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Aquaculture production is a significant food source, but it has been declining due
to aquatic diseases, such as vibriosis caused by Vibrio spp. For fish larvae, given
their diminutive size and great susceptibility to the disease, oral vaccination was
deemed superior to injection or immersion methods. Therefore, a
bioencapsulation technique was utilized, where transgenic Nannochloropsis sp.
expressing the OmpK gene was incorporated into live Artemia, a natural diet for
fish at their early stage. This study utilized Nannochloropsis sp. transformed with
a vector VCP_OMPK_ZA1 harboring OmpK gene fragment originating from
Vibrio sp. which acts as an antigen. The cuticle of Artemia offers an additional layer
of protection to the antigen, protecting it against degradation in the
gastrointestinal tract. Transgenic Nannochloropsis sp. was incubated with Artemia
for 2 hours and the presence of the transgene was validated using PCR analysis.
The transgenic microalgae-incorporated Artemia was then fed to zebrafish, an
excellent model for studying infection and immune responses because of its
compact size, swift growth, and suitability for genetic manipulation. The objective
was to investigate immune response activation via gene expression analysis, with
a specific focus on assessing the IgZ, TNF-a, and IL-1p genes. The levels of
expression for IgZ and IL-1 were found to be elevated by factors of 0.8, 1.2, 1.9,
and 2.6-fold respectively on Day 7 and Day 14, whereas TNF-a significantly
upregulated by 29-fold in zebrafish fed with the transgenic microalgae-



incorporated Artemia in comparison to zebrafish given with wild-type Artemia. IL-
1P (4.0-fold) gene transcripts increased significantly in groups fed with wild-type
bioencapsulated Artemia after being infected with bacteria while IgZ levels did not
increase significantly for both groups. The effectiveness of the transgenic
microalgae was evaluated by subjecting them to a bacterial challenge of Vibrio sp.
and measuring the relative percent survival (RPS). The outcomes of the bacterial
challenge experiment revealed that the vaccinated groups displayed complete
immunity against pathogenic Vibrio spp., with RPS of 100%, and demonstrated
significantly increased survival rates when compared to those that were fed with
wild-type Nannochloropsis sp. bioencapsulated Artemia (RPS = 40%). The
histopathological analysis revealed that the fish that were not vaccinated had
severe changes such as hemorrhages and necrosis, whereas those that were
vaccinated showed only mild changes such as tubular degeneration and muscle
regeneration following the bacterial challenge trial. Overall, the results obtained
proved that the incorporation of transgenic microalgae harboring an antigenic
peptide administered through the live feed may enhance the fish's immune
system to combat vibriosis and be effectively applicable for vaccinating fishes
during the early larval stage.

Keywords: Bioencapsulation, Live feed, Nannochloropsis sp., Oral vaccination,
Transgenic microalgae, Vibriosis

SGD: GOAL 14: Life Below Water
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SEBAGAI SISTEM PENGHANTAR VAKSIN KEPADA IKAN ZEBRA

SEBAGAI MODEL IKAN UNTUK MENENTANG PENYAKIT VIBRIOSIS
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Pengerusi : Zetty Norhana Balia Yusof, PhD
Fakulti : Bioteknologi dan Sains Biomolekul

Akuakultur merupakan sektor pengeluaran sumber makanan yang penting
namun ia mengalami kemerosotan akibat penyakit akuatik seperti vibriosis
yang disebabkan oleh Vibrio spp. Vaksinasi secara oral dianggap lebih baik bagi
larva ikan berbanding kaedah suntikan atau rendaman kerana saiznya yang
kecil. Oleh itu, teknik bioenkapsulasi telah digunakan di mana Nannochloropsis
sp. transgenik yang menghasilkan gen OmpK dimasukkan ke dalam Artemia,
iaitu makanan semulajadi untuk ikan pada peringkat larva. Kajian ini
menggunakan mikroalga Nannochloropsis sp. yang telah diubahsuai dengan
menggunakan vektor VCP_OMPK_ZA1 yang membawa serpihan gen OmpK
yang berasal dari Vibrio sp. yang bertindak sebagai antigen. Membran Artemia
bertindak sebagai lapisan perlindungan tambahan kepada antigen daripada
pencernaan di dalam system gastrointestinal ikan. Di dalam kajian ini,
Nannochloropsis sp. telah berjaya ditransformasi dengan vektor VCP_OMPK
_ZA1 yang membawa fragmen gen OmpK dan diverifikasi melalui analisis PCR.
Nannochloropsis sp. transgenik kemudian diinkubasi dengan Artemia selama 2
jam dan kehadiran transgen di dalam Artemia diverifikasi dengan menggunakan
analisis PCR. Artemia yang mengandungi Nannochloropsis sp. transgenik
kemudian diberi kepada ikan zebra, model yang sangat baik untuk mengkaji
tindak balas sistem imun ikan kerana saiznya yang kecil, mudah dikultur dan
dimanipulasi genetiknya. Tujuannya adalah untuk mengkaji pengaktifan tindak
balas sistem imun ikan melalui analisis ekspresi gen, dengan tumpuan kepada
gen IgZ, TNF-a, dan IL-1p. Tahap ekspresi bagi IgZ dan IL-1p didapati
meningkat sebanyak 0.8 kali ganda dan 1.2 kali ganda, 1.9 kali ganda dan 2.6



kali ganda masing-masing pada Hari ke-7 dan Hari ke-14, sementara TNF-a
mengalami peningkatan yang signifikan sebanyak 2.9 kali ganda pada ikan
zebra yang diberi makan dengan Artemia bioenkapsulasi Nannochloropsis sp.
transgenik berbanding dengan ikan zebra yang diberi Artemia sahaja. Gen IL-
1P (4.0 kali ganda) meningkat secara signifikan bagi kumpulan ikan yang diberi
makan Artemia bioenkapsulasi mikroalga jenis liar setelah diuji dengan bakteria,
sementara tahap IgZ tidak meningkat secara signifikan bagi kedua-dua
kumpulan. Keberkesanan mikroalga transgenik telah dinilai melalui cabaran
bakteria Vibrio sp. dan diukur peratusan kelangsungan hidup relatif (RPS). Hasil
eksperimen cabaran bakteria mendapati bahawa kumpulan yang divaksinasi
menunjukkan kekebalan sepenuhnya terhadap Vibrio spp. yang patogenik,
dengan RPS sebanyak 100%, dan mempamerkan kadar kelangsungan hidup
yang meningkat dengan ketara berbanding dengan kumpulan ikan yang diberi
makan dengan Artemia bioenkapsulasi Nannochloropsis sp. jenis liar (RPS = 40%).
Analisis histopatologi menunjukkan bahawa ikan yang tidak divaksinasi
mengalami perubahan histopatologi yang teruk seperti pendarahan dan
nekrosis, manakala ikan yang divaksinasi hanya mengalami perubahan yang
ringan seperti degenerasi tubular dan regenerasi otot selepas ujian cabaran
bakteria. Keseluruhan hasil kajian membuktikan bahawa penggunaan
mikroalga transgenik yang mengandungi peptida antigenik yang diberikan
melalui makanan hidup dapat meningkatkan sistem imun ikan untuk melawan
vibriosis dan boleh digunakan untuk memberi vaksin kepada ikan di peringkat
larva.

