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Macrobrachium rosenbergii nodavirus (MrNv) is the causative agent of white tail
disease (WTD) in the giant freshwater prawn. The recombinant capsid protein can be
expressed in Escherichia coli, and it self-assembles into virus-like particles
(MrNVLP). Currently, there is no treatment for WTD and there is no thermally-
responsive VLP for drug delivery. The main aims of this study were to characterise
the MrNVLP, and applied the VLP for the screening of antivirus agents, as well as
delivery and thermally-controlled release of a cancer drug. MrNVLP was compared
with the native MrNv that was purified from naturally virus-infected post larvae of
M. rosenbergii. Western blotting demonstrated that both virus particles were
detectable using the rabbit anti-MrNv capsid protein serum. Transmission electron
microscopy showed that MrNVLP was spherical in shape similar to that of native
MrNv. Dynamic light scattering (DLS) showed the size of MrNVLP was stable for
approximately 4 weeks, and MrNVLP was non-cytotoxic as determined using the 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay, indicating
the potential of MrNVLP for in vitro applications. The amount of RNA in MrNVLP
was reduced using the RNase treatment to study the changes of the particles.
Interestingly, the size of MrNVLP was inversely related with the amount of RNA
packaged. Since MrNVLP was structurally similar with the capsid of native MrNv,
MrNVLP was used as a target to screen for anti-MrNv agents in order to control
WTD. Two dominant phages harbouring the amino acid sequences
HTKQIPRHIYSA and VSRHQSWHPHDL were selected and they bound strongly to
MrNVLP. Chemically  synthesised peptides HTKQIPRHIYSA  and
VSRHQSWHPHDL inhibited the internalisation of MrNVLP in Spodoptera
frugiperda (Sf9) cells. The peptides also inhibited infection of native MrNv as shown
by higher cell viability. Real-time reverse transcription-polymerase chain reaction
(real-time RT-PCR) assay revealed that the highest MrNv inhibition was observed
when both peptides were simultaneously applied. Owing to the nature of MrNVLP,
which is non-infectious and non-cytotoxic, thus it has the potential to be developed
as a nanocarrier in drug delivery. In this study, folic acid (FA) was covalently



