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Faculty: Institute of Bioscience 

 

Groupers aquaculture industries have faced a high risk of bacterial diseases such as 

Vibriosis. Various types of vaccine have been studied including attenuated vaccine. 

However, the potential of live attenuated vaccine is still understudied. This study was 

conducted to develop a live attenuated protease derivative from pathogenic Vibrio 

harveyi strain Vh1 as a live vaccine candidate using site-directed mutagenesis (SDM) and 

allelic exchange replacement techniques. In SDM, an overlapping PCR was performed to 

generate a deletion in a specific amino acid residue that represents a catalytic site of the 

protease gene. Seven mutant variants consisted of single deletion catalytic sites (DelD, 

DelH, and DelS), double deletion catalytic sites (DelDDelH, DelDDelS and DelHDelS) 

and triple mutation catalytic sites (DelDDelHDelS) were successfully developed. 

Evaluation of protease activity showed DelDDelHDelS recombinant recorded highest 

relative protease activity. A mutagenesis plasmid was further constructed using pRE112 

as suicide plasmid, prior to the transformation into E. coli SM10pir. The resulting 

mutagenesis plasmid (pRE112-DelDDelHDelS) was integrated into the chromosome of 

V. harveyi strain Vh1 by employing a combined mixed broth-membrane filter technique 

for conjugation and the allelic replacement technique. Subsequently, the attenuated strain 

was designated as V. harveyi attenuated strain MVh-vhs and was further used as live 

vaccine candidate throughout this study. In vivo study was performed in Epinephelus 

fuscoguttatus to evaluate the safety and pathogenicity level of the attenuated strain. Fish 

challenged with the parental strain showed obvious clinical signs of Vibriosis such as 

hemorrhages on the ventral abdominal pelvic area, external lesion and white 

depigmentation in skin. The median lethal dosage (LD50) in fish challenged with the 

parental strain was found at 10
6 

CFU/fish. Histopathological analysis showed the 

presence of immunological response activity in both fish treatment. In contrast, 100% 

survival with no indication of vibriosis was detected in fish challenged with the 

attenuated strain. Vaccination with the attenuated strain in juvenile E. fuscoguttatus was 

performed using a single dose IP administration at 10
5
 CFU/fish. The bacterial challenge 

was done after four weeks post vaccination with the pathogenic V. harveyi strain Vh1 at 

dosage concentration of 10
8
 CFU/fish following IP administration. Fish vaccinated with 
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the attenuated strain showed 52% relative percentage survival (RPS). De novo 

transcriptomic analysis revealed that the vaccinated E. fuscoguttatus with the attenuated 

strain conferred both innate and adaptive immunity. The innate adaptive involved in 

regulation of the autophagosome pathway and coagulation and complement cascade 

pathway. Adaptive immunity relies on the regulation of antigen processing and 

presentation pathway. In addition, V. harveyi attenuated strain MVh-vhs possessed an 

unmarked gene deletion and the attenuation properties were found stable after 15 in vitro 

passages. As a conclusion, the V. harveyi attenuated strain MVh-vhs has significant 

potential to be applied as a live vaccine candidate against vibriosis in E. fuscogutattus. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

iii 
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PEMBANGUNAN MUTAN Vibrio harveyi LESAPAN PROTEASE SEBAGAI 

VAKSIN TERATENUASI HIDUP MELAWAN VIBRIOSIS DALAM 

Epinephelus fuscoguttatus (FORSSKAL, 1775) 

 

Oleh 

 

ASLIZAH BINTI MOHD ARIS 

 

Februari 2018 

 

Pengerusi: Prof. Madya Ina Salwany Md Yasin, PhD 

Fakulti: Institut Biosains 

 

Industri akuakultur kerapu telah menghadapi risiko tinggi penyakit berasaskan bakteria 

seperti Vibriosis. Pelbagai jenis vaksin telah dikaji termasuk vaksin teratenuasi. Walau 

bagaimanapun, potensi vaksin teratenuasi masih belum dikaji secara menyeluruh. 

Kajian ini dijalankan untuk membangunkan terbitan protease yang teratenuasi dari 

patogen V. harveyi sten Vh1 sebagai calon vaksin hidup dengan menggunakan kaedah 

mutagenesis tapak terarah (SDM) dan teknik penggantian alel. Dalam SDM, PCR 

bertindih dilakukan untuk menjana lesapan dalam sisa asid amino tertentu yang 

mewakili tapak pemangkin bagi gen protease. Tujuh varian mutan terdiri daripada 

lesapan pemangkin tapak tunggal (DelD, DelH dan DelS), lesapan pemangkin dua 

tapak (DelDDelH, DelDDelS dan DelHDelS) dan lesapan kesemua tapak pemangkin 

(DelDDelHDelS) telah berjaya dibangunkan. Aktiviti protease menunjukkan 

rekombinan DelDDelHDelS mencatatkan aktiviti relatif protease yang tertinggi. 

Selanjutnya, plasmid mutagenesis dibina menggunakan pRE112 sebagai plasmid 

perantara, sebelum transformasi ke dalam E. coli SM10pir. Plasmid mutagenesis 

(pRE112-DelDDelHDelS) telah diintegrasi ke dalam kromosom V. harveyi strain Vh1 

dengan menggunakan kaedah gabungan media-membran penapis melalui teknik 

konjugasi dan penggantian alel. Strain attenuasi telah direka bentuk sebagai V. harveyi 

teratenuasi strain MVh-vhs dan seterusnya digunakan sebagai calon vaksin hidup 

sepanjang kajian ini. Kajian in vivo telah dilakukan terhadap E. fuscoguttatus untuk 

menilai tahap keselamatan dan kepatogenan bagi strain teratenuasi. Ikan yang diuji 

dengan strain pathogen asal menunjukkan tanda-tanda klinikal yang jelas untuk 

Vibriosis seperti pendarahan di kawasan abdomen pelvis, luka luaran dan depigmentasi 

putih pada kulit. Dos maut median (LD50) ikan yang diuji dengan strain asal pathogen 

adalah 10
6 

CFU/ikan. Analisis histopatologi menunjukkan kehadiran bagi aktiviti 

tindak balas imunologi dalam kedua-dua rawatan ikan. Sebaliknya, 100% kemandirian 

ditunjukkan dalam ikan yang diuji dengan strain teratenuasi serta ianya tidak 

menunjukkan kesan vibriosis. Vaksinasi dengan strain teratenuasi dalam juvana E. 

fuscoguttatus dilakukan dengan menggunakan suntikan IP dos tunggal pada 10
5
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CFU/ikan. Cabaran bakteria dilakukan selepas empat minggu suntikan vaksinasi 

dengan V. harveyi strain Vh1 pada kepekatan dos 10
8
 CFU/fish dengan menggunakan 

suntikan IP. Ikan yang disuntik dengan strain teratenuasi menunjukkan 52% peratusan 

relatif masih hidup (RPS). Analisis transkriptomik de novo menunjukkan vaksinasi E. 

fuscoguttatus dengan strain teratenuasi menghasilkan immuniti semulajadi dan adaptif. 

Hasil dapatan kajian menunjukkan pengawalaturan immuniti semula jadi melibatkan 

laluan autophagosome serta laluan pembekuan dan lata komplemen. Pengawalaturan 

dalam kekebalan adaptif bergantung kepada laluan pemprosesan antigen dan 

persembahan. Di samping itu, V. harveyi teratenuasi strain MVh-vhs mempunyai gen 

penglesapan tidak bertanda yang stabil dari segi atenuasi selepas 15 siri inokulasi 

secara in vitro. Kesimpulannya, V. harveyi teratenuasi strain MVh-vhs mempunyai 

potensi yang besar untuk digunakan sebagai calon vaksin sebenar melawan vibriosis 

pada E. fuscogutattus. 
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CHAPTER 1 

 

INTRODUCTION 

 

Aquaculture industry is an important sector in agriculture. It rapidly gains global 

interest as it plays important roles in food security. It also contributes toward economic 

development and social stability worldwide (IFPRI, 2015; WorldFish, 2011; World 

Bank, 2007). In order to cater for the high demand, intensification and 

commercialization become the main focus. However, outbreaks of fish diseases appear 

to increase due to these practices (Bondad-Reantaso et al., 2005). Vibriosis is a disease 

of importance among aquatic animals (Wei and Wee, 2014). In Malaysia, the first 

documented disease outbreak was in 1989 that involved cage-cultured grouper, snapper 

and seabass (Shariff, 1995). These outbreaks led a total loss of USD7.4M loss, between 

years 1990 to 1995 in aquaculture facilities in Malaysia (Shariff, 1995). In addition, 

early mortality syndrome (EMS) was reported in 2010 in Malaysia that was responsible 

for the collapse of shrimp farming. Vibrio parahaemolyticus is believed to be the cause 

of EMS in shrimp farming. EMS was reported to be occured in Malaysia, as well as in 

China, Vietnam and Thailand (Wei and Wee, 2014). A recent report revealed that V. 

parahaemolyticus, V. alginolyticus followed by Vibrio harveyi, Vibrio owensii and 

Vibrio campbelli were the most common species infecting aquatic animals (Nor-

Amalina et al., 2017). The symptom of vibriosis includes lethargy, septicemia, 

necrotizing enteritis, vasculitis, inappetite, haemorrhages, internal organ liquefaction, 

skin lesion, eye blindness (Austin and Austin, 2007). 

 

The common practice in treating a fish bacterial disease involves the application of 

antibiotics. They are effective to cure bacterial diseases (Grisez and Tan, 2005). 

Unfortunately, serious complications developed through the spread of antibiotic 

resistance bacteria and the accumulation of antibiotic residues in the environment and 

food products, creating serious problems to human and environmental health (Defoirdt 

et al., 2011; Plant and LaPatra, 2011; Defoirdt et al., 2007; Grisez and Tan, 2005; 

Vadstein, 1997). Owing to the issues, the application of antibiotics is no longer 

encouraged. Therefore, vaccination is now considered as the best approach to prevent a 

specific disease outbreak. A number of vaccines have been developed to combat 

Vibriosis in aquatic organisms. For example, Vibrogen 2, AquaVac
®
, Lipogen Forte 

and Forte VI which is based on the killed attenuated vaccine. The majority of 

commercialized vaccines using killed attenuated Vibrio anguillarum, formulated with 

only O1, or a mixture of serotypes O1 and O2a. Some of developed vaccines had 

applied different types of polyvalent oil-adjuvanted vaccines, including a different 

combination of Vibrio anguillarum with other pathogens, such as Vibrio ordalii, Vibrio 

salmonicida and Aeromonas salmonicida. These killed vaccines are commonly used for 

salmonids by the intraperitoneal route. However, there is lack information and research 

documentation to study its protective efficacy in different hosts other than salmonids 

and seabass. 
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Alternatively, a live attenuated vaccine can be used to prevent fish diseases. Basically, 

live attenuated viral vaccines can be developed by repeated in vitro passages until the 

virulent strain becomes avirulent (Hastein et al, 2005; Sommerset et al, 2005; Li et al., 

2015a; Griffiths et al., 1998). Another possible strategy using a well-defined deletion, 

insertion or addition on targeted genes that control the virulence properties of the 

virulent strain can also attenuate the strain (Choi et al., 2016; Altinok et al., 2015; Chu 

et al., 2015; Gao et al., 2014; Loessner et al, 2012; Xiao et al., 2011; Shoemaker and 

Klesius, 2009). This live attenuated vaccine contains the necessary antigenic 

determinants to induce strong and prolonged protective immunity and is able to evoke 

immune response at lower dosage concentration (Li et al., 2015b; Wang et al., 2014b; 

Ma et al., 2008; Ebensen et al., 2004). The most research studied on the construction of 

live attenuated vaccine only dealing with attenuation that led to decrease the 

survivability and persistence of the pathogenic strain in the hosts. For example, Ma et 

al. (2008) successfully constructed a live attenuated strain MVAV6204 derivative V. 

anguillarum strain MVM425. The construction of strain MVAV6204 contains a 

deletion of aromatic amino acid, the folic acid synthesis gene and siderophore 

anguibactin. Thus, the synthesis of aromatic amino acid, folic acid and/or the virulence 

factor, and the siderophore anguibactin is repressed. Therefore, the ability to synthesize 

important amino acids and to scavenge for the iron depletion from hosts is reduced or 

even completely eliminated.  

