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1. AEOBERAERIZETIHE (K%

FEORE RITHAIE L LB L TR TH D Z LD, FEARFRA A RE R TiER<
MRS DI R PE ATt U CIRFF R ITIER T2 BRBERVEE TH H, KABHEIX, AEO
PR FE R0 ML TP AFAE T DI AEDN FIC OV TOEET-> T 5, MFIZEOEBRT L7 2/
A% 24—t (LAO) ZHBEOKRRLMKICETENLMEME L LTHE L, ZTHITMIEIC
BT DRMOERE Y AT NEfRAT 550700505 %,

S 4 FEEIZBWTIE S U N¥ Epinephelus akaara LAO 1&1x 1 O 3 X OSEFR AN 0 A6
EH O E LIz, EDOIN G F U ZITMIRLSINT S EJE &2 LAO 2652 L HEH S
TWER, FUNF LAO iR 7 n—7 2 HWiz in situ ~A 7 VXA B—2a VBT, *
U IMEKE LAO BEAMME TH 2 TN b B D 2R B g o 0 IR FEFFI2F % LAO
BN FET D Z E 2o nE Lz, E6IZ, FUNFZIMEK LAO &K% LAO IZ>W\ T
LTI LT e 24, WFOEIIEFICHEHLU T 2B RRMETHL LD T LN
HDohle, TNOHRBITTMSFEEAARKEFTRREFRS (P 5HE 3 A, i) IZBWT ¥
UNZIRERGE T D L-7 I ) BFF L F—PIconT ) IUAREH « KAE—I (& KEEHE) &L
TARL, FLIMAREDKROELRIIHIEO—EH &L L TE L7,

Mz T, AT LAOTEMZTRT LD L Z ) TRV DOBFIET H Z & NREBEMICH D
NTWB0, LAO JEMENRTFWAIHICE W T LAO BNRATHNCHDIEEEL TWA N E I LN E T
L=, BERE LAO IEMERIEE O 2R Al ¥EEEE T LAO IEMETAE U milamib K
FLr=V &7y RO LY sFHERIT 5 2 & THaot HPLC TS5 72 LAO &
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Kouhei KURODA, Nobuo SUZUKI: Studies on the role of calcitonin in the reproductive physiology of
goldfish

Background

Calcitonin (CT) is a peptide hormone consisting of 32 amino acid residues involved in calcium (Ca)
metabolism. In mammals, it decreases plasma Ca concentration by suppressing osteoclast activity, and similar
function is also observed in fish. CT is secreted by C cells of the thyroid gland in mammals and by the
ultimobranchial Grand (UBG) in non-mammalian vertebrates.

Our laboratory has previously reported the existence of two types of CTs, type I and type II (CTI and CTII),
in goldfish: CTT has been isolated from UBG and its amino acid sequence has been determined, and the structure
of CTII has been determined from genomic DNA.

Regarding the physiological dynamics of CT, previous reports have shown that (1) there is a correlation
between plasma CT levels and plasma Ca concentration, and between plasma CT levels and GSI (gonadal weight
to body weight ratio) only in female goldfish, (2) CT levels increase markedly before ovulation in eels and
salmonids, and (3) plasma CT levels are significantly increased in goldfish and salmonids during the breeding
season only in females, suggesting that CT may play a role in reproductive physiology. However, the reproductive
physiological roles of CTI and CTII have not yet been reported. In this study, we conducted two experiments to
elucidate the differences in CT secretion patterns between males and females during the breeding season and the

respective roles of the two types of CTs in reproductive physiology.

Experiment 1

In the first experiment, we quantified the expression levels of CTI, CTII, and CaSR in the UBG of female
goldfish during mating season, as well as biochemical parameters such as plasma CT and plasma Ca
concentrations, and examined their relevance to reproductive physiology. CaSR is a G-protein coupled receptor
that senses extracellular Ca ion concentrations, and its function of sensing elevated Ca concentrations and
promoting CT secretion from UBG may provide a clue to the relationship between CT and Ca concentrations.

The secretion of estrogen (E2: estradiol), which peaks in female goldfish during mating season, is another
factor that promotes CT secretion and must be taken into account when considering the relationship between
reproductive physiology and CT. In fish, E2 is known to promote osteoclast activity in scales. In the second
experiment, we focused on scales as a target of CT and analyzed the mRNA expression of CTI and CTII in scales.

