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ABSTRACT 
 

Hydrolytic enzymes are often required to catalyse reactions under harsh 
conditions, including high-temperature environments. Consequently, thermostable 
hydrolytic enzymes hold significant industrial importance due to their stability in 

high temperature working conditions. The Poring hot spring (PHS) in Sabah shows 
promise as a source for prospecting thermophilic microorganisms and their 
hydrolytic enzymes. However, the bacterial diversity and availability of 

thermostable hydrolytic enzymes at this site have not been explored to date. 
Therefore, this study aims to determine the bacterial diversity of Sabah hot springs 
and their hydrolytic enzyme production. To achieve this goal, water and sediment 

samples were collected from the site for physicochemical analysis, genome 
extraction and hydrolytic enzyme screening. During sampling, the recorded 
temperature ranged from 42 °C to 59 °C and the pH ranged from 6.5 to 7.0. The 

V3-V4 region of the 16S rRNA gene was amplified using the total genomic DNA 
(gDNA) from both water and sediment samples as templates. Subsequently, the 
amplicons were sequenced using the Illumina paired-end platform and subjected 

to analysis. The results showed that 99 % of the 1,127 OTUs obtained from water 
samples were bacteria, followed by 0.3 % archaea and 0.01 % unclassified 
microorganisms. In sediment samples, the majority of 1,559 OTUs were classified 

as 93 % bacteria, 0.03 % archaea and 7 % unclassified microorganisms. The most 
abundant phylum in water samples was Proteobacteria (84 %), while 
Cyanobacteria (49 %) dominated in sediment samples. Furthermore, hydrolytic 

enzyme screening, targeting viable bacteria yielded positive colonies producing 
proteases (11 colonies), amylases (9), lipases (8) and cellulases (2). As cellulases 
were considered the most relevant hydrolytic enzymes for Malaysia due to 
advanced oil palm plantations, the best colony exhibiting thermostable cellulases, 

was identified as Thermoflavifilum aggregans SP1 and selected for further studies. 
This strain was found to possess a gene encoding cellulase under glycoside 
hydrolase family 9 (GH9), which is less studied compared to other GH families. 

Accordingly, the GH9 cellulase of the SP1 strain (SP1-GH9) was chosen for further 
studies. For this purpose, an expression system for this gene was constructed in 
pET28a(+) for overexpression in Escherichia coli BL21(DE3). The protein was 

successfully expressed with an apparent size of 66 kDa and could be purified using 
Ni2+-NTA affinity chromatography coupled with size exclusion chromatography 
(SEC). Interestingly, under SEC, this protein eluted at an apparent size of 154.2 

kDa, indicating that it forms a dimeric structure. Far-UV circular dichroism (CD) 
spectroscopy confirmed that the pure protein was correctly folded and exhibited a 
dominant helical structure, consistent with the structural model of this protein, 

characterized by an (α-α)6-barrel structural motif. The purified protein exhibited a 
specific activity of 0.53 x 10-2 U/mg against a p-Nitrophenyl β-D-Cellobioside 
(pNPC) substrate, with optimum activity observed at 60 °C and pH 4.0. 

Interestingly, the activity of SP1-GH9 was found to be enhanced in the presence of 
various metal ions (Zn, Mn, Ca, Li, Mg, K, Na), EDTA, Tween 20 and Triton X-100. 
This study highlights the potential development of biocatalysts with multifunctional 

thermostable glycoside hydrolases from local hot springs for various industrial 
applications.  
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ABSTRAK 
 

