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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment of 

the requirements for the degree of Doctor of Philosophy  
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January 2015 
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A thermostable maltogenic amylase-producing bacterium was successfully isolated 

from a hot spring located at Sungai Klah, Perak, at 70°C. The 16S rRNA gene 

sequence showed 99% similarity to Geobacillus sp. and was deposited in the GenBank 

with the accession number JN812978.  A 1767 bp gene was successfully amplified and 

was cloned into pGEM-T cloning vector. The gene encodes for the extracellular 

enzyme revealed 97% identical to maltogenic amylase of Geobacillus sp. Gh6, α- 

cyclodextrinase of Thermus sp. YBJ-1 and Geobacillus stearothermophilus, and α-

amylase of Geobacillus sp. Y412MC61. The gene was effectively expressed in E. coli 

BL21 (DE3) using pET102 Directional TOPO expression vector and showed highest 

specific activity of the intracellular enzyme (61 U/mg) after 12 h of post induction time 

using 0.02 mM IPTG at OD600 0.5. Hence, the isolate was suggested as thermostable 

maltogenic amylase-producing Geobacillus sp. SK70 and was considered as the first 

ever to be expressed intracellularly using the pET102 Directional TOPO expression 

vector. 

The intracellular enzyme was purified to homogeneity with 8.2 fold and 41% recovery 

through a single step purification using HisTrap HP affinity column chromatography. 

The optimum temperature and pH for the purified enzyme was at 55°C and pH 7.0 

respectively, and showed broad range of pH stability ranging from pH 5.0 to pH 10.0.  

The activity of the purified enzyme was stable in the presence of 1 mM Ca
2+

,
 
was 

enhanced by 1 mM Zn
2+

 and 0.1 % (v/v) Tween-20, and was 20% inhibited by 1% 

(v/v) of 2-Mercaptolethanol, EDTA and SDS. Thus, the enzyme is considered as Ca
2+

-

independent that differs to most of reported maltogenic amylases.      

Two single point mutations at positions Q294H and A550K were conducted to enhance 

the thermostability of the wild-type enzyme.   The mutant Q294H revealed optimum 

temperature at 60°C as compared to the mutant A550K and the wild-type enzyme that 

showed optimum temperature at 55°C.  The half-life of the mutant Q294H was found 
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to be 85 min comparing to 35 min of the wild-type enzyme and retained almost 80% of 

the enzyme activity in the presence of 1 mM of Mg
2+

, Ca
2+

and Fe
2+

 , and was not 

significantly affected by detergents, reducing agents and additives. Interestingly, the 

enzyme activity was enhanced by 1 mM Mn
2+ 

and 0.1 % (v/v) Tween-20, thus 

demonstrated characteristic unlike other reported maltogenic amylases.   

To study the effect of mutation on thermostability of the mutant enzymes, molecular 

dynamic (MD) simulation of both wild-type and mutant enzymes for 20 ns at 60°C was 

performed. The root mean square deviation (RMSD) for both wild-type and mutant 

enzymes showed no significant structural alteration has occurred. The relatively minor 

difference in radius of gyration (Rg) would provide a better structure compactness to 

the mutants. While lower solvent accessible surface area (SASA) value for the mutant 

Q294H comparing to the mutant A550K and the wild-type enzyme indicated the 

mutant Q294H would have better protein folding and subsequently would give better 

enzyme thermostability. 

The circular dichroism (CD) spectra analysis for both mutant enzymes showed 

characteristic differences in their secondary structure as compared to the wild-type 

enzyme. Higher percentage of β-sheets (23.6%) than α-helices (16.7%) in the mutant 

Q294H comparing to the mutant A550K and the wild-type enzyme has given more 

stability to the protein folding. While higher melting temperature for mutant Q294H 

(79.31°C) as compared to the mutant A550K (41.66°C) and the wild-type enzyme 

(53.3°C) has offered good characteristics for industrial applications.   

The results of the study of both wild-type enzyme and mutant Q294H demonstrated 

that these enzymes can be applied in various industrial sectors including foods industry 

and enzyme enriched detergent formulations. Further research for large scale 

production of mutant Q294H is recommended. Besides, the uniqueness of amylases 

produced by the other four isolates also should be further investigated. 
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Bakteria yang menghasilkan enzim maltogenik yang stabil pada suhu tinggi telah 

berjaya dipencilkan dari sumber mata air panas yang terletak di Sungai Klah, Perak 

pada suhu 70°C. Jujukan gen 16S rRNA telah menunjukkan 99% persamaan dengan 

Geobacillus sp. dan ianya telah di depositkan ke dalam GenBank dengan nomber 

aksesi JN812978. Gen sebanyak 1767 bp telah berjaya diamplifikasi dan diklon ke 

dalam pGEM-T vektor pengkolonan. Gen yang menghasilkan ekstrasel enzim itu telah 

menunjukkan 97% persamaan dengan amilase maltogenik dari Geobacillus sp. Gh6, α- 

siklodekstrinase dari Thermus sp. YBJ-1 dan Geobacillus stearothermophilus, dan α-

amilase dari Geobacillus sp. Y412MC61.  Gen tersebut telah diekspres dalam E. coli 

BL21 (DE3) dengan menggunakan pET102 Directional TOPO sebagai vektor 

pengekspresan  dan telah menunjukkan enzim ekstrasel aktiviti spesefik tertinggi (61 

U/mg) setelah 12 jam  daripada masa post induksi dengan menggunakan 0.02 mM 

IPTG pada OD600 0.5. Justeru itu, pencilan tersebut telah dicadangkan sebagai 

Geobacillus sp. SK70 yang menghasilkan maltogenik amilase intrasel tahan suhu panas 

dan ianya dianggap sebagai vektor pengekspresan pET102 Directional TOPO yang 

pertama kali digunakan untuk enzim tersebut.  

Enzim intrasel tersebut telah ditulinkan sebanyak 8.2 kali ganda dengan 41% perolehan 

melalui penulinan langkah tunggal menggunakan kromatografi turus HisTrap HP 

affinity. Suhu dan pH optima bagi enzim yang telah ditulinkan itu masing masing 

adalah pada 55°C dan pH 7.0, dan telah menunjukan julat lebar kesatbilan pH antara 

pH 5.0 hingga pH 10.0. Aktiviti enzim tulin adalah stabil dengan adanya 1 mM Ca
2+

, 

telah ditingkatkan dengan penambahan 1mM  Zn
2+

 dan 0.1%(v/v)Tween20 dan 

sebahagiannya direncat dengan adanya 2-Mercaptolethanol, EDTA dan SDS. Justeru 

itu, enzim tersebut telah menunjukan ciri-cirinya selaku enzim bebas Ca
2+

 yang 

berlainan daripada kebanyakkan amilase maltogenik yang telah dilaporkan. 

Dua mutasi titik tunggal pada posesi A550K dan Q294H telah dilaksanakan untuk 

meningkatkan kadar ketahanan suhu bagi enzim asal. Mutan Q294H telah 
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menunjukkan suhu optima yang lebih tinggi (60°C), manakala mutan A550K 

menunjukkan suhu optima yang sama dengan enzim asal. Separuh hayat bagi mutan 

Q294H adalah 85 minit berbanding 35 minit bagi enzim asal dan mengekalkan 80% 

dari aktiviti enzim dengan kehadiran 1 mM Mg
2+

, Ca
2+

dan Fe
2+

 , dan tidak terkesan 

dengan kehadiran pencuci, agen penurun dan juga bahan tambah. Yang menariknya, 

aktiviti enzim asal bertambah dengan adanya 1 mM Mn
2+

 dan 0.1% (v/v) Tween20, 

justeru itu, ianya telah menunjukan bahawa enzim tersebut mempunyai ciri yang 

berbeza berbanding kebanyakkan amilase maltogenik yang dilaporkan. 

Bagi mengkaji kesan mutasi ke atas kadar stabil suhu terhadap enzim-enzim mutan, 

simulasi molecular dynamic (MD) keatas kedua-dua enzim asal dan enzim mutan telah 

dijalankan selama 20 ns pada suhu 60°C. Root mean square deviation (RMSD) bagi 

kedua-dua enzim asal dan mutan menunjukkan tiada perubahan struktur yang 

signifikan telah berlaku. Secara relatif, perubahan yang sedikit pada jejari legaran (Rg) 

akan memberi kepadatan struktur yang lebih baik kepada mutan-mutan tersebut. 

Manakala nilai solvent accessible surface area (SASA) yang lebih rendah bagi mutan 

Q294H berbanding dengan mutan A550K dan enzim asal telah menunjukkan bahawa 

mutan Q294H mempunyai lipatan protein yang lebih baik dan seterusnya menjadi lebih 

stabil suhu. 

