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REOBRAERICETIHAE (KREHER)

BEORERIIWILFE L L L TFMHRNTH D 2 L b, RN RESRE R TR
& AR R MR A 23t U CIERFRIICHER T2 BARRE RN EE CTh 5, ARHEHRIT, £
HH D IR FE RS2 LR TS AFAET D HUMAEDR F I OW T ORI 21T > TW 5, FFEOEFE T L-
T BAX X —EBLAO)ZHHOERRRLMIKICEENHHEWE L LCHE L, ik
BT D RADERBEE S AT LB RFAT550 7205055,

S 6 FEEIZBWTILX U ¥ Epinephelus akaara O FZJEn 5 R & 7= LAO Eis A
AL E L, ¥UNTEE RNA 2L LICHEELIZ NI VA7 VT h—AT —HX—2R
225 LAO fHREE T2 L, 2 ad b & ICRRN T 7 4 ~— %53 L Tx U ¥ JE cDNA
e L LT PCR MR &2 7o, 15 D72 BIEEY ORFNLIE LAO &I1X5 7 58l LAO
ThdHI xR L, ZbOHFYIE Janthamat Duangmorakot K OfE LFRFEMIE E L T
Fht L7z,

FHRICBIT A LAO O — M 2B+ 272012, LAOEMZ RE L WAETHIET T 7 4
varffiif L LTLAO ¥ o\ EoMmt R AT, B7 77 v a2 LAO IZR RN HT
REER LA, ZHIFYVarEF U BT T57 40 v a2 LAO LEREMICHEST S L
Db BN, BT T77 4 v 2 LAO @I F1IAR ) IC ZEENEGICLvFEEsND Z &
FHEFEIH O E LR, sl iEZHWTAHR Y IC EEREICEIT 5 LAO ¥ /87 E D
AR, LDOLERL, BETFPFEINIMBTHITEE LI OEEOWFIZENTH
LAO # v 78I Ennoi-, #FE Iz LAO 0D 2RI Bin /7 u—=72 &
DHER L7y, = h—7ESOXRBIIRON o7, ZOZE0nD, ET7T77 4 v all
BT LAO XU A NAEGOHIBENCE ST 250+ Thd Z ERNHER SR, Z0oEIFIL<
WETH O MIEANOR/NER CHEEL TWD Z AR SN, ZOREITEBEEAN « KOEE
—H (BT T 74 v aL- T/ BAFIE—BE R IEOBRE] & LTHM7EE R AK
PEFRFRERE(2025 4E 3 H)TAE LIz, £ 070 8FITE BB K O 5075 50 (4
MEFEE) BT T 74 v v allBIDLT I/ BAF X —Co&kE ) L LTwRESNE,

FHEE O LL A - NAWFRIAZE (B D #E2ER)

BOMEdzz2 L3270 —71%, X7F REHRIC LT, THEEWSOLARBENY O
RN UWSR DRI 2 PR DL E T > T D, FHEEM O « N WSROI % PR AW T
%, BREOKRY, HOBEOX XU T X728 a WA ED TS, SFEET, HOBEXZ Y
F X (Eptatretus burgeri) @ Calcitonin (CT) (ZDOWTOMIEEZHET D, XX UF X7 ) AERE
B L72fEE, 250 CT Bl 4% H L1z (E burgeri-CT1, 2: Eb-CT1,2), & 52 CT &EE+ 5
CT B BE#E~7F R(CGRP)Z 22— R 2 BIEFHRIEINT, XZ U FFD CT & CGRP |15
OB FIZa— RFENTWe, EHENPOHABE TEELH A TIEL, CT & CGRP X, [A
UBEFICa— FENTEY, BROA ST A2 71280 CT XN H ORI REELIE I
FURAR C MIFE)Z, CGRP IIHMEERICHIT 2 2 ENHMOLNTWD, T 0 XK 9 s s T & 3R
AT T A4 I X BRBGAENE, SA0ENOHBL Lz RIS D, —JF, CT receptor
(CTR) X CTR like receptor (CLR) ORER 7 %57 ) LAEHRN DR LT & 2 A 3 F¥H D CTR/CLR
R REOFEEEX LD, ZOZREROTIZ, N KOS, KA A OfE N LD
CTR LUl 2%/ kE R Uiz, Z O%EK (E. burgeri-CTR: Eb-CTR) % Wl FLER M A ik (2 36 8L
4, Eb-CT1 & 2 DAEAATF REDIENME CAMP B v R A v ¥y —%24EEICHRRF LT
fE%, Eb-CT1,2 M Eb-CTR DU > K& LTERTAZ L2 oI Lin, RMETIE, A2
B B —AmR S omRE A+, EAEE S oLFEBFIEIC LY S,



