SCREENING, CLONING AND EXPRESSION
OF A XYLANASE FROM PALM OIL MILL
EFFLUENT (POME) BY FUNCTIONAL
METAGENOMICS APPROACH

BY

ADIBAH BINTI PARMAN

A thesis submitted in fulfilment of the requirement for the
degree of Master of Science (Biotechnology Engineering)

Kulliyyah of Engineering
International Islamic University Malaysia

SEPTEMBER 2020


http://www.google.com.my/url?url=http://www.iium.edu.my/educ&rct=j&frm=1&q=&esrc=s&sa=U&ei=KHqFVJaTIZKyuATNwoGoBw&ved=0CBMQFjAA&usg=AFQjCNH8CPBB4-yr6XSF1EeEZS5f3iT02w

ABSTRACT

Metagenomics approach is an alternative method to study the novel enzyme. Therefore,
a metagenomic fosmid library of approximately 50,000 clones was screened to identify
the novel xylanase enzymes. The metagenomics deoxyribonucleic acid (DNA) used in
this study is from the samples of palm oil mill effluent (POME) from Felda Palm
Industry Sdn. Bhd. in Mempaga, Pahang. Clones of the metagenomics were screened
using fluorescence substrate of chlorocoumarin xylobioside. The high score reads
obtained from screening were sent for next-generation sequencing (NGS) of Illumina
HiSeq2000. The sequences were further analysed to identify the predicted xylanase
genes using automated and manual bioinformatic tools. A total of 34 predicted
xylanases were identified, and five predicted xylanase genes #11, #15, #16, #17, and
#18 of various microbial origins were chosen to be further analysed. The translated
sequences of these five genes later were analysed to determine the primary, secondary,
and tertiary protein structures in predicting feature and function of predicted xylanases.
Next, based on the integrity checking in agarose gel electrophoresis (GE), Gene #15
with approximately 1.2 kb was chosen to be cloned into the pPBAD-TOPO vector. Gene
#15 has the percentage identity of 99.3% to the Ochrobactrum intermedium with
glycoside hydrolase (GH) 10 as the conserved domain. After cloning, pPBAD-TOPO-
Xyl was used to transform E. coli cells and expressed using the inducer, L-arabinose.
Protein #15 (P15) was later purified using immobilised metal affinity chromatography
(IMAC), and the molecular mass of SDS-PAGE of approximately 46 kDa was
confirmed. The P15 also fluoresced when checked with chlorocoumarin xylobioside
substrate, which suggests the protein is a xylanase enzyme.
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND

The advancement in the genomics and metagenomics field has widened the view on
microbial diversity and benefits future potential biotechnological applications,
including the novel enzyme mining process. Metagenomics is an advanced alternative
approach to genomics in understanding the microorganism’s diversity in a given sample
without necessarily culturing any microbes. Cultivable microorganisms constitute only
a tiny fraction of microbial diversity, which limits the mining process of novel enzymes
(Ferrer et al., 2005). A lot of microorganisms cannot be cultured normally in the
laboratory set-up. The metagenomics approach is the key to getting access to the
uncultivable microbes that potentially possess unique enzymes.

The metagenomics approach will be used in this research to study potential
xylan-degrading enzymes from the entire microorganisms living in palm oil mill
effluent (POME) samples. POME is a by-product of processed fresh fruit bunches
(FFB) from the palm oil industry, which contains high nutrient concentrations like
carbohydrate, nitrogen, protein, phosphorus, potassium, magnesium, and calcium
(Madaki & Seng, 2013).

Xylanase is one of the xylan degrading enzymes contained in hemicellulose rich
POME. Xylanase is currently accessible in different industrial applications because of
its catalytic ability in bio-bleaching of paper pulp, improvement of animal feed, bread

making, application in solid waste treatment, preparation of juice from fruits or



vegetables, improve retting of flax fibers, production of biofuels, and others (Asish,
2015). Throughout this research, genes encoding xylanase enzymes are expected to be
found from the POME sample through the metagenomics method.

The methodologies to be employed will be through the construction of the
metagenomics library, fluorescence high throughput screening (HTS), next-generation
sequencing (NGS), homology modeling, cloning, expression, and purification of the

recombinant xylanase enzyme.

