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ABSTRACT

Amylase is an important enzyme that is responsible for hydrolysis of starch
based materials into simple sugars. To date, extensive researches had been done on
the characteristics of amylase produced by microorganisms isolated from different
sources. However, most of the reported amylases do not have a wide range of
thermostability. In this project, a total of 14 bacteria isolated from artic regions were
screened for their capability of amylase production. The Sphingomonas sp. was
found to be the best candidate for amylase production among the rest, it had the
lowest Hc value (0.44). Production of amylase was subsequently quantified in
submerged liquid fermentation (SmF). The Sphingomonas sp. showed highest
amylase activity of 0.23 U at 18"™ hour of incubation in amylase production medium,
pH 7, containing 0.1% (w/v) of soluble starch. Optimization of amylase production
was conducted using One-Factor-at-a-Time (OFAT) method. Medium with pH 9
containing 0.87% (w/v) autoclaved baker’s yeast cells, and 3% (w/v) soluble starch
was found to have increased the amylase activity by 27.6 fold (6.31U). For partial
purification of amylase, three methods: ammonium sulphate precipitation, 60% (w/v),
centrifugal concentrator and the combination of both were used. The highest specific
activity was obtained in ammonium sulphate precipitation, 60% (w/v) which
increased the specific activity by 2.5 fold (23.43 U/mg) as compared to the activity
of crude enzyme (9.41 U/mg). Characterization of amylase further revealed that the
enzyme was stable at temperature ranging from 4°C to 95°C (72.3% relative activity
remained) with the optimum temperature of 20°C. It was most stable at pH8 with
optimum activity at pH7. The SDS-PAGE and zymogram analysis revealed that the

amylase having molecular weight between 50 to 60 kDa.



ABSTRAK

Amilase merupakan enzim yang penting bagi tujuan komersial dan industri.
Walaupun terdapat banyak laporan tentang pengasingan dan pencirian amilase
daripada punca-punca yang berbeza, namum amilase yang dihasilkan biasanya tidak
dapat mengekalkan kestabilan enzim pada pelbagai suhu-suhu. Dalam projek ini,
seramai 14 jenis bakteria yang telah diasingkan dan dikenalpastikan daripada rantau
artik telah disemak kemampuan untuk menukar kanji. Sphingomonas sp. dengan HC
terendah (0.44) telah dipilih. Kemudian, profil pertumbuhan dan aktiviti amilase
dalam media yang mangandungi 0.1% kanji terlarut telah dikenalpastikan dengan
cara SmF. Aktiviti yang tertinggi didapati pada ke-18 jam (0.23 Unit), pH 7 dengan
0.1% (w/v) kanji terlarut. Bagi pengoptimuman untuk pengasilan amilase,
eksperimen OFAT telah dijalankan untuk mangkaji ciri-ciri termasuk punca nitrogen,
kepekatan substrak and pH. Aktiviti amilase telah dinaikan sebanyak 27.4 kali
dengan penggunaan sel ibu roti sebaigai punca nitrogen, 3% kanji larut, pH 9.
Penulenan separa, kecekapan cara-cara termasuk ammonium sulfat, ultrafiltration
dan campuran kedua-dua cara telah dibandingkan. Keputusan ammonium sulfat, 60%
(w/v) adalah terbaik iaitu 2.5 kali kenaikan aktiviti spesifik (23.43 Unit/mg) apabila
dibandingkan dengan enzyme kasar (9.41 Unit/mg). Pencirian amilase telah
mendedahkan fakta iaitu enzim ini dapat mengekalkan kestabilan daripada 4 °C
sampai 95 °C (72.3% aktiviti dikekal selepas 120 min) dengan suhu optima pada
20 °C. Enzim ini lebih kekal pada pH 8 dan aktivitinya optima pada pH yang sama.
SDS-PAGE dan zymogram telah membuktikan enzim ini mempunyai saiz molekul

50-60kDa.
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CHAPTER 1

Introduction

1.1 Research background

Organisms that are able to grow in extreme temperature, pH, salinity, low
water activity, high pressure, low oxygen concentration and so on are termed as
extremophiles. These organisms have adapted, at the molecular level to the extreme
condition where it is usually inconducive for the growth of other living organism.
On the other hand, around 85% of earth’s surface 1s occupied by cold environment
including the depths of ocean, polar and alphine regions. From there, around 70% is
covered by oceans which have constant temperature of 4-5°C regardless of latitude.
The extremophiles that able to strive in the aforementioned cold environment are

called phychrophile (Kuddu and Roohi, 2010).

