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

of the requirement for the degree of Master of Science 
 

IDENTIFICATION OF THERMOSTABLE GLYCOGEN BRANCHING 

ENZYME FROM GEOBACILLUS SP. GEO5 BY GENOME MINING 

 

By 

 

NUR SYAZWANI BINTI MOHTAR 

 

July 2013 

 

Chairman: Professor Mohd Basyarudin Bin Abdul Rahman, PhD 

 

Faculty: Science 

 

Glycogen branching enzyme (EC 2.4.1.18) has increasing demand from food and 

beverages processing industries. This enzyme, which catalyses the formation of α-

1,6-glycosidic branch points in glycogen structure, is used to enhance nutritional 

value and quality of food and beverages. To be applicable in industries, enzymes that 

are stable and active at high temperature are much desired. A thermophilic 

bacterium, Geobacillus sp. Geo5, was isolated from Sungai Klah Hot Springs at 

97°C and therefore it was postulated that this bacterium species would produce 

thermostable glycogen branching enzyme that is active at high temperature. The 

objectives of this research are to identify the branching enzyme gene (glgB) of 

Geobacillus sp. Geo5, to produce the enzyme using Escherichia coli and to 

characterise the biochemical properties of the enzyme. Using genome data mining, 

the nucleotide sequence of glgB was fished out from Geobacillus sp. Geo5 genome 

sequence provided by Malaysia Genome Institute. The size of the gene is 2013 bp 

and the theoretical molecular weight of the protein is 78.43 kDa. The gene sequence 

was then used to predict the three dimensional structure of the enzyme using an 

online software, I-TASSER. The percentage sequence identity of the template 
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(Mycobacterium tuberculosis H37RV; PDB ID: 3K1D) in the threading aligned 

region with the Geobacillus sp. Geo5 sequence was only 45%. Subsequently, glgB 

from Geobacillus sp. Geo5 was isolated using polymerase chain reaction (PCR). To 

study the enzyme, the gene was cloned into pET102/D-TOPO
® 

vector by PCR 

cloning and overexpressed in BL21 Star 
TM 

(DE3) E. coli. The expression of active 

enzyme was the highest when the expression was induced with 0.75 mM of IPTG, at 

30°C for 8 hours. The recombinant protein was also expressed together with 

bacteriocin release protein to secrete the protein into E. coli culture medium. The 

study shown that induction with 5 ng/mL of mitomycin C for 8 hour was enough to 

secrete the recombinant protein to extracellular environment (34.1 U/mL) although 

not entirely since 43.0 U/mL of the activity was still in the cell. Therefore, the 

intracellular expression system was chosen for further studies on the enzyme. The 

recombinant protein from intracellular expression was then purified by affinity 

chromatography using HisTrap HP column with the recovery of 84%. The purified 

enzyme was used to study the effect of temperature and pH on enzyme activity and 

stability, and the inhibitory effect by metal ion on enzyme activity. This thermostable 

glycogen branching enzyme was found to be most active at 55°C and the half-life at 

60°C and 70°C was 24 hours and 5 hours, respectively. The enzyme was stable at pH 

5 to pH 9 and the optimum pH for enzyme activity was at pH 6. Metal ions, Mn
2+

, 

Zn
2+

, Cu
2+

, Fe
2+

 and Ca
2+

 seem to inhibit the activity of this enzyme. Mg
2+

 however 

does not affect the enzyme activity. From this research, a thermostable glycogen 

branching enzyme was successfully isolated from Geobacillus sp. Geo5 by genome 

mining together with molecular biology technique. The stability of this enzyme 

would be very practical for industrial applications especially in carbohydrates 

processing such as nutraceutical, food and beverages industries. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk ijazah Master Sains 

 

IDENTIFIKASI ENZIM PENCABANG GLYCOGEN TERMOSTABIL 

DARIPADA GEOBACILLUS SP. GEO5 MELALUI PERLOMBONGAN 

GENOM 

 

Oleh 

 

NUR SYAZWANI BINTI MOHTAR 

 

Julai 2013 

 

Pengerusi: Professor Mohd Basyarudin Bin Abdul Rahman, PhD 

 

Fakulti: Sains 

 

