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ABSTRACT

The unregulated and/or incorrect use of antimicrobial agents against diseases of farmed
aquatic species poses a considerable threat to the development and growth of a sustainable
aquaculture industry. Hence, vaccination has emerged as a pivotal strategy to mitigate this
threat. This study marks the first utilization of reverse vaccinology to develop subunit
vaccines against Pseudomonas koreensis infection in Empurau (Tor tambroides). WGS
analysis revealed that the genomic size of P. koreensis CM-01 is 6,171,880 bp and has a
G+C content of 60.5%. The proteome (5,538 proteins) was screened against various filters
to prioritize proteins based on features that are associated with virulence, subcellular
localization, transmembrane helical structure, antigenicity, essentiality, non-homology with
the host proteome, molecular weight, and stability, which led to the identification of eight
potential vaccine candidates. These potential vaccine candidates were cloned and expressed,
with six achieving successful expression and purification. The antigens were formulated into
two distinct vaccine mixtures, Vac A and Vac B, and their protective efficacy was assessed
through in vivo challenge experiments. Vac A and Vac B demonstrated high protective
efficacies of 100% and 81.2%, respectively. Histological analyses revealed reduced tissue
damage in vaccinated fish after experimental infection, with Vac A showing no adverse
effects, whereas Vac B exhibited mild degenerative changes. Quantitative real-time PCR
results showed a significant upregulation of TNF-a and downregulation of IL-/5 in the
kidneys, spleen, gills, and intestine in both Vac A- and Vac B immunized fish after
challenged with P. koreensis. Additionally, IL-8 exhibits tissue-specific differential
expression, with significant upregulation in the kidney, gills, and intestine, and

downregulation in the spleen, particularly notable in Vac A immunized fish. The research



underscores the effectiveness of the reverse vaccinology approach in fish and demonstrates

the promising potential of Vac A and Vac B as recombinant subunit vaccines.

Keywords: Pseudomonas. koreensis; Tor tambroides; Reverse vaccinology; Subunit

vaccines; Protective efficacy



Pemilihan Kandidat Vaksin untuk Pseudomonas koreensis Melalui Vaksinologi
Terbalik dan Percubaan Keberkesanan Awal dalam Tor tambroides (Empurau)

ABSTRAK

Penggunaan agen antimikrobial yang tidak terkawal dan/atau tidak betul terhadap
penyakit-penyakit spesies akuatik yang diternak membawa ancaman yang signifikan
terhadap perkembangan dan pertumbuhan industri akuakultur yang mampan. Oleh itu,
vaksinasi telah muncul sebagai strategi penting untuk mengurangkan ancaman ini. Kajian
ini menandakan penggunaan pertama vaksinologi terbalik untuk membangunkan vaksin

subunit terhadap jangkitan Pseudomonas koreensis dalam empurau (Tor tambroides).

Analisis penjujukan genom keseluruhan (WGS) mendedahkan bahawa saiz genom P.
koreensis CM-01 adalah 6,171,880 bp dan mempunyai kandungan G+C sebanyak 60.5%.
Proteom (5,538 protein) telah disaring terhadap pelbagai penapis untuk mengutamakan
protein berdasarkan ciri-ciri yang dikaitkan dengan virulensi, lokalisasi subselular, struktur
heliks transmembran, antigenisiti, keesensialan, ketiadaan homologi dengan proteom hos,
berat molekul, dan kestabilan, yang membawa kepada pengenalpastian lapan kandidat
vaksin berpotensi. Kandidat vaksin berpotensi ini diklon dan diekspresikan, dengan enam
mencapai kejayaan ekspresi dan penulenan. Antigen tersebut dirumuskan kepada dua
campuran vaksin yang berbeza, Vac A dan Vac B, dan keberkesanan perlindungannya
dinilai melalui eksperimen cabaran in vivo. Vac A dan Vac B menunjukkan keberkesanan
perlindungan yang tinggi masing-masing sebanyak 100% dan 81.2%. Analisis histologi
mendedahkan pengurangan kerosakan tisu pada ikan yang divaksin selepas jangkitan
percubaan, dengan Vac A tidak menunjukkan kesan buruk, manakala Vac B menunjukkan
perubahan degeneratif yang ringan. Keputusan PCR real-time kuantitatif menunjukkan

peningkatan yang signifikan dalam ekspresi TNF-a dan penurunan ekspresi IL-1f dalam



