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ABSTRACT

Thermophilic microorganisms and their enzymes have been utilized in various
industrial applications. Cellulases are essential enzymes in various industries and
have great significance in present-day biotechnology. Currently, thermostable
cellulases have been steadily increasing in demand due to their versatile
applications under harsh conditions. Nevertheless, the availability of thermostable
cellulases remains limited. Sabah houses hot springs and mud volcanoes that are
promising as the sources of indigenous thermophilic bacteria producing
thermostable cellulases. This study is aimed to isolate and characterize thermophilic
cellulose-degrading bacteria from Sabah hot springs and mud volcanoes. To
address, the samples were collected from Poring hot spring and Tawau mud
volacanoes and spread onto the carboxymethylcellulose (CMC) agar medium for the
screening of cellulose-degrading bacteria. Based on the biocehmical test, SP1 was
chosen and undergone whole genome sequencing, assembly and annotation. The
gene was then cloned into pET-28a (+) and transformed into Escherichia coli
BL21(DE3). The expression of this protein was successfully performed by induction
of 0.2 mM isopropyl B-D-1-thiogalactopyranoside (IPTG) at 25 °C for overnight. The
expressed protein was then successfully purified using Ni-NTA affinity
chromatography and size-exclusion chromatography. As results, out of 6 isolated
colonies exhibiting cellulose degradation activities, colony SP1 from Poring hot
spring displayed the highest cellulolytic activity on crude enzyme at 60 °C. Further,
16S rRNA sequence analysis of SP1 showed closest similarity to 7hermofiavifilum
aggregans (accession no: AM749771), a thermostable bacterium isolated from New
Zealand hot spring, with 99.74 % homology. Accordingly, SP1 is designated as 7.
aggregans SP1 strain. To note, the strain SP1 is the first strain from Poring hot
spring known to exhibit thermostable cellulolytic activity. Whole genome sequence
(WGS) of SP1 strain was then decoded using the Pacific Biosciences Single Molecule,
Real-Time sequencing platform which revealed the genome size is 2,874,051 bp
with the presence of three (3) genes encoding cellulose-degrading enzymes which
might responsible for its celluloytic activity. From the three genes, one gene is from

glycosyl hydrolase (GH)-5 and another two genes from GH-9 family members. Due

\



to the unique properties of GH-5, one gene of GH-5 (designated as CePH4) was
selected for further characterization. CePH4 is 1053 bp in size, which encodes a
347-residue polypeptide with theoretical molecular mass of 38 kDa. The sequence
analysis of CePH4 indicated that this protein is organized into a catalytic domain of
GH5 and an aryl-phospho-beta-D-glucosidase (BgIC), with canonical active sites of
Glul51 and Glu271. CePH4 was successfully expressed and purified with the yield
of 24.22 mg per 1000 mL culture, with apparent size of 38 kDa on SDS. Size
exclusion chromatography showed that CePH4 is a monomeric protein. Circular
dichroism spectroscopy revealed that CePH4 has melting temperature (Tm) of
80 °C, indicating that this protein is a thermostable enzyme. Further, the specific
activity of purified CePH4 against CMC substrate was 7.46 U/mg with the optimum
activity at 70 °C and pH 7. Interestingly, up to 80°C, the activity of CePH4
decreased by up to 40 % only. Our findings suggest promising applications of these

thermoaerobic bacteria and their potent enzymes for industrial purposes.

