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1. REOBHRAERICETIHE (KRBIH)

B ORERITHAH L L TR TH D Z & D, EARFRA 2SR R TIER < E
JEVIRPER AT R U CHERFRITIEN T 2 ARGERPEE TH D, ARIHEL, fBEOK
TR MK I TET 2P AED R FIC OV TOMREEIT> TV D, MEORRET L-7 I /B
Fx v Z—F (LAO) Z HBOERLMIRICEENDAEWE L LTHRE L, ZdfEIcE T
DARIMDERBE Y 2T D BHT 50 L0 505D,

B3 FEICB W IR E DML THEIENH B0y b 7 5 72 % 2 NH Epinephelus akaara @ LAO
EXRELT, TOEAMBEHGE L, BHEEICHF IS LAO U FHMiE 2 ER L,
I ERWIEREL PR TFEC K DENZ RV HEOBRE 2T VR VY LAO [IF UNZ DR
JE, i, MIEICZ<HoNTIED, D, BB LOEBICHFETLIZEZH LN E Lz, FUN
% LAO B Do A kI RFT L7 & 2 A, K&, fl, Fick T2 8A0ENEmNo72, Z
O OMFKIZIBIT D%V F LAO BIaFDORIEZMRD7-DICF VY LAO B R R T 1
— 7 %2 ERL L mRNA in situ A 7 VXA B—Tar&iToT-, TORRE, fTIE KT LK E
R O R IR AR IZ & & LAO HBLMAL A /340 L C U7z, S IR o B o MR 2 % 2
% LAO BN R bz, Zh b OfERITF O ZIZB W T LAO 14 E 2235 5T TRATHI I FE
EINTNDENWI ZLERB LT, ZORRIIBTMAFEERBRKETFZREFRE (3H, 07
A VB ITBRWT IFIAZ M L-7 X B4 v & —8 kR 3 X ORE N A i > n» T
WAZEH « REHERS (&K & LTARLE,

FMEPOF TN LAO D IEFE NIEHIRECTHEIEL, WK E OIRES TEMALT S 2 &2 /il
L7ce ZOMREET TR Zif L-7 X @A X2 —8  [EHERIEEREICONT) REHE—RD
(4 K « AIAs—BR (MEEEK) 38 X OY Kitani Y, Osaka Y, Ishizaki S (2022) Seawater activates L-
amino acid oxidase from the serum of the red-spotted grouper Epinephelus akaara. Fish Shellfish Immunol

LLTAERLE,

2. WBEEFTHEYICR T SRESLEWEINERE BnHESER)

Brfdz a0 e 32 70—, WIEGRWE, BICSRTERRILKSE (PAH) i
HFHEBN ~ DB LT L T\ 5, PAH JHIX, [LARERCAM OARSERRBEIZ L0 4 U RKHITHL
SNDOREGIME TH D, £/ PAHBITEHEMICEZ EN TR Y, HMlRHFR S X DMEG RO
BRI, WEBMIC G E KT T, PAH BUL, BFHEBEMWIC K LRI, ZRFEEME, NWH
<HEHEE LTERT A Z Mmoo Tnb, —J7, MERTHEEMICR L T, xR 8N EhH
éhfwé%mw,MHxﬁmiK%f%D,%@@%w ISR STy, £ 2T, BERE
MBI DET NV E LT, B¥ 27 LA KRY (Ciona intestinalis type A) % V>, PAH ZRIKOYRIE% B
By & LIAFE AT/ - T D AL, RV OFEBRILKFEZFR (AhR) OHIIENRTEZ T L
72, mCherry il 57"V AhR Z I E 25 77 A I REMWILAMWICEA L, T LT Ty ROAFE
2R DA RTEDO LS & a0 B CRENT L 7o, LB AR 1X, T ETHLNRTWD XD,
Uy ROBEDNIREETHIAEICHIEL, 3-AFLary v Lulol By RERINT 5 L BICBT
L7ze —J, A¥ ARRIE, VI y FEEOFEIZEFEREIHELTWDS Z EEZHLNIC LT, K
WFFEIE, RAFZFE R R OFENIERE L L CEM S 7z,



