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Ikari Takahiro: Influence of deep ocean water on fish physiology

Introduction

Deep ocean water (DOW) is cold, salty water found 200 m below the surface of Earth's oceans. Three
major characteristics of DOW—Ilow temperature, rich nutrients, and cleanliness—make DOW suitable for
various applications. In Japan, DOW has been utilized as an industrial refrigerant or in health goods. In
aquaculture, experience has also shown that seaweed, shrimp, and fish bred in DOW grow faster than those bred
in surface seawater. Therefore, DOW is now recognized as a high resources-related seawater in Japan. As
described above, the growth of fish bred in DOW is promoted. However, until now, there has been little scientific
evidence regarding the mechanism of effectiveness for aquaculture. Also, the benefits of DOW for fish have not
been understood scientifically. Experience has shown that stress is reduced for fish bred in DOW. Therefore, in
this study, I noted the stress response of fish and measured plasma cortisol (known as stress hormone) levels in
both nibbler fish and flounder bred in surface seawater or DOW. In vertebrates, cortisol, one glucocorticoid
secreted from the adrenal gland (internal gland in teleost), is known as a stress hormone. In mammals, including
humans, it is known that cortisol regulates carbohydrates, lipids, and protein metabolism and is an essential
hormone for the living body. However, excess cortisol suppresses osteoblastic activity and aggravates muscle
resolution. Chronic stress is harmful to our health and might inhibit our growth. I strongly believe that the growth-
promoting effect of DOW in fish is explained by decreased stress hormones. To examine the influence of DOW

on stress reaction, therefore, I measured plasma cortisol levels in fish bred in surface seawater or DOW.

Materials and Methods

Nibbler fish (Girella punctata) were caught by fishing in Tsukumo Bay of the Noto Peninsula (Ishikawa
Prefecture). In addition, flounder (Paralichthys olivaceus) were purchased from a commercial source
(Marinetech Co. Ltd., Aichi, Japan). The fish were used in the present experiments after acclimation for
approximately two weeks. Nibbler fish and flounder were anesthetized with a 0.04% 2 -phenoxyethanol (Wako
Co. Ltd., Osaka, Japan) solution. To determine initial cortisol levels, blood sampling was performed. A
heparinized syringe was used to collect blood samples from the caudal vessels of individual anesthetized nibbler
fish and flounder. The collected blood was put into 1.5 ml tubes. The tubes were then centrifuged at 15,000 rpm
for 3 min. The separated plasma was immediately frozen and kept at —80°C until use. After both types of fish
were bred in surface seawater and DOW, blood samples were taken again, and the plasma was separated by
centrifugation as described above. Thereafter, the plasma cortisol level was determined using an ELISA kit

(Cosmo Bio Co. Ltd., Tokyo, Japan). In addition, the biochemicals of the collected plasma were analyzed.



Results

Experiment 1: Ten individual nibbler fish were divided into two groups: a surface seawater group (n = 5) and a
DOW group (n = 5). These fish bred for 5 days. After breeding, blood sampling was done. Plasma cortisol
levels were measured by ELISA. Results showed that the plasma cortisol levels in the DOW group were
significantly lower than those in the surface seawater group.

Experiment 2: Fourteen individual nibbler fish were divided into two groups—a surface seawater group (n = 7)
and a DOW group (n = 7)—after blood sampling. These fish bred for 10 days. At 5 and 10 days after breeding,
blood sampling was done. Plasma cortisol levels were measured by ELISA. The plasma cortisol levels had
increased in nibbler fish kept in surface seawater, but the plasma cortisol levels in nibbler fish kept in DOW
did not change from the initial level.

Experiment 3: Sixteen individual flounder were divided into two groups—a surface seawater group (n = 8) and
a DOW group (n = 8)—after blood sampling. These fish bred for 10 days. Five and 10 days after breeding,
blood sampling was done. Plasma cortisol levels were measured by ELISA. The plasma cortisol levels
increased in flounder kept in surface seawater, but the cortisol levels in flounder kept in DOW did not change
from the initial level, as in nibbler fish.

Experiment 4: Sixteen individual flounder were divided into two groups—a surface water group (n = 8) and a
DOW group (n = 8)—after blood sampling. These fish bred for 10 days. Ten days after breeding, blood
sampling was done. Biochemical analyses were done. Total protein, albumen, and blood urea nitrogen levels
did not change in the two groups. There were no differences in the plasma sodium, potassium, and chloride

concentration between the surface seawater group and the DOW group.

