ISSN 1348-4656
ERAXEZRAFBRREARE 5 —

NTAEBRICERELZBRBDEKICEDHE

Annual Report of Noto Marine Laboratory

Institute of Nature and Environmental Technology, Kanazawa University



I5

1)

R

off

* FFCEE

* WFFEFERE

* BFFEFER K O FEiEED

* BFFeE

* FFRBL

11

13



[#FZeiE 2]
1. REOCBRAERICEATIHNGE (KEBHE)

BHEOGERIIWILEE B L CFBNTH D Z End, EORRNREERER TITRL
W P RAPE B A ISk U CIERF RICER T2 ARGERNEE TH 5, Kabh#Ex, £EHO
RFREE L MR P CHFTET AR T IO W T O 51T > TV 5, BEICABEEFRRN
FURME I RACHEN T 5 2 ENBIEREN-Z L2 LT, BRYEOREEZRL- &L 2
A, ZTOWEIX L-T X JBAF X —E (LAO) ThdI EBbholz, AL, MEEERN
DPIEME L LTLAO Z# A L7=WIOH & e o7,

B2 B W IR I O IE TEENH B2y L 7e o 72 % 2/~ % Epinephelus akaara @ LAO
ERBLELT, TOEAMBBIOEEMBOBEICET L, YZEE BV UANY
LAO U FHMIEEZER L, Zh i Ao B b P FIEIC L AN Y X7 B 2l A iz,
XU DT, HHMICEEND LAOFURKZEZ VRV EE T RAZ Ty T 4 7B 0B
L7z, FONFMGMEEZM L, Zh% SDS-PAGE I[ZH:LASBEL7-, T 0%, KU =UF
VUTINATA REICERNIEGE 2TV, AXAINTZICKD Ty 7%, itk % LAO
PR L OEEY B~V A X X — BRIV VX 1gG ~ UV AHUERZIERK S S E 70, Kk
BOBEIZT X ) ZF NI — VROE R Z R S X% LAO & Alfi{fk ¥ 72, LAO
DOREIX LI NI AN FOBEE LS LORRUFIZ L 5Tl L7z, ZO/RE, I
X LAO [ IX U X ORJE, fl, mMiFIcE< Aon1En, Oif, BB IXOHBE ThRitianz,
CORMERERE 2, MBENICEBT 2 REE RERBLFNTE TR L, FIEEEED R & ER
L, VZRAZ T uavT 4 TEICHET T FIETHS U LAO JLilLig 2 M ntk, V7 /Ry
F U U RAIEEVEIE T LAO 2 i b Uiz, T OFER, R &R CITRFREIR & R i Bk X
JER BT, BB L OB BRI W TIE, IR IR & & N AR W BEMERE B EE S vz,
DIgIZEBWNTH, IBAL TWAIMELIMZERE R CTHBERISH RO, L EORERENG, T
ZIZBWTLAO IR E L MBENE CEAISNTWVD Z ENTHRINT,

COMRBITINAEABOARERLE L TR £LOLN, HBEEEOTIEC L AEEY
VRTBEDRTEIZOWNWT] L LTHM3FE2 H 15 BICAERIEESITALR LT,

2. EHFHEY R TR O LLEATE - NoWERME (B RBIi%)

BRAB#E AL ET 570 —71%, BRI IR EFHEEY S AGH 22 B HEEN O MR R0
WHRWROBEIZER L, HFHEEM) TRz LB F VRS O B IR-CEZ R L T D, BifE,
g RO M LT LR OET MR O 2 B LC, 7 =4 (Hemitrygon akajei)
ERWEZANY b= OBRERNT 21T > T\ D, By =0, WLl EAE X, my b
U LREKTARLE S E LTERT 22, G RBICB T 2T A THL, ZNETT A
(2 25M AL Vv T WG a s Y AR E B L, RIS IR Z TR, ML T AR
BE LR, 3WRRHICE =7 ZR_ TN U NRED LH & ZD0H% OB T 28 L

o AR, TOBBIMEZREET D & L BT, FHRM AR LR, SHHZEOE—27 b iE
HIRRBIZR D DN, BEZ4HBRTHY, 24 FFHRE TEFREBICEDMEHIHAL LD & RBIH
AN T LMIEORBIZS L IND ZENALNIRoTe, TOZEMNBTATANE, ANVT T A
OYEHEHENTEE BT RD ERFGETH D LRI, MHAD LT ARERE S THIEEDOAEFICE
BN, MLV TEAINAT T NBEICKT D2 AT 2 2 ERN RSN, 612, Ty