 

To our knowledge, there is no report has been claimed to construct the live attenuated 

strain which employed the attenuation strategies on the virulence-associated proteolytic 

properties. As described by Zhang et al. (2008), the serine endoprotease activity is 

responsible for the proteolytic activity of V. harveyi. Mutation of the serine 

endoprotease motif might result in a loss of proteolytic or mucinase activity. As a 

result, the cytotoxicity or damage effect on target cells can also be halted. In order to 

fill in the research gap, the main purpose of this study is to develop a live attenuated 

strain, a derivative V. harveyi from a local strain of pathogenic V. harveyi. Besides, the 

V. harveyi is considered as an opportunistic pathogen (Cheng et al., 2010; Kraxberger-

Beatty et al., 1990) and proved to have a cross immunoprotection against other types of 

Vibrio species (Fathin-Amirah et al., 2015; Hu et al., 2012). These features definitely 

give an advantage to V. harveyi to be developed as a live vaccine candidate. The 

resulted attenuated strain is targeted as a live vaccine candidate against vibriosis in 

Epinephelus fuscoguttatus. 

 

There are four objectives of this study, which are stated as below: 

 

1) To identify and characterize the virulence-associated serine protease gene 

from V. harveyi (Vh1 strain) that was previously isolated from diseased E. 

fuscoguttatus. 

2) To construct the attenuated protease derivative strain of V. harveyi by 

employing the site directed mutagenesis, conjugation and allelic exchange 

replacement. 

3) To determine the pathogenicity and safety levels of the attenuated strain as 

compared to the field Vh1 strain in E. fuscoguttatus and the genetic stability of 

the attenuated strain. 

4) To evaluate the protective ability of the newly develop attenuated strain as live 

vaccine using intraperitoneal vaccination regimen in E. fuscoguttatus. 
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The hypotheses of this study are as below: 

 

Hypothesis 1: 

H0: The serine protease vhs gene is not associated with virulence properties of V. 

harveyi strain Vh1. 

H1: The serine protease vhs gene is associated with virulence properties of V. 

harveyi strain Vh1. 

 

Hypothesis 2: 

H0: Construction of V. harveyi attenuated strain is not possible to be achieved by 

site directed mutagenesis, conjugation and allelic exchange. 

H1: Construction of V. harveyi attenuated strain is possible to be achieved by site 

directed mutagenesis, conjugation and allelic exchange. 

 

Hypothesis 3: 

H0: The constructed V. harveyi attenuated strain possessed a similar pathogenicity 

effects which demonstrated by the Vh1 strain in E. fuscoguttatus. 

H1: The constructed V. harveyi attenuated strain not possessed any pathogenicity 

effects which demonstrated by the Vh1 strain in E. fuscoguttatus. 

 

Hypothesis 4: 

H0: Vaccination of juvenile E. fuscoguttatus with newly developed V. harveyi 

attenuated strain could not induce immune response and results in high 

mortalities after challenged with pathogenic V. harveyi strain Vh1. 

H1: Vaccination of juvenile E. fuscoguttatus with newly developed V. harveyi 

attenuated strain could induced good immune response and results in 

mortalities decrement after challenged with pathogenic V. harveyi strain Vh1. 

 

In general, the specific features of live V. harveyi attenuated strain MVh-vhs is claimed 

to be: 

1) Novel live vaccine candidate with the unmarked gene deletion. 

2) Safe and able to generate immunoprotective ability to E. fuscoguttatus. 

3) Potentially to be commercialized in future. 

 

It is hoped that this study might open a new direction to a possible alternative way to 

sustain the aquaculture sectors. 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

173 

 

REFERENCES 

 

Adams, A., Aoki, T., Berthe, F. C. J., Grisez, L. and Karunasagar, I. (2008). Recent 

technological advancements on aquatic animal health and their contributions 

toward reducing disease risks - A review. In: Bondad-Reantaso, M. G., 

Mohan, C. V., Crumlish, Margaret and Subasinghe, R. P. (eds). Diseases in 

Asian aquaculture VI. Fish Health Section, Asian Fisheries Society, Manila, 

Philippines. 

 

Aguirre-Guzmán, G., Ruiz, H. M. and Ascencio, F. (2004). A review of extracellular 

virulence product of Vibrio species important in disease of cultivated shrimp. 

Aquaculture Research, 35: 1395-1404. 

 

Alam, M. J., Miyoshi, S. and Shinoda, S. (2003). Studies on pathogenic Vibrio 

parahaemolyticus during a warm weather season in the Seto Inland Sea, 

Japan. Environmental Microbiology, 5: 706-710. 

 

Albert, V. and Ransangan, J. (2013). Effect of water temperature on susceptibility of 

culture marine fish species to vibriosis. International Journal of Research in 

Pure and Applied Microbiology. 3(3): 48-52. 

 

Alcorn, S., Ostland, V., LaPatra, S., Harbell, S., Friedman, C. and Winton, J. (2008). 

Measurement of the innate cellular immune responses of hybrid striped bass 

and rainbow trout. WRAC Publications. 

 

Altinok, I., Capkina, E. and Karsi, A. (2015). Succinate dehydrogenase mutant of 

Listonella anguillarum protects rainbow trout against vibriosis. Vaccine, 33: 

5572-5577. 

 

Amend, D. F. (1981). Potency testing of fish vaccines. In: Anderson, D. P., Hennessen, 

H. (Eds.), Fish Biologies: Serodiagnostics and Vaccines Development in 

Biological Standardization. pp. 447-454. Karger Basel. 

 

Anderson, D. P. and Jeney, G. (1992). Immunostimulants added to injected Aeromonas 

salmonicida bacterin enhance the defense mechanisms and protection in 

rainbow trout (Oncorhynchus mykiss). Veterinary Immunology and 

Immunopathology, 34: 379-389. 

 

Antoro, S., Zairin, M. Jr., Alimuddin, A., Suprayudi, M. A. and Faizal, I. (2014). 

Growth, biochemical composition, innate immunity and histological 

performance of the juvenile humpback grouper (Cromileptes altivelis) after 

treatment with recombinant fish growth hormone. Aquaculture Research, 1-

13. 

 

Arias, C. R., Shoemaker, C. A., Evans, J. J. and Klesius, P. H. (2003). A comparative 

study of Edwardsiella ictaluri parent (EILO) and E. ictaluri rifampicin-mutant 

(RE-33) isolates using lipopolysaccharides, outer membrane proteins, fatty 

acids, Biolog, API 20E and genomic analyses. Journal of Fish Diseases, 26: 

415-421. 

 



© C
OPYRIG

HT U
PM

174 

 

Arnold, K., Bordoli, L., Kopp, J. and Schwede, T. (2006). The SWISS-MODEL 

workspace: A web-based environment for protein structure homology 

modelling. Bioinformatics, 22: 195-201. 

 

Austin, B. (2010). Review: Vibrios as causal agents of zoonoses. Veterinary 

Microbiology, 140: 310-317. 

 

Austin, B. and Austin D. A. (2007). Bacterial fish pathogens: Diseases of farmed and 

wild fish. Fourth Ed. Praxis Publishing Ltd. UK.  

 

Austin, B. and Zhang, X. H. (2006). Vibrio harveyi: A significant pathogen of marine 

vertebrates and invertebrates. Letters in Applied Microbiology, 43: 119-124. 

 

Ausubel, F. M. (2005). Are innate immune signaling pathways in plant and animals 

conserved?. Nature Immunology, 6 (10): 973-979. 

 

Bagos, P. G., Liakopoulos, T. D., Spyropoulos, I. C., Hamodrakas, S. J. (2004). PRED-

TMBB: A web server for predicting the topology of β-barrel outer membrane 

proteins. Nucleic Acids Research, 32: W400-W404. 

 

Bannwarth, M. and Schulz, G. E. (2003). The expression of outer membrane proteins 

for crystallization. Biochimica et Biophysica Acta, 1610: 37-45. 

 

Bass, S., Gu, Q. and Christen, A. (1996). Multicopy suppressors of Prc mutant E. coli 

include two HtrA (Deg P) protease homologs (HhoAB), DksA, and a 

truncated RlpA. Journal of Bacteriology, 178: 1154-61. 

 

Bellmann, C., Tipping, A. and Sumaila, U. R. (2016). Global trade in fish and fishery 

products: An overview. Marine Policy, 69: 181-188. 

 

Béné, C., Arthur, R., Norbury, H., Allison, E. H., Beveridge, M., Bush, S., Campling, 

L., Leschen, W., Little, D., Squires, D., Thilsted, S. H., Troell, M., and 

Williams, M. (2016). Contribution of fisheries and aquaculture to food 

security and poverty reduction: Assessing the current evidence. World 

Development, 79: 177-196. 

 

Biosafety Guidelines for Contained Use Activity of Living Modified Organism (LMO). 

(2010). Department of Biosafety, The Ministry of Natural Resources and 

Environment Malaysia, Putrajaya, Malaysia. 

(http://www.biosafety.nre.gov.my). 

 

Blow, D. M., Birktoft, J. J. and Hartley, B. S. (1969). Roles of a buried acid group in 

the mechanism of action of chymotrypsin. Nature, 221: 337-340. 

 

Boglione, C., Morino, G., Giganti, M., Longobardi, A., De Marzi, P. and Cataudella, S. 

(2009). Skeletal anomalies in dusky grouper Epinephelus marginatus (Lowe 

1984) juveniles reared with different methodologies and larval densities. 

Aquaculture, 291: 48-60. 

 

http://www.biosafety.nre.gov.my/


© C
OPYRIG

HT U
PM

175 

 

Bondad-Reantaso, M. G., Subasinghe, R. P., Richard Arthur, J., Ogawa, K., Chinabut, 

S., Adlard, R., Tan, Z. and Shariff, M. (2005). Disease and health management 

in Asian aquaculture. Veterinary Parasitology, 132(3-4): 249-272. 

 

Bowater, R. O., Forbes-Faulkner, J., Anderson, I. G., Condon, K., Robinson, B., Kong, 

F., Gilbert, G. L., Reynolds, A., Hyland, S., McPherson, G., Brien, J. O. and 

Blyde, D. (2012). Natural outbreak of Streptococcus agalactiae (GBS) 

infection in wild giant Queensland grouper, Epinephelus lanceolatus (Bloch), 

and other wild fish in northern Queensland, Australia. Journal of Fish 

Diseases. 35: 173-186. 

 

Bowker, J. D. and Trushenski, J. T. (2016). Guide to using drugs, biologics, and other 

chemicals in aquaculture. (Eds). American Fisheries Society Fish Culture 

Section. 

 

Brattgjerd, S. and Evensen Ø. (1996). A sequential light microscopic and ultrastructural 

study on the uptake and handling of Vibrio salmonicida in the head kidney 

phagocytes of experimentally infected Atlantic salmon, Salmo salar L. 

Veterinary Pathology, 33: 55-65. 

 

Brosius, J., Palmer, M. L., Kennedy, P. J. and Noller, H. F. (1978). Complete 

nucleotide sequence of a 16S ribosomal RNA gene from Escherichia coli. 

Proceedings of the National Academy of Sciences, 75(10): 4801-4805. 

 

Brown, F., Dougan, G., Hoey, E. M., Martin, S. J., Rima, B. K. and Trudgett, A. 

(1993). Vaccine Design. Molecular Medical Science Series. John Wiley and 

Sons. England. 

 

Buchfink, B., Xie, C. and Huson, D. H. (2015). Fast and sensitive protein alignment 

using DIAMOND. Nature Methods, 12 (1): 59-60. 

 

Busvine, J. R. (1971). A critical review of the techniques for testing insecticides. 

Commonwealth Agricultural. 

 

Cabello, F. C. (2006). Heavy use of prophylactic antibiotics in aquaculture: A growing 

problem for human and animal health and for the environment. Environmental 

Microbiology, 8: 1137-1144. 

