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[BrFEtE]
1. REOHRAERICETINE  FIMAEMRF L-T IV BIXFVF—BIZ oV T (REBE)

RBEORERIIWHAE L LB L CHBNTH D Z &b BN RN 2 EERE R TIER<IE
IRV R PR A6t U CIERF ERIICIER T2 BRBERNEETH 5, KEZEIT., SEOK
FREIE LM R PICAFET DU AED K FIT O T O ZIT > TV D, ild B AFERE R A
A I RIER T2 2 &R BlIE SN2 2mfE e LT, ZORKME DR E ZR AT &
ZH ZOWEIFL-T I VBAFIH =B (LAO) 77 IV —F "I HETHDL I Lnbinol,
AR IL, MEERPOIIEDE L L TLAO Z A LY OB & 72Tz,

BRTCHFEEIZB W IR O CHEENH B LR 5 72% U /¥ Epinephelus akaara L&
LAO Z X5 & LT, WEMAEN DR NLCIMERF D REAFETFIZOWTHRET L TV 5, 6 R % 15t
T HRICMEE T RD T80 WIERIMNER Sy TH DU ARV 7 A4 RIWRE Vibrio anguillarum .
Vibrio harveyi ¥ & OY Aeromonas salmonicida DS, Vibrio harveyi O£ TH % 2 27~ 2 L i O JEIEN
CHe G Lz, £0t%, REMBKICBIT 2% U2 ME LAO BIEFOEBHICONTHF I Y LAO
MRS 2 b LICREI SN T LAO B FRRNT 7 4 ~—2 W TER PCR Tl
Nz, BRIV LIS, TR B OHEGIT LAO Bl FORIARICLILE 5 X e oTe, —T5, HME
EHBRT SO, FE~DFLE L OEM 21TV FERICER PCR T LAO Bia FRBLEOZEL
BN L A RE~OELIZE D LAO Bl FRIBOEITA SN R0 o7208, EMIZLY
JFlglZ 31T 5 LAO Bin TR ENEFZREB & I L CRIIBIZEMT 22 086N E o,
INDDFRERNE . FINY LAO EH ICHIE ORAITH A TH DIRREDORE Z > TV D2, LAO
DTEZEIZRKSTEHGAEICBWTOARRBENFEIND & THRINT,

LU E DRSNS B O LimCf g TRIEMEICE SN 25EME L-7 X VBA x4 —tF
OMEREFERE] LTI LD B, ZO—EIEFM 2 F£E AARKEFSEFTRE (2020 4 3
H) TRFRINTI,

2. KERFIREROEZFIMHICET 2858 (RKABI%)

AR BT AR ERF A E IR E ORI S B e, HEFHICBWTIRE, TR 5LL
NOEWZ L TLE D Z LTl bR, KFICH IS E OV EY OIREIXIRER O 5 )
LW OWIEREN ZEBT DI ETERARIAMERY EloAmfmEAMEIC LSRN D, F
T ARBEM TIZHEWVRIEY ORI BFEEY & LTS, TRV REARERD 95, KRif
ZECIR, IRIEAY S KEM LEFEMEDORFNTER N O AN RWE 2 HRE L. 25 O INlE
Zmmo D Z ENATRE & RAVITFETEM R E S X D EREE AR O 272 63, EEHR OINAEIN & £
AR S H IS PRI D D,

W E DI TKEMLEFEYN ChHLAENTRBICEGEZOHELFTL A, MEOANLE
RIHALITE IR X OV RN E BT 52 BEFORREL NI T, ZnahmiEs LT,
AEICBT 2LV AROEBEICE DMy T ABEEZFHRT L 25, Wk (AVF
Girella punctata) 13K (%2 % 3 Carassius auratus) & Pz UC vy 7 ARNELY A B 23R
DTHRNZ ERHL N EZR T2, T ORERIT International Journal of Zoological Investigation Tk
HINT,



3. EEHEY R OFHEBY O LB AR - NOWFEIHIE (B DBi%)

BEOBh#EEFLET L7 —T1F, M H vy NREFEEZ: EOEFEMERFICER L, BB
DR « WWRORFECEZFTE L T D, AEET, K REO LT L 7 SRR
B OMGEE FEME LT, AFEO BIE, BHEEBMICB W TR AR 2L B2 6N TV HIRE
REEHOCTEHREEY O UL U LAHBEOZREEBEL R L 2L Th 5, 1TUDIT, MILKRFED
WA HEZ & ORI LY, T HxA (Dasyatis akajei) % FV>, ML 702 7 28 R T EHEAE
DI R OREE R Ir Tz, THZAIZ 25M HAb VS T b Elray Y AEKEROBS L, &I
P MAEA BRI, T DI N0 MREZRIE LFER, 3RRICE — 27 2R3 mE Lo o ARED
LA EZDOBRDOERLPRIET MR LI, ZOX T A O 7 LR EE TR
DI R AN LTz, eV T, v v AREHCEAD ALV ED—28 LT, AT h=r (CT)
A H L, M CTREZNET D720 OHA ELISA 5RO 2k A 7=, 1 LOIZT A CT O
MigEZER L7z, & L CRERIERATRERBA 7T FOREE % 0~12ng/ml [ZIkE L=, Z® ELISA
DFREMND Z LT, flER (CTEASRE) O D CT 2 TE 72, A TiEF O CT i
EHLHEAMRETH DL Z EaMR L, 4%IT, EROEA LY T Az Y ARRORO L ERICE
%M AE CT I ORFELEZJET 2 FETH D, £HE, HLKFPRKIGEE T O KiE %
Bz, mA EBEHEOERET, AU LAORYIALZLYIZE ST 5857 & CT OBERIC
DNWTHIFEZED TN D, EROMFRIEHE LR O R ERm o —B & L CHEM Iz,

