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and Flik, 1989; Parry, 1966).
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AEFTE B3 g FFTteE s S99 TEs S ¢ ¢ ok wekA Ze
T87b FolA = 7|l = Wt HlEolA ZAES AlFTele Z8% 4Es B
=34 "H(Mugiya and Watabe, 1977). 18y H|E =249 ZHEF FHo] A
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L2 o7 o] FolXA HW A|FolA e HAHo| ofstEW, Zgo] KT A9
AdEo] Axstal we 7|8 7) XAy = Aoz HiausoHtH(Hossain and
Furichi, 2014).
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Table. 1-1. lon concentration in artificial fresh water for acclimation
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2-4. Ao ATH 24

2-4-1. &9 ) s 54
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2-4-2. Cortisol®] W3} A
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2-4-3. Lysozyme activity H3} £

ol
2
filo

Sboll 713k W83 miAR Aol S et ¥ A
AbgEte] ZbzE g3 15 ple 96 well plateo] EF3 F 150 uL
micrococcus lysodeikticus solution (0.1 M phosphate buffer saline, pH
6.8)= B F 25T oA 5 &3 W5 ¥ 450 nmolA FF=E SAsHAL,
THAl 5 ZF 9kg A ZATh o]l F Ede gl F3EE SASE] lysis
A FFE A& vaste] SAske WHES F@l lysozyme activity ¥
stE #Astelem, Lysozymed &4 @9(U)= %% 0.001/min® 74

& 1 unito.z® A3t}

_11_



2-4-4. A A€

SigmaPlot(ver.12.0

1
%

Teads olgste] FAA A4S AASTE oA
9oyl Y = ZAH53 B4S one-way ANOVAR B30 dolg
e §9*+= Duncan's multiple test(PX0.05)% F94S #dshsih
Lysozyme activity % cortisol ¥3} 412 student's t-test®= EA A5t

Fom, PXO.0594 S ddsioy, BE HolHeE HAH
(mean * SD)= YERHSITE.
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3. A

3-1. oA W F ZaFe] st

ICP-MS #+A4WHE& o]l&sto oA U F Z&E2Y ¥HstE SASAY. 1
A3 controlirol A= 50.71£8 mg/L. Foy, 2 mMatolA 46.52+12.2
mg/L,, 4 mMolA 52549 mg/lLoller, 8 mMTolAE 714 =&

53.92+11 mg/L. 22 Z} 287k 94 ztol= o 2 mM, 4 mM
2 8 mM CaOdA] % oEHo =z ZAHgfo] vl AS & 4 ¢

(Fig. 1-1).

22
o

A

(x 1073
70 -

60 -

Y LIBRA

50

40

30

20

10 -

Total calcium amount of whole body (mg/L)

o_

Control 2mM CaO 4mM CaO 8mM CaO

Fig. 1-1. Total calcium amount (+S.D.) of whole body in cichlid fish,
Metriaclima lombardoi acclimated to artificial fresh water with
control(0 mM), 2 mM, 4 mM, and 8 mM by inductively coupled
plasma mass spectrometry(ICP-MS) =*Significant difference by the
one-way ANOVA between control group and CaO group
respectively(P<0.05)

_13_



3-2. @ W Zg sk W)

AFEEe] g g Zg WEs A3 controliol A& 150.50+1 mg/L S
o1} 2 mMaell A 170.2848 mg/L, 4 mMatellA 175.0+7 mg/LolloH,
8 mMol = 7H =& 175.05+7 mg/LL © & controli-ol] H] sl &
CaOwoll A fFo] 42l ztolE YeEpIATE. Bgk ellA] Ak ICP-MS 4
S ol &% oA Wl F ZETF 54 A3 AR controlitel HIBIA 2
mM, 4 mM % 8 mM CaOiw oA & FEHor Ziako] Trtehes AL

= I JAtHFig. 1-2).

190 -

180 1 * T

170 -

160 -

150

140 -

Calcium concentration in plasma (mg/L)

130 - T
Control 2mM CaO 4mM CaO 8mM CaO

Fig. 1-2. Analysis of calcium concentration (£S.D.) in serum of
cichlid fish, Metriaclima lombardoi acclimated to artificial fresh water
with control(O mM), 2 mM, 4 mM and 8 mM =*Significant difference
by the one-way ANOVA between control group and CaO group
respectively(P<0.05)
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3-3. Cortisol®] W3}

<)

2Edf A #d F2FQ cortisol®] A A¥,  controlie A
227.14+19 pg/dL, 2 mM CaO+* 182.66+44 ug/dL, 4 mM CaOv<
182.00£49 pg/dL ollew, 8 mM CaOxa*2 166.54+30 ug/dLo=
controls* ¥ w3 FoHow Fe F=XNE YERJUTH(PK0.05, Fig.