—5, EAHBEOMEE - NWoWkORIRZIRS BT, AAMEFEESMOMES LI, #
AEW DL B NIE LT 2 Z 2 DAL TW DB EGE DT A J1 A4 5T a 7 X L (Praesagittifera
naikaiensis)® CT \ZBAT 2R E1T72 > T D, TANA LT a I XLTDT ) MMERNL 1D
D CTEfE 1 >0 CTREMMNIFE SNz, £ LT, CT & CTR OFRILFBTEE whole mount in situ
hybridization THiFS L72#558, CT, CTR LICMiRR L HEE SN D RB N — U R S, Iz
C, in situ hybridization chain reaction (Z & % GABA {EEh:fft~— B — & CT O ~EHYE T,

CT ZEHARFEA GABA VEBYEAMIRIC T 5 2 L 2R STz, ABFZEIE, [ L K224 RGOV
H#EdZ, WA, TR BIZEE ORFRRIZE Y, BB FE R C OXEDO L &
Fehe 7,

. BEETHEDYICK T IREFLEMEISEHE (B n#EER)

BN#EBRZ HL &35 70 —71%, WIEGYEWE, FCSERAERRILKFEFE(PAHs) O
FEEN ~ DB 531 L~V TSRS 572012, BREGRME O& oV —Th 5 5 HFERILKE
Z 1K (Aryl hydrocarbon receptor, AhR) (25 H LIFEAZIT/72 > T D, AREEE, T HxA
(Hemitrygon akaje) AhR %) 1WA & oy THSRE 2 fifMT Lz, ETT7 A5 7 AEH LY,
AhR M % 4 OFIE L7z, Z#uHlE, bHLH FA A2, PAS-A,B KA A &2\ H AhR IZHFHEHY
IHEEEH L CW=DT, £E Hemitrygon akajeirAhR1, 2, 3, 4 (Ha-AhR1, 2, 3, 4) & 4 1+
F7-, ®#IZ Ha-AhR1 & GAL4 OFEEF'E DRI~ % — & UAS promoter ZH T 5/ 7
=T =B UVR—=F =7 Z =2 TG 2 i L 72, € ORR, Ha-AhR1 (X, XL
A (BaP) REKRFARZRIREIENED R 20D 7, %1%, Ha-AhR2-4 © U 5 RIREPEIZ O
THRHT2TETHD, BMEREOET 77 4 vaz O TlE, 3O AHR 07 %
ATDOENILY, BT 2V RBRRERD ZEPHRESINTEY, HaAhRIZHOWTH I
DRIZER LTI 24T 5 TETH D, S LITHBENRBIEMRIT 217\, U FIZ X 2 /MiENE
TEDOEACOF AT 5, ABFFRIE, EIERRFOREBEEZR, BERINALE X —0D4
L, B KPREQUEHEMZCET O e pigdz, mARBE, W LR A2 O AR Bz & D IL[HE
FFRIC L 0 FEh S 47,

. VEEEBYLCE T SRR OVEERRIEKICET 2888 (S0 A%EER)