Analisa spektra dikroisme bulat (CD) bagi kedua-dua enzim mutan telah menunjukan 

perbezaan pada ciri-ciri struktur sekunder berbandingkan dengan enzim asal.  Peratusan 

kepengan beta (23.6%) yang lebih tinggi daripada heliks alfa (16.7%) dalam mutan 

Q294H berbanding dengan mutan A550K dan enzim asal telah memberikan lebih 

kestabilan kepada lipatan protein. Manakala takat lebur yang lebih tinggi bagi mutan 

Q294H (79.31°C) berbanding dengan mutan A550K (41.66°C) dan enzim asal 

(53.3°C) telah menawarkan ciri-ciri yang baik untuk kegunaan industri.  

Hasil kajian kedua-dua jenis enzim asal dan mutan Q294H telah menunjukkan bahawa 

enzim-enzim  ini boleh digunakan dalam pelbagai sektor industri termasuk industri 

makanan dan bahan pencuci yang diperkayakan dengan enzim. Justeru itu, kajian 

selanjutnya untuk pengeluaran secara skala besar bagi mutan Q294H adalah disyorkan. 

Selain itu, keunikan amilase-amilase yang dihasilkan oleh empat pencilan yang lain 

juga perlu diteliti dengan lebih lanjut.  
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CHAPTER 1 

INTRODUCTION 

 

Enzymes production is one of the promising industries. The global value of the enzyme 
production had achieved to $ 2.4 billion with an average annual growth rate (AAGR) of 
3.3% (Thakore, 2004). Globally, almost 75% of the total enzymes are manufactured by 
three top enzyme companies namely Novozymes (Denmark), DuPont (USA) and 
Roche (Switzerland). The market value for technical enzymes alone was estimated 
about $1 billion in 2010 and to reach $1.5 billion in 2015 at a 6.6% compound annual 
growth rate (CAGR). These technical enzymes are used as bulk enzymes in various 
applications including textile, pulp and paper industries, detergents, organic synthesis 
and biofuels industry (Li et al., 2012).  Huge amount of enzymes that utilized in 
various industrial sectors in Malaysia are imported that caused the country to expend 
millions of ringgit for the imported enzymes. Therefore, it is very significant to locally 
produce the enzymes that can reduce the expense of imported enzymes and 
simultaneously to generate the economy of country. 
 

About 60 million tonnes per annum of sago starch is produced in South-East Asia 
(Wang et al., 1996). These sago starches were used for glucose productions in Sarawak 
(Suryani, 2002) and were considered as the main carbohydrate source for  Papua New 
Guinea nation (Greenhill et al., 2009). Hence, starch degrading enzymes such as 
amylases particularly the thermostable amylases are highly important in wide varieties 
of starch based food industries. 
 

Maltogenic amylases (EC 3.2.1.133) possess unique characteristics including various 
catalytic capabilities for hydrolysing and/or synthesizing various glycosidic linkages 
including α-1,3, α-1,4 and α-1,6 and multi-substrate specificity. Furthermore, 
maltogenic amylases along with cyclodextrinases (EC 3.2.1.54), neopullulanases (EC 
3.2.1.135) and α-amylases type II are grouped under the glycoside hydrolases family 
13 (GH-13). These enzymes are nearly indistinguishable (Park et al., 2005) and are 
regularly referred as cyclodextrins hydrolyzing enzymes (Kim et al., 2007). Maltogenic 
amylases are mostly found in many different microbial sources including Bacillus (Liu 
et al., 2006; Le et al., 2009), Geobacillus caldoxylosilyticus TK4 (Kolcuoğlu et al., 
2010), Thermofilum pendens (Li et al., 2011) and plant pathogenic fungi such as 
Byssochlamys fulva (Doyle et al., 1998). Other than that, maltogenic amylases from 
seed of plant such as Fenugreek seeds (Trigonella foenum graecum) were also reported 
(Khemakhem et al., 2013).  
 

High catalytic activities of many natural enzymes have been concerns of many 
enzymologists. Cloning and expression of genes of interest are often considered as an 
approach for improvement the enzyme catalytic activity. Nowadays, wide varieties of 
expression systems including prokaryotic and eukaryotic expression systems are 
available. Among prokaryotic expression systems, a gram-negative bacterium 
Escherichia coli is the expression host of choice for overexpressing of many 
heterologous proteins (Rosano and Ceccarelli, 2009). 
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Protein purification is literally defined as a process of separating a protein of interest 
out of many other unwanted proteins usually known as contaminants. Various 
purification techniques can be applied in order to purify the protein of interest. These 
different techniques are selected depending on different characteristics and degree of 
purity of the protein of interest that is required for downstream applications. Among 
different purification techniques, different column chromatography techniques have 
been regularly used including gel filtration using Butyl Sepharose and Sephacryl S-200 
(Prakash et al., 2009), ion exchange, affinity column, hydrophobic interaction and 
reverse phase. Other techniques including ammonium sulphate fractionation was also 
reported (Liu and Xu, 2008). 
 

Comprehensive understand how different enzyme domains act synergistically to 
hydrolyze multiple and/or versatile substrates is very important for a researcher in 
order to design a very effective enzyme for industrial application. Protein engineering 
seems to be a practical approach for designing such desired criteria of the enzymes. 
Protein engineering has become an effective tool for enhancing such enzyme activity 
and modifying the enzyme characteristics to the desired one to meet the specific 
industrial demands which can be done either via direct evolution or rational design. 
The direct evolution or random mutagenesis seems to be simpler and a straightforward 
process as compared to rational design. Where in the rational design a three 
dimensional (3D) structure of an enzyme to be engineered has to be fully elucidated 
which can be done through protein crystallization, diffraction and three dimensional 
approaches. Thus structural studies of a protein structure for better understanding of the 
enzyme behaviours and large scale production of the enzymes to meet the global 
market demands had been interested by many researchers. 
 

Theoretically, thermostability of a protein correlates with its structure rigidity. It is 
believed that the local networks of salt bridges and hydrogen bonds that are abundantly 
found in thermophiles have contributed towards structure stability of many 
thermostable proteins (Mamonova et al., 2013). Rigidifying the most flexible protein 
region by amino acid substitution into Lys, Arg or Glu could  enhance thermostability 
of many enzymes (Yu and Huang, 2014) due to the fact that large fraction of these 
amino acid residues were found in the exterior of many thermostable proteins 
(Mamonova et al., 2013).  Besides, the consensus amino acid contributed more than 
average to the stability of proteins than the non-consensus amino acids at a given 
position in amino acid sequence alignment of the homologous protein (Lehmann and 
Wyss, 2001). 
 

Since enzymes are environmentally friendly that possess a very neglected effect, 
therefore, over 75% of the hydrolysis process were conducted by using enzymes rather 
than by acids (Kandra, 2003).  And this can minimize the cost of waste management 
and subsequently can reduce the overall manufacturing costs (Hasan et al., 2006). 
The effectiveness and rapidity of an enzyme in fulfilling its catalytic activity is among 
the crucial parameters that often required by many industries since high enzyme 
activity and their ability to withstand harsh conditions such as high temperature and 
extreme pH determines economic feasibility in industrial processes. Many enzymes 
that naturally produced by various living organisms including bacteria are quite limited 
in their properties to cater the industrial need. Besides, many microorganisms that 
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naturally produce enzymes cannot be easily cultured under industrial conditions 
(Olempska-Beer et al., 2006). Therefore, with the advantage of genetic techniques 
many enzymes with the improved their properties have been developed and 
manufactured. Hence, this study is mainly aimed to develop a recombinant enzyme 
with the improved properties. However, in order to achieve this main objective, other 
objectives are also included. Among other objectives are: 
 

1. to isolate and screen for a thermophilic maltogenic amylase-producing 
bacteria  

2. to express the thermostable maltogenic amylase in prokaryotic expression 
system. 

3. to purify and characterize the recombinant thermostable maltogenic amylase 
for further downstream applications. 

4. to assess the effect of mutation on the recombinant thermostable maltogenic 
amylase and its variants.  



© C
OPYRIG

HT U
PM

110 

 

REFERENCES 
 

 

Abdul Manas, N.H., Pachelles, S., Mahadi, N.M. and Illias, R.M. (2014). The 

characterisation of an alkali-stable maltogenic amylase from Bacillus lehensis G1 

and improved malto-oligosaccharide production by hydrolysis suppression. PLoS 

ONE;  9(9): e106481 

 

Adiguzel, A., Ozkan, H., Baris, O., Inan, K., Gulluce, M. and Sahin, F. (2009). 

Identification and characterization of thermophilic bacteria isolated from hot 

springs in Turkey. Journal of Microbiological Methods; 79: 321-328 

 

Akbulut, N., Õztürk, M.T., Pijnin, T., Õztürk, S.I. and Gümüşel, F. (2013). Improved 

activity and thermostability of Bacillus pumilus lipase by direct evolution. Journal 

of Biotechnology; 164: 123-129. 