BIOPROSPEK KEPELBAGAIAN BAKTERIA UNTUK ENZIM HIDROLITIK 
TERMOSTABIL DAN PENCIRIAN SELULASE GH9 TERMOSTABIL DARI 

MATA AIR PANAS SABAH 
 
Enzim hidrolitik sering diperlukan untuk memangkin tindak balas dalam keadaan 
yang mencabar, termasuk persekitaran suhu tinggi. Oleh itu, enzim hidrolitik 
thermostabil mempunyai kepentingan industri yang besar kerana kestabilan 
mereka dalam keadaan kerja suhu tinggi. Sumber air panas Poring (PHS) di Sabah 
menunjukkan potensi sebagai sumber untuk prospek mikroorganisma termofilik 
dan enzim hidrolitik mereka. Walau bagaimanapun, kepelbagaian bakteria dan 
ketersediaan enzim hidrolitik thermostabil di tapak ini belum pernah dikaji hingga 
kini. Oleh itu, kajian ini bertujuan untuk menentukan kepelbagaian bakteria di 
mata air panas Sabah serta penghasilan enzim hidrolitik mereka. Bagi mencapai 
matlamat ini, sampel air dan sedimen telah dikumpulkan dari tapak tersebut untuk 
analisis fizikokimia, pengekstrakan genom dan pemeriksaan enzim hidrolitik. 
Semasa mengambil sampel, suhu dicatatkan dalam kadar 42 °C hingga 59 °C dan 
pH dicatat pada kadar 6.5 hingga 7.0. Kawasan V3-V4 pada gen 16S rRNA 
diamplifikasi daripada semua jumlah genomik DNA (gDNA) daripada kedua-dua 
sampel air dan sedimen sebagai templat. Kemudian, amplikon tersebut dijujuk 
menggunakan platform berpasangan Illumina dan dianalisis. Hasil kajian 
menunjukkan bahawa 99 % daripada 1,127 OTUs yang diperoleh daripada sampel 
air adalah bakteria, diikuti 0.3 % arkea dan 0.01 % mikroorganisma yang tidak 
dikelaskan. Dalam sampel sedimen, majoriti daripada 1,559 OTUs dikelaskan 
sebagai 93 % bakteria, 0.03 % arkea dan 7 % adalah tidak dikelaskan. Filum yang 
paling banyak terdapat dalam sampel air adalah Proteobacteria (84 %), sementara 

Cyanobacteria (49 %) mendominasi dalam sampel sedimen. Selanjutnya, saringan 
enzim hidrolitik dengan mensasarkan bakteria memberi beberapa koloni positif 
menghasilkan protease (11 koloni), amilase (9), lipase (8) dan selulase (2). Oleh 
kerana selulase dianggap sebagai enzim hidrolitik yang paling relevan untuk 
Malaysia kerana pengusahaan ladang kelapa sawit yang maju, koloni terbaik 
mempamerkan selulase termostable, yang dikenal pasti sebagai Thermoflavifilum 
aggregans SP1, telah dipilih untuk kajian lanjut. Strain ini didapati mempunyai 
pengekodan gen selulase di bawah keluarga hidrolase glukosida 9 (GH9), yang 
kurang dikaji berbanding keluarga GH yang lain. Oleh itu, selulase GH9 daripada 
strain SP1 (SP1-GH9) telah dipilih untuk kajian lanjut. Bagi tujuan ini, sistem 
ekspresi gen ini telah dibina dalam pET28a(+) untuk diexpresi dalam Escherichia 
coli BL21(DE3). Protein ini berjaya diekspresikan dengan saiz 66 kDa dan dapat 
ditulenkan menggunakan kromatografi afiniti Ni2+-NTA ditambah dengan 
kromatografi pengecualian saiz (SEC). Menariknya, di bawah SEC, protein ini 
diperhatikan pada saiz 154.2 kDa menunjukkan ia membentuk struktur dimerik. 
Spektroskopi dichroism pekeliling UV jauh (CD) mengesahkan bahawa protein 
dilipat dengan betul dan mempunyai struktur utama berbentuk helikal, selari 
dengan model struktur protein ini, yang dicirikan oleh motif struktur (α-α)6-‘barrel’. 
Protein yang ditulenkan menunjukkan aktiviti khas sebanyak 0.53 x 10-2 U/mg 
terhadap substrat p-Nitrophenyl β-D-Cellobioside (pNPC), dengan aktiviti optimum 
diperhatikan pada 60 °C dan pH 4.0. Menariknya, aktiviti SP1-GH9 didapati 
meningkat dengan kehadiran pelbagai ion logam (Zn, Mn, Ca, Li, Mg, K, Na), 
EDTA, Tween 20 dan Triton X-100. Kajian ini menunjukkan potensi pembangunan 
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biopemangkin dengan enzim hidrolase glikosil termostabil pelbagai fungsi daripada 
mata air panas tempatan untuk pelbagai aplikasi industri. 
 