4. MEEFTHEDY IR DREFRMEISERE (B03hE0

BERBhEE RO LT 27—, WIEGEWE. ISR ERRILKSE (PAH) BHOWEER
HEEV ~ DB ZHFE L T D, PAH BT, ALARERCAM O AR FE2RBEIC K0 4 T RIS &
NDBREGIME Tl %, £7- PAH BITEMICE TN TR Y | BT HFE S K 2 MEE ROk
(. WEEEEMIC b R A MAF T, PAH I, FHEEMI K LSt E . RREIEWE . N <
HEE LTIERT 2 2L mbhTnd, —J7, MEREHEEIMIIG LT, Me 2B S
NTWDHDOD, PAHZAERITARHTHY . TOEMEFIIEH STV, £ 2T, R
B OETNVE LT, WX 2T L ARY (Ciona intestinalis) % A\, PAH ZRKOEFZ B E Lz
MIeElTieoTN\D, BXITLARYIE, 7/ AESINFERINTEY, N AV 2=y 707
J DR & W o TERAE T FHIER DRI TR T D, AFEIX, Rl A A KF O EHE —HEHEZ
JENNERF RSO RIEVESER, 2t ¥ — ORI —4E20%, SAREHERR. TERFO/NEIFE
EWERER L AL T, 2 2T LR O A L ARRIZH TS PAH OB EZBREITT 5 L & I,
PAH S ARG T db D A ¥ AhR DFEBL/ 2 — U &gt LTz, £ OfE R PAH #1Td % dibenzothiophene,
fluorene, phenanthrene 237V DFIMIFE AR NERROBRFE 25| Z T2 L 4R & H7z, S HIT AhR
T, EREO PAHBH CTRENEZ Z2HEAT -V TRHRILTNDLZEEZWLMNILE, 206D &
5 PAH BE, &Y ARR 2/ L TER T2 Z & VR S iz, At%IT. PAH BT T 2738 F AR D&
B ADR O FIROBARF ORER E DT 2D D5 TETH D, LLOMERIL, Y ¥ —n Rl
f—2 &8z L SARGEIEBEZ N 7 A v =5 « #— & L C4{2M L7z International Journal of Environmental
Research and Public Health (IF: 2.468) D4%f££ 7 "Recent Advances in Polycyclic Aromatic Hydrocarbons
Research: Occurrence, Fate, Analysis, and Risk Assessment" (25 B - iR S 4172,



5. AT ARBEHICE ST B RNAE L ORI (BAER)

AREIR AT LT DM N—TI1E, veakFGETLE L THOTERBOMELZIT> TE T,
SFEEL, AU AL ERESTLHFNVELTHDL AT b= EFRIUNGIALVES THDL ALY F=
YEDIOAN=T IO ZIT o7z, £7. AT =0 OZFRITEMBICFEL B, =
U R TIEEMRIC, FrFa0orvaa TIEFMRIC2ROA T b=V ZRERBEILTND L
ZFE L7z (=7 KV : Journal of Endocrinology, IF: 4.381 ; = > = =i : Journal of Pineal Resarch, IF:
15.221), I, ‘BEFARH 5 WIZEMIICIER L2 A 7 b =13, B3 d 2 W idE e TR L
TWDHANY F=rDaWaEd Z LKV B Mg OEEZ I L Tnd 2 L2010 TEE LT,
S HIZA T b= OCE M OIHIEM L D272 &9 FHIZH W T H MR TE 72 (J. Pineal Res.,
2019), L72hio T, A7 h=20F, FHZEM CETT 2B HEER TORKREDOREMLRH D, —77,
EYURF- O/ DB L OILFRWIFEIC LV VB IR & e a2 m R L BT I 7 v v ak
ERILC, v e adiEgMia L MO invivo TOTA TA A=V Fov LY —2 —TChHBiLT=
v 1 3 ORE R & E SRR O B AR I BUAEAT 2 ATREIC L 72 (Communications Biology, in press) , =
DT ) ARE LT T T 7 4 v 2 MWTETHERZ  AN/IMARTF O NEEER o O E R
BERZFOIRENEZ % & R EF Th 5,