Kata kunci: Bioenkapsulasi, Makanan hidup, Nannochloropsis sp., Vaksinasi oral,
Mikroalga transgenik, Vibriosis
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CHAPTER 1

INTRODUCTION

1.1 Background of the study

The aquaculture industry is estimated to be worth over RM14.88 billion in 2021,
a rise of 7.5% from 2020 which is from RM13.84 billion (DOF, 2022). Despite the
growth, Chiew et al. (2019) reported that it has been noted that numerous viral
and microbial diseases still exist on farms in Malaysia. The occurrence of these
diseases has led to substantial financial setbacks (Chiew et al., 2019). In this
context, diseases caused by bacteria resulted in mass mortalities in fish farms
with Aeromonas, Pseudomonas, and Vibrio being the most common pathogen
(Austin et al., 2012). Vibrio harveyi is frequently identified as a primary causative
agent of Vibriosis, with outbreaks commonly occurring in hatcheries, where fish
at early stages are particularly susceptible to the disease (Kalatzis et al., 2018;
Ina-Salwany et al., 2018). Antibiotics have been consistently employed for
preventing bacterial disease outbreaks but constant antibiotics used resulted in
the emergence of bacteria pathogens. Thus, vaccination which is economically
and environmentally sustainable is currently being used to treat bacterial, and
parasitic infections and prevent viral infections (Assefa and Abunna, 2018).
However, ensuring that the organisms receive a vaccination dose in an effective
manner also poses a challenge. Vaccination is actively employed to enhance
disease resistance; however, challenges such as high labor and stress during
injection, costliness of vaccine quantity in immersion, and the low efficacy and
instability of orally delivered vaccines, underscore the need for a robust delivery
system to ensure effective protection against diseases (Flores-Kossack et al.,
2020; Begwald and Dalmo, 2021; Kwong et al.,, 2023). This study utilized
unicellular microalgae Nannochloropsis sp. which is known for its high nutritive
value, thus it is actively used in hatcheries for feeding rotifers and fish.
Nannochloropsis sp. was transformed through electroporation using
VCP_OMPK_ZA1 which harbor outer membrane protein kinase (OmpK)
fragments originating from Vibrio sp. pathogenic bacteria and can act as antigen
properties against vibriosis disease. The transgenic Nannochloropsis sp. was
bioencapsulated with Artemia, offering dual protection to antigens. This
environmentally friendly method ensures the effective delivery of antigens to
small fish at an early age, addressing the inherent low efficacy drawback
associated with oral vaccination. The bioencapsulated live feed was
administered to zebrafish, a versatile and valuable animal model commonly
used to comprehend the mechanisms of infection and immune responses
associated with diseases affecting fish.



1.2 Problem statements

While injection-based vaccination delivery reduces usage and guarantees
efficient administration, the process of capturing the animal, carefully handling
it, administering anesthesia, and then giving injections to the fish is both
resource-intensive and expensive, with the potential to inflict harm upon the fish
(Noorhisham and Yusof, 2022). Moreover, it is impractical for small fish or
crustaceans and poses a challenge when multiple doses of vaccine are required.
Additionally, before they are mature enough to be immunized and before their
systems of immunity have completely grown, some fish species may suffer from
major diseases in their juvenile stages (Muktar et al., 2016). Another approach
entails immersing the fish in a vaccine suspension; however, this results in stress
for the fish and proves costly due to the substantial amount of vaccine needed.
The most straightforward and suitable approach is to provide the vaccine orally,
which is accomplished by adding it to aquatic animals' food.

Vaccination via the mucosal pathway, especially through oral administration, is
deemed the best method concerning animal well-being and handling
procedures. Administering vaccines orally is a highly attractive option for the
aquaculture industry due to its various benefits, which include the simplicity of
the delivery method, reduced stress on the fish compared to other forms of
administration, suitability for fish of all sizes, and the possibility of performing
oral boost vaccinations during their growth phases in cultivation ponds
(Radhakrishnan et al., 2023). Despite the advantages of oral vaccination, there is
a limited number of approved oral vaccines applicable to the aquaculture
industry.

1.3 Significance of the study

It is crucial to administer effective vaccines at the initial larval stage before any
infection. The innate immune system is pivotal in regulating swift immune
responses and safeguarding the recipient against adverse circumstances during
the initial stages of fish developmental growth, encompassing expanding
embryos and the following larval phases (Chin et al., 2019). Oral vaccination is
a preferable method of immunization for fish larvae, given their small size and
increased vulnerability to stress, compared to injection or immersion methods.
To date, numerous oral fish vaccines have been created, and among them, the
encapsulation of vaccines within live Artemia seems to hold great promise (Ma
et al., 2020). A key benefit of this oral vaccination approach is that the antigen is
housed within a live feed, Artemia, which guarantees the intake of the antigen

2



for the larvae (Lin et al., 2007). Bioencapsulation, which involves integrating the
drug within live feed such as rotifers and Artemia, is regarded as an eco-friendly
approach to delivering antigens to marine fish larvae (Noorhisham et al., 2022).

Certain authors have asserted that individual Artemia may not fulfil the
nutritional needs for larval development, as they could be deficient in specific
essential n3 and n6 polyunsaturated fatty acids (PUFAs), notably arachidonic
acid (AA, 20:4n6), docosahexaenoic acid (DHA, 22:6n3), and eicosapentaenoic
acid (EPA, 20:5n3) (Aya et al., 2021). Some microalgae are known to be rich in
essential PUFAs. Various studies have shown that fatty acids can be transferred
from prey to predator, suggesting that enriching Artemia with microalgae might
address this nutritional gap (Méndez-Martinez et al., 2018).

Microalgae are essential food sources capable of improving the quality of
aquaculture organisms. It has shown resistance to bacteria while some possess
biomolecules that act as immunostimulants (Shah et al., 2018). Since microalgae
are easily available in nature, it has emerged as a significant contributor to the
food chain for several aquatic organisms together with mollusks, shrimp, and
rotifers (Kaparapu, 2018). Furthermore, microalgae have been employed to
enhance the quality of live feed because they can inhibit bacterial pathogens such
as Vibrio sp. and preventing transmission to smaller fish (El-Sadoony et al., 2022).
Recent breakthroughs in the field of genetic modifications of microalgal species
are being developed for oral delivery of antimicrobial agents, and recombinant
molecules, including growth promoters (Doron et al., 2016). However, up to the
present moment, advancements in the utilization of genetically modified
microalgae as carriers for the oral administration of bioactive compounds for
aquaculture disease management have been constrained because most oral
vaccines available are not applicable for smaller fish.