  



viii 

  

LIST OF CONTENTS 

  Page 

TITLE i 

DECLARATION ii 

CERTIFICATION iii 

ACKNOWLEDGEMENT iv 

ABSTRACT v 

ABSTRAK vi 

LIST OF CONTENTS viii 

LIST OF TABLES xi 

LIST OF FIGURES xii 

LIST OF SYMBOLS xv 

LIST OF ABBREVIATIONS xvi 

LIST OF APPENDICES xvii 

   

CHAPTER 1 :  INTRODUCTION  

1.1 Research Background 1 

1.2 Problem Statements 4 

1.3 Research Questions 5 

1.4 Hypothesis 6 

1.5 Objectives 6 

1.6 Significance of Research 6 

   

CHAPTER 2 :  LITERATURE REVIEW  

2.1 Bioprospecting Microorganisms from Extreme Environment 8 

 2.1.1 Hot Springs 9 

2.2 Microbial Diversity 11 

 2.2.1 16S Amplicon Sequencing 13 

2.3 Hydrolytic Enzymes 14 

 2.3.1 Roles in Industries 15 

 2.3.2 Sources of Hydrolytic Enzymes 17 

 2.3.3 Thermostability 18 



ix 

  

2.4 Recombinant Expression System 19 

2.5 Glycoside Hydrolase (GH) Cellulase 21 

 2.5.1 GH9 Cellulase Family 22 

 2.5.2 Implementation of Thermostable Cellulase in Biofuel Industry 24 

    

CHAPTER 3 :  MATERIALS AND METHODS  

3.1 Physicochemical and Microbial Diversity Analysis from Poring Hot 
Spring 

26 

 3.1.1 Sample Collection 26 

 3.1.2 Physicochemical Analysis of Sample  27 

 3.1.3 Total Genomic DNA (gDNA) Extraction 28 

 3.1.4 16S Metagenome Sequencing  28 

3.2 Screening of Thermostable Hydrolytic Enzyme of Producing Bacteria 29 

3.3 Structural Homology Modelling and Validation of SP1-GH9 Structure 30 

3.4 Catalytic Characterization of SP1-GH9 31 

 3.4.1 Expression System Construction of SP1-GH9 Gene 31 

 3.4.2 Transformation of The Construct 31 

 3.4.3 Over-expression of SP1-GH9 Protein 31 

 3.4.4 Purification of SP1-GH9 Protein 32 

 3.4.5 SDS-PAGE 33 

 3.4.6 Western Blot 33 

 3.4.7 Specific Activity and Kinetic Parameters of SP1-GH9 34 

 3.4.8 Oligomerization 35 

 3.4.9 Circular Dichroism (CD) Spectroscopy 35 

 3.4.10 Differential Scanning Calorimetry (DSC) 36 

 3.4.11 Temperature, pH and Additive Effects on The Activity of SP1-
GH9 

36 

    

CHAPTER 4 :  RESULTS AND DISCUSSION  

4.1 Physicochemical Composition and Microbial Community from Poring 
Hot Spring 

38 

 4.1.1 Physicochemical Properties of Poring Hot Spring 38 

 4.1.2 Bacterial Diversity Profile of Poring Hot Spring Based on 16S 

rRNA Sequences 

42 

4.2 Screening of Thermostable Hydrolytic Enzyme 55 



x 

  

 4.2.1 Bioprospecting of Cellulases-producing Bacteria Obtained from 
Screening (SP1 and SP2 Isolates) 

60 

4.3 Structural Homology Modelling and Validation of SP1-GH9 Protein 63 

 4.3.1 Primary Structure Analysis of SP1-GH9 63 

 4.3.2 Active Site of SP1-GH9 64 

 4.3.3 3D Model Structure of SP1-GH9 66 

4.4 Characterization of a Glycoside Hydrolase Family 9 Cellulase 71 

 4.4.1 Gene Synthesis of SP1-GH9 71 

 4.4.2 Transformation of SP1-GH9 Construct into E. coli Host Cell 75 

 4.4.3 Over-expression of SP1-GH9 Protein 76 

 4.4.4 Purification of SP1-GH9 Protein 78 

 4.4.5 Specific Activity of SP1-GH9 81 

 4.4.6 Kinetic Activity of SP1-GH9 83 

 4.4.7 Circular Dichroism (CD) Spectroscopy Analysis 85 

 4.4.8 Oligomeric State of SP1-GH9 86 

 4.4.9 Thermal Unfolding Curve and DSC Analysis 90 

 4.4.10 Temperature, pH and Additive Effects on The Activity of SP1-

GH9 

93 

    