 

Cai, S. H., Lu, Y. S., Wu, Z. H. and Jian, J. C. (2013). Cloning, expression of Vibrio 

alginolyticus outer membrane protein‐OmpU gene and its potential application 

as vaccine in crimson snapper, Lutjanus erythropterus Bloch. Journal of Fish 

Diseases, 36(8): 695-702. 

 

Castro, R. and Tafalla, C. (2015). Overview of fish immunity. In Beck, B. H., Peatman, 

E. (Eds), Mucosal health in aquaculture. Academic Press, London, pp. 3-54. 

 

Catrangiua, A., Niculescua, D., Lucaciua, I., Chifiriucb, C and Mihaescu, G. (2015). 

Virulence factors of Gram negative bacteria isolated from natural aquatic 

ecosystems. Journal of Environmental Protection and Ecology, 16(1): 33-39. 

 



© C
OPYRIG

HT U
PM

176 

 

CDDEP (Center for Disease Dynamics, Economics and Policy). (2015). State of the 

World’s Antibiotics. Washington, D.C. 

 

Chen F. R., Liu P. C. and Lee K. K. (1999). Purification and partial characterization of 

a toxic serine protease produced by pathogenic Vibrio alginolyticus. 

Microbios, 98: 95-111. 

 

Cheng, S., Zhang, W. W., Zhang, M. and Sun, L. (2010). Evaluation of the vaccine 

potential of a cytotoxic protease and a protective immunogen from a 

pathogenic Vibrio harveyi strain. Vaccine, 28: 1041-1047. 

 

Chiou, C. S., Hsu, S. Y., Chiu, S. J., Wang, T. K. and Chao, C. S. (2000). Vibrio 

parahaemolyticus serovar O3:K6 as cause of unusually high incidence of 

food-borne disease outbreaks in Taiwan from 1996 to 1999. Journal of 

Clinical Microbiology, 38: 4621-4625. 

 

Cho, S-H., Shin, H. H., Choi, Y. H., Park, M. S. and Lee, B. K. (2008). Enteric bacteria 

isolated from acute diarrheal patients in the Republic of Korea between the 

year 2004 and 2006. Journal of Microbiology, 46: 325-330. 

 

Choi, S. H., Kim, M. S. and Kim, K. H. (2016). Knockout of two alanine racemase 

genes of Vibrio anguillarum and its potential as an attenuated vaccine in olive 

flounder (Paralichthys olivaceus). Aquaculture, 458: 8-12. 

 

Chou, K-C. and Elrod, D.W. (1999). Prediction of membrane protein types and 

subcellular locations. Proteins, 34: 137-153. 

 

Chu, T., Guan, L., Shang, P., Wang, Q, Xiao, J., Liu, Q and Zhang, Y. (2015). A 

controllable bacterial lysis system to enhance biological safety of live 

attenuated Vibrio anguillarum vaccine. Fish and Shellfish Immunology, 45: 

742-749. 

 

Clausen, T., Southan, C. and Ehrmann, M. (2002). The HtrA family of proteases: 

implications for protein composition and cell fate, Molecular Cell, 10: 443-

455.  

 

Coll, J. M. and Dominguez-Juncal, J. (1995). Applications of Monoclonal Antibodies 

in Aquaculture. Biotechnology Advances. 13: 45-73. 

 

Colwell, R. R. and Grimes, D. J. (1984). Vibrio diseases of marine fish populations. 

Helgoländer Meeresuntersuchungen, 37: 265-287. 

 

Colquhoun, A. J. and Lillehaug, A. (2014). Vaccination against Vibriosis. In: Gudding, 

R., Lillehaug, A. and Evensen, O. (Eds), Fish Vaccination (pp. 172–184), First 

edition. San Francisco, CA, USA: John Wiley and Sons, Ltd.  

 

Crotzer, V.L and Blum, J.S. (2010). Autophagy and adaptive immunity. Immunology. 

131: 9-17. 

 



© C
OPYRIG

HT U
PM

177 

 

Dalmo, R. A., Ingebrigtsen, K. and Bøgwald, J. (1997). Non-specific defence 

mechanisms in fish with particular reference to the reticuloendothelial system 

(RES). Journal of Fish Diseases, 20: 241-273. 

 

Davidson, N. M. and Oshlack, A. (2014). Corset: Enabling differential gene expression 

analysis for de novo assembled transcriptomes. Genome Biology, 15 (410): 1-

14. 

 

Defoirdt, T. (2014). Virulence mechanisms of bacterial aquaculture pathogens and 

antivirulence therapy for aquaculture. Reviews in Aquaculture, 6: 100-114. 

 

Defoirdt, T, Boon, N., Sorgeloos, P., Verstraete, W. and Bossier, P. (2007). 

Alternatives to antibiotics to control bacterial infections: Luminescent 

vibriosis in aquaculture as an example. Trends in Biotechnology. 25 (10). 472-

479.  

 

Defoirdt, T, Sorgeloos, P. and Bossier, P. (2011). Alternatives to antibiotics for the 

control of bacterial disease in aquaculture. Current Opinion in Microbiology, 

14: 251-258. 

 

Delgado, C. L., Wada, N., Rosegrant, M. W., Meijer, S. and Ahmed, M. (2003). The 

future of fish: Issues and trends to 2020. International Food Policy Research 

Institute and Worldfish Center. 

 

Delston, R. B., Kothary, M. H., Shangraw, K. A. and Tallm, B. D. (2003). Isolation and 

characterization of a zinc containing metalloprotease expressed by Vibrio 

tubiashii. Canadian Journal of Microbiology, 49: 25-29. 

 

Deepanjali, A., Kumar, H. S., Karunasagar, I. and Karunasagar, I. (2005). Seasonal 

variation in abundance of total and pathogenic Vibrio parahaemolyticus 

bacteria in oysters along the southwest coastal of India. Applied and 

Environmental Microbiology, 71: 3575-3580. 

 

De Paola, A., Peeler, J.T. and Rodrick, G. (1995). Effects of oxytetracycline medicated 

feed on antibiotic resistance of Gram-negative bacteria in catfish ponds. 

Applied and Environmental Microbiology, 61: 2335-2340. 

 

Detmer, A. and Glenting, J. (2006). Live bacterial vaccines- A review and 

identification of potential hazards. Microbial Cell Factories, 5: 23. 

 

Dey, M. M., Briones, R. M., Garcia, Y. T., Nissapa, A., Rodriguez, U. P., Talukder, R. 

K., Senaratne, A., Omar, I. H., Koeshendrajana, S., Khiem, N. T., Yew, T. S., 

Weimin, M., Jayakody, D. S., Kumar, P., Bhatta, R., Haque, M. S., Rab, M. 

A., Chen, O. L., Luping L. and Paraguas, F. J. (2008). Strategies and options 

for increasing and sustaining fisheries and aquaculture production to benefit 

poorer households in Asia. WorldFish Center Studies and Reviews No. 1823. 

(180 p). The WorldFish Center, Penang, Malaysia. 

 

 

 



© C
OPYRIG

HT U
PM

178 

 

Dillies, M. A., Rau, A., Aubert, J., Hennequet-Antier, C., Jeanmougin, M., Servant, N., 

Keime, C., Marot, G., Castel, D., Estelle, J., Guernec, G., Jagla, B., Jouneau, 

L., Laloë, D., Le-Gall, C., Schaëffer, B., Le-Crom, S., Guedj, M., Jaffrézic, F., 

French Stat Omique Consortium. (2013). A comprehensive evaluation of 

normalization methods for Illumina high-throughput RNA sequencing data 

analysis. Briefings in Bioinformatics, 14(6): 671-683. 

 

Dixon, G. H. and Neurath, H. (1957). Acylation of the enzymatic site of -

chymotrypsin by esters, acid anhydrides and acid chlorides. The Journal of 

Biological Chemistry, 225: 1049-1060. 

 

Doggett, T. A. and Brown, P. K. (1996). Attenuated Salmonella as vectors for oral 

immunization. Mucosal vaccines, 105-118. 

 

Dorsch, M., Lane, D. and Stackebrandt, E. (1992). Towards a phylogeny of the genus 

Vibrio based on 16S rRNA sequences. International Journal of Systematic 

Bacteriology, 42: 58-63. 

 

Dunn, E. J., Polk, A., Scarrett, D. J., Olivier, G., Lall, S. and Goosen, M. F. A. (1990). 

Vaccines in aquaculture: The search for an efficient delivery system. 

Aquacultural Engineering, 9: 23-32. 

 

Ebensen, T., Link, C. and Guzmán, C. A. (2004). Classical and novel vaccination 

strategies: A comparison. In: Kaufmann, S.H.E (Ed). Novel vaccination 

strategies. Wiley-VCH. Germany. 

 

Edwards, R.A., Keller, L.H. and Schifferli, D.M. (1998). Improved allelic exchange 

vectors and their use to analyze 987P fimbria gene expression. Gene, 207(2): 

149-157. 

 

Ellingsin, K. and Gudding, R. (2011). The potential to increase use of the 3Rs in the 

development and validation of fish vaccines. Report from the National 

Veterinary Institute, Oslo. 

 

Ellis, A. E. (1988). General principles of fish vaccination. In: Ellis, A. E, (Ed). Fish 

vaccination. London: Academic Press; pp. 1-31. 

 

Esteban, M. A. (2012). Review article: An overview of the immunological defenses in 

fish skin. ISRN Immunology, 2012: pp 29. 

 

Estevez, J., Leiro, J., Toranzo, A. E., Barja, J. L. and Ubeira, F. M. (1994). Kinetics of 

antibody production against Vibrio anguillarum antigens in turbot. 

Aquaculture, 123: 191-196. 

 

European Medicines Agency. (2013). Guideline on the design of studies to evaluate the 

safety and efficacy of fish vaccines (EMA/CVMP/IWP/314550/2010). 

 

Fang, H. M., Ling, K. C., Ge, R. and Sin, Y. M. (2000). Enhancement of protective 

immunity in blue gourami, Trichogaster trichopterus (Pallas), against 

Aeromonas hydrophila and Vibrio anguillarum by A. hydrophila major 

adhesin. Journal of Fish Diseases, 23(2): 137-145. 



© C
OPYRIG

HT U
PM

179 

 

FAO (Food and Agriculture Organization of the United Nations). (2016). National 

aquaculture sector overview. Malaysia. National aquaculture sector overview 

fact sheets. Fisheries and aquaculture information and statistics branch. 

 

FAO (Food and Agriculture Organization of the United Nations). (2014). The state of 

world fisheries and aquaculture: Opportunities and challenges. Rome. 

 

FAO (Food and Agriculture Organization of the United Nations). (2012). The State of 

World Fisheries and Aquaculture 2012 Report, Food and Agriculture 

Organization of the United Nations, Rome. 

 

FAO (Food and Agriculture Organization of the United Nations). (2005). Responsible 

use of antibiotics in aquaculture. FAO Fisheries Technical Paper 469. Rome.  

 

Farhadian, S., Asoodeh, A. and Lagzian, M. (2015). Purification, biochemical 

characterization and structural modelling of a potential HtrA-like serine 

protease from Bacillus subtilis DR8806. Journal of Molecular Catalysis B: 

Enzymatic, 115: 51-58. 

 

Fathin-Amirah, M., Ina-Salwany, M. Y., Zamri-Saad, M., Amal, M. N. A., and Siti 

Zahrah, A. (2015). Antigenicity analysis of outer membrane proteins (OMPs) 

of Vibrio sp isolated from diseased tiger grouper for vaccine development. In: 

Proceedings of the TIIKM’s 2nd International Conference on Fisheries and 

Aquaculture 2015. pp 32. 25-27 August 2015, Colombo, Sri Lanka. 

 

Faulds-Pain, A. and Wren, B. W. (2013). Improved bacterial mutagenesis by high-

frequency allele exchange, demonstrated in Clostridium difficile and 

Streptococcus suis. Applied and Environmental Microbiology, 79 (15): 4768-

4771. 

