % sugar beet pulp + 1 % sugarcane bagasse

LB broth pre-sterilized by autoclaving at 121°C at 1 atm /15 min.
pH was adjusted to 7 with NaOH; media were sterilized by
autoclaving at 121°C and 1atm pressure for 15 min.

3-DNA Isolation, primer design and DNA amplification
Genomic DNA was extracted from Bacillus
stearothermophilus using the modified CTAB-method
(Khaled and Esh 2008). Target gene encoding a-amylase
sequence was amplified using BamyS primer pairs. The
primers pairs and restriction site were:
BamySF (Nde 1, 5"-CATATGTTTTGCACCGTTTGATGATTGTAC-3")
BamySR (Hind 1L, 5"-AAAGCAAATATACTGTACACGGCATTCGAA-3')

(restriction site underlined)

These primers were designed based on the GenBank
accession no. M57457.1 (Bacillus stearothermophilus o-
amylase gene).

The PCR product was run on a 1% agarose gel and
visualized under UV light. The corresponding band to the
amplified sequence was extracted and purified from the gel
according to Downey, 2003.
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4-Cloning of a-amylase Coding Region

Restriction enzymes (Nde 1 and Hind 1IT) used for
PCR product digestion, then ligated into the TA cloning kit
vector (Invitrogen, USA). The Ligation was performed in a
20 pl reaction mixture [2.0 pl of Ligation Buffer + 4 pl of
T4 DNA Ligase + 1 pl of the pET15b vector (provided by
the Genetics and Breeding Dept., SCRI, ARC) + 12 ul of
the PCR product (20.8 ng/ pl) +1 pl ultrapure water], that
incubated overnight at room temperature. E. coli DH5a
competent cells were prepared then transformation was
performed according to Zhiming et al. (2005).
5-Plasmid Isolation

The pETb15 vector containing the insert was isolated
using a Mini Prep Plasmid kit and the amount of plasmid
determined spectrophotometry at 260 nm. The cloning vector
pETb15 was digested according to Burhanoglu (2012) using
the Ndel and Hindlll enzymes and insert subsequently
extracted from the gel. The same enzymes used to digest
pLip expression vector also. The ligation reaction conditions
were designed according to a vector-to-insert ratio of 1/10 in
a reaction containing 5 x ligation buffers (4 pn1), T4 ligase (1
pl), insert (9 pl) and pFL (6 pl) and incubated at room
temperature overnight.
6-Competent Bacillus licheniformis Transformation

For expression the target gene encoding the a-amylase
of Bacillus stearothermophilus (hereafter known as BSK1),
the pLip plasmid containing the insert transformed into
Bacillus  licheniformis ATCC 27811 competent cells
according to Zhiming et al (2005). The pLip-BSKI
(recombinant plasmid) extracted and sequenced by the GATC
Company using an ABI sequencer with appropriate primers.
7-Expressed protein and SDS-PAGE

Transformed Bacillus licheniformis ATCC 27811
containing pLip-BSK1 was cultured in kanamycin
supplemented LB medium (80 pg/mL) for 32 h at 37°C.
Then cells subsequently recovered using centrifuge
(10,000xg/ 4°C). CaCl2 (5 mM) added to the supernatant
and incubated at 75°C/ 40 min. Proteins removed using
centrifuge (10,000xg/ 4°C), then supernatant collected and
fractionated by ammonium sulfate 70%. Proteins
recovered using centrifuge (8,000xg/ 4°C) and dissolved in
25 mM Tris-HCI buffer (pH 7.5) and diluted as 1 to
100,000x enzyme solution v/v, then a diethylaminoethyl
(DEAE)-cellulose column (Sigma-Aldrich, St. Louis, MO,
USA) used to remove pigments. SDS-PAGE gel was used
to screen purified solution to detect purity and molecular
weight of enzyme. Reaction carried out on 10 ml of 12%
monomer separating gel and 5 ml of 4% stacking gel.
Subsequently, the gel was incubated in 20% TCA
(trichloroacetic acid) for 30 minutes with gentle shaking.
Then, the gel was incubated in 0.05% Coomassie Brilliant
blue R250 for 30 minutes on a shaker. Next, the gel was
detained and monitored under white light with a camera.
8-Activity assay of Amylase