SR, MEOFIIC T 5 28R F KR ALK FEECAH) B O 5% 2 FE N L7,
Benz[alanthracene(BaA) Z ¥ fJEHD A ¥ F OGIENE G- L=, A YT O H D BaA OfH
PEW) % LC/IMS/MS Ti~7-ft%, BaA ORGHEY TH 5 3-OH-benz[alanthracene(3-OHBaA)
Mt &7z, 2T 3-OHBaA ® A 2V F OFFgIZ k9 B 1EH 2 FFigd A Z A A % N7z in vitro D
BERER TR, TOME, MRELFET 5857 Th D tumor necrosis factor (TNF)
receptor superfamily member 1A & TNF superfamily member 10 DOFEE N EH L TW\WH Z &N
binolz, Lieni->7T, BaA 2’ 3-OHBaA 2@ 41, 3-OHBaA 2 FIEOMAUZ T R h— 2 %
FlERE T ENHB Lz, 2 Of5RIE, EEEE(Toxies) IZFFE Lz,

— MR K & 1%, KR 200m PURICHES DRMBOWEAKO Z & 2R L, KLKET, 85
7 IR TN R & & P, B DI &V D R & REo, F o EREKIE, KIEHEE
FEYEF ISRV TC, WEBYOAT 2N ET HEHEKEFEICFAINTWD N, E ORI S iz
STV, $aRBIRZFLE LT 7 —71, WERE KO IEARIZ KT TR BRI W TR
FRYAIE 2> AR ZAT VY, WEREKIZA DT AR T ADA NV AREEHZ R L7z, 20
il R A FIC U TR Z UG L7 (A b b REEA, Rrafes 7 09 3 9 6 175, HRdkH 2022 4 6 J] 23
H), &5, MIFEERBEKIZANVAAL TIZHIRDBH Y, gk T 2EER#EZMZ L2 &1L Y

|



KE O %2 W32 Z & ZFEH L C, Scientific Report [Z3F LTz, AN A A W OFERIE, 74
A BB THHEHR SN, BUE, AT AL T 2EH T Th 5,

5. REOUrazAWTEFHEAYFENE SARER)

EBEFHAT—v 3 LISS)TO 1 FRIEOREMIMIENFREL 720, ASKE~OFAHEESCR
BIADOFEH AT S EBAREIC R > TETWDH, UL, HWAEMBMMNE L 20iuE, FlBEEN AR
B2 D BRREL, e REICEENELD, TOREBEFMT L L LI, T - REER
WML D, T TWARBERETLET AT — A0, ISS OAR LT, AR Z W25 H
FERZFHE L TV D, TOFTHEROMERZ KT D JAXA OAFENE(Tar ha—F 4 o 7
FEINZEAR E A, 770 (2024 FE)Oa %A L, VAU U —XZ2E[E LT, BeHHEic
WFFRNR Z B Sz, HEETIERICEATEY, 2EBRICTHERZAE L TV D,
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Akihito IWAMA, Yoichiro KITANI, Immunological role of L-amino acid oxidase in zebrafish

[Background] Living organisms have host-defense mechanisms to protect themselves from pathogens, which
can be classified into the innate and the acquired immunities. The acquired immunity—it functions in
cartilaginous fishes, bony fishes, and tetrapods—recognizes pathogens and produces specific antibodies to trigger
an immune response. On the other hand, the innate immunity is a non-specific host-defense system that is broadly
distributed among organisms such as insects to mammalians, which represents the first line of defense against
pathogens (Ellis, 2001). L-amino acid oxidases (LAOs) is one of the innate immune molecules that identified
from the body surface mucus and blood of fish (Kitani and Nagashima, 2020). LAO is an enzyme that catalyzes
the oxidative deamination of L-amino acids and generates a-keto acids, ammonia, and hydrogen peroxide as
byproducts. Hydrogen peroxide produced by LAO has been reported to exhibit potent antibacterial and
antiparasitic activities. However, nevertheless that the LAO gene is widely conserved in fish, the LAO-mediated
biological defense system does not function in all fish species. The role of LAO in these fish species—non-LAO
activity fishes is unknown. The zebrafish is a suitable target organism for research on the unknown role of LAO
because the structure of the LAO gene is clarified, and LAO activity has not been detected in our preliminary
experiments. In this study, I targeted to zebrafish LAO gene (drlao) and LAO protein (DrLAO) and investigated