F=r DT TE 2 EPBEESNDENA~D TN T LY IABSARIN~D T v 7 APEHIC RS-
T OB FITOWNTHIT LTc, AL, ERFEE ThH 2 TR KT RKUBHENFERT O LiE H &
B, @A HBBNT 1A Bl RNA-seq 1H#2 B IAE L7z Calcium-sensing receptor (CaSR) DiH
WABLIM % RT-PCR IETHRET L7, = % # 272 CaSR mRNA OXEBLARD HivTz,



3. WBEEFHERYICR T 2REFLEDEICERE (Boh®)

RO AZ L ET 27 V—T1%, WHFEGEWE, FCZBRTERIRILAKSE (PAH) O
FHEEND) ~D B E I L T 5, PAH FHIL, [LABRERCARM O ARFERBREEIC X 0 4 U R&H I
SNDBREEEME CH D, - PAHBITEMICE TN TR, ElH TR S0 X 2MHEERO
BRI, YREEIC & A T T, PAH JHIX, FHEEYWIC X LIS MEmE, & RIFHEWE, Nouw)
<EMEE L TERT 2 Z EBmb TN 5, ﬁ,ﬁﬁﬁﬁw%%’ﬂbfi,%ﬁ&%@ﬂhm
ENTWVDHDOD, PAHZEBRIIFAHTHY, TOERAEFITMA I TR, 22T, BERS
HEENI DET IV E LT, BH 2T LA RY (Ciona intestinalis type A) % I\, PAH ZHIKDO LR % H
& LT 21170 > T D, AREEL, BINEFRRFOREEE A & O LFENFSE T, K7D PAH
SRR ERE Uz, M, BEBRRIEKFZZHFE (ARR)TH 5, -7 AhR-GAL4S Fl A& FE R B
JH—& GALA Vo7 =T —FB LR —H—_7 X — W ASEMIERICE AN L, FHEEY AR OFE4
7Y RTHD TCDD (XA AF > O—Ff) ZifsNk, Vo7 =7 —BIEEEE LR, B
JERAFHY72 TCDD (2 & % AhR OERGIEME LR/ 2/ L=, & 512 PAH OV & > Th % Benzo[a]pyrene
b ERFAICARY ARRISISETHZERHALMNE o7, TNHDORERIE, AY AWRNY H R
RIEME A FFOZ E A BEW®RT 5, UL, BEHEDM THIO TORRTH L, KF5IE, 7V 2K -
BRI FIRBUIVHI OB D b & TEM S L7z,

4. YEFETSQICBIT AP (AR EER)

LSRR, EAMH OB ZS T T, ~47u7I7XAF v 7 hbiEHIN, %%K@ﬁm%ﬁm
éhfnéz%V/ﬁ):v—@W W< ELMER Z R~ 7o, EREREERI B O#MEE (2018 ) |
L&, TITAFy 7 BRI AR TR 90 (B B EES R, %@9%9%L#)%47»§h¢
%hﬁ%iﬁ@*ﬁ@%hé# BToh, MEIILRoTWND, FRICEEIIREDOKRE T
AT 7 MEBFDN RSN 2 SN X0 BRI EE N TR W I T I 72 DRSS, BREFICER SN T
AT IFTAF I Lo TWD, ¥4 7077 AF v 73S THY, WHHEE WO IKIERDOBRE
TTIEGRLAENWEFE LN TEL, L LEBRICHEERIIIAT LAY dv— (FrlZ, AF L
N)=—) BDHFEELTWD, ZZTAFL A Iv—0@tEaEfilz, BA7 =/ —VAZfICHK
G4z L2k, BRECEETAELE DWW EMIETO DN 7 MEEICEREE RIEFS L
Z & LTV % (Suzuki and Hattori, Life Sciences 2003; Suzuki et al., Zoological Science, 2003) DT, ‘H
REHZEH L TCATF LA ) I~—DRE L2, BIEO T a3z W7 invitro A LT viA
ZHWT, BAKEDOF X a0y a0l g a3 o ERZMr Lz, B, XF
LR/ v—, AF LU HA—KORAF L U ~<— (10,100 X' 1,000 ug/l) Z AL CTUBR % 6
RS B R A L OV SEMAa TR E 2 HIE Lz, ZORE, FoXalckBn X, AFLugt
UI<— (10 2TV 100 pg/) 1%, BEMak OvFFEMaoiEtEs A S5 X9 EMH Lz, Lizn
ST, AF LAY I~v—F, BEOFRFITELZRKIZLTNDLZ ENHP LI, 5%, M2
WEFXTW TFETH D,