Due to its small size and brief life cycle, zebrafish are a particularly good model
for scientists to investigate infectious mechanisms and the immune responses of
hosts to pathogens. It is also invaluable for evaluating the safety and efficacy of
new substances aimed at preventing and treating diseases in animals, permitting
in vivo and real-time observation of substance effects (Rasheed et al., 2021).
Therefore, within this research, the process of bioencapsulation of transgenic
Nannochloropsis sp. with Artemia to feed zebrafish (Danio rerio) was presented.
We evaluated the antigen's stability against digestion, its delivery to the fish gut,
and the protective immune response of the fish in this study.



14 Hypotheses of the study

The hypotheses of this study are outlined as follows:

Hypothesis 1:

HO: Transgenic Nannochloropsis sp. transformed using vectors VCP_OMPK_ZA1
does not carry OmpK gene fragment to deliver to the fish

H1: Transgenic Nannochloropsis sp. transformed using vectors VCP_OMPK_ZA1
harbored OmpK gene fragment to deliver to the fish

Hypothesis 2:

HO: Zebrafish vaccinated with transgenic Nannochloropsis sp. bioencapsulated
Artemia have a low survival rate when challenged with pathogenic Vibrio harveyi
and do not induce the immune response of the fish against vibriosis

H1: Zebrafish vaccinated with transgenic Nannochloropsis sp. bioencapsulated
Artemia have a high survival rate when challenged with pathogenic Vibrio
harveyi and are able to trigger an immune reaction of the fish against vibriosis

1.5 Objectives of study

The objective of this study is to bioencapsulate transgenic Nannochloropsis sp.
harboring the OmpK gene fragment originated from Vibrio sp. with Artemia for
oral vaccine delivery to fish.

The specific objectives of this project were:

1. To transform Nannochloropsis sp., with vectors VCP_OMPK_ZA1
harboring OmpK gene fragment

2. To bioencapsulate transgenic Nannochloropsis sp. with Artemia

3. To evaluate the effects of transgenic microalgae-encapsulated Artemia in

inducing zebrafish immune system



REFERENCES

Abatzopoulos, T. J., Beardmore, ]J., Clegg, J. S, & Sorgeloos, P. (Eds.).
(2013). Artemia: basic and applied biology (Vol. 1). Springer Science &
Business Media.

Abidin, A. A. Z., Othman, N. A., Yusoff, F. M., & Yusof, Z. N. B. (2021).
Determination of transgene stability in Nannochloropsis sp. transformed
with immunogenic peptide for oral vaccination against
vibriosis. Aquaculture International, 29, 477-486.

Abidin, A. A. Z., Suntarajh, M., & Yusof, Z. N. B. (2020). Microalgae as a vaccine
delivery system to aquatic organisms. Microalgae biotechnology for food,
health, and high value products, 353-372.

Adissin, T. O., Manabu, 1., Shunsuke, K., Saichiro, Y., Moss, A. S., & Dossou, S.
(2020). Effects of dietary Nannochloropsis sp. powder and lipids on the
growth performance and fatty acid composition of larval and postlarval

kuruma shrimp, Marsupenaeus japonicus. Aquaculture Nutrition, 26(1),
186-200.

Agius, C., & Roberts, R. J. (2003). Melano-macrophage centres and their role in
fish pathology. Journal of Fish Disease, 26, 499-509.

Allender, M. C., Kastura, M., George, R., Bulman, F., Yarbrough, J., & Cox, S.
(2011). Bioencapsulation of metronidazole in adult brine shrimp
(Artemia sp.). Journal of Zoo and Wildlife Medicine, 42(2), 241-246.

Assefa, A., & Abunna, F. (2018). Maintenance of fish health in aquaculture:
review of epidemiological approaches for prevention and control of
infectious disease of fish. Veterinary Medicine International, 2018.

Austin, B., & Austin, D. A. (2016). Bacterial Fish Pathogens: Disease of Farmed and
Wild Fish. Springer.

Aya, F. A, Nillasca, V. S. N., & Garcia, L. M. B. (2021). Improved survival and
growth of silver therapon Leiopotherapon plumbeus early juveniles
through co-feeding with Artemia and commercial feeds. Journal of
Applied Ichthyology, 37(6), 925-931.

Ayiku, S., Shen, J., Tan, B. P., Dong, X. H., & Liu, H. Y. (2020). Effects of reducing
dietary fishmeal with yeast supplementations on Litopenaeus vannamei
growth, immune response and disease resistance against Vibrio harveyi.
Microbiological Research, 239, 126554.

70



Bahari, M. C., Suprapto, D., & Hutabarat, S. (2014). Pengaruh suhu dan salinitas
terhadap penetasan kista Artemia salina skala laboratorium. Management
of Aquatic Resources Journal (MAQUARES), 3(4), 188-194.

Baker, E. (2018). Identifying and understanding anti-inflammatory effects of 18-carbon
fatty acids from sustainable plant sources, PhD Thesis, University of
Southampton.

Beacham, T. A., Sweet, J. B., & Allen, M. J. (2017). Large scale cultivation of
genetically modified microalgae: a new era for environmental risk
assessment. Algal Research, 25, 90-100.

Bilal, S., Etayo, A. & Hordvik, 1. (2021). Immunoglobulins in
teleosts. Immunogenetics, 73, 65-77.

Bogwald, J., & Dalmo, R. A. (2021). Protection of teleost fish against infectious
diseases through oral administration of vaccines: update
2021. International Journal of Molecular Sciences, 22(20), 10932.

Borowitzka, M. A. (2016). Algal physiology and large-scale outdoor cultures of
microalgae (pp. 601-652). Springer International Publishing.

Cabello, F. C, Godfrey, H. P., Buschmann, A. H,, & Dolz, H. ]. (2016).
Aquaculture as yet another environmental gateway to the development
and globalisation of antimicrobial resistance. The Lancet Infectious
Diseases, 16(7), €127-e133.

Calder, P. C. (2017). Omega-3 fatty acids and inflammatory processes: from
molecules to man. Biochemical Society Transactions, 45(5), 1105-1115.

Cao, J., Xu, H,, Yu, Y., & Xu, Z. (2023). Regulatory roles of cytokines in T and B
lymphocytes-mediated immunity in teleost fish. Developmental &
Comparative Immunology, 104621.

Cassar, S., Adatto, 1., Freeman, J. L., Gamse, J. T., Iturria, 1., Lawrence, C,, ... &
Zon, L. 1. (2019). Use of zebrafish in drug discovery toxicology. Chemical
research in toxicology, 33(1), 95-118.

Charoonnart, P., Purton, S., & Saksmerprome, V. (2018). Applications of
microalgal biotechnology for disease control in aquaculture. Biology, 7(2),
24.

Chen, L. (2017). Studies of oral vaccination against infectious pancreatic necrosis
in Atlantic salmon: focus on antigen production, antigen kinetics, and
immune responses.

71



Chen, L., Deng, H., Cui, H., Fang, ]J., Zuo, Z., Deng, ]., ... & Zhao, L. (2018).
Inflammatory responses and inflammation-associated diseases in
organs. Oncotarget, 9(6), 7204.