CHAPTER 5 :  CONCLUSION AND FUTURE PROSPECT  

5.1 Conclusion 98 

5.1 Future Prospect 100 

    

REFERENCES 102 

APPENDICES 121 

  



xi 

  

LIST OF TABLES 

   Page 

Table 2.1 : Subclasses of hydrolase 15 

Table 3.1 : SDS-PAGE gel composition for two mini gels 33 

Table 3.2 : The buffer used to study the effect on different pH on SP1-
GH9   

37 

Table 4.1 : Physicochemical analysis of water from Poring hot spring 38 

Table 4.2 : Comparison of physicochemical properties from different 
hot springs 

40 

Table 4.3 : The total gDNA extraction from Poring hot spring 43 

Table 4.4 : Summary of the data sequencing 45 

Table 4.5 : The comparison of abundance phyla from different hot 

springs 

53 

Table 4.6 : The screening result for thermostable hydrolytic enzymes 
at 60 ⁰C 

56 

Table 4.7 : Thermostable hydrolytic enzymes detected from other hot 
springs 

59 

Table 4.8 : The validation of SP1-GH9 model structure 68 

Table 4.9 : The degree of structural similarity of SP1-GH9 with its 
template and other GH9 families 

71 

Table 4.10 : SP1-GH9 purification table 82 

Table 4.11 : The kinetic activity comparison of GH9 cellulases 85 

Table 4.12 : Oligomerization of SP1-GH9 87 

Table 4.13 : Comparisons of oligomeric state of GH9 cellulases 89 

 

  



xii 

  

LIST OF FIGURES 

   Page 

Figure 2.1 : A model for the origin of non-volcanic hot springs 11 

Figure 2.2 : Illustration of the methods for the study of microbial 
diversity from an environment 

12 

Figure 2.3 : Schematic localization of the primers on the 16 rRNA 
gene 

13 

Figure 2.4 : A simple schematic diagram showing the catalysis of 

bond between molecule A and B in the presence of water 
(H2O), producing two smaller molecules 

14 

Figure 2.5 : Global enzyme market report 16 

Figure 2.6 : Protein engineering utilizing E. coli expression system 20 

Figure 2.7 : Structural conservation and diversity of GHs families 23 

Figure 2.8 : The waste generated from oil palm tree 25 

Figure 3.1 : The study site of Poring hot spring in Ranau, Sabah, 

Malaysia; A) Location in Malaysia, B) Location in Sabah, 
C) Schematic diagram indicating the sampling point, and 
D) Picture of sample site 

27 

Figure 3.2 : The YSI ProDSS Multi-Parameter Water Quality Meter 27 

Figure 4.1 : The total gDNA of samples extracted from Poring hot         

spring shown under 1 % agarose gel electrophoresis, (a) 
PW1, PW2 and PW3 refer to water samples, (b) PS1, PS2 
and PS3 refer to sediment samples 

43 

Figure 4.2 : The number of tags and OTUs from all samples. PW1, 
PW2 and PW3 refer to water samples; PS1, PS2 and PS3 
refer to sediment samples 

47 

Figure 4.3 : Venn diagram of water and sediment samples 48 

Figure 4.4 : The rarefaction curve of water and sediment samples 49 

Figure 4.5 : KRONA display; (a) Taxonomic annotation from water      
sample and (b) Taxonomic annotation from sediment 
sample 

50 

Figure 4.6 : The top 10 distribution of microbial phyla from Poring hot 
spring 

52 

Figure 4.7 : Two isolated strains of cellulase producing bacteria on 

CMC agar plate that have been stained with 1 % Congo 
Red and 1 M NaCl, (a) SP1 strain and (b) SP2 strain. The 
presence of yellowish area around the colonies indicates 

cellulase activity 

 