1-3).

300

250

200

o]
1 %

150

100

50

Cotrisol concentration in plasma (ug/dL)

Control 2mM CaO 4mM CaO0 8mM CaO

Fig. 1-3. Cortisol concentration (£S.D.) in cichlid fish, Metriaciima
lombardoi acclimated to artificial fresh water with control(0 mM), 2
mM, 4 mM, and 8 mM by inductively coupled plasma mass
spectrometry(ICP-MS) =*Significant difference by the ¢-test between
control group and CaQ group respectively(P<0.05)
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3-4. Lysozyme activity

ot slel AEjel A2l lysozyme activity 54 A3}, controli< 9.33+3
U/mL, 2 mMv<2 7.73%22 U/mL, 4 mMv2 7.744 U/mL % 8 mMv <
4.4+1 U/mL ZA controliel] Hl3] 8 mM+9] Zrg A olA lysozyme
activity7} o] 2} 0. &= hrh(7<0.05, Fig. 1-4).

12

*

Lysozyme activity (U/mL)

Control 2mM CaO 4mM CaO 8mM CaO

Fig. 1-4. Lysozyme activity in serum (£S.D.) of cichlid fish,
Metriaclima lombardoi acclimated to artificial fresh water with
control(0 mM), 2 mM, 4 mM, and 8 mM #Significant difference by
the t-test between control group and CaO group respectively(<0.05)
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FE ThFSI YWAT 5 DA A4, R B F+ % =

AL AARIe] 37 Q2 Tol 93ty d&FS W=t Chen et al., 2003). ¢
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871 Mol & AFoM = 84 2wl CaOE o] &3t Al
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e FEE 2A9L W et ¥sE gege

AR L A3 oAl W 2w S 49 4 At oAl A
ol glleu, g ) 2 F5% 49 controlitd HmEe] RE Cal

TolA FelHom F7ek AL e ¢ AN oW (F<0.05), CaO A
7} S7HgH wel T olEH o m g TUIEE AL FAT 5
- o

|3k gEle] CaO7F S 7hgel whet Aol Buh A

AH T22e g W cortisol THF A A

+THPickering, 1998). ¥ 3o 2] cortisol &
=R AZE 8 mM CaOwollA ZEE|E AU Aakde] fo)xoz vk
5 A% F AJoH(K0.05), weEtA AL Ul 2 S5 ST oA
= g3t A7lE Ao=m wehE

T3k ot slE el A lysozyme activity 54 A3}, oA cortisol 4
A} v 2 controlwt ) HlwEle] 8 mM CaOiroll A fFeldo=z v
AE HERS oM (/<0.05), v7FAIE CaOwr A 27k ofAl|o] Qbgstol 7]

o] Z &lo], 3 7o thdk A A o] controlatol]l HE ol o]#d A}
7 Yy Ao AREHY F5 AEYA U WAy Ay x|o] Ado] ¢ A3
Fojol & Ao 7 FHT}

olde] AaES mFojroel T oA CaO7t Az Zg F
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M. A 8] CaO%= Mstol we Anet w41e) f42 F49 wsl

A B2} 34 (Danio rerio)= MW7F #al, A2 /7 Ak v FAF
St HAF s E2A ARSI H2Ao] 7HH 9 go|sto] theFgk Hofol A5k nd

JH 5 2+ (Growth hormone)2 Al/gaki-o A FH 5= GHRHO 9l ==
Hol WA EHlEE E2FoR2A, T2 ¥3A9] somatotrophs?l

Zd %™ Growth hormone receptor(GHR)S} 72 =& 9le] A3 2H&
= T8l FA AV FE AL 53] ofFel o] AT EES ofF9
2 w@el #ofsts Aowm dEA e, GHRO @42 A=st4 3 &
A2 @gle wE AFsERe #5AS AT (Flik et al, 1993b;

Flores—Morales et al., 2006). AW Z<o]

%31 ltH(Hossain and Furichi, 2014).