Enzim pencabang glikogen (EC 2.4.1.18) mendapat permintaan yang meningkat 

daripada industri pemprosesan makanan dan minuman. Enzim ini yang memangkin 

pembentukan titik cabangan α-1,6-glikosida dalam struktur glikogen, digunakan 

untuk meningkatkan nilai pemakanan dan kualiti makanan dan minuman. Untuk 

diguna pakai dalam industri, enzim yang stabil dan aktif pada suhu tinggi sangat 

diingini. Satu bakteria termofilik, Geobacillus sp. Geo5, telah dipencilkan dari 

Kolam Air Panas Sungai Klah pada 97°C dan oleh itu ia diandaikan bahawa spesis 

bakteria ini akan menghasilkan enzim pencabang glikogen yang termostabil and aktif 

pada suhu tinggi. Objektif kajian ini adalah untuk mengenal pasti gen enzim 

pencabang (glgB) daripada Geobacillus sp. Geo5, menghasilkan enzim tersebut 

menggunakan Escherichia coli dan mencirikan sifat-sifat biokimia enzim tersebut. 

Menggunakan kaedah perlombongan data genom, jujukan nukleotida gen enzim 

pencabang (glgB) dipancing keluar daripada  genom Geobacillus sp. Geo5 yang telah 

dijujuk oleh Institut Genom Malaysia. Saiz gen adalah 2013 bp dan berat molekul 

teori protein adalah 78.43 kDa. Jujukan gen kemudiannya digunakan untuk meramal 

struktur tiga dimensi enzim mengunakan perisian dalam talian, I-TASSER. Peratusan 

identiti jujukan bagi templat (Mycobacterium tuberculosis H37RV; PDB ID: 3K1D) 
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di kawasan yang sejajar dengan jujukan Geobacillus sp. Geo5 adalah hanya 45%. 

Seterusnya, glgB daripada Geobacillus sp. Geo5 telah dipencilkan menggunakan 

tindak balas berantai polimerase (PCR). Untuk mengkaji enzim tersebut, gen diklon 

ke dalam vektor pET102/D-TOPO
®

 melalui pengklonan PCR dan diekspres di dalam 

E. coli BL21 Star TM (DE3). Penghasilan enzim yang aktif adalah paling banyak 

apabila ekspresi diaruh dengan 0.75 mM IPTG, pada 30°C selama 8 jam. Protein 

rekombinan juga diekspres bersama-sama dengan protein pelepasan bakteriosin 

untuk merembeskan protein tersebut ke dalam media kultur E. coli. Kajian ini 

menunjukkan bahawa induksi dengan 5 ng/mL mitomycin C cukup untuk 

merembeskan protein rekombinan ke persekitaran ekstrasel (34.1 U/mL) walaupun 

tidak keseluruhannya memandangkan aktiviti sebanyak 43.0 U/mL masih di dalam 

sel. Disebabkan itu, sistem pengekspresan intrasel dipilih untuk kajian lanjut ke atas 

enzim. Protein rekombinan daripada pengekspresas intrasel seterusnya ditulenkan 

melalui kromatografi afiniti menggunakan turus HisTrap HP dengan pemulihan 

sebanyak 84%. Enzim yang telah ditulenkan digunakan untuk mengkaji kesan suhu 

dan pH ke atas aktiviti dan kestabilan enzim, dan kesan rencatan oleh ion logam pada 

aktiviti enzim. Enzim pencabang glikogen didapati paling aktif pada 55°C dan 

separuh hayat pada 60°C dan 70°C masing-masing adalah 24 jam dan 5 jam. Enzim 

stabil pada pH 5 hingga pH 9 dan pH optimum bagi aktiviti enzim adalah pada pH 6. 

Ion-ion logam, Mn
2+

, Zn
2+

, Cu
2+

, Fe
2+

 dan Ca
2+

 didapati telah merencat aktiviti 

enzim ini. Mg
2+

 bagaimanapun tidak menjejaskan aktiviti enzim. Daripada kajian ini, 

enzim pencabang glikogen yang termostabil telah berjaya dipencil daripada 

Geobacillus sp. Geo5 melalui kaedah perlombongan genom bersama-sama dengan 

teknik biologi molekul. Kestabilan enzim ini akan menjadi sangat praktikal untuk 

aplikasi perindustrian terutamanya dalam pemprosesan karbohidrat seperti industri 

nutraseutikal, makanan dan minuman. 
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CHAPTER 1 

  

INTRODUCTION 

 

Enzymes are amazing catalysts that are naturally occurring in all living organisms, 

efficiently catalyse from simple to complex reactions by accepting selectively a wide 

range of molecules as substrates. As an alternative to conventional chemical 

catalysts, enzymatic reactions produce fewer by-products that are mostly harmless, 

hence making enzymes as an environmentally friendly choice (Schmid et al., 2001). 