 

Alkasrawi, M., Eriksson, T., Börjesson, J., Wingren, A., Galbe, M., Tjerneld, F. and 

Zacchi, G. (2003). The effect of Tween-20 on simultaneous saccharification and 

fermentation of softwood to ethanol. Enzyme and Microbial Technology; 33: 71-

78 

 

Alves, P.D.D., Siqueira, F.F., Facchin, S., Horta, C.C.R., Victoria, J.M.N. and 

Kalapothakis, E. (2014). Survey of microbial enzymes in soil, water and plant 

microenvironments. The Open Microbiology Journal; 8: 25-31 

 

Ao, Z., Quezada-Calvillo, R., Sim, L., Nichols, B.L., Rose, D.R., Sterchi, E.E. and 

Hamaker, B.R. (2007). Evidence of native starch degradation with human small 

intestinal maltase-glucoamylase (recombinant). FEBS Letters; 581: 2381-2388 

 

Arikan, B. (2008). Highly thermostable, thermophilic, alkaline, SDS and chelator 

resistance amylase from a thermophilic Bacillus sp. isolate A3-15. Bioresouce 

Technology; 99: 3071-3076 

 

Asgher, M., Asad, M.J., Rahman, S.U. and Legge, R.L. (2007). A thermostable α-

amylase from a moderately thermophilic Bacillus subtilis strain for starch 

processing. Journal of Food Engineering; 79: 950-955 

 

Asoodeh, A. and Lagzian, M. (2012). Purification and characterization of a newly 

glucoamylpullulanse from thermotolerant alkaliphilic Bacillus subtilis DR8806 of 

a hot mineral spring. Process Biochemistry; 47: 806-815   

 

Baneyx, F. (1999). Recombinant protein expression in Escherichia coli. Current 

Opinion in Biotechnology; 10: 411-421 

 

Barker, M.K., Wikinson, B.L., Faridmoayer, A., Scaman, C.H., Fairbanks, A.J. and 

Rose, D.R. (2011). Production and crystallization of processing α-glucosidase I: 

Pichia pastoris expression and a two-step purification toward structural 

determination. Protein Expression and Purification; 79 (1): 96-101 

 

Ben Ali, M., Ghram, M., Hmani, H., Khemakhem, B., Haser, R. and Bejar, S. (2011). 

Towards the smallest active subdomain of a TIM-barrel fold: Insight from a 



© C
OPYRIG

HT U
PM

111 

 

truncated α-amylase. Biochemical and Biophysical Research Communications; 

411: 265-270 

 

Ben Mabrouk, S., Messaoud, E.Z., Ayadi, D., Jemli, S., Roy, A., Mezghani, M. and 

Bejar, S. (2008). Cloning and sequencing of an original gene encoding a 

maltogenic amylase from Bacillus sp. US149 strains and characterization of the 

recombinant activity. Molecular Biotechnology; 38: 211-219 

 

Ben Mabrouk, S., Aghajari, N., Ali, M.B., Messaoud, M.B., July, M., Haser, R. and 

Bejar, S. (2011). Enhancement of the thermostability of the maltogenic amylase 

MAUS149 by Gly312Ala and Lys436Arg substitutions. Bioresource Technology; 

102: 1740-1746  

 

Ben Mabrouk, S., Ayadi, D.Z., Hlima, H.B. and Bejar, S. (2013). Thermostable 

improvement of maltogenic amylase MAUS149 by error prone PCR. Journal of 

Biotechnology; 168: 601-606  

 

 

Benkel, B.F., Nguyen, T., Uno, Y., Ponce de León, F.A. and Hickey, D.A. (2005). 

Structural organization and chromosomal location of the chicken α-amylase gene 

family. Gene; 362: 117-124 

 

Bernfeld, P. (1955). Amylases, α and β. Methods Enzymology; 1: 149-15 

 

Bilodeau, J., Desilets, A., McDuff, F-O., St-Pierre, C., Barbar, E., Leduc, R. and 

Lavigne, P. (2011). Influence of Ca
2+

 and pH on the folding of the prourotensin II 

precursor. FEBS Letters; 55: 1910-1914  

 

Bond, P.J., Faraldo-Gomez, J.D., Deol, S.S. and Sansom, N.S.P. (2006). Membrane 

protein dynamics and detergent interactions within a crystal: A simulation study of 

OmpA. Proceedings of the National Academy of Sciences of the United States of 

America; 103(25): 5918-5923   

 

Bønsager, B.C., Prætorius-Ibba, M., Nielsen, P.K. and Svensson, B. (2003). 

Purification and characterization of the β-trefoil fold protein barley α-

amylase/subtilisin inhibitor overexpressed in Escherchia coli. Protein expression 

and Purification; 30: 185-193 

 

Bozic, N., Ruiz, J., Lopez-Santin, J. and Vujcic, Z. (2011). Optimization of the growth 

and α-amylase production of Bacillus subtilis IP 5832 in shake flask and 

laboratory fermenter batch cultures. Journal of the Serbian Chemical Society; 

76(7): 965-972 

 

Bozic, N., Puertas, J-M., Loncar, N., Duran, C. S., Lopez-Santin, J. and Vujcic, Z. 

(2013). The DsbA signal peptide-mediated secretion of a highly efficient raw-

starch-digesting, recombinant α-amylase from Bacillus licheniformis ATCC 

9945a. Process Biochemistry; 48: 438-442  

 

Brandsma, M.E., Jevnikar, A.M. and Ma, S. (2011). Recombinant human transferrin: 

Beyond ion binding and transport. Biotechnology Advances; 29: 230-238  

 



© C
OPYRIG

HT U
PM

112 

 

Brown, I., Dafforn, T.R., Fryer, P. J. and Cox, P.W. (2013). Kinetic study of the 

thermal denaturation of a hyperthermostable extracellular α-amylase from 

Pyrococcus furiosus. Biochimica et Biophysica Acta; 1834: 2600-2605    

 

Burhan, A., Nisa, U., Gökhan, C., Ömer, C., Ashabil, A. and Osman, G. (2003). 

Enzymatic properties of a novel thermostable, thermophilic, alkaline and chelator 

resistant amylase from an alkaliphilic Bacillus sp. isolate ANT-6. Process 

Biochemistry; 38: 1397-1403 

 

Cabral, K.M.S., Almeida, M.S., Valente, A.P., Almeida, F.C.L. and Kurtenbach, E. 

(2003). Production of the active antifungal Pisum sativum defensin 1 (Psd1) in 

Pichia pastoris: overcoming the inefficiency of the STE13 protease. Protein 

Expression and Purification; 31: 115-122 

 

Campanini, B., Pioselli, B., Raboni, S., Giordano, I., D’Alfonso, L., Collini, M., 

Chirico, G. and Bettati, S. (2013). Role of histidine in stability and dynamics of a 

highly fluorescent GFP variant. Biochimica et Biophysica Acta; 1834: 770-779 

 

Çelik, E. and Çalik, P. (2012). Production of recombinant proteins by yeast cells. 

Biotechnology Advances; 30 (5): 1108-1118   

 

Cho, M-H., Park, S-E., Lee, M-H., Ha, S-J., Kim, H-Y., Kim. M-J., Lee, S-J., Madsen, 

S. M. and Park, C-S. (2007). Extracellular secretion of a maltogenic amylase from 

Lactobacillus gasseri ATCC33323 in Lactobacillus lactis MG 1363 and its 

application on the production of branched maltooligosaccharide. Journal of 

Microbiology and Biotechnology; 17 (9): 1521-1526 

 

Choi, D.B. and Park, E.Y. (2006.) Enhanced production of mouse α-amylase by 

feeding combined nitrogen and carbon sources in fed-batch culture of recombinant 

Pichia pastoris. Process Biochemistry; 41: 390-397 

 

Ciantar, M., Newman, H.N., Wilson, M. and Spratt, D.A. (2004). Molecular 

identification of Capnocytophaga spp. via 16S rRNA PCR-Restriction Fragment 

Length Polymorphism Analysia. Journal of Clinical Microbiology; 1894-1901 

 

Clarridge, J.E. (2004). Impact of 16S rRNA gene sequence analysis for identification 

of bacteria on clinical microbiology and infectious diseases. Clinical Microbiology 

Reviews; 17: 840-862 

  

Claus, A., Mongili, M., Weisz, G., Schieber, A. and Carle, R. (2008). Impact of 

formulation and technological factors on acrylamide content of wheat bread and 

bread roll. Journal of Cereal Science; 47: 546-554 

 

Dahot, M.U., Saboury, A.A. and Moosavi-Movahedi, A.A. (2004). Inhibition of beta-

amylase activity by calcium, magnesium and zinc ions determined by 

spectrophotometry and isothermal titration calorimetry.  Journal of Enzyme 

Inhibition and Medicinal Chemistry; 19: 157-160 

 

Daidone, I., Amadei, A., Roccatano, D. and Nola, A.D. (2003). Molecular dynamic 

simulation of protein folding by essential dynamic sampling: Folding landscape of 

horse cytochrome c. Biophysical Journal; 85: 2865-2871 



© C
OPYRIG

HT U
PM

113 

 