buah pinggang, limpa, insang dan usus dalam kedua-dua ikan yang diimunisasi Vac A- dan
Vac B selepas dicabar dengan P. koreensis. Selain itu, IL-8 menunjukkan ekspresi
pembezaan khusus tisu, dengan peningkatan yang signifikan di buah pinggang, insang, dan
usus dan penurunan di limpa, terutamanya ketara dalam ikan yang diimunisasi dengan Vac
A. Kajian ini menekankan keberkesanan pendekatan vaccinology terbalik dalam ikan dan

menunjukkan potensi menjanjikan Vac A dan Vac B sebagai vaksin subunit rekombinan.

Kata Kunci: Pseudomonas koreensis; Tor tambroides; Vaksinologi terbalik; Vaksin subunit;

Keberkesanan perlindungan
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CHAPTER 1

INTRODUCTION

Aquaculture involves the cultivation of aquatic organisms such as fish, crustaceans,
mollusks, and even aquatic plants in a regulated fashion to allow the independence of wild
catches. It is emerging as an important economic agribusiness, worldwide. According to
Food and Agriculture Organization (FAO), global aquaculture production hit a record-
breaking 122.6 million metric tons (MT) in 2020, with China alone contributing 57% of the
global aquaculture volume (FAO, 2022). The increasing demand for aquaculture production
stems from the fact that the wild harvesting of numerous seafood species has already reached
or surpassed the maximum sustainable yield (Dulvy et al., 2021). As a result, aquaculture
offers a viable alternative, enabling farmers to cultivate these species in controlled
environments and thus easing the burden on wild stocks. Consequently, this approach holds
the potential to restore depleted wild stocks and aid in the recovery of endangered and
threatened species in the future (Osathanunkul & Suwannapoom, 2023). However, the fish
that are kept in captivity are more prone to infection as the fish are reared at higher densities
than wild individuals, which enables pathogens to spread quickly (Bouwmeester et al.,
2021). Consequently, disease outbreaks pose a significant challenge to productivity and lead

to substantial economic losses in the aquaculture industry.

Tor tambroides, locally known as “kelah merah” in Peninsular Malaysia or empurau
in Sarawak, is a promising freshwater fish species from the Cyprinidae family. The
cultivation interest in this species arises from its significant cultural and socioeconomic
importance, encompassing its roles as food, ornamental, and sporting fish (Lau et al., 2021).

Due to the decline in natural populations and distribution of T. tambroides, there has been a



pronounced surge of interest in artificial propagation, for aquaculture production and

conservation purposes (Ng & Andin, 2011).

The infectious diseases in fish are often caused either by bacteria, fungi, viruses, and
parasites. Among them, bacteria pathogens account for the majority of diseases in fish
farming (Dhar, 2014). Diverse Pseudomonas spp. are pathogenic to fish, resulting in
significant economic losses in the aquaculture sector. Fish pathogenic pseudomonads
include Pseudomonas aeruginosa, P. putida, P. luteola, P. fluorescens, P. koreensis, P.
anguilliseptica, P. baetica, P. chlororaphis, P. plecoglossicida, and P. pseudoalcaligenes
(Austin & Austin, 2016). The mortality of diseased cultured Tor tambroides was associated
with P. koreensis. The diseased fish displayed scale loss, exophthalmia, abdominal
swellings, and some haemorrhaging at the fins and gills (Kho et al., 2023). P. koreensis was
also described as the causal agent of eye lesions in golden mahseer (Tor putitora) from India

(Shahi & Mallik, 2014).

The common practice in treating bacterial infections involves the application of
antibiotics. However, the long-term use and misuse of antibiotics in the aquaculture industry
have reportedly caused many adverse effects on humans, fish, animals, and the environment.
For instance, the unregulated use of antibiotics in aquaculture exerted a selective pressure
on aquatic bacterial species, and thus generated reservoirs of antibiotic-resistant bacteria
(ARB) and antibiotic-resistance genes (ARGS) in the aquatic environment. From these
reservoirs, ARB from the aquatic environment may reach humans directly or the ARGs may
disseminate to other bacteria through horizontal gene transfer, eventually reaching human

pathogens (Amarasiri et al., 2020).

Vaccination is one of the alternatives that have been recommended to be employed

in the management of aquaculture as it has been successful in preventing or reducing the