61 



xiii 

  

Figure 4.8 : The OTU associated with Thermoflavifilum aggregans 
SP1 identified within the Chitinophagaceae family 
represented by OTU_885 

62 

Figure 4.9 : The schematic representation of the predicted SP1-GH9 
protein. Structure encoded with CelD_N and GH9 
domains that was identified from the whole genome 

sequencing of T. aggregans SP1 by Yahya (2023) 

63 

Figure 4.10 : Multiple sequence alignment of the catalytic module of 
SP1-GH9 with selected GH9 enzymes. Identical residues 

are shown in white with a black background, whereas 
amino acid replacements (conservative changes) are 
shown in bold. The three conserved catalytic residues are 

marked with stars 

65 

Figure 4.11 : Two y-axis rotated perspectives showcasing a cartoon 
schematic of the 3D SP1-GH9 model, highlighting the 

CelD_N domain in orange and the GH9 domain in green 

67 

Figure 4.12 : The Ramachandran plot of modelled SP1-GH9 protein 
using SWISS-MODEL structure assessment online server, 

A) General, B) Glycine, C) Proline and D) Pre-Proline plot 

69 

Figure 4.13 : Verify3D analysis of modelled protein structure of SP1-
GH9 showing average 3D-1D score of all residues > 0.2 

which is acceptable for modelled protein structure 

70 

Figure 4.14 : The average GC content and distribution of codon 
frequency along the length of SP1-GH9 gene sequence 

before (blue) and after (green) optimization: (a) GC 
content before optimization (46.94 %), (b) GC content 
after optimization (58.86 %), (c) CAI before optimization 

(0.40), and (d) CAI after optimization (0.96) 

73 

Figure 4.15 : Plasmid construction map of pET28-SP1GH9 74 

Figure 4.16 : Transformation of pET28-SP1GH9 into E. coli BL21 (DE3) 76 

Figure 4.17 : Expression of SP1-GH9 protein (approximately 66 kDa) 
observed by (a) SDS-PAGE and (b) Western blot 

77 

Figure 4.18 : Purification of SP1-GH9 using (a) Ni2+-NTA affinity 
chromatography and (b) SDS-PAGE. Lane 1-9 from SDS-
PAGE correspond to the elution from chromatography 

79 

Figure 4.19 : Purification of SP1-GH9 using (a) Size exclusion       
chromatography and (b) SDS-PAGE. Lane 1-8 in SDS-
PAGE correspond to the elution from chromatography 

80 

Figure 4.20 : Specific activity of SP1-GH9 protein from (a) Crude SP1-
GH9, (b) Partially pure SP1-GH9 using IMAC and pure 
SP1-GH9 using SEC 

 

 

82 



xiv 

  

Figure 4.21 : The kinetic parameters of SP1-GH9 against substrate 
pNPC; (a) Michaelis-Menten curve and (b) Lineweaver-
Burk plot 

83 

Figure 4.22 : Far-UV CD Spectra of SP1-GH9 86 

Figure 4.23 : Plot of Log MW vs elution volume to calculate the       
molecular weight of SP1-GH9 

87 

Figure 4.24 : The elution profile of SP1-GH9 against protein marker 87 

Figure 4.25 : Thermal denaturation curve of SP1-GH9 monitored under 

222 nm. The curve did not reach plateau state indicating 
SP1-GH9 protein does not fully denature 

91 

Figure 4.26 : Differential scanning calorimetry curve of SP1-GH9 93 

Figure 4.27 : Effect of temperature on the activity of SP1-GH9 94 

Figure 4.28 : Effect of pH on the activity of SP1-GH9 95 

Figure 4.29 : Effect of additives on the activity of SP1-GH9. Red dotted 

line indicated the 100 % activity of SP1-GH9 without 
additive (control) 

96 

  

 

 

 

  



xv 

  

