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1. EBEMHEBY R T O L AR - NoWFENTFsE (BI0B%)

B R Bh U, IR 2R T HEEN ) o HEEN ) | ik 7 B HEEN ) 2 V. T HEBE ) O A BRRO N 430 U6 5%
DL ZAFTEL TV D,
1) HOEICET 2 FEN2BFHEM CTH LYY AU FXOMmdf by o AR R LVE S OB
AWFEO BEEIZ, 1V Y Y A (Lethenteron japonicum) % I\ NTHEMEENY D 1 v 0 MG Ok
WaRs & ThHhDH, KEEIZ, v v RN RLVED—DE LT, ANVT F=V
(CT) IZOWTHEHT L=, 1ZLDIZ, BTV YA CTZREEEME DT ¥V A CT XTF ROILENE
Z COS-7 ML DFEBLR THFT L7223, CT AR COS-7 A CRELE TISEMEN R TE 2
Molo, WIZ, HUYYRACTXTF RIZEDE b CT ZHERA~OIEH % RIFBR THRET L 7R3,
U XY A CT WNIEMOIRWNY 7 CT RO E2FF>Z L2 LM L,
2) B E T CCKIF A b YU v DAL DB 52
CCKIH A LY %, M NT, TNENHEOUURE, BB O Z T 5HkALVE S Th

5o ZHE TCHEHESMOMEREW TH D% 2T LA ARY (Ciona intestinalis) (23T CCKIAT A
U v OMIER 78 5 cionin NRIEINTWD, L LR S, X2 LA RVIZEIT 5 cionin @
BRRII A TH L, ZOXIREROBE, W F 2T L ARVITHIT S cionin < cionin 52 2K D FEH
TRIEBURAT 24T > TRV . AEFEIL, cionin, cionin Z AKX O, 2V UEEMMEMRO~— I —Th
HINPET 2 F ) o b T 2 AR —F — (VACHAT) mRNA O R8RS I 1T 2 3B /fE 2 —
# in situ hybridization THR L7245 %, cionin & VACHAT mRNA O RTEIFIEE A E—EH9", cionin
ZARE VACHAT mRNA 13, £ < OMIla THIFME L7z, TN D DORKEN G cionin MEEIMEMREIE
2 U AFER MR RS ZEE b L IIMREMME & LU TERT 2 2 &Rl i,

2. REDBERRERICET I : KRBT 2HMEMEFIZONT ORBBIE)

FRBIIAKPICERT 2720, ZOERRITFICHEEBEDFOKEIZILINTWD, KAY)
Bk, L L TREORERMIRICHET DHMAEDRFIZONTOMEELIT> TV D, HEICH
FRR MR IR I RAITER T2 2 BB SN2 L &hfi e LT, ZOHRR DY
CIHRKWEDOREZRATZL A, ZOMEEIFHE I/ vn~ 777 4 —OMAEDEIZ XD HAE
S, T BRSNS LT B X —E (LAO) 7y IV —F U RIELEHEELTE, KN
PRIT, BBARPOHEME E LT LAO Z R LI OBI L o7, ZOENTH, KETFES
Z Gadus morhua j?oc]:()\j(ﬁ{f"‘f& Salmo salar \Z35 H L, KRBT 29 EM~T7F FOmE
FEATICBE S 2 WFJE S HEAT L TV D,

KA iﬁ%ﬂéﬂ\ AR T DA ORIFEERFRKES L OMIE O LAOTEEARA 7V —=0 7 %475
72 ZDORERF T /N% Epinephelus akaara 3EN> 5 LAO IEMEN RNE v, ZAVTBKRMET X/
ezl LIEIRWIRE AT MV ERTHLWE A 7O LAO ThDH I EBNRBINT, Y%
LAO@@%%&U%L%ﬁ%ﬁokk AL THVUTHTHLAEIE LAO L RIE S L7z, Z DRCRIT/IK
B ORFRERLO B L LT 29 F5 HAKEFEEF KRS, 3rd International Symposium

“International Collaboration Research Base for Reaction of Atmosphere—Marine—Ecosystem Caused by
Aerosol” 35 X O International Symposium  “Environmental researches in northern Japan Sea and related
regions: Renewed horizon of Japan-Russia scientific partnership” TH % L 7=,