conjugated to lysine residues located on the surface of MrNVLP, while doxorubicin
(Dox) was loaded inside the VLP using an infusion method. This nanoparticle,
namely FA-MrNVLP-Dox, released Dox in a sustained manner, and the rate of drug
release increased in response to a hyperthermia temperature at 43 °C. The FA-
MrNVLP-Dox enhanced the delivery of Dox to HT29 cancer cells, which expressing
higher level of folic acid receptor (FR) than CCD841CoN normal cells and HepG2
cancer cells. As a result, FA-MrNVLP-Dox increased the cytotoxicity of Dox on
HT29 cells but demonstrated lower drug’s cytotoxicity on CCD841CoN and HepG2
cells. In conclusion, MrNVLP is molecularly and morphologically similar compared
to the capsid of native MrNv. Two peptide inhibitors that blocked MrNv infection in
vitro were identified. In addition, MrNVLP was also shown to function as a
thermally-responsive nanocarrier for delivery of Dox to colorectal cancer cells. This
study demonstrated the potentials of MrNVLP in identification of WTD inhibitors,
and targeted delivery of cancer drugs.
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Macrobrachium rosenbergii nodavirus (MrNv) merupakan agen penyebab penyakit
ekor putih (WTD) dalam udang galah. Protein rekombinan kapsid MrNv boleh
diekspres dalam Escherichia coli, dan menyusun secara automatik kepada partikel
menyerupai virus (MrNVLP). Setakat kini, tidak ada rawatan untuk WTD dan tidak
ada VLP termal-responsif untuk penghantaran ubat. Matlamat utama kajian ini
adalah untuk mencirikan MrNVLP dan mengguna MrNVLP untuk penemuan agen
antivirus serta penghantaran dan pembebasan ubat kanser yang dikawal terma.
MrNVLP telah dibanding dengan MrNv asli yang telah ditulen daripada pasca larva
M. rosenbergii yang terjangkit semulajadi. Pemblotan Western menunjukkan bahawa
kedua-dua partikel virus tersebut dapat dikesan oleh serum arnab anti-protein kapsid
MrNv. Mikroskop electron transmisi menunjukkan bahawa MrNVLP adalah
berbentuk sfera dengan morfologinya menyerupai MrNv asli. Serakan cahaya
dinamik (DLS) menandakan bahawa saiz MrNVLP adalah stabil selama lebih kurang
4 minggu, dan MrNVLP tidak mempunyai kesan sitotoksisiti seperti yang ditentukan
oleh ujian 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromida (MTT),
menandakan potensi MrNVLP untuk kegunaan in vitro. Bilangan RNA di dalam
MrNVLP telah dikurangkan dengan rawatan RNase untuk mengkaji perubahan pada
partikel tersebut. Menariknya, saiz MrNVLP berhubung songsang dengan bilangan
RNA yang dibungkus. Memandangkan MrNVLP mempunyai struktur yang serupa
dengan kapsid MrNv asli, MrNVLP telah dijadikan sasaran untuk menemu agen anti-
MrNv supaya mengawal WTD. Dua faj utama dengan jujukan asid amino
HTKQIPRHIYSA dan VSRHQSWHPHDL telah dipilih dan kedua-dua faj tersebut
terikat dengan kuat kepada MrNVLP. Peptida HTKQIPRHIYSA dan
VSRHQSWHPHDL vyang disintesis secara kimia telah menyekat kemasukan
MrNVLP ke dalam sel-sel Spodoptera frugiperda (Sf9). Peptida tersebut juga
menyekat jangkitan MrNv asli seperti yang ditujukkan oleh kebolehhidupan sel yang
lebih tinggi. Ujian tindak balas berantai polimerase transkripsi terbalik masa nyata
(real-time RT-PCR) mendedahkan bahawa penyekatan paling tinggi tertunjuk apabila
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kedua-dua peptida tersebut digunakan secara serentak. Disebabkan oleh sifat
MrNVLP yang tidak berjangkit dan bukan sitotoksik, maka ia mempunyai potensi
dikembangkan sebagai pembawa-nano untuk penghantaran ubat. Dalam kajian yang
dilakukan, asid folik (FA) dikongjugasi secara kovalen kepada residu-residu lisin
yang berada di permukaan luar MrNVLP, manakala doxorubicin (Dox) dimuatkan ke
dalam VLP tersebut dengan kaedah infusi. Partikel nano ini, yang dikenali sabagai
FA-MrNVLP-Dox, membebaskan Dox secara berkekalan, dan kadar pembebasan
ubat tersebut meningkat sebagai maklum balas kepada suhu hipertermia pada 43 °C.
FA-MrNVLP-Dox meningkat penghantaran Dox kepada sel kanser HT29 yang
mengekspres reseptor asid folik (FR) pada tahap lebih tinggi berbanding dengan sel
biasa CCD841CoN dan sel kanser HepG2. Hasilnya, FA-MrNVLP-Dox
meningkatkan kesan sitotoksisiti Dox dalam sel-sel HT29, tetapi menunjukkan
sitotoksisiti ubat yang lebih rendah dalam sel-sel CCD841CoN dan HepG2.
Kesimpulannya, MrNVLP menpunyai ciri-ciri molekul dan morfologi yang
menyerupai kapsid MrNv asli. Dua peptida yang dapat menyekat jangkitan MrNv in
vitro telah ditemui. Selain itu, MrNVLP juga ditunjuk berfungsi sebagai penghantar-
nano yang terma-responsif untuk menghantar Dox ke sel-sel kanser kolon. Kajian ini
menunjukkan potensi MrNVLP dalam penemuan penyekat WTD, dan penghantaran
ubat kanser yang disasarkan.
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CHAPTER 1