LIST OF SYMBOLS 

Å  –  Angstrom 

α  –   Alpha 

β  –  Beta 

λ  –  Lambda 

⁰C  –  Degree Celsius 

%  –  Percentage 

µL  –  Microliter 

µmol  –  Micromole 

µg  –  Microgram 

bp  –   Base pair 

KM  –   Michaelis constant 

kcat  –   Turnover number 

kb  –   Kilobase pair 

kDa  –  Kilo Dalton 

Mbp  –  Mega base pair 

mM  –  Millimolar 

mL  –   Millilitre 

U  –  Unit 

VMAX  –   Maximal velocity 

 

  



xvi 

  

LIST OF ABBREVIATIONS 

bp  –  Base pair  

CBM  –  Carbohydrate Binding Module 

CD   –   Circular Dichroism 

CMC  –  Carboxymethyl Cellulose 

CI  –  Cellulolytic Index 

DSC  –  Differential Scanning Calorimetry 

E. coli  –   Escherichia coli 

EDTA   –   Ethylenediaminetetraacetic Acid  

gDNA   –   Genomic Deoxyribonucleic Acid 

GF   –   Gil Filtration 

GMQE  –  Global Model Quality Estimation 

GH   –   Glycoside Hydrolase 

IMAC   –   Immobilized Metal Affinity Chromatography 

IPTG  –   Isopropyl β-D-1-thiogalactopyranoside 

LB  –   Luria-Bertani 

Ni-NTA  –   Nickle-Nitrilotriacetic Acid 

OD  –   Optical density 

PDB  –  Protein Data Bank 

PHS   –   Poring Hot Spring 

pNPC   –   p-Nitrophenyl β-D-Cellobioside 

R.M.S.D –    Root-mean-square deviation 

rpm  –   Revolution per minute 

rRNA  –   Ribosome Ribonucleic Acid 

SEC   –   Size Exclusion Chromatography 

SDS-PAGE –   Sodium Dodecyl Sulfate-Polyacrylamide Gel   
    Electrophoresis 

TEMED –   Tetramethyl ethylenediamine 

UV  –   Ultraviolet ray 

  



xvii 

  

LIST OF APPENDICES 

 

 

   Page 

Appendix A : SP1-GH9 Original Gene Sequence 121 

Appendix B : SP1-GH9 Codon Optimized Gene Sequence 122 

Appendix C : Amino Acid Sequence of SP1-GH9 123 

Appendix D : Published Research Article 124 

Appendix E : List of Certificates for Conferences Attended 125 

 



 

 

CHAPTER 1  

 

 

INTRODUCTION 

 

 

 

1.1 Research Background 

 

Hydrolytic enzymes are essential for various biological processes, including 

digestion, food processing and waste treatment, as well as for industrial 

applications like biofuel production, detergent manufacturing, paper and pulp 

processing (Chapman et al., 2018). The demand for these enzymes is on the rise 

due to the increasing need for sustainable and eco-friendly methods across 

industries. A valuable source of hydrolytic enzymes is hot springs, which are known 

for their high temperatures and unique microbial communities (Choure et al., 2021; 

Sahay et al., 2017). These extreme conditions like high temperature, while 

challenging for most organisms, support the growth of microbes capable of 

producing enzymes that break down complex compounds. Moreover, hot springs 

foster the evolution of novel enzymes with exceptional properties, making them 

ideal for high-temperature industrial applications. Hot spring-derived enzymes have 

proven to be thermally stable and active, reducing the reliance on chemical 

additives and promoting sustainability (Sahay et al., 2017). 

 

Apart from bacterial isolation, previous studies have focused on 

characterizing the enzymes produced by thermostable bacteria (Knapik et al., 2019; 

Alrumman et al., 2018). This research extends to exploring enzyme structure and 

function, as well as optimizing production conditions, resulting in various 

commercial applications, including biofuel production and other industrial 

processes. The bioprospecting of hot springs for thermostable bacteria producing 

hydrolytic enzymes remains an active research area aimed at discovering improved 

enzymes for diverse industrial applications. 