5. RBRICKRT DUBFEEIRIE K O BN (S AREER)

WEFERIE K & 1E, KR 200m LUEICAFE T DIRMEOW KO Z L 2R L, ﬁm%ﬁf,ﬁm@ z
TN AR 1y 2 & Fr, MBI D70 & W D BRI 2 FFD, E MR AKX, KPERFRSE )
BWTC, WESMOLEE 22U ET D0 E KE %Uﬁﬁémfb\é# %0)$E'<miﬁﬂ%7bc:7‘otofb\focu\o
BARBERE T L E LI 7 —T 1%, WERE KO RFEATICKIE T B OV TERZA 22| 2 6
FFEZ4TV, HEFERIE KT f/%&ot7xwx%vxﬁﬁ¢%%ﬁMLto%@#%%% LCHE
FrAEREE LT (REBEIERE KO A b U ARIIEA, KR8 2018-022738, FBARERF), AFEE, Z o0
%ﬁ%% LCEHWpEsr L v (BR) & T HEE LR B E BRSO A-STEP MR- IR S i,

DICAHERE, ZIWEr I v (BR) 1A <, R T B & oLRFR LG Lz,
%%EK%@@%%?%KE##:&%%@¢?%éo
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6 91 73 326 7
7 94 71 368 0
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Hazuki YAMAMOTO, Yoichiro KITANI: Histological analysis of the antibacterial protein in fish

Introduction and purpose

All lives have complexed host-defense mechanisms to avoid the diseases — it called the immune system. The
immune system consists of two types of systems: innate immunity (primitive and nonspecific) and adaptive
immunity (sophisticated and specific). In fish, innate immunity is essential because of the poor adaptive immunity
traceable to the less complexity of the lymphoid organs. Several substances were founded as the innate immune
molecules from fishes, such as lysozymes, lectins, antimicrobial peptides, et cetera. However, unidentified innate
immune molecules still exist. Previously, we identified an L-amino acid oxidase (LAO) as an antibacterial protein
from the skin mucus and serum of the marine teleost (Kitani et al., 2007). The LAO is an amino acid metabolism
enzyme and generates ammonia, alpha-keto acid and hydrogen peroxide. The LAO acts on various bioactivities
such as apoptosis, antivirus activity and antibacterial activity via resulted hydrogen peroxide. However, few
studies refer to the immunological functions of LAO in fish. In the case of Atlantic cod and Atlantic salmon,
LAO gene expression was upregulated by the pathogen exposure and it suggested that LAO relates to infection
control (Kitani et al., 2015, 2019). Recently, the novel LAO was isolated from the serum of the red-spotted
grouper Epinephelus akaara in our lab (Osaka & Kitani, 2021). The grouper LAO was 450 kDa (67 kDa subunits)
and could react with L-Methionine, L-Phenylalanine and L-Tryptophan. The grouper LAO gene was not altered
by the pathogen injection, different from other fishes mentioned above. Interestingly, the grouper LAO gene was
strongly induced in the head kidney one day after blood loss. This result suggested that grouper LAO is necessary
to avoid pathogen invasion via a wound.