In addition, we analyzed the effect of E2 on CT mRNA expression.

Experiment 2
Male and female goldfish with developed gonads were used as experimental material. The blood of
anesthetized goldfish were collected with a heparinized syringe, then centrifuged at 2500 x g for 10 minutes to

obtain plasma, which was used to measure plasma CT and plasma Ca concentrations; CT concentration was
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measured by ELISA based on the method of Suzuki, (2001), and Ca concentration was measured using a
commercially available kit. The goldfish were then dissected and the gonads and UBG were set aside. The gonads
were weighed to calculate GSI (gonad weight/body weight x 100); from UBG, total RNA was prepared using a
kit, followed by cDNA synthesis, and amplification was analyzed using a real-time PCR system.

Both plasma CT and plasma Ca concentrations were significantly higher in females than in males. Similarly,
the expression of CaSR in UBG was higher in females. On the other hand, the expression of CTI and CTII in
UBG was not significantly different between males and females. We also examined the correlation between the
expression levels of CTI and CTII and the plasma CT and plasma Ca concentrations and GSI, respectively, and
found significant correlations only in females for CTI expression and plasma CT concentration, CTII expression
and plasma CT concentration, plasma CT concentration and plasma Ca concentration, and plasma CT
concentration and GSI, but not in males.

The results of the CaSR expression analysis suggest that female goldfish may be more sensitive than males
to changes in blood Ca concentrations. High CaSR expression in females during mating season may help to
regulate Ca concentrations elevated by E2. In UBG, the expression of the two CTmRNAs was similar in males
and females, suggesting that they are stored in similar amounts as proteins. However, due to the CaSR-mediated
secretion enhancement mechanism, the amount of CT released into the blood is also expected to be higher in
females with higher CaSR expression than in males.

Experiment 3

The expression levels of CTI and CTII in scales were analyzed by quantitative PCR after isolation of total
RNA and synthesis of cDNA from crushed goldfish scales according to the method described above. To evaluate
the effect of E2 on CT expression, we used regenerated goldfish scales that had been debrided and allowed to
regenerate for 14 days. The regenerated scales were pre-incubated in L-15 medium for 1 hour at 15°C, then
incubated in L-15 medium containing E2 for 6 hours, immersed in RNA later, and stored at -80°C. Later,
CTmRNA expression was analyzed according to the method described above.

The quantitative PCR results showed that CTI was not expressed in the scales, but only CTII was expressed.
The expression levels were not significantly different between males and females. On the other hand, the
expression of CTII in E2-treated scales was significantly higher than in the control.

These results suggest that CTI produced by UBG and CTII produced by scales in both male and female
goldfish scales permanently suppress osteoclast activity, while CTII expression from scales is temporarily
enhanced in addition to CTI expression from UBG during the mating season when E2 secretion peaks in females.
This role of CTII is likely due to its role in the mating cycle. This role of CTII may be a defense mechanism in
female scales during mating season to prevent excessive Ca release by E2 and to avoid structural weakening of
their scales.

Conclusions

In female goldfish during the mating season, the increase in blood Ca concentration due to increased
osteoclast activity in scales associated with peak E2 secretion is sensed by higher CaSR expression in the UBG
(mainly type I), which regulates blood Ca concentration. In addition, only CTII is expressed in scales, and its
expression is enhanced by E2, helping to inhibit excessive Ca leaching from scales during the breeding season.

ARBFFEIE, RRPAEMB TSH REBREROA G LO—RE L TTOI I,
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Ryoya KAWAMURA, Nobuo SUZUKI: Physiological and ecological study of red clawed crab, Chiromantes

haematocheir

Background

The red-clawed crab Chiromantes
haematocheir (DE HAAN) (Figure 1) is
a crustacean belonging to the decapod
family Crassulaceae, and inhabits coasts
and forests from mainland to southwest
Islands in Japan. Adults of the Red-
clawed crab live in forests, but they have
a unique life history in which they
temporarily live in the sea during the

growth process from the zoea and

megalopa stages until they become

juvenile crabs. On the other hand, ]
Figure 1.

Tsukumo Bay in Noto Town, Ishikawa | Photograph of male red-clawed crab, Chiromantes haematocheir

) collected in the coastal forests of Tsukumo bay.
Prefecture has a long coastline and a

drowning valley topography with forests
near the sea. Therefore, in this study, I focused on the physiological and ecological characteristics of the larvae

of the Red-clawed crab inhabiting Tsukumo Bay, Noto Peninsula.