3. EEHBMKROFHBD O LA - NoWEROSE (B D HESER)

B OUEEIR 2 & 45 70— 1%, BFHEEIWIC T i 7 S HEBh 0 SR AB B 72 FEHE BN D #h i
SHNSWROBEITE B L, FHEEM) THE U2 R O BIR-CHE(b 2 e L T D, Bl
18, WEMREOM AN 7 NREOEFE MR OMAZ BHIE LT, 71 (Hemitrygon
akajei) N2y b= OBERERINT 24T > T\ D, By b=, WFUESCHE fE T,
M By MREKTRLEY & LTERT D, ERABEICET 2IRIIAHTH D, RIERE
%, vy h=> mRNA OEEEF|ZH SN Uiz, il RO Total RNA % FV T RNA-seq fif b
L, blast i#ATIZ XL YD B/ F=> mRNA % [FE L=, HEERBMAESNIE, 32 7 2 / BEORART T
R&& ATz, RIFFICHEBIRD LY b= B FBHELTF K (CGRP) mRNA & [FE Sz, =
@ CGRP mRNA 2/ CT mRNA & [FRl—HEESN N0, ANVETFTT 4 TAT T4 71280 CT
& CGRP #4 U % CGRP-a TlE72< CGRP DA N2 — REFTW5 CGRP-BX A 7 Th D Z &)y
Molz, BUE, 7 MERH D CGRP-a EinFZFEHLTW5,

4. WBEETGEC BT D% (SaAR%ER)

LAY, EAMHOBKE =TT, ~A4 7877 2AF v 7 nbEH S, EEICHERICL RS
NTWDAF LAY Iv—ONZWH < ELIERZHH~7-, EEEEFEO®REE (2018 4F) 12X D
L, TIAF o 7 BT IR BE TR OE M BNAEESH, ZDOIBLI% LN I A 7 LENT, £
NWLAMIHIFIZHE D BN D0, HBTHN, WFEIILRoTND, FICHFEIIREORERT TR
F v 7 M BRI ERIMERSONE 72 1T X0 BSOS BRI TR WIBT RIS e BRER, BRERICER SN T A
IaTTAF I EIroTND, ¥4 70T T AF v 7 I3 ETHY, WEE VI RIEOREE T
TEHBRLARNEEFE LN TE L, L LERICHEERICIZATF LAY dv— (R, AF Lo b
UV~—) BHEELTWD, ZZTARAF LY NI w—%EADA T FTICHEEG LT, MEFHOI XTIV
R T 2B A L7, £ ORE, Mg Mg MO PHRIEN EHT2 LW IRRNPELNI
(Kawago et al., Int. J. Zool. Inv., 2021), & BIZAF L > b U~ —53 iR 2 RO E 2 §LEfE - e
HIZEINTE, FEFA AL (F9HH 2022-16907, HFEH : 2022452 A 10 H), ZiLH OBF%EIE,
MR OE LGRSO —B & U THEM LT, 53 FE HARErabidl 3 Ra CREFEE <
B L7-, BRAANEEEREMIE Y X —DEREY VAR T A THIFE LT Best Poster Awards %52 H L
770

