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ABSTRACT

The Antarctic region is a new frontier as a natural source for bio-prospecting purposes.
Its extreme cold temperature may provide unique microbial enzyme characteristics that
have valuable potential for industrial and biotechnological applications. However, the
majority of microbial cannot be cultured due to their complex structure of life and
unfavourable media composition and growth conditions. In this study, two different
approaches were designed to ensure the total discovery of proteases that are active and
able to work at relatively low temperatures. The first approach was the culture-based
technique. Soil samples from the Antarctic region were screened for protease activity
on skim milk agar at 4 °C. Bacteria that showed a clear halo zone around the colonies
were isolated and identified through 16S rDNA sequencing. Bacteria that showed rapid
halo zone formation within 24 hours were further screened for its growth rate condition
using one-factor-at-a-time (OFAT). Then, crude protease of each strain was extracted
during the late logarithmic phase for enzymatic assay. Strain with significant enzyme
activity was optimized using Response Surface Method (RSM) for maximal growth
rate. The second approach was the metagenomics approach. Amplicon metagenomics
sequencing was performed to analyse the bacteria community and the discovery of cold-
active protease was completed through functional metagenomics. A total of 46 bacteria
strains with positive protease activity were isolated and phylogenetic analysis showed
that 88% were from Pseudomonas sp., 9% from Arthrobacter sp. and 3% from
Paenibacillus sp. OFAT result showed that 10 selected strains displayed the highest
growth rate at 20 °C, pH 7 and 4% (w/v) of NaCl. The enzymatic assay showed that
crude enzyme extracted from strain SC8 exhibited significantly higher activity than the
positive control (protease from bovine pancreas) at -20 °C and 20 °C. Furthermore,
RSM suggested that the optimized conditions for the growth of strain SC8 were at 20.5
°C, pH 6.83, and 2.05% (w/v) of NaCl. Bacterial community analysis using amplicon
metagenomics sequencing showed that each sample (ROB, ROS, and SC) were
dominated by the uncultured bacteria. A clone with positive protease activity was
isolated and the fosmid was extracted and sequenced. Contigs of NODE_42 with 893
bp showed significant matched to Peptidase M23 and PG binding 1 protein families. In
silico analysis showed that this predicted protease exhibited 27.07% similarity of the
template enzyme with PDB ID 3SLU. The growth condition of isolated bacteria was
influenced by the site surroundings and the coastal environment. These bacteria were
categorized as psychrotolerants and the majority of them can tolerate acidic conditions.
Optimum bacterial growth conditions were important to maximize enzyme production
and activity. Thus, strain SC8 has the potential for bioprospecting for the development
of large-scale production of cold-active protease in the future. Overall, for this project,
we successfully discovered our targeted cold-active protease. This preliminary research
is vital to unearth all potential protease for bioprospecting purposes. In the future,
purification of this enzyme is essential to precisely inspect the enzyme activity.
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(Pre_pro). B) Sequence alignment of predicted protease
(Pre_pro) and the template enzyme (3SLU). There was not
much difference that can be observed in the overall secondary
structure of both enzymes (*** is conserved HXH motif).

Predicted protease homology structure (blue) and the template
enzyme (3SLU) (brown). Large deletion (red) was observed
when both enzymes aligned together.

The activity of the predicted protease displayed a similar
profile to the crude enzyme extracted from SC8. Results were
expressed as mean + SEM. * p < 0.05

Silverskin was a thin, shiny layer composed mainly of protein
elastin, which was harder and chewier to eat (Goldwyn &
Blonder, 2017).

XV

117

120

122

123

125



%

I+

HY
puL
MM

bp
cm

kb

—

mg

min
mL
mm
mol

nm

LIST OF SYMBOLS

Percentage
Plus minus
Degree Celsius
Microgram
Microliter
Micromolar
Infinity
Angstrom
Base pair
Centimeter
Gram

Kilo base pair
Liter

Molar mass
Milligram
Minute
Milliliter
Millimeter
Mole
Nanometer
Picogram
Picomole
Revolutions per minute
Second

Volt

Relative centrifugal force
Alpha

Beta

XVi



ANOVA
ASV
ATS
ATCC
BAC
BACs
BAS
BLAST
CFU
CIP
CMC
CTAB
DNA
dNTP
dsDNA
EC
eDNA
EDTA
FCCCD
Fe (1)
Gly
GPMAW
HCI
KOH
KOPRI
LB
LMP
MgCl;
MGE
MUSCLE
NaCl
NARC
NCBI
NGS
NIPJ
oD
OFAT
ORF
oTuU
PA
PCoA
PCR
PDB
PKC
PVP