 



 

2 

  

Poring hot spring in Ranau, Sabah, Malaysia, is one such hot spring with the 

potential to be a promising source for isolating thermostable bacteria producing 

hydrolytic enzymes. This hot spring has a temperature range of approximately 40-

70 °C makes it an ideal environment for thermophilic bacteria (Hua, 2016) 

Additionally, the rich and diverse environment created by the high level of dissolved 

minerals and gases in hot spring waters provides fertile ground for bacterial growth 

(Yu et al., 2022; Gu et al., 2017). Although previous studies have identified 

thermophilic bacteria in Malaysian hot springs, including amylolytic, lipolytic, 

cellulolytic and proteolytic bacteria, none have specifically explored Poring hot 

spring (Abidin et al., 2021; Msarah et al., 2020; Msarah et al., 2018; Chan et al., 

2015). Consequently, further investigation of Poring hot spring may reveal novel 

thermostable bacteria with hydrolytic enzyme-producing capabilities. 

 

Bioprospecting of environmental sources often coupled with the study of its 

bacterial diversity (Vuong et al., 2022; Adegboye et al., 2021). Bacterial diversity 

and bioprospecting are intertwined, as the former refers to the variation in the 

number and types of bacteria in a given environment, and the latter aims to 

discover biologically active compounds and organisms for industrial and commercial 

purposes (Mutalib et al., 2020). Bacteria are one of the most diverse groups of 

organisms and are found in a wide range of environments, including hot springs, 

soil and water. Exploring these environments opens doors to discovering new 

bacteria and their associated metabolic processes, leading to the identification of 

biologically active compounds, including enzymes and secondary metabolites 

(Adegboye et al., 2021). Furthermore, the diversity of bacterial communities can 

influence the potential for bioprospecting success, as different bacterial 

communities may produce different metabolic processes and biologically active 

compounds. Mutalib et al. (2020) suggested that a higher diversity often correlates 

with a greater likelihood of finding beneficial compounds for mankind. For example, 

hot springs, with their high diversity and unique microorganisms, have been fruitful 

sources of thermophilic bacteria producing hydrolytic enzymes. Therefore, bacterial 

diversity plays a pivotal role in successful bioprospecting by providing a pool of 

potential bacteria and associated metabolic processes for industrial and commercial 

purposes.  
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Studies across various countries, including Malaysia, have demonstrated 

that hot springs are rich reservoirs of bacterial diversity, housing unique and rare 

bacterial strains. Studies of hot springs in peninsular Malaysia, have revealed a 

significant presence of thermophilic bacteria, including genera such as Geobacillus, 

Thermosipho and Meiothermus (Abidin et al., 2021; Lee et al., 2018) known for 

their biotechnological applications due to their enzyme-producing abilities. Similarly, 

studies from Indian hot springs, have unveiled diverse bacterial populations, 

including thermophilic and halophilic bacteria, with potential biotechnological uses 

(Chikkanna et al., 2018; Ghati & Paul, 2015). These findings highlight the 

importance of hot springs as sources of novel and valuable bacterial strains. 

 

Bharti and Grimm (2021) emphasized the effectiveness of using the 16S 

metagenome for investigating bacterial diversity, providing insights into the 

dominant bacterial taxa within a community. This metagenomic approach involves 

sequencing the 16S ribosomal RNA (rRNA) gene, which is a commonly used target 

in metagenomic studies. It has been applied in studies of hot springs conducted in 

various countries, such as Malaysia, India, Africa, and the United States (Podar et 

al., 2020; Chaudhuri et al., 2017; Chan et al., 2015; Tekere et al., 2011). These 

studies have revealed commonly found phyla in hot springs, including Firmicutes, 

Proteobacteria, Actinobacteria, Thermotogae and Cyanobacteria (Chen et al., 2022; 

Sahoo et al., 2017). Additionally, bacterial genera commonly identified in hot 

springs include Thermus, Bacillus, Geobacillus, Legionella, Sulfurihydrogenibium 

and Deinococcus. Importantly, bacterial profiles can vary based on the specific 

conditions and location of the hot spring. Despite the promise of Poring hot spring 

for bioprospecting hydrolytic enzymes, research on the bacterial diversity at this 

site and the presence of thermostable hydrolytic enzymes remain limited.   