5. RBEICHT HVEHERBKOREEFM (SAREIR)

WEPETRRE K &1, /KR 200 m LURICTHFEET H2EEBOW KO Z L 2R L, KIRIRRET, BEHRIx
T NG RAR 3 7 5 P, MDD 720 &0 D FEA RO, E W EREAKIE, KEEH R GE 55 B 12
BWCHEBYOLEE 2 UGET DB KEICHA I TV DD, ZOMRIIEH 60Tk > TR,
SR Al & LTe 70— 71, PRI K O SOEAE P KT T BT W TR el 2> D
WFFE 24TV, WBPEREKICA T RO 7 ADA ML AMEWHEAZ R Lz, TOMEEIEIC L TH
Fra RS Lo (BERVEEERE KO A b L A RBEH, RFE 2018-022738, RffH 2019-137640, FAaH K
W), AR, ZORFFEZRICUTROKE () &IRITHEE L7z RHE AR ELEEE O A-STEP A3ER4R
(XA MV aa T COEMBREDIEA I 2 EB I W52 OOHMEM) Shi, S LICAFE,
RRELER T3 (BF) KOV (BF) &% oLFFE LA Lo, WEREKELE, (5, =tk
EOBERERZEI AT Z L E2FHEFRTH S,
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Umi KAWAGO, Nobuo SUZUKI: Evaluation of the plastic-derived toxic chemicals (styrene) on fish

BACKGROUNDS
About 9 billion tons of plastic

products are produced worldwide. CH2: C— CH2_ CH— CHz_ CH2

However, only 9% of plastic waste
is recycled; the rest is thrown away
and becomes marine waste. As a
result of plastic being broken into
small fragments by ultraviolet rays
and waves, it becomes microplastic

particles in the marine environment.

It has Dbeen Dbelieved that

microplastics cannot decompose in | Fig. 1: Chemical structure of 2,4,6-triphenyl-1-hexene used in

the low-temperature environment of | the present study as a styrene trimer.

the ocean. However, it has been
reported that microplastics can degrade at low temperatures and actually present in the ocean as styrene oligomers
(especially a styrene trimer) (Fig. 1) (Amemiya et al., 2020). It is highly likely that these styrene oligomers affect
marine organisms.

On the other hand, it is well-known that fish scales have osteoblasts (bone-formation cells) and osteoclasts
(bone-resorption cells) (Suzuki et al., 2008). The coexistence of osteoblasts and osteoclasts in a calcified bone
matrix makes the scale a suitable model for analyzing the response of bone cells to environmental pollutants
(Suzuki et al., 2008). It has been reported that bisphenol-A suppressed osteoblastic and osteoclastic activities,
although estrogen enhanced both osteoblastic and osteoclastic activities (Suzuki and Hattori, 2003). Therefore,
it is possible that styrene oligomers disrupt bone metabolism in fish as bisphenol-A did. In the present study, the
endocrine-disruptive effects of styrene oligomers on bone metabolism in fish were examined and compared with

those of estrogen.

METHODS
Analyses of osteoblastic and osteoclastic marker enzyme activity and mRNA expression (in vitro)

Regenerating scales were taken from goldfish (Carassius auratus) under anesthesia. The scales were
incubated for 6 h at 15°C in Leibovitz's L-15 medium containing 100 pg/L styrene oligomers. After incubation,
osteoclastic and osteoblastic marker enzyme activities (osteoclasts: tartrate-resistant acid phosphatase activity;

osteoblasts: alkaline phosphatase activity) in the styrene oligomer—treated scales were measured as described in
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Suzuki and Hattori (2003).

In the case of mRNA expression analysis, regenerating scales were also extracted from goldfish under
anesthesia. After incubation of regenerating scales under the above conditions, the styrene oligomer—treated
scales were immediately frozen and kept at -80°C. Thereafter, total RNAs were prepared from goldfish scales
using a total RNA isolation kit. Then complementary DNA was synthesized with a kit. Using these cDNAs, the

osteoblastic and osteoclastic marker mRNA expression was analyzed using a real-time PCR apparatus.

Oral injection of a styrene oligomer into goldfish (in vivo)

Goldfish identified individually by fin clipping were anesthetized and their weights measured. A styrene
oligomer was orally administered to each goldfish (1 pg/g body weight) under anesthesia. Blood samples from
the caudal vein were taken after 12 and 24 hours. The collected blood was centrifuged, and the calcium

concentration in the separated plasma was measured using a kit (FUJIFILM Corporation, Osaka, Japan).