Chen, L., Klaric, G., Wadsworth, S., Jayasinghe, S., Kuo, T. Y., Evensen, ., &
Mutoloki, S. (2014). Augmentation of the antibody response of Atlantic
salmon by oral administration of alginate-encapsulated IPNV
antigens. PLoS One, 9(10), €109337.

Cheng, C. L., Huang, S. J., Wu, C. L., Gong, H. Y., Ken, C. F,, Hu, S. Y., & Wu, J.
L. (2015). Transgenic expression of omega-3 PUFA synthesis genes
improve zebrafish survival during Vibrio vulnificus infection. Journal of
Biomedical Science, 22(1), 1-13.

Chiew, I. K. M., Salter, A. M., & Lim, Y. S. (2019). The significance of major viral
and bacterial diseases in Malaysian aquaculture industry. Pertanika
Journal of Tropical Agricultural Science, 42(3).

Chin, Y. K., Al-saari, N., Mohd-Aris, A., Zamri-Saad, M., & Md Yasin, L. S. (2019).
Administration of live-attenuated vaccine of Vibrio harveyi to improve
survival of gnotobiotic brine shrimp (Artemia salina) model against
multiple Vibrio infection. Int. J. Biosci, 14(4), 1-14.

Clarke, J. L., Waheed, M. T., Lossl, A. G., Martinussen, I., & Daniell, H. (2013).
How can plant genetic engineering contribute to cost-effective fish
vaccine development for promoting sustainable aquaculture? Plant
molecular biology, 83, 33-40.

Cohen, Z. (2017). Products from microalgae. In Handbook of Microalgal Mass
Culture (1986) (pp. 421-454). CRC Press.

Dadar, M., Dhama, K., Vakharia, V. N., Hoseinifar, S. H., Karthik, K., Tiwari, R.,
... & Joshi, S. K. (2017). Advances in aquaculture vaccines against fish
pathogens: global status and current trends. Reviews in Fisheries Science &
Aquaculture, 25(3), 184-217.

Dehghani, J., Movafeghi, A., Mathieu-Rivet, E., Mati-Baouche, N., Calbo, S,,
Lerouge, P., & Bardor, M. (2022). Microalgae as an efficient vehicle for
the production and targeted delivery of therapeutic glycoproteins
against SARS-CoV-2 variants. Marine drugs, 20(11), 657.

Department of Fisheries (2022), Fisheries Industry Scenario, Performance &
Achievements of the Fisheries Sector
https:/ /www.dof.gov.my/en/corporate-info/introduction/fisheries-
industry-scenario/ Retrieved on 25 November 2022

72


https://www.dof.gov.my/en/corporate-info/introduction/fisheries-industry-scenario/
https://www.dof.gov.my/en/corporate-info/introduction/fisheries-industry-scenario/

Ding, C, Liu, Q. Li, J, Ma, J, Wang, S., Dong, Q., ... & Wang, X. (2019).
Attenuated Listeria monocytogenes protecting zebrafish (Danio rerio)
against Vibrio species challenge. Microbial pathogenesis, 132, 38-44.

Doron, L., Segal, N. A, & Shapira, M. (2016). Transgene expression in
microalgae — from tools to applications. Frontiers in plant science, 7, 505.

Durvasula, R., Subhadra, B., Matthews, S., Hurwitz, 1., & Rao, D. S. (2019).
Paratransgenic approaches to the control of infections of shrimp:
prospects for use of Dunaliella. In The Alga Dunaliella (pp. 385-402). CRC
Press.

Ekawati, S. R. (2008). Peningkatan Sintasan Dan Pertumbuhan Kepiting Bakau
(Scylla  olivacea) Stadia Zoea Melalui Aplikasi Pakan Alami Hasil
Bioenkapsulasi Karotenoid Cangkang Kepiting Non Ekonomis, PhD Thesis,
Universitas Hasanuddin.

Ernawati, E., & Hamsir, H. (2019). Bioenkapsulasi Karotenoid pada Skeletonema
costatum dan Artemia Terhadap Pertumbuhan Larva Nila Air
Payau. Jurnal Airaha, 8(02), 105-113.

Esmail, M. Y., Astrofsky, K. M., Lawrence, C., & Serluca, F. C. (2015). The biology
and management of the zebrafish. In Laboratory animal medicine (pp. 1015-
1062). Academic Press.

Falaise, C., Francois, C., Travers, M. A., Morga, B., Haure, J., Tremblay, R., &
Mouget, J. L. (2016). Antimicrobial compounds from eukaryotic
microalgae against human pathogens and diseases in aquaculture.
Marine drugs, 14(9), 159.

Family, G. B. G. B. S. GoldBio© 2015 All Rights Reserved This Publication is a
creation of Gold Biotechnology and is intended as a sourcebook for
research laboratories. This publication may not be redistributed or
copied for commercial use.

Brownlee, K. A. (1952). Probit Analysis: A Statistical Treatment of the Sigmoid
Response Curve.

Flores-Kossack, C., Montero, R., Kéllner, B.,, & Maisey, K. (2020). Chilean
aquaculture and the new challenges: Pathogens, immune response,
vaccination and fish diversification. Fish & shellfish immunology, 98, 52-67.

Furman, D., & Davis, M. M. (2015). New approaches to understanding the
immune response to vaccination and infection. Vaccine, 33(40), 5271-5281.

Geada, P., Vasconcelos, V., Vicente, A., & Fernandes, B. (2017). Microalgal
biomass cultivation. In Algal green chemistry (pp. 257-284). Elsevier.

73



Ghosh, B. (2015). Oral immunoprophylaxis using microencapsulated antigens as a
disease-management strategy in farmed finfish populations, PhD dissertation,
University of Tasmania.

Griffiths, M. ]., Garcin, C., van Hille, R. P., & Harrison, S. T. (2011). Interference
by pigment in the estimation of microalgal biomass concentration by
optical density. Journal of microbiological methods, 85(2), 119-123.

Haredi, A. M. M., Mourad, M., Tanekhy, M., Wassif, E., & Abdel-Tawab, H. S.
(2020). Lake Edku pollutants induced biochemical and histopathological
alterations in muscle tissues of Nile Tilapia (Oreochromis niloticus).
Toxicology and Environmental Health Sciences, 12, 247-255.

Harihastuti, N., Hermawan, D. W., & Edy, M. S. (2013). Artemia salina Sebagai
Bahan Utama Media Halofilik Dalam Pembuatan Garam Naci
Kemurnian Tinggi Untuk Industri Garam Beriodium, Artemia salina As
Halophilic's (Material to Produce High Quality Salt for lodized Salt
Industry).

Harun, N. O., Costa, M. M., Secombes, C. J., & Wang, T. (2011). Sequencing of a
second interleukin-10 gene in rainbow trout Oncorhynchus mykiss and
comparative investigation of the expression and modulation of the
paralogues in vitro and in vivo. Fish & Shellfish Immunology, 31(1), 107-
117.