Enzymes are biocatalysts used to accelerate biochemical reactions of a living
organism. Besides metabolic function, enzymes aid in various industries for the
catalysis of many processes such as pharmaceutical, sugar, textile and brewing
industries (Maryan and Montazer, 2013). In recent years, enzymes such as protease,
amylase, lipases and cellulases have become one of the important detergent
formulations in laundry industry. Enzyme formulated detergent is more favourable

because it could effectively remove stain by degrading the biological component, as



well as environmental friendly in terms of reduction in energy and water

consumption through lower washing temperature (Soleimani et al., 2012).

Extremozymes are the biocatalyst of extremophiles which have adapted to
function in harsh conditions; it plays a vital role in the survival of the host organism
in the extreme environment. Among them, cold-active enzyme is one of the
examples of extremophile biocatalyst; it is able to work in low temperature. Despite
its importance in the in vivo biochemical reaction especially for psychrophiles, its
great potential in various biotechnological applications in industries were hidden. In
terms of operating temperature, it helps the process to be operated with lower the
energy consumption compared to their mesophilic counterparts (Ramtake and Bhatt,

2007).

Amylase is one of the most important enzymes which covers around 30% of
total commercial enzyme in the world market (Singh and Gupta, 2014). Formerly, it
was mainly used in the bakery and brewing processes, nowadays more and more
applications of o-amylase are being explored, and one of them is the used in the
detergent formulation. Currently, almost 90% of all liquid detergents contain
amylase (Roy et al., 2012). This enzyme breakdown starch to produce a diversity of
smaller products including dextrins, oligosaccharides and glucose molecules
(Mukherjee et al., 2009). Besides that, it is very important for the removal of stains
which constitute of starch, for example gravy, pasta paste and corn soup. Apart from
it, amylases also serve as antistalling agent in bread-baking industry, syrups
production catalyst in pharmaceutical industry, desizer in textile industry, viscosity
control of starch slurry in paper and pulp industry as well as applied in wastewater

treatment and bioremediation processes (Roohi & Kuddus, 2014).

Due to the increasing demand of amylase, more and more works have been
done in order to explore new sources for the production of this enzyme. The sources
for this enzyme generally include plants, animals and microbes. Among them,

microbial is a better host to be used in mass production due to its cost effectiveness,



consistency, and required less time and space for operation. Also, the used of
microorganism could ease the modification and the process optimization (Swetha et

al., 2006).

In this project, Sphingomonas sp. was selected from a total of 14 pre-isolated
artic bacteria based on its capability in starch hydrolysis. Its growth pattern and
amylase activity were determined. Subsequently, the production of amylase was
optimized followed by partial purification of the crude amylase. The enzyme was
then characterized for its optimum and stability in various temperature and pH while
the protein size of amylase was identified through SDS-PAGE and zymogram

analysis.

1.2 Problem statement

Enzyme can be the substitution of chemical substances in many of processes
in where most of the chemical used can caused harm to human being and one of the
examples was detergent for dishwashing. The major drawback in most of the
commercial dishwasher was the use of chemical reagent in their formulation. This
due to the food poisoning can be happen when it is be ingested (Sundarram and
Murthy, 2014). Therefore, there is a need for the use of an alternative which will
cause less or no harm to the user while providing desirable cleaning effect. Enzymes
are good choice of alternatives, as they do not just remove the undesired substances
but they convert them into substances which cause less harm to the human being and

the environment.

Nowadays, most of the commercial a-amylase are derived from strains
Bacillus or Aspergillus genera (Hmidet er al., 2009), which are mesophiles.
Although several extremophiles had been identified (Mesbah & Wiegel, 2014;

Michelin et al., 2010), however, most of the researchers were focusing on producing



4

a-amylase with high stability in high temperature, acidic and/or alkaline conditions
(Aygan et al., 2008; Minod et al., 1968; Mikami et al., 1987). Enzyme with low
optimum temperature had not been studied sufficiently. In the existing method,
moderate to high reaction temperature was required to ensure the enzyme to be
functioned well. It will impose to the rise of electricity demand which is not
environmental friendly; therefore amylase with high activity in lower temperature is

needed.