 

In a previous study, Yahya (2023) successfully isolated a thermostable 

bacterium, Thermoflavifilum aggregans SP1, indicating the potential of the location 

as a source of thermostable bacteria. Further whole genome analysis revealed that 

this SP1 strain harbors genes encoding cellulose-degrading enzymes (cellulases) 

belonging to glycoside hydrolase (GH) families 9 (GH9) and 5 (GH5). Ravachol et 

al. (2014) classified cellulases into 17 families, with family 9 and family 48 

displaying greater specificity for cellulases (EC 3.2.1.4, EC 3.2.1.91, and EC 
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3.2.1.176). Out of 1,525 GH9 sequences that have been analyzed and identified, 

132 were designated as cellulases, showing greater activity on cellodextrin, except 

for one enzyme from Photobacterium profundum, which exhibited higher activity on 

chito-oligosaccharides than on cellodextrins (Honda et al., 2011). Many GH9 

cellulases also display side activities on related polysaccharides such as 1,3–1,4-

glycans (Arai et al., 2003), xylan (Eckert et al., 2002), or xyloglucan (Hirano et al., 

2013). However, their preferred substrate is either soluble (carboxymethyl cellulose 

and cellodextrins) or insoluble (amorphous) cellulose. Structurally, GH9 cellulases 

often feature additional domains aside from the catalytic domain. Many known GH9 

enzymes contain ancillary modules/domains, such as carbohydrate-binding modules 

(CBM) (Ravachol et al., 2014; Najmudin et al., 2006) or modules with yet unknown 

functions. Therefore, the study of GH9 cellulases of the SP1 strain is of interest. 

Notably, the gene encoding GH9 of cellulase in this strain was only detected from 

the genome sequence and has never been tested for functionality. Further 

investigation into the functionality of this enzyme is essential to confirm its 

significance and potential applications. In summary, the study on bacterial diversity 

and insight into GH9 cellulase from SP1 strain of Poring hot spring aims to unveil 

the uniqueness of this cellulase enzyme and highlight the potential of hot springs as 

a site for bioprospecting hydrolytic enzymes, particularly cellulases. 

 

 

1.2 Problem Statements 

 

In Malaysia, local production of hydrolytic enzymes is limited, leading to a reliance 

on imported enzymes. This situation highlights the need to explore local resources 

for identifying potential sources of hydrolytic enzymes. Additionally, the demand for 

thermostable enzymes across various industries remains high, but there is a lack of 

availability of such enzymes from local sources. This underscores the necessity for 

further exploration of local resources to identify potential sources of thermostable 

enzymes. There are various hot springs in Sabah, Malaysia, which could potentially 

serve as sources of thermostable bacteria and enzymes. However, limited 

knowledge exists regarding the richness of these sources in terms of the types of 

bacteria and hydrolytic enzymes they can produce. Therefore, there is a pressing 
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need for further exploration of the hot springs in Sabah to determine their potential 

for producing thermostable enzymes.  

 

Among the many hydrolytic enzymes needed, there is a high demand for 

cellulose-degrading enzymes due to the growth of the oil palm-related industry. Oil 

palm production generates a significant amount of waste that can be converted into 

valuable products through the use of cellulose-degrading enzymes. While a 

bacterial strain known as Thermoflavifilum aggregans SP1 has been successfully 

isolated from Poring hot spring in Sabah and encodes a gene for cellulase enzyme 

under the GH9 family (GH9-SP1), this gene has never been functionally confirmed. 

Consequently, studying this enzyme is crucial to confirm its activity and assess its 

potential for use in the production of valuable products from oil palm waste. This 

study holds particular significance as it can serve as a proof-of-concept for Sabah's 

hot spring bioprospecting potential and provide insights into the types of enzymes 

that could potentially be produced from hot springs in Sabah and their industrial 

applications. 

 

 

1.3 Research Questions 

 

The study aims to address the following questions: 

a) What is the taxonomic composition and diversity of the bacterial community in 

the Poring hot spring, and how does it compare to other hot springs? 

b) What hydrolytic enzymes are produced by the cultivable thermostable bacteria 

found in Poring hot spring? 

c) What are the properties of the cellulase gene isolated from the thermophilic 

bacterial strain found in Poring hot spring? 

 

 

 

 

 

 