However, the detail of the LAO regulation system is still unclear. Identification of the LAO producing tissue
and/or cell type could help understanding the LAO production mechanism in the grouper. In this study, we tried
to clarify the intra-tissue and inter-tissue localization of the grouper LAO protein using

immunochemical/immunohistochemical methods with an anti-grouper LAO antibody.

Materials and methods

To recognize LAO protein-containing tissues, the tissue extracts were prepared from the healthy red-spotted
grouper tissues as follows; skin, gill, muscle, stomach, intestine, liver, spleen, head kidney, trunk kidney, brain
and heart. Each tissue was homogenized with the phosphate buffered saline (PBS, pH 7.0) using a reciprocal
beads disruptor. The homogenates were centrifuged (18,000 x g for 15 min at 4 °C) and the supernatants were
used as the tissue extracts. The serum sample was diluted with PBS. These extracts were applied on SDS-PAGE
(2.5 pg/lane) and electrophoretically blotted onto polyvinylidene difluoride membrane. The membrane was

treated with a blocking solution; subsequently, anti-grouper LAO antibody and horseradish peroxidase-
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conjugated secondary antibody. The grouper LAO cross-reactive protein was visualized by 3-amino-9-
ethylcarbazol. In addition, the LAO activity of these tissue extracts was measured by the peroxidase/o-
phenylenediamine method.

To observe the localization of the LAO protein, immunohistochemistry of the head kidney was tried as a first
step. The head kidney was dissected and embedded into a frozen-sectioning compound without fixation and
quickly frozen by dry ice-hexane coolant. The frozen block was sliced a thickness of 5 pm using a cryostat and
mounted onto the slide glass. The slices were treated with a blocking solution—subsequently, anti-grouper LAO
antibody and horseradish peroxidase-conjugated secondary antibody. The grouper LAO cross-reactive protein

was visualized with 3,3’-diaminobenzidine substrate solution and observed by a light microscope.

Results and Discussion

LAO activity measurement showed that the strongest activity was detected in serum, followed by intestine, skin,
gill, head kidney and heart (n=3). The LAO cross-reactive protein (70 kDa) was detected dominantly in serum,
following skin, gill, head kidney, heart and spleen. Similar results were observed in the other grouper (n=3). This
reaction disappeared by the neutralization of the anti-grouper LAO antibody with the purified grouper LAO. Both
experiments reflected that the LAO activity detected from these tissues was caused by the grouper LAO cross-
reactive protein except the intestine. LAO activity in the grouper intestine might be caused by unknown LA O
that could not detect by anti-grouper LAO antibody.

In the head kidney, anti-grouper LAO antibody was localized at blood vessel (BV), the periphery of renal tubes
and vascular sinusoids in collecting tubules and hematopoietic tissue. The positive signal was also detected at
adenoid tissue (glandular, sparse, lymphoid tissue-like). These signals disappeared by the neutralization of the
anti-grouper LAO antibody with the purified grouper LAO. Similar reactions were found in the other specimen
(n=4). In addition, the positive signals were observed in skin and gills. These results suggested that the grouper

LAO may act as a host defense molecule to protect whole body protection from invaders.
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Ryoya KAWAMURA, Nobuo SUZUKI: Study on the mechanism of osmoregulation in the larva of red-clawed

crab Chiromantes haematochea

BACKGROUNDS

Red-clawed crab Chiromantes haematochair (DE
HAAN) (Figure 1) are crabs that belong to Decapoda,
Sesarmidae and that habits on the coastal forests. These crabs
have unique life history. The adults are highly adopted to the
life on lands while larvae are released into the sea by adult
female crabs and spend in the sea during the growth process

from the zoea period to the megalopa period. From June to

A
September, adult red-clawed crab mated and then females 3 iy %
Figure 1. Photograph of male red-clawed
crab, Chiromantes haematocheir collected in

released into the sea by female crabs transform into juvenile —the coastal forests of Tsukumo bay.

carried eggs in their abdomen. Thereafter, the zoea larvae

crabs via megalopa larvae. Juvenile crabs land on ashore via
brackish water and begin their land life.