Although many of the amylases with low optimum temperature was isolated
and characterized; however many of them do not acquired a wide range of stabilities
in various temperature. This characteristic limits their applications as they are unable
to take part in the reaction when the temperature is increased beyond their relatively
narrow temperature range. Therefore, this project aims to produce an amylase with
low optimum temperature and yet able to remain stable in a wide range of

temperature.

1.3 Objectives

1. To screen for starch hydrolysis capability and select the

bacteria with lowest Hc among artic bacteria

2. To determine the growth pattern and initial amylase activity of

the selected bacteria.
3. To optimize the production of amylase by Sphingomonas sp.
4. To partially purify the produced amylase.

5. To characterize the partially purified amylase.



1.4 Scope of study

In this project, the scope of study was to optimize the production, partially
purify and characterize the amylase produced from Artic bacteria. The starch
hydrolysis capability of preisolated bacteria was screened using ABM-starch
supplemented agar. Then several parameters including nitrogen source, substrate
concentration and pH in amylase production medium was optimized. Subsequently
the crude amylase was partially purified and followed by characterization of amylase.
This was to understand the optimum and stability of amylase under various
temperature and pH. The molecular weight of amylase was then determined through

SDS-PAGE and zymogram analysis.

1.5 Significance of study

Cold-active amylase with high enzymatic activity was expected to be
produced and characterized as the outcome of this study. Besides, it was expected to
increase the yield of amylase production as a result of the medium formulation and

culturing conditions optimization.



60

REFERENCES

Abou-Elela, G. M. , Nermeen, A., Sersy. E. and Wefky, S. H. (2009). Statistical
optimization of cold adapted a-amylase production by free and immobilized

cells of Nocardiopsis aegyptia. J. Appl. Sci. Res. 5(3), 286-292.

Aghajari, N., Feller, G., Gerday, C. and Haser, R. (1996). Crystallization and
preliminary X-ray diffraction studies of alpha-amylase from the antarctic

psychrophile Alteromonas haloplanctis A23. Protein Sci.5,2128-2129.

Akpan, I. and Adelaja, F. A. (2004). Production and stabilization of amylase
preparations from rice bran solid medium. World J. Microbiol. Biotech. 20,

47-50.

Altaf, M., Naveena, B. J. and Reddy, G. (2005). Screening of inexpensive nitrogen
sources for production of L(+) lactic acid from starch by amylolytic
Lactobacillus amylophilus GV6 in single step fermentation. Food Technol.

Biotechnol. 43(3), 235-239.

Arpigny, J. L., Feller, G. and Gerday, C. (1993). Cloning, sequence and structural
features of a lipase from the antarctic facultative psychrophile Psychrobacter

immobilis B10. Biochim. Biophys. Acta. 1171, 331-333.

Aygan, A., Arikan, B., Korkmaz, H., Dincer, S., and Colak, 0. (2008). Highly
thermostable and alkaline a-amylase from a halotolerant-alkaliphilic Bacillus

sp. AB68. Brazilian Journal of Microbiology. 39(3), 547-553.

Baru, K. R. and Satyanarayana, T. (1992). Parametric optimization of extracellular a-
amylase production by thermophilic Bacillus coagulans. Folia Microbiol. 38

(1), 77-80.

Bernfield, P. (1955). Amylases, a and . Method in Enzymology. 1(1955), 149-158.



61

Biazus, J. P. M., Souza, R. R., Marquez, J. E., Franco, T. T., Santana, J. C. C. and
Tambourgi, E.B. (2009). Production and characterization of amylases from
Zea mays malt. Brazilian Archives of Biology and Technology. 52(4), 991-
1000.

Binderup, K. and Preiss, J. (1998). Glutamate-459 is important for Escherichia coli
branching enzyme activity. Biochemistry. 37, 9033-9037.

Bozic,N., Ruiz, J., Santin, J. L. and Vujcic, Z. (2011). Optimization of the growth
and a-amylase production of Bacillus subtilis IP 5832 in shake flask and
laboratory fermenter batch cultures. J. Serb. Chem. Soc. 76 (7), 965-972.