Discussion

DOW is cold, salty water found 200 m below the surface of Earth’s oceans. Three major characteristics of
DOW—Ilow temperature, rich nutrients, and cleanliness—make it suitable for various applications. For
aquaculture, the growth of seaweed and shrimp was promoted by breeding in DOW. However, until now, there
has been little scientific evidence regarding the mechanism of effectiveness for aquaculture. Therefore, in the
present study, I noted the stress response of fish and measured plasma cortisol levels in fish (nibbler fish and
flounder) bred in surface seawater or DOW. In addition, biochemical analyses of the plasma of flounder were
completed 10 days after breeding. In both nibbler fish and flounder, I demonstrated that the plasma cortisol level
of fish kept in DOW did not change from the initial level, although the plasma cortisol levels of both fish kept in
surface seawater increased remarkably. There were no differences in the plasma sodium, potassium, and chloride
concentrations between the surface seawater group and the DOW group. Experience has caused us to believe that

long-term breeding without stressing fish is possible when we breed them in DOW.
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Hidenori Ishizu: a-melanocyte-stimulating hormone promotes bone resorption in goldfish

a-melanocyte-stimulating hormone (a-MSH) is a peptide hormone whose amino acid sequence is well
conserved among vertebrates and functions in several tissues via melanocortin receptors. Recently, a new
function of a-MSH has been determined. Namely, it has been reported that humans deficient in melanocortin
receptor 4 have markedly increased bone mass (Farooqi et al., 2000).

In fish, the effect of MSH on bone metabolism has not been investigated because there is no system for
evaluating fish osteoblasts and osteoclasts. Therefore, we developed an evaluation system using the regenerating
scales of goldfish (Suzuki et al., 2016). Using this system, I examined the effects of a-MSH on the regeneration
of goldfish scales that have osteoblasts and osteoclasts in an in vivo experiment. An in vitro experiment was then
performed to confirm the result of the in vivo experiment. In addition, the detailed mechanism of a-MSH on bone

metabolism was analyzed by real-time PCR.

Experiment 1: Effects of a-MSH on osteoblastic and osteoclastic activities in regenerating scales and

plasma calcium levels in goldfish (in vivo experiment)

To investigate the effect of a-MSH on the regeneration process of goldfish scales, I removed scales on the left
side and injected a-MSH (low dose, 0.1 ug/g of body weight or high dose, 1 pg/g of body weight) to goldfish.

Injection of a-MSH was performed immediately after removing the scales. Then, the goldfish with removed
scales was injected with a-MSH at 3, 5, 7, and 9 days. On the 10th day after injection, the activity of osteoblasts
and osteoclasts on the regenerating scales was measured. Osteoblastic and osteoclastic activities were measured
as respective marker enzyme (alkaline phosphatase for osteoblasts, tartrate-resistant acid phosphatase for
osteoclasts) activity. The calcium concentration in the blood was also measured.

At both doses, osteoblastic and osteoclastic activities in the regenerating scales increased significantly.

Plasma calcium concentrations in the a-MSH-treated group (high doses) were significantly higher than those in

the control group (Fig.1).
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Fig. 1. Effects of a-MSH on plasma calcium levels in goldfish. a-MSH was injected at a low dose (0.1 pg/g body
weight) or a high dose (1 pg/g body weight) into goldfish every other day. Ten days later, we analyzed plasma
calcium levels in goldfish. * indicates a statistically significant difference, at p < 0.05, from the values in the

control scales. n = 8 samples; one sample from one fish.



Experiment 2: Effects of -MSH on osteoblastic and osteoclastic activities in the scales of goldfish (in vitro
experiment)

To confirm the results of in vivo experiments, in vitro experiments were performed. In the cultured regenerating
scales, osteoblastic and osteoclastic activities significantly increased with a-MSH (10”7 and 10-% M) treatment. In
addition, real-time PCR analysis indicated that osteoclastogenesis in a-MSH-treated scales was induced via the
receptor activator of NFkB (RANK)/receptor activator of NF-kB ligand (RANKL)/osteoprotegerin (OPG)
pathway (Fig.2). Furthermore, we found that the mRNA expression of cathepsin K (osteoclastic functional gene)
in the scales increased significantly with a-MSH treatment after 6 hours of incubation, and receptors of a-MSH

were detected in the regenerating scales.

(A) RANKL (B) OPG (C) RANKL/OPG
| gt ;- |
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Fig. 2. Effects of a-MSH on RANKL (A) and OPG (B) mRNA expression in the regenerating scales of goldfish. The
regenerating scales were incubated for 3 hours in medium supplemented with a-MSH (10-6 M). The expressions of
RANKL and OPG mRNA were analyzed. In addition, RANKL/OPG (C) was calculated as an indicator of
osteoclastogenesis. * and ** indicate statistically significant differences, at p < 0.05 and p < 0.01, respectively, from
the values in the control scales. n = 12 samples; one sample from one fish. Elongation factor-la was used for

normalization to each mRNA expression level (Sato et al., 2016).

