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Shrimp farming industry is highly affected by infectious pathogens. The knowledge of the shrimp
immunity is necessary to provide the means to control the loss of production due to diseases outbreaks.
Prophenoloxidase (proPO)-mediated melanization is a rapid defense mechanism in invertebrates. In this
research, we focus on the role of shrimp melanization in defense against bacterial and viral infections. Gene
silencing of two prophenoloxidase PmproPOs resulted in increased cumulative shrimp mortality after white
spot syndrome virus (WSSV) infection, whereas incubation of WSSV with the melanization reaction prior to
injection into shrimp significantly increased the shrimp survival rate. Using yeast two-hybrid (Y2H) and co-
immunoprecipitation (Co-IP) assays, WSSV453 protein was found to interact with the shrimp proPO-activating
enzyme PmPPAE2. Moreover, the activation of PO activity in shrimp hemolymph by PmPPAE2 was significantly
decreased by preincubation with recombinant WSSV453, suggested that the inhibition of the proPO system by
WSSV partly occurs via the PmPPAE2-inhibiting activity of WSSV453.

In addition, we found that systemic infection of two PmproPOs-silenced shrimp with the fungus,
Fusarium solani, led to a significantly increased mortality. Using mono- and di-phenols as substrate, the
melanization reaction products exhibited antimicrobial activities towards Gram-negative and Gram-positive
bacteria. SEM analysis revealed the morphological changes and damage of cell membranes of Vibrio harveyi
and F. solani after treatment with shrimp melanization reaction products. These findings demonstrate the
crucial functions of the proPO system and the importance of melanization reaction products in the shrimp's
immune system.

Furthermore, we found that knockdown of PmClipSP2, PmMasSPH1 or PmMasSPH2 in shrimp
displayed a significantly reduced PO activity. Injection of lipopolysaccharide (LPS) induced mortality and a
significant decrease in the number of total hemocytes, with clear morphological changes in the hemocyte
surface, of the PmClipSP2-knockdown shrimp. Recombinant PmClipSP2 was shown to bind to LPS and to
activate PO activity. Recombinant PmMasSPH1 and PmMasSPH2 also show binding activity to peptidoglycan
(PGN). Using a Y2H and Co-IP, we found that PmMasSPH1 specifically interacted with a proteinase PmPPAE2.
Furthermore, the presence of both PmMasSPH1 and PmPPAE2 enhances PGN-induced PO activity in vitro.
Taken together, these results reveal that PmClipSP2 and PmMasSPHs act as pattern-recognition proteins,

binding to microbial cell wall components and likely activating the proPO system in shrimp.
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