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Copper is a transition metal which is essentially needed in living things. It plays
various roles such as cofactor for enzymes which are important in cellular processes.
However, high concentration of copper will lead to toxicity. Living organisms have
metal homeostasis mechanisms in order to overcome such adversities caused by metals.
In bacteria, such mechanisms help to stabilize cellular copper concentrations. To date,
nine classes of copper regulation have been documented and classified based on the
organisms from which they have been found. CsoR copper regulation is the most
recently discovered mechanism. To date, only three CsoR proteins (from Thermus
thermophilus, Mycobacterium tuberculosis and Streptomyces lividans) are structurally
and functionally characterized. Hence, the effort of finding and characterizing more of
these proteins from other bacterial strains are important to gain more significant
comparisons of this protein across different bacterial taxa. A good platform to find and
study in greater detail for such candidates would be within the pool of hypothetical
proteins (HPs). HPs constitute approximately 30-40% of any given genome. They are
often referred as “orphan” proteins due to their unknown functions stemming from
their low sequence and/or structural homology to other known, well-characterized
proteins. In this study, a scan on the complete genome of a locally isolated Geobacillus
zalihae thermophile revealed the presence of a CsoR-like (Csorg,) hypothetical protein
which contained CsoR-like_ DUF156 domain and highly conserved Cys-His-Cys
residues important for copper binding, similar to well characterized CsoR proteins.
However, it only shares 30-38% sequence identity to well characterized CsoR proteins.
3-D structural prediction of Csorg,-like protein via threading predicted that the protein
contains three helices per monomer. Its putative, conserved copper-binding residues,
Cys46-His71-Cys75, were also found to be located on 02 helix of the predicted
structure similar to other CsoR proteins. Amplification of the csorg,-like open reading
frame from the genome of G. zalihae was achieved and the amplicon was cloned into
PET-28b expression vector for heterologous production of the protein in Escherichia
coli BL21 Star ® (DE3). Native-PAGE analysis of the purified recombinant Csorg,-like
protein revealed that it is a dimeric protein. Secondary structure analysis of the protein
with circular dichroism revealed that it comprises of mainly a-helices, similar to well



characterized CsoR proteins. Titration of Cu(l)Cl to the purified recombinant Csorg,-
like protein revealed interaction of Cu(l) with the protein as revealed by UV/Vis,
circular dichroism and fluorescence spectroscopy analyses, with a Ky of 6.4 x 10° M. It
can be concluded that Csorg,-like protein, despite being a HP, contains the Cu(l)
binding property thus gives more insights on copper regulator proteins in bacterial
diversity.
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Kuprum merupakan sejenis logam peralihan yang diperlukan oleh organisma hidup. la
memainkan pelbagai peranan seperti kofaktor enzim di mana ia sangat penting dalam
proses sel. Walaubagaimanapun, kepekatan kuprum yang tinggi boleh mengakibatkan
ketoksikan. Organisma hidup mempunyai mekanisme kawal atur logam untuk
mengatasi kesan buruk sedemikian yang diakibatkan oleh logam. Di dalam bakteria,
mekanisme kawal atur membantu untuk menyeimbangkan kepekatan kuprum.
Sehingga kini, terdapat sembilan kelas pengawal atur kuprum direkod dan
diklasifikasikan mengikut organisma di mana pengawal atur tersebut dijumpai.
Pengawal atur kuprum CsoR ialah mekanisma kawal atur yang terbaharu dijumpai.
Buat masa ini, hanya tiga protein CsoR (daripada Thermus thermophilus,
Mycobacterium tuberculosis dan Streptomyces lividans) yang telah dicirikan struktur
dan fungsinya. Oleh itu, usaha untuk mencari dan mengetahui lebih lanjut tentang
protein ini daripada strain bakteria yang lain adalah penting untuk mendapatkan
perbandingan yang signifikan merentasi taksa bakteria yang berbeza. Platform terbaik
untuk mencari dan mengkaji lebih lanjut tentang protein tersebut adalah daripada
protein hipotetikal (HP). HP merangkumi kira-kira 30-40% daripada sesebuah genom.
HP juga sering digelar protein “yatim” kerana fungsinya yang tidak diketahui berpunca
dari kesamaan struktur dan/atau jujukan yang rendah dengan protein-protein lain yang
diketahui dan yang telah dicirikan dengan baik. Di dalam kajian ini, protein mirip-
CsoR (Csorg,) telah ditemui di dalam genom bakteria termofil pencilan tempatan,
Geobacillus zalihae. Protein hipotetikal ini mempunyai domain CsoR-like_ DUF156
dan residu terpelihara Cys-His-Cys yang penting untuk pengikatan kuprum sepertimana
protein CsoR lain yang telah dicirikan. Walaubagaimanapun, ia hanya berkongsi 30-
38% identiti jujukan dengan protein CsoR yang telah dicirikan dengan baik. Ramalan
struktur 3-D terhadap Csorg, melalui kaedah threading meramalkan ia terdiri daripada
tiga heliks per monomer. Residu terpelihara yang putatif untuk pengikatan kuprum,
Cys46-His71-Cys75 juga ditemui pada heliks a2 struktur ramalan sama seperti protein
CsoR yang lain. Amplifikasi rangka bacaan terbuka mirip-csorg, daripada genom G.
zalihae telah dicapai dan amplikon tersebut telah diklonkan ke dalam wvektor
pengekspresan pET-28b untuk penghasilan protein heterolog di dalam Escherichia coli