Daly, R. and Hearn, M.T.W. (2005). Expression of heterologous proteins in Pichia 

pastoris: a useful experimental tool in protein engineering and production. Journal 

of Molecular Recognition; 18: 119-138  

 

Damager, I., Numao, S., Chen, H., Brayer, G.D. and Withers, S.G. (2004). Synthesis 

and characterisation of novel chromogenic substrate for human pancreatic α-

amylase. Carbohydrate Research; 339: 1727-1737 

 

Dao, T.H., Zhang, J. and Bao, J. (2013). Characterization of inulin hydrolysing 

enzyme(s) in commercial glucoamylases and its application in lactic acid 

production from Jerusalem artichoke tubers (Jat). Bioresource Technology; 148: 

157-162 

 

Darias, M.J., Muray, H.M., Gallant, J.W., Astola, A., Douglas, S.E., Yúfera, M. and 

Martinez-Rodriguez, G. (2006). Characterization of a partial α-amylase clone from 

red porgy (Pagrus pagrus): Expression during larva development. Comparative 

Biochemistry and Physiology; Part B 143: 209-218 

 

Dauter, Z., Dauter, M., Brzozowski, A. M., Christensen, S., Borchert, T. V. Beier, L., 

Wilson, K. S. and Davies, G. J. (1999). X-ray structure of novamyl, the five-

domain “Maltogenic” α-amylase from Bacillus stearothermophilus: Maltose and 

acarbose complexes at 1.7 Å resolution. Biochemistry; 38: 8385-8392 

 

Deb, P., Talukdar, S.A., Mohsina, K., Sarker, P.K. and Sayem, S.A. (2013) Production 

and partial characterization of extracellular amylase enzyme from Bacillus 

amyloliquefaciens P-001. SpringerPlus; 2:154 

 

Delkash-Roudsari, S., Zibaee, A. and Mozhdehi, M. R. A. (2014). Digestive α-amylase 

of Bacterocera oleae Gmelin (Diptera: Tephritidae): Biochemical characterization 

and effect of proteanaceous inhibitor. Journal of King Saud University-Science; 

26: 53-58 

 

Demirkan, E.S., Mikami, B., Adachi, M., Higasa, T. and Utsumi, S. (2005). α-amylase 

from B. amyloliquefaciens: purification, characterization, raw starch degradation 

and expression in E. coli. Process Biochemistry; 40: 2629-2636 

 

Dhar, D.V., Tanuj, S., Amit, P. and Kumar, M.S. (2012). Insights to sequence 

information of alpha amylase enzyme from different source organisms. 

International Journal of Advance Biotechnology and Bioinformatics; 1 (1): 87-91 

 

do Nascimento, J.R.O., Lajolo, F.M.., Júnior, A.V., Bassinello, P.Z., Cordenunsi, B.R., 

Mainardi, J.A. and Purgatto, E. (2006). Beta-amylase expression and starch 

degradation during banana ripening. Postharvest Biology and Technology; 40: 41-

47 

Dortay, H., Schmockel, S.M., Fettke, J. and Muller-Roeber, B. (2011). Expression of 

human c-reactive protein in different systems and its purification from Leishmania 

tarentolae. Protein Expression and Purification; 78: 55-60 

 

Doyle, E.M., Noone, A.M., Kelly, C.T., Quigley, T.A. and Fogarty, W.M. (1998) 

Mechanism of action of the maltogenic α-amylase of Byssochlamys fulva. Enzyme 

and Microbial Technology; 22: 612-616  



© C
OPYRIG

HT U
PM

114 

 

Drancourt, M., Bollet, C., Carlioz, A., Martelin, R.,  Gayral, J-P. and Raoult, D. (2000). 

16S Ribosomal DNA sequence analysis of a large collection of environmental and 

clinical unidentifiable bacterial isolates. Journal of Clinical Microbiology; 3623-

3630 

 

Durham, E., Dorr, B., Woetzel, N., Staritzbichler, R. and Meiler, J. (2009). Solvent 

accessible surface area approximation for rapid and accurate protein structure 

prediction. Journal of Molecular Modeling; 15: 1093-1108 

 

Durrant, J.D. and McCammon, J.A. (2011). Molecular dynamic simulation and drug 

discovery. BMC Biology; 9:71    

 

ElYakova, L.A., Shevchenko, N.M. and Avaeva, S.M. (1981). A comparative study of 

carbohydrase in marine invertebrates. Comparative Biochemistry and Physiology; 

69B: 905-908 

 

Esposito, D., Gillette, W.K., Miller, D.A., Taylor, T.E., Frank, P.H., Hu, R., Bekisz, J., 

Hernandez, J., Cregg, J.M., Zoon, K.C. and Hartley, J.L. (2005). Gateway cloning 

is compatible with protein secretion from Pichia pastoris. Protein Expression and 

Purification; 40: 424-428 

 

Fazekas, E., Szabõ, K., Kandra, L. and Gyĕmănt, G. (2013). Unexpected mood of 

action of sweet potato β-amylase on maltooligomer substrates. Biochemica et 

Biophysica Acta (BBA)-Proteins and Proteomics; 1834(10): 1976-1981  

 

Felsenstein,  J. (1985) Confidence limits on phylogenies: An approach using the 

bootstrap. Evolution; 39:783-791. 

 

Fincan, S.A., Enez, B., Ȍzdemir, S. and Bekler, F.M. (2014). Purification and 

characterization of thermostable α-amylase from thermophilic Anoxybacillus 

falvithermus. Carbohydrate Polymer; 102: 144-150 

 

Fossi, B.T., Ndjouenkeu, R. and Tavea, F. (2005). Production and partial 

characterization of a thermostable amylase from ascomycetes yeast strain isolated 

from starchy soils. African Journal of Biotechnology; 4 (1): 14-18 

 

Gee, J.E., Sacchi, C.T., Glass, M.B., De, B.K., Weyant, R.S., Levett, P.N., Whitney, 

A.M., Hoffmaster, A.R. and Popovic, T. (2003).  Use of 16S rRNA gene 

sequencing for rapid identification and differentiation of Burkholderia pseudomallei 

and B. mallei. Journal of Clinical Microbiology; 4647-4654 

 

Gellissen, G., Kunze, G., Gaillardin, C., Cregg, J.M., Berardi, E., Veenhuis, M. and 

van der Klei, I. (2005). New yeast expression platforms based on methylotrophic 

Hansenula polymorpha and Pichia pastoris and on dimorphic Arxula 

adeninivorans and Yarrowia lipolytica- A comparison. FEMS Yeast Research; 5: 

1079-1096 

 

Gen, Q., Wang, Q. and Chi, Z-M. (2014). Direct conversion of cassava starch into 

single cell oil by co-cultures of the oleaginous yeast Rhodosporidium toruloides 

and immobilized amylases-producing yeast Saccharomycopsis fibuligera. 

Renewable Energy; 62: 522-526 



© C
OPYRIG

HT U
PM

115 

 

Ghollasi, M., Ghanbari-Safari, M. and Khajeh, K. (2013). Improvement of thermal 

stability of a mutagenised α-amylase by manipulation of calcium-binding site. 

Enzyme Microbial Technology; 53: 406-413 

 

Gillam, S., Astell, C.R. and Smith, M. (1980). Site-specific mutagenesis using 

oligodeoxyribonucleotides: isolation of a phenotypically silent phi X174 mutant, 

with a specific nucleotide deletion, at very high efficiency. Gene; 12: 129-137  

 

Goh, Z.H., Tan, S.G., Bhassu, S. and Tan, W.S. (2011) Virus-like particles of 

Macrobrachium rosenbergii nodavirus produced in bacteria. Journal of 

Virological Methods; 175:74-79 

 

Gomes-Ruffi, C.R., da Chunha, R.H., Almeida, E.L., Chang, Y.K. and Steel, C.J. 

(2012). Effect of the emulsifier sodium stearoyl lactylate and of the enzyme 

maltogenic amylase on the quality of pan bread during storage. Food Science and 

Technology; 49 (1): 96-101 

 

Greenhill, A.R., Shipton, W.A., Blaney, B.J., Brock, I. J., Kupz, A. and Warner, J.M. 

(2009). Spontaneous fermentation of traditional sago starch in Papua New Guinea. 

Food Microbiology; 26: 136-141 

 

Gsponer, J. and Caflisch, A. (2002). Molecular dynamic simulations of protein folding 

from the transition state. Proceedings of the National Academy of Science of the 

United States of America; 99(10): 6719-6724   

 

Guizhou, G., Zheng, L., Dongfeng, Z. and Chaocheng, Z. (2013). Isolation and 

characterization of a thermophilic oil-degrading bacteria consortium. China 

Petroleum Processing and Petrochemical Technology; 15(2): 82-90.  

 

Gupta, R., Gigras, P., Mohapatra, H., Goswami, V.K. and Chauhan, B. (2003). 