 

Farto, R., Perez, M. J., Fernandez-Briera, A. and Nieto, T. P. (2002). Purification and 

partial characterisation of a fish lethal extracellular protease from Vibrio 

pelagius. Veterinary Microbiology, 89:181-194. 

 

Feunou, P-F., Ismaili, J., Debrie, A-S., Huot, L., Hot, D., Raze, D., Lemoine, Y and 

Locht, C. (2008). Genetic stability of the live attenuated Bordetella pertussis 

vaccine candidate BPZE1. Vaccine, 26: 5722-5727. 

 

Firdaus-Nawi, M., Yusoff, S. M., Yusof, H., Abdullah, S. Z. and Zamri-Saad, M. 

(2013). Efficacy of feed-based adjuvant vaccine against Streptococcus 

agalactiae in Oreochromis spp. in Malaysia. Aquaculture Research, 45: 87-

96. 

 

Finney, D. J., Ed. (1952). Probit Analysis. Cambridge, England, Cambridge University 

Press. 

 

Frey, J. (2007). Biological safety concepts of genetically modified live bacterial 

vaccines. Vaccine, 25: 5598-5605. 

 

Fuhrman, J. A. (1999). Marine viruses and their biogeochemical and ecological effects. 

Nature, 399: 541-548. 



© C
OPYRIG

HT U
PM

180 

 

Garg, A. and Gupta, D. (2008). VirulentPred: A SVM based prediction method for 

virulent proteins in bacterial pathogens. BMC Bioinformatics, 9(62): 1-12. 

 

Gao, Y., Wu, H., Wang, Q., Qu, J., Liu, Q., Xiao, J. and Zhang, Y. (2014). A live 

attenuated combination vaccine evokes effective immune-mediated protection 

against Edwardsiella tarda and Vibrio anguillarum. Vaccine, 32: 5937-5944. 

 

Gauger, E., Smolowitz, R., Uhlinger, K., Casey, J. and Gómez-Chiarri, M. (2006). 

Vibrio harveyi and other bacterial pathogens in cultured summer flounder, 

Paralichthys dentatus. Aquaculture, 260: 10-20. 

 

Gomez-Gill, B., Herrera-Vega, M. A., Abreu-Gobois, F. A. and Roque, A. (1998). 

Bioencapsulation of two different Vibrio species in nauplii of the brine shrimp 

Artemia franciscana. Applied and Environmental Microbiology, 64: 2318-

2322. 

 

Germanier, R. (2012). Bacterial vaccines (Ed.). Academic Press. 

 

Gifford, G., Agrawal, P., Hutchings, D. and Yarosh, O. (2011). Veterinary vaccine 

post-licensing safety testing: Overview of current regulatory requirements and 

accepted alternatives. Procedia in Vaccinology, 5: 236-247. 

 

Goldman, M. and Lambert, P-L. (2004). Immunological safety of vaccines: Facts, 

hyphotheises and allegations. In In: Kaufmann, S. H. E (Ed). Novel 

vaccination strategies. Wiley-VCH. Germany. 

 

Gomez, D., Sunyer, J. O. and Salinas, I. (2013). The mucosal immune system of fish: 

the evolution of tolerating commensals while fighting pathogens. Fish and 

Shellfish Immunology, 35(6): 1729-1739. 

 

Grabherr, M. G., Haas, B. J., Yassour, M., Levin J. Z., Thopson, D. A., Amit, I., 

Adiconis, X., Fan, L., Raychowdhury, R., Zeng, Q., Chen, Z., Mauceli, E., 

Hacohen, N., Gnirke, A., Rhind, N., di Palma, F., Birren, B. W., Nusbaum, C., 

Lindblad-Toh, K., Friedman, N. and Regev, A. (2011). Full-length 

transcriptome assembly from RNA-Seq without reference genome. Nature 

Biotechnology, 29 (7): 644-652. 

 

Griffiths, S. G., Melville, K. J. and Salonius, K. (1998). Reduction of Renibacterium 

salmoninarum culture activity in Atlantic salmon following vaccination with 

avirulent strains. Fish and Shellfish Immunology, 8: 607-619. 

 

Grimes, D. J., Gruber, S. H. and May, E. B. (1985). Experimental infection of lemon 

sharks, Negaprion brevirostris (Poey) with Vibrio species. Journal of Fish 

Diseases, 8: 173-180. 

 

Grisez, L. and Tan, Z. (2005). Vaccine development for Asian aquaculture. In: Walker, 

P., Lester, R. & Bondad-Reantaso, M.G. (Eds.). Diseases in Asian aquaculture 

V. Proceedings of the fifth symposium in Asian aquaculture, 25-28 November 

2005. Goldcoast, Australia. Fish Health Section of the Asian Fisheries 

Society. 

 



© C
OPYRIG

HT U
PM

181 

 

Gudding, R., Lillehaug, A., and Evensen, Ø. (1999). Recent developments in fish 

vaccinology. Veterinary Immunology and Immunopathology, 72(1): 203-212. 

 

Gudmundsdottir, S., Magnadottir, B., Bjornsdottir, B., Arnadottir, H. and 

Gudmundsdottir, B. K. (2009). Specific and natural antibody response of cod 

juveniles vaccinated against Vibrio anguillarum. Fish and Shellfish 

Immunology, 26: 619-624. 

 

Guimarães, L. E, Baker, B., Perricone, C. and Shoenfeld, Y. (2015). Vaccines, 

adjuvants and autoimmunity. Pharmacological Research, 100: 190-209. 

 

Haenen, O. L. M., Evans, J. J. and Berthe, F. (2013). Bacterial infections from aquatic 

species: Potential for and prevention of contact zoonoses. Revue scientifique et 

technique. Office International Office des Epizooties, 32 (2): 497-507. 

 

Hamod, M. A., Nithin, M. S., Shukur, Y. N., Karunasagar, I., and Karunasagar, I. 

(2012). Outer membrane protein K as a subunit vaccine against V. 

anguillarum. Aquaculture, 354: 107-110. 

 

Harikrishnan, R., Balasundram, C. and Heo, M. S. (2010). Molecular studies, disease 

status and prophylactic measures in grouper aquaculture: Economic 

importance, diseases and immunology. Aquaculture, 309: 1-14. 

 

Hashem, M. and El-Barbary, M. (2013). Vibrio harveyi infection in Arabian Surgeon 

fish (Acanthurus sohal) of Red Sea at Hurghada, Egypt. Egyptian Journal of 

Aquatic Research, 39: 199-203. 

 

Håstein, T., Gudding, R. and Evensen, ø. (2005). Bacterial vaccines for fish - An 

update of the current situation worldwide. Midtlyng PJ (ed): Progress in Fish 

Vaccinology. Developments in Biologicals, 121: 55-74. 

 

Heemstra, P. C., and Randall, J. E. (1993). An annotated and illustrated catalogue of 

the grouper, rock cod, hind coral grouper and lyretail species known to date, 

FAO Species Catalogue, Vol. 16. Groupers of the World (Family Serranidae, 

Subfamily Epinephelinae), 382. 

 

Henke, J. M. and Bassler, B. L. (2004). Three parallel quorum sensing systems regulate 

gene expression in Vibrio harveyi. Journal of Bacteriology, 186: 6902-6914. 

 

Hernández, G. and Olmos, J. (2003). Molecular identification of pathogenic and 

nonpathogenic strains of Vibrio harveyi using PCR and RAPD. Journal 

Applied Microbiology and Biotechnology, 63: 722-727. 

 

Hibiya, T. (Ed), Yokote, M., Oguri, M., Sato, H., Takashima, F. and Aida, K. (1982). 

An atlas of fish histology. Kodansha Ltd, Tokyo, Japan. 

 

Hispano, C., Nebra, Y. and Blanch, A. (1997). Isolation of Vibrio harveyi from an 

ocular lesion in the short sunfish (Mola mola). Bulletin of European 

Association of Fish Pathologists, 17: 104-107. 

 



© C
OPYRIG

HT U
PM

182 

 

Ho, S. N., Hunt, H. D., Horton, R. M., Pullen, J. K. and Pease. L. R. (1989). Site-

directed mutagenesis by overlap extension using the polymerase chain 

reaction. Gene, 77: 51-59. 

 

Horton, R. M., Hunt, H. D., Ho, S. N., Pullen, J. K. and Pease, L. R. (1989). 

Engineering hybrid genes without the use of restriction enzymes: Gene 

splicing by overlap extension. Gene, 77 (1): 61-68. 

 

Hseu, J. R., Huang, W. B., and Chu, Y. T., (2007). What causes cannibalization-

associated suffocation in cultured brown-marbled grouper, Epinephelus 

fuscoguttatus (Forsskål, 1775)?. Aquaculture Research, 38: 1056-1060.  

 

Hu, Y. H.; Deng, T.; Sun, B. G.; Sun, L. (2012). Development and efficacy of an 

attenuated Vibrio harveyi vaccine candidate with cross protectivity against 

Vibrio alginolyticus. Fish and Shellfish Immunology, 32: 1155-1161. 

 

Hua, Y. and Nair, S. (2015). Proteases in cardiometabolic diseases: Pathophysiology, 

molecular mechanisms and clinical applications. Biochimica et Biophysica 

Acta, 1852: 195-208. 

 

Huang, X. and Madan, A. (1999). CAP3: A DNA sequence assembly program. 

Genome Research, 9: 868-877. 

 

Huang, L. Y., Wang, K. Y., Xiao, D., Chen, D. F., Geng, Y., Wang, J., He, Y., Wang, 

E. L., Huang, J. L. and Xiao, G. Y. (2014). Safety and immunogenicity of an 

oral DNA vaccine encoding Sip of Streptococcus agalactiae from nile tilapia 

Oreochromis niloticus delivered by live attenuated Salmonella typhimurium. 

Fish and Shellfish Immunology, 38: 34-41. 

 

International Food Policy Research Institute (IFPRI). (2015). Rise of aquaculture: The 

role of fish in global food security. In 2014-2015 Global Food Policy Report, 

Chapter 8, IFPRI. (pp 61-72). Washington DC, USA. 

 

Ishihara, M., Kawanishi, A., Watanabe, H., Tomochika, K., Miyoshi, S. and Shinoda, 

S. (2002). Purification of a serine protease of Vibrio parahaemolyticus and its 

characterization. Microbiology and Immunology, 46: 298-303. 

 

Ishimaru, K. and Muroga, K. (1997). Taxonomical reexamination of two pathogenic 

Vibrio species isolated from milkfish and swimming crab. Fish Pathology, 32: 

59-64. 

 

IUCN. (2015). The IUCN Red List of threatened species. (http://www.iucnredlist.org/). 

 

Jaleta, H., Mamo, B. and Disassa, H. (2015). Review on bacterial ghost and its 

application. International Journal of Microbiological Research, 6 (3): 200-

210. 

 

Janeway, C. A., Jr. and Medzhitov, R. (2002). Innate immune recognition. Annual 

Review of Immunology, 20: 197-216. 

 



© C
OPYRIG

HT U
PM

183 

 

Jayasree, L., Janakiram, P. and Madhavi, R. (2006). Characterization of Vibrio spp. 

associated with diseased shrimp from culture ponds of Andhra Pradesh 

(India). Journal of The World Aquaculture Society, 37: 523-532. 

 

Ji, R., Zou, W., Hu, S. and Yan, Q. (2008). Vaccination in three different ways against 

vibriosis of Seriola dumerili caused by Vibrio hollisae. Chinese Journal of 

Oceanology and Limnology, 26: 233-237. 

 

Joosten, P. H. M., Tiemersma, E., Threels, A., Caumartin-Dhieux, C. and Rombout, J. 

H. W. M. (1997). Oral vaccination of fish against Vibrio anguillarum using 

alginate microparticles. Fish and Shellfish Immunology, 7: 471-485. 

 

Jun, L. I. and Huai-Shu, X. (1998). Isolation and biological characteristics of Vibrio 

harveyi affecting hatchery reared Penaeus chinensis larvae. Chinese Journal 

of Oceanology and Limnology, 29: 353-361. 