3. KERFABROEDHFIMCET IHE REEHE)

AREBENT ., AERE LV BRAIZEE R & U COKBERFHE IR RE O AR ICH D fde, HBIETEH)
RV THRES RSN OKEDPRITEBE SN T LESRELR T L Z LIIRNETH D, Ko
Gt DA OIRIE TR EE O 5 M OmERE N ZE B LS Rpa A ey 4
BRI R b D723 5, ETAKEM TS EWREY O R/ BEHAEEY E L THish Zh
LREAME 2D 95, ABIETIX, IRELAYSOKERFMER AN 2WEEZRE S LiRE
AV OIMEZ =D 5 2 & N FHE L R NTEEM I EIC LD REAMERBOZ 7255, s
DA & Z A D HBIEVELIC B BN 5,

AR TIIHRHEAKERED 2R L LT, UEYE., NAREWEFEELGEME & LT offifEs
<L ARFFEERICB WD THRHIESHEZ. L TV D b D& TLIERET 2,

4. I ARFUCEET B HRNVE  DISEENT (BARER)

ARG T LET DI N—T1F, v aDEEEREMNVERBOMIELE L T\ o, AEER
L, 22 CERDO B E LT Yy AGENCE ST 2R 0T v (BOENRFLA LT MSH)
DISEIZOW TN 21T - 1=,

MSH [ ZBEAERND 2 T = ERIERUIC X D2 IREBIEC A T = A et 223 2 i, BB
HiHSRECIE RIC LB X | LR A OB AL E L Th b, MSH OZRIEN KB LT MIFER
T2 Z EnWmE Shiz, 612 MSH 137 v O E M ZIEHEL L TEWINZEET L &b
bhole, ZTHHORRIL, MSHIZHABOFRMCHEEL TVWHZ AR LTS, L2LARR
O, EOBMRHICKTT D MSH OFER Z T RIE 720, EOFIZHTHNAFT v A 5R0
KIMLTEH, AHEICBNT MSH OFRH & ORI AFIRIZHREN 2N E VI BURTH D, Fx D
TN—T1X, FUX¥aovnar 0O L OREMIEIC KT 28 0E v ORBEEFMET 57
A ZREHIE LI, £Z T, MSH OFRBHCKHT HERHEZRHL72DI, FFaovaazHn
THEMNT LT, MO o aZzEy ., 2% 22 MSH (Low dose: 0.1ug/g BW; High dose: 1 pg/g BW) %
Feh L7z, MSH O hiZv e aziwi-Ek, 3H, 5 H, 7H, 9 HZICEE Lz, ¥5% 10 HH
WZEMOFAEY v aOFIF - BEMROEEZRE LT, S OICmMEHTO LT T AREEZFTR~T-,
Wiz, HE 10 BEO Y a3z W T, in vitro DEFERER 21TV HIIRTEME K O s L UL O fiT
ZiTo7-, MSH X 2 ¥ = |25 LR, BAE Y v a2 OFF Ml & O & Mia s ML U<, ik
PO T ARES EFLTWe, LeR-> T, RBEIZBW TS, MSH IZEWIUZ/EH L TnD Z
LD oTz, WIT, invitro DEBRIZEY | A Y v 2 OF & OE #R o i 7 OTEMEDS - 5-
LT, S HIEIFMETHE L CTHEMEZ ST 5K+ (RANKL) OFELD EH LT, BLE
D ENE, MSHITEHFMIIC/EM LT RANKL OFB 42 R S8, BeE i 25k LT, BRI
ZRLTWDZEDH LTz, AR DRE % General and Comparative Endocrinology (23R L7z,

4. WEHEIG R D058 (BAREER)

BAREIR ZTO LT D 7=, BT E IR ZE G R O B Fn— % & DL FFZEIC
0. ZERGEBERACKFE (PAH) FHORNSWHEEN 25T\ 5, PAH JEIT LA BRE D BRBE I
o TAER L TREAFITHHH SN2 HEBRERILFEWE DO D> TH Y | TOHITIEIN Y dE LD
FOTHEIEIERFEE 2 AT 2 b00R%, 7o, PAHEIIFEMICOEEN TR, 1997 4£1 I
AR CHRAE LT TS o —F AR M 5OE MBI HFER TIL, L2 RKREOEMIC K S
FEAERRR~ORENMat Sz, L, EEREER CHRE L fEITEA RN S elmE 1T 2
F TR HMVG YLK THME L 72 HERICHE T i 2 Bl ST b, PAH O KER BRI M 2 FL
HLTEBY, ZoHMEEEZMITT CH5, ZOREE R)IFHLEIR N U % —DFE “Polycyclic
Aromatic Hydrocarbons: Environmental Behavior and Toxicity in East Asia”{Z “Toxicities of polycyclic aromatic
hydrocarbons in fish and marine invertebrates” & v 5 # A ML TE & 072,