Efficient selective catalysis is essential and therefore has enormous potential 

especially in the industrial processing and synthesis of fine chemicals, food and 

pharmaceuticals (Burton et al., 2002). BCC Research reported that in 2010, the value 

of global market for industrial enzymes was US$3.6 billion and the largest segment 

of the industrial enzymes industry comes from food and beverage enzymes with 

revenues of nearly US$1.2 billion (BCC Research, 2012). These enzymes are used 

either to increase the nutritional value or to make the food and drinks more 

appealing. Therefore enzymes like amylase, lipase and protease have gained a lot of 

interest in the research field. Other than aforementioned enzymes, one of the 

enzymes that have a rising demand in food and beverages industries is branching 

enzyme (van der Maarel, 2009).  

 

Branching enzyme (EC 2.4.1.18) is a type of transferase that is found naturally in 

plants, animals and microorganisms. This enzyme carries out the transglycosylation 

reaction of starch and glycogen. The transglycosylation reaction transfers
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 an α-1,4-glycosidic linkage to α-1,6 making the starch and glycogen structure 

branched out. These branches in starch and glycogen structures help the digestion of 

the polysaccharides as they are more soluble and easier to be absorbed by the cells 

(Abad et al., 2002). As glycogen branching enzyme produces more branches than 

starch branching enzymes, many studies are focusing on commercialisation of 

glycogen branching enzymes for applications in beverage, food processing and 

nutraceutical industries.  In order to be practical in industries, enzymes that can 

withstand high temperature would be very sought after. One of the major concerns is 

to find enzymes that are naturally active and stable in high temperature.  For that 

reason, researchers have been isolating thermostable glycogen branching enzymes 

from thermophilic microorganisms. However, the production of this enzyme in its 

thermophilic host is very low. Therefore recombinant DNA technology, such as 

Escherichia coli cloning and expression systems, were often utilised in order to 

maximise enzyme production to supply for industries and studies on the enzyme. E. 

coli system often preferred as this system is easy to manipulate, capable to produce 

enzyme rapidly and reasonably cheap.  

 

Studies on branching enzymes have made the gene sequence of the enzyme 

accessible (van der Maarel et al., 2002). On top of that, the venture in genome 

sequencing is contributing vast information on new genetic sequences and therefore 

abundance of novel enzymes and proteins remain to be explored. When put together, 

that knowledge can be exploited in the search for novel biocatalysts by a technique 

called genome mining. The term ‘genome mining’ brings the meaning of a post 

genome analysis where the desired gene is fished out of a genome sequence using 

bioinformatics tools and databases. However, genetic sequence alone cannot be used 
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to predict the exact catalytic function of putative enzymes unless their structural 

information is analysed and then verified through molecular biology 

experimentation. Nevertheless, this genetic codes can be use to generate 3D 

structures of the proteins through computational prediction by protein threading and 

homology modelling methods (Zhang and Skolnick, 2005; Bowie et al., 1991). From 

the structural information, the enzyme characteristics such as enzyme stability, 

substrate preference and mechanism of the enzyme can be predicted. From there, 

further studies can be done to improve the enzyme. Although about 90% of protein 

structures deposited in Protein Databank (PDB) were elucidated by X-ray 

crystallography, this technique takes time and requires a big budget. Therefore 

researchers often use protein structure prediction as a foundation to study the 

characteristic and structure of the desired protein.  

 

In this research, genome mining was used to isolate glycogen branching enzyme 

gene (glgB) from Geobacillus sp. Geo5 genome, which was sequenced by Malaysia 

Genome Institute (MGI) under their Whole Genome Sequencing Project. This 

Geobacillus sp. Geo5 was isolated from a 97°C hot spring in Sungai Klah, Perak and 

therefore the enzyme isolated is likely to be thermostable and active at high 

temperature. Thus, this research is conducted with the following objectives:                                                                                                                                             

1. To identify thermostable glycogen branching enzyme gene from Geobacillus sp. 

Geo5 genome sequence. 

2. To produce thermostable recombinant glycogen branching enzyme in Escherichia 

coli expression system. 

3. To characterise the biochemical properties of the purified recombinant glycogen 

branching enzyme. 
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