3 ) Eolx HARAS e Ao 4 lysozymed Al HYA
Z7] ol 9 o, Wdyre] A B 2E# 2o o &4 o] tdsH
UelE Aoz By o] tHSaurabh and Sahoo, 2007). YWk o2 o] Fo

3= lysozymes c-typedt g-typel® EAdtia Iz ump lom,

_l
it

AN

1 % c-types ZHI ATt EA o] oW, calcium-binding lysozyme
olg}ar: $trh(Hikima, 2000; Wang, 2008). o]Ax¢ WY &S st Ao=
AdA X lysozyme ofFolA HAdd 7 2 uF A FA dol T8
g AeA WAUFoE #A&stH, AW ow oA vhSaurabh and
Sahoo, 2007).

o9} wzIAE WY FAHES st Aoew  AdHZ  myeloid-specific
peroxidase(MPO)&= T35 79 2 ZFAXS] AXZ YoM E-FHFoz vy

He kst 3ARA, dAHoR ofFEXIsd ST/ ¥ H(azurophilic



neutrophil granules) . Z5H W&, nAE A Qb T AEZA

93 93-S H(Kettle, 1993). MPOE 243 3akat(H02)S A
23t 4 glon, FHAHoT ANEI vlo|HAE X Fd AEAES =
g sk AFobdALHHOCDY &5 T < F4E= =42 deA

A tH(Podok et al., 2014).

wheta] ABet g4 WY & & W7t AEEA] lysozyme 2
MPO A5 AMEs 14 B4S AAsgien, 2 T3 E A9
Zr Wstel Aol &A1 GHRY WY #4

myeloid-specific peroxidaseE T3l AW ZF sZo WE Zg U9

oX,
olr
1B
=
:

0 |

A2l lysozyme 9

AB et J49 GHR, lysozyme % myeloid-specific peroxidase®] mRNAZ2]
By ojE FaAAE 7HA=A diste] dFE Jddsii o, olE F3ld
AL Agsie] Wyl oA ulo A% 2 Wy 4o oust JEks

A=Al S

28
s
jf_l,
12
ol
28
El
Y
ol
28

2
O
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2. A=

)
T
Z

)

2-1. AV A

Ca0 ¥%7} e AT A% APERe 44 WHE B2
dakel A AL AR Pe xR0 AT ARFE Azs] gl Al

g3tk MgSO,, NaCl, KoHPO,, KHoPO, CaOZ 1x FH5ol H7hshed

AFSE AlZFE e, CaO7F A7 A & controli+S A3 CaO #H7}
AeTe F 3050 % A3, Ca0E 2 mM, 4 mM, 8 mMe| == 22

Lo] Aol H7bshed Abg & %‘d of Abgskith. CaOE FH7bshAl o2
controlw & ¥33 EE 1 LK Na' sns =934 2439

= O
tH(Table. 2-1).

Table. 2-1. lon concentration in artificial fresh water for acclimation
experiments in zebrafish, Danio rerio

Mg?* Na* Ka" Ca®
0 mM
2 mM

0.1 mM 0.5 mM 0.02 mM
4 mM
8 mM
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CaO7} H7he ARSFollA 1093 =4 § Al ARgatalom A 7]
Sk olojHlo] Ay AF}E AEHH R AAFAOH, AF 7| S AR
o] & 28T #F7]+= 12h:12h(light:dark) 2 FA3FA . Ale5E 19 2

wol stglom, Als= AlFd dubd o= FujE i 9= Ao A& Al
(tetra bits, tetra)& A&t Adojo] Ho A4S 3.14+£0.07 cm ©]
, Bt AFL 0.771£0.05 cm, Bt FAE 0.55+£0.05 gol At

o

l‘i

aly

_Etmﬂ4>
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=70 S =
of ZAsgrh. AN 949 A HPEE F Aol TR A4S we
A Ak W §7 ¥, 72 027(PVIFD 10A)% o] &ate] Az 4ZTS
R PUE EASA ofF BAE UABS doIM A&T P $Us)
A A shel BHo olgstRov, A B F oA W) F AP ¥
Als flste] Agilent 7700s ICP-MS (Agilent, USA)E AR&ste] T gelA

Ned AFYEe oA ] B AH T AW FASA AL,
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2-4. RT-PCR