6. WBPEIGZLIZEE T 20158 (S AREER)

AR AL LT DM N — TN, R)IIFn—REZdR & OLRPFRIC LY | ZERAEBRRK
# (PAH) FHOREOBERBNIHT HHEELTH STV D, PAH B AR OBRBEIZ > TARC L T
KEHPITHE S A IEBERIERILFEDED—>Th Y . = OHIZIL Benz [a] pyrene @ L 5 (ZFEFETE/
ERIFMEZATD0O0Z, £/, PAHEIZFAHICOEENTE Y, 1997 £ 1 HICAAETRAEL
Tev T HREE S v —F AR M OB MR FEE TR, W L2 REDOEMNIZ X VAR A~DR
BNl Iz, LU, BRI CHRE Lo AN ST E T, Hil
YK T L LIcERICHE RS A B RZ I TWnD, T2 THEER, WBERAD AT TIC
Benz[a]anthracene % ¥ 5 U CEMEEMNT LTz, ZORER. BEMEOIEEMET T2 ik, 1
ROV T DREMETLTWD Z ERboroTle, SOITHEFMEOIEELIKTL TR, B
RO~ —H— T L TWDLZEBHBI LTz, 2 b DR R % R —4 F 8% & g ARG AR
WA NTT 4 % —& L T4 L7z International Journal of Environmental Research and Public Health (IF:
2.468) DHF4E 75 "Recent Advances in Polycyclic Aromatic Hydrocarbons Research: Occurrence, Fate,
Analysis, and Risk Assessment" (2581 « RS 72, — 05, AEOWFEIG YT 2098 & EhE L 7=,
ALMFOUWEK A XX a O U w2 THEAT L7CRESE, BCE MR OGNS S 4v, BEaeE O E MLt
TOINEEFR L&) RICEN RN, ALEZIEN R I U LARKBOFE RN FEINLTNWDHLOT, =
o OBEESBVBINE LT AREEN GV, ZOWIEIE, =V FOR=ZZAZ 7 RPN KRR E LD
HFEIFFETSEME L CTH Y . Fac. Agr., Kyushu Univ.IZHE L1Z, 2B, ZONEFEO %z, XR=AxT7
R¥FEHR (IAHE, =27 ) THRESHEEEREY U RD T MR W T, 8REBER D EGiGEH 217
ST TNHDONR=AETRFEL OIFEFFEORRIT, BUERGFEF O T b & O " [HFRZFHHEIC
bERTEZ 5 &b s,



7. BIHITHT DR AK OB (S AREIR)

WEPETRIE K & 1E. KR 200 m DIRICAAAE T 2RO WE KD Z L - L, KIRIRAE T, @%ﬁizﬁ
IVRMERS AR 3 e B P, B DT &0 D FE A FFD, F7oPERIE K IT, AKEE BB E
ANER &Fﬁ%®$ﬁ%&§¢éﬁﬁ$#Zﬂ%éhf“éﬁ %@ﬁ%i%%#:&ofw&wo
gAREIR P E LT 70— 1%, BPERIE K O FE A PRI T T IS W TAEREAY 2Rl 2 D
WFFEZATUN, WETRIE K x/%&0t7f®xbvxﬁﬁ¢%%ﬁmbto%@F%%% L TH
Fra RS LT (BEBEEREAK DA b L AEKI/ER . 78 2018-022738) , PRk 30 IR KT
A TREK L, ZOHEMRAS TRIEEZ &> TW 2 W e 2 v (BR) & A& IR KR
TRV R FF B RS LT, SIS SIHE L v (BR) & T HIFE U7z B2 H i iR B A% o
A-STEP NEHR S, MEFEIRE K Z OB EEICENT L 23HEF TH 5.
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Yuto OSAKA, Yoichiro KITANI: Characterization of the antibacterial L-amino acid oxidase in fish serum

Background

L-amino acid oxidase (LAO) is one of the potent oxygen radical species generator. LAO oxidizes L-amino
acid to a-keto acid and generates hydrogen peroxide as a by-product. This enzyme shows a variety of
bioactivities such as apoptosis, antiprotozoal and antibacterial activity. Those activities are because of the
resulted-hydrogen peroxide. In fish species, antibacterial LAO was firstly found from fish body surface mucus
and it may protect bacterial invasion at fish skin (Kitani et al., 2007). After this, fish LAO was isolated from the
serum and it was the first report that the LAO found from animal blood (Kitani et al., 2010).

The LAO related host defense mechanisms of animals —including fishes are still unclear, even blood LAO.
Previously, I surveyed that the species-specificity of LAO in fish blood and found the red-spotted grouper
Epinephelus akaara (Fig. 1) serum containing the enzyme (EaLAO) and hydrogen peroxide mediated
antibacterial activity against Aderomonas salmonicida and Listonella anguillarum. Isolated enzyme was 440 kDa
acidic protein that consisted of 70 kDa subunits with L-tryptophan, L-methionine and L-phenylalanine
oxidation activity. Also, the N-terminal and internal peptide amino acid sequences of the isolated enzyme were
similar to known LAOs. This result was the first finding of LAO from E. akaara.

Purpose

However, the host defense mechanism of fish blood LAO is not fully examined. The new knowledge of
blood LAO may become an important key to understand the first-line host defense system of animals. In this
study, to gain more insight into the biological meaning of fish blood LAO, I try to reveal primary structure,
tissue distribution and physiological responses of EaLAO.