BL21 Star ® (DE3). Analisa Native-PAGE terhadap protein seakan-Csorg, yang telah
ditulenkan menunjukkan bahawa protein tersebut adalah protein dimer. Analisis
struktur sekunder menggunakan circular dichroism pula menunjukkan bahawa protein
tersebut terdiri daripada a-heliks sepertimana protein CsoR yang lain. Pentitratan
Cu(DCI kepada protein rekombinan mirip-Csorg, yang tulen menunjukkan interaksi
antara Cu(l)CI dengan protein tersebut seperti yang ditunjukkan oleh UV/Vis, circular
dichroism, dan analisis spektrofotometer berpendarfluor, dengan K4 bersamaan 6.4 x
10° M. la boleh disimpulkan bahawa protein mirip-Csorg,,walaupun merupakan
protein hipotetikal, memiliki ciri-ciri pengikatan Cu(l) sekaligus dapat memberi
pandangan lebih mendalam tentang protein kawal atur kuprum di dalam diversiti
bakteria.
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CHAPTER |

INTRODUCTION

1.1 Introduction

Transition metals such as copper are essentially needed in living things. Copper plays
so many roles such as cofactor for enzymes as well as in cellular processes
(Rademacher and Masepohl, 2012). However, high concentration of copper will lead to
toxicity via the formation of reactive oxygen species (ROS) and interference of protein-
metal interaction by competing with other metals at the protein binding sites
(Macomber and Imlay, 2009; Hiniker et al., 2005). In order to overcome toxicity,
homeostasis mechanism is needed. Copper regulation in bacteria is one of the metal
regulation mechanisms which help to stabilize cellular concentration of copper. To
date, nine classes of copper regulation have been documented and classified based on
the organisms they have been found in, namely CueR, CusRS, ComR (in Escherichia
coli), CopL, CorE proteobacteria such as Xanthomonas sp. and Myxococcus xanthus
respectively, BxmR in cyanobacteria and CopY, CsoR, YcnK in Gram-positive
bacteria (Rademacher and Masepohl, 2012). Among these mechanisms, CsoR copper
regulation is the most recently discovered mechanism. In this mechanism, CsoR, a
copper sensor protein, acts as a regulator (repressor) in the expression of target genes
involved in copper homeostasis in an operon. In excessive amount of Cu(l), CsoR
binds to the metal ion, thus releasing itself from the regulator-binding site of the operon
and finally allows the production of the proteins involved in copper regulation (Liu et
al., 2007).

To date only three CsoR proteins (from Thermus thermophilus (Sakamoto et al., 2010),
Mycobacterium tuberculosis (Liu et al., 2007) and Streptomyces lividans (Dwarakanath
et al., 2012) are structurally and functionally characterized. Hence, the effort of finding
and characterizing more of this protein from other bacterial strains are important to
gain more significant comparisons of this protein among different bacteria. A good
platform to find and study in greater detail for such candidates would be within the
pool of hypothetical proteins (HPs). HPs significantly constitute approximately 30-40%
of any given genome (Bork, 2000). They are often referred as “orphan” proteins due to
their unknown functions as they have low sequence and/or structural homology to other
known, well-characterized proteins (Hanson et al., 2010; Roberts, 2004).

In this study, a scan on the genome of a locally-isolated Geobacillus zalihae (Rahman
et al., 2007) revealed the presence of a sequence encoding CsoR-like hypothetical
protein (CsoRg,-like HP). This study is thus aimed to predict the structure and copper
binding property of CsoRg,-like HP via multiple approaches ranging from in silico as
well as biochemical and biophysical studies.



1.2 Research Objectives

1.2.1  To analyse the sequence and protein characteristics of csoRg,-like gene via
bioinformatics analyses

1.2.2  To predict and determine the structural characteristics of CsoRg,-like HP via
in silico and biophysical approach respectively

1.2.3  Todetermine Cu(l) binding ability and affinity of CsoRg,-like HP
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