LIST OF ABBREVIATIONS

Analysis of variance

Amplicon sequence variants
Antarctic Treaty System

American Type Culture Collection
Bacteria alkaline phosphatase
Bacterial artificial chromosomes
British Antarctic Survey

Basic Local Alignment Search Tool
Colony-forming unit

Calf-intestine alkaline phosphatase
Carboxymethyl cellulose

Cetyl trimethylammonium bromide
Deoxyribonucleic acid
Deoxynucleoside triphosphate
Double-stranded DNA

Enzyme Commission
Environmental DNA
Ethylenediaminetetraacetic acid
Face-centered central composite design
Ferric ion

Glycine

Guide to free protein properties calculator
Hydrochloric acid

Potassium hydroxide

Korea Polar Research Institute
Luria-Bertani

Lower melting point

Magnesium chloride

Mobile genetic elements

Multiple Sequence Comparison by Log-Expectation
Sodium chloride

National Antarctic Research Center
National Center for Biotechnology Information
Next-generation sequencing
National Institute of Polar

Optical density

One factor at a time

Open reading frame

Operational taxonomic unit
Pseudomonas aeruginosa

Principal Coordinates Analysis
Polymerase chain reaction

Phage Dilution Buffer

Palm kernel cake
Polyvinylpyrrolidone

XVii



QIIME2
RAST
RFLP
RFU
RMSD
ROB
ROS
rRNA
rSAP
RSM
SEM
SO4*
SOLID
SC
TAE
TCA
TE
uUSD
uv
X-gal
YPASM

Quantitative Insights into Microbial Ecology
Rapid Annotations using Subsystems Technology
Restriction fragment length polymorphism
Raw fluorescence units

Root mean square deviation

Cape Roberts

Cape Ross

Ribosomal ribonucleic acid

Shrimp alkaline phosphatase

Response surface method

Standard error mean

Sulfate

Sequencing by Oligonucleotide Ligation and Detection

Spike Cape

Tris base, acetic acid and EDTA
Trichloroacetic acid

Tris base and EDTA

United States dollar

Ultraviolet

5-Bromo-4-Chloro-3-Indolyl B-D-Galactopyranoside

Yayasan Penyelidikan Antartika Sultan Mizan

XViii



CHAPTER ONE
INTRODUCTION

1.1 BACKGROUND OF THE STUDY

An enzyme is a biocatalyst that increases the chemical reaction rate by lowering the
activation energy. The enzyme is important to accelerate the process of reactions. There
are large numbers of reactions that need these biocatalysts to operate. The usage of
biocatalyst in Malaysia is essential in many bio-industries and experimental processing.
Therefore, a large number of enzymes must be imported to meet this growing demand
and the cost of these imported enzymes is quite expensive. Annually, this country,
Malaysia has spent about USD 3.5 million to import various types of enzymes, mostly
from Belgium, Denmark and the Netherlands (lbrahim, 2008). Although enzymes have
several advantages in terms of efficiency, selectivity and environmental friendliness
compared to the chemical catalyst, they are costly. Manufacturing or production of
enzymes on a large scale to reach the demand for industrial biotechnology is almost
non-existed in Malaysia. Many foreign companies like Novozymes and
Danisco/Genencor dominate our local biocatalyst market (Biotechcorp, 2009).
Realizing the importance and demand of these biocatalysts, it is high time for Malaysia
to start the scaling-up process and increase our local enzyme production.

The major challenges to initiating enzyme production for industrial purposes in
this country are high capital investment and high production costs at the early stage.
However, if this county can manufacture the enzymes locally, these enzymes can be
sold at a cheaper price and reduce the dependency on imported enzymes. The sources
of the enzyme are from living things like plants, animals and microorganisms. However,

due to their rapid growth and higher yield of production, microorganism becomes the



major source of enzyme, especially for commercialization purpose compared to plants
and animals. Furthermore, the process of extracting enzymes from microorganisms is
easier and less time-consuming. It can be easily controlled chemically and
physiologically. If the cost of enzyme production can be reduced, this will benefit in
terms economically, as the selling price will be much cheaper. Generally, there are four
stages in producing enzyme industrially that include selection of enzyme, formulating
the medium, process of production and purification of the enzyme. For the process of
production, most industries in advanced countries used submerged and solid-state
fermentation (Liu & Kokare, 2017). This process is preferable because of its lower
production cost and lesser risk of contamination compared to others. Besides, the
production of the enzyme can be increased by optimizing the conditions for
microorganism growth or by gene modification.