INTRODUCTION

Macrobrachium rosenbergii nodavirus (MrNv) infects the giant freshwater prawn
and causes white tail disease (WTD) which could kill 100% post larvae of M.
rosenbergii. Recently, the virus-like particle of MrNv (MrNVLP) was used as a
model to solve the atomic structure of MrNv at 3.2 A resolution (Ho et al., 2018),
indicating the possibility of using MrNVLP to investigate the native virion. In
addition, MrNVLP has been applied for gene delivery (Jariyapong et al., 2014,
Jariyapong et al., 2015a; Jariyapong et al., 2015b) and vaccine development (Ong et
al., 2019; Yong et al., 2015a; Yong et al., 2015b), demonstrating the potential of
MrNVLP in nanomedicine. It is imperative to characterise MrNVLP and to compare
it with the native MrNv, in order to expedite the future application of MrNVLP as
well as to facilitate the further investigation of native MrNv.

MrNyv infection and WTD outbreaks were reported in many countries in Asia, North
America and Australia (Low et al., 2018). The disease causes shortage of seeds and
economic loss in prawn industry. Currently, there is no treatment available for WTD,
therefore anti-virus for the disease is urgently needed. Several peptide inhibitors
against aquatic viruses have been isolated from phage-displayed peptide library
(Rajik et al., 2009; Zhang et al., 2013; Chew et al., 2015; Odeja et al., 2016). Data
from the characterisation of MrNVLP showed that the MrNVLP is molecular and
morphologically similar to that of the native viral capsid. Since the entry of non-
enveloped virus into the host cell is mediated by the interaction between the capsid
protein and the host cellular receptor (Odegard et al., 2010), it is hypothesised that
MrNVLP can be utilised as a target for screening of anti-MrNv peptides from a
phage-displayed peptide library.

MrNv poses insecurity in aquaculture. In contrast, MrNVLP, which are non-
infectious as they cannot replicate, has the potential to deliver therapeutic molecules.
In this study, MrNVLP was applied to deliver a cancer drug, doxorubicin (Dox) into
cancer cells. Like any other first generation cancer drugs, Dox attacks not only
cancer cells but also healthy cells. The major medical complication of Dox is
cardiotoxicity which could be fatal (Renu et al., 2018). Yildiz et al. (2013) infused
Dox into Cowpea mosaic virus and the drug was retained in the virus cavity via
electrostatic interaction with the viral genome (Yildiz et al., 2013). For the case of
MrNVLP, it was reported to package RNA from the E. coli host cells (Goh et al.,
2011; Goh et al., 2014), and the RNA molecules assembled into a dodecahedral
structure (Ho et al., 2017; Ho et al., 2018). Moreover, there are pores observed on
the surface of MrNVLP (Ho et al., 2017; Ho et al., 2018). On the other hand, cancer
cells generally over-express folate receptor (FR) (Ross et al., 1994). Since folic acid
(FA) and folate conjugates have high binding affinity towards FR, FR-mediated
endocytosis allows the uptake of folate-conjugated nanoparticles by cancer cells (Xu
et al., 2017). Therefore, it is postulated that Dox can be infused into the pores of
MrNVLP, and it would be retained in MrNVLP via electrostatic interaction with



the dodecahedral RNA. It is hypothesised that the FA-conjugated-and-Dox-loaded
MrNVLP (FA-MrNVLP-Dox) would deliver Dox specifically to FR-rich cancer
cells.

The general objectives of this study were to employ MrNVLP in screening of virus
inhibitors, and anti-cancer drug delivery. The specific objectives were as follows:

1. To produce and characterise the MrNVLP by using the molecular techniques.

2. Toisolate and characterise peptide inhibitors against the MrNVLP and native
MrNv.

3. To conjugate FA on the surface of MrNVLP and to encapsidate Dox inside
the MrNVLP for targeted delivery and controlled release of Dox to HT29
cells.
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