Methods

I collected female red-clawed crabs that laid eggs on the coast of Tsukumo Bay, Noto Peninsula. Zoea larvae

were obtained by artificially letting offspring of the crabs. Subsequently, the zoea larvae were placed in a petri
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dish, and artificially reared by feeding S-type rotifers, until megalopa larvae were reared. Larvae were sampled
during the rearing period and placed in RNAlater for cryopreservation. Total RNA was extracted from the
sampled larvae, reverse transcription was performed, and qPCR was performed to analyze the gene expression
of the red-clawed crab larvae.

Expression analysis used Na'/K'-ATPase: nka, which is known to be involved in osmotic regulation. The
sequence of nka was determined by RNAseq analysis. On the other hand, research on rhythm was also carried
out along with ecological surveys. I set up a trap in Tsukumo Bay and investigated the return pattern of megalopa
larvae in comparison with the tidal rhythm. To further investigate the intrinsic rhythm, the clock genes per/ and

timeless were sequenced from RNAseq data and expressed by qPCR.

Results and Discussion

In this study, I first focused on the osmoregulatory function. The salt tolerance of newly released zoea larvae
in captivity was investigated, and it was found that the zoea larvae immediately adapted into hypersaline
environment after hatching, and that the salinity range of 9 to 33 PSU does not affect their survival. Therefore, |
investigated the changes in nka expression levels during the developmental process from zoea larvae to megalopa
larvae by qPCR method. The expression level of nka tended to be lower in megalopa larvae than in zoea larvae.
It is expected that megalopa larvae have reduced adaptability to seawater, and may be related to megalopa larvae
returning to shore.

On the other hand, traps for megalopa larvae were set up at multiple locations in Tsukumo Bay, and the
patterns of megalopa larvae returning to the shore were investigated. Therefore, I focused on the rhythm of red-
clawed crab larvae and examined it using multiple clock genes. As a result, it was found that zoea larvae have a
24-hour cycle expression thythm for perl and timeless, suggesting that zoea larvae have an intrinsic rhythm. In
the future, I will be planning to investigate the relationship between tidal rhythms and changes in the expression
of clock genes.

From the above, it was found that there was a change in the osmoregulatory function during the larval stage
of the red-clawed crab, and that this change was accompanied by a change in the expression level of nka, which
is involved in osmoregulation. In addition, it is possible that the endogenous rhythm of red-clawed crab larvae is

related to the observed return to shore in the spring tide of megalopa larvae.

ARBFFEL, BRKFHAR R JINEthR OB RO —&RE L TTbh,
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Akihito IWAMA, Yoichiro KITANI: Biological roles of L-amino acid oxidase in zebrafish Danio rerio

Introduction

The immune system of animals consists of both acquired and innate immune systems. Fishes have a target-
specific acquired immune system that uses antibodies, but it is less developed rather than that of mammals. To
compensate for this, fish's innate immune system—which acts nonspecifically against pathogens, is essential.
The fish innate immune system is composed of various defense substances, one of which is L-amino acid oxidase
(LAO). Fish LAO was identified as an antibacterial protein from the body surface mucus and blood in black
rockfish Sebastes schlegelii, Atlantic cod Gadus morhua, red-spotted grouper Epinephelus akaara, et cetera. This
enzyme catalyzes the oxidative deamination of L-amino acids and converts them to a-keto acids, ammonia, and
hydrogen peroxide. Hydrogen peroxide is known to act as an antimicrobial agent in fish because of its potent
oxidative bactericidal effect. In addition, the LAO genes are widely identified in fish species and are induced by
infection with pathogenic bacteria in Atlantic cod G. morhua, Atlantic salmon Salmo salar, hybrid tilapia
Oreochromis spp., and zebrafish Danio rerio. It suggests that LAO is also an immunologically functional
molecule. On the other hand, the results of the preliminary studies have revealed that LAO enzymatic activity
was detected in limited fish species despite the broad range of LAO gene distribution. In this study, I try to clarify
how LAO works in the “less-LAO” fish species. Based on the preliminary study, zebrafish are one of the less-
LAO fish, and I used the species for the studies below: First, I identified which tissues contain the LAO gene and
function as an enzyme. Second, I tried to detect the LAO protein in each tissue. Third, I developed an ultra-

sensitive assay to confirm LAO enzyme activity.