 

Karsi, A., Lawrence, M. L. and Abdelhamed, H. (2017). Live attenuated Edwardsiella 

ictaluri vaccine and method of using the same. US Patent US2017/0065695 

A1. 

 

Karunasagar, I., Pai, R., Malathi, G. R. and Karunasagar, I. (1994). Mass mortality of 

Penaeus monodon larvae due to antibiotic-resistant Vibrio harveyi infection. 

Aquaculture, 128: 203-209. 

 

Kaattari, S. L. (1992). Fish B lymphocytes: Defining their form and function. In: 

Faisal, M. and Hetrick, F. M. (eds.). Annual Review of Fish Diseases. Vol. 2. 

Pergamon, Tarrytown, NY, USA. pp. 161-180. 

 

Kazemian, H. B., Yusuf, S. A. and White, K. (2014). Signal peptide discrimination and 

cleavage site identification using SVM and NN. Computers in Biology and 

Medicine, 45: 98-110. 

 

Klesius, P. H. and Shoemaker, C. A. (1999). Development and use of modified live 

Edwardsiella ictaluri vaccine against enteric septicemia of catfish. In 

Veterinary Vaccines and Diagnostics. Advances in Veterinary Science and 

Comparative Medicine. Schultz, R. D. (ed). (41 pp). 523-537. Academic 

Press, San Diego, CA, USA. 

 

Kobayahsi, T., Enomoto, S., Sakazaki, R., Kuwahara, S. (1963). A new selective 

isolation medium for the Vibrio group, on a modified Nakanishi's medium 

(TCBS agar medium). Nippon Saikingaku Zasshi - Japanese Journal of 

Bacteriology, 18: 387-392. 

 

Kraxberger-Beatty, T., McGarey, D. J., Grier, H. J. and Lim, D. V. (1990). Vibrio 

harveyi, an opportunistic pathogen of common snook, Centropomus 

undecimalis (Block), held in captivity. Journal of Fish Diseases, 13: 557-560. 

 

Krojer, T., Garrido-Franco, M., Huber, R., Ehrmann, M., Clausen, T. (2002). Crystal 

structure of DegP (HtrA) reveals a new protease-chaperone machine. Nature, 

416: 455-459. 

 



© C
OPYRIG

HT U
PM

184 

 

Kumar, G. and Kocour, M. (2017). Applications of next-generation sequencing in 

fisheries research: A review. Fisheries Research, 186: 11-22. 

 

Kumar, K., Prasad, K. P., Tripathi, G., Raman, R. P., Kumar, S., Tembhurne, M. and 

Purushothaman, C. S. (2014). Isolation, Identification, and Pathogenicity of a 

Virulent Aeromonas jandaei Associated with Mortality of Farmed 

Pangasianodon hypophthalmus, in India. The Israeli Journal of Aquaculture – 

Bamidgeh. 

 

Laining, A., Rachmansyaha, Ahmada, T. and William, K. (2003). Apparent 

digestibility of selected feed ingredients for humpback grouper, Cromileptes 

altivelis. Aquaculture, 218: 529-538. 

 

Lakhani, S. R., Dilly, S. A., Finlayson, C. J. and Dogan, A. (2003). Basic pathology: 

An introduction to the mechanisms of disease. Third Ed. Hodder Arnold, 

London. 

 

Lan, M. Z., Peng, X., Xiang, M. Y., Xia, Z. Y., Bo, W., Jie, L., Li, X. Y. and Jun, Z. P. 

(2007). Construction and characterization of a live, attenuated EsrB mutant of 

Edwardsiella tarda and its potential as a vaccine against the haemorrhagic 

septicaemia in turbot, Scophthamus maximus (L.). Fish and Shellfish 

Immunology, 23: 521-530. 

 

Larsen, R., Eilertsen, K-E. and Elvevoll, E. O. (2011). Research review paper: Health 

benefits of marine foods and ingredients. Biotechnology Advances, 29: 508-

518. 

 

Lee, K. K. (1995). Pathogenesis studies on Vibrio alginolyticus in the grouper, 

Epinephelus malabaricus, Bloch et Schneider. Microbial Pathogenesis, 19(1), 

39-48. 

 

Lee, K. K., Liu, P. C. and Chuang, W. H. (2002). Pathogenesis of gastroenteritis caused 

by Vibrio carchariae in cultured marine fish. Marine Biotechnology, 4: 267-

277. 

 

Leong, J. C. and Fryer, J. L. (1993). Viral vaccines for aquaculture. Annual Review of 

Fish Diseases, 3, 225-240. 

 

Liao, I. C. and Leaño, E. M. (Eds.). (2008). The aquaculture of groupers. Asian 

Fisheries Society. 

 

Liu, P. C., Chuang, W. H. and Lee, K. K. (2003). Infectious gastroenteritis caused by 

Vibrio harveyi (V. carchariae) in cultured red drum, Sciaenops ocellatus. 

Journal of Applied Ichthyology, 19: 59-61. 

 

Li, B. and Dewey, C.N. (2011). RSEM: Accurate transcript quantification from RNA-

Seq data with or without a reference genome. BMC Bioinformatics, 12 (323): 

1-16. 

 



© C
OPYRIG

HT U
PM

185 

 

Li, Z-H., Tang, Z-X., Fang, X-J., Zhang, Z-L. and Shi, L-E. (2013). Bioinformatics 

analysis of a non-specific nuclease from Yersinia enterocolitica subsp. 

palearctica. Computational Biology and Chemistry, 47: 207-214. 

 

Li, L.P., Wang, R., Liang, W.W., Huang, T., Huang, Y., Luo, F.G., Lei, A.Y., Chen, M. 

and Gan, X. (2015a). Development of live attenuated Streptococcus 

agalactiae vaccine for tilapia via continuous passage in vitro. Fish and 

Shellfish Immunology, 45: 955-963. 

 

Li, J., Mo, Z., Li, G., Xiao, P. and Huang, J. (2015b). Generation and evaluation of 

virulence attenuated mutants of Edwardsiella tarda as vaccine candidates to 

combat edwardsiellosis in flounder (Paralichthys olivaceus). Fish and 

Shellfish Immunology, 43: 175-180. 

 

Li, J., Ma, S. and. Woo, N. Y. S. (2016). Vaccination of silver sea bream (Sparus 

sarba) against Vibrio alginolyticus: protective evaluation of different 

vaccinating modalities. International Journal of Molecular Sciences. 17 (40): 

1-14. 

 

Liu, P. C. and Lee, K. K. (1999). Cysteine proteinase is a major exotoxin of pathogenic 

luminous Vibrio harveyi in the tiger prawn, Penaeus monodon. Letters in 

Applied Microbiology, 28: 428-430. 

 

Liu, P. C., Lee, K. K. and Chen, S. N. (1996). Pathogenicity of different isolates of 

Vibrio harveyi in tiger prawn, Penaeus monodon. Letters in Applied 

Microbiology, 22: 413-416. 

 

Liu, H. and Naismith, J. H. (2008). An efficient one-step site-directed deletion, 

insertion, single and multiple-site plasmid mutagenesis protocol. BMC 

Biotechnology, 8. 

 

Liu, P. C., Lee, K. K., Tu, C. C. and Chen, S. N. (1997). Purification and 

characterization of a cysteine protease produced by pathogenic luminous 

Vibrio harveyi. Current Microbiology, 35: 32-39. 

 

Loessner, H., Schwantes, A., Hamdorf, M., Komor, U., Leschner, S. and Weiss, S. 

(2012). Employing live microbes for vaccine delivery. In von Gabain, A., 

Klade, C. Development of novel vaccine. Springer-Verlag-Wien. New York. 

 

Ma, Y., Zhang, Y., and Zhao, D. (2008). Polyvalent attenuated live vaccine for 

preventing and curing vibriosis of cultivated fish. US Patent 0274136 A1. 

 

Maggio, T. F., Andalorob, F., Hemidac, M. and Arculeo, A. (2005). Molecular analysis 

of some Eastern Atlantic grouper from the Epinephelus and Mycteroperca 

genus. Journal of Experimental Marine Biology and Ecology, 322: 83-92. 

 

Magnadóttir, B. (2010). Immunological control of fish diseases. Journal of Marine 

Biotechnology, 12: 361-379. 

 

Magnadóttir, B. (2006). Innate immunity of fish (overview). Fish and Shellfish 

Immunology, 20: 137-151. 



© C
OPYRIG

HT U
PM

186 

 

Male, D. (2014). Immunology: An Illustrated Outline. First edition. Garland Science, 

Taylor and Francis Group. US. 

 

Martin, S. A. M. and Król, E. (2017). Nutrigenomics and immune function in fish: new 

insights from omics technologies. Developmental and Comparative 

Immunology, 75: 86-98. 

 

Matori, M. F., Hadani, A. and Fitri, Z. (2017). Severe dermal ulcerative disease 

outbreak in hybrid grouper. In: Proceedings of the International Conference on 

Advances in Fish Health, 4-6 April 2017, UPM Serdang, Malaysia. 

 

Mao, X., Cai, T., Olyarchuk, J. G., Wei, L. (2005). Automated genome annotation and 

pathway identification using the KEGG Orthology (KO) as a controlled 

vocabulary. Bioinformatics, 21 (19): 3787-3793. 

 

McLoughlin, M. F. and Graham, D. A. (2007). Alphavirus infections in salmonids- A 

review. Journal of Fish Diseases, 30: 511-531. 

 

Meeusen, E. N. T., Walker, J., Peters, A., Pastoret, P-P and Jungersen, G. (2007). 

Current status of veterinary vaccines. Clinical Microbiology Reviews, 20(3): 

489-510. 

 

Meltzer, M., Hasenbein, S., Mamant, N., Merdanovic, M., Poepsel, S., Hauske, P., 

Kaiser, M., Huber, R., Krojer, T., Clausen, T. and Ehrmann, M. (2009). 

Structure, function and regulation of the conserved serine proteases DegP and 

DegS of Escherichia coli. Research in Microbiology, 160: 660-666. 

 

Méndez, J., Reimundo, P., Pérez-Pascual, D., Navais, R., Gómez, E., Cascales, D. and 

Guijarro, J. A. (2012). Chapter 5: Health and environment in aquaculture. 

InTech Open (www.intechopen.com). 

 

Milton, D. L., Norqvist, A. and Wolf-Watz, H. (1992). Cloning a metalloprotease gene 

involved in the virulence mechanism of Vibrio anguillarum. Journal of 

Bacteriology, 174: 7235-7244. 

 

Miyoshi, S-I, Sonoda, Y., Wakiyama, H., Rahman, M. M. Tomochika, K-I, Shinoda, 

S., Yamamoto, S. and Tobe, K. (2002). An exocellular thermolysin-like 

metalloprotease produced by Vibrio fluvialis: Purification, characterization 

and gene cloning. Microbial Pathogenesis, 33: 127-134. 

 

Mo, E., Peters, S. E., Willers, C., Duncan J. Maskell, D. J. and Charles, I. G. (2016). 

Single, double and triple mutants of Salmonella enterica serovar Typhimurium 

degP (htrA), degQ (hhoA) and degS (hhoB) have diverse phenotypes on 

exposure to elevated temperature and their growth in vivo is attenuated to 

different extents. Microbial Pathogenesis, 41: 174-182. 

 

Montero, A. B. and Austin, B. (1999). Characterization of extracellular products from 

an isolate of Vibrio harveyi recovered from diseased post-larval Penaeus 

vannamei (Bonne). Journal of Fish Diseases, 22: 377-386. 

 



© C
OPYRIG

HT U
PM

187 

 

Morris, J. G. (2003). Cholera and other type of vibriosis: A story of human pandemics 

and oysters on the half shell. Clinical Infectious Diseases, 37: 272-280. 

 

Munang‟andu, H. M., Mutoloki, S and Evensen, Ø. (2015). An overview of challenges 

limiting the design of protective mucosal vaccines for finfish. Frontiers in 

Immunology, 6(542): 1-10. 