Huzmi, H., Ina-Salwany, M. Y., Natrah, F. M. L., Syukri, F., & Karim, M. (2019).
Strategies of controlling vibriosis in fish. Asian Journal of Applied Sciences,
7(5).

Ina-Salwany, M. Y., Al-saari, N., Mohamad, A., Mursidi, F. A., Mohd-Aris, A.,,
Amal, M. N. A,, ... & Zamri-Saad, M. (2019). Vibriosis in fish: a review on

disease development and prevention. Journal of aquatic animal health,
31(1), 3-22.

Islam, M. L., Islam, M. S, Yahya, K., & Hasim, R. (2017). Effects of Essential Fatty
Acids Containing Natural and Commercial Diets on Larvae Rearing of
the Green Mud Crab Scylla Paramamosain (Estampador 1949). Journal of
Scientific Research, 9(1).

Jamali, H., Ahmadifard, N., Noori, F., Agh, N., & Gisbert, E. (2018). Improving
co-feeding strategies for Neotropical green terror cichlid (Aequidens
rivulatus) larvae with lecithin-enriched Artemia franciscana nauplii:

Effects on survival, growth performance and body composition.
Aquaculture Research, 49(12), 3909-3918.

Jheng, Y. H, Lee, L. H,, Ting, C. H,, Pan, C. Y., Hui, C. F., & Chen, ]. Y. (2015).
Zebrafish fed on recombinant Artemia expressing epinecidin-1 exhibit

74



increased survival and altered expression of immunomodulatory genes
upon Vibrio vulnificus infection. Fish & Shellfish Immunology, 42(1), 1-15.

Ji,]J. F., Hu, C. B,, Shao, T., Fan, D. D., Zhang, N., Lin, A. F,, ... & Shao, J. Z. (2021).
Differential immune responses of immunoglobulin Z subclass members
in antibacterial immunity in a zebrafish model. Immunology, 162(1), 105-
120.

Jiang, M., Gong, Q. Y., Lai, S. S., Cheng, Z. X., Chen, Z. G., Zheng, ]., & Peng, B.
(2019). Phenylalanine enhances innate immune response to clear
ceftazidime-resistant Vibrio alginolyticus in Danio rerio. Fish & Shellfish
Immunology, 84, 912-919.

Kaparapu, J. (2018). Application of microalgae in aquaculture. Phykos, 48(1), 21-
26.

Khouadja, S., Lamari, F., & Bakhrouf, A. (2013). Characterization of Vibrio
parahaemolyticus isolated from farmed sea bass (Dicentrarchus labrax)
during disease outbreaks. International Aquatic Research, 5(1), 13.

Khozin-Goldberg, I. (2016). Lipid metabolism in microalgae. The physiology of
microalgae, 413-484.

Koo, J., Park, D., & Kim, H. (2013). Expression of bovine lactoferrin N-lobe by
the green alga, Chlorella vulgaris. Algae, 28(4), 379-387.

Krupesha Sharma, S. R., Rathore, G., Verma, D. K., Sadhu, N., & Philipose, K. K.
(2012). Vibrio alginolyticus infection in Asian seabass (Lates calcarifer)

reared in open sea floating cages in India. Aquaculture Research, 44(1), 86-
92.

Kumar, M., Kumar, J., Sharma, S., Hussain, M. A,, Shelly, A, Das, B, ... &
Mazumder, S. (2021). TLR22-mediated activation of TNF-a-caspase-
1/IL-1p inflammatory axis leads to apoptosis of Aeromonas hydrophila-
infected macrophages. Molecular Immunology, 137, 114-123.

Kwon, K. C,, Lamb, A., Fox, D., & Jegathese, S. J. P. (2019). An evaluation of
microalgae as a recombinant protein oral delivery platform for fish using
green fluorescent protein (GFP). Fish & shellfish immunology, 87, 414-420.

Kwong, K. W. Y, Xin, Y., Lai, N. C. Y., Sung, J. C. C.,, Wu, K. C,, Hamied, Y. K,
. & Lam, D. M. K. (2023). Oral vaccines: A better future of
immunization. Vaccines, 11(7), 1232.

Lanh, P. T., Nguyen, H. M., Duong, B. T. T., Hoa, N. T., Tam, L. T., Thu, H. T, ...
& Van Quyen, D. (2021). Generation of microalga Chlamydomonas
reinhardtii expressing VP28 protein as oral vaccine candidate for shrimps

75



against White Spot Syndrome Virus (WSSV) infection. Aquaculture, 540,
736737.

Laurin, E., Thakur, K. K., Gardner, I. A., Hick, P., Moody, N. J. G., Crane, M. S.
J., & Ernst, L. (2018). Design standards for experimental and field studies
to evaluate diagnostic accuracy of tests for infectious diseases in aquatic
animals. Journal of fish diseases, 41(5), 729-749.

Lee, S. H., Beck, B. R.,, Hwang, S. H., & Song, S. K. (2021). Feeding olive flounder
(Paralichthys olivaceus) with Lactococcus lactis BFE920 expressing the
fusion antigen of Vibrio OmpK and FlaB provides protection against
multiple Vibrio pathogens: A universal vaccine effect. Fish & Shellfish
Immunology, 114, 253-262.

Lee-Estevez, M., Figueroa, E., Cosson, J., Short, S. E., Valdebenito, I., Ulloa-
Rodriguez, P., & Farias, J. G. (2018). Zebrafish as a useful model for
immunological research with potential applications in aquaculture.
Reviews in Aquaculture, 10(1), 213-223.

Li, K., Wang, Y., Du, G,, Yao, X,, Bao, H., Han, X,, & Sui, L. (2023). Multi-effects
of temperature and particle size on the filter-feeding rate of brine shrimp
Artemia at different growth stages and densities.

Li, X., Li, W., Zhai, ]., Wei, H., & Wang, Q. (2019b). Effect of ammonium nitrogen
on microalgal growth, biochemical composition and photosynthetic
performance in mixotrophic cultivation. Bioresource Technology, 273, 368-
376.

Lin, C.C, Lin,J. H. Y., Chen, M. S., & Yang, H. L. (2007). An oral nervous necrosis
virus vaccine that induces protective immunity in larvae of grouper
(Epinephelus coioides). Aquaculture, 268(1-4), 265-273.

Ma, Y., Liu, Z., Hao, L., Wu, J., Qin, B, Liang, Z., ... & Cao, J. (2020). Oral
vaccination using Artemia coated with recombinant Saccharomyces
cerevisige expressing cyprinid herpesvirus-3 envelope antigen induces
protective immunity in common carp (Cyprinus carpio var. Jian) larvae.
Research in veterinary science, 130, 184-192.

Magrone, T., Russo, M. A, & Jirillo, E. (2018). Dietary approaches to attain fish
health with special reference to their immune system. Current
pharmaceutical design, 24(41), 4921-4931.