Methods
LAO gene expression levels in each tissue (skin, gill, kidney, liver, spleen, intestine and muscle) of zebrafish
were measured. Total RNA was extracted from each zebrafish tissue using ISOGEN (Nippon Gene Corporation,

Tokyo, Japan). The cDNA was synthesized using the total RNA and reverse transcriptase, and PCR was
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performed using zebrafish LAO gene-specific primers that were designed based on the database information.
PCR was also performed with primers for the housekeeping gene rpll3a as a positive control. LAO protein in
each zebrafish tissue extract was confirmed by Western blotting with a custom-made zebrafish LAO-specific
antibody. The tissue extracts were prepared from skin, gill, kidney, liver, spleen, intestine, and muscle using beads
tissue disruptor. The supernatants of the homogenates were used as the extracts. The extracts were applied onto
SDS-PAGE and blotted to PVDF membrane; subsequently, LAO was reacted with the anti-LAO antibody and its
secondary antibody. The positive bands were visualized using diaminobenzidine as a chromophore.

For future work, the fluorescent HPLC-based high-sensitive LAO assay was developed to detect feeble LAO
activity in the samples. The principle of this method was based on the coumarin-Fenton reaction system—the
hydroxy radical generated from hydrogen peroxide by the Fenton reaction converted non-fluorescent coumarin
to fluorescent 7-hydroxyl coumarin. To compare the sensitivity of both the conventional colorimetric ortho-
phenylenediamine/peroxidase (OPD-POD) method and the HPLC method, I used the dilution series of the

grouper Epinephelus akaara serum as known LAO sample with/without substrate amino acid.

Results and Discussions

The results of PCR showed that rpl13a was expressed in all tissues, whereas LAO gene was detected in all
tissues, but the expression level was varied. Especially skin and gills were detected from all test specimens. It is
reasonable to understand about the host-defense mechanism by LAO, to avoid invading the pathogenic bacteria
from these tissues. In contrast, Western blotting results suggested that LAO protein was not detected in any tissue
extracts, because LAO protein amount could be very less in healthy zebrafish.
A newly developed fluorescent HPLC-based LAO assay successfully detected 0.51 uM of the LAO-born
hydrogen peroxide in 1/3,000 dilution of E. akaara serum. In contrast, the conventional method could minimally
detect 69.4 uM in 1/300 serum. These results suggested that the fluorescent HPLC method may have a 100 times
higher sensitivity of hydrogen peroxide detection than the conventional method. However, the enzyme amount
was only ten times higher than that. I will try to optimize the more low-concentration LAO enzymatic activity.
In addition, the LAO activities in zebrafish tissues have to be measured using the Fluorescent HPLC-based LAO
activity measurement. The conditions for induction of the LAO gene are also examined to confirm the expected
role of LAO as a biological defense substance in zebrafish. In addition, the role of LAO in less-LAO fishes will
be investigated, not only in the direct bactericidal action of the produced hydrogen peroxide but also in its

involvement in redox signal transduction related to immunity.

AFFEIE, ARKZPAEMBE T SRBEAROZA 2GR Lo —&R E L TITbhi,
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Hazuki YAMAMOTO, Yoichiro KITANI:

Production mechanisms of fish antibacterial L-amino acid oxidase: Inter- and intra-tissue distribution

Background

L-amino acid oxidases (LAOs) are potent hydrogen peroxide generators. LAOs oxidize an L-amino acid to
a-keto acid during the reaction, generating an equal number of ammonia and hydrogen peroxide as by-products.
LAO shows a variety of bioactivities such as apoptosis, antiprotozoal and antibacterial activity. Those activities
are because of the resulting-hydrogen peroxide. In our previous work, LAOs were found as antibacterial protein
from the body surface mucus and serum of the rockfish Sebastes schlegelii. In addition, the antibacterial LAOs
were also found in several fish species, and these LAO could work as host defense molecules. Recently, we found
a novel antibacterial LAO from the serum of the red-spotted grouper Epinephelus akaara. The grouper serum
LAO (EaLAO) was isolated from the red-spotted grouper serum with 450 kDa molecular weight consisting of 67
kDa subunits. EaLAO had unique substrate specificity that reacted with several amino acids such as L-tryptophan,
L-phenylalanine, L-methionine, and L-alanine. Interestingly, EaLAO showed the salt-dependent activity
regulation mechanism to avoid the harmful effect of the LAO byproducts in the grouper blood. In addition, the
EaLAO gene was dominantly expressed in the liver and distributed in the skin and gills. In this work, to
understand the biological and immunological meanings of the LAO in the grouper, I try to reveal the tissue
distribution of the grouper LAO. In addition, I compared the enzymatic characters between serum LAO and skin

mucus LAO.

