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A severe emerging contagious disease has

According to previous reports, even though
AHPND produces massive sloughing of HP cells
into HP tubule lumina, there is, curiously, no sign
of bacterial colonization in the lesion areas during
the initial and acute stages of the disease. The
authors thus speculated that the necrotic effects
are likely caused by a pVA1-encoded Pirvp toxin
in a secreted form. The authors then detected
the secreted PirAvp and PirBvp of 12 and 50
kDa, respectively, in the culture medium of
AHPND-causing V. parahaemolyticus using
Western blot (Fig. 2(a)). In parallel with the
above experiment, the authors made two constructs, deletion (ΔpirABvp AHPND-causing
V. parahaemolyticus) and complementation

1

According to previous work, AHPND is caused
by a specific strain of opportunistic marine
bacterium Vibrio parahaemolyticus; the characteristic symptoms are commonly observed as an
atrophied pale hepatopancreas combined with
an empty stomach and midgut. In a later report
in 2014,2 a 70-kpb extrachromosomal plasmid
(pVA1) was found in all AHPND-causing strains
of V. parahaemolyticus but not in the non-AHPND
strains, through use of the next-generation
sequencing technique to analyze three virulent
strains and one nonvirulent strain. In addition,
pVA1 contains two toxin genes, PirAvp and PirBvp,
which encode homologues of the insecticidal
Photorhabdus insect-related (Pir) binary toxin. The
pathogenesis of AHPND has, until now, not been
elucidated.
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Fig. 1: Analysis of plasmid purified from six AHPND and four non-AHPND strains. (a) Lanes 1-6 contained separate
AHPND-causing strains and lanes 7-10 contained separate non-AHPND strains. “M” denotes the marker lane. (b)
Southern blot hybridization with AP2. Asterisks indicate the target plasmid bands. [Reproduced from Ref. 3]
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To investigate further which component, either
PirAvp, PirBvp, or the PirABvp complex, is the
dominant part for the cytotoxicity, the authors
performed a reverse gavage experiment in which
the shrimp were challenged with the recombinant
PirAvp and PirBvp (rPirAvp and rPirBvp) purified
from themselves or from E. coli BL21. Figures
3(a) and 3(b) clearly indicate that an obviously
increased mortality was caused only by a mixture
of the rPirAvp and rPirBvp toxins, no matter which

(b)

kbp

Attempting to test the unique sequences of the
AHPND-causing strains, a research team led
by Chu-Fang Lo purified varied plasmids from
various AHPND and non-AHPND strains
for analysis. In Fig. 1(a), the authors show that
extrachromosomal plasmids from one to five
were observable in the AHPND-causing strains.
Among these, one plasmid of size ~ 70 kbp was
(a)

mutants (ΔpirABvp + pirABvp), and confirmed
that the former mutant did not express PirAvp and
PirBvp (Fig. 2(b)). The subsequent virulence assay
and histological examination clearly indicated
that ΔpirABvp significantly decreased cumulative
mortality and presented no AHPND-like histopathology, but both effects were restored on adding
the complementation mutant (Figs. 2(c) and
2(d)). The characteristic symptoms of AHPND
are hence caused mainly by the PirABvp toxin.

detected using Southern blot with an AHPNDspecific probe (AP2) (Fig. 1(b)). Figure 1 hence
indicates that AHPND virulence in V. parahaemolyticus was bestowed by a common plasmid; this
APHND-associated plasmid was named pVA1.

recently caused the massive death of shrimp
larvae and tremendous economic losses in the
shrimp aquaculture industry, calculated roughly to
be more than USD 1 billion per year. The newly
emergent shrimp epidemic, acute hepatopancreatic necrosis disease (AHPND, first reported in
China in 2009), has become widespread; the
affected area encompasses southeast Asia
(Vietnam, Malaysia and Thailand) and Central
America (Mexico).
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Fig. 2: Characterization of PirAB toxins. (a) Western blot indicated the absence of PirA and PirB proteins in the broth of a V. parahaemolyticus culture. (b) Western blot detected no
PirAvp and PirBvp in the ΔpirABvp strain. (c) Virulence assay. Student t test (**p < 0.005) stands for significant differences conducted with unpaired Student. (d) Histological examination.
Abnormal cells (arrows) and normal cells (broken cells). [Reproduced from Ref. 3]
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Fig. 3: Results of per os challenge. (a) and (b) BSA and BL21 (pET21b) were used as a negative control. Meaningful differences were measured with unpaired Student t test (**p < 0.005).
[Reproduced from Ref. 3]

system of expression was used.
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Fig. 4: Structural comparison and proposed mechanism. (a) Left: structural
comparison of PirAvp (magenta) with domain III of Cry (yellow), which shows an
rmsd 3.2 Å for 88 matched Cα atoms. Right: structural comparison of PirBvp (magenta)
with domains I and II of Cry (yellow), which shows an rmsd 2.8 Å for 320 matched
Cα atoms. These structures clearly superimpose well. (b) Left: the three-domain Cry
structure, solved by Grochulski et al. (PDB ID code: 1CIY).4 Right: a putative PirABvp
heterodimer, constructed based on the architecture of Cry. [Reproduced from Ref. 3]

To understand the molecular mechanisms, the authors solved the crystal
structures of PirAvp and PirBvp using BL13B1 and BL13C1.3 Upon structural
comparison, it was elucidated that the structures of PirAvp and PirBvp align well
with the domain III (which is thought to be related to receptor recognition
and membrane insertion), and the domains I (pore-forming activity) and II
(receptor binding) of Bacillus Cry insecticidal toxin-like protein, respectively.
Even so, the sequence identity between them is quite small (< 10 %) (Fig.
4(a)). This structural similarity showed that the putative PirABvp heterodimer
might share a similar mode of action. Taken together, the authors proposed
that the PirABvp toxins might trigger the larval epithelium midgut cell death
through a Cry insecticidal toxin-like mechanism, including receptor binding,
oligomerization and pore forming (Fig. 4(b)). (Reported by Chun-Hsiang
Huang)
This report features the work of Chu-Fang Lo and her co-workers published in
PNAS 112,10798 (2015).
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