the immunological role of LAO in zebrafish using the immune inducers and LAO specific antibody.

[Materials and methods] First, I generated an anti-DrLAO custom antibody designed with the C-terminal 19
residues of the DrLAO amino acid sequence as the epitope. The specificity of the antibody was evaluated using
recombinant DrLLAO and neutralization with the antigen peptides. The sensitivity of protein detection in Western
blotting under the conditions of this experiment was evaluated based on the band intensity of recombinant DrLAO.
Next, the expression of the LAO gene (drlao) in skin, gill, kidney, spleen, liver, intestine, and muscle of naive
adult zebrafish was confirmed by PCR amplification using drlao-specific primers generated from the NCBI gene
sequence database. Tissue distribution of DrLAO in extracts prepared from each tissue and serum was detected
by Western blotting. Finally, immune responses were evaluated by intraperitoneal administration of
lipopolysaccharide (LPS), a cell surface structural component of Gram-negative bacteria, and polyinosinic
acid:polycytidyl acid (poly(I:C)), synthetic analog of viral double-stranded RNA, to zebrafish. The relative
expression of drlao in skin, gill, liver, and intestine was confirmed by qPCR, and the total sequence of poly(I1:C)-

induced driao was confirmed to match the information in the database. DrLAO was detected in skin, gill, and
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liver extracts and plasma by Western blotting. In addition, the presence of DrLAO in gill and liver extracts was

confirmed by proteomic analysis.

[Results] Western blotting results showed that the anti-DrLAO custom antibody exhibited a band of the estimated
size of tDrLAO. The rDrLAO band disappeared when neutralized with antigen peptide, and the antibody was
determined to be specific for DrLAO. The sensitivity of detection in Western blotting in this experiment was
0.481 ng. In naive zebrafish, drlao was expressed skin, gill, kidney, spleen, liver, intestine, and muscle. In contrast,
DrLAO was not detected in either tissue or serum. Next, zebrafish administered intraperitoneal LPS had a 1.4-
to 2-fold increase in relative expression of drlao, which was not significantly different from the saline
intraperitoneal control group. On the other hand, when poly(I:C) was administered intraperitoneally, the relative
expression of drlao was maxmumly 113-fold in liver (Fig.1), subsequently 70-fold in intestine, 26-fold in gill,
14-fold in skin, which was significantly different from the control group. DrLAO was not detectable in skin, gill,

liver, and plasma. The results of proteomic
200 analysis showed that DrLAO derived peptides
were detected in gill, with a 1.2-fold higher
150 expression ratio than in the control group, but this

was not detected in the liver. Finaly, full-lenght

Relative drlao expression (fold)

100 drlao coded the entire DrLAO protein that
contained the antigenic epitope of the antibody
50
used in this study.
0

control poly(l:C) LPS [Conclusion] Intraperitoneal administration of
Fig.1 Relative drlao expression of liver poly(I:C) induced drlao expression, suggesting
that DrLAO could be associated with the response
to the virus. The Western blotting results suggest that DrLAO is expected to be present in very small amounts.