Microbial α-amylases: a biotechnological perspective. Process Biochemistry; 38: 

1599-1616 

 

Hasan, F., Shah, A.A and Hameed, A. (2006). Industrial applications of microbial 

lipases. Enzyme and Microbial Technology; 39: 235-251 

 

Hniman, A., Parasertsan, P. and O-Thong, S. (2011). Community analysis of 

thermophilic hydrogen-producing consortia enriched from Thailand hot spring 

with mixed xylose and glucose. International Journal of Hydrogen Energy; 36: 

14217-14226 

 

Hokari, S., Miura, K., Koyama, I., Kobayashi, M., Komine, S. and Komoda, T. (2002). 

A restriction endonuclease assay for expression of human α-amylase isozymes. 

Clinica Chimica Acta; 322: 113-116  

 

Horaki, S., Miura, K., Koyama, I., Kobayashi, M., Matsunaga, T., Iino, N. and 

Komoda, T. (2003). Expression of α-amylase isozymes in rat tissues. Comparative 

Biochemistry and Physiology; Part B 135: 63-69 

 



© C
OPYRIG

HT U
PM

116 

 

Huang, H., Ridgway, D., Gu, T. and Moo-Young, M. (2003). A segregated model for 

heterologous amylase production by Bacillus subtilis. Enzyme and Microbial 

Technology; 32: 407-413 

 

Huvet, A., Daniel, J.–Y., Quéré, C., Dubois, S., Prudence, M., Van Wormhoudt, A., 

Sellos, D., Samain, J.–F. and Moal,  J. (2003). Tissue expression of two α-amylase 

genes in the pacific oyster Crassostrea gigas. Effect of two different rations. 

Aquaculture; 228: 321-333 

 

Huyghues-Despointes, B. and Baldwin, R. (1997). Ion-pair and charged hydrogen-bond 

interaction between histidine and aspartate in a peptide helix. Biochemistry; 36: 

1965-1970  

 

Jarvis, D. (2014). Recombinant protein expression in Baculovirus-infected insect cells. 

Methods in Enzymology; 536: 149-163 

 

Jones, A., Lamsa, M., Frandsen, T.P., Spendler, T., Harris, P., Sloma, A., Xu, F., 

Nielsen, J. B. and Cherry, J. R. (2008). Direct evolution of a maltogenic α-amylase 

from Bacillus sp. TS-25. Journal of Biotechnology; 134: 325-333 

 

Jørgensen, C.M., Madsen, S.M., Vrang, A., Hansen, O.C. and Johnsen, M.G. (2013). 

Recombinant expression of Laceyella sacchari thermitase in Lactobacillus lactis. 

Protein Expression and Purification; 92 (2): 148-155  

 

Kabisch, J., Thürmer, A., Hübel, T., Daniel, R. and Schweder, T. (2013). 

Characterization and optimization of Bacillus subtilis ATCC 6051 as an expression 

host. Journal of Biotechnology; 163 (2): 97-104 

 

Kaletunç, G., Barrett, A.H., Marando, G. and Leung, H. (2005). Effect of different 

enzymes on the textural stability and shelf-stable bread. Cereal Chemistry; 82(2): 

152-157 

 

Kamal, M.Z., Mohammad, T.A.S., Krishnamoorthy, G. and Rao, N.M. (2012). Role of 

active site rigidity in activity: MD simulation and fluorescence study on a lipase 

mutant. PLoS ONE; 7(4): e35188 

 

Kandra, L. (2003). α-Amylases of medical and industrial importance. Journal of 

Molecular Structure (Theochem); 666-667: 487-498 

 

Kaur, B., Fazilah, A. and Karim, A.A. (2011). Alcoholic-alkaline treatment of sago 

starch and its effect on physiochemical properties. Food and Bioproducts 

Processing; 89: 463-471 

 

Khemakhem, B., Ali, M. B., Aghajari, N., Juy, M., Haser, R. and Bejar, S. (2009). The 

importance of an extra loop in the B-domain of an α-amylase from B. 

stearothermophilus US100. Biochemical and Biophysical Research 

Communications; 385: 78-83 

Khemakhem, B., Fendri, I., Dahech, I., Belghuith, K., Kammoun, R. and Mejdoub, H. 

(2013). Purification and characterization of a maltogenic amylase from Fenugreek 

(Trigonella foenum graecum) seeds using the Box Benkhen Design (BBD). 

Industrial Crops and Products; 43: 334-339F 



© C
OPYRIG

HT U
PM

117 

 

Khow, O. and Suntrarachun, S. (2012). Strategies for production of active eukaryotic 

proteins in bacterial expression system. Asian pacific Journal of Tropical 

Biomedicine; 159-162 

 

Khusro, A., Aarti, C., Preetam, R.J.P. and Panicker, S.G. (2014). Study on production 

of extracellular amylase from Bacillus subtilis strain KPA under mild stress 

condition of certain antimicrobials. International Journal of Pharmaceutical and 

Clinical Research; 6(3):270-275 

Kilaso, M., Kaewmuangmoon, J., Karnchanatat, A., Sangvanich, P. and Chancho, C. 

(2011). Expression and characterization of Apis dorsata α-glucosidase III. Journal 

of Asia-Pacific Entomology; 14 (4): 479-488 

 

Kim, J-S., Cha, S-S., Kim, H-J., Kim, T-J., Ha, N-C., Oh, S-T., Cho, S-H., Park, K-H. 

and Oh, B-H. (1999). Crystal structure of a maltogenic amylase provides insights 

into a catalytic versatility. The Journal of Biological Chemistry; 247 (37): 26279-

26286 

 

Kim, Y-W., Choi, J-H., Kim, J-W., Park, C., Kim, J-W., Cha, H., Lee, S-B., Oh, B-H., 

Moon, T-W. and Park, K-H. (2003). Direct evolution of Thermus maltogenic 

amylase towards enhanced thermal resistance. Applied and Environmental 

Microbiology; 69: 4866-4874 

 

Kim, J-W., Kim, Y-H., Lee, H-S., Yang, S-J., Kim, Y-W., Lee, M-H., Kim, J-W., Seo, 

N-S., Park, C-S.and Park, K-H. (2007) Molecular cloning and biochemical 

characterization of the first archael maltogenic amylase from the 

hyperthermophilic archaeon Thermoplasma volcanium GSS1. Biochimica et 

Biophysica Acta; 1774: 661-669 

 

Kolcuoğlu, Y., Colak, A., Faiz, O. and Belduz, A.O. (2010). Cloning, expression and 

characterization of highly thermo- and pH-stable maltogenic amylase from 

athermophilic bacterium Geobacillus caldoxylosilyticus TK4. Process 

Biochemistry; 45: 821-828 

 

Kumar, S., Tsai, C-J. and Nussinov, R. (2000). Factors enhancing protein 

thermostability. Protein Engineering; 13 (3): 179-191 

 

Kumar, V. (2010). Identification of the conserved spatial position of key active –site 

atoms in glycoside hyrolase 13 family members. Carbohydrate Research; 345: 

1564-1569   

 

Laemmi, U.K. (1970) Cleavage of structural proteins during the assembly of the head 

of bacteriophage T4. Nature; 227: 380-685 

 

Larentis, A.L., Argondizzo, A.P.C., Esteve, G.D.S., Jessouron, R.G., Galler, R. and 

Medeiros, M.A. (2011). Cloning and optimization of induction conditiond for 

mature PsaA (pneumococcal surface adhesion A) expression in Escherichia coli 

and recombinant protein stability during long-term storage. Protein Expression 

and Purification; 78:38-47   

 

Le, Q-T., Lee, C-K., Kim, Y-W., Lee, S-J., Zhang, R., Withers, S.G., Kim, Y-R., Auh, 

J-H. and Park, K-H. (2009). Amylolytically-resistant tapioca starch modified by 



© C
OPYRIG

HT U
PM

118 

 

combined treatment of branching enzyme and maltogenic amylase. Carbohydrates 

Polymers; 75: 9-14   

 

Lee, C.Y., Nakano, A., Shiomi, N., Lee, E.K. and Katoh, S. (2003). Effects of substrate 

feed rates on heterologous protein expression by Pichia pastoris in DO-stat fed-

batch fermentation. Enzyme and Microbial Technology; 33: 358-365 

 

Lee, P and Colman, R.F. (2007). Expression, purification and characterization of 

stable, recombinant human adenylosuccinate lyase. Protein Expression and 

Purification; 51: 227-234 

 

Lehmann, M. and Wyss, M. (2001). Engineering protein for thermostability: the use of 

sequence alignment versus rational design and direct evolution. Current Opinion 

in Biotechnology; 12: 371-375    

 

Li, H., Chi, Z., Wang, X., Duan, X., Ma, L and Gao, L. (2007). Purification and 

characterization of extracellular amylase from the marine yeast Aureobasidium 

pullulans N13d nad its raw potato starch digestion. Enzymes and Microbial 

Technology; 40: 1006-1012 

 

