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Abstract
Pituitary adenylate cyclase-activating polypeptide (PACAP) is a multi-
functional neuropeptide that is widely distributed in mammals and is
capable of performing roles as a neurotransmitter, neuromodulator and
vasodilator. This polypeptide belongs to the glucagon/secretin superfamily,
of which some members have been shown to act as antimicrobial peptides
in both mammalian and aquatic organisms. In teleosts, PACAP has been
demonstrated to have direct antimicrobial activity against several aquatic
pathogens, yet this phenomenon has never been studied throughout a live
bacterial infection. The present study focuses on the influence of PACAP on
the rainbow trout monocyte/macrophage-like cell line, RTS11, when
exposed to the coldwater bacterial pathogen Flavobacterium psychrophi-
lum. PACAP was shown to have direct antimicrobial activity on F. psy-
chrophilumwhen grown in both cytophaga broth and cell culturemedia (L-
15). Further, the ability of teleostean PACAP to permeabilize the membrane
of an aquatic pathogen, F. psychrophilum, was revealed for the first time.
The viability of RTS11 when exposed to PACAP was also observed using a
trypan blue exclusion assay to determine optimal experimental doses of
the antimicrobial peptide. Interestingly, when RTS11 was pre-treated with
PACAP for 24 hours before experiencing exposure to live F. psychrophilum,
growth of the pathogen was severely inhibited in a dose-dependent
manner when compared to control cells receiving no PACAP pre-treat-
ment. Relative expression of pro-inflammatory cytokines and PACAP re-
ceptors was also observed in RTS11 following PACAP exposure alone and in
conjunction with live F. psychrophilum challenge. These qRT-PCR findings
revealed that PACAP may have a synergistic effect on RTS11 immune
function. The results of this study provide evidence that PACAP has
immunostimulatory activity on rainbow trout immune cells as well as
direct antimicrobial activity against aquatic bacterial pathogens such as F.
psychrophilum. As there are numerous pathogens that impact the aqua-
culture industry, PACAP may stimulate the teleost immune system while
also providing an efficacious alternative to antibiotic use.
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Abstract
The major economic and environmental consequences of recurring mor-
talities affecting the Pacific oyster Crassostrea gigas have initiated many
research projects aiming at understanding these phenomena. The solu-
tions anticipated to deal with these mortalities are mainly based on mass
selection breeding programs but preventive treatments are still lacking.
However, over the last decade, studies have been accumulating revealing
the adaptive capabilities of innate immunity, the only component of de-
fense mechanisms in invertebrates. Numerous findings have shown that a
wide range of invertebrates can develop innate immune memory (also
called immune priming) leading to improved survival during a second
encounter with a pathogen. In this context, we undertook to study the
possibilities of acting against mortalities by stimulating immune capacities
of oysters.
In the present study, we show that the exposure of oyster juveniles to an
immunostimulant (a viral mimic called poly (I: C)) can lead to enhanced
survival capacities (up to 100%) following OsHV-1 infection or during a
mortality episode in the field. That protection is specific to viral protection
as poly(I:C) fails to protect oyster against a pathogenic bacteria. We also
show that this priming phenomenon is durable as it can last more than 4
months suggesting for the first time the existence of mechanisms of im-
mune memory in this invertebrate species. Finally, analysis of the molec-
ular pathways underlying that protection using dual RNAseq, revealed that
priming was based on the triggering of a strong and sustained antiviral
response limiting replication of the virus, thus allowing the protection of
oysters on the long term. Altogether these results bring new insights into
the oyster capacities to build an innate immune memory, its adaptive ca-
pacities and provide a platform to further explore novel strategies to help
mitigate disease threats upon marine bivalves.
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Abstract
Immune recognition is the first step of immune response, which plays key
role in immune protection in all organisms. Since the proposal of pattern
recognition theory, numerous pattern recognition receptors (PRRs) have
been reported, especially in molluscs where expansive PRRs have been
identified by genomic prediction. Taken the model bivalve oyster as
example, oysters are constantly threatened by the invasion of pathogens
and they have developed a sophisticated repertoire of PRRs to recognize
diversiform microorganisms. So far, seven PPRs families, such as pepti-
doglycan recognition proteins (PGRPs), lectins (including C-type lectins,
galectins and sialic acid-binding Ig-like lectins), toll-like receptors (TLRs),
C1q domain containing proteins (C1qDCs), Gram-negative binding pro-
teins (GNBPs), scavenger receptors (SRs) and fibrinogen-related proteins
(FREPs) have been identified in oysters. What’s more, some novel PRRs,
such as DM9 domain containing proteins (DM9CPs), Caspases, interleukin
17 (IL-17) and arginine kinase have also been characterized from oysters,
which expands our knowledge of PRRs in invertebrates. These various
PRRs have been partially validated to be different in recognition specificity,
down-stream signal pathway and immune effects. Most of the PRRs serve
as multi-functional proteins, not only in immune recognition, but also in
the elimination of invading microbes. In addition, these PRRs differentially
expressed in mucosal immune tissues and systemic circulatory system
where immune recognition taking place. And different effects could be
induced by mucosal and systemic immune recognition, such as immune
memory or immune tolerance. These results uncovered in molluscs have
expanded our knowledge about the classical pattern recognition theory,
and also provided theoretical basis for vaccine development in mollusc
breeding-species in the future.
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