Extremozymes are enzymes or biocatalysts that are extracted from
extremophiles microorganisms such as bacteria, archaea, protozoa, algae, fungi, viruses,
and helminths. These microorganisms inhabit extreme environments and pose enzymes
that can functionally work in their surrounding environment. There are several
categories of extremophiles such as thermophiles, psychrophiles, acidophiles,
alkaliphiles, halophiles, piezophiles, osmophiles and radiophiles. These extremozymes
are more efficient than genetically modified enzymes when applied in harsh industrial
conditions because of their natural catalytic reaction in extreme environments.
Currently, researchers are actively mining these extremozymes because of their
advantages and potential to be applied in biotechnological or industrial applications.

The Antarctic is one of the regions that are rich and diverse with microorganism
communities. Scientists have discovered that these microorganisms can produce

enzymes that are capable to work efficiently at a lower temperature. Therefore, they can



survive under extremely cold conditions. However, the biodiversity of this
microorganism is less explored so far. Identifying and isolating for a specific cold-active
enzyme with higher stability is required. Besides, through genetic modification and
strain improvement, this cold-active enzyme would play a more important role in
various biotechnological industries and applications.

Protease is one of the hydrolase subclass enzymes that breakdowns protein into
smaller fragments or amino acids with the addition of water molecules. In future, this
valuable potential of cold-active protease would lead the enzyme market greater than
thermostable enzymes. It is very useful for harnessing and bioprospecting this enzyme

due to its greater potentials and chances for industrial usage in the future.

1.2 PROBLEM STATEMENT

A large number of enzyme strains have been identified via culture-based approaches.
However, most of these culturable bacteria were categorized into similar phylogenetic
affiliation (Vester et al., 2014). Axiomatically, bacteria are one of living things that also
have a very complex life structure. Not all bacteria can be cultured. Therefore, to ensure
better coverage of screening cold-active proteolytic enzymes, metagenomics
approaches are initiated. Initially, amplicon metagenomics sequencing is implemented
to analyze the total microbial diversity of the sample including culturable and
uncultured bacteria. While functional metagenomics would allow the total genome to
be analyzed in the suitable host as recombinant enzymatic screening for its
functionality. These culture-independent approaches can screen these targeted enzymes
from other bacteria groups.

Enzymes are well-known biocatalyst that works under a specific range of

environmental conditions. The usage of enzymes is increasing especially in industrial



applications due to their environmentally characteristics. As the output demand
increase, the harshness of the industrial process also increases to produce more products.
Consequently, extremozymes were explored to meet the harshness conditions process
where their predecessor was incapable. A cold-active enzyme is also classified as
extremozymes. This enzyme enables the system to run at low temperatures. The
majority of commercial or industrial enzymes are mesophilic that required high
temperatures for efficient catalytic activity. Therefore, the system needs to be heated
for the enzyme to function effectively. In the interest of profits, it is considered time
and energy-consuming. In addition, a higher temperature is also needed to deactivate
this enzyme through the denaturation process. Consequently, introducing higher
temperatures in the system will always initiate undesirable chemical reactions and loss
of volatile compounds. Therefore, the cold-active enzyme has valuable potential as an

alternative to overcome these limitations of these commercial or industrial enzymes.

1.3 RESEARCH QUESTIONS

The study aimed to answer the following questions:
1- What are the potential bacteria that can produce cold-active proteases in
the Antarctic soil?
2- What are the optimal growth conditions of the selected bacteria that can
produce cold-active protease?
3- Are there any unculturable bacteria and functional cold-active protease that

can be identified using the metagenomics approaches?



1.4 RESEARCH OBJECTIVES

The study aimed to achieve the following objectives:
1- To isolate and identify bacteria from Antarctic regions that can produce
cold-active proteolytic enzymes based on the 16S rRNA gene.
2- To optimize the growth conditions of selected strains that can produce the
cold-active proteolytic enzyme.
3- To analyze uncultured bacteria diversity of the sample through amplicon
metagenomics sequencing and identify clones with cold-active protease

through functional metagenomics.

1.5 SIGNIFICANCE OF THE STUDY

This study is important as a preliminary study for bioprospecting of cold-active protease
from Antarctic regions. The discovery of cold-active protease in this study will include
both culturable and non-culturable modes. Hence, the total discovery of cold-active
protease could be assessed and analysed from the Antarctic samples.

Initially, this study will isolate and identify the bacteria that can produce cold-
active protease enzymes. These bacteria have the potential as a candidate for high-scale
production of cold-active protease for specific industrial and biotechnology
applications. In addition, the discovery of cold-active protease via metagenomics and
functional metagenomics studies not only will provide the taxonomic status of
unculturable bacteria but also the potential novel cold-active protease. The terms novel
could be clarified in many ways such as enzyme structure, function and working

conditions.