Methods

First, cDNA cloning and sequence analysis of the EaLAO gene (ealao) was carried out. The partial
nucleotide sequence was amplified by degenerate PCR. The degenerate primers were designed based on the
N-terminal and internal peptide amino acid sequences of EaLAO. The full-length nucleotide sequence of ealao
was attempted by both 3° RACE and 5° RACE method. Second, the expression level of ealao in E. akaara
tissues -- dorsal skin, abdominal skin, gill, stomach, intestine, liver, spleen head kidney, trunk kidney, brain,
pyloric caeca, and whole blood were measured. LAO activity of tissue extracts from those tissues was also
measured. Finally, ealao alteration by the lipopolysaccharide (LPS) injection, pathogen exposure and traumatic
damages were examined. In the LPS injection work, 1 mg of LPS was administrated to each fish by
intraperitoneal (IP) injection. The pathogen exposure experiment, formalin killed vaccine of A. salmonicida, L.
anguillarum and Vibrio harveyi were individually prepared and 100 pL of vaccines were IP injected to each fish.
The 10° CFU of live V. harveyi injection was also examined. The LPS and bacterial exposure experiment, ealao
alterations in spleen were monitored. In traumatic damages experiments, two different types of experiments
were performed; a) the test fish skin was trepanned 30 times/fish using lancets, b) the blood was collected as
much as possible. After both treatments, blood LAO activity and ealao alteration in skin, spleen and head
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kidney were monitored. The quantitative PCR of all gene expression profiling was amplified with ealao,
interleukin 1 B (i/1b) and reference gene (component of oligomeric Golgi complex 5, cog3) specific primer set
using SYBR green I chemistry. LAO activity of serum or plasma from all experiment was also evaluated by the
generation of hydrogen peroxide with L-tryptophan using o-phenylenediamine / peroxidase method and
measured the absorbance at 492 nm.

Results and Discussions

Partial nucleic acid sequence and amino acid sequence of EaLAO was clarified (555 bp, 185 AA). That
sequence showed the high similarity of known fish LAO. The partial predicted amino acid sequence includes
signal peptide (Met! - Ala?°), flavin adeninedinucleotide binding site (Arg''> — Thr!??) and N-glycosylation site
(at least three sites, Asn*® — Ser*%, Asn%? — Asp%, Asn®® — GIn®®). During the cloning work, I found two of the
other types of LAO genes (ealao2 and ealao3). These results suggested that the E. akaara has some of the
ealao paralogues. The functional differences of the ealaos have to be clarified.

The tissue distribution of ealao was dominantly detected in dorsal skin, abdominal skin, gill and liver. The
LAO activity of each tissue extract was detected in dorsal skin, abdominal skin, gill and serum. Interestingly,
the LAO gene was not detected in hematopoietic tissues (spleen and kidney) and whole blood cells.

The LPS injection, i//b was increased eight times at six hours rather than the initial group. However, ealao
was not significantly altered. Similarly, LAO activity in serum was not changed by the LPS injection. Bacterial
vaccine and live bacteria injection also showed less alteration of ealao. Both injections induced the i//b; this
result meant that the bacterial response of test fish was formed. Those results suggested that bacteria related
substances and bacteria cell bodies are not contributing LAO response.

The ealao in the skin was not induced by skin trepanation; in contrast, loss of blood showed interesting
responses. The ealao expression level was increased than the control group at one day after bled. This alteration
was calmed three days after treatment. LAO activity of plasma was increased at three days after treatment.
Those results suggested that ealao is induced by the the blood loss and synthesizes the LAO protein to recover
the normal concentration in three days.

Conclusions

Taken together, the EaLAO may be generated in the liver during the healthy condition to maintain blood
LAO concentration and stands by the intruding bacterial pathogens. In case of severe wounds that cause the
blood loss, the ealao production switches to the head kidney for the recovery. In addition, EaLAO similar gene
was detected in the skin and gills of the naive grouper. Those LAO productions could protect bacterial infection
from body surface tissues. In conclusion, LAO may constantly fight against bacterial infection in the entire
body of the red-spotted grouper.
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Nobuo SUZUKI: Gadolinium suppresses both osteoclastic and osteoblastic activities in the scales of goldfish

Background

Gadolinium (Gd) is a ductile rare-earth metal. Gd** is currently used in magnetic resonance imaging for
clinical diagnoses because Gd** has paramagnetic properties (Moller et al., 2002). To avoid the toxicity of
Gd*', chelated forms, known as Gd-based contrast agents (Gd-CAs), have been used (Méller et al., 2002;
Telgmann et al., 2013). In general, Gd-CAs are stable complexes. The agents are rapidly eliminated from a
patient’s body. After excretion, they enter the public sewer and, subsequently, the wastewater treatment plant.
Because of their polar or anionic nature, however, the Gd complexes most likely are neither adsorbed onto
surfaces nor by particulate organic matter (Knappe et al., 2005) but are released into environmental water
without a specific recycling process (Telgmann et al., 2013). Therefore, a significant amount of anthropogenic
Gd-concentration in surface waters has been reported worldwide (Mdller et al., 2002; Telgmann et al., 2013).
It is possible that the anthropogenic Gd impacts aquatic animals. Gd appears toxic in animals because Gd
functions as a blocker of Ca channels, causing its ionic radius to be nearly equal to that of Ca (Sherry et al.,
2009). Therefore, we examined the effects of Gd in fish bone metabolism.