Therefore, DrLAO may be involved indirectly in the immune mechanism rather than directly in the antimicrobial

effect of the produced hydrogen peroxide.
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Toshio SEKIGUCHI: Investigation on the origin of the aryl hydrocarbon receptor in vertebrates
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Harumi Takino, Nobuo SUZUKI: Basic analysis for space experiments using satellites:

Investigation of culture conditions for zebrafish scales

Introduction

Long-term stays of about one year on the
International Space Station (ISS) are now possible,
and manned exploration of the Moon and Mars and
space travel by private citizens are also becoming
feasible. However, the longer the duration of the stay,
the greater the impact of the space environment on

the human body, causing damage to various parts of | ¢ kidney stones

the body (Figure 1). In addition to evaluating these
effects, preventive and therapeutic agents are
needed. Focusing on bone metabolism, therefore, we

A. Dysregulation of B. Cardiovascular
sleep and the circadian clock dysfunction

® o &

D. Muscle and
bone loss

"'" ~— Muscle@

Bone

conducted a space experiment on the International
Space  Station using fish  scales (bone

model)(Hirayama et al., 2023; Hattori and Suzuki,

Figure 1. Examples of diseases caused in

outer space

2004). As a result, we demonstrated that osteoclasts

in regenerating goldfish scales were activated by
microgravity conditions, and that bone resorption
proceeds, and that melatonin can inhibit bone resorption
under microgravity conditions (lkegame et al., 2019).
However, the above experiments did not analyze
osteoblasts and osteoclasts separately. Taking them
together, | performed a basic space experiment using
zebrafish scales fluorescently labeled with osteoblasts and
osteoclasts (Kobayashi et al., 2020)(Figure 2) to conduct
space experiments.

Materials and Methods

Zebrafish  transgenic  lines  of Tg(trap:GFP-
CAAX)ou2031Tg and  Tg(osterix:Lifeact-mCherry)ou2032Tg
(Kobayashi et al., 2020) were used for this experiment.
Scales were removed from zebrafish under anesthesia.
The zebrafish from which the scales were removed were
then reared at 28°C to observe the regeneration of scales
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Figure 2. Osteoblasts (osterix:
mCherry) and osteoclasts (trap:GFP)
prepared from the scales of
genetically modified zebrafish

Scale bar: 10 um.




in vivo. Additionally, the optimal culture medium and temperature range in which scales were cultured in
vitro were examined.
Statistical significance between groups was determined by one-way ANOVA with Dunnett’s test.

Results and Discussion

In vivo observation of the regeneration process of scales revealed that the fluorescence of osteoblasts
was particularly strong during the 7 days of regeneration. On the other hand, osteoclasts were scarce in the
early stages of regeneration and were observed after 7 days of regeneration. Therefore, in vitro culture
experiments were performed using regenerated day-7 scales.

The ZKS (zebrafish kidney stromal cell) medium, which has been used in studies of hematopoietic stem
cells (Kimura et al., 2022), was used as the basis for examining the medium conditions of the scales at 28°C.
By using ZKS combined medium (ZKS + 4 mM CaClz, 10 mM beta-glycerol phosphate, 50 ug/ml L-ascorbic
acid sodium, and 1 nM sodium pyruvate), fluorescence (osteoblasts for osterix:mCherry; osteoclasts for
trap:GFP) remained strong after 3 days in a culture at 28°C. The fluorescence intensity of mCherry and GFP
in scales cultured with the ZKS composite medium was significantly higher than that of scales cultured in
ZKS medium or ZKS supplemented with calcium chloride.

On the other hand, in the space experiment, since it is necessary to store the scales for a long period of
time until scales are cultured after being loaded on the rocket, the culture conditions at low temperatures
were examined. Goldfish scales could be stored at 4°C for a long period of time (lkegame et al., 2019);
however, zebrafish scales could not be stored at 4°C, due to the death of osteoclasts. After examination at
several temperatures, it was found that the regenerating scales could be stored at 12°C for a long period of
time. After one week of storage at 12°C, the fluorescence of osteoblasts and osteoclasts in the scales was
maintained after 3 days of incubation at 30°C. The effect of hormones involved in calcium metabolism
(parathyroid hormone, 1,25-(OH)2 vitamin D3, calcitonin etc.) is currently being investigated with this culture
method.
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Riku Izumi, Nobuo SUZUKI: Study on the effect of Noto deep ocean water on physiological functions

in the bigfin reef squid (Sepioteuthis lessoniana)