Maiti, B., Dubey, S., Munang'Andu, H. M., Karunasagar, 1., Karunasagar, 1., &
Evensen, . (2020). Application of outer membrane protein-based
vaccines against major bacterial fish pathogens in India. Frontiers in
Immunology, 11, 1362.

76



Mantis, N. J. (2019). Role of B cells and antibodies in controlling bacterial
pathogens.

Maran, B. A. V., & Shaleh, S. R. M. (2023). Fish Diet, Health and Control in
Aquaculture. Universiti Malaysia Sabah Press.

Markou, G., Depraetere, O., & Muylaert, K. (2016). Effect of ammonia on the
photosynthetic activity of Arthrospira and Chlorella: A study on
chlorophyll fluorescence and electron transport. Algal Research, 16, 449~
457.

Marques, A., Dhont, J., Sorgeloos, P., & Bossier, P. (2004). Evaluation of different
yeast cell wall mutants and microalgae strains as feed for gnotobiotically

grown brine shrimp Artemia franciscana. Journal of Experimental Marine
Biology and Ecology, 312(1), 115-136.

Martelli, A., Barbieri, E. S., Dima, ]. B., & Barén, P. J. (2020). Rearing enhancement
of Ouvalipes trimaculatus (Crustacea: Portunidae) zoea I by feeding on
Artemia  persimilis nauplii enriched with alternative microalgal
diets. Scientific Reports, 10(1), 10929.

Melianawati, R., Astuti, N. W. W., & Tridjoko, T. (2023). Peranan Taurin pada
Pertumbuhan dan Kelangsungan Hidup Larva lkan Kerapu Bebek

Cromileptes altivelis (Valenciennes, 1828). Jurnal Kelautan Tropis, 26(1), 27-
34.

Méndez-Martinez, Y., Garcia-Guerrero, M. U., Lora-Vilchis, M. C., Martinez-
Coérdova, L. R., Arcos-Ortega, F. G., Alpuche, J. J., & Cortés-Jacinto, E.
(2018). Nutritional effect of Artemia nauplii enriched with Tetraselmis
suecica and Chaetoceros calcitrans microalgae on growth and survival on
the river prawn Macrobrachium americanum larvae. Aquaculture
International, 26, 1001-1015.

Mendivil, C. O. (2021). Dietary fish, fish nutrients, and immune function: A
review. Frontiers in Nutrition, 7, 617652.

Mohamad, A., Zamri-Saad, M., Amal, M. N. A., Al-Saari, N., Monir, M. S., Chin,
Y. K., & Md Yasin, 1. S. (2021). Vaccine efficacy of a newly developed
feed-based  whole-cell polyvalent vaccine against Vibriosis,
Streptococcosis and motile Aeromonad Septicemia in Asian Seabass,
Lates calcarifer. Vaccines, 9(4), 368.

Mohamad, N., Amal, M. N. A, Yasin, I. S. M., Saad, M. Z., Nasruddin, N. S., Al-

saari, N., & Sawabe, T. (2019). Vibriosis in cultured marine fishes: a
review. Aquaculture, 512, 734289.

77



Mohanty, S., Mishra, P., Dash, S. S., Samanta, M., & Meher, P. K. (2013).
Cellulolytic activity in the digestive tract of grass carp Ctenopharyngodon
idella. Animal Nutrition and Feed Technology, 13(1), 45-56.

Mokhtar, D. M., Zaccone, G., Alesci, A., Kuciel, M., Hussein, M. T., & Sayed, R.
K. (2023). Main components of fish immunity: An overview of the fish
immune system. Fishes, 8(2), 93.

Muhamad-Sofie, M. H. N., Mohamad, A., Azzam-Sayuti, M., Lee, ]. Y., Omar,
W. H. H. W, Chin, Y. K, ... & Ina-Salwany, M. Y. (2023). Maternal
Immunity Transfer of Zebrafish (Danio rerio) following Vaccination with
a Live-Attenuated Vibrio harveyi Vaccine. Aquaculture Research, 2023.

Muktar, Y., Tesfaye, S., & Tesfaye, B. (2016). Present status and future prospects
of fish vaccination: a review. J. Vet. Sci. Technol, 7(02), 299.

Muiioz-Carrillo, J. L., Contreras-Cordero, ]. F., Gutiérrez-Coronado, O.,
Villalobos-Gutiérrez, P. T., Ramos-Gracia, L. G., & Hernandez-Reyes, V.
E. (2018). Cytokine profiling plays a crucial role in activating immune
system to clear infectious pathogens. In Immune response activation and
immunomodulation. IntechOpen.

Nagappan, S., Das, P., AbdulQuadir, M., Thaher, M., Khan, S., Mahata, C,, ... &
Kumar, G. (2021). Potential of microalgae as a sustainable feed ingredient
for aquaculture. Journal of Biotechnology, 341, 1-20.

Nayak, S., Khozin-Goldberg, I, Cohen, G., & Zilberg, D. (2018). Dietary
supplementation with ®6 LC-PUFA-rich algae modulates zebrafish
immune function and improves resistance to streptococcal infection.
Frontiers in immunology, 9, 1960.

Nehlah, R., Firdaus-Nawi, M., Nik-Haiha, N. Y., Karim, M., Zamri-Saad, M., &
Ina-Salwany, M. Y. (2017). Recombinant vaccine protects juvenile hybrid
grouper, Epinephelus fuscoguttatus % Epinephelus lanceolatus, against
infection by Vibrio alginolyticus. Aquaculture International, 25, 2047-2059.

Netea, M. G., Balkwill, F., Chonchol, M., Cominelli, F., Donath, M. Y.,
Giamarellos-Bourboulis, E. ], ... & Dinarello, C. A. (2017). A guiding map
for inflammation. Nature immunology, 18(8), 826-831.

Ng, I. S, Tan, S. I, Kao, P. H.,, Chang, Y. K., & Chang, ]. S. (2017). Recent
developments on genetic engineering of microalgae for biofuels and bio-
based chemicals. Biotechnology journal, 12(10), 1600644.

Nguyen-Chi, M., Laplace-Builhé, B., Travnickova, J., Luz-Crawford, P., Tejedor,
G., Lutfalla, G, ... & Djouad, F. (2017). TNF signaling and macrophages

78



govern fin regeneration in zebrafish larvae. Cell death & disease, 8(8),
€2979-e2979.

Nonwachai, T., Purivirojkul, W., Limsuwan, C., Chuchird, N., Velasco, M., &
Dhar, A. K. (2010). Growth, nonspecific immune characteristics, and
survival upon challenge with Vibrio harveyi in Pacific white shrimp

(Litopenaeus vannamei) raised on diets containing algal meal. Fish &
Shellfish Immunology, 29(2), 298-304.

Noorhisham, N. I. H,, & Yusof, Z. N. B. (2022). Incorporation of Transgenic
Microalgae Harbouring Vaccines into Feed to Improve the Efficacy of
Oral Vaccination: A Review. Malaysian Journal of Fundamental and Applied
Sciences, 18(5), 592-602.