RESULTS AND DISCUSSION

In the scale in vitro bioassay, the action of the styrene trimer was found to be stronger than that of other
oligomers. It was found that the activities of osteoblasts and osteoclasts significantly increased at concentrations
of 10 pg/L and 100 pg/L of the styrene trimer, as with estrogen (Suzuki and Hattori, 2003). Particularly, a
significant difference was obtained in the activity of osteoclasts exposed to 100 pg/L of styrene trimer. Therefore,
our experiment focused on the action of the styrene trimer.

The results of qPCR for OPG and DKK 1, markers of osteoblasts, showed significant upregulation by styrene
trimer (100 pg/L) treatments. NFATc-1 and CathK, markers of osteoclasts, were significantly increased by styrene
trimer (100 pg/L) treatments. Therefore, the styrene trimer activated both osteoblasts and osteoclasts in the scales
of goldfish.

In an in vivo experiment, furthermore, the plasma calcium concentration was measured after a styrene trimer
was orally administered to goldfish (each 1 pg/g body weight). As a result, the plasma calcium concentrations
were significantly increased at 12 and 24 hours after injection.

Taking these results into consideration, the osteoclasts were activated by the styrene trimer using the fish-
scale assay system. This activation of osteoclasts seems to induce an elevation of plasma calcium levels and
disrupt calcium metabolism in goldfish. To elucidate the detailed mechanism of the styrene trimer in osteoclasts,

we are planning to examine a comprehensive analysis using RNA sequencing.
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Masaya HIGASHINO, Toshio SEKIGUCHI: Study on the physiological function of calcitonin in cartilaginous
fishes

Introduction

Cartilaginous fish possesses a skeletal system composed of cartilage. Most of the cartilaginous fish inhabits
seawater. Cartilaginous fish maintain a steady serum Ca®" level even though exposed to high Ca®" conditions.
However, hormonal regulation of Ca?" homeostasis is yet to be fully clarified in cartilaginous fish. Calcitonin
(CT) is a hypocalcemic hormone synthesized in the thyroid C-cells and ultimobranchial glands in mammals and
non-mammals, respectively. In mammals, hypercalcemic condition induces the release of CT from the thyroid C-
cells. CT suppresses the osteoclastic activity in the bone and reduces blood Ca®" levels. The hypocalcemic
function of CT is conserved from teleost to mammals. Although cartilaginous fishes also synthesize CT in the
ultimobranchial gland, they have no endoskeleton regulated by the coordination of the osteoblast and osteoclast.
Therefore, the target cell and physiological function of CT remain unclear in cartilaginous fishes. The present
study aims to evaluate the physiological role of CT through the establishment of assay systems for the plasma

Ca®" and CT concentrations in the red stingray, Hemitrygon akajei.

Results and discussion
1. Establishment of an assay system for evaluation of Ca’* homeostasis in red stingray

To evaluate the mechanism to regulate blood Ca** concentration, I attempted to establish the in vivo assay
system in the red stingray. Oral administration of high Ca®" consome solution increased plasma calcium levels.
The peak of plasma Ca®" concentration was detected at 6 hours after treatment. Thereafter, plasma Ca®"
concentration slowly declined. Treatment with the control consome solution did not increase the plasma Ca**
level. These results confirmed that the oral administration of high Ca** consome solution increases plasma Ca**
levels. Therefore, I established an in vivo assay system to evaluate gene function related to Ca2+ homeostasis in

red stingrays.

2. Tissue distribution analysis of genes associated with Ca®* homeostasis by using RT-PCR
To obtain a clue of the molecular mechanism of plasma Ca?" regulation in cartilaginous fish, tissue
distribution analysis of genes related to Ca>* homeostasis was performed by RT-PCR. Transient receptor potential