Continuing from last year, we conducted a survey of megalopa larvae from September to November in this
year. Similar to last year's results, no megalopa larvae were collected on the revetment coast. However, megalopa
larvae were collected in the estuary. Therefore, it is presumed that the larvae move from the sea to the coastal
ashore in where freshwater flows to the sea, transform into juvenile crabs, and then land as grabbing the root of
reed. In the present study, thus, we investigated changes in the osmoregulatory functions of larvae of red-clawed

crab, in order to elucidate the mechanism of the behavior by which megalopa larvae are attracted to the estuary.

METHODS

In the present study, we tried to examine artificial breeding of zoea larvae to obtained megalopa larvae and
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then investigated the mRNA expression of Na™/K*-ATPase (NAKA), an enzyme involved in osmoregulation, in
the eggs carried in their abdomen, zoea larvae and megalopa larvae immediately after metamorphosis. Total RNA
extraction and cDNA synthesis were performed using respective kit (Takara Bio Inc., Otsu, Japan). The obtained
cDNAs were used for NAKA mRNA expression analysis. Based on the RNA sequencing data using zoea larvae,
the sequence of NAKA gene in red-clawed crab was determined. Primer sets were designed based on the sequence
of NAKA gene. The expression levels of NAKA mRNA in the eggs and larvae were examined by quantitative
real-time PCR.

Next, in order to investigate the osmoregulatory ability of zoea larvae immediately after release into seawater,
zoea larvae were placed in artificial seawater with several salt concentrations to examine the survival rate of zoea

larvae in these environmental water.

RESULTS and DISCUSSION

In the present study, we succeeded in transforming the zoea larva of red-clawed crab into megalopa larva by
artificial breeding. Then, we examined the NAKA mRNA expression in the eggs carried in their abdomen, zoea
larvae and megalopa larvae immediately after metamorphosis.

The expression levels of NAKA mRNA were very low values in the eggs immediately after spawning.
Subsequently, the NAKA mRNA expression increased with the development of the eggs. In the eggs just before
hatching, NAKA mRNA expression rose remarkably. This indicating that red-clawed crab has osmoregulatory
ability even before hatching. Thereafter, the hatched zoea larvae released into the sea showed higher values than
the NAKA expression level in the eggs. However, the expression levels of NAKA mRNA in megalopa larvae was
significantly lower than those in zoea larvae. We speculated that megalopa larvae reduce their abilities to seawater
adaption and promote their specific behavior that moves from the sea to the coastal ashore.

Next, the osmoregulatory ability of zoea larvae immediately after release was examined using several salt
concentration of breeding water (0 PSU, 9 PSU: diluted seawater, 33 PSU:100% seawater). In both 9 and 33 PSU,
the zoea larvae were found to be 100% survival at least for 3 days. Additionally, even 0 PSU water, zoea larvae
can survive for a short period of time. The survival rate of zoea larvae was 88.9 = 6.41% in one day after keeping
with 0 PSU water. We are planning to investigate the changes in osmoregulatory ability during early development
of red-clawed crab. NAKA mRNA expression will be examined in detail during the developmental stage from

eggs to juvenile crabs.
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Aika SEKIMOTO, Nobuo SUZUKI: Functional analysis of a matrix peptide associated with calcification in the

exoskeleton of the Kuruma prawn, Marsupenaeus japonicus

BACKGROUNDS

Many living organisms have unique hard tissues inside and outside of their body for body retention, protection
from foreign enemies, and storage of minerals. These minerals made by living organisms are called biominerals,
and the process of forming biominerals is called biomineralization. The main component of vertebrate
biominerals such as bones, teeth and fish scales are calcium phosphate (Cai0(PO4)s(OH)2). In contrast, the main
component of invertebrate biominerals are calcium carbonate (CaCO3). Among invertebrates, the exoskeleton of
crustaceans is a typical calcified tissue. The exoskeleton of crustaceans has a layered structure. From the outside
of their exoskeletons, it is composed of epicuticle, exocuticle, endocuticle, and epidermal cells in order. The both
exocuticle and endocuticle form a chitin-protein complex, and the exoskeleton contributes to hardening by
depositing and calcifying calcium carbonate in this chitin-protein complex.