Li, D., Park, J-T., Li, X., Kim, S., Lee, S., Shim, J-H., Park, S-H., Cha, J., Lee, B-H., 

Kim, J-W., Park, K-H. (2010). Overexpression and characterization of an 

extremely thermostable maltogenic amylase, with an optimal temperature of 

100 C, from the hyperthermophilic archaeon Staphylothermus marinus. New 

Biotechnology; 27 (4): 300-307 

 

Li, X., Li, D., Park, S-H., Gao, C., Park, K-H. and Gu, L. (2011). Identification and 

antioxidative properties of transglycosylated puerarins synthesised by an archaeal 

maltogenic amylase. Food Chemistry; 124: 603-608 

 

Li, S., Yang, X., Yang, S., Zhu, M. and Wang, X. (2012). Technology prospecting on 

enzymes: Application, marketing and engineering. Computational and Structural 

Biotechnology Journal; 2(3): e201209017 

 

Lin, K.–H., Chen, L.–F.O., Fu, H., Chan, C.–H., Lo, H.–F., Shih, M.–C. and Chang, 

Y.–M. (2008). Generation and analysis of the transgenic potatoes expressing 

heterologous thermostable β-amylase. Plant Science; 174: 649-657  

 

Lin, L-L., Huang, C-C. and Lo, H-F. (2008). Impact of Arg210-Ser211 deletion on 

thermostability of truncated Bacillus sp. strain TS-23 α-amylase. Process 

Biochemistry; 43: 559-565 

 

Liu, B., Wang, Y. and Zhang, X. (2006). Characterization of a recombinant maltogenic 

amylase from deep sea thermophilic Bacillus sp. WPD616 Enzyme and Microbial 

Technology; 39: 805-810 

 

Liu, X.D. and Xu, Y. (2008). A novel raw starch digesting α-amylase from a newly 

isolated Bacillus sp. YX-1: Purification and characterization. Bioresource 

Technology; 99: 4315-4320 

 



© C
OPYRIG

HT U
PM

119 

 

Liu, L., Wang, A., Apples, R., Ma, J., Xia, X., Lan, P., He, Z., Bekes, F., Yan, Y. and 

Ma, W. (2009). A MALDI-TOF based analysis of higher molecular wight glutenin 

subunits from wheat breeding. Journal of Cereal Science; 50:295-301 

 

Lozano, J.E. and Ceci, L.N.  (2002). Amylase for apple juice processing: Effect of pH, 

Heat, and Ca
2+

 Ions. Food Technology and Biotechnology; 40: 33-38 

 

Lubertozzi, D. and Keasling, J. D. (2009). Developing Aspergillus as a host for 

heterologous expression. Biotechnology Advances; 27 (1): 53-57 

 

Ma, P., Lam, T.J., Liu, Y., Reddy, K.P. Chan, W.K. (2004). Characterization of the sea 

bass pancreatic α-amylase gene and promoter. General and Comparative 

Endocrinology; 137: 78-88 

 

Mamonova, T.B., Glyakina, A.V., Galzitskaya, O.V. and Kurnikova, M.G. (2013). 

Stability and rigidity/flexibility- Two sides of the same coin?. Biochimica et 

Biophysica Acta; 1834: 854-866  

 

McCall, K.A., Huang, C-C. and Fierke, C.A. (2000) Function and mechanism of zinc 

metalloenzymes. The Journal of Nutrition; 130: 1437-1446. 

 

Medyantseva, E.P., Vertlib, M.G. and Budnikov, G.K. (1998) Metal ions as enzyme 

effector. Russian Chemical Review; 67(3): 225-232  

 

Mendu, D.R., Ratnam, B.V.V., Purnima, A. and Ayyanna, C. (2005). Affinity 

chromatography of α-amylase from Bacillus licheniformis. Enzyme and Microbial 

Technology; 37: 712-717 

 

Metha, D. and Satyanarayana, T. (2013). Biochemical and molecular characterization 

of recombinant acidic and thermostable raw-starch hydrolysing α-amylase from an 

extreme thermophile Geobacillus therleovorans. Journal of Molecular Catalysis B: 

Enzymatic; (85-86): 229-238 

 

Miao, M., Xiong, S., Ye, F., Jiang, B., Cui, S.W. and Zhang, T. (2014). Development 

of maize with a slow digestion property using maltogenic amylase. Carbohydrate 

Polymers; 103: 164-169 

 

Micheelsen, P.O., Østergaard, P.R., Lange, L. and Skjøt. (2008). High-level expression 

of the native barley α-amyalse/subtilisin inhibitor in Pichia pastoris. Journal of 

Biotechnology; 133: 424-432 

 

Mitidieri, S., Martinelli A.H.S., Schrank, A. and Vainstein, M.H. (2006). Enzymatic 

detergent formulation containing amylase from Aspergillus niger: A comparative 

study with commercial detergent formulation. Bioresource Technology; 97: 1217-

1224 

 

Mok, S-C., The, A-H., Saito, J.A., Najimudin, N. and Alam, M. (2013). Crystal 

structure of a compact α-amylase from Geobacillus thermoleovorans; Enzyme and 

Microbial Technology 53: 46-54 

 



© C
OPYRIG

HT U
PM

120 

 

Moradian, C., Fazeli, M/R. and Abedi, D. (2013). Over expression of the interferon β-

1b by optimizing induction condition using response surface methodology. Journal 

of Biology and Today’s World; 2(5): 217-226  

 

Mulvaney, S.P., Ibe, C.N., Tamanaha, C.R. and Whitman, L.J. (2009). Direct detection 

of genomic DNA with fluidic force discrimination assays. Analytical 

Biochemistry; 392: 139-144    

 

Muralikrishna, G. and Nirmala, M. (2005). Cereal α-amylases- an overview. 

Carbohyrate Polymers; 60: 163-173  

 

Najafi, M.F. and Kembhavi, A. (2005). One step purification and characterization of an 

extracellular α-amylase from marine Vibrio sp. Enzyme and Microbial 

Technology; 36: 535-539 

 

Nanganuru, H.V., Korrapati, N. and Mutyala, S. (2012). Studies on the production of α-

amylase by Bacillus subtilis. IOSR Journal of Engineering; 2(5): 1053-1055 

 

Nanjo, Y., Mitsui, T., Asatsuma, S., Itoh, K., Hori, H. and Fujisawa, Y. (2004). 

Posttranscriptional regulation of α-amylase II-4 expression by gibberellins in 

germinating rice seeds. Plant Physiology and Biochemistry; 42: 477-484 

 

Narayan, V.V., Hatha, M.A., Morgan, H.W. and Rao, D. (2008). Isolation and 

characterization of aerobic thermophilic bacteria from the Savusavu hot spring in 

Fiji. Microbes Environment; 23(4): 350-352  

 

Nasrollahi, S., Golalizadeh, L., Sajedi, R.H., Taghdir, M., Asghari, S.M. and Rassa, M. 

(2013) Substrate preference of a Geobacillus maltogenic amylase: A kinetic and 

thermodynamic analysis. International Journal of Biological Macromolecules; 60: 

1-9. 

 

Noman, A.S.M., Hoque, M.A., Sen, P.K. and Karim, M.R. (2006) Purification and 

some properties of α-amylase from post-harvest Pachyrhizus erosus L. tuber. Food 

Chemistry; 99: 444-449 

 

Norashirene, M.J., Umi Sarah, H., Siti Khairiyah, M.H. and Nurdiana, S. (2013). 

Biochemical characterization and 16S rDNA sequencing of lipolytic thermophiles 

from Selayang hot spring, Malaysia. IERI Procedia; 5: 258-264 

 

Nusrat, A. and Rahman, S.R. (2007). Comparative studies on the production of 

extracellular α-amylase by three mesophilic Bacillus isolates. Bangladesh Journal 

of Microbiology; 24(2): 129-132  

Oh, K-W., Kim, M-J., Kim, H-Y., Kim, B-Y., Baik, M-Y., Auh, J-H. and Park, C-S. 

(2005). Enzymatic characterization of a maltogenic amylase from Lactobacillus 

gasseri ATCC 33323 expressed in Escherichia coli. FEMS Microbiology Letters; 

252 (1): 175-181 

 

Olaofe, O.A., Burton, S.G., Gowan, D.A. and Harrison, S.T.L. (2010). Improving the 

production of thermostable amidase through optimizing IPTG induction in a highly 

dense culture of recombinant Escherichia coli. Biochmeical Engineering Journal; 

52: 19-24    



© C
OPYRIG

HT U
PM

121 

 

Olempska-Beer, Z.S., Marker, R.I., Ditto, M.D. and DiNovi, M.J. (2006). Food-

processing enzymes from recombinant microorganisms- a review. Regulatory 

Toxicology and Pharmacology; 45: 144-158 

 

Pachlinger, R., Mitterbauer, R., Adam, G. and Strauss, J. (2005). Metabolic 

independent and accurately adjustable Aspergillus sp.  expression system. Applied 

and Environmental Microbiology; 71(2): 672-678 

 

Pandey, A., Nigam, P., Soccol, C.R., Soccol, V.T., Singh, D. and Mohan, R. (2000). 