 

Munang‟andu, H. M., Paul, J. and Evensen, Ø. (2016). Review: An overview of 

vaccination strategies and antigen delivery systems for Streptococcus 

agalactiae vaccines in Nile Tilapia (Oreochromis niloticus). Vaccines, 4 (48): 

1-13. 

 

Mutoloki, S. Jørgensen, J. B. and Evensen, Ø. (2014). Chapter 9: The adaptive immune 

response in fish. In: Fish Vaccination, First Edition. Gudding, R., Lillehaug, 

A. and Evensen, Ø (Eds). John Wiley and Sons, Ltd. 

 

Nascimento, I. P., and Leite, L. C. C. (2012). Recombinant vaccines and the 

development of new vaccine strategies. Brazilian Journal of Medical and 

Biological Research, 45(12): 1102-1111. 

 

Neitzel, J. J. (2010). Enzyme catalysis: The serine proteases. Nature Education, 3(9): 

21. 

 

Nielsen, H., Engelbrecht, J., Brunak, S. and von-Heijne, G. (1997). Identification of 

prokaryotic and eukaryotic signal peptides and prediction of their cleavage 

sites. Protein Engineering, 10(1): 1-6. 

 

NASS-USDA. (2010). USDA National Agricultural Statistics Service Information on 

Trout production. 

(http://usda.mannlib.cornell.edu/usda/current/TrouProd/TrouProd-02-26-

2010.pdf) 

 

Ningqiu, L., Junjie, B., Shuqin, W, Xiaozhe, F., Haihua, L., Xing, Y. and Cunbin, S. 

(2008). An outer membrane protein, OmpK is an effective vaccine candidate 

for Vibrio harveyi in Orange-spotted grouper (Epinephelus coioides). Fish and 

Shellfish Immunology, 25(6): 829-833. 

 

NOAA Fisheries, National Marine Fisheries Service, Fisheries Statistics Division. 

2015. (http://www.nmfs.noaa.gov/aquaculture.html). 

 

Nonaka, M. and Smith, S. L. (2000). Complement system of bony and cartilaginous 

fish. Fish and Shellfish Immunology, 10: 215-228. 

 

Nor-Amalina, Z. Dzarifah, M. Z. Mohd-Termizi, Y. Amal, M. N. A., Zamri-Saad, M. 

and Ina-Salwany, M. Y. (2017). Phenotypic and genotypic characterization of 

Vibrio species isolates from Epinephelus species in Selangor, Malaysia. In: 

Proceedings of the International Conference on Advances in Fish Health, 4-6 

April 2017, UPM Serdang, Malaysia. 

 



© C
OPYRIG

HT U
PM

188 

 

Norqvist, A., Norrman, B. and Wolf-Watz, H. (1990). Identification and 

characterization of a zinc metalloprotease associated with invasion by the fish 

pathogen Vibrio anguillarum. Infection and Immunity, 58: 3731-3736. 

 

OECD-FAO. (2015). OECD-FAO Agricultural Outlook. OECD Publishing, 

Organisation for Economic Co-operation and Development. Paris. 

 

Ordas, A., Hegedus, Z., Henkel, C. V., Stockhammer, O. W., Butler, D., Jansen, H. J., 

Racz, P., Mink, M., Spaink, H. P., Meijer, A. H. (2011). Deep sequencing of 

the innate immune transcriptomic response of zebrafish embryos to 

Salmonella infection. Fish and Shellfish Immunology, 31: 716-724. 

 

Ottolenghi, F., Silvestri, C., Giordano, P., Lovatelli, A. and New, M. B. (2004). The 

fattening of eels, groupers, tunas and yellowtails. In: Captured-based 

Aquaculture. (308 pp). FAO, Rome. 

 

Owens, L., Austin, D. A. and Austin, B. (1996). Effect of siderophore production in 

Vibrio harveyi isolates. Diseases of Aquatic Organisms, 27: 157-160. 

 

Pallen, M. J. and Ponting, C. P. (1997). PDZ domains in bacterial proteins. Molecular 

Microbiology, 26: 411-415. 

 

Pallen, M. J. and Wren, B. W. (1997). The HtrA family of serine proteases. Molecular 

Microbiology, 26: 209-221. 

 

Parenti, P. and Bressi, N. (2001). First record of theorange-spotted grouper, 

Epinephelus coioides (Perciformes: Serranidae) in the Northern Adriatic Sea. 

Cybium: International Journal of Ichthyology, 25 (3): 281-284. 

 

Patel, D. H., Wi, S. G. and Bae, H. J. (2009). Modification of overlap extension PCR: 

A mutagenic approach. Indian Journal of Biotechnology, 8: 183-186. 

 

Peracchi, A. (2001). Enzyme catalysis: Removing chemically “essential” residues by 

site directed mutagenesis. Trends in Biochemical Sciences, 26: 497-503. 

 

Perez-Sanchez, J., Estensoro, I., Redondo, M. J., Calduch-Giner, J. A., Kaushik, S. and 

Sitja-Bobadilla, A. (2013). Mucins as diagnostic and prognostic biomarkers in 

a fish-parasite model, transcriptional and functional analysis. PLoS One, 8 (6): 

e65457. 

 

Petersen, T. N., Brunak, S., von-Heijne, G. and Nielsen, H. (2011). SignalP 4.0: 

Discriminating signal peptides from transmembrane regions. Nature Methods, 

8(10): 785-786. 

 

Phornphisutthimas, S., Thamchaipenet, A. and Panijpan, B. (2007). Biochemistry and 

Molecular Biology Education, 35 (6): 440-445. 

 

Phuoc, L. H., Corteel, M., Thanh, N. C., Nauwynck, H., Pensaert, M., Alday-Sanz, V., 

Broeck, W. V. D., Sorgeloos, P. and Bossier, P. (2009). Effect of dose 

challenge routes of Vibrio spp. on co-infection with white spot syndrome virus 

in Penaeus vannamei. Aquaculture, 290: 61-68. 



© C
OPYRIG

HT U
PM

189 

 

Pierre, S., Gaillard, S., PréVot-D‟Alvise, N., Aubert, J., Rostaing-Capaillon, O., Leung-

Tack, D. and Grillasca, J-P. (2008). Grouper aquaculture: Asian success and 

Mediterranean trials. Aquatic Conservation: Marine and Freshwater 

Ecosystems, 18 (3): 297-308. 

 

Pizzutto, M. and Hirst, R. G. (1995). Classification of isolates of Vibrio harveyi 

virulent to Penaeus monodon larvae by protein profile analysis and M13 DNA 

fingerprinting. Diseases of Aquatic Organisms, 21: 61-68. 

 

Plant, K. P. and LaPatra, S. E. (2011). Advances in fish vaccine delivery. 

Developmental and Comparative Immunology, 35: 1256-1262. 

 

Plapp, B. V. (1995). Site-directed mutagenesis: A tool for studying enzyme catalysis. 

Methods in Enzymology, 249: 91-119. 

 

Plouffe, D. A., Hanington, P. C., Walsh, J. G., Wilson, E. C. and Belosevic, M. (2005). 

Comparison of select innate immune mechanisms of fish and mammals. 

Xenotransplantation, 12 (4): 266-277. 

 

Polgár, L. (2005). Review: The catalytic triad of serine peptidases. Cellular and 

Molecular Life Sciences, 62(19): 2161-2172. 

 

Pomeroy, R., Agbayani, R., Toledo, J., Sugama, K., Slamet, B. and Tridjoko. (2002). 

The status of grouper culture in Southeast Asia. Financial feasibility analysis 

for grouper culture systems in the Philippines and Indonesia. Chapter 6, In: 

Farming the reef: a state-of-the-art review of aquaculture of coral reef 

organisms in tropical nearshore environments. Pomeroy, R., Parks, J. and 

Balboa, C. (Eds.). World Resources Institute, Washington DC. 

 

Prasad, S., Morris, P. C., Hansen, R., Meaden, P. G. and Austin, B. (2005). A novel 

bacteriocin-like substance (BLIS) from a pathogenic strain of Vibrio harveyi. 

Microbiology, 151: 3051-3058. 

 

Press C. McL. and Evensen, Ø. (1999). The morphology of the immune system in 

teleost fishes. Fish and Shellfish Immunology, 9: 309-318. 

 

Pridgeon, J. W. and Klesius, P. H. (2012). Review: Major bacterial diseases in 

aquaculture and their vaccine development. CAB International Reviews, 7 

(048): 1-16. 

 

Pridgeon, J. W., Klesius, P. H. and Yildirim-Aksoy, M. (2013). Attempt to develop live 

attenuated bacterial vaccines by selecting resistance to gossypol, proflavine 

hemisulfate, novobiocin or ciprofloxacin. Vaccine, 31: 2222-2230. 

 

Qin, Y-X. and Yan, Q-P. (2010). Isolation and characterization of pathogeny from 

cultured banded grouper. In: Proceeding International Conference on 

Bioinformatics and Biomedical Technology, IEEE. pp 288-291. 

 

Qin, Y. X., Wang, J., Su, Y. Q., Wang, D. X. and Chen, X. Z. (2006). Studies on the 

pathogenic bacterium of ulcer disease in Epinephelus awoara. Acta 

Oceanology Sinica, 25: 154-159. 



© C
OPYRIG

HT U
PM

190 

 

Quesenberry, M. S., Ahmed, H., Elola, M. T., O‟Leary, N., Vasta, G. R. (2003). 

Diverse lectin repertoires in tunicates mediate broad recognition and effector 

innate immune responses. Integrative and Comparative Biology, 43: 323-330. 

 

Ransangan, J, Lal, T. M. and Al-Harbi, A. H. (2012). Characterization and 

experimental infection of Vibrio harveyi isolated from diseased Asian seabass 

(Lates calcarifer). Malaysian Journal of Microbiology, 8(2): 104-115. 

 

Rauta, P. R., Nayak, B., Monteiro, G. A., Mateus, M. (2017). Design and 

characterization of plasmids encoding antigenic peptides of Aha1 from 

Aeromonas hydrophila as prospective fish vaccines. Journal of Biotechnology, 

241:116-126. 

 

Rawlings, N. D. and Morton, F. R. (2010). MEROPS: The protease database. Nucleic 

Acids Research, 38: D227-233. 

 

Rawlings, N. D., Morton, F. R., Kok, C. Y., Kong, J. and Barrett, A. J. (2008). 

MEROPS: The peptidase. Nucleic Acids Research, 36 (Database issue): D320-

325. 

 

Rombout, J. H. W. M., Yang, G. and Kiron, V. (2014). Adaptive immune responses at 

mucosal surfaces of teleost fish. Fish and Shellfish Immunology, 40: 634-643. 

 

Ruwandeepika, H. A. D., Jayaweera, T. S. P., Bhowmick, P. P., Karunasagar, I., 

Bossier, P. and Defoirdt, T. (2012). Pathogenesis, virulence factors and 

virulence regulation of vibrios belonging to the Harveyi clade. Reviews in 

Aquaculture, 4: 59-74. 

 

Rychlewski. L., Jaroszewski, L., Li, W. and Godzik, A. (2000). Comparison of 

sequence profiles: Strategies for structural predictions using sequence 

information. Protein Science, 9: 232-241. 

 

Sabel, J., Clore, A., Reinertson, B. and Rose, S. (2011). Mutagenesis Application 

Guide: Experimental Overview, Protocol, Troubleshooting. IDT (Integrated 

DNA Technology), Integrated DNA Technologies. (www.idtdna.com). 

 

Sadovy, Y. (2001). Summary of regional survey of fry/fingerling supply for grouper 

mariculture in Southeast Asia. SPC Live Reef Fish Information Bulletin, 8: 22-

29. 

 

Sadovy, Y. (2000). Regional survey for fry/fingerling supply and current practices for 

grouper mariculture: Evaluating current status and long-term prospects for 

grouper mariculture in South East Asia, Final report to the Collaborative 

APEC grouper research and development network (FWG 01/99). 

 

Saeed, M. (1995). Association of Vibrio harveyi with mortalities in cultured marine 

fish in Kuwait. Aquaculture, 136: 21-29. 