Chessa, J., Feller, G. and Gerday, C. (1999). Purification and characterization of the
heat-labile a-amylase secreted by the psychrophilic bacterium TAC 240B.
Can. J. Microbiol.45(6), 452—457.

Coombs, J. M. and Brenchley, J. E. (1999). Biochemical and phylogenetic analyses
of a cold-active [-galactosidase from the lactic acid bacterium

Carnobacterium piscicola BA. Appl Environ Microbiol. 65, 5443-5450.

Coronado, M. J., Vargas, C., Hofemeister, J., Ventosa, A. and Nieto, J. J. (2000).
Production and biochemical characterization of an o-amylase from the
moderate halophile Halomonas meridiana. FEMS Microbiology Letters.

183(1), 67-71.

Davail, S., Feller, G., Narinx, E. and Gerday, C. (1994). Cold Adaptation of Proteins.
J. Biol. Chem. 26, 17448-17153.

Demirkan, E. (2011). Production, purification, and characterization of a-amylase by

Bacillus subtilis and its mutant derivates. Turk. J. Biol. 35 (2011), 705-712.

Demot, R. and Verachtert, H. (1987). Purification and characterization of
extracellular a-amylase and glucoamylase from the yeast Candida antarctica

CBS 6678. Eur J Biochem. 164, 643-645.

Diderichsen, B. and Christiansen, L. (1988). Cloning of a maltogenic alpha-amylase
from Bacillus stearothermophilus. FEMS Microbiol. Lett. 56, 53-60.



62

El-Fallal, A., Dobara, M. A., El-Sayed, A. and Noha Omar. (2012). Starch and
Microbial a-Amylases: From Concepts to Biotechnological Applications,
Chang, C. F. (Ed.), Carbohydrates - Comprehensive Studies on Glycobiology
and Glycotechnology. InTech.

El-Mansi, E. M. T., Bryce, C. F. A., Demain, A. L. and Allman, A. R. (2006).
Microbial synthesis of primary metabolites: current advances and future

prospects. In Demain, A. L and Sanchez. S (Eds.), Fermentation

Microbiology and Biotechnology (2th ed.) (pp99-130). London: CRC Press.

Fan, H. X., Liu, Y. and Liu, Z. P. (2009). Optimization of fermentation conditions
for cold-adapted amylase production by Micrococcus antarctics and its

enzymatic properties. Huan. Jing. Ke. Xue. 30, 2473-2478.

Fredrickson, J. K., Balkwill, D. L., Drake, G. R., Romine, M. F., Ringelberg, D. B.
and White, D. C. (1995). Aromatic-degrading Sphingomonas isolates from
the deep subsurface. Appl Environ Microbiol. 61,1917-1922.

Feller, G., Bussy, O. L. and Gerday, C. (1998). Expression of psychrophilic genes in
mesophilic hosts; Assessment of the folding state of a recombinant o-

amylase. Appl. Environ. Microbiol. 64, 1163—1165.

Feller, G., Sonnet, P. and Gerday, C. (1995). The beta-lactamase secreted by the
antarctic psychrophile Psychrobacter immobilis A8. Appf. Ewiron. Micro. 61,
4474-4476.

Feller, G., Payan, F., Theys, F., Qian, M., Haser, R. and Gerday, C. (1994). Stability
and structural analysis of a-amylase from the Antarctic psychrophile

Alteromonas haloplanctis A23. Eur J Biochem. 222, 441-447.

Feller, G., Thiry, M., Arpigny, J. L. and Gerday, C. (1991). Cloning and expression
in Escherichia coli of three lipase-encoding genes from the psychrophilic

antarctic strain Moraxella TAI44. Gene. 102, 111-115.

Giraud, E., Gosselin, L., Marin, B., Parada, J. L. and Raimbault, M. (1993).
Purification and characterization of an extracellular amylase from

Lactobacillus plantarum strain A6. Journal of Applied Bacteriology. 75,
276-282.



63

Gupta, A., Gupta, V. K., Modi, D. R. and Yadava, L. P. (2008). Production and
characterization of a-amylase from Aspergillus niger. Biotechnology. 7,551-
556.

Gupta, R., Gigras, P., Mohapatra, H., Goswami, V. K. and Chauhan. (2003).
Microbial a-amylases: a biotechnological perspective. Process Biochemistry.