Conclusion
In teleosts, I demonstrate that a-MSH functions in bone metabolism and promotes bone resorption. This
activation was induced by the RANK/RANKL/OPG pathway.
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Yuto Osaka and Yoichiro Kitani: Purification and characterization of the antibacterial L-amino acid oxidase in

the Red-spotted grouper Epinephelus akaara serum

Background

Fish body surface has a barrier which protects their body from attacks of pathogens. Recently, we discovered
the L-amino acid oxidase (LAO) as a host-defense molecule in fish skin and blood (Kitani et al., 2007, 2010).
This molecule elaborates the hydrogen peroxide by oxidization of the L-amino acid substrate. (Fig. 1) The fish

defense mechanism that mediates LAO and hydrogen peroxide would be an efficient host-defense system;

nevertheless, it is still unclear. In this study, to L-Amino acid brkeo okt aKeto acid
understand the physiological and biochemical n/””/o A _(M%o . /Z o
functions of LAO, we try to search the diversities of H <) o 7 §

fish LAO and clarify its structure. N i e B
Purpose 0, H,0,

The aim of this study is to search fish species which is Fig.1 Reaction model of LAO

not yet known to have LAO in their body and to elucidate

substrate specificity and structure of the LAO of that fish species.

Method

First, inter-fish species screening of serum LAO activity was carried 96well microtiter plate

out. The specimens were collected from Tsukumo bay, Noto «— sample 25pL

+— 100mM L-amino acid 25pL
+— 0.2 unit/mL POD 25uL
study, proteinogenic 20 kinds of L-amino acids were used as LAO «— 0.5 mg/mL OPD 25pL

Peninsula, Ishikawa Japan, and serum samples were prepared. In this

substrate. This LAO activity assay was carried out following Figure [incubation at 37°c for 150 min with light shielding |

2. LAO catalyzes the L-amino acids and subsequently generate 1 +— 1M H;504 1004L
hydrogen peroxide. To detect the hydrogen peroxide, peroxidase | Measurement of absorbance at 492 nm |
(POD) and o-phenylenediamine (OPD) were added. OPD is

Fig. 2 flowchart of LAO activity assay
oxidized and colored with the hydrogen peroxide by POD. This

is the principle of LAO activity assay. Second, antibacterial activity of serum of those fishes was performed by
agar diffusion and micro dilution assay methods. Third, isolation of serum LAO was tried by a combination of
HighQ anion exchange chromatography, CHT hydroxyapatite HPLC and Superdex S-200 gel filtration HPLC.
Elution of LAO was monitored by absorbance at 280 nm and LAO activity. The purity of serum LAO was judged
by SDS-PAGE. Final, protein sequences of the purified serum LAO were determined. For N-terminal sequencing,
the protein was transferred onto PVDF membrane and cut the target protein. For internal amino acid sequencing,

purified LAO was digested by the lysyl endopeptidase. The digests were subjected to reversed phase HPLC to



collect peptide fragments. Then, amino acid sequencing was analyzed by Edman degradation based protein

sequencer.

Result

As a result of inter-fish species screening of serum LAO activity,
the serum of Red-spotted grouper Epinephelus akaara (Kijihata)
showed the activity (Fig. 3). E. akaara is one of the marine fish

species which captured in Coast of Japan Sea as precious fish. E.

akaara serum catalyzed a broad range of L-amino acid substrates
such as L-histidine, L-methionine, L-phenylalanine, and L- Fig. 3 Epinephelus akaara

tryptophan. E. akaara serum showed antibacterial activity against

Aeromonas salmonicida and Vibrio anguillarum which are well known marine pathogenic bacteria. This activity
was disappeared by the adding of catalase. Those results suggested that the antibacterial activity of E. akaara
serum is caused by hydrogen peroxide. Purification of the E. akaara serum LAO was succeeded by the three-
step chromatography described above. As a result of purification, E. akaara serum LAO is an acidic protein with
molecular mass of 440 kDa and 70 kDa that estimated by gel filtration HPLC and SDS-PAGE, respectively. This
suggests that E. akaara serum LAO is a multimeric enzyme in vivo. The N-terminal amino acid sequence of E.
akaara serum LAO determined to DDITEVPDD and two of internal peptide sequences determined to
NEEEGWYVELGAM and

YDVWPSEK, respectively. Those A B Maker reductant
sequences were highly similar to LAO of e ::: E o - !
other fishes. In conclusion, E. akaara S it 5:’ 200 |
serum contains antibacterial LAO. This % oo u:; 3% ;
molecule may play a role as a host- % :: .g 22 h— ot
defense molecule against invasion and -g 003 g
infection of bacteria from the wound. < ::j %’ 37 .

01 ° 31 .