2-4-1. RNA F=&

Controle*, 2 mM, 4 mM, 8 mM Ca0O H7Io=z5g 247zt 17vFg] 9] o}
7hi], A 2 2 22 0.1 g& FHo| FH3be], lysis/binding buffer 400 uL
S 2o A& FASth o] F 14,000 rpmel A 5#3F YAldElste] A4S
A 200 pLE FE F AR olekE 200 uLE H7ste] RNAFEE I
wHE & 5 tA] 14,000 rpmell A 5&3F €4l eF3itt. ©] % DNase
incubation buffer 90 pL¢} DNase incubation buffer 10 yLE =33l o
10 uLE ©o] 7 AZel Hrtsto] A2olA 158 §vheAIZT ©] % wash
buffer® AFg&3ste] YARZE A =83 AFH s 5, &Hd3] 1AxAA

elution Buffer 80 pLE Y1 8000 gollA] 287 YAIEF 3lo] RNAE F=

stelon, 5% RNAT -80TCo] Ritste] Agd AREslglth. BE RNAF
=2 RocheollA A2FEl high pure RNA isolation kitel] XZ3tE A|F&ES A}
&3l
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2-4-2. cDNA 34 2 RT-PCR

= RNA 2 pL¢} kanamycin positive control RNA 2 uLE Z}7} &
Hol £5:3F F, 70TlA 1023t v gttt cDNAFE 2 PROMEGAAH]
cDNA Al kit?l reverse transcription system= ©]-83}%1 2™ master
mixE A2l cDNAZA S 519t master mixA| 22 MgCly 25mM 4 1
L, Reverse transcription 10Xbuffer 2 pL, dANTP mixture 10mM 2 puL,
Rnasin RNasin Ribonuclease Inhibitor 0.5 pL, AMV reverse
transcriptase 2 pL, Oligo(dT) primer 1 pL, Nucleas-free water 7.5 pL
2 RNA HES Z&3sto] Al 48ttt
o] dA®E DNAZS ZZA|7]7] 93te] Rocherl?] kitE o] &3}
RT-PCRE &3ttt ¢cDNA 2 ul, 10x PCR buffer 5 puL , MgCl 3 L,
dNTP 1 pL, primer (sence) 1 uL (50 pmol), antisence 1 uL, Tag DNA
polymerase 0.5 pl. 2 Nuclease-Free water 36.5 pLE& &£3%3}o] 94Tl
Al 55-%F predenaturation Al A<, 3 94 ColA 183t denaturation, 50Tl
Xl 45%3%F annealing, 72TCo|4] 1%7F extension &7 o % 353 FZ3}a1,

o] 3 72Co|A 587F ¢ wkSAZ T}

Table. 2-2. Oligonucleotide of primers for RT-PCR (bp: base pair)

RNA species Expected size | Primer sequence
) 5 —ctcttccagecttecttect—3’
L-actin mRNA 165 bp , ,
5’ -cttctgcatacggtcagcaa—3
5'—ccagaaatcccagatcctga—3’
GHRA mRNA 237 bp , ,
5'-cagttgtccaggtgagagca—3
5 -tgatacggggaaggactacg-3’
Lysozyme mRNA 242 bp , ,
5’ —gctgctcacagcecttttace—3
myeloid-specific 943 b 5’ -gagaggctgtttgccttcac—-3’
. b ) )
peroxidase mRNA 5’—aggctcagcaacacctccta—3
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2-5. ZAA Y
SigmaPlot(ver.12.0) L213:& o]&35e] RT-PCR 2az An=E =44
A

ox BAS AAEE T one-way ANOVA 2 student's t—test® FH 4

shaloem, PO.05914 frolids ddtsisith. e dHole e A3 g Fdwk

+ ¥ FHxH(mean = SD)E Ve AT
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3. A

3-1. oA W & Zads Wt

ICP-MS #A41HS S5 oA W & 243 Wst 4 27, controla 9
749 42.2240.79 mg/L, 2mM CaOT& 54.48+0.73 mg/L, 4 mM CaOa-&
33.98+0.74 mg/L 2 8mM CaOw-< 54.41+1.07 mg/LE RE CaO1E
Al control@ 214l 2ol & YEFHATHK0.05, Fig. 2-1).

(x 1073
70

*

60

*

Total calcium amount of whole body (mg/L)

Control 2mM CaO 4mM CaO 8mM CaO

Fig. 2-1. Total calcium amount (£S.D.) of whole body in zebra fish,
Danio rerio acclimated to artificial fresh water with control(0 mM), 2
mM, 4 mM, and 8 mM by inductively coupled plasma mass
spectrometry(ICP-MS) =*Significant difference by the one way ANOVA
test between control group and CaO group respectively(P<0.05)
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A7 222 42849 growth hormone recepter A(GHRA)S] mRNAZ&
%S RT-PCRZ SAs]E ZA3} controlv ¥ ZF CaO7*32] 24l *fol+=
YERR] ko) controlitel HEFeY] 2 mM, 4 mM %2 8 mM CaOxtol A

Tl oA oz WAl SUbeks AFE AT 4 U ThFig. 2-2).