Methods

Female goldfish (Carassius auratus) were purchased from a commercial source (Higashikawa Fish Farm,
Yamatokoriyama, Japan) and used in the scale in vitro bioassay. In addition, all experimental procedures were
conducted in accordance with the Guide for the Care and Use of Laboratory Animals of Kanazawa University.

The culture medium was prepared. First, we added 1% penicillin-streptomycin mixture (ICN Biomedicals
Inc., Aurora, OH, USA) and HEPES (Research Organics, Inc., Cleveland, OH, USA) (20 mM) to Earle’s
Minimum Essential Medium (MEM; ICN Biomedicals Inc.). After filtration, the MEM was used in this
experiment.

After preparation of the culture medium, goldfish were anesthetized with ethyl 3-aminobenzoate,
methanesulfonic acid salt (Sigma-Aldrich, Inc., St. Louis, MO, USA) and the scales on both sides of the body
were then removed. The collected scales were incubated in MEM supplemented with gadolinium acetate
(Gd(OCH3C0)34H,0) (Wako Pure Chemicals, Osaka, Japan) (10°!° to 10 M) and compared with Gd-free
medium as a control. The incubation time and temperature were 6 hours and 15°C, respectively. We have
reported the toxicity of Cd at 15°C at 6 hours of incubation (Suzuki et al., 2004). Therefore, these culture
conditions were adopted in the present study. After incubation, scales were fixed in 10% formalin in a 0.05 M
cacodylate buffer (pH 7.4) and then rinsed in distilled water. These scales were kept in a 0.05 M cacodylate
buffer at 4°C until analysis. Then, tartrate-resistant acid phosphatase (TRAP) for osteoclasts and alkaline
phosphatase (ALP) for osteoblasts were measured by the methods of Suzuki et al. (2004).

Results

Gd inhibited TRAP activity at 6 hours of incubation. Gd significantly suppressed TRAP activity. In 3
goldfish used in the present study, the detection limit of Gd was 10-!3, 10!, and 10-"" M, respectively.

ALP activity was significantly suppressed by Gd, although the Gd sensitivity was lower than in TRAP. In
the 2 goldfish used in the present study, the detection limit of Gd was 10~ and 10-1° M.
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Discussion

This is the first report to indicate the toxicity of Gd on fish bone metabolism using TRAP and ALP enzyme
activities. The scales of some teleosts are a better potential internal calcium reservoir than vertebral bone during
periods of increased calcium demand (Bereiter-Hahn and Zylberberg, 1993). Therefore, we believe that fish
scales are a suitable bone model for the analysis of environmental pollutants. Furthermore, we demonstrated
that Gd quite sensitively inhibited TRAP activity. Even Gd of 10-'* M suppressed TRAP activity at 6 hours of
incubation. Therefore, our assay system is quite effective as a biosensor for Gd.

At 6 hours of incubation, very low concentrations of Gd (10°'° and 10 M) influenced osteoblasts and
suppressed osteoblastic activity. Therefore, the toxicity of Gd to osteoblasts appears to be higher than that of Cd,
MeHg and InHg (Suzuki et al., 2004; Suzuki et al., 2011). Heavy metals such as Cd, MeHg and InHg were
resistant to each metal as a result of the production of metallothionein (MT), which is a metal-binding protein
that protects an organism from heavy metals (Suzuki et al., 2004; Suzuki et al., 2011). Because the mRNA
expression of MT in Cd-, MeHg- and InHg-treated goldfish scales was increased, osteoblastic activity did not
change at 6 hours of incubation (Suzuki et al., 2004; Suzuki et al., 2011). Thereafter, osteoblastic activity was
inhibited by Cd (10”7 M), MeHg (107 M) and InHg (10 to 10-* M) at 36 or 64 hours of incubation (Suzuki et
al., 2004; Suzuki et al., 2011). Therefore, the toxicity of Gd to osteoblasts may be related to MT expression.