Advances in microbial amylases. Biotechnology Applications Biochemistry; 31: 

135-152 

 

Papaneophytou, C.P. and Kontopidis, G. (2014). Statistical approaches to maximize 

recombinant protein expression in Escherichia coli: A general review. Protein 

Expression and Purification; 94: 22-32   

 

Park, S-H., Cha, H., Kang, H-K., Shim, J-H., Woo, E-J., Kim, J-W. and Park, K-H. 

(2005). Mutagenesis of Ala290, which modulates substrate subsite affinity at the 

catalytic interface of dimeric ThMA. Biochimica et Biophysica Acta; 1751: 170-

177 

 

Parker, K., Salas, M. and Nwosu, V.C. (2010). High fructose corn syrup: Production, 

uses and public health concerns. Biotechnology and Molecular Biology Review; 

5(5): 71-78 

 

Pei-Lang, A.T., Mohamed, A.M.D., and Karim, A.A. (2006). Sago starch and 

composition of associated components in palms of different growth stages. 

Carbohydrate Polymers; 63: 283-286 

 

Pinzón-Martinez, D.L., Rodrigues-Gómez, C., Miňana-Galbis, D., Carrillo-Chăvez, 

J.A., Valerio-Alfaro, G. and Oliart-Ros, R. (2010). Thermophilic bacteria from 

Mexican thermal environment: isolation and potential application. Environmental 

Technology; (31): 957-966      

 

Poli, A., Esposito, E., Lama, L., Orlando, P., Nicolaus, G., de Appolonia, F., 

Gambacorta, A. and Nicolaus, B. (2006). Anoxybacillus amylolyticus sp. nov., a 

thermophilic amylase producing bacterium isolated from Mount Rittmann 

(Antarctica). Systematic and Applied Microbiology; 29: 300-307 

Prakash, B., Vidyasagar, M., Madhukumar, M. S., Muralikrishna, G. and Sreeramulu, 

K. (2009). Production, purification, and characterization of two extremely 

halotolerant, thermostable, and alkali-stable α-amylase from Chrmohalobacter sp. 

TVSP 101. Process Biochemistry; 44: 210-215. 

 

Qi, J.C., Zhang, G.P. and Zhou, M.X. (2006). Protein and hordein content in barley 

seeds as affected by nitrogen level and their relationship to beta-amylase activity. 

Journal of Cereal Science; 43: 102-107 

 

Rao, M.B., Tanksale, A.M., Gathe, M.S. and Deshpande, V.V. (1998) Molecular and 

biotechnological aspects of microbial proteases. Microbiology and Molecular 

Biology Review; 62: 597-635 

 



© C
OPYRIG

HT U
PM

122 

 

Rao, M.S., Reddy, N.S., Rao, G.V. and Rao, K.R.S.S. (2005). Studies on the extraction 

and characterization of thermostable α-amylase from pericarp of Borassus indica. 

African Journal of Biotechnology; 4: 289-291 

 

Reddy, N.S., Nimmagadda, A. and Rao, K.R.S.S. (2003). An overview of the microbial 

α-amylase family. African Journal of Biotechnology; 2 (12): 645-648 

 

Rodriguez, V.B., Alameda, E.J. Gallegos, J.F.M., Requena, A.R. and López, A.I.G. 

(2006). Thermal deactivation of a commercial α-amylase from Bacillus 

licheniformis used in detergents. Biochemical Engineering Journal; 27: 299 -304 

 

Rosano, G.L. and Ceccarelli, E.A. (2009). Rare codon content affects the solubility of 

recombinant proteins in a codon bias-adjusted Escherichia coli strain. Microbial 

Cell Factories; 8: 41 

 

Roy, J.K., Borah, A., Mahanta, C.L. and Mukherjee, A.K. (2013). Cloning and 

expression of raw starch digesting α-amylase gene from Bacillus subtilis strain 

AS01a in Escherichia coli and application of the purified recombinant α-amylase 

(AmyBS-1) in raw starch digestion and baking industry. Journal of Molecular 

Catalysis B: Enzymatic; 97: 118-129   

   

Ruslan, R., Rahman, R.N.Z., Thean Chor, L., Mohamad Ali, M.S., Basri, M. and 

Salleh, A.B. (2012). Improvement of thermal stability via outer-loop ion pair 

interaction of mutated T1 lipase from Geobacillus zalihae strain T1. International 

Journal of Molecular Sciences; 13: 943-960    

 

Saitou, N. and Nei, M. (1987). The neighbor-joining method: A new method for 

reconstructing phylogenetic trees. Molecular Biology and Evolution; 4:406-425 

 

Saleem, A. and Ebrahim, M.K.H. (2013). Production of amylase by fungi isolated from 

legume seeds collected in Almadinah Al Munawwarah, Saudi Arabia. Journal of 

Taibah University for Science; 8:90-97 

 

Salimi, A., Yousefi, F., Ghollasi, M., Daneshjou, S., Tavoli, H., Ghobadi, S. and 

Khajeh, K. (2012). Investigation on possible roles of C-terminal propeptide of a 

Ca-independent α-amylase from Bacillus. Journal of Microbial Biotechnology; 22 

(8): 1077-1083 

 

Sangha, A.K., Petridis, L., Smith, J.C., Ziebell, A. and Parks, J.M. (2012). Molecular 

simulation as a tool for studying lignin. Environmental Progress and Sustainable 

Energy; 31(1): 47-54  

 

Sarikaya, E., Higasa, T., Adachi, M. and Mikami, B. (2000). Comparison of 

degradation abilities of α- and β-amylases on raw starch granules. Process 

Biochemistry; 35: 711-715 

 

Shahhoseini, M., Ziaee, A.A. and Ghaemi, N. (2003). Expression and secretion of an α-

amylase gene from a native strain of Bacillus licheniformis in Escherichia coli by 

T7 promoter and putative signal peptide of the gene. Journal of Applied 

Microbiology; 95: 1250-1254  



© C
OPYRIG

HT U
PM

123 

 

Shelver, D. and Bryan, J.D. (2008). Expression of the Streptococcus agalactiae 

virulence-associated protease CspA in a soluble, active form utiling the Gram-

positive host, Lactococcus lactis. Journal of Biotechnology; 136 (3-4): 129-134  

 

Shim, J-H., Park, J-T., Hong, J-S., Kim, K. W., Kim, M-J., Auh, J-H., Kim, Y-W., 

Park, C-S., Boos, W., Kim, J-W and Park, K-H. (2009) Role of maltogenic 

amylase and pullulanasein maltodextrin and glycogen metabolism of Bacillus 

subtilis 168. Journal of Bacteriology; 191 (15): 4835-4844 

 

Signh, V.K. and Kumar, A. (2001) PCR primer design. Molecular Biology Today; 2(2): 

27-32 

 

Sodhi, H.K., Soni, S.K., Sharma, K. and Gupta, J.K. (2005). Production of a 

thermostable α-amylase from Bacillus sp. PS-7 by solid state fermentation and its 

synergistic use in the hydrolysis of malt starch for alcohol production. Process 

Biochemistry; 40: 525-534 

 

Spadiut, O., Olsson, L. and Burner, H. (2010). A comparative summary of expression 

systems for the recombinant production of galactose oxidase. Microbial Cell 

Factories; 9: 68 

 

Sriprang, R., Asano, K., Gobsuk, J., Tanapongpipat, S., Champreda, V. and 

Eurwilaichitr, L. (2006). Improvement of thermostability of fumgal xylanase by 

using site-directed mutagenesis. Journal of Biotechnology; 126: 454-462. 

 

Stanley, D., Farnden, K.J.F. and Macrae, E.A. (2005). Plant α-amylases: functions and 

roles in carbohydrate metabolism. Biologia; 60: 65-71 

 

Strobl, S., Maskos, K., Betz, M., Wiegand, G., Huber, R., Gomis-Rüth, F.X. and 

Glockshuber, R. (1998). Crystal structure of yellow meal worm α-amylase at 1.64 

Å resolution. Journal of Molecular Biology; 278: 617-628 

 

Suraini, A. (2002). Sago starch and its utilization. Journal of Bioscience and 

Bioengineering; 94: 526-529 

 

Talluri, S. (2011). Advances in engineering of proteins for thermal stability. 

International Journal of Advanced Biotechnology and Research; 2 (1): 190-200.  

 

Tamura, K., Nei, M. and Kumar, S. (2004). Prospects for inferring very large 

phylogenies by using the neighbor-joining method. Proceedings of the National 

Academy of Sciences (USA); 101:11030-11035. 