< 14r
r=1
2
B o12r T
bt
Iy
X
o 10
<
2
14
€ 8
- 4
= e A
c g ITY LIBRA
8
[}
o
< 4
14
T
o
o 2
2
©
e 0
Control 2mM CaO 4mM CaO 8mM CaO

Fig. 2-2. Relative GHRA/beta actin mRNA expression (£S.D.) in liver
of zebra fish, Danio rerio acclimated to artificial fresh water with
control(0 mM), 2 mM, 4 mM, and 8 mM by RT-PCR #Significant
difference by the one way ANOVA test between control group and
CaO group respectively(P<0.05)
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3-3. W9 #-H FHA Lysozyme?] F#x} W=k

Arg 349 lysozyme FAA] WdAZFSE RT-PCRS &3t 543 4
I} controlit ¥ 2 mMte] ¢ lysozyme & o] Ao dojupx] e AL

gl 4= 9k Hbde] 4 mMY 8 mM CaOv2] A% controlao] H] &}
Fodo=z =2 Wd=FS YeER AT (X0.05, Fig. 2-3).

S g0

S .

7

(2]

o

=

© 60

<

Z

(14 *
1S T
=

© 40

[}

©

)

[}

=)

[}

3

> 20t

o

[72]

>

(]

2

)

T 9

& Control 2mM CaO 4mM Ca0 8mM CaO

Fig. 2-3. Relative lysozyme/beta actin mRNA expression (£S.D.) in
gill of zebra fish, Danio rerio acclimated to artificial fresh water with
control(0 mM), 2 mM, 4 mM, and 8 mM by RT-PCR =*Significant
difference by the one way ANOVA test between control group and
CaO group respectively(7<0.05)
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3-4. Wl $d f44 MPOS| #A wE

ABe 949 Myeloid-specific peroxidase(MPO) mRNA &S
RT-PCR= &A1) 23} controlit# Hlaate] zb ol Fo %<l 2ol
= Uehbx @t ey B5 oEH 07 controlitel HEke] 2 mM, 4
mM, 8 mMurellA wolxl= ARE gl F AT

§ 120
=1
5]
& 100
o
< = L
. SN
= RSITY LIB
(14
£
.g 60
o
]
8
§ 40
(@]
o
=
o 20
2
©
[
(14 0
Control 2mM CaO 4mM CaO 8mM CaO

Fig. 2-4. Relative MPO/beta actin mRNA expression (£S.D.) in kidney
of zebra fish, Danio rerio acclimated to artificial fresh water with
control(0 mM), 2 mM, 4 mM, and 8 mM by RT-PCR =*Significant
difference by the one way ANOVA test between control group and
CaO group respectively(P<0.05)
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Zgol e vk Ay A|=EY Fad 7o, AYPAY] T)E
I} AES S wg Feg 9SS w@detth(Herberger and Loretz,
2013). AB o2l GHRAS 23}, controlit 3} 74 CaOwt3}eo] +#2]4
¢l Zpol= YERUAl ko oA T e % B4 Ao A 2
H7F vskth, oA W & 2 TS £ ] f1ste] ICP-MS #AHo R
=3 A= A9 EW control¥ H|:Ee] 2 mM CaO7# 8 mM CaOi*
ToHo®m FU7HE ZAads AT 7 A=, o9k vletAl GHRA
AF A controlel H|SF] 2 mM CaO+*3 8 mM CaOwollA &% <
ow Ttk A¥E FIT = AAHFig. 3-2). olol wHa] of A W
F=o] controlatoll H]ste] 4 mM CaOxro] Aoz we #s e
AL 3 = AR (X0.05) GHRAS 49 F94921 #Fol= §lA
CP-MS¢t x5 2345 Yeudeh # A A A3EAd 1
A E8 =(Metriaclima lombardonol| Al 1&gt AR} g2 7|7k £X4]