Gd was present in recycled water in which the stable organic Gd complexes pass through several sewage
treatment plants without being significantly decomposed (Knappe et al., 2005). Therefore, anomalously high
concentrations of Gd in surface waters are of anthropogenic origin (Rogowska et al., 2018). Specifically,
anthropogenic Gd was detected in surface waters (up to 1,100 ng/L) and sediments (up to 90.5 pg/g) (Rogowska
et al., 2018). Therefore, aquatic plants, fungi, small planktonic crustaceans, and freshwater fish (Cyprinus
carpio) were able to take up anthropogenic Gd from the polluted water and it accumulated in their bodies
(Rogowska et al., 2018). Furthermore, in the present study, we demonstrated that low levels of Gd (103 to
10-"" M) have toxicity for bone metabolism in goldfish. Thus, we strongly believe that anthropogenic Gd has
toxicity for aquatic animals and we must consider a Gd risk assessment to protect the polluted aquatic
environment.
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Masaya HIGASHINO, Toshio SEKIGUCHI: Study on the physiological role of calcitonin in stingray, Dasyatis

akajei

Purpose

In non-mammalian vertebrates, calcitonin (CT) is a hypocalcemic hormone that is secreted from the
ultimobranchial gland in response to the upregulation of blood calcium (Ca) levels. CT reduces the blood Ca?*
levels thorough the suppression of osteoclastic activity in the bones and scales, both of which are Ca?*
reservoirs. Although CT is synthesized in the ultimobranchial gland of cartilaginous fish, bones and scales, the
principal target organs of CT, are absent. Therefore, the role of CT has not yet been clarified in cartilaginous
fish. The present study aimed to evaluate the physiological role of CT through the establishment of assay
systems for the plasma Ca”* and CT concentrations in stingray, Dasyatis akajei. Moreover, to gain insight into
Ca?" homeostasis in Chondrichthyes, transient receptor potential cation channel subfamily V member 5

(TRPVS) mRNA was investigated, and its tissue distribution was evaluated.

Methods

Experiment 1: Establishment of an assay system for evaluation of Ca homeostasis in stingray
Oral administration of 2.5 M calcium-consomme solution, described as a high Ca" solution, was

performed. Plasma was obtained at 0, 0.5, 1, 3, 6, 9, and 18 hours after administration. Consomme solution

without Ca?" was used as a control. Plasma was obtained 0, 1, 3, and 6 hours after control solution treatment.

Total Ca?* concentrations were measured using Aqua AutoKainos Ca reagent.

Experiment 2: Enzyme-Linked Immunosorbent Assay (ELISA) using anti-stingray CT antiserum
ELISA using a rabbit anti-stingray CT antiserum was developed, based on the competition ELISA method
reported in Suzuki N. (2001). First, the optimum antiserum concentration was determined. The dilution factor
of antiserum was estimated to be between 1:10000 and 1:3200000. Next, the standard serial concentration of
stingray CT peptide was evaluated. CT peptide concentrations, ranging from 0 to 12 ng/mL, were used for
standard curve fitting. Furthermore, it was evaluated whether the CT levels of ultimobranchial gland extracts

and plasma samples are detectable through ELISA.

Experiment 3: Tissue distribution analysis of TRPV5 mRNA by using RT-PCR

The gill, heart, stomach, intestine, kidney, rectal gland, and brain were removed from the stingray. Total
RNA was extracted using the NucleoSpin RNA isolation kit, followed by cDNA synthesis using Revertra Ace
kit with oligo dT (20) primers. Primers for PCR were designed based on the cDNA sequence of TRPVS. B-actin
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was used as an internal control. The PCR fragment was electrophoresed with 1.5% agarose gel and confirmed

by sequence analysis.

Results and Discussion
Experiment 1

Administration of high Ca?" solution induced increase in plasma Ca?" levels. The peak of plasma Ca>"
concentration was detected at 3 hours after treatment. Thereafter, plasma Ca?* concentration slowly declined.
Treatment with the control solution did not increase the plasma Ca?" levels. These results confirmed that
consomme alone did not induce the increase in plasma Ca?" levels but did in combination with Ca?". In the

present study, an assay system to investigate Ca’>" homeostasis was established.

Experiment 2

The antiserum titration curve was calculated. The maximum absorption of 492 nm was 2.1 at
1:10000-diluted antiserum. A dilution factor of 1:600000 was determined as an optimal antiserum concentration
since approximately 40% of maximal color development is regarded as the optimum. Therefore, an antibody
dilution factor of 1:600000 was used in the following experiment. Next, the range of serial standard peptide
concentration was evaluated. The standard curve fitted from the result of the stingray CT peptide competition,
ranging from 0 to 12 ng/mL, showed high reliability (R?> = 0.9792). Thus, the concentration of competitor CT
peptides was determined. Further, CT levels of the ultimobranchial gland were detected using this assay system,

suggesting that ELISA can be used for the measurement of CT levels. Plasma CT levels were also detectable.

Experiment 3

To gain insight into the mechanism of the regulation of blood Ca?" level in stingrays, TRPV5 has been
investigated. In vertebrates, TRPVS5 functions as a Ca?" channel on the apical region of kidney epithelial cells
and is involved in Ca?* reabsorption. RT-PCR analysis indicated that stingray TRPV5 mRNA was expressed in
the gill, stomach, and kidney, suggesting that stingray TRPVS is associated with Ca?" homeostasis in stingrays.
TRPV5 mRNA was also detected in the brain, implying that TRPVS might possess a neural function.