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 cleanness—

make deep ocean water suitable for various uses
(Nani et al.,, 2016; Hunt et al, 2021). For
aquaculture, the growth of seaweeds (Nimura et
al., 2006; Hara et al., 2009) and shrimp (Okamoto,
2006) was promoted by breeding in DOW rather

than in surface seawater (SSW). Furthermore, we

recently = demonstrated that DOW has | Figure 1. Photograph of bigfin reef squid
physiologically significant effects on the rearing of | (Sepioteuthis lessoniana)

the Japanese common squid (Todarodes

pacificus) (Hatano et al., 2023). After 36 hours of rearing in DOW, the body weight of individuals of this squid
species did not change; however, those kept in SSW decreased significantly. Additionally, squid reared in
DOW had significantly higher mineral and total-cholesterol levels as compared with those reared in SSW.
This implies that DOW acts on the kidney and/or liver to reduce body weight loss. Thus, the present study
examined the physiological effects on the rearing of another commercially important squid and the easily

reared bigfin reef squid (Sepioteuthis lessoniana) (Figure 1) in the Noto DOW.

Materials and Methods

Bigfin reef squid (Sepioteuthis lessoniana) (Figure 1) collected by fishing in Tsukumo Bay (Noto
Peninsula, Ishikawa Prefecture) were used in the experiment. After weighing, the squid were reared in SSW
(n =7) and Noto DOW (n = 8) at 21-22°C for 3 days. After rearing, these squid were anesthetized under
ice-cold conditions and weighed, and hemolymph was collected from the branchial hearts with a syringe.
After centrifugation (5,200 x g, 5 min), the supernatant was put into a 1.5 ml tube and then frozen at -20°C.
In addition, kidneys and livers were collected for RNAseq analysis. These samples were put into RNAlater
and then kept at -80°C until analysis.

Hemolymph samples were sent to a commercial vendor (Oriental Yeast Co., Ltd., Tokyo, Japan) and
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their minerals and total cholesterol were analyzed. Indole compounds of hemolymph were analyzed by liquid
chromatography—tandem mass spectrometry (LCMS-8050; Shimadzu Co., Kyoto, Japan).
The statistical significance between the control and experimental groups was assessed using an

independent sample t-test. The selected significance level was p < 0.05.

Results and Discussion

The body weight of the bigfin reef squid reared in Noto DOW for 3 days did not change from before
rearing, averaging 99.8% when the initials were set to 100%. On the other hand, bigfin reef squid reared in
surface water weighed 3.4% less than those reared in deep water, indicating a significant difference (P <
0.05) between SSW and DOW rearing.

Next, hemolymph minerals, cholesterol, and indole compounds such as serotonin concentrations were
measured. The results showed significant differences in the Na* and CI- concentrations between DOW and
SSW rearing; these values were higher in DOW rearing than in SSW rearing. Also, hemolymph cholesterol
levels in squid reared in DOW were higher than those in squid reared in SSW.

Interestingly, the serotonin in the hemolymph of the bigfin reef squid could be detected. In addition to
increased Na* and ClI- concentrations, the serotonin concentrations in the hemolymph of the bigfin reef squid
were higher in DOW rearing than in SSW rearing.

On the other hand, the mRNA expression in the liver of squid was little changed between SSW and DOW
rearing. However, analysis of mMRNA expressed in the kidney revealed that gene expression related to ion
transporters and ion channels was elevated. Notably, a group of genes related to the production of ATP was
also elevated by DOW rearing. It is thought that serotonin acts on the kidneys to increase the expression of

these genes, resulting in altered mineral concentrations in the hemolymph.
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