Fal AYH A o= BEFsla, ICP-MSE &3 oA U & ZE5HES 5
dP= Aol 74 Aol7E UEtuAl &2 AlSe =l whe] AlBg v]4 ¢
8% controlit ¥ oA Q1 Apol7b Ut ES Sl 4 AT oA #
< gl golFdAgE das AWz Wolsols Ao Fuity SolF o
2h-gsh7] wiel o9} ZE AFTF v o R FAET

T3 At g9 lysozyme HEF 54 2} control@ 2 mM
CaOw el A= lysozymeo] Ao WA &2 vl 4 mM¥} 8 mM CaO
ol A= controlitoll HIEY] FolFom A Wdst= S AT = AN
THPK0.05). oldgh Ad= ok Algd= Ao xy= 232 A8 v
AUES & glod, ABg gHodxe] Hggdidol 4 mMy} 8
oA A=A oR dojyt AW WMgHs AT Aew BZETH(Fig.

=

H

lo

)

.

4=

i
X

ofy
(i)

=
rr

ul

a}

-

)

My Lo

2

.

H

HEo] "o #AEE= Myeloid-specific peroxidase(MPO)¢] mRNA

A% 24 A 7 1E3re] FoHe) Aol vehbA 29tor} controlitel
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=

Hgte] 2 mM, 4 mM 2 8 mM CaOwollA & oEF o volxi= Az}
stolst 4= RtHFig. 3-4). Podok et al.(2014)2] &Aool wr=wd A 7}3h
olFoll A= MPO9 wde] Aol dojupx] o} W s ol
MPOE&de] 7t ARE AT 4 AUtk £ AelA AMEH AxE
A4 A A%E o Fol7] "ol MPOS A wdoe] 7+ ZF kel 9

WA @2 Aor s, o]F CaOel AbgGHE AlBE ¥4

mim
r

X
rr

i
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IV. CaO7} H7Fe AbR &ol aiqtof]l FAlol nA= Aels wsl

ry
r
rO
-

T

1. A&

T diHH o ASFRAE S g S oEdte Adowm dEA 9
oy, AREE T Zuee FUHHCER ¥EdS W oWt AEE=
(Cichlasoma urophthalmus)(Chavez—Sanchez et al., 2000) 2] o]FoA A
ol F2 % delle Aem wRuda vy B3, A55(Takifugu
rubripes), & Wol(Nibea japonica) 2 7}s(Chelon haematocheilus)®t %
2 dF oJFEoAM= A E Adsdd Hadk AU TE ST7HE AL
T 8% Tae WA Xote Ao 2% ) H(Furuichi et al., 1997;

Hossain and Furuichi, 1999 ; 2000a). 3@#, sjiteliw = 7

o,
o

(Acanthopagrus schlegelil) 2 Z5(Pagrus major)< slolA Z4E5S S8

of

]
o] 83 4 Qlov, |X|(Paralichthys olivaceus) 2 (Mugil cephalus) &
< HFEFEH FEI ol FHA 7] wiEd H4d3 g BeAE o]
&3t ZHS FHslelofp dvta BuEm dti(Hossain and  Furuichi,
2000a; 2000b; 2009). o|A ¥ ZFe FE7F =2 dlod A2 st ofF 3l
AN = Zge] F9 714 AelE dEtdH, 538 A A5Al7], A" A
2 QEENY W AEHAE We A st e FESFHY e

wol F7HAe® dagh Aom o AXI gt

ol

web] B AT AE satele]l ge@y 2L WY Fuel vxe &vE
2A157) Slste] FAUAE BEse]l AATHAL P Hol7] PR Ao
7] MAE AHgstel AES AN A F AR RS AAstgon,

2
&)
(N
oy
(@]
[eb)
S
ofo
12
o
|y
>
>
i
=
)
=
i)
N
N
ol
ol
3%
o
[-l (0
o
1>,
ot
fllo
ol
ro
:‘:JL_',
Y
2
1A
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s

K
]

bof 71%e)

S

FaI Andds Ao 9

=
=]
|(Paralichthys olivaceus)Z<

oAl W At

A 39

S
H

o}

20.43+1.8C=E A

o AT 410.5£50 g9

e

w1l
=~

34.1£1.3 cm

18.83£0.29 cm

] Al

X

70£10 g9

=
K2

B A

w1l
=~
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2-2. Abm A ZF

\

W ZEFES 31L(1,500-5,000°C) ol A

o
—

Al

Ca09]

shetet.