Nurliyana, M., Amal, M. N. A, Zamri-Saad, M., & Ina-Salwany, M. Y. (2019).
Possible transmission routes of Vibrio spp. in tropical cage-cultured
marine fishes. Letters in applied microbiology, 68(6), 485-496.

Nwoba, E. G., Ogbonna, C. N., Ishika, T., & Vadiveloo, A. (2020). Microalgal
pigments: a source of natural food colors. Microalgae biotechnology for food,
health and high value products, 81-123.

Oyarbide, U., Rainieri, S., & Pardo, M. A. (2012). Zebrafish (Danio rerio) larvae as
a system to test the efficacy of polysaccharides as immunostimulants.
Zebrafish, 9(2), 74-84.

Pahija, E., & Hui, C. W. (2019). A systematic study on the effects of dynamic
environments on microalgae concentration. Algal Research, 42, 101599.

Pan, C. Y., Huang, T. C.,, Wang, Y. D., Yeh, Y. C,, Hui, C. F,, & Chen, J. Y. (2012).
Oral administration of recombinant epinecidin-1 protected grouper
(Epinephelus coioides) and zebrafish (Danio rerio) from Vibrio vulnificus
infection and enhanced immune-related gene expressions. Fish & shellfish

immunology, 32(6), 947-957.

Pecoraro, R., Scalisi, E. M., Messina, G., Fragala, G., Ignoto, S., Salvaggio, A., ...
& Brundo, M. V. (2021). Artemia salina: A microcrustacean to assess
engineered  nanoparticles  toxicity. Microscopy =~ Research ~ and
Technique, 84(3), 531-536.

Plant, K. P., & LaPatra, S. E. (2011). Advances in fish vaccine delivery.
Development and Comparative Immuology, 35(12), 1256-1262.

Prol, M. ], Bruhn, J. B., Pintado, J., & Gram, L. (2009). Real-time PCR detection
and quantification of fish probiotic Phaeobacter strain 27-4 and fish
pathogenic Vibrio in microalgae, rotifer, Artemia and first feeding turbot
(Psetta maxima) larvae. Journal of applied microbiology, 106(4), 1292-1303.

79



Radhakrishnan, A., Prabakaran, D. S., Ramesh, T., Sakthivel, R., Ramasamy, K.,
Han, H. S, & Jeyachandran, S. (2023). Innate Immune Response
Assessment in Cyprinus carpio L. upon Experimental Administration with

Artemia salina Bio-Encapsulated Aeromonas hydrophila Bacterin. Vaccines,
11(4), 877.

Rasheed, S., Fries, F., Miiller, R., & Herrmann, J. (2021). Zebrafish: An attractive
model to Study Staphylococcus aureus infection and its use as a drug
discovery tool. Pharmaceuticals, 14(6), 594.

Ren, J., Karna, S., Lee, H. M., Yoo, S. M., & Na, D. (2019). Artificial transformation
methodologies for improving the efficiency of plasmid DNA
transformation and simplifying its use. Applied microbiology and
biotechnology, 103, 9205-9215.

Roiha, I. S., Erling, O., & Samuelsen, O. B. (2010). Bioencapsulation of florfenicol
in brine shrimp, Artemia franciscana, nauplii. Journal of Bioanalysis &
Biomedicine, 2.

Rosales-Mendoza, S., Angulo, C., & Meza, B. (2016). Food-grade organisms as
vaccine biofactories and oral delivery vehicles. Trends in Biotechnology,
34(2), 124-136.

Rudtanatip, T., Boonsri, B., Praiboon, J., & Wongprasert, K. (2019).
Bioencapsulation efficacy of sulfated galactans in adult Artemia salina for
enhancing immunity in shrimp Litopenaeus vannamei. Fish & Shellfish
Immunology, 94, 90-98.

Sakai, M., Hikima, J. I., & Kono, T. (2021). Fish cytokines: current research and
applications. Fisheries Science, 87, 1-9.

Salinas, 1., Zhang, Y. A., & Sunyer, J. O. (2011). Mucosal immunoglobulins and
B cells of teleost fish. Developmental & Comparative Immunology, 35(12),
1346-1365.

Salvador, A. F., de Lima, K. A., & Kipnis, J. (2021). Neuromodulation by the
immune system: a focus on cytokines. Nature Reviews Immunology, 21(8),
526-541.

Samaee, S. M. (2015). Experimental assessment of the efficacy of five veterinary
broad-spectrum anthelmintics to control the intestinal capillariasis in

zebrafish (Danio rerio). Zebrafish, 12(3), 255-267.

Sarmudianto, E. (2017). Peningkatan Kadar Asam Lemak Omega-3 Pada Daphnia
sp. Dengan Pengkayaan Minyak Ikan. Jurnal Mina Sains, 1(1), 1-5.

80



Sayre, R. T., Wagner, R. E,, Siripornadulsil, S., and Farias, C. (2017). Transgenic
Algae for Delivering Antigens to an Animal. United States: US
2017/0202940A1. Washington, DC: U.S. Patent and Trademark Office.

Scapigliati, G., Fausto, A. M., & Picchietti, S. (2018). Fish lymphocytes: an
evolutionary equivalent of mammalian innate-like lymphocytes?
Frontiers in Immunology, 9, 971.

Schmidt, J. G., Korbut, R., Ohtani, M., & von Gersdorff Jargensen, L. (2017).
Zebrafish (Danio rerio) as a model to visualize infection dynamics of
Vibrio anguillarum following intraperitoneal injection and bath exposure.
Fish & Shellfish Immunology, 67, 692-697.

Shah, M. R., Lutzu, G. A., Alam, A., Sarker, P., Kabir Chowdhury, M. A,
Parsaeimehr, A., ... & Daroch, M. (2018). Microalgae in aquafeeds for a
sustainable aquaculture industry. Journal of applied phycology, 30, 197-213.

Specht, E., Miyake-Stoner, S., & Mayfield, S. (2010). Micro-algae come of age as
a platform for recombinant protein production. Biotechnology letters, 32,
1373-1383.

Steinel, N. C., & Bolnick, D. I. (2017). Melanomacrophage centers as a histological
indicator of immune function in fish and other poikilotherms. Frontiers
in immunology, 8, 827.

Stephen, J., Mukherjee, S., Lekshmi, M., & Kumar, S. H. (2023). Diseases and
Antimicrobial Use in Aquaculture. In Handbook on Antimicrobial
Resistance: Current Status, Trends in Detection and Mitigation Measures (pp.
1-23). Singapore: Springer Nature Singapore.

Suyanto, E., & Rahman, Y. S. (2019). Effect of bioencapsulated Artemia salina with
Spirulina platensis on survival rate of Nile tilapia (Oreochromis niloticus)
juvenile. Biotropika, 7(2), 77-81.

Tanekhy, M., Kono, T., & Sakai, M. (2009). Expression profile of cytokine genes
in the common carp species Cyprinus carpio L. following infection with
Aeromonas hydrophila. Bulletin of the European Association of Fish
Pathologists, 29(6), 198-204.