0 10 20 30 40 50
Retention time(min)

absorbance M —WwW

Fig. 4 Purified E. akaara serum LAO
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Matsunaka, T.!, Nagao, S.!, Tang, N.!, Inoue, M.!, Suzuki, N.!, Ogiso, S.! and Hayakawa, K.!: Temporal
variations in PAHs at Tsukumo Bay of Noto Peninsula during 2014-2017

Introduction

The Japan Sea is semi-enclosed marginal sea and plays an important role in a monitor for anthropogenic
pollutants from East Asia. Polycyclic aromatic hydrocarbons (PAHs) are one of the hazardous organics, and
mainly originate from imperfect combustion of fossil fuels and biomass, and petroleum (Yunker et al., 2002).
Hayakawa et al. (2016) revealed that the total PAHs in the southeastern Japan Sea in 2008 (9.4 ng L") was higher
than that of the northwestern region. The important pathway of the PAHs reach the Japan Sea are interpreted to
be the Tsushima Current and atmospheric transport. Little is known about the behavior of PAHs in the coastal
area of Japan Sea. The main objective is to illuminate the PAHs migration along the Tsushima Current in the

Japan Sea. We monitored the PAHs at Tsukumo Bay of Noto Peninsula.

Material and Methods

Surface water samples were collected on a monthly basis at Tsukumo Bay in the southern Japan Sea during
2014-2017. Water temperature and salinity were observed at the coastal site of the bay. Water sample of 10 L
was separated to dissolved and particulate phases using 0.5 um filter. After absorption of dissolved organics in
the C18 disk, dissolved and particulate PAHs ware extracted and analyzed by the HPLC. Ra-226 and Ra-228 in
water sample of 20 L were measured by ¥-spectrometry to estimate the contribution of seawater from the

Tsushima Current.

Results and discussion

The total PAHs in the surface water from the Tsukumo Bay varied from 0.68 to 2.95 ng L' between 2014 and
2017, with the maximum value occurring in March 2015 (Figure 1.1). There is no seasonal variations which were
observed in the atmospheric PAHs at Noto Peninsula (Tang et al., 2015). The 65% of total PAHs were composed
of dissolved PAHs on average (Table 1.1). The mean total PAHs in 2017 was 1.20 ng L™!, which increased by 1.2
times in comparison to that in 2014 and 2015. These values were lower in comparison to the mean total PAHs at
the Japan Sea of 9.4 ng L™! in 2008 (Hayakawa et al., 2016) and 8.5 ng L™! in 2010 (Chizhova et al., 2013).

The isomer pairs ratio of benz[a]anthracene (B[a]A) and chrysene (Chr) with 4 rings can be used as the
parameter for source estimation of the PAHs (Yunker et al., 2002). The ratios of (B[a]A)/(B[a]A+Chr) for the
dissolved PAHs in 2014, 2015, and 2017 were usually over 0.2 (Figure 1.1). The sources of dissolved PAHs in
were consider to be combustion products of biomass, coal, and petroleum, based on the isomer composition. We
will discuss the relation between the PAHs variations at Tsukumo Bay and contribution of seawater from the

Tsushima Current.



Conclusions

This study establishes the environmental behavior of PAHs in coastal area of the Japan Sea by monitoring the
dissolved and particulate PAHs at Tsukumo Bay of Noto Peninsula in Japan. The mean total PAHs in 2016 was
1.20 ng L', which increased by 1.2 times in comparison to that in 2014 and 2015. The main sources of dissolved

PAHs were consider to be combustion products based on the isomer composition.

Table 1.1 Concentrations of PAHs in surface water at the Tsukumo Bay during 2014-2017.

2014 2015 2017 2014-2017
Range Mean Range Mean Range Mean Range Mean
PAHs Dissolved phese 0.50-1.08  0.67 0.41-1.43 0.63 0.46-1.29 0.79 0.41-1.43 0.70
(ng L) Particulate phase 0.13-0.47  0.30 0.18-1.52 0.40 0.10-1.24 0.42 0.10-1.52 0.38
& Total 0.69-155 0.97 0.70-2.95 1.03 0.68-1.72 1.20 0.68-2.95 1.08
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Figure 1.1 A: Temporal variations of surface water temperature (black circles) and salinity (gray circles) observed
every hour in the depth of 0.5 m at the coastal site of Tsukumo Bay during 2014-2017. B: The variations in
concentrations of PAHs and isomer pairs ratio of (B[a]A)/(B[a]A+Chr) (white circles) for dissolved PAHs in surface
water collected on a monthly basis at the Tsukumo Bay during 2014-2017. The ratio of (B[a]A)/(B[a]A+Chr)<0.2
implies petroleum leakage, while 0.2 to 0.35 implies petroleum combustion, and >0.35 implies biomass or coal
combustion for the PAHs source (Yunker et al., 2002).
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