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The nucleocapsid protein (NCp) of Nipah virus (NiV) expressed in Escherichia coli
(E. coli) is antigenic and immunogenic. NCp-NiV is a potential serological antigen
that can be used in the diagnosis of NiV infections. The yield of NCp expressed in E.
coli is low due to the proteolytic degradation by host endogenous proteases.
Therefore, it is important to inhibit the endogenous proteolytic degradation activity
and shorten the protein recovery process to avoid or reduce the action of protease on

the recombinant NCp.

A method to predict the type of potential protease that attacks the NCp-NiV and its
potential cleavage sites in E. coli to enhance the recovery of NCp was developed. A
bioinformatics tool, PeptideCutter was used to identify potential protease and its

cleavage sites from the amino acid sequences deduced from the published DNA



sequence of the NCp-NiV. The predicted proteases were serine proteases, hence, a
range of serine protease inhibitors were tested to improve the yield of NCp. The yield
of NCp was increased by 2-fold after the phenylmethylsulphonyl fluoride (PMSF)

supplementation.

The downstream processing of the NCp-NiV from clarified E. coli homogenate was
investigated. Two types of preparative chromatographic purification in a packed bed
column; immobilised metal affinity chromatography (IMAC) and hydrophobic
interaction chromatography (HIC) were studied and compared. A direct recovery of
recombinant NCp-NiV from unclarified E. coli homogenate based on EBA
chromatography was then developed by using the type of chromatography that can
obtain high yield of the NCp with high antigenicity. In the IMAC system, HisTrap™
6 Fast Flow was applied to purify the recombinant histidine-tagged NCp. A histidine
hexamer tag was placed at the C-terminus of the NCp and this enabled the
purification of NCp by IMAC system. The optimal binding was achieved at pH 7.5
and superficial velocity of 75 cm/h. The bound NCp was successfully recovered by a
stepwise elution with a range of imidazole concentration (50, 150, 300 and 500 mM).
The NCp was captured and eluted from an inlet NCp concentration of 0.4 mg/ml in a
scale-up IMAC packed bed column of Nickel Sepharose™ 6 Fast Flow with the
optimized conditions obtained from the scouting method. The purification of
histidine-tagged NCp using IMAC packed bed column has resulted a 68.3% yield

and a purification factor of 7.94.

In the HIC system, ammonium sulfate precipitation experiment was performed and it

showed that 15% saturation of the salt was the most suitable concentration for the



binding buffer. Batch binding of the NCp was performed using Sepharose™ 6 Fast
Flow adsorbents coupling separately with four different types of ligand; phenyl low
substitution, phenyl high substitution, butyl and octyl. The phenyl low substitution
ligand was selected for subsequent optimization process due to its highest yield and
purity of the NCp achieved from the batch binding experiment. The HIC for
purification of the NCp was further scaled up using a 10 cm column packed with
phenyl low substitution Sepharose™ adsorbent. A recovering yield of 81% of the
NCp with a purification factor of 9.3 was achieved from this scaled-up HIC

operation.

Hence, the HIC adsorbent was used to capture the NCp in an EBA column due to its
higher yield and purity obtained in the third chapter than the IMAC purification in
the second chapter of this study. DNase was added to reduce the viscosity of
feedstock and improve the axial mixing prior to the loading of the feedstock to the
EBA column packed with the Streamline™ HIC adsorbent charged with phenyl. The
addition of glycerol to the washing buffer has reduced the volume of washing buffer
applied, and thus reduced the loss of the NCp during washing stage. The dynamic
binding capacity at 10% breakthrough of 3.2 mg/g adsorbent was achieved at a linear
flow velocity of 178 cm/h, bed expansion of two and viscosity of 3.4 mPas. The
adsorbed NCp was eluted with the buffer containing a step gradient of salt
concentration. The purification of hydrophobic NCp using HIC-EBA column has

resulted an 80% yield and a purification factor of 12.5.
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Protein nukleokapsid (NCp) virus Nipah (NiV) terekspres dalam Escherichia coli (E.
coli) adalah antigenik dan imunogenik. NCp-NiV adalah satu antigen serologis yang
berpotensi untuk diagnosis jangkitan NiV. Hasil NCp terekspres dalam E. coli adalah
rendah disebabkan oleh degradasi proteolitik endogenus protease E. coli.
mengurangkan hasil NCp. Maka adalah penting untuk merencatkan aktiviti degradasi
proteolitik dan memendekkan proses pemulihan protein untuk mengurangkan

tindakan protease ke atas rekombinan NCp.

Satu cara untuk meramalkan jenis protease protensi yang bertindak ke atas
rekombinan NCp-NiV dan tapak pemotongan potensi dalam E. coli untuk
peningkatan hasil pemulihan NCp telah dibangunkan. Satu alat bioinformatik,
PeptideCutter telah digunakan untuk mengenalpasti jenis protease dan tapak

pemotongannya daripada jujukan asid amino yand dideduksikan dari jujukan DNA
Y



NCp-NiV yang terterbit. Protease yang diramalkan adalah protease serine, oleh yang
demikian, satu julat perencat protease serine telah diuji bagi mempertingkatkan hasil
NCp. Hasil NCp telah dipertingkatkan sebanyak dua kali ganda selepas penambahan

fenilmetilsulfonil fluorida (PMSF) ke dalam buffer.