6. FIRICX T DIBEIREAK OB (SnAZIR)

MEPETRIE K &3, KR 200m LATRICAFAE T D IRIEDMEKD Z L 2- L RIERET, BERIXT
JRIERE R AR Sy & B . MBS D72 & D R A RO, E M EIRIE K, KEERE RGBT
W, WPEEBOAEE 2 YGET HEEKFEICFA SN TWVDED . ZORILITH 52T > THRUY,
gARER AL E LT 7 — 7%, WERE KO BBEARIC KIZ T B OV TR FR A& b
Wse 171> T\ 5,

AEFET, WPEREO A U F 2 ERIE K & KgAK TEE L, SRRk 2 5B, ELISA TR
FUARNLELS THDLANT Y NVREZNE LTz, ZTORER. REKTEETT 5L a/VF Y VREN
ERLZOCH LT, MERBKCTHEETD LI VF Y VBENEF LAV E2HLNILE, &
Db, WHEREKIZIA PV AZERL, BHERETZRTEEZALND, AFEOMEIT, I
+HERBOE LR LD &R E LT, HAEBY TS 88 [EIK£, 3rd International Symposium
“International Collaboration Research Base for Reaction of Atmosphere-Marine-Ecosystem Caused by Aerosol”
KO8 International Symposium “Environmental researches in northern Japan Sea and related regions: Renewed
horizon of Japan-Russia scientific partnership” C¥% L 7=,

7. REORAE - REDOEH L ZOBROREMEICET LR (BHBF)

B OFEAE - EIT LIZ UIE CRESPBRAEDO R R R ED) % RIMBEROE(IZ LY [ 52528,
%< OE . BFEERBRIND EEHBO S BICEFRRBEE~ERT 5, Z0HGE MBLoZ
Rl & LTRASEMR IO, & TR EMORERIORZ BT 280 X RE &%
DENIFRBROH K L ICNERBRIARE SN TS, < OHAICB O THREBYOIRLH A E %
DR Z AN FERITAE S TIER < BOOERENFEINDMEMAL, ML THEBEB L S
NDHBIT ISR TTW R, BIFBEIT Z OMBEE R+ 2 -8 LT, /MU TR
ALELTHAINTWDEET 77 4 v vab AVl BRI LBV X E 2§13 2 20 744 12 B
TOMEEIT> TN D,

AAEEL, RRENZ 5 & E 2 HERERL, BV OE MR AL S’ TR REEZ O FEER R~
OBATHHICHEE ICRBNET 2 BIET OREEIT -T2, ZORR, TEY=XT 1 7 AR TR
BRI AL B 5y -2 E OEEDBARF DI BLNEER D EO AL THEF I T 2 Z L3 6n L ko
7o £, WREZIRTHOWK T TH DA A ) UEEFEIR T (insulin-like growth factor: IGF) o #fl
NN 7 F MMREDEE &R DA v A ) RIS (insulin receptor substrate: IRS) DOHEREZ k12 B
THMNT 2D & Z A, i) EEHRFICIT IRSL 1 & 0 M & 5 ZREMERRIIL O A& 7 3 R
AESND Z & THREMBRRFICREDOTINEAFEEIND Z & i) BWLOEEERIZIT IRS2 (2L Y N
RN ME Ry 7T AR PNEE LS Tns Z &2 R LT,

SRR, PRI OE MR ER IRS2 D5y FHEREIC E D X 5 REMIN RSN D 2 L THRERER
ZOHOES O NEAT 00, K0 FEEHIC %EW_LTV<%ET%6

AWFIED I D —HB1L. Endocrinology 7512 “Catch-up growth in zebrafish embryo requires neural crest
cells sustained by Irsl-signaling.” & 88 L CH# S 7=,
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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, | 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, | 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.
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[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, alboumen, 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, | 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, | 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, | 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 o-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, | removed scales on the left
side and injected a-MSH (low dose, 0.1 pg/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).