3,5-Dinitrosalicylic Acid method (Miller, 1959) was
used to determine amylase activity by measuring the reducing
sugar released during starch decomposition, then absorbance
was measured at 540 nm, and standard curve generated using
D-glucose (Shafaat et al., 2011).
9-Temperature Stability

For temperature stability, 25 pl of the enzyme
incubated at 65°C, 80°C or 90°C for 24, 48 or 72 hours. Then,
50 pl of substrate was added, and the amylase assay was
performed.

10-Cell Mass (g/l)

After incubation completed, samples (50 mL) was
taken from each two lines and centrifuged at 8000 rpm/15min.
The cell pellets were collected and lyophilized. Dry weight
was calculated and expressed in grams per liter (g/L).

RESULTS

1-Isolation of Genomic DNA and PCR Amplification

DNA isolated from Bacillus stearothermophilus and
a-amylase sequence amplified in the existence of the primers
that designated. Subsequently, agarose was used to run the
product and photographed. We found that molecular weight
about 1850 bp (Fig. 1).
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Fig. 1. Gel electrophoresis of the target sequence (a-
amylase) fragment using amylase-specific
primers, M=DNA ladder and S=sample of target
sequence.

2-Cloning of a-amylase coding sequence

a-Amylase gene sequence isolated from gel, ligated
into the pET15b vector and inserted into E. coli DHS5a
competent cells, then incubated on LB-amp agar plates.
White colonies were selected from the plates and the
plasmids isolated. The plasmid DNA was sequenced and
compared, and the complete sequence of the insert was
determined. The length of the target gene cloned into the
pET15b plasmid was 1827 bp (Fig. 2).

This obtained sequence was compared with the
reference gene sequence (GenBank accession no.
M57457.1), and the alignment between the reference
Bacillus stearothermophilus a-amylase complete cds gene
(GenBank accession no. M57457.1). 99% of similarity
between our gene sequences and M57457.1 GenBank
accession was found (Fig. 3). Additionally, the constructed
sequence of protein was calculated and as molecular
weight and it was about 61.963 kD. Moreover, protein
sequence matched the references enzyme by 95%. A
comparison of protein sequences and the reference enzyme
presented in Fig. 4.

The a-amylase gene isolated and sequenced, then
ligated with the pLip expression vector (pLip-BSK1
construct shown in Fig. 5), followed by transformation into
competent B. licheniformis ATCC 27811 cells.
3-Expression a-amylase gene into Bacillus licheniformis