vanilloid 5 (TRPVSY), transient receptor potential vanilloid 6 (TRPV6), and calcium-sensing receptor (CaSR)
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were selected. TRPVS functions as a Ca>" channel on the apical region of kidney epithelial cells and is involved
in Ca>" reabsorption. RT-PCR analysis indicated that TRPV5 mRNA was expressed in the gill, stomach, and
kidney, suggesting that TRPVS is associated with Ca?" homeostasis in stingrays. TRPV5 mRNA was also detected
in the brain, implying that TRPV5 might possess a neural function. Mammalian TRPV6 is a calcium channel
involved in Ca** absorption in the intestine. The expression patterns of red stingray TRPV6 mRNA were similar
to that of mammalian TRPV6, suggesting that red stingray TRPV6 might possess similar functions with
mammalian TRPV6. In mammals, CaSR belongs to the metabotropic G-protein coupled receptor family and
senses the extracellular Ca**. It is reported that mammalian CaSR is involved in the Ca®" sensing and release of
parathyroid hormone in the parathyroid gland. The red stingray CaSR mRNA was detected in the various organs.
These tissue distributions of CaSR mRNA are similar to that of mammals, suggesting that CaSR also acts as a

Ca*" sensor in red stingrays.

3. Expression analysis of red stingray CT.

To evaluate the hormone function related to Ca** homeostasis, I focused on CT. A nucleotide sequence of
red stingray CT was determined by mRNA-sequence analysis of the ultimobranchial gland. Red stingray CT
comprised 32 amino acid sequences. The comparison of the amino acid sequence of red stingray CT and other
vertebrate CTs revealed that vertebrate CT share the common motif, including the N-terminal circular region and
the C-terminal Pro amide. In addition, tissue distribution analysis demonstrated that red stingray CT mRNA is
exclusively detected in the ultimobranchial gland. Next, to evaluate the concentration of CT peptide, I attempted
to establish the Enzyme-Linked Immunosorbent Assay (ELISA) using anti-stingray CT antiserum. Experimental
conditions, including antiserum concentration and standard red stingray CT peptide concentration were
determined. Further, CT levels of the ultimobranchial gland were detected using this assay system, suggesting

that ELISA can be used to measure CT levels. Plasma CT levels were also detectable.

Conclusion

In the present study, I established the in vivo assay system to evaluate the physiological function of
maintaining a steady blood Ca*" level. Moreover, tissue distribution of channel and transporter genes involved in
the blood Ca?" homeostasis was clarified. Finally, I focused on CT as a calcemic hormone. The full-length nucleic
acid sequence of red stingray CT was determined from transcripts of the ultimobranchial gland. Tissue
distribution analysis by RT-PCR revealed that red stingray CT mRNA was predominantly expressed in the
ultimobranchial gland. Furthermore, I established ELISA assay system to measure the CT peptide concentration.

In the future, measurement of plasma CT level and expression of Ca®" homeostasis-related gene will be
performed using the in vivo assay system that administrates high Ca*>* consome. These studies will contribute to

clarifying the mechanism of Ca** homeostasis in cartilaginous fish.
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Takayoshi SAKAI Toshio SEKIGUCHI: Molecular functional analysis of aryl hydrocarbon receptor in ascidian,

Ciona intestinalis type A

Introduction

Aryl hydrocarbon receptor (AhR) is a gene that belongs to basic helix-loop-helix/Per-Arnt-Sim (bHLH-
PAS) superfamily and has been detected in a variety of animals, from cnidarians to vertebrates. Vertebrate AhR
forms an inactive complex in the cytoplasm containing Heat Shock Protein 90 (HSP90), hepatitis B virus X-
associated protein 2 (XAP2), and co-chaperone p23. AhR-ligand, such as dioxin, elicits conformational change
of AhR and activation of AhR. Activated AhR dissociates from inactive complex proteins and moves from the
cytoplasm to the nucleus. Furthermore, activated AhR associates with AhR nuclear translocator (Arnt) and acts
as a transcriptional activator of genes involved in detoxification, including cytochromeP450 (CYP) 1Al.
Although these features of AhR have been clarified from teleosts to mammals, the origin of the molecular
characteristics of vertebrate AhR is still unclear.