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.
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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 (107 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-xB 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.

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 mMRNA expression level (Sato et al., 2016).

[ Conclusion]
In teleosts, | 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
understand the physiological and biochemical
functions of LAO, we try to search the diversities of
fish LAO and clarify its structure.

[Purpose]
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
out. The specimens were collected from Tsukumo bay, Noto
Peninsula, Ishikawa Japan, and serum samples were prepared. In this
study, proteinogenic 20 kinds of L-amino acids were used as LAO
substrate. This LAO activity assay was carried out following Figure
2. LAO catalyzes the L-amino acids and subsequently generate
hydrogen peroxide. To detect the hydrogen peroxide, peroxidase
(POD) and o-phenylenediamine (OPD) were added. OPD is oxidized
and colored with the hydrogen peroxide by POD. This is the

Fig. 2. flowchart of LAO activity assay

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
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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
sequences were highly similar to LAO of
other fishes. In conclusion, E. akaara
serum contains antibacterial LAO. This
molecule may play a role as a host-
defense molecule against invasion and
infection of bacteria from the wound.

Fig. 4. Purified E. akaara serum LAO

[ References] R
A; chromatogram of gel filtration HPLC, B; SDS-PAGE of LAO.
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Ayaka ZASU and Hiroyasu KAMELI: Role of insulin receptor substrate 2 (irs2) in catch-up growth in zebrafish
embryos.

[Background]
When growing animals encounter adverse conditions, they often reduced
growth rate by diverting the limited energy from anabolic events to
survival. Intriguingly, once the adverse condition is eliminated, the stunted
animals restart growth with accelerated progression rate to reach to the
original growth level rapidly, which is so-called “catch-up growth” (1, 2).
In human, this phenomenon is often found in newborns who experienced
intrauterine growth restriction (IUGR) (3). Since the catch-up growth is
known to be associated with adult onset diseases (such as type-Il diabetes,
obese, and cardiovascular diseases) in later life of IUGR infants (3), we do

need to increase our understandings of the molecular and cellular basis of

the catch-up phenomenon. Fig.1. Schematic illustration of

. . . .. . representative growth curves of zebrafish
Studies using rodent models have technical complexities for observing  embryos in normoxia, hypoxia, and

and handling of intrauterine specimens. On the other hand, previous study reoxygenation

developed a unique and competent experimental model of hypoxia-induced growth retardation and the following
reoxygenation-induced catch-up growth in zebrafish embryo (Fig.1) (2). In that work, it was found that hypoxia
reduced growth promoting signal such as insulin/insulin-like growth factor (IGF/1gf) signaling (11S) but reoxygenation
restored it to induce the catch-up growth. It has been known that the 11S activates two major downstream intracellular
signaling pathways such as Pi3k-pathway and Mapk-pathway in the context-dependent manner (4), and we know that
catch-up growth depends more on I1S-Mapk pathway than normal growth in the zebrafish model (2).

Insulin receptor substrate (IRS/Irs) is an intracellular 11S mediator that transduces insulin and IGF receptor activation
to both Pi3k- and Mapk-pathways (4). IRS1 and IRS2 are known to be the major IRS underpinning normal animal
growth and metabolism in mammals. The role of irs/ in this phenomenon has been studied recently (5), and here, we
aimed to clarify the role of irs2 in the zebrafish models of catch-up growth.

[Results]

Characterization and developmental expression of zebrafish irs2 genes.

First of all, for the structural characterization of the Irs2 in zebrafish, we searched zebrafish genome database
(Ensemble Genome assembly: GRCz10) to find the human IRS2 ortholog in zebrafish. As a result, two irs2 genes
named as irs2a and irs2b were found. The deduced amino acid sequences of these two Irs2s had relatively higher
amino acid identities with human IRS2 (Irs2a: 48%; Irs2b 52%) and with each other (61% identity), yet they have
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distinct structures. Data of both phylogenetic and synteny analyses further assured that the irs2a and irs2b were
genuine IRS2 counterparts in zebrafish. Then, the basal gene expression profiles of these irs2 genes during the
embryogenesis and early learval periods were investigated by RT-PCR analysis. We found that both of the irs2a/b
transcripts were stably expressed in pharyngula to larval periods where the hypoxia-induced growth retardation and

the reoxygenation-induced catch-up growth are examined in the zebrafish model.