38(11), 1599-1616.

Harms, H., Wilkes, H., Wittich, R. M. and Fortnagel, P. (1995). Metabolism of
hydroxydlbenzofurans, methoxydibenzofurans, acetoxydlbenzofursns and

nitrobenzofursns by Sphingomones sp. strain HH69. Appl Environ Microbiol.
61(1995), 2499-2505.

Hmidet, N., El-Hadj Ali, N., Haddar, A., Kanoun, S., Alya, S. K., and Nasri, M.
(2009). Alkaline proteases and thermostable a-amylase co-produced by
Bacillus licheniformis NH. Characterization and potential application as

detergent additive. Biochemical Engineering Journal. 47(1-3), 71-79.

Ikura, Y. and Horikoshi, K. (1987).Effect of amino compounds on alkaline amylase
production by alkalophilic Bacillus sp. J. Ferment Technol. 65(1987), 707-
709.

Ishii, A., Suzuki, M., Sahara, T., Takada, Y., Sasaki., S and Fukunaga, N. (1993).
Genes Encoding Two Isocitrate Dehydrogenase Isozymes of a Psychrophilic
Bacterium, Vibrio sp. Strain ABE-1. Journal of Bacteriology. 175, 6873-
6880.

Iyo, A. H. and Forsberg, C. W. (1999). A cold-active glucanase from the ruminal
bacterium Fibrobacter succinogenes S85. Appl Environ Microbiol. 65,995-
998.

Kimura, T. and Horikoshi, K. (1990). Characterization of Pullalan-hydrolysing
enzyme from an alkalopsychrotrophic Micrococcus sp. Appl Microbiol

Biotechnol. 34,52-56.

Konsula, Z., and Liakopoulou-Kyriakides, M. (2004). Hydrolysis of starches by the
action of an a-amylase from Bacillus subtilis. Process Biochemistry. 39(11),

1745-1749.



64

Kundu, A. K., Das, S., and Gupta, T. K. (1973). Influence of culture and nutritional
conditions on the production of amylase by the submerged culture of

Aspergillus oryzae. J. Ferment. Technol. 51(1973), 142-150.

Kuddus, M. and Roohi. (2010). Microbial cold-active a-amylases from fundamentals
to recent developments. In Mendez-Vilas, A. (Ed.) Current Resaerch,
Technology and Education Topics in Applied Microbiology and Microbial
Biotechnology (pp. 1265-1276). Spain: Formatex research center.

Kuddus, M., Roohi., Arif, J. M. and Ramteke, P. W. (2011). An Overview of Cold-
active Microbial a-amylase: Adaptation Strategies and Biotechnological

Potentials. Biotechnology. 10, 246-258.

Lealem, F. and Gashe, B. A. (1994). Amylase production by a Gram-positive
bacterium isolated from fermenting tef (Eragrostis tef). J Appl Bacteriol. 77,
341-352.

Lee, J., and Parulekar, S. J. (1993). Enhanced production of a-amylase in fed-batch
cultured of Bacillus subtilis TN 106 [pATS]. Biotechnol. Bioeng. 42(1993),
1142-1150.

Liu, X. D., and Xu, Y. (2008). A novel raw starch digesting a-amylase from a newly
isolated Bacillus sp. YX-1: Purification and characterization. Bioresource

Technology. 99(10), 4315-4320.

Lowry, O. H., Rosbrough, N. J., Farr, A. L. and Randall, R. J. (1951). J. Biol.
Chem.193,265.

MacFaddin, J. F. (2000). Biochemical tests for identification of medical bacteria. (3"
ed) Lippincott Williams and Wilkins, Philadelphia: PA.

Marshall, C. (1997). Cold adapted enzyme. Trends Biotechnol. 15(9), 359-364.

Maryan, A. S., and Montazer, M. (2013). A cleaner production of denim garment
using one step treatment with amylase/cellulase/laccase. Journal of Cleaner

Production. 57(0), 320-326.



65

Mesbah, N. M., and Wiegel, J. (2014). Halophilic alkali- and thermostable amylase
from a novel polyextremophilic Amphibacillus sp. NM-Ra2. International

Journal of Biological Macromolecules. 70(0), 222-229.