Conclusion
In this study, we established the in vivo experimental model to evaluate Ca homeostasis of the stingray.
Moreover, we confirmed that plasma CT concentration can be measured by competitive ELISA using the

anti-stingray CT rabbit antiserum. The further investigation of CT function is currently in progress.
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Nobuo SUZUKI, Kazuichi HAYAKAWA, Shuichi WADA: Effect of polycyclic aromatic hydrocarbons on

development of the ascidian Ciona intestinalis type A

EI=l=R
5

ZIRAERRILKFE (PAH) UL, [LABERCARM O RERREEIZ L A LRI En D
RESGYME Ch D, Fo PAHFHITEMICE ENTEB Y, \EMH e S0 L DWEH Y OBRIC,
MEPEENIC & 5288 % KT 3, PAH JEIL., FHEEMW IOk LIS IMEmE . B RIEMEDE . Nowm< LY
BELTERT2ZEnmbonTWD, —J7, WEBEHEHEEI IR LTl xR BnfiEfisn T
WL HOD, PAHZFEFIT AW THY . TOEMAKFFIIHA Sh T, £ 2T, Fx 3EEER
HEEWIDET LV E LT, WX LA KRY (Ciona intestinalis type A) % V>, PAH S BIRDERE % B
e LIe R &2 T8> T\ D, ARl ¥ 2 LAY OYMIFEA L A iE~D PAH HORE L RFT 5
L L bIT, PAH IR OGEA D—->Td 5 Aryl hydrocarbon receptor (AhR) (25 H L, # OFEL % fihr
L7z,

[5iE]
FER 1. AR T D PAH HOEEIZ SOV T O
RYZFEIFIZ. dibenzothiophene, fluorene, phenanthrene % #1141 6.25, 12.5, 25, 50, 100 pM #A0
L. 18 CTHASI W, N2 FEMBOMNELEE L, £DOERBEL LFHMET CRIE, BERNED
WAEREEE LT,

Fhr 2. AREIZET D5 PAH EHOREBIZ SO\ COMGT

SRET 20 REfE O 748 ¥ 4 E 12 dibenzothiophene, fluorene, phenanthrene % Z #LZ 41 100 uM RN L |
18°C THER LRI 70 MR O WIS R & [ E Lz, AYOHETA S~ Dy 7 2 MELTEY | B
R o CUHEKT D, RBEBIZERBIZIRM LMot & 720 | ERAICENIZEIREN D, WIHIShFE Rz
HFBME CBIZE L, IS ROKRERE ORI D ZRD T,

FER 3. ¥ AhR OIEHRHT

5K 20, 62, 86 I TR DL AR, I (REhIEIESIN, WTIILhA R O R 2 TRIZOL SAZKIZ iR &
., Total RNA % flitti L7z, Oligo dT(20) 77 A ~—% > cDNA Z &Rk L7-%. =7 AhR O T A
~v—t v MZXVY PCR 217727, WIEtE= > hu—L b LT, EFloa B F2BIN LT, 98
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RIZET 577 AR OFEBLRTEMHNTIZIEX, Whole mount in situ hybridization (WISH) #1772 572, h#
RZEE L, A% AhR (53-3220 bp) DELHIHERK S 472 DIG 7~V RNA 7 v FR VAT v —T%
NATYVEARXSHE, TAADY T4 A7 72 —EBFEEPIDIG Huik & s S8 7%, BEETHDH NBT
& BCIP 2Nz ¥ SHT-, V7R TR LT,

[FER & B2
KB 1.

PAH BT 2 & 20 LA RY DY A~ DR EZ G L, RYFEINZ, PAH
(dibenzothiophene, fluorene, phenanthrene) DWW 7Lz RN L7245 H, dibenzothiophene & fluorene ’C“
ﬁ\w1prfﬁi@%$£M VRO Bz, & 51T phenanthrene Tid, 25,50, 100 uM CTHE
FERENROLNTZ, ZOXIICPAHEIMBAEICEEZHE 25 2R LT,

SR 2.

WEGKAE DA IS B G PE DA RIZ 72 5 £ TOEREBFRIZIS T D PAH FHO B2 T U T, WEbkSh
1T dibenzothiophene, fluorene, % L < {% phenanthrene Z ¥ L, ZRER DIERE~D B L MG L 7245
ROREREFITEO bR o T2 BERINE ORI DY A XK L TWD Z &AM LT,
Z 2T IS R ORRITRE 2 BRGSO be A R L 72 R R . BRUBR L7242 T o PAH BHIZE
WTHBIZHRDO EANBO LN, 202 Lid, PAHENRMUNEZMET S 2 L 2mmld 5,

FER 3.