Keywords: Thermostable, cellulases, hot springs, whole genome sequence
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ABSTRAK

CIRI-CIRI SEL TERMOSTABIL DARIPADA THERMOFLAVIFILUM
AGGREGANS SP1 DIASINGKAN DARIPADA PORING HOT SPRING SABAH,
MALAYSIA

Mikroorganisma termofilik dan enzimnya telah digunakan dalam pelbagai aplikasi
perindustrian. Selulase adalah enzim penting dalam pelbagai industri dan
mempunyai kepentingan yang besar dalam bioteknologi masa kini. Pada masa ini,
selulase termostabil telah semakin meningkat dalam permintaan kerana aplikasi
serba bolehnya di dalam keadaan yang melampau. Namun begitu, ketersediaan
selulase termostabil kekal terhad. Sabah menempatkan mata air panas dan gunung
berapi lumpur yang menjanjikan sebagai sumber bakteria termofilik asli yang
menghasilkan selulase termostabil. Kajian ini bertujuan untuk mengasingkan dan
mencirikan bakteria pengurai selulosa termofilik daripada mata air panas Sabah dan
gunung berapi lumpur. Untuk menjawabnya, sampel telah dikumpulkan dari mata
air panas Poring dan gunung berapi lumpur Tawau dan disebarkan ke medium agar
carboxymethyicellulose (CMC) untuk saringan bakteria yang menguraikan selulosa.
Berdasarkan ujian biokimia, SP1 telah dipilih dan menjalani penjujukan,
pemasangan dan anotasi genom keseluruhan. Gen tersebut kemudiannya diklonkan
kepada pET-28a (+) dan dimasukkan ke dalam Escherichia colf BL21(DE3). Ekspresi
protein ini berjaya dilakukan dengan induksi 0.2 mM isopropil [-D-1-
thiogalactopyranoside (IPTG) pada suhu 25 °C untuk semalaman. Protein
kemudiannya berjaya ditulenkan menggunakan kromatografi afiniti Ni-NTA dan
kromatografi pengecualian saiz. Hasilnya, daripada 6 koloni terpencil yang
mempamerkan aktiviti degradasi selulosa, koloni SP1 dari mata air panas Poring
menunjukkan aktiviti selulolitik tertinggi untuk enzim mentah pada 60 °C.
Selanjutnya, analisis jujukan 16S rRNA SP1 menunjukkan persamaan yang paling
hampir dengan Thermofilavifilum aggregans (nombor kesertaan: AM749771),
bakteria termostabil yang diasingkan daripada mata air panas New Zealand,
dengan 99.74 % homologi. Sehubungan itu, SP1 ditetapkan sebagai T. aggregans
SP1 strain. Untuk makluman, terikan SP1 ialah terikan pertama dari mata air panas
Poring yang diketahui mempamerkan aktiviti selulolitik termostabil. Keseluruhan

penjujukan genom strain SP1 kemudiannya dinyahkodkan menggunakan Pacific
vii



Biosciences Single Molecule, platform penjujukan Masa Nyata yang mempunyai saiz
genom 2,874,051 bp dengan kehadiran tiga (3) gen yang mengekod enzim
pengurali selulosa yang mungkin bertanggungjawab untuk aktiviti selulolitiknya.
Daripada tiga gen tersebut, satu gen adalah daripada glikosil hidrolase (GH)-5 dan
dua lagi gen daripada ahli keluarga GH-9. Disebabkan sifat unik GH-5, satu gen
GH-5 (ditetapkan sebagai CePH4) telah dipilih untuk pencirian selanjutnya. CePH4
bersaiz 1053 bp, yang mengodkan polipeptida 347-residu dengan jisim molekul
teori 38 kDa. Analisis jujukan CePH4 menunjukkan bahawa protein ini disusun ke
dalam domain pemangkin GH5 dan aril-phospho-beta-D-glucosidase (BglC), dengan
tapak aktif kanonik Glul51 dan Glu271. CePH4 berjaya diekspresikan dan
ditulenkan dengan hasil 24.22 mg setiap 1000 mL kultur, dengan saiz ketara 38
kDa pada SDS. Kromatografi pengecualian saiz menunjukkan bahawa CePH4 ialah
protein monomerik. Spektroskopi dichroism bulat mendedahkan bahawa CePH4
mempunyai suhu lebur (Tm) 80 °C, menunjukkan bahawa protein ini adalah enzim
termostabil. Selanjutnya, aktiviti spesifik CePH4 yang telah ditulenkan terhadap
substrat CMC ialah 7.46 U/mg dengan aktiviti optimum pada 70 °C dan pH 7.
Menariknya, sehingga 80°C, aktiviti CePH4 berkurangan sehingga 40 % sahaja.
Penemuan kami mencadangkan aplikasi menjanjikan bakteria termoaerobik ini dan

enzim kuatnya untuk tujuan perindustrian.