Tizard, I. R. (2017). Veterinary Immunology-E-Book. Elsevier Health Sciences.

Toi, H. T., Boeckx, P., Sorgeloos, P., Bossier, P., & Van Stappen, G. (2013). Bacteria
contribute to Artemia nutrition in algae-limited conditions: A laboratory
study. Aquaculture, 388, 1-7.

Touraki, M., Niopas, 1., & Karagiannis, V. (2012). Treatment of vibriosis in
European sea bass larvae, Dicentrarchus labrax L., with oxolinic acid

81



administered by bath or through medicated nauplii of Artemia franciscana
(Kellogg): efficacy and residual kinetics. Journal of fish diseases, 35(7), 513-
522.

Tran, H. B, Chen, S. C., Chaung, H. C., & Cheng, T. C. (2019). Molecular cloning
of IL-6, IL-10, IL-11, IFN-¥ and modulation of pro-and anti-inflammatory
cytokines in cobia (Rachycentron canadum) after Photobacterium damselae
subsp. piscicida infection. Comparative Biochemistry and Physiology Part B:
Biochemistry and Molecular Biology, 230, 10-18.

Tsai, H. J., and Li, S. S. (2011). Nucleic Acid for use in Algae and use Thereof.
United States: US 2011/0014708 A1l. Washington, DC: U.S. Patent and
Trademark Office.

Tsarouchas, T. M., Wehner, D., Cavone, L., Munir, T., Keatinge, M., Lambertus,
M., ... & Becker, C. G. (2018). Dynamic control of proinflammatory
cytokines II-1p and Tnf-a by macrophages in zebrafish spinal cord
regeneration. Nature communications, 9(1), 4670.

Unajak, S., Kiataramgul, A. Wannathong, T. W. Mavichak, R,
Yokthongwattana, C., & Areechon, N. (2016, April). Development of
Chlamydomonas reinhardtii for control white spot syndrome virus in
shrimp (Penaeus vannamei). In Proceedings of the Asian-Pacific Aquaculture
2016 Conference, Surabaya, Indonesia (pp. 26-29).

Van der Weken, H., Cox, E., & Devriendt, B. (2020). Advances in oral subunit
vaccine design. Vaccines, 9(1), 1.

Wang, D., Ning, K, Li, J.,, Hu, J.,, Han, D., Wang, H,, ... & Xu, J. (2014).
Nannochloropsis genomes reveal evolution of microalgal oleaginous
traits. PLoS genetics, 10(1), e1004094.

Wang, P, Liu, C,, Li, K., Shi, C., & Wu, S. (2015). Identification and expression
analysis of IgZ gene in swordtail fish (Xiphophorus hellri) responses to
vaccine challenges. Journal of Fisheries of China, 39(3), 318-326.

Wang, Y., Che, M., Xin, J., Zheng, Z., Li, ]., & Zhang, S. (2020). The role of IL-1p
and TNF-a in intervertebral disc degeneration. Biomedicine &
Pharmacotherapy, 131, 110660.

Widiastuti, R., Hutabarat, J., & Herawati, V. E. (2012). Pengaruh Pemberian
Pakan Alami Berbeda (Skeletonema costatum dan Chaetoceros gracilis)
terhadap Pertumbuhan Biomass Mutlak dan Kandungan Nutrisi Artemia
sp. Lokal. Journal Of Aquaculture Management and Technology, 1(1), 236-
248.

82



Wu, L, Tian, Y., Pang, M., Yang, Z., Bao, H., Zhou, Y., ... & Zhang, H. (2021). A
novel vibriophage vB_VhaS_PcB-1G capable of inhibiting virulent Vibrio
harveyi pathogen. Aquaculture, 542, 736854.

Yaakob, Z., Ali, E.,, Zainal, A., Mohamad, M., & Takriff, M. S. (2014). An
overview: biomolecules from microalgae for animal feed and
aquaculture. Journal of Biological Research-Thessaloniki, 21, 1-10.

Yang, B., Liu, J., Jiang, Y., & Chen, F. (2016). Chlorella species as hosts for genetic
engineering and expression of heterologous proteins: Progress, challenge
and perspective. Biotechnology Journal, 11(10), 1244-1261.

Yang, D., Liu, Q., Ni, C,, Li, S.,, Wu, H.,, Wang, Q., & Zhang, Y. (2013). Gene
expression profiling in live attenuated Edwardsiella tarda vaccine
immunized and challenged zebrafish: insights into the basic mechanisms
of protection seen in immunized fish. Developmental & Comparative
Immunology, 40(2), 132-141.

Yang, H., Zhujin, D., Marana, M. H., Dalsgaard, 1., Rzgar, ]., Heidi, M., ... & Kurt,
B. (2021). Immersion vaccines against Yersinia ruckeri infection in
rainbow trout: Comparative effects of strain differences. Journal of Fish
Diseases, 44(12), 1937-1950.

Yilmaz, S., Yilmaz, E., Dawood, M. A., Ringg, E., Ahmadifar, E., & Abdel-Latif,
H. M. (2022). Probiotics, prebiotics, and synbiotics used to control
vibriosis in fish: A review. Aquaculture, 547, 737514.

Zainal Abidin, A. A., Suntarajh, M., & Balia Yusof, Z. N. (2020). Transformation
of a Malaysian species of Nannochloropsis: Gateway to construction of
transgenic microalgae as vaccine delivery system to aquatic
organisms. Bioengineered, 11(1), 1071-1079.

Zhang, Q., Dong, X., Chen, B., Zhang, Y., Zu, Y., & Li, W. (2016). Zebrafish as a
useful model for zoonotic Vibrio parahaemolyticus pathogenicity in fish
and human. Developmental & Comparative Immunology, 55, 159-168.

Zhang, X, Li, Y. W,, Mo, Z. Q., Luo, X. C, Sun, H. Y., Liu, P., ... & Dan, X. M.
(2014). Outbreak of a novel disease associated with Vibrio mimicus
infection in fresh water cultured yellow catfish, Pelteobagrus fulvidraco.
Agquaculture, 432, 119-124.

Zhang, X, Mu, Y., Mu, P., Ao, J., & Chen, X. (2017). Transcriptome analysis
reveals comprehensive insights into the early immune response of large
yellow croaker (Larimichthys crocea) induced by trivalent bacterial
vaccine. PLoS One, 12(1), e0170958.

83



Zheng, H., Wang, Y., Li, S., Nagarajan, D., Varjani, S., Lee, D. J., & Chang, J. S.
(2022). Recent advances in lutein production from microalgae.
Renewable and Sustainable Energy Reviews, 153, 111795.

Zhuang, D., He, N., Khoo, K. S, Ng, E. P, Chew, K. W,, & Ling, T. C. (2022).

Application progress of bioactive compounds in microalgae on
pharmaceutical and cosmetics. Chemosphere, 291, 132932.

84