To express gene encoding o-amylase enzyme of
Bacillus stearothermophilus (thereafter known as BSK1),
the pLip containing BSK1 (pLip-BSK1) was inserted into
Bacillus licheniformis ATCC 27811 competent cell line,
which was then cultured in kanamycin supplemented LB
medium (80pg/mL) for 32 hrs/37°C. The enzyme was
subsequently isolated from media and SDS-PAGE gel was
used to determine molecular weight; the protein was
approximately 60 kD (Fig. 6).
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=Bacillus amylase gene
cggtcctggccgcacggtgaaagtcaccaatgtgggacgtccgtecgatggcagaagatcacaaataaaaattataatagac
gtaaccgttcgaggttttgettectgtttactcectgtaacatttgattaagggggaagggcattgtgectaacgtttcaccgcecatca
ttcgaaaaggatggatgttcctgctecgegtttttgetcactgecttgetgttetgeccaaccggacageccgecaaggetgece
FCACCPIMI AR T CCRI PR ECARIn It AR @Eto I CCEICCACCCtATIECCORNIgRIpETAC RIIAtEgNC
graledecgelolliggédigecgeccgelifineagipdncs
CIOEEIESATEOANTEN ApSpEOagIcOpEanAdn
gpEpcasanpoicanintoiicoapcocaticangFcopccoacpocpcigpenigc ipimcpcognipicpigiic
RIAANEFCEECPCCRNCEN TR R piggpfgpecpecpicpangicrafceplicopacogonncenegonaeicivEgp
TALC LRI CANR CoCAAEC R LRI gRI NI CCEEpCFFRECARCRTC S lACIiCCAREIviARNFIERECREIEEIACT
allfigTggsgligdllggidvpeanngsvgaaadilgages grdlflagnpalle e pgcdlsgpranpguplpEpaliiy
RGP AR A RO P A ARSI R QIR A I A IO O FACEE PRI AT PRI DA Ed @IS @I AL E R
cacExgnecociignigppitccppeciiprigreptenngenintinapiicap
gicpguviggcangpscpriniiinesgligggpeniailigpegesinigdonice
acaagrrgcacaattacatratgaaaacaaacggagarcacccgacgatrgierirgrirgargccccgiracacaacaaatutt
ataccgcttccaaatcagggggcacatttgatatgecgcacgttaatgaccaatactctcatgaaagatcaaccaacattggcecce
gtcaccttcgttgataatcatgacaccgaacccggccaagegcetgecagtcatgggtcgacccatggttcaaaccgttggcett
acgcctttattctaactcggcaggaaggatacccgtgcgtcettttatggtgactattatggcattccacaatataacattectte
gctgaaaagcaaaatcgatccgctectcatcgegegecagggattatgettacggaacgcaacatgattatcttgatcacteccg
acatcatcgggtggacaagggaaggggtcactgaaaaaccaggatccggactggeccgcecattgatcaccgatgggeccggga
ggaagcaaatggatgtacgttggcaaacaacacgecggaaaagtgttctatgaccttaccggecaaccggagtgacaccgtce
accatcaacagtgatggatggggggaattcaaagtcaatggcggttcggtttcgatttgggttcctagaaaaacgaccgtcte
tactatcgcttggtcgatcacaacccgaccgtggactgatgaattcgtecgttggaccgaaccacggttggtggecatggcectt
gatgcctgtca