Michelin, M., Silva, T. M., Benassi, V. M., Peixoto-Nogueira, S. C., Moraes, L. A.
B., Ledo, J. M., . . . Polizeli, M. d. L. T. M. (2010). Purification and
characterization of a thermostable o-amylase produced by the fungus

Paecilomyces variotii. Carbohydrate Research. 345(16), 2348-2353.

Michael, R., Smith, A. E., James, C. and Zahnley. (2005). Production of amylase by
Arthrobacter psychrolactophilus. J Ind Microbiol Biotechnol. 32, 277-283.

Mihaela, C., Teodor, N., Gabriela, B. and Peter, S. (2009). Cold adapted amylase and
protease from new Streptomyces 4alga Antarctic strain. Innovative Romanian

Food Biotech. 5, 23-30.

Minoda, Y., Koyano, T., Arai, M., and Yamada, K. (1968). Acid-stable a-Amylase
of Black Aspergilli. Agricultural and Biological Chemistry. 32(1), 104-113.

Morita, Y., Nakamura, T., Hasan, Q., Murakami, Y., Yokoyama, K. and Tamiya, E.
(1997). Cold-active enzymes from cold adapted bacteria. JAOCS 1997. 74(4),
441-444.

Mukherjee, A. K., Borah, M., and Rai, S. K. (2009). To study the influence of
different components of fermentable substrates on induction of extracellular
a-amylase synthesis by Bacillus subtilis DM-03 in solid-state fermentation
and exploration of feasibility for inclusion of a-amylase in laundry detergent

formulations. Biochemical Engineering Journal. 43(2), 149-156.

Nahas, E. and Waldemarin, W. M. (2002). Control of amylase production and
growth characteristic of Aspergillus ochraceus. Rev. Latinoam. Microbiol.

44, 5-10.

Narayana, K. T. P. and Vijayalakshmi, M. (2008). Production of extracellular a-
amylase by Streptomyces albidoflavus. Asian J. Biochem. 3, 194-197.

Nilsen, I. W., Overbo, K., Sandsdalen, E., Sandaker, E., Sletten, K. and Myrnes, B.

(1999). Protein purification and gene isolation of chlamysin, a cold-active



66

lysozyme-like enzyme with antibacterial activity. FEBS Lett. 464(3), 153-
158.

Ohgiya, S., Hoshino, T., Okuyama, H., Tanaka, S. and Ishizaki, K. (1999).
Biotechnology of enzymes from cold-adapted microorganisms. In Margesin
R, and Schinner F. (Ed.) Biotechnological Applications of Cold-Adapted
Organisms (pps. 17-34). Heidelberg: Springer-Verlag.

Oikawa, T., Yamanaka, K., Kazuoka, T., Kanzawa, N. and Soda, K. (2001).
Psychrophilic valine dehydrogenase of the Antarctic psychrophile,
Cytophaga sp. KUC-1. Purification, molecular characterization and

expression. Eur J Biochem, 268,4375-4383.
Olesen, T. (1991). Antistaling process and agent. Patent application W0O9104669.

Onishi, H., and Hidaka, O. (1978). Purification and properties of amylase produced
by a moderately halophilic Acinetobacter sp. Canadian Journal of

Microbiology. 24(9), 1017-1023.

Sharma, R. (2012). Enzyme Inhibition. In Prof. Rakesh Sharma (Ed.) Mechanisms
and Scope, Enzyme Inhibition and Bioapplications, InTech.

Ramtake, P. and Bhatt, M. K. (2007). Cold active polysaccharides and their potential
industrial applications. Res. Signpost. 37, 661-673.

Raul, D., Biswas, T., Mukhopadhayay, S., Das, S. K. and Gupta, S. (2014).
Production and partial purification of alpha amylase from Bacillus subtilis
(MTCC 121) using solid state fermentation. Biochemistry Research

International. 2014.

Roohi, R. and Kuddus, M. (2014). Bio-statistical approach for optimization of cold-
active a-amylase production by novel psychrotolerant M. foliorum GA2 in
solid state fermentation. Biocatalysis and Agricultural Biotechnology. 3(2),

175-181.

Roy, J. K., Rai, S. K., and Mukherjee, A. K. (2012). Characterization and application
of a detergent-stable alkaline a-amylase from Bacillus subtilis strain AS-

SO01a. International Journal of Biological Macromolecules. 50(1), 219-229.



