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Flavonoids are commonly found in plants and possessed vast benefits
particularly towards the improvement of human health. These compounds that
are attracting scientific attention, have been traditionally extracted from plant
sources and synthesized chemically. Nevertheless, methods such as heat reflux
and Soxhlet extractions are commercially infeasible, laborious, waste plant
sources, and are environmentally unsafe due to the use of toxic solvents.

Polygonum minus Huds. is a household-plant with flavonoids as one of its major
compounds, hence engineering a plant's phenylpropanoid pathway into
microbial hosts for flavonoid production is an option, where these metabolites
are produced without facing the issues mentioned. This study aims to identify
and isolate chalcone isomerase (CHI) from P. minus, to express chalcone
synthase (CHS) and CHI in Escherichia coli, and to predict the three-
dimensional (3D) structure of CHI protein from P. minus. The Open Reading
Frame (ORF) of CHI gene was isolated through PCR amplification from P. minus
cDNA. Various bioinformatics analyses were carried out to analyze the identified
PmCHI protein sequence. Then, CHS and CHI genes from P. minus were codon-
optimized, synthesized, and individually cloned into an expression vector.

The recombinant vectors were later transformed into E. coli BL21(DE3).
Temperature differences applied during the growth of recombinant E. coli
BL21(DE3) expressing these enzymes were investigated, followed by western
blot analysis and partial purification of these enzymes. As the 3D structure of
PmCHS was predicted previously, Yet Another Scientific Artificial Reality
Application (YASARA) software was used to construct the PmCHI model by



using the CHI protein model of Deschampsia antartica Desv. (PDB ID: 5YX4) as
template. The predicted model was analyzed, and previously theorized active
site residues were highlighted. Then, the predicted model was validated by using
validation programs and servers available online.

ORF of PmCHI was identified to be ~700-bp long, encoding for 236 amino acid
residues, with a predicted molecular weight of 25.4 kDa. Conserved residues
involved in the active site cleft of CHI enzyme group are present in PmCHI
protein sequence and was identified to belong to the class of Type | of CHI.
PmCHI also comprises of more than 50% hydrophobic residues, lacks any signal
peptide and transmembrane helices. The expression of CHS and CHI were
observed at 16 °C and succeeding partial purification showed the potentials of
these proteins to be fully purified for enzyme characterization studies.

The Ramachandran plot showed that 93.9% of residues in the predicted PmCHI
model were present in the most favored regions. Likewise, Verify3D and ERRAT
showed that the 3D model of PmCHI gave values that are within the acceptable
range of a good structure. As a conclusion, this study would provide more
information on PmCHI and PmCHS enzymes, that can be incorporated into the
flavonoid-producing pathway and engineered into a recombinant host, where
significant yields of flavonoid compounds are expected.
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Flavonoid yang biasanya dijumpai dalam tumbuhan, mempunyai banyak
kebaikan terutamanya terhadap penambahbaikan kesihatan manusia. Sebatian
yang menarik perhatian saintifik ini, secara tradisionalnya diekstrak daripada
tumbuhan dan disintesis secara kimia. Kaedah seperti pengekstrakan
menggunakan refluks haba dan Soxhlet, berkos tinggi, membazirkan masa dan
sumber tumbuhan dan menggunakan pelarut toksik berbahaya terhadap alam
sekitar.

Polygonum minus Huds. ialah tumbuhan yang mempunyai flavonoid sebagai
antara sebatian utama, jadi kejuruteraan laluan fenilpropanoid daripada
tumbuhan ke dalam perumah mikrob untuk penghasilan flavonoid adalah satu
pilihan, tanpa masalah yang disebut. Misi kajian ini adalah untuk mengecam dan
mengasing kalkon isomerase (CHI) daripada P. minus, untuk mengekspres
kalkon sintase (CHS) dan CHI di dalam Escherichia coli dan untuk meramal
struktur tiga-dimensi (3D) protein CHI daripada P. minus. Rangka baca terbuka
(ORF) gen CHI telah diasingkan melalui amplifikasi PCR daripada cDNA P.
minus. Analisis bioinformatik telah dilakukan untuk menganalisis jujukan protein
PmCHI yang dikenalpasti. Gen CHS and CHI daripada P. minus telah dikodon-
optimum, disintesis dan diklon secara berasingan ke dalam vektor
pengekspresan.

Vektor-vektor rekombinan ini seterusnya ditransformasi ke dalam E. coli
BL21(DE3). Perbezaan suhu ketika pertumbuhan E. coli BL21(DE3) rekombinan
yang mengekspres enzim-enzim ini juga telah dikaji, dianalisis menggunakan
blot western dan penulenan separa enzim-enzim juga dijalankan. Dengan
kejayaan ramalan struktur 3D PmCHS sebelum ini, Perisian Yet Another



Scientific Artificial Reality Application (YASARA) telah difokuskan untuk
membina model PmCHI menggunakan model CHI Deschampsia antartica Desv.
(PDB ID: 5YX4) sebagai templat. Model ini dianalisis dan penumpuan terhadap
residu di tapak aktif yang diteorikan telah dilakukan. Model yang diramalkan
telah dinilai menggunakan program dan pelayan yang terdapat dalam talian.