Fig. 2. Complete sequence of target region responsible for a-amylase gene
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Query 174 GGATGGATGTTCCTGCTCGCGTTTTTGCTCACTGCCTTGCTGTTCTGCCCAACCGGACAG 233
sbyce 265 SSARSAMMHILILIIG I UL O EHOLLUNLEIL 520
Query 234 CCCGCCAAGGCTGCCGCACCGTTTAACGGCACCATGATGCAGTATTTTGAATGGTACTTG 293
sbyee 325 GMMLUMIILLILELE AU UG A AL AL 5ea
Query 294 CCGTCCACCCTACTGCCCGATGATGGCACGTTATGGACCAAAGTGGCCAATGAAGCCAAC 353
sbycr 3ss  &ddo . SHELALEH LA MG UM ALLUAL 220
Query 354 AACTTATCCAGCCTTGGCATCACCGCTCTTTGGCTGCCGCCCGCTTATAAAGGAACAAGC 413
IIIIIIIIIllélllllIIlllléélllllllléllllII&IIIIIIIIlllllléllll
Sbjct 438 AACTTATCCAGCCTTGGCATCACCGCTCTTTGGCTGCCGCCCGCTTATAAAGGAACAAGC 489
Query 414 CGCAGCGACGTAGGGTACGGAGTATACGACTTGTATGACCTCGGTGAATTCAATCAAAAA 473
IIlIIIlIééII JJENY IIIIIIIllIIIIIllIIlIIIIééIIIIIIIIIIIIIIH
Sbjct 490 CGCAGCGACGTAGGGTACGGAGTATACGACTTGTATGACCTCGGTGAATTCAATCAAAAA 549
Query 474  GGGGCCGTCCGCACAAAATACGGAACAAAAGCTCAATATCTTCAAGCCATTCAAGCCGCC  S33
sbice  sse LA LALLM ALY coo
Query 534 CACGCCGCTGGAATGCAAGTGTACGCCGATGTCGTGTTCGACCATAAAGGCGGCGCCGAC S93
IIlIIIIIIlIIIlIIIIIIIIIIIIlIIIIIIIIIIlIIIIIIIIIIIIIIIII?IIII
Sbjct 610 CACGCCGCTGGAATGCAAGTGTACGCCGATGTCGTGTTCGACCATAAAGGCGGCGCCGAC 669
Query 594 GGCACGGAATGGGTGGACGCCGTCGAAGTCAATCCGTCCGACCGCAACCAAGAAATCTCG 653
sbice e7e  SLALLMAMESLHEALL LALLM EL LR LALLM, 520
Query 654 GGCATCTATCAAATCCAAGCATGGACGAAATTTGATTTTCCCGGGCGGGGCAACACCTAC 713
soycr 730 SAUAMUMARUALU AL HEAH HILLELLLLLL AL LAL  5ss
Query 714 TCCAGCTTTAAGTGGCGCTGGTACCATTTTGATGGCGTTGATTGGGACGAAAGCCGAAAA 773
sbyce 7oo  HAALHHAMMELLEL L MEAH HELEEHEAH LALLM <o
Query 774 TTGAGCCGCATTTACAAAT TCCGCGGCATCGGCAAAGCGTGGGATTGGGAAGTAGACACG 833
Illlééllélllllélllllélll Illléélllllllll IIIIIIIIIIéII [yy
sbjct 8se TTGAGCCGCATTTACAAAT TCCGCGGCATCGGCAAAGCGTGGGAT TGGGAAGTAGACACG 909
Query 834 GAAAACGGAAACTATGACTACTTAATGTATGCCGACCTTGATATGGATCATCCCGAAGTC 893
sbycr sre  SAMMALSAMLATAALHALHAMSHARLEAALL A A LA AT ELLE AT oo
Query 894 GTGACTGAGCTAAAAGCTGGGGCTAAATGGTATGTCAACACAAGAACACTTGATGGGTTC 953
sbyce s7e  SHALMUMMIG LSO MG MU MMM EEHE 1020
Query 954 CGGCTTGATGCCGTCAAGCATATTAAGTTCAGELEtttttCCTGATTGGTTGTCGTATGTG 1013
IéllllllIllééléllIIIIIIIIIlIIIIIIIlIIIIlllllllélIIIIIIIIIIII
Sbjct 138 CGGCTTGATGCCGTCAAGCATATTAAGTTCAGTTTTTTTCCTGATTGGTTGTCGTATGTG 1089
Query 1014 CGTTCTCAGACTGGCAAGCCGCTATTTACCGTTGGGGAATATTGGAGCTATGACATCAAC 1073
sbyce 100 CCHUALALLEUALLLEL A AL LA AR WAL A AL UL 1200
Query 1074 AAGTTGCACAATTACATTATGAAAACAAACGGAGATCACCCGACGATGTCTTTGTTTGAT 1133
sbyce 21se  AACHELALAMHALAHAMSAMMEMALLA - __ ALMEUHOHEY 1200
Query 1134 GCCCCGTTACACAACAAATTTTATACCGCTTCCAAATCAGGGGGCACATTTGATATGCGC 1193
soiee 1201 GLLALHALIMUMHHAALLLGHEUA UL A ALY 1260
Query 1194 ACGTTAATGACCAATACTCTCATGAAAGATCAACCAACATTGGCCGTCACCTTCGTTGAT 1253
sbyce 1261 ASHAMSAMLMAG UMMM UM AU HILLL IR LI 1520
Query 1254 AATCATGACACCGAACCCGGCCAAGCGCTGCAGTCATGGGTCGACCCATGGTTCAAACCG 1313