1.2 PROBLEM STATEMENT

To date, most of the available enzymes used in industrial applications originated from
microbes. Enzymes are recognized as a favorable catalyst which can accelerate the rate
of reaction of a process. The traditional method used in getting microbial enzymes of
interest is by cultivating a microorganism through standard laboratory techniques.
However, research has proven that only less than 1% of environmental microorganisms
can be cultivated (Uchiyama & Miyazaki, 2009). This situation indicates that more than
99% of bacteria from the environment cannot be cultured using conventional
approaches.

As a counter method, the metagenomics approach appeared to be an alternative
to conventional microbial screening in studying the diversity of another 99% of non-
cultured microorganisms (Kennedy et al., 2011). Therefore, this research will focus on
the functional metagenomics approach to search for xylanases from the entire
microorganisms in palm oil mill effluent (POME) without culturing the microorganisms
from the POME sample. There are already microorganisms reported producing
xylanases in POME, like Bacillus, Micrococcus, and Staphylococcus

(Soleimaninanadegani & Manshad, 2014). However, by investigating through the



metagenomics approach, xylanase enzymes will be screened from the total
microorganisms in POME, which involve 99% of still undiscovered microorganisms
and including from 1% of cultivable microorganisms. The bacterial species of Bacillus,
Micrococcus, and Staphylococcus can be considered as microorganisms from the 1%
that can be investigated through standard laboratory methods. On the contrary, the
expected xylanase to be found in this research will be more diverse because of direct

mining from the POME sample.

1.3 RESEARCH OBJECTIVES

1. To screen for xylanase from a metagenomics library of palm oil mill effluent
(POME) sample.

2. To identify uniqgue DNA sequences encoding xylanases and model the structure of
xylanase from POME metagenome.

3. To clone, express, and purify a xylanase obtained from POME metagenomic library.

1.4  SIGNIFICANCE OF STUDY

Xylanase is a major xylan degrading enzyme for lignocellulosic materials. It plays a
huge role in the paper and pulp bleaching industry during the past several years besides
having potential applications in bioconversion of lignocellulosic biomass and agro-
wastes into a fermentative product, the digestibility of animal feedstocks, and the

clarification of juice (Motta et al., 2013).



1.5 RESEARCH METHODOLOGY

This functional metagenomics approach begins with metagenomic DNA extraction
from palm oil mill effluent (POME) samples. Next, the metagenomic DNA was cloned
into fosmid with a size of approximately 40 kb to construct a metagenomic library. In
mining the xylanases enzyme, high throughput screening using chlorocoumarin
xylobioside substrate was used in this study. Next, the gene of interest was further
identified through lllumina HiSeq2000 next-generation sequencing (NGS) method and
was analysed using metagenomics bioinformatics analysis. Several potential xylanases
that have been found were further cloned and expressed using the pBAD-TOPO
expression system. The recombinant enzyme was then finally purified using

immobilised metal affinity chromatography (IMAC)

1.6 SCOPE OF RESEARCH

This study was conducted to study the possible xylanase enzymes in the
microorganisms of palm oil mill effluent using the metagenomics approach. It was only
limited to the lab-scale production of recombinant xylanases using molecular cloning
method and a specific substrate. The library was constructed by inserting the fragmented
metagenomic DNA of a specific size into the fosmid vector. Besides that, the
fluorescence high-throughput screening (HTS), next-generation sequencing (NGS), and
bioinformatics analysis method are also used to find the genes of interest. Later, the
molecular method of cloning, expression, and purification were also done to further

investigate on this enzyme.



1.7 DISSERTATION ORGANISATION

The thesis is systematically organised in 5 chapters with chapter 1 discussing an
overview, background, significance, and objective of the study. Next, Chapter 2 is
focusing on literature review and information related to the functional metagenomics
approach, xylanases, and palm oil mill effluent, especially in the five recent years.
Following this chapter, chapter 3 elaborates on the materials and methodology being
used in this study. Accordingly, chapter 4 details the results obtained in this study with

a clear and concise discussion. Finally, chapter 5 is the concluding part of the thesis.



CHAPTER TWO

LITERATURE REVIEW

2.1 INTRODUCTION

Screening for microbial biocatalysts directly from environmental samples is more
applicable and convenient compared to the conventional plate cultivation approach (Hu
et al., 2008). The metagenomic technique has an advantage over conventional plate
cultivation approach and provides an alternative approach in understanding 99%
missing biodiversity of unculturable or difficult to culture microbes (Ferrés et al., 2015).
In this study, the xylanase gene obtained from palm oil mill effluent (POME) through a
functional metagenomic approach was screened, identified, analysed, cloned,
expressed, and finally purified.