ORF PmCHI berukuran ~700-bp, mengenkodan 236 residu asid amino dan
diramalkan mempunyai jirim molekul 25.4 kDa. Jujukan protein PmCHI
mempunyai residu terlindung yang hadir dalam klef tapak aktif kumpulan enzim
ini dan tergolong di dalam kelas Jenis | bagi enzim CHI. PmCHI mempunyai
lebih 50% residu hidrofobik, tiada isyarat peptida dan heliks transmembran.
Pengekspresan enzim CHS dan CHI dilihat pada 16 °C dan penulenan separa
menunjukkan potensi mereka untuk ditulenkan sepenuhnya bagi kajian tentang
sifat protein.

Plot Ramachandran menunjukkan 93.9% residu dalam model PmCHI terletak
dalam kawasan paling terbaik. Program Verify3D dan ERRAT juga
menunjukkan model 3D PmCHI memberi nilai yang diterima untuk struktur yang
baik. Kesimpulannya, kajian ini menyediakan lebih informasi tentang enzim
PmCHI dan PmCHS, yang boleh dimasukkan ke dalam laluan yang
menghasilkan flavonoid dan perumah rekombinan, di mana penghasilan
flavonoid pada kadar yang tinggi dijangkakan.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Flavonoids are classified as secondary metabolites produced through evolved
phenylpropanoid metabolism, resulting in various inter-related flavonoid
structures (Trantas et al., 2015). Flavonoids are mostly seen in plants as their
coloring pigments (Khoo et al., 2017). These compounds proved to be beneficial
as they have cholesterol-reducing (Kim et al., 2011), antioxidant, antidiabetic,
antimicrobial, and anticancer properties (Hedlund et al., 2003; Cushnie & Lamb,
2005; Hossain et al., 2016; Chu et al., 2018). Economic prospects of flavonoids
are enormous as they have potentials in pharmaceutical, nutraceutical, and
agricultural sectors and were forecasted to reach up to USD 1.05 billion in
revenue by 2021 (Hichri et al., 2011; Khoo et al., 2017; “Global flavonoid
market,” n.d.).

Current methods of flavonoid production depend on plant extractions and
chemical synthesis. These processes are often time-consuming, commercially
infeasible, unsafe towards the environment due to the use of harmful chemicals
and are wasteful in terms of natural resources (Trantas et al., 2015). Hence, a
solution to these issues is to provide an alternate source capable of producing
flavonoids by engineering phenylpropanoid pathway into microbial hosts, such
as E. coli and Saccharomyces cerevisiae.

Polygonum minus Huds. (synonym: Persicaria minor) or 'kesum’ in Malay is a
plant commonly found in the Southeast-Asia region. The high antioxidant
capacity of P. minus is due to the high polyphenol, vitamin C, and B-carotene
contents in this plant (Christapher et al., 2015). Also, aside from terpenes,
flavonoids are the major compounds in P. minus (Khairudin et al., 2013). There
are several enzymes involved in the flavonoid biosynthetic pathway of P. minus,
starting from phenylalanine- or tyrosine-ammonia lyase (PAL or TAL),
cinnamate-4-hydroxylase (C4H), 4-coumarate:CoA-ligase (4CL), followed by
chalcone synthase (CHS) and isomerization into the final product by chalcone
isomerase (CHI) which produces naringenin, a flavanone and universal
precursor for many other essential flavonoid compounds.

Absence of the detailed information on the CHI protein sequence from P. minus
hinders the characterization of this protein and for the complete assembly of the
flavonoid biosynthesis pathway in microbial hosts for heterologous flavonoid
production. On the other hand, the CHS protein sequence from P. minus has
previously been identified (Roslan et al., 2013). However, there is no current



study conducted to investigate the heterologous expression of these enzymes
from P. minus in a prokaryotic system (E. coli), and their subsequent
purifications; which would later be very beneficial in future research focusing on
the characterization of these proteins.

Determination of the three-dimensional structure of a protein is an important
area in the proteomics study as it can deliver information on the functions of this
protein (Waterhouse et al., 2018). The computational approach is a current
method used for structure determination, as it will provide comprehensive
structural information based on a novel protein sequence, where the structure
has not been determined experimentally (Centeno et al., 2005). Previously,
Roslan et al. (2013) had successfully predicted the 3D structure of CHS by
computational analysis. Hence, the absence of a detailed 3D structure of CHI
protein from P. minus could be solved by using structure prediction programs
(such as homology modeling) and gives further insight on the working
mechanism of this enzyme.

1.2 Research objectives
This study is divided into three different chapters, each focusing on a single
objective. The specific objectives for each chapter in this study are:

1. Toidentify and isolate chalcone isomerase (CHI) from P. minus

2.  To express chalcone synthase (CHS) and chalcone isomerase (CHI)
in E. coli

3.  To predict the three-dimensional (3D) structure of CHI protein from P.
minus through homology modeling
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