sbyce 1321 AMARAALLUALLLLLI AL S L UG LALLU R LML 1360
Query 1314 TTGGCTTACGCCTTTATTCTAACTCGGCAGGAAGGATACCCGTGCGTCTTTTATGGTGAC 1373
IIII&III IlélIIIIIIIIIIIIIIIléélIéllIlléllléléllllllllééllll
Sbjct 1381 TTGGCTTACGCCTTTATTCTAACTCGGCAGGAAGGATACCCGTGCGTCTTTTATGGTGAC 1440
Query 1374 TATTATGGCATTCCACAATATAACATTCCTTCGCTGAAAAGCAAAATCGATCCGCTCCTC 1433
IRV Y VRSN na e y|
Sbjct 1441 TATTATGGCATTCCACAATATAACATTCCTTCGCTGAAAAGCAAAATCGATCCGCTCCTC  15@e
Query 1434 ATCGCGCGCAGGGATTATGCTTACGGAACGCAACATGATTATCTTGATCACTCCGACATC 1493
USSRy R NSNS NN RSN NNy RNy
Sbjct 1501 ATCGCGCGCAGGGATTATGCTTACGGAACGCAACATGATTATCTTGATCACTCCGACATC 1560
Query 1494 ATCGGGTGGACAAGGGAAGGGGTCACTGAAAAACCAGGATCCGGACTGGCCGCATTGATC 1553
sbyce asen  ARSLHSALMESLMALLLL AL UMM UL LG L HIL 1620
Query 1554 ACCGATGGGCCGGGAGGAAGCAAATGGATGTACGTTGGCAAACAACACGCCGGAAAAGTG 1613
sbyce 1621 ACLSMLALLLLLALLMILMM S AL LA MIALLL LAY, 16s0
Query 1614 TTCTATGACCTTACCGGCAACCGGAGTGACACCGTCACCATCAACAGTGATGGATGGGGG 1673
sbyce aesa  HAAMIHALLLUILLA S UL DL DAULIAM SR, 1700
Query 1674 GAATTCAAAGTCAATGGCGGTTCGGTTTCGGTTTGGGTTCCTAGAAAAACGACCGTCTCT 1733
sbyce 1741 SAHUAMUIANLILEH UL HUEHIAUMIMLLLG Y 1000
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Fig. 3. Nucleotide sequence comparison of references gene B. stearothermophilus o-amylase gene, complete cds
(GenBank accession no. M57457.1) and target gene
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Juary &8 SERLOTTALWLPFFATEDT SR RS o DL YL PR O T A TEAD L AT 127
SSLGTTALWL PRAVEGTSRSDVGYCAYDL YDLGEFR MﬁTt?ETE%ELETﬁ
Sedet 1 SSLGTTALWL PRAVEGTSASVEYSWYDL YDLEE FNGE GAVETEY S TRAGYL AT 129
Query 128 MWFHMFELWMEWSDHEEIWl'r% TEFDFPGRENTYSRS 187
» AP AL T O AL T Ch T T P SO RRGE T SET WTEF D PERETYSS
Shict 121 MO FOrRGaADG TERVDAVEWNS SDAROE TSI YOI QRRTEFDF PORENTYSS 1B
Query 1EE  FEWRWOFDEVIMDESAEL SR TYR FROTECANDWEVDT ENGHYDYLIYADLDMDMPEWNT 247
- F WM DEVIWD ESRK L SR DV P R0 TG ALOWE VDT ERGHY DY LITYADL HDHPEWT
=bjct 101 F AT DOVDRD CSAKL SATYEF S0 CRALDWHC Y TCNCGAA DY LI ADLOMDIPEYW'T 248
Query 48 ELEAGANWYUNTRTLOGERLOAVCHINFSEFROWLS GEPLETWEEYHSYDIMEL 307
ELEAGANYWHTAT L DGF AL THT KF SF FRDEL SYWR SO TGP L ETHVGE YRS YRITHICL
Sefet 241  ELCAEAXMYWNTRTLDGF RLOSVEHTIFSFFPDRL SYVRSQTGEPLETYGEVISYOIINL 380
Query 38 VIMKTHG- - - THSLFOAPLHRCF Y TASKSGOT FOMAT LATHTLMKDOPTLAVT PO 564
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: DL TEHRSOTYT IS EF VGV SR RETTYVE T LS I T TRPHTDEFVRWT EPR
Shirt LA M TANMESNTET TGO PSSV BT TTUS TTAWNS T TTEPU TR FUGWET R ER  San
; SAT  LVEMP 549
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Fig. 4. Protein sequence comparison of target protein and references enzyme
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Fig. 5. pLip-BSK1 construct contains pLip plasmid + insert (amylase target gene sequence)
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Fig. 6. SDS-PAGE of purified expressed protein, M=
protein marker, S1 and S2= two identical
enzyme samples