Methods
To evaluate the inter-tissue distribution of the grouper LAO, I prepare the tissue extracts from the several
tissues of the grouper. LAO activity of these extracts was measured by o-phenylenediamine and peroxidase

method with L-tryptophan as the LAO substrate. In addition, the LAO protein in the extracts was visualized by
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western blotting with a custom-made anti-grouper LAO antibody. I examined immunohistochemistry and in situ
hybridization to examine the intra-tissue distribution of the grouper LAO protein and gene. The fresh frozen
tissue slices were applied to both experiments. The anti-grouper LAO antibody was used for the
immunohistochemistry same as western blotting. For the in situ hybridization, the digoxigenin-labeled cRNA
probe was prepared and used. Tissues were selected by the Western blotting results and previous gene expression
results. Based on the tissue distribution results, I examined the biochemical differences among the serum, skin
mucus and gill raker mucus LAO. The substrate specificity of these LAOs was assessed by the LAO activity
assay with 20 kinds of proteinogenic amino acids. To compare the salt-dependent activation of the LAO between
serum and skin mucus, the activity was measured with/without NaCl. The molecular weight of serum and skin

mucus LAO was estimated using gel-filtration HPLC.

Results and Discussions

LAO activity with L-tryptophan was detected in the skin, gill and intestine except for serum. The
apparent activity was not detected in other tissue extracts such as muscle, stomach, liver, spleen, kidney, brain,
and heart. In contrast, the Western blotting analysis showed that the EaLAO cross-reactive bands were detected
in skin, gill, kidney, heart; and serum and slightly detected all tested tissues. Both LAO activity and protein were
not detected in the liver despite its gene existence. EaLAO cross-reactive positive findings were observed in the
skin, gills, kidney, liver, spleen, and heart by immunohistochemistry. These results suggested that the broad range
of the inter-tissue distribution of the EaLAO cross-reactive protein was not only contamination of the serum but
also protein localization. The intra-tissue protein distribution was supported by the local gene expression using
in situ hybridization of EaLAO mRNA. In liver-dominantly EaLAO gene-expressed tissue, the LAO gene was
locally expressed in sinusoidal pericyte. And the LAO protein localized the same structure. This suggests that
LAO in the blood is produced in the sinusoidal pericyte and released into the blood. In the skin and gills, the
LAO gene was localized at the basal epithelial cells and the gill lamella epithelium, respectively. Based on the
above results, body surface LAOs were not transferred via blood flow but locally generated and functioned. The
enzymatic characters of the skin mucus LAO were different from EaLAO. It reacted with basic amino acids and
was active without NaCl. In addition, the molecular weight of the skin mucus LAO was estimated to be 260 kDa.
Taken together, the grouper locally produces different types of LAOs and use them as functional molecules in

the right place.

ABFTEIE, SRRZEEABZEOER (WREA ROE LA EmXo—RE L TTbh,
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Shouzo OGISO, Yukina WATABE : The observation of seawater temperature, salinity, atmospheric temperature
and humidity around the Noto Marine Laboratory (Apr. 2022 — Mar. 2023)
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Fig. 2. Monthly mean water temperature at a Fig. 3. Monthly mean water temperature
depth of 5.0 m. Vertical bars indicate the range at a depth of 7.5 m. Vertical bars indicate
of the highest and lowest temperatures for the range of the highest and lowest
Apr. 2022 — Mar. 2023. temperatures for Apr. 2022 — Mar. 2023.

Fig. 4. Monthly mean salinity at a depth Fig. 5. Monthly mean of difference
of 0.5 m. Vertical bars indicate the range between highest temperature and lowest
of the highest and lowest salinity for temperature for one-day.

Apr. 2022 — Mar. 2023.
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