FHEEI BT 5D PAH ZR/IETH D AR DFREr ZIZEH L, FORBMEIT 21T 7-, THEH)
MIZHWT, AhR (ZFPAHBEEFEA L. o b7 1 4 P450 (CYP) 1A #7584 %5, CYPIA |E, PAH ¥ %
Rt LRI 5, R YHHIIRICB W TIL, ARR 23, REER & U CRZEINN S B3R E THRIL
TWNWD ZENBRICHE SN TWD, Al $hAENDEREEK £ TOERY L S IRIZE R LRI
#4772, £ RT-PCR IEIC L W ZREHIICI 1T D ADR B+ DI BT 21T - T2 55 R, 540 5 01
MBEARETHO AT — T ARR mRNA BREH L TWDHZ ERHLMNIR -T2, EHIT, ShEEEZ
7o WISH f#EHT OFER . AhR mRNA |E, 1HLAE . #OFLFIREE, MRESER CTRIENRD b,
Y AhR (X, HILEM E W o AN L BT 2 8B B ICB W T RARDOEYRCBREIG UM E #38i#% L < D
W LI EPREND L& BT, MREREEZRSEEZ LD,

[t 0]

PAH JEDN I Z 27 LA RV O AESCERBICEEL KIFT 2 L, A AR OB ARY— %
oLz, A7 AR (X, PAH HOREZZ T 52 TOREAT—Y THILTEBY, PAH %X
K& LTEDOIERZMIT D AREMENE V., 5%, FY AhR @ PAH JRiIGEHZ2ERTHTETH
bo ZDOXHIT, AL, VEEETHEEIY O PAH DO EE L5 L~V THIZE T 5 TR L 7
L2459,

AAFZEIX, 7 U ZK - BERFEMEOBEO & &cfTbiiz, HFFEaRIEL, Sekiguchi, T., Akitaya, H.,
Nakayama, S., Yazawa, T., Ogasawara, M., Suzuki, N., Hayakawa, K. and Wada, S., 2020, Effect of polycyclic
aromatic hydrocarbons on development of the ascidian Ciona intestinalis type A. Int J Environ Res Public
Health, 17, 1340. {2585 L7z,
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Shouzo OGISO, Takayuki OKAMUR, Takeru NAKAMACHI: The observation of seawater temperature,
salinity, atmospheric temperature and humidity around the Noto Marine Laboratory (2019-2020)

[1ZC®iz]

SRR FER B ARMERER B 70 & o # — B SEBA N E% L, 2013 4F 10 A 2> b GBI 2 ik L <17
S TUW5, 2019 X 2019454 A 1 H 0 HF/25 2020453 A 31 H 23 BFE C 1 FFffl B X1, HEKIE
&5y A FERRRT OV G T2 T, KR & 2 S AN TRIE L=, JFE 7 R 7 v 7K
24E# TINFINITY-CTW ACTW-USB] % W T/KEE 0.5 m T/KIE CKEE£0.01°C. 2 f#HE 0.001°C)
CEARMAEE KBE£0.01 mS/em. 2 fEBE 0.001 mS/em) ZHIE L. EBRASEE 2 FE M/ ITHE L
720 HIMEA TS HRUKIEF T LA (H) 12 W TKES.0m & O 7.5 m OKIE FEE £0.1°C)
ZJE L7z, Vaisala #:8 THMP-155D ] % H W CTRUR {FFEE-80~+207C : == (0.226 - 0.0028 X R JE) °C.,
+20~+60°C : = (0.055+0.0057 X RJE) C} LI {+15~+25C : =1%RH (0~90%RH). *+1.7%RH
(90~100%RH), -20~+40C : = (1.0 +0.008 x FeAfE) } ZHE L7z, BT — X 1T IE5 %
D Web A4 MZTRABLTWD,

[HRLEE]

BIEEE: AR IS KE & & RM72 < 8784 I sl CHIE L7z, M IIMEAEMOEEIZLY 10 A
(CHREEN R O, 186 Bim a2 KlE Uiz, KR ETBE T, HESOBIERTIC L 0 HIE S Wi
RN, 6 ADD 12 AICEH 475 R 2 2Rl Lz, BHIEMO A BIEE % Fig. 1 205 6 127K
7
HEKIR: RS ARIZAKE 0.5 m, 5.0m, 7.5m TZEHEH 18.59°C, 17.8°C. 182CE»7-, AR
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10.21°C.5.0m T4 H4 H4FE 3 H 16 H9-10FFD 10.6°C,
75miE4 A4 H 48D 10.9C7Z -7, 30.0°CLL EDKIE
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77 5
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TR EO R L VK> 7228, 8 A0S 10 Aid@m< 72 o7, 8 A 15 B 15 BrlZBIIBR tA LARE e b
MWV 363CAFLE L, FHIAIEMEIZ2 H 7 H 2KD-58CE-7,

WEE: RPDBLD o7, ARPEERREITREDOE L0 HIE<HBE L, 7 AN 8% ThrbE<. 5
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Fig. 2. Monthly average water temperature at a
depth of 5.0 m.

Vertical bars indicate the range of the highest and
lowest temperatures for 2019-2020.

Fig. 3. Monthly average water temperature
at a depth of 7.5 m.

Vertical bars indicate the range of the highest
and lowest temperatures for 2019-2020.
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Fig. 4. Monthly average salinity at a depth
of 0.5 m.

Vertical bars indicate the range of the highest

and lowest salinity for 2019-2020.

Fig. 5. Monthly average atmospheric temperature.
Vertical bars indicate the range of the highest and
lowest temperatures for 2019-2020.
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Fig. 6. Monthly average humidity.
Vertical bars indicate the range of the
highest and lowest humidity for 2019-2020.

Fig. 7. Monthly average of difference
between highest temperature and lowest
temperature for one-day.
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