The protein solution concentrated at 40°C in a
vacuum oven to 10 ml, measured with a NanoDrop and
determined to be 4 mg/ml. Also, the protein concentration
measured using Bradford method. Standard curve
constructed and measured at 595 nm, the concentration
was 1.1302 mg/ml. Thus, we obtained a total of 11.311 mg
of protein.
4-Assay of a-amylase activity

a-Amylase activity by measuring reducing sugar
released during starch decomposition was determined, the
information regarding bacteria inoculated on different
media (units of enzyme/ml) were presented in Fig. 7.

Data presented by Fig. 7 can be used to compare
the differences between the amylase activity of Bacillus
licheniformis (BL) and modified Bacillus licheniformis
(BLm) in terms of enzyme activity (units/ml). It is revealed
that the amylase activity of BLm surpassed that of BL after
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all studied growth periods (24, 48 and 72 h). The
maximum mean o-amylase activity of BLm, was recorded
after 72 h (Fig. 7).

5-Media effect on Bacterial strains

Culture media with or without sugar crop waste
were used to spread Bacillus strains, and subsequently,
amylase activity was measured.

The data in Fig. 7 explored that the best bacterial
rendering obtained with sugarcane bagasse and/or sugarbeet
pulp supplemented media. The highest level of amylase
activity was recorded on M5 medium, which contained both
sugarcane bagasse and sugarbeet pulp instead of LB media.
The maximum amylase activity was recorded after
incubation for 72 h in M4 media (LB broth + sugarcane
bagasse), whereas the lowest activity recorded for BLm was
obtained after 24 hrs of incubation in LB broth + starch
media. These results revealed that the amylase activity of
BLm surpassed that of BL in all studied media.
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o-Amylase activity (unit/mL) of Bacillus
licheniformis (BL) and modified Bacillus
licheniformis (BLm) over three incubation
periods (24, 48 and 72 h) on different media
composition

6-Enzyme thermostability

The thermostability of the enzyme against high
temperatures (65°C, 80°C and 90°C) was determined at
various time durations from 2 h to 24 h (Fig. 8). From this
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Figure it could be indicated that the a-amylase activity in
modified B. licheniformis (BLm) for all temperatures and
all times was higher than original B. licheniformis (BL).

-=-BL65°C

++++BL80°C

«=BL90°C
—BLm 65 °C
—BLm80°C

==BLm 90 °C

2 4 6 8 10 12 14 16 18 20 2 24

o-Amylase activity (unit/mL) of original B.
licheniformis (BL) and modified B. licheniformis
(BLm) were exposed to different temperature
conditions and incubated for 24 h.

Over time, slightly decreases in enzyme activity rates
were observed compared with initial time. These decreases
ranged from 7.01 % to 8.75% after 8 h; from 22.08 % to
22.95% after 16 h; from 33.49 % to 34.81 % after 24 h in
BLm and BL at the different high temperatures. Also, Fig. 9
indicates that the enzyme activity of the modified bacteria was
high for 8 consecutive hours at 90 °C. Where the enzyme
efficiency was 93.0 % after 8 hours and decreased enzyme
efficiency to 66.5 % at the end of 24 hours at 90 °C.
7-Cell Mass amount