67

Schmidt, S., Wittich, R. M., Erdmann, D., Wilkes, H., Francke, W. and Fortnagel, P.
(1992). Biodegradation of diphenyl ether and its monohalogenated
derivatives by Sphingomonas sp. strain SS3. Appl Environ Microbiol. 58,
2744-2750.

Sen, S. K., Dora, T. K., Bandyopadhyay, B., Mohapatra, P. K. D., and Raut, S.
(2014). Thermostable alpha-amylase enzyme production from hot spring
isolates Alcaligenes faecalis SSB17 — Statistical optimization. Biocatalysis

and Agricultural Biotechnology. 3(4), 218-226.

Singh, S., and Gupta, A. (2014). Comparative fermentation studies on amylase
production by Aspergillus flavus TF-8 using Sal (Shorea robusta) deoiled
cake as natural substrate: Characterization for potential application in

detergency. Industrial Crops and Products. 57(0), 158-165.

Smita, H. P., Mnas, R. S., Shaktimay, K., Ramesh, C. R. and Dider, M. (2008).
Statistical —optimization of a-amylase production from probiotic
Lactobacillus plantarum MTCC1407 in submerged fermentation. Polish J.
Microbiol. 57(2), 149-155.

Smith, M. R. and Zahnley, J. C. (2005). Production of amylase by Anthrobacter
psychrolactophilus. J. Ind. Microbio.Biotechnol. 32, 277-283.

Soleimani, M., Khani, A., and Najafzadeh, K. (2012). a-Amylase immobilization on
the silica nanoparticles for cleaning performance towards starch soils in
laundry detergents. Journal of Molecular Catalysis B: Enzymatic. 74(1-2),
1-5.

Swetha, S, D. G., Madhavan, K., and Nampoothiri, C. R. S., Pandey, A. (2006).
Alpha-amylases from microbial sources. An Overview on Recent

Developments. 44, 173-184.

Stillwell, L. C., Thurston, S. J., Schneider, R. P., Romine, M. F., Fredrickson, J. K.
and Saffer, J. D. (1995). Physical mapping and characterization of a

catabolic plasmid from the deep subsurface bacterium Sphingomonas sp.

strain F199. J Bacteriol. 177, 4537-4539.



68

Takata, H., Kuriki, T., Okada, S., Takesada, Y., lizuka, M. and Imanaka, T. (1992).
Action of neopullulanase. Neopullulanase catalyzes both hydrolysis and
transglycosylation at alpha-(14) and alpha-(16) glucosidic linkages. J. Biol.
Chem. 267, 18447—-18452.

Takaha, T. and Smith, S.M., (1999). The functions of 4-a-glucanotransferases and
their use for the production of cyclic glucans. Biotechnol. Genet. Eng. Rev.

16, 257-280.

Tsigos, 1., Velonia, K., Smonou, I. and Bouriotis, V. (1998). Purification and
characterization of an alcohol dehydrogenase from the Antarctic

psychrophile Moraxella sp. TAE 123. Eur J Biochem. 254, 356-362.

Ueda, M., Asano, T., Nakazawa, M., Miyatake, K. and Inouye, K. (2008).
Purification and characterization of novel raw-starch-digesting and cold-

adapted a-amylases from FEisenia foetida. Comp Biochem Physiol B Biochem

Mol Biol. 150(1), 125-30.

Van der Veen, B. A., Uitdehaag, J. C. M., Dijkstra, B. W. and Dijkhuizen, L. (2000).
Engineering of cyclodextrin glycosyltransferase reaction and product

specificity. Biochem. Biophys. Acta. 1543, 336-360.

Wittich, R. M., Wilkes, H., Sinnwell, V., Francke, W. and Fortnagel, P. (1992).
Metabolism of Dibenzo-p-dioxin by Sphingomones sp. strain RWI1. Appl
Environ Microbiol. 58, 1005-1010.

White, D. C., Sutton, S. D. and Ringelberg, D. B. (1996). The genus Sphingomonas:
pysiology and ecology. Current Opinion in Biotechnology. 7, 301-306.



	OngLengHuiMFBME2015ABS
	OngLengHuiMFBME2015TOC
	OngLengHuiMFBME2015CHAP1
	OngLengHuiMFBME2015REF