Pemprosesan hilir rekombinan NCp-NiV daripada homogenat E. coli yang
dijerninkan disiasat. Dua jenis kromatografi sediaan dalam satu turus lapisan
terpadat; afiniti logam pegun (IMAC) dan kromatografi sedian interaksi hidrofobik
(HIC) telah dikaji dan dibanding. Satu pemulihan secara langsung rekombinan NCp-
NiV dari homogenat E. coli tanpa dijernihkan dalam penjerapan lapisan terkembang
(EBA) telah dibangunkan dengan menggunakan jenis kromatografi di mana NCp
yang didapati dengan antigenisiti yang tinggi. Dalam sistem IMAC, HisTrap™ 6
Fast Flow telah digunakan untuk menulen NCp rekombinan bertag histidina. Satu tag
heksamer histidina telah ditempatkan pada hujung-C NCp untuk membolehkan
penulenan NCp dengan menggunakan sistem IMAC. Keadaan penjerapan optimum
yang diperolehi adalah pada pH 7.5 dan halaju permukaan 75 cm/j. NCp yang dijerap
telah berjaya dipulihkan dengan elusi berperingkat dengan satu julat kepekatan
imidazole (50, 150, 300 and 500 mM). Satu naik-skala turus lapisan terpadat dengan
menggunakan suapan Nickel Sepharose™ 6 Fast Flow dan keadaan teroptimum yang
diperolehi daripada aktiviti peninjauan telah dijalankan untuk memulih NCp.
Penulenan NCp bertag histidina dengan IMAC telah membawakan hasil setinggi

68.3% dan faktor penulenan sebanyak 7.94.

Dalam sistem HIC, ujikaji pemendakan ammonium sulfate telah dijalankan dan ia
menunjukkan 15% ketepuan garam adalah kepekatan yang paling sesuai digunakan

untuk penimbal penjerapan. Penjerapan kelompok NCp telah dijalankan dengan

Vi



menggunakan penjerap Sepharose™ 6 Fast Flow yang diganding berasingan dengan
empat jenis ligan berlainan; fenil berpekali penggantian rendah, fenil berpekali
penggantian tinggi, butil dan oktil. Fenil berpekali penggantian rendah telah dipilih
untuk proses pengoptimuman seterusnya disebabkan oleh hasil yang tertinggi dan
ketulenan NCp yang dicapai daripada eksperimen penjerapan kelompok. Penulenan
NCp dari HIC telah dinaik-skala selanjutnya dengan penggunaan turus lapisan
terpadat 10 cm dengan penjerap fenil berpekali penggantian rendah Sepharose™.
Satu hasil pemulihan NCp sebanyak 81% dengan satu faktor penulenan 9.3 telah

dicapai daripada operasi naik-skala ini.

Dengan demikian, penjerap HIC telah digunakan untuk menyerap NCp dalam turus
EBA kerana hasil dan ketulenan yang didapati dalam Bab Ketiga lebih tinggi
daripada hasil penulenan IMAC dalam Bab Kedua dalam kajian ini. DNase telah
dicampurkan untuk merendahkan kelikatan suapan sebelum muatan suapan dan
mempertingkatkan pencampuran paksi dalam turus EBA yang dipadatkan dengan
penjerap Streamline™ HIC terganding dengan fenil. Penambahan gliserol dalam
penimbal pembersih telah mengurangkan penggunaan isipadu penimbal pembersih
dan seterusnya mengurangkan kehilangan NCp semasa peringkat pembersihan.
Kapasiti penjerapan dinamik pada 10% terobosan bernilai 3.2 mg/g penjerap telah
dicapai pada halaju permulaan 178 cm/h, tahap dua lapisan terkembang dan kelikatan
3.4 mPas. NCp yang terjerap telah dielusikan dengan penimbal yang mengandungi
langkah kecerunan kepekatan garam berkurangan. Penulenan hidrofobik NCp dari
HIC dengan turus EBA telah membawa hasil sebanyak 80% dan faktor penulenan

12.5.
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CHAPTER 1

INTRODUCTION

Target proteins can be separated and are purified using purification methods that
separate them from other contaminant proteins based on its specific properties such
as the charge, hydrophobicity, size and combinations of several properties. For
instance, affinity chromatography separates proteins based on the specific chemical
interaction between the target protein and the specific ligand coupled to a
chromatography matrix. Meanwhile, hydrophobic interaction chromatography (HIC)
separates proteins according to the surface hydrophobicity. The selection of suitable
purification methods for a target protein is challenging due to the complexity of the
feedstock contains dissolved solids, biomass and cell debris. Protein purification is a
series of processes to produce an active and stable target protein, which is isolated
from those potential contaminant proteins and proteases in the complex feedstock.
Protein purification plays important role in obtaining the target protein at the desired
concentration while maintaining their biological characteristic. Therefore, a well-
developed purification protocols are needed to provide the target protein with

acceptable purity and well preserved.

Nipah virus (NiV), a paramyxovirus was isolated from an outbreak of encephalitis
and respiratory illness among humans through close contact with infected swine in
Malaysia. A mass culling of infected and non-infected swine was carried out, causing
large economic loss to the swine industry of the affected countries. Therefore, there

is a need for surveillance programs in preventing future NiV epidemics by