 

Tamamura, N., Saburi, W., Mukai, A., Morimoto, N., Takehana, T., Koike, S., Matsui, 

H. and Mori, H. (2014). Enhancement of hydrolytic activity of thermophilic 

alkalophilic α-amylase from Bacillus sp. AAH-31 through optimization of amino 

acid residues surrounding the substrate binding site. Biochemical Engineering 

Journal; 86: 8-15  

 

Tamura, K., Dudley, J., Nei, M.and Kumar, S. (2007) MEGA4: Molecular 

Evolutionary Genetics Analysis (MEGA) software version 4.0. Molecular Biology 

and Evolution; 24:1596-1599 



© C
OPYRIG

HT U
PM

124 

 

Tang, S-Y., Le, Q-T., Shim, J-H., Yang, S-J., Auh, J-H., Park, C. and Park K-H. 

(2006). Enhancement thermostability of maltogenic amylase from Bacillus 

thermolkalophilus ET2 by DNA shuffling. FEBS Journal; 273: 3335-3345 

 

Tangphatsornruang, S., Naconsie, M., Thammarongtham, C. and Narangajavana, J. 

(2005). Isolation and characterization of an α-amylase gene in cassava (Manihot 

esculenta). Plant physiology and Biochemistry; 43: 821-827 

 

Tayyab, M., Rashid, N. and Akhtar, M. (2011). Isolation and identification of lipase 

producing thermophilic Geobacillus sp. SBS-4S: Cloning and characterization of 

the lipase. Journal of Bioscience and Bioengineering; 111 (3): 272-278 

 

Terpe, K. (2006). Overview of bacterial expression system for heterologous protein 

production: from molecular and biochemical fundamentals to commercial systems. 

Applied Microbial Biotechnology; 71:211-222 

 

Thakore, Y., 2004. C-147U Enzymes for Industrial amylase Applications. http:// 

www.bccresearch.com/chem/C147U. Accessed on 3 June 2006 

 

Tran, P.L., Lee, J-S. and Park, K.H. (2014). Experimental evidence for a 9-binding 

subsite of Bacillus licheniformis thermostable α-amylase. FEBS Letters; 588: 620-

624 

Tricarico, J.M., Johnston, J.D. and Dawson, K.A. (2008). Dietary supplementation of 

ruminant diets with an Aspergillus oryzae α-amylase. Animal Feed Science and 

Technology; 145: 136-150  

 

Tull, D., Gottschalk, T.E., Svendsen, I., Kramhoft, B., Phillipson, B.A., Bisgard-

Frantzen, H., Olsen, O. and Svensson, B. (2001). Extensive N-glycosylation 

reduces the thermal stability of a recombinant alkaloohilic Bacillus α-amylase 

produced in Pichia pastoris. Protein Expression and Purification; 21: 13-23 

 

Unno, K., Tanida, N., Ishii, N., Yamamoto, H., Iguchi, K., Hoshino, M., Takeda, A., 

Ozawa, H., Ohkubu, T., Juneja, L. R. and Yamada, H. (2013). Anti-stress effect of 

theanine on students during pharmacy practice: Positive correlation among 

salivary α-amylase activity, trait anxiety and subjective stress. Pharmacology 

Biochemistry Behavior; 111: 128-135 

 

Van der Maarel, M.J.E.C., van der Veen, B., Uitdehaag, J.C.M., Leemhuis, H. and 

Dijkhuizen, L. (2002). Properties and applications of starch-converting enzymes of 

the α-amylase family. Journal of Biotechnology; 94:137-155 

 

van Stegerent, A.H., Wolf, O.T. and Kindt, M. (2008). Salivary alpha amylase and 

cortisol responses to different stress tasks: Impact of sex. Interantional Journal of 

Psychophysiology; 69: 33-40 

 

Van Steertegem, B., Pareyt, B., Brijs, K. and Delcour, A. (2013). Combined impact of 

Bacillus stearothermophilus maltogenic alpha-amylase and surfactants on starch 

pasting and gelation properties. Food Chemistry; 139:  1113-1120 

 

Varavinit, S., Chaokasem, N. and Shobsngob, S. (2002). Immobilization of a 

thermostable alpha-amylase. Science Asia; 28: 247-251 



© C
OPYRIG

HT U
PM

125 

 

Vernet., E., Kotzsch, A., Voldborg, B. and Sundström, M. (2011). Screening of genetic 

parameters for soluble protein expression in Escherichia coli. Protein Expression 

and Purification; 77: 104-111 

   

Voet, D.J., Voet, J.G. and Pratt, C.W. (Eds) 2008 Principles of biochemistry, pp. 156-

159. John Wiley & Sons, Inc. 

 

Wang, T.T., Lin, L.L. and Hsu, W.H. (1989). Cloning and expression of a 

Schwanniomyces occidentalis α-amylase gene in Saccharomyces cerevisiae. 

Applied and Environmental Microbiology; 55(12): 3167-3172 

  

Wang, W.J., Powell, A.D. and Oates, C.G. (1996). Sago starch as biomass source for 

raw sago starch hydrolysis by commercial enzymes. Bioresource Technology; 55: 

55-61. 

 

Wang, H., Zhou, N., Ding, F., Li, Z., Chen, R., Han, A. and Liu, R. (2011). An efficient 

approach for site-directed mutagenesis using central overlapping primers. 

Analytical Biochemistry; 418: 304-306   

 

Weng, Y-P., Hsu, F-C., Yang, W-S. and Chen, H-P. (2006). Optimization of the 

overexpression of glutamate mutase S component under the control of T7 system 

by using lactose and IPTG as the inducers. Enzyme and Microbial Technology; 38: 

465-469 

 

Wenzel, M., Müller, A., Siemann-Herzberg, M. and Altenbuchner, J. (2011). Self-

inducible Bacillus subtilis expression system for reliable and inexpensive protein 

production by high-cell-density fermentation. Applied and Environmental 

Microbiology; 77(18): 6419-6425 

 

Wu, D., Guo, X., Lu, J., Sun, X., Li, F., Chen, Y. and Xiao, D. (2013). A rapid and 

efficient one-step site-directed deletion, insertion, and substitution mutagenesis 

protocol. Analytical Biochemistry; 434: 254-258  

 

Wu, T-H., Chen, C-C., Cheng, Y-S., Ko, T-P., Lin, C-Y., Lai, H-L., Huang, T-Y., Liu, 

J-R. and Guo, R-T. (2014). Improving specific activity and thermostability of 

Escherichia coli phytase by structure-based rational design. Journal of 

Biotechnology; 175: 1-6 

 

Yamuna, S., Asma, I., Venugopal, B., Eugene, O. and Sasidharan, S. (2012). Isolation 

and identification of helicase from Anoxybacillus sp. for DNA amplification. 

APCBEE Procedia; 2: 160-164 

 

Yi, Z-L., Zhang, S-B., Pei, X-Q. and Wu, Z-L. (2013). Design mutants for enhanced 

thermostability of β-glycosidase BglY from Thermus thermophilus. Bioresouce 

Technology; 129: 629-633   

 

Yu, H. and Huang, H, (2014). Engineering proteins for thermostability through 

rigidifying flexible sites. Biotechnology Advances; 32: 308-315. 

 

Zastrow, M.L. and Pecoraro, V.L. (2013) Designing functional metalloproteins: From 

structural to catalytic metal sites; Coordination Chemistry Review; 257: 2565-2588. 



© C
OPYRIG

HT U
PM

126 

 

Zeikus, G.J. and Vieille, C. (2001). Hyperthermophilic enzymes: sources, uses, and 

molecular mechanisms for thermostability. Microbilogy and Molecular Biology 

Reviews; 65(1): 1-43 

 

Zhao, J., Chen, Y.H. and Kwan, H.S. (2000). Molecular cloning, characterization, and 

differential expression of a glucomylase gene from basidiomycetous fungus 

Lentinula edodes. Applied and Environmental Microbiology; 66: 2531-2535 

 

Zheng, C., Zhao, Z., Li, Y., Wang, L. and Su, Z. (2011). Effect of IPTG amount on 

apo- and holo-forms of glycerophosphate oxidase expressed in E. coli. Protein 

Expression and Purification; 75: 133-137   

 

Zhi, W., Deng, Q., Song, J., Gu, M. and Quyang, F. (2005). One-step purification of α-

amylase from the cultivation supernatant of recombinant Bacillus subtilis by high-

speed counter-current chromatography with aqueous polymer two-phase system. 

Journal of Chromatography A; 1070: 215-219 

 

Zhu, J. (2012). Mammalian cell protein expression for biopharmaceutical production. 

Biotechnology Advances; 30 (5): 1158-1170 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


	1- RECOMBINANT THERMOSTABLE MALTOGENIC AMYLASE FROMGEOBACILLUS SP. SK70 AND ITS VARIANTS
	ABSTRACT
	TABLE OF CONTENTS 
	CHAPTER
	REFERENCES