Xylanase is one of the xylan degrading enzymes for hemicellulosic materials
metabolism which is currently popular in different industries because of its catalytic
ability in bio-bleaching of paper pulp, improvement of animal feed, bread making,
application in solid waste treatment, preparation of juice from fruits or vegetables,
improve retting of flax fibres, production of biofuels, and others (Asish, 2015).
However, this research will be limited to screening, cloning, and expression of a

xylanase enzyme found from the POME sample only.



2.2 AGRO-RESIDUE BIOMASS

Malaysia is endowed with massive biomass supply from the agricultural and plantation
residues. One of the major plantation residue in Malaysia besides rubber, cocoa, and
pepper is the palm oil (Shafie et al., 2012). Malaysia was the largest producer and
exporter of palm oil in the world from until 2007, when Indonesia replaced Malaysia as
the largest palm oil producer. Nevertheless, Malaysia is still among the top palm oil
producers and is only second to Indonesia (Otieno et al., 2016).

Agro-industrial wastes in the form of lignocellulosic biomass are accumulated
every year in huge quantities (Mussatto & Teixeira, 2010). The wastes of palm oil
industry include empty fruit bunches (EFB), palm pressed fibres (PPF), palm kernel
cake (PKC) and palm kernel shell (PKS). Other wastes from the palm oil industry which
contain lignocellulosic materials are oil palm trunks (OPT), oil palm fronds (OPF) and

palm oil mill effluent (POME) (Abdullah & Sulaiman, 2013).

2.2.1 Palm Oil Mill Effluent (POME)

POME is the final stage effluent of palm oil mill production. Fresh POME is a hot (80-
90 °C) and thick brownish colloidal mixture of oil, water, and fine suspended solids. In
this condition, POME is acidic at a pH of 4.5 with very high non-toxic biochemical
oxygen demand (BOD) (Madaki & Seng, 2013). Raw POME contains high
concentrations of carbohydrate (lignocellulosic materials), protein, nitrogenous
compound, lipids and minerals which are summarised in Table 2.1 (Habib et al., 1997).

The nutrient rich POME makes it as an ideal habitat for microorganisms.



Table 2.1: The approximate compositions (%) of major
constituents in POME (Habib et al., 1997)

Major Constituents Composition (%)

Moisture 6.99
Crude Protein 12.75
Crude lipid 10.21
Ash 14.88
Carbohydrate 29.55
Nitrogen-free extract 26.39
Total Carotene 0.019
Total 100.789

2.2.2 POME as Microbial Fermentation Medium

POME has been used as microbial fermentation medium to produce several value added
products like antibiotics, bio insecticides, solvents, polyhydroxyalkanoates (PHA),
organic acids as well as enzymes (Wu et al., 2009). Microorganisms are known as a
good source of useful enzymes as they could produce in extremely high rates and able
to synthesise active biological product (Motta et al., 2013). Some of the bacteria found
in POME is highlighted in Table 2.2. The indigenous microorganisms in POME or any
habitat can be isolated and identified in laboratory conditions but the great majority
(~99%) of the microbial population cannot be cultured, isolated and identified in
laboratory conditions (Ferrés et al., 2015). As a counter method, metagenomics
approach (also known as non-cultivable method) is a solution in making accessible of

99% biodiversity of microorganisms.



Table 2.2: Microorganisms found in POME by previous research

References Microorganisms Genera

(Soleimaninanadegani & Manshad, 2014) Bacteria Bacillus sp.
Micrococcus sp.
Pseudomonas sp.

Staphylococcus sp.

Fungi Aspergillus sp.
Candida sp.
Fusarium sp.
Mucor sp.
Penicillium sp.
(Nwuche et al., 2014) Bacteria Flavobacterium sp.
Fungi Trichoderma sp.
(Bala et al., 2018) Bacteria Stenotrophomonas sp.

Providencia sp.
Klebsiella sp.

Fungi Meyerozyma sp.

2.3  XYLAN FROM HEMICELLULOSE

The agricultural biomass residue rich in lignocellulosic biomass materials mentioned
previously in section 2.1 basically consists of 10 to 25% of lignin, 35 to 50% of cellulose
and 20 to 35% of hemicellulose (Saha, 2003).

Hemicellulose consists of linear and branched polymer which basically made up
of five and six different sugars of xylose, mannose, glucose, galactose and arabinose
with other components of acetic, ferulic and glucuronic acid. It is being classified into

xylans, glucans, mannans, glucuronoxylans, glucomannans, arabinoxylans,