In this study, I focused on an ascidian, Ciona intestinalis type A as a model animal. Since the ascidian is an
invertebrate that is the closest relative to vertebrates, it has been regarded as a model organism to study evolution
from invertebrates to vertebrates. To clarify the origin of the molecular function of vertebrate AhR, I analyzed

the amino acid characteristics, ligand-dependency, and cellular localization of Ciona AhR (Ci-AhR).

Results and Discussion
1. Comparison of the amino acid sequence of Ci-AhR with that of vertebrate AhRs

The full-length amino acid sequence of Ci-AhR is compared with that of the human, mouse, rainbow trout,
and nematode AhR. Three domains, basic helix-loop-helix (b HLH) domain, Per-Arnt-Sim (PAS) domain, and
ligand-binding domain, were highly conserved in chordate AhRs. In addition, most of the amino acid residues
that is involved in ligand binding in vertebrates AhRs are also recognized in Ci-AhR. However, amino acid

sequences in the C-terminal transactivation domain were not conserved between Ci-AhR and vertebrate AhRs.
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These results suggest that AhR possesses similar DNA and ligand-binding activity with vertebrate AhR. However,

the transactivation mechanism of Ci-AhR might be different from that of vertebrate AhR.

2. Evaluation of ligand responsivity in Ci-AhR

Human hepatoma cell lines, HepG2 cells, were cotransfected with the plasmid expressing GAL4 fused to
Ci-AhR, the firefly luciferase reporter vector that is driven by five UAS sites, and internal control vector that
expresses Renilla luciferase under CMV promoter. Twenty-four hours after transfection, the cells were treated
with Benzo[a]pyrene (BaP), a polycyclic aromatic hydrocarbon or DMSO. The cells were harvested and
measured luciferase activity 48 hours after transfection. BaP treatment increased the relative luciferase activity
in a dose-response manner. In contrast, DMSO did not upregulate the relative luciferase activity. These results
revealed that Ci-AhR possesses ligand-dependent transcriptional activity. Taken together, it is suggested that Ci-

AhR acts as a ligand-responsive transcription factor similar to vertebrate AhR.

3. Subcellular localization analysis of Ci-AhR

Ci-AhR or mouse AhR (Mm-AhR) fused to a fluorescent protein, mCherry in the C-terminus were expressed
in muse hepatoma cell line, Hepa-1clc7 cells. Treatment of 3-methylcholanthrene (3-MC) or DMSO was
performed 45 hours after transfection. Forty-eight after transfection, cells were fixed and stained by Hoechst.
Localization of Ci-AhR and Mm-AhR was observed by using fluorescent microscope BZ-9000. As a result, I
observed the localization of Mm-AhR treaded with 3-MC in the nucleus. Contrary, localization of Mm-AhR
treated with DM SO was detected in both cytosol and nucleus. On the other hand, Ci-AhR was mainly localized
in the nucleus in both DMSO and 3-MC treatment. The difference between the subcellular localization of Mm-

AhR and Ci-AhR implies that the inactive complex of Ci-AhR is different from that of vertebrate AhRs.

Conclusion

Ci-AhR contained conserved domains that is responsible for AhR function. Ci-AhR will act as a ligand-
responsive transcriptional factor, like vertebrate AhR, whereas the subcellular localization of Ci-AhR might be
different from that of vertebrate AhR.

In the future, I will explore exogenous ligands except for BaP and endogenous ligands. Furthermore, the

biological function of Ci-AhR will be investigated by in vivo assay system using Ciona individuals.
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Shouzo OGISO, Yukina WATABE : The observation of seawater temperature, salinity, atmospheric

temperature and humidity around the Noto Marine Laboratory (Apr. 2021 — Mar. 2022)
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Fig. 3. Monthly mean water temperature
at a depth of 7.5 m. Vertical bars indicate
the range of the highest and lowest
temperatures for Apr. 2021 — Mar. 2022.

Fig. 2. Monthly mean water temperature at a
depth of 5.0 m. Vertical bars indicate the range
of the highest and lowest temperatures for
Apr. 2021 — Mar. 2022.

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. 2021 — Mar. 2022.
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