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Expression of Phenoloxidase and Its gene to Challenging

by Pathogenic Injection in Shrimp
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Abstract

Phenoloxidase, an active form of prophenoloxidase (proPO), is a key enzyme of
crustaceans including shrimps that plays important role in defense mechanism against
pathogenic infection. In this study, majority of phenoloxidase activity was detected in the
plasma fraction of hemolymph whereas minority was found in the hemocytes of banana
shrimp Fenneropenaeus merguiensis. Hemocyanin that was found mainly in the hemolymph
or purified form, possessed no phenoloxidase activity. These results suggest that
phenoloxidase present in the hemolymph is not derived from hemocyanin. Otherwise,
phenoloxidase from the hemolymph of banana shrimps was successfully purified by
ultracentrifugation, ammonium sulphate precipitation, chromatography on Q-Sepharose
column, and subsequently by preparative polyacrylamide gel electrophoresis (PAGE).
Purified enzyme had a molecular mass of 630 kDa determined by gel filtration
chromatography and 105 kDa analyzed by SDS-PAGE. It had hyperbolic kinetics with K|, and
V.. for L-DOPA (3,4-dihydroxyphenyl-L-alanine) values of 5 mM and 0.043 A490/min,
respectively. It also showed substrate specificity to dopamine, catechol and pyrogallol but
not tyrosine. Purified enzyme could be activated by trypsin, laminarin, lipopolysaccharide
and SDS.

Prophenoloxidase (proPO) gene was cloned from the hemocytes of F. merguiensis
by means of reverse-transcription polymerase chain reaction (RT-PCR) and 5 and 3’ rapid
amplification of cDNA ends (RACE). The full-length cDNA of proPO gene consists of 3,245 bp
with one 2,058 bp open reading frame, encoding 661 amino acids. Its deduced amino acid
seguence contains two cu” binding sites stabilized by six histidine residues, one thiol-ester
motif, two N-glycosylation sites and nine O-linked glycosylation sites. By BLAST analysis, F.
merguiensis proPO cDNA showed closely identity to that of Fenneropenaeus chinensis
(94%). RT-PCR analysis revealed that proPO transcript was expressed mainly in hemocytes
and less in other tissues.

To study the responses of proPO gene to pathogenic challenge, F. merguiensis
shrimps were injected with Vibro harveyi or white spot syndrome virus (WSSV). After
challenging by V. harveyi injection, phenoloxidase activites in the hemolymph were
continuously increased from hour 0 to hour 6 and reached the highest at hour 24 of post-

injection and then declined. In similar pattern, the mRNA expression of proPO gene in the



hemocytes increased and reached the maximum at 18 h post-injection. In contrast, no

significant differences of either phenoloxidase activities or proPO mRNA expression were
detected in the controls which were injected with 0.85% NaCl in parallel. Moreover, the
similar patterns of phenoloxidase activities in the hemolymph and proPO mRNA expression in
the hemocytes were detected in shrimps injected with WSSV. They were increased from hour
0 to hour 6 and reached the highest at hour 12 of post-injection and subsequently decreased.
In similarly, the expression of proPO gene was up-regulated after Lifopenaeus vannamei was
injected by WSSV. Its mRNA expression was continuously increased from hour 0 to hour 6
and reached the peak at hour 18 of post-challenge. These results indicate that proPO is

inducible and may be involved in a shrimp immune response to pathogenic bacteria or virus.