ojo

Hoz Ay AFo| Zufo] E o] AES A}

il

A

=

Abge] 1,500 mg/ton?] =71 4

Ca0Z #H7}
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HAEAM S AASH7] 95ty AIdEAE 0.01%2 2-phenoxy-ethanol®
ke 5, &-5aA A E A &2 3 mL FAE ARSEEe] mE gulo)
A daS Qe AFHE AL oA 241 By o, A7
£ ol&ste] 12,000 rpmellA 10&7F A& Fesidt o] g g%
S  Al83le]  aspartate amino transferase (AST), alanine amino
transferase (ALT) % @ Wl Zg & SAHSUH. a2 s 4
718 Ca® A& A kePbAeh S AbgEg e AST ¢ ALTE stanbio
laboratory °l|A #A|Z2E 7]1EE AL, e dANEALS I 2

B27](CH 100 PLUS)&

JIN'
_OL
32
5
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G A FElgt g3, oprtn] M "9 Ax HAES o] &ste] lysozyme
activity #2415 AAIE T EAWHE T4 9 II7ddA 7<= Wy &
Aok WHO R micrococcus lysodeikticus solution (0.1 M phosphate

buffer saline, pH 6.8)& ©]&3% F3 = SAHAWSRE AAFSIT
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zre]

ek

i

=
K2

L

v

g

sheES Lowry et al. (1951)9] o] uwhe}

albumin (BSA)S AFg3te] 750 nmolA SHEE SAH3S .

d% o

;\{___]

S}
=]

& stanbio laboratoryoll A A ZH 7|EE A}

= BA7)(CH 100 PLUS)Z =#A3}9it}.
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Culas
igess

2-6. M= <9

CaO ol o A7 447 WAel wizel 93 Jeje sterst]

fsle] Zu (2004)¢] A& HHS
A o2 HFo| Astx] ZA Hl=
AA Al A% = eosinl

95% ethanolol| A &S AAS F

LREY

FoAn e Abgstel BAsAL,

_39_
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5 Setew ddets Ao we ixad Zaadeld gxe 1+ 9
s Blastr] st siFE Sl S0 m 7o) AEHE gl
Z2 BAE oA ZRE 7+S A7), bouin’s solutionol] 24417 A3
5 A% g S AA g E2v § vbdr|= 5 um ARHE A Zbe)
o]

hematoxylin—-Eosin (H&E) < A13}9t}.
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210 M Ho|| v x&= Ca0o] HFskS

|

I= ZAFs7] 18 AlFEue] A
o2 ez Atg W CaO7F 2,000 mg/ton ©] HE= H7bste] 17
AFESE & Bl FAAES 39S AAEIGITh AFSTIRE St
B3Ca, Adole] Hy A4S 19.6+1.7 cm 2 Bt AF 69+1

1 =
golQom z} Fxd 20nX F~835le] thZE++, PBS (phosphate buffered

A}

i
)

F?O
FO

-3

saline) o<, Vibrio anguillarum (KCTC-2711) oI+t ¥ Edwardsiella
tarda (KCTC-3657) Folars AAste] CaO & wol wE Wgze o=

sl
Age QAR Fold o
AEE @Y T Fold LA

Zv3 CaO 2,000 mg/tond] == #H7}sk

el YAE AHgakiom, 7 19 20mte

¥ 7A213°S PBS (phosphate buffered saline)®}t W<+ V. anguillarum
(KCTC-2711) ¥ E. tarda (KCTC=3657)E Al&3le] 83} om, PBSE
A3 HATEL 1% NaCl H7} tryptic soy Agar (TSA, Difco) vi=|ol A

25T, 24A1zF wiekst 3 X o AMRSQT. V. anguillarume  1x103

cfu/mL, E. tarda= 1X

105
2 ANsgith 2 AFTY 200H 2 e
A

FAbF 1497 ARy

i)

g
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cfu/mL = dEsle BRFaAls 23 344
© 93-95C R fAstgon 27
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= SPSS (Ver.21) SARA =2
AEtg o, PKO.050A4 Fo0Ade &
¥ AHmean = SD)E YER AT

<
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Z+ 26.38+14 U/L, ZrgAdolat 10.88+2 U/Le2 thxaw Tl Zg4l o] wtol
A frelde® wekom(/X0.05), ALT SAHAY 9A gz 5.63£1 U/L,

‘Aol 5.13%1 ULE txzart ZaidoldedA o vt vers oy
Aol ztol= glArH(Fig. 3-2).