 

 

 

 



© C
OPYRIG

HT U
PM

191 

 

Saha, S. and Raghava, G. P. S. (2004). BcePred: Prediction of continuous B-cell 

epitopes in antigenic sequences using physico-chemical properties. In: 

Nicosia G., Cutello V., Bentley P.J., Timmis J. (Eds) Artificial Immune 

Systems. ICARIS 2004. Lecture Notes in Computer Science, vol 3239. 

Springer, Berlin, Heidelberg. 

 

Salerno-Gonzḉalves, R. and Sztein, M. B. (2006). Cell-mediated immunity and the 

challenges for vaccine development. Trends in Microbiology, 14: 536-542. 

 

Samoilys, M., Macharia, D., Robinson, J., Maina, G. W. and Bijoux, J. (2014). 

Confirmed sighting of a spawning aggregation of the brown marbled grouper, 

Epinephelus fuscoguttatus, in Kenya. Western Indian Ocean Journal of 

Marine Science, 13 (2): 189-203. 

 

Santarem, M. M. and Figueras, A. (1995). Leukocyte numbers and phagocytic activity 

in turbot Scophthalmus maximus L. following immunization with Vibrio 

damsela and Pasteurella piscicida O-antigen bacterins. Diseases of Aquatic 

Organisms, 23: 213-220. 

 

Sarjito, S., Radjasa, O. K., Sabdono, A., Prayitno S. B. and Hutabarat, S. (2009). 

Phylogenetic diversity of the causative agents of Vibriosis associated with 

groupers fish from Karimunjawa Islands, Indonesia. Current Research in 

Bacteriology, 2: 14-21. 

 

Sarropoulou, E., Galindo-Villegas, J., García-Alcázar, A., Kasapidis, P., Mulero, V. 

(2012). Characterization of European sea bass transcripts by RNA-Seq after 

oral vaccine against V. anguillarum. Marine Biotechnology, 14: 634-642. 

 

Sawabe, T., Ogura, Y., Matsumura, Y., Feng, G., Rohul Amin, A. K. M., Mino, S., 

Nakagawa, S., Sawabe, T., Kumar, R., Fukui, Y., Satomi, M., Matsushima, R., 

Thompson, F. L., Gomez-Gil, B., Christen, R., Maruyama, F., Kurokawa, K. 

and Hayashi, T. (2013). Updating the Vibrio clades defined by multilocus 

sequence phylogeny: Proposal of eight new clades and the description of 

Vibrio tritonius sp. nov. Frontiers in Microbiology, 4 (414): 1-14. 

 

Schweizer, H. P. (2008). Review: Bacterial genetics: past achievements, present state 

of the field, and future challenges. BioTechniques 25th Anniversary, 44 (5): 

633-641. 

 

Schlegl, R and Hahn, R. (2012). Purification and formulation: silent but important 

players in vaccine development. In von Gabain, A., Klade, C. Development of 

novel vaccine. Springer-Verlag-Wien. New York. 

 

Schulz, GE. (2002). The structure of bacterial outer membrane proteins. Biochimica et 

Biophysica Acta, 1565(2): 308-317. 

 

Secombes, C. (2008). Review: Will advances in fish immunology change vaccination 

strategies?. Fish and Shellfish Immunology, 25: 409-416. 

 



© C
OPYRIG

HT U
PM

192 

 

Sepúlveda, D. and Lorenzen, N. (2016). Can VHS virus bypass the protective 

immunity induced by DNA vaccination in rainbow trout. PloS ONE, 11 (4): 

e0153306. 

 

Shariff, M. (1995). Fish health: An odyssey through the Asia-Pacific region. Syarahan 

inaugural. Universiti Pertanian Malaysia, Serdang, Malaysia. pp: 25. 

 

Shinoda, S. (2011). Chapter 14: Proteases produced by Vibrio cholera and other 

pathogenic Vibrios: Pathogenic roles and expression. In: Ramamurthy, T. and 

Bhattacharya, S. K. (eds.), Epidemiological and Molecular Aspects on 

Cholera, Infectious Disease, pp 245-258. Springer Science+Business Media, 

LLC. 

 

Shoemaker, C.A. and Klesius, P.H. (2009). Use of modified live vaccines in 

aquaculture. Journal of the World Aquaculture Society, 40 (5): 573-584. 

 

Silva, Y. J., Costa, L., Pereira, C., Mateus, C., Cunha, Â., Calado, R., Gomes, N. C. M., 

Pardo, M. A., Hernandez, I., and Almeida, A. (2014). Phage therapy as an 

approach to prevent Vibrio anguillarum infections in fish larvae production. 

PloS ONE, 9 (12): e114197. 

 

Sim, S.Y., Rimmer, M.A., Toledo, J.D., Sugama, S., Rumengan, I., Williams, K.C., 

Phillips, M.J. (2005). A guide to small-scale marine finfish hatchery 

technology. NACA, Bangkok, Thailand. 

 

Singh, S., Bala, M., Akanksha and Kanwar, S. S. (2014). Bacterial and viral diseases in 

fish and shrimps. International Journal of Microbiology and Allied Sciences, 

1(2): 46-77. 

 

Soffientino, B., Gwaltney, T., Nelson, D. R., Specker, J. L., Mauel, M. and Gómez-

Chiarri, M. (1999). Infectious necrotizing enteritis and mortality caused by 

Vibrio carchariae in summer flounder Paralichthys dentatus during intensive 

culture. Diseases of Aquatic Organisms, 38: 201-210. 

 

Somga, J. R., Somga, S. S. and Reantaso, M. B. (2002). Impacts of disease on small-

scale grouper culture in the Philippines. In: Arthur, J. R., Phillips, M. J., 

Subasinghe, R. P., Reantaso, M. B., MacRae, I. H. (Eds.). Primary aquatic 

animal health care in rural, small-scale, aquaculture development. FAO Fish. 

Technical Paper No. 406. 207-214. 

 

Sommerset, I., Krossøy, B., Biering, E. and Frost, P. (2005). Vaccines for fish in 

aquaculture. Expert Review of Vaccines, 4 (1): 89-101. 

 

Song, Z. B., Liu, B., Li, Y. Y., Wu, P., Bao, Y. L., Huang, Y. X., Wu, Y., Sun, L. G., 

Yu, C. L., Sun, Y., Zheng, L. H. and Li, Y. X. (2014). The catalytic triad of 

testes-specific protease 50 (TSP50) is essential for its function in cell 

proliferation. Cellular Signalling, 26: 2266-2275. 

 

 

 



© C
OPYRIG

HT U
PM

193 

 

Sonia, A. S. G. and Lipton, A. P. (2012). Pathogenicity and antibiotic susceptibility of 

Vibrio species isolated from the captive–reared tropical marine ornamental 

blue damsel fish, Pomacentrus caeruleus (Quoy and Gaimard, 1825). Indian 

Journal of Geo-Marine Sciences, 41(4): 348-354. 

 

Soonthornchai, W., Rungrassamee, W., Karoonuthaisiri, N., Jarayabhand, P., 

Klinbunga, S., Söderhäll, K. and Jiravanichpaisal, P. (2010). Expression of 

immune-related genes in the digestive organ of shrimp, Penaeus monodon, 

after an oral infection by Vibrio harveyi. Developmental and Comparative 

Immunology, 34: 19-28. 

 

Soto-Rodriguez, S. A., Simo, N., Jones, D.A., Roque A. and Gomez-Gil, B. (2003). 

Assessment of fluorescent labeled bacteria for evaluation in vivo uptake of 

bacteria (Vibrio spp.) by crustacean larvae. Journal of Microbiological 

Methods, 52: 101-114. 

 

Stentiford, G. D., Neil, D. M., Peeler, E. J., Shields, J. D., Small, H. J., Flegel, T. W., 

Vlak, J. M., Jones, B., Morado, F., Moss, S., Lotz, J., Bartholomay, L., 

Behringer, D. C., Hautan, C. and Lightner, D. V. (2012), Disease will limit 

future food supply from the global crustacean fishery and aquaculture sectors. 

Publication, Agencies and Staff of the U.S. Department of Commerce. 350. 

(http://digitalcommons.unl.edu/usdeptcommerce pub/350.) 

 

Stromsheim, A., Eide, D. M., Hofgaard, P.O., Larsen, H. J. S., Refstie, T. and Roed, K. 

H. (1994). Genetic variation in the humoral immune response against Vibrio 

salmonicida and in antibody titer against Vibrio anguillarum and total IgM in 

Atlantic salmon (Salmo salar). Veterinary Immunology and 

Immunopathology, 44: 85-95.  

 

Suanyuk, N., Sukkasame, N., Tanmark, N., Yoshida, T., Itami, T., Thune, R.L., 

Tantikitti, C. and Supamattaya, K. (2010). Streptococcus iniae infection in 

cultured Asian sea bass (Lates calcarifer) and red tilapia (Oreochromis sp.) in 

Southern Thailand. Songklanakarin Journal of Science and Technology, 32 

(4): 341-348. 

 

Sudhagar, A., Khan, F. and Prabu, L. (2016). Fish vaccination: A health management 

tool for aquaculture (http://aquafind.com/articles/ Vaccination.php). 

 

Sugama, K. (2003). Indonesia focuses on groupers. Aquaculture Asia, 14: 5. 

 

Sugama, K., Rimmer, M. A., Ismi, S., Koesharyani, I., Suwirya, K., Giri, N. A., and 

Alava, V. R. (2012). Hatchery management of tiger grouper (Epinephelus 

fuscoguttatus): A best-practice manual. Australian Centre for International 

Agricultural Research. 

 

Sunyer, J. O. and Lambris, J. D. (1998). Evolution and diversity of the complement 

system of poikilothermic vertebrates. Immunological Reviews, 166: 39-57. 

 

Tafalla, C., Bogwald, J. and Dalmo, R. A. (2013). Adjuvants and immunostimulants in 

fish vaccines: Current knowledge and future perspectives. Fish of Shellfish 

Immunology, 35: 1740-1750. 

http://aquafind.com/articles/


© C
OPYRIG

HT U
PM

194 

 

Tafalla, C., Figueras, A. and Novoa, B. (2001). Viral hemorrhagic septicemia virus 

alters turbot Scophthalmus maximus macrophage nitric oxide production. 

Diseases of Aquatic Organisms, 47: 101-107. 

 

Tamura, K., Stecher, G., Peterson, D., Filipski, A., and Kumar, S. (2013). MEGA6: 

Molecular Evolutionary Genetics Analysis version 6.0. Molecular Biology and 

Evolution, 30(12): 2725-2729. 

 

Tan, T. Y. and Ng, L. S. Y. (2006). Comparison of three standardized disc 

susceptibility testing method for colistin. Journal of Antimicrobial 

Chemotherapy, 58 (4): 864-867. 

 

Tan, Y. P., Zheng, J., Tung, S. L., Rosenshine, I. and Leung, K. Y. (2005). Role of type 

III secretion in Edwardsiella tarda virulence. Microbiology, 151: 2301-2313. 

 

Tanekhy, M. (2013). Some study on bacterial infection in some cultured marine fish. 

Journal of The Arabian Aquaculture Society, 8 (1): 163-178. 

 

Teo, J. W., Zhang, L. H. and Poh, C. L. (2002). Cloning and characterization of a 

metalloprotease from Vibrio harveyi strain AP6. Gene, 303: 147-156. 

 

Thorarisson, R and Powell, D. B. (2006). Effects of disease risk, vaccine efficacy and 

market price on the economics of fish vaccination. Aquaculture, 256: 42-49. 

 

Tort, L., Balasch, J. C. and Mackenzie, S. (2003). Fish immune system: A crossroads 

between innate and adaptive responses. Inmunología, 22 (3): 277-286. 

 

Uribe, C., Folch, H., Enriquez, R. and Moran, G. (2011). Innate and adaptive immunity 

in teleost fish: A review. Veterinarni Medicina, 56 (10): 486-503. 

 

Vadstein, O. (1997). The use of immunostimulation in marine larviculture: Possibilities 

and challenges. Aquaculture. 155: 401-417. 

 

Vanmalae, S., Defoirdt, T., Cleenwerck, I., De Vos, P. and Bossier, P. (2015). 

Characterization of the virulence of Harveyi clade Vibrios isolated from a 

shrimp hatchery in vitro and in vivo, in a brine shrimp (Artemia franciscana) 

model system. Aquaculture, 435: 28-32. 

 

van Muiswinkel, W. B. (1995). The piscine immune system: Innate and acquired 

immunity. In Fish Diseases and Disorders. Woo, P. T. K. (Ed). Volume 1: 

Protozoan and Metazoan Infection. pp 729-749. Department of Zoology 

University of Guelph, Canada. 

 

Vera, P., Navas, J. I. and Quintero, M. C. (1992). Experimental study of the virulence 

of three species of Vibrio bacteria in Penaeus japonicas (Bate 1881) juveniles. 

Aquaculture, 107: 119-123. 

 

Waller, P. R. H. and Sauer, R. T. (1996). Characterisation of degQ and degS, E. coli 

genes encoding homologs of the DegP protease. Journal of Bacteriology, 178: 

1146-1153. 

 



© C
OPYRIG

HT U
PM

195 

 

Walsh, N. P., Alba, B. M., Bose, B., Gross, C. A. and Sauer, R. T. (2003). OMP 

peptide signals initiate the envelope-stress response by activating DegS 

protease via relief of inhibition mediated by its PDZ domain. Cell, 113: 61-71. 

 

Walter, M. V., Porteous, A. and Seidler, R. J. (1987). Measuring genetic stability in 

bacteria of potential use in genetic engineering. Applied and Environmental 

Microbiology, 53 (1): 105-109. 

 

Wang, X. (2007). Site-Directed Mutagenesis in Francisella tularensis by allelic 

replacement. MSc (Biomedical and Veterinary Sciences). Virginia 

Polytechnic Institute and State University, Blacksburg, Virginia. 

 

Wang, R., Li, L., Huang, Y., Luo, F., Liang, W., Gan, X., Huang, T., Lei, A., Chen, M. 

and Chen, L. (2015). Comparative genome analysis identifies two large 

deletions in the genome of highly-passaged attenuated Streptococcus 

agalactiae strain YM001 compared to the parental pathogenic strain HN016. 

BMC Genomics. 

 

Wang, Y-D., Huang, S-J., Chou, H-N., Liao, W-L., Gong H-Y. and Chen, J-Y. (2014a). 

Transcriptome analysis of the effect of Vibrio alginolyticus infection on the 

innate immunity related complement pathway in Epinephelus coioides. BMC 

Genomics, 15: 1102. 

 

Wang, J., Zou, L. L. and Li, A. X. (2014b). Construction of a Streptococcus iniae 

sortase A mutant and evaluation of its potential as an attenuated modified live 

vaccine in Nile tilapia (Oreochromis niloticus). Fish and Shellfish 

Immunology, 40: 392-398. 

 

Wang, E. L., Huang, J. L. and Xiao, G. Y. (2014c). Safety and immunogenicity of an 

oral DNA vaccine encoding Sip of Streptococcus agalactiae from nile tilapia 

Oreochromis niloticus delivered by live attenuated Salmonella typhimurium. 

Fish and Shellfish Immunology, 38: 34-41. 

 

Wang, H-R., Hua, Y-H., Zhang, W-W. and Sun, L. (2009). Construction of an 

attenuated Pseudomonas fluorescens strain and evaluation of its potential as a 

cross-protective vaccine. Vaccine, 27: 4047-4055. 

 

Watts, J. E. M., Schreier, H. J., Lanska, L and Hale, M. S. (2017). Review: The rising 

tide of antimicrobial resistance in aquaculture: Sources, Sinks and Solutions. 

Marine Drugs, 15 (158): 1-16. 

 

Wegner, K. M., Shama, L. S. S., Kellnreitner, F. and Pockberger, M. (2012). Diversity 

of immune genes and associated gill microbes of European plaice 

Pleuronectes platessa. Estuarine, Coastal and Shelf Science, 108: 87-96. 

 

Wei, L. S. and Wee, W. (2014). Diseases in aquaculture. Research Journal of Animal 

and Veterinary Sciences, 7(1): 1-6. 

 

Williams, K. C., Smith, D. M., Williams, I. H., Irvin, S. J. and Barclay, M. (2005). 

ACIAR grouper grow-out feeds program and related CSIRO research. 

Aquaculture Asia Magazine January-March: 29-33. 



© C
OPYRIG

HT U
PM

196 

 

Wilken, C., Kitzing, K., Kurzbauer, R., Ehrmann, M. and Clausen, T. (2004). Crystal 

structure of the DegS stress sensor: How a PDZ domain recognizes misfolded 

protein and activates a protease. Cell, 117: 483-494. 

 

Wolke, R. E. (1992). Piscine macrophage aggregates: A review. Annual Review of Fish 

Diseases, 2: 91-108. 

 

Won, K. M. and Park, S. I. (2008). Pathogenicity of Vibrio harveyi to cultured marine 

fishes in Korea. Aquaculture, 285: 8-13. 

 

World Bank. (2007). Changing the face of the waters: The promise and challenge of 

sustainable aquaculture. (188 pp). Washington DC, The World Bank.  

 

World Bank Report. (2013). Fish to 2030: Prospects for fisheries and Aquaculture. 

International Bank for Reconstruction and Development/ International 

Development Association. Report Number 83177-GLB. 

 

WorldFish. (2011). Aquaculture, fisheries, poverty and food security. Working Paper 

2011–65. (60 pp). The WorldFish Center, Penang, Malaysia. 

 

Wu, H. J., Sun, L. B., Li, C. B., Li, Z. Z., Zhang, Z., Wen, X. B., Hu, Z., Zhang, Y. L. 

and Li, S. K. (2014). Enhancement of the immune response and protection 

against Vibrio parahaemolyticus by indigenous probiotic Bacillus strains in 

mud crab (Scylla paramamosain). Fish and Shellfish Immunology, 41 (2): 

156-162. 

 

Wu, H-J., Wang, A-H-J., Jennings, M. P. (2008). Discovery of virulence factors of 

pathogenic bacteria. Current Opinion in Chemical Biology, 12: 1-9. 

 

Xiao, J., Chen, T., Wang, Q., Liu, Q., Wang, X., Lv, Y., Wu, H. and Zhang, Y. (2011). 

Search for live attenuated vaccine candidate against Edwardsiellosis by 

mutating virulence-related genes of fish pathogen Edwardsiella tarda. Letters 

in Applied Microbiology. 53. 430-437. 

 

Xie, Z. Y., Hu, C. Q., Chen, C., Zhang, L. P. and Ren, C. H. (2005). Investigation of 

seven Vibrio virulence genes among Vibrio alginolyticus and Vibrio 

parahaemolyticus strains from the coastal mariculture systems in Guangdong, 

China. Letters in Applied Microbiology, 41: 202-207. 

 

Xiong, W., Sun, Y., Zhang, T., Ding, X., Li, Y., Wang, M. and Zeng, Z. (2015). 

Antibiotics, antibiotic resistance genes and bacterial community composition 

in fresh water aquaculture environment in China. Microbial Ecology, 70(2): 

425-432. 

 

Yang, D., Liu, Q., Yang, M., Wu, H., Wang, Q., Xiao, J. and Zhang, Y. (2012). RNA-

seq liver transcriptome analysis reveals an activated MHC-I pathway and an 

inhibited MHC-II pathway at early stage of vaccine immunization in 

zebrafish. BMC Genomics. 13: 319. 

 

 



© C
OPYRIG

HT U
PM

197 

 

Yang, D., Liu, Q., Ni, C., Li, S., Wu, H., Wang, Q., Xiao, J. and 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 and Comparative 

Immunology, 40: 132-141. 

 

Yii, K. C., Yang, T. I. and Lee, K. K. (1997). Isolation and characterization of Vibrio 

carcharieae, a causative agent of gastroenteritis in the groupers, Epinephelus 

coioides. Current Microbiology, 35: 109-115. 

 

Yin, Z. X., He, W., Chen, W. J., Yan, J. H., Yang, J. N., Chan, S. M. and He, J. G. 

(2006). Cloning, expression and antimicrobial activity of an antimicrobial 

peptide epinecidin-1 from the orange-spotted grouper, Epinephelus coioides. 

Aquaculture, 253: 204-211. 

 

Yu, L-P., Hua, Y-H., Sun, B-G. and Sun, L. (2013). Immunological study of the outer 

membrane proteins of Vibrio harveyi: Insights that link immunoprotectivity to 

interference with bacterial infection. Fish and Shellfish Immunology, 35: 

1293-1300. 

 

Yu, N. Y., Wagner, J. R., Laird, M. R., Melli, G., Rey, S., Lo, R., Dao, P., Sahinalp, S. 

C., Ester, M., Foster, L. J., Brinkman, F. S. L. (2010). PSORTb 3.0: Improved 

protein subcellular localization prediction with refined localization 

subcategories and predictive capabilities for all prokaryotes. Bioinformatics, 

26 (13): 1608-1615. 

 

Young, M. D., Wakefield, M. J., Smyth, G. K. and Oshlack, A. (2010).Gene ontology 

analysis for RNA-seq: Accounting for selection bias. Genome Biology, 11 (2): 

R14. 

 

Yusoff, A. (2015). Status of resource management and aquaculture in Malaysia. In M. 

R. R. Romana-Eguia, F. D. Parado-Estepa, N. D. Salayo, & M. J. H. Lebata-

Ramos (Eds.), Resource Enhancement and Sustainable Aquaculture Practices 

in Southeast Asia: Challenges in Responsible Production of Aquatic Species: 

Proceedings of the International Workshop on Resource Enhancement and 

Sustainable Aquaculture Practices in Southeast Asia 2014 (RESA). Tigbauan, 

Iloilo, Philippines: Aquaculture Deptment, Southeast Asian Fisheries 

Development Center. 53-65. 

 

Zardakis, I. K., Mastellos, D. and Lambris, J. D. (2001). Phylogenetic aspects of the 

complement system. Developmental and Comparative Immunology, 25: 745-

762. 

 

Zhang, Y., Stupka, E., Henkel, C. V., Jansen, H. J., Spaink, H. P., Verbeek, F. J. 

(2011). Identification of common carp innate immune genes with whole-

genome sequencing and RNA-Seq data. Journal of Integrative Bioinformatics, 

8 (2): 169. 

 

Zhang, W-W., Sun, K., Cheng, S. and Sun, L. (2008). Characterization of DegQVh, a 

serine protease and a protective immunogen from a pathogenic Vibrio harveyi 

strain. Applied and Environmental Microbiology, 74 (20): 6254-6262. 



© C
OPYRIG

HT U
PM

198 

 

Zhou, J., Fang, W., Yang, X., Zhou, S., Hu, L., Li, X., Qi, X., Su, H. and Xie, L. 

(2012). A nonluminescent and highly virulent Vibrio harveyi strain is 

associated with “Bacterial White Tail Disease‟‟ of Litopenaeus vannamei 

shrimp. PLoS ONE, 7(2): e29961. 

 

Zhu, Z. Y. and Yue, G. H. (2008). The complete mitochondrial genome of red grouper 

Plectropomus leopardus and its application in identification of grouper 

species. Aquaculture, 276: 44-49. 

 

Zou, L., Wang, Z., Wang, Y. and Hu, F. (2010). Combined prediction of 

transmembrane topology and signal peptide of β-barrel proteins: Using a 

Hidden Markov Model and genetic algorithms. Computers in Biology and 

Medicine, 40(7): 621-628. 

 

Zorrilla, I., Chabrillon, M., Arijo, S., Diaz-Rosales, P., Martinez-Manzanares, E., 

Balebona, M. C. and Morinigo, M. A. (2003). Bacteria recovered from 

diseased cultured gilthead sea bream (Sparus aurata L.) in South Western 

Spain. Aquaculture, 218: 11-20. 

 

http://www.ag.auburn.edu/fish/mediagallery/2013/ 

 

http://aqua.merck-animal-health.com/products/vaccines.aspx 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.ag.auburn.edu/fish/mediagallery/2013/