Fine-tuning of hypoxia/reoxygenation-induced catch-up growth experiment using zebrafish embryos.

To optimize the experimental system, we tried to fine-tune the previously established catch-up growth protocol where
the normally grown 24 hours post fertilization (hpf) embryos under normoxia (8.09+0.25 mgO,/L) were transferd to
and kept under hypoxia (0.72+0.13 mgO./L) for 12 hours, and then transferred back to normoxia to induce catch-up
growth. We tested varieties of hypoxic period (4, 8, 12, and 24 hours) and the 8 hours hypoxia system was found to be
the most convenient protocol in this study.

Loss-of-expression of zebrafish irs2 genes using antisense Morpholino-Oligo (MO).

To test the significance of irs2a and irs2b in catch-up
growth, Morpholino-Oligo (MO)-mediated knock down
experiment was conducted. Translation-block MO (irs2a
MO or irs2b MO) was injected into zebrafish embryos at
1-2 cell stages and they were subjected to the
hypoxia/reoxygenation-induced catch-up growth. The
growth rate of the embryos under “Normoxia (Norm)”,
“Hypoxia (Hypo)”, and “Reoxygenation (Reoxy)”
conditions were examined. As a result, while the both

] ] o ) Fig.2. Analysis of relative growth rate during indicated
irs2a MO- and irs2b MO-injected embryos failed to show developmental periods. Data are means%S.D.,

4 independent experiments.*, P<0.05
any significant changes under Norm and Hypo conditions
compared to those in control MO (ctr MO)-injected embryos, the irs2b MO-injected embryos displayed clear
slowdown of its growth rate under Reoxy condition (Fig.2). Thus, for further analysis, we focused on the role of irs2b

in this study.

Change of IS by loss-of-irs2b expression.

To monitor the changes of IIS pathways (Mapk- and Pi3k-pathways) in irs2b MO-injected embryos, total cell lysates
were prepared and subjected to immunoblot analysis using antibodies against phospho- and total-Erk1/2 (for
monitoring Mapk-pathway) and phospho- and total-Akt (for monitoring Pi3k-pathway). The immunoblotting results
showed that irs2b knockdown significantly decreased the phosphorylation (activation) levels of Erk1/2 in the Reoxy
period but not in the Norm period. These results suggest that irs2b is responsible for Mapk-pathway activation only

when embryos are catching-up.

Rescue experiments using MO-resistant synthetic RNAs.

To ask if the irs2b MO-induced blunted catch-up growth is due to the reduced IS, we performed rescue experiment
using in vitro synthesized RNAs. When the MO-resistant RNA encoding either the Irs2b or the active-Ras (HRasV12)
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was co-injected with irs2b MO, the irs2b MO-
mediated failure of the catch-up growth was
completely rescued to the same level of that in the ctr
MO-injected embryos (Fig.3), suggesting that the
irs2b plays crucial role for activating 11S-Mapk
pathway to accelerate growth when the stunted

embryos are allowed to restart growth.

[ Conclusion and Remarks]
In this study, we characterized the irs2 genes in
zebrafish  (irs2a and irs2b). Reduced irs2b
expression significantly blunted the catch-up growth
but it did not affect normal growth. In irs2b knocked
down embryos, the activation level of Mapk-
pathway was also decreased in catch-up period; the

(A) (B)

+HRasV12 RNA

Fig.3. (A) Analysis of relative growth rate of MO and RNA
injected embryos during indicated periods. Data are means
of each group. n=6-13. (B) Working hypothesis of current
study. ECM: extracellular space; PM: plasma membrane.

forced activation of Mapk-pathway by active-Ras RNA expression clearly restored the catch-up growth of irs2b

knocked down embryos. These data suggest that irs2b plays a crucial role in activation of 11S-Mapk-pathway only at

the time of growth restoration, and it is prerequisite for the unique growth acceleration.

Since IRS2-null mouse never exhibits the growth failure phenotype under normal/unstressed condition, it has been

thought for a long time that the IRS2 functions as a metabolic regulator but not as a growth regulator in rodent model.

The current study, however, would indicate a hidden function of IRS2/Irs2 in animal growth and development, which

could be an indispensable piece of the mechanism(s) underlying the catch-up growth.
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Shouzo OGISO, Masahiro MATADA: The observation of seawater temperature, salinity, atmospheric
temperature and humidity around the Noto Marine Laboratory (2017-2018)

[ixt®»iz]

ARKFER A ARMBER BT 7 & o & — BRI SEBR s, Tl 2013 4 10 AR ZBE N Z21T-> T
%, 2017 4E 4 H 1 H OMEANG 2018 4F 3 H 31 H 23 £ T 1 BRI 12, WE/KIR & 15y 2 BF 42 At oo
et T2 ¢, &R & 25 ARETIC CHIE L7z, JFE 7 KA T » 7 RS AERL TINFINITY-CTW
ACTW-USB] % HWT/KE0.5m T/KAIE CHE £0.01°C. 0fi#HE 0.001°C) & EXEE CKE +0.01
mS/cm, 43 f#ERE 0.001 mS/cm) ZHIE L. BRISEE 2 FEHE /A Lo, BIBENF T3EMR ST
BTKIREFT LA (H) ] Z2HWTAKIESOmM LN 7.5m KR (KE+0.1°C) Z#l7E L7-, Vaisala £
i THMP-155D | % W TR {FEEE-80~+20°C : == (0.226 - 0.0028 X J&LE) °C., +20~+60°C : = (0.055
+0.0057 X {EE) C} L {+15~+25C : £1%RH (0~90%RH). *+1.7%RH (90~100%RH). -20
~+40°C : = (1.0 + 0.008 x FEAfH) } ZHE L7z, BT — X I LEHEERIES O Web 1 MMZTA
AL CTW5,

[FER L BE]

HEAIR O PE 1F/KTE 5.0m & 7.5m Tid 2015 4, 2016 FFEICHI S EFKRRE S 1 HFEA4BLTX
)72 < 8760 el CHIE L7223, /K€ 0.5m TiL8 H 28 H 9Mf& 10 H 30 H 10 KelZ B H IRV ViE A4 7
gRL7c7od, Zo2KeR A REAE Lc, HBAMETIZ8 A28 HI9KE, 9 H 24 H 7K, 8FF, 25 H 6
iF, 26 H 6 K, 10 H 30 H 10 FFICERFITRWMEA TS L7272, 20 6 FEm a2 Xl & Lz, Xk &
FETIX, BWEROREI A, BMERFICEIY 41 KR TR L7, RPL7=DiEL5, 7, 8, 10, 12, 1 A
WA LI, 2 BT 12 e, 3 AIZ 23 Wi/ o 7z, RIIRE S A2 3 o 72 fIEME O A B E%) % Fig. 1 72 b
6 107,

HBIEEKIEIZ05m, 5.0m, 75m &% 8 H
Db EhEh 27.91°C, 26.9°C, 27.2°C72
>, mbIENo7=DIE3 H?D 10.17°C, 9.5C,
9.9CT, W 2014 4 3 AR TR ME
72Tz, (Figs.1,2,3), WTHILDOKIETSH 6 H
ONWRJKIE D@ BT X TR LS o T2y, 7 H
Tl Em < 7o 7o, BRI P OO fR i KRR TR
05m T8 H6H17HE® 30.75C, 50 m T8 A
5H20 KD 28.7C, 75 m T8 H 5 H 22 KD
288 C7Eo 70, AEK/AKIEIZAE 0S5 m T3 A 21  Fig.1. Monthly average water temperature at a
H6MM7.82C,. 5.0mit3H 22 A6l 78 depth of 0.5 m. Vertical bars indicate the range of
D 89C. 75mIL3 A 22 HD 7 HE 15 I & tzkgelshlghest and lowest temperatures for 2017-
17 B 9.5°C72 - 7=, 30.0°CLL_ LD KR AR E & '

ATzDiX, KEO0SEM D8 H5 NG 7 HOD 10 K7 -7z, FRIFEHKIRIZ 0.5m T 18.00C (2 i
Kl V), 5.0m T17.3C, 7.5m T17.7°CZ > 7=,

26



HBIERIH A 13 6 H £ Tl 34 it 72 - 7228, 7 HIZ3268 ETFMNY, ZO®%BAIZENRY 2 HIC
34 itk E TR~ (Fig. 4), 7 4 3 H 3HDH4y1% 33.46 T, 4 HfIZ 25.88 £ TAIKICTAY ., 5#
24.06. 6H%E 29.10, 7 Hf 32.24, 8 H¥F 33.26 &?&%ﬁ’ru‘dbx NOOFEE Ll L, Rl & ut,aznoto M
D313 33.55 72 - 7= (6 KA KHlBH D),

H%'Jq:i/jﬂ ISR EORE LV IRVETH -7 (Fig. 5, 6), HIEHE & RIELFTO
ERIZL DB NS Livny, IR OKIROREMIZ7 A 21 H 14 K0 34.3°CT, HIEMEIZ 1A 24
H23KD-79CHE>7=, BEDKIEMIZS A7 HD 13KL 14150 18%72 - 7=,

1 H 24 FfSN COWRE O F il & B ARE O 2204 H e 4 Figure 7 127797, 2015 4R, 2016 4
FEL A, KEESO0mM E 75 mTiL6 A, 8 A THEN/NI ooy, KEOSmM TIE8AIZL8CE D
NETTROLENPRE L Lol

Fig. 2. Monthly average water temperature at a depth Fig. 3. Monthly average water temperature at a

of 5.0 m. Vertical bars indicate the range of the  depth of 7.5 m. Vertical bars indicate the range

highest and lowest temperatures for 2017-2018. of the highest and lowest temperatures for
2017-2018.

Fig. 4. Monthly average salinity at a depth of Fig. 5. Monthly average atmospheric temperature.
0.5 m. Vertical bars indicate the range of the Vertical bars indicate the range of the highest and
highest and lowest salinity for 2017-2018. lowest temperatures for 2017-2018.

Fig. 6. Monthly average humidity. Vertical Fig. 7. Monthly average of difference between
bars indicate the range of the highest and highest temperature and lowest temperature
lowest humidity for 2017-2018. for one-day.

27




(A ]

1) #/
#ix (Misxk)

Bh#k

Bh#k

B (BT AT AFHERAT)

2) A

A

Bt B

HH MR

S AR(EHE (nobuos@staff.kanazawa-u.ac.jp)

L (B

B REAMTY. HRAERY B

(CCEBENEYVE . BREEH Y E K O BRI DB Lkt
T HVEM & Ve A HEEh Y - WEE SR O AL BE R E O
PR ZBIE L TV D)

B % (t-sekiguchi@se.kanazawa-u.ac.jp)
Lt (E7)
HUY RNy, BREE AR
(Vi PE B HERN W D ARHE - N0 RIS DWW T, it b
O PSRRI L OB THIZE L TV D)

ABHE—EB (yki@se.kanazawa-u.ac.jp)

L OKET)

B AR, AT, BB

(FFE O KB 31 2 A EBIEEME . & <ICARR%
EHREIZ OV TR L T D)

#BI7: 7 (hkamei@se.kanazawa-u.ac.jp)

Lt (B

HY AR BEEWMT. HFAEYT

UM Z T VICHIIIR O R A - iR Z 603 % 8
RAYELR] & BREBE RN DU T oy 7 - Ml - R A A 2008l
RINBAFFEL TV D)

/IARETERE (shozoogiso@se.kanazawa-u.ac.jp)

B R SR — ik

X% BtE (m-matada@se.kanazawa-u.ac.jp)
B e M HEEN ) — i

B EER 1 (msora@se.kanazawa-u.ac.jp)

28



&R 2 4

4) EEFER

e
AN S}

TR

T BAER

HH E
KT
PHE—
e LT —
EKREH
Y ETE
k-
ks H
T B
A PR
&
BN HFER
LI R A B

29



EIRKZ
RAFBEIRIRAREE 5 —

Noto Marine Laboratory, Kanazawa University, Ogi, Noto-cho, Ishikawa 927-0553, JAPAN

BERZERLTNET



	m013_312121_01表紙
	m013_312121_02本文
	m013_312121_01表紙