Amount of biomass produced by BLm and BL on
different media composition was varied (Fig. 9). Out of six
tested media and/or reference medium (LB), medium with
sugarcane and/or sugarbeet wastes (M3, M4, M5 and M6)
had high biomass yield (g/L) (Fig. 9) and M5 recorded the
highest one. Interestingly, about 30% of initial starch with
LB media (M2) was remaining without being decomposition
even after incubation prolonged (72 h).
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Fig. 9. Biomass production of original and modified B.
licheniformis in different media over time
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DISCUSSION

A gene (BSK1) encoding Bacillus stearothermophilus
a-amylase (isolated from sugar beet juice of Daqgahlia Sugar
Factory in Egypt) was cloned into E. coli and successfully
expressed in Bacillus licheniformis. The BSKI1 gene
expressed a polypeptide with a molecular weight (mol. Wt)
of 61.963 kD. The size of obtained polypeptide is similar to
some microbial a-amylases (Vihinen and Mintséld, 1989)
and typical microbial a-amylase such as the amylase from
Bacillus stearothermophilus isolated by Nakajima et al.
(1985) and Geobacillus stearothermophilus by Suominen et
al. (1987). It is one of large amylases, such as the amylase of
Bacillus polymyxa (Uozumi et al., 1989), the G6-amylase of
Bacillus sp. strain H-167 (Shirokizawa et al., 1990) and the
G4-amylase of a Micrococcus sp. (Kimura and Horikoshi,
1990).

The alignment of the amino acid sequence of

Bacillus  stearothermophilus  a-amylase with  other
amylases showed some highly conserved regions in all
enzymes.

Bacillus licheniformis often staked intracellularly
insoluble bulks due to the heterologous proteins high-level
production, these bulks definite as inclusion bodies. Some
scientists did significant efforts to make the express of
recombinant proteins in form that could be more soluble
and more active (Lunn et al., 1986 ; Goloubinoff et al.,
1989 ; Takagi et al., 1990). Our investigation suggeststhat
the BSK 1overexpression in Bacillus licheniformis resulted
due to inclusion bodies formation. Although soluble
proteins have advantages in the production (Shatzman,
1990), inclusion bodies have advantage in their amenable
readily to purification and they are stabilize proteins
against degradation by host proteases (Cheng et al., 1981).
We have purified the recombinant BSK1 with a yield of
1.1302 mg/ml of media.

The recombinant a-amylase was highly active at
65°C as optimum temperature (Fig. 8). The a-amylase of
other thermophilic was reported to be less thermostable
with optimum activity at 50°C, 55°C, and 60°C,
respectively (Aguilar et al,, 2000). On the other hand,
recombinant a-amylase  of G.  stearothermophilus was
found to be thermophilic exhibiting optimum activity at
65°C (Yang et al., 2010). Also the a-amylase retained its
maximum activity (over 80%) at 80°C (Fig. 8). Kolcuoglu
et al. (2010) reported that about 80% enzyme activity
resulted by incubation at 80°C/72 h., also Ali et al. (1999)
demonstrated that the activity is completely stable for at
least 90 minutes at 80°C. from Fig. 8 indicating that the
thermostability of a-Amylase was not clearly different
between BLm and BL, although the activity of the enzyme
in BLm was higher than BL. These results provided
evidence that gene transfer to BL effectively increased its
amylase activity but did not affect its thermostability. The
enzyme produced in this study have high thermostability
even 90 °C, high optimum and thermostability range
allows it to be utilized in industrial applications, because
their high yield, as well as their time and cost saving.

Out of six tested media and/or reference medium
(LB), medium with sugarcane and/or sugarbeet wastes
(M3, M4, M5 and M6) had high biomass yield (g/L) (Fig.
8) and M5 recorded the highest one. Interestingly, about

30% of initial starch with LB media (M2) was remaining
without being decomposed even after incubation prolonged
(72 h). Our observations found that addition of starch as
carbon source had no significant positive effect on biomass
yield. On the other hand, sugarcane and sugar beet wastes
produced biomass at par with LB medium.

According to our results, sugar crops wastes should
be added to the growth medium to obtain highly effects on
the Bacillus growth, through significantly stimulation the
biomass production.
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