For the first time, a substrate peptide involved in exoskeleton calcification called Calcification Associated
Peptide-1 (CAP-1) has been purified and determined the amino acid sequence in freshwater crayfish
(Procambarus clarkii) (Inoue et al. 2003). Additionally, another type of CAP (CAP-2) have been identified from
the crayfish (Inoue et al., 2004). However, the calcium-binding activity of the American crayfish CAP-1 (Prc-
CAP-1) was stronger than that of Prc-CAP-2.(Inoue et al. 2003; Inoue et al., 2004). In crayfish, therefore, Prc-
CAP-1 seems to be mainly involved in exoskeleton calcification.

In marine crustaceans, the substrate peptides involved to exoskeleton calcification have not been reported. In
the present study, for the purpose of clarifying the calcification mechanism of marine crustaceans, we searched
for candidate molecules of CAP-1 from the data of RNA-sequencing in kuruma prawn (Marsupenaeus japonicus).
Secondly, we tried to examine functional analyses such as chitin- and calcium-binding activities and mRNA
expression of kuruma prawn CAP-1 in their molt-cycle. Thirdly, the determination of CAP-1 producing cells in

the exoskeleton of kuruma prawn was examined using by in situ hybridization methods.

METHODS

Firstly, a sequence homologous to Prc-CAP-1 was searched from the data of RNA-sequencing from kuruma
prawns. In order to perform functional analyses of the searched sequence, thereafter, total RNA was extracted
from adult prawn tail fan, and sequence of kuruma prawn CAP-1 (Maj-CAP-1) was determined by PCR methods

with specific primer sets. Next, a recombinant peptide (rMaj-CAP-1) for functional analyses was prepared. Both
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chitin-binding and a calcium carbonate crystal formation inhibition activities were carried out using the prepared
rMaj-CAP-1.

Furthermore, in order to clarify a part of the physiological function of Maj-CAP-1, mRNA expression analysis
was performed using juvenile prawns. The molting stage of juvenile prawn was discriminated, and the mRNA
expression level of Maj-CAP-1 was examined by quantitative real-time PCR using cDNAs prepared from the
swimming legs and tail fans of each molting stage. In addition, in order to identify Maj-CAP-1 expressing cells,
the swimming legs collected at each molting stage were fixed and tissue sections were prepared. We attempted

to identify Maj-CAP-1 expressing cells by in situ hybridization of these tissue sections.

RESULTS and DISCUSSION

From the RNA-sequencing data, the sequence showing 68% homology with Prc-CAP-1 could be obtained.
This sequence was presumed to be Maj-CAP-1 because specific sequences such as chitin binding sites and repeat
sequence of aspartic acid in C-terminus possessed in this sequence. After cloning Maj-CAP-1 from kuruma prawn
cDNA, the rMaj-CAP-1 was expressed by E. coli. Thereafter, the rMaj-CAP-1 was purified by RP-HPLC and
determined N-terminal amino acids sequence. As a result of N-terminal amino acid sequence analysis of the main
peak obtained by RP-HPLC, the sequence of rMaj-CAP-1 was confirmed. Namely, the sequence was identical to
the amino acid sequence deduced from cDNA excepting that alanine residue was added to the N-terminus.
Additionally, mass spectrometry was equivalent to the theoretical value.

Next, we performed the functional analysis of the recombinant. We demonstrated that both chitin-binding and
calcium carbonate crystal formation inhibitory activities possessed in the prepared rMaj-CAP-1. As a result of
mRNA expression analysis with the swimming limb and tail fan of juvenile prawn, it was clarified that the
expression level of Maj-CAP-1 remarkably increased in the late pre-molt stage. In addition, we detected Maj-
CAP-1 expressed cells in epidermis of exoskeleton using by in situ hybridization methods.

In marine crustaceans, CAP-1 was the first to determine from their exoskeleton in my study. Then, we
confirm the chitin- and calcium-binding activities in Maj-CAP-1, changes in Maj-CAP-1 mRNA expression
during molt-cycle, and determination of Maj-CAP-1 producing cells in exoskeleton. In kuruma prawn, thus, these

obtained results indicated that Maj-CAP-1 plays important roles in the calcification of exoskeleton.
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