(N
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250 ~

*

200 T

150 -

100 -

50 -

Ca concentration in serum {mgfl)

Control Ca®diet

180

160 | =
140 |
120 |
100
80 |
60 |
40 |

20 |-

Ca’’ concentration in serum {mgfl)

Control Ca*diet

Fig. 3-1. Analysis of calcium concentration in serum of
olive flounder, Paralichthys olivaceus, (A) mature
stage; (B) immature stage. #Significant difference
between control group and CaO diet group based on
the student's t—test (/<0.05)
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KL

30

25 +

20

15 +

— *

10

AST concentration(unit/L)

Control Ca?*diet

ALT concentration(unit/L)

Control Ca?*diet

Fig. 3-2. Analysis of AST (A) and ALT (B) in serum of
olive flounder Paralichthys olivaceus. +*Significant
difference between control group and CaO diet group
based on the t-test (/<0.05)
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3-2. Lysozyme activity ¥ 3}

H| 5ol Wadd T st lysozyme &4 54 A3 €39 lysozyme
0.1 U/mL, Z#Adolt 50£0.5 U/mLo.Z £31(<0.05),
ANEAN lysozyme B4 A UlZT 32.542.5 U/mL, ZgEAols 83+2.5
U/mLZ Y #=v(X0.05). T3k olrtw] HA9] lysozyme Ao txd
7.5£0.3 U/mL, ZrgAlolst 25640.2 U/mL & Zidolite] =& 48 7}

FTHP<0.05)(Fig. 3-3,4).
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Fig. 3-3. Lysozyme activity in serum (A) of olive
flounder Paralichthys olivaceus. *Significant
difference between control group and CaO diet group
based on the t-test (/<0.05)

_46_



30

10

Lysozyme activity in skin (UfmL)

Control CaZdiet

20

10

Lysozyme activity in gill {U/mL)

control Ca¥diet

Fig. 3-4. Lysozyme activity skin (B) and gill (C) of
olive flounder Paralichthys olivaceus. #*Significant
difference between control group and CaO diet group
based on the r—test (/<0.05)
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Fig. 3-5. Protein level of liver (A) and serum (B) in
olive flounder Paralichthys olivaceus. *Significant
difference between control group and CaO diet group
based on the t-test (/<0.05)
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B2 eFARGOR HlE Ato]d] Fol AekA e FEHA 2 (Fig.
3-6A), ZaAelwed Mee 2oy fle dAT duUE YehiAdFig.
3-60). olF A%719 dxaty Zuidelw 99 vE 94 A w3 o
Z3e] vl Eo] AsHAl &ty ¢ A HlaE(Fig. 3-6B) ZEA ol H]
= €2 443 duHE e vk (Fig. 3-6D).

o

Fig. 3-6. Staining results of scales in olive flounder, Paralichthys
olivaceus (A, control in immature stage; B, control in mature stage; C,

calcium diet in immature stage; D, calcium diet in mature stage)
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Fig. 3-8. Mortality late of olive flounder, Paralichthys olivaceus
treated of phosphate buffered saline (A). The experiments was

repeated three times respectively.
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Fig. 3-9. Mortality late of olive flounder, Paralichthys olivaceus

treated of Vibrio anguillarum (B), Edwardsiella tarda (C). The

experiments was repeated three times respectively.

_53_



o~
i
i

o7 g AuldHe] WEE dotdt 5= e adlolH, A A=
d5 ZH 8790 3438 s7tete Aoz d4EA Adth(Yeo and Mugiya,
1998; Chen et al., 2004). ¥ <d7elA CaO &weo] gAo dd Wy Z+
SEel Al S Gelstr] skl nAdsTIeE A=) gAY d5 &
T SEE 4 A gzl Hlste] ZEAdeldte ¥ ol o4
N0 (P0.05), SFellA AwHAA Hossain and
Furuichi (2009)¢] A7 A ¥} FAg 235 YeEh L o) ol gXx ¢ &

of
(i)
i

st Aoz 4y 9th(Casilas and Ames, 1985; Gordon, 1968; Rao et
, 1990). & Aol e i Zgidolae] AST,S4 A3 gxarwt
ool A FolAew WA e o (/<0.05), ALTE F Ad 3t
oAl Aol UAAT AgAilolato] Yolx= AdE YEWo i A
o|7F AST, ALTE Z&AIA 1t 715 7 537t = sem AAXIT
Lok Jxo g4, o7kl A, A x HH lysozyme 54 A BT U
Zaol mlsl ZgA el lysozyme 270l o8t S/HlES ST
UM o= CaO7t lysