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Abstract

Thailand was the number one shrimp exporter for the past several years but recently,
the production declined more than 30% due to the outbreak of the emerging disease
named Early Mortality Syndrome (EMS) or technically known as acute hepatopancreatic
necrosis syndrome (AHPNS). The molecular biological research of the immune system in
shrimp is essential for the search of the effective method for controlling and preventing
infectious diseases. In our previous studies, we identified and characterized some immune
molecules in black tiger shrimp Penaeus monodon but the molecular mechanisms
regulating the immune responses and the pathogenesis of shrimp pathogens are not well
documented. Here, we further characterized the biological functions of the immune
proteins associated with the prophenoloxidase (proPO)-activating system, antimicrobial
peptides as well as several pathogen responsive proteins and the molecular mechanisms
regulating these immune pathways were investigated.

Suppression subtractive hybridization of the proPO knockdown P. monodon identified
several genes in shrimp hemocytes that are involved in the proPO system including
PmPacifastin-like gene which was shown to function in the inhibition of hemolymph PO
activity. The ability of melanization reaction products in killing a variety of bacteria and
filamentous fungus was demonstrated suggesting the crucial functions of the proPO system
in shrimp defense. Furthermore, we demonstrated that shrimp melanization has also
antiviral role against white spot syndrome virus (WSSV) infection but the virus overcomes
the shrimp immune response by suppressing melanization via the proteinase cascade. The
two families of major antimicrobial peptides in shrimp, crustins and antilipopolysaccharide
factors were further characterized their structures, functions and regulatory pathways. The
most abundant crustinPmd exhibits sequence variations and recombinant protein
(rcrustinPma) has strong antimicrobial activity against Gram positive bacteria and could affect
pathogenicity of WSSV. Moreover, we demonstrated that crustinPm1 and crustinPm?7 have
similar secondary structures and exhibit strong binding to lipids which are components of
microbial cell wall but distinct regulatory pathways. The molecular mechanism of antiviral
activity of anti-lipopolysaccharide factor isoform 3 (ALFPm3) was investigated and the
interacting WSSV proteins were identified. Gene regulation of ALFPms was shown to be
involved in Toll and IMD pathways. Functional characterization of several highly responsive
immune proteins showed that they play crucial roles in shrimp defense against major
pathogens especially WSSV. Altogether, this study revealed the role of several important
immune proteins and the molecular mechanisms regulating their immune pathways. The
knowledge gained from this research can be exploited for disease control in shrimp

aquaculture.

Keywords: shrimp, immune system, prophenoloxidase, antimicrobial peptides
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