Kata kunci: Thermostabil, selulase, air panas, keseluruhan jujukan genom
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CHAPTER 1

INTRODUCTION

1.1 Background

Lignocellulosic biomass is the world's most economical and highly renewable natural
resource. The development of renewable energy converted from lignocellulosic
biomass as an alternative to fossil fuel is ultimately essential for the survival of humans
(Zoghlami & Paes, 2019). Apart from its application as a material for producing
renewable energy, there has also been increased interest in developing lignocellulosic
biomass-derived platform chemicals for biobased polyurethane applications.
Technologies have been developed to produce various platform chemicals, such as
sugar alcohols, organic acids, furfural, and 5-hydroxymethylfurfural (HMF), from
lignocellulosic biomass via biorefining technologies (Kohli et al, 2019). For these
purposes, cellulose degrading enzyme or cellulases (E.C. 3.2.1.4) is required to process
lignocellulosic biomass. The enzymes work through hydrolysis of cellulose to its simple
sugar for further conversion to bioproducts through fermentation or other chemical
processes. In nature, complete hydrolysis of cellulose is done by the three main
cellulases types: endoglucanase, exoglucanase, and beta-glucosidase, which converts

cellulose into sugar (glucose) (Jayasekara & Ratnayeke, 2019).

Nowadays, cellulases have been gaining broad interest in the industry due to
their ability to replace inorganic catalysts for more environmentally friendly industrial

processes and minimize carbon emissions. In Malaysia, cellulase enzymes are majorly



utilized in the industry related to edible oil and palm oil products, the oleochemical
industry, the detergent industry, and the food and beverages, manufacturing, animal
feed, and baking industries (Kiew et al, 2012). Notably, Sabah is known to be the
biggest producer of palm oil products. In 2021, national production reached 26.48
million tonnes, with more than 6.29 million tonnes being contributed by Sabah
(Malaysian Palm Qil Board, 2021). This huge industry leads to a huge number of by-
products or cellulosic wastes, which can be converted into value-added products such
as bioethanol and sustainable bio-based products (Kunasundari et al., 2016; Goh et al.,
2010). Such processes are usually triggered by cellulose degrading enzymes produced

by specific bacteria and microorganisms.

A critical bottleneck to the wide industrial use of hydrolytic enzymes is that they
are often required to perform under harsh conditions, including temperatures above
40 °C. As a result, the enzyme stability against elevated temperatures is a crucial
prerequisite before the broad industrial use of this type of enzyme is realized (Santos &
da Costa, 2002). Accordingly, thermostable enzymes and microorganisms have been
topics of much research during the last two decades (Singh et a/,, 2016). In industrial
applications, isolated thermostable enzymes are today dominating over thermostable
microorganisms. In this respect, the thermostable enzymes undergo some purification
process from target microorganisms. An enzyme or protein is classified as
thermostable when it exhibits optimum activity between 60 - 80 °C (Vieille & Zeikus,
2001). In some cases, enzymes also exhibited optimum activity at temperatures higher
than 80 °C, which is then classified as hyperthermophilic (Viele et al., 1996). Active at
high temperatures, thermophilic and hyperthermophilic enzymes typically do not
function below 40 °C. Meanwhile, as producers of thermostable enzymes, thermostable
microorganisms are usually characterized by their optimum growth temperature range
of 50 - 80 °C (Vieille & Zeikus, 2001).

In nature, fungi tend to produce more cellulases than bacteria, but cellulases
produced by bacteria are better catalysts as they encounter less feedback inhibition.
Moreover, bacteria not only grow rapidly compared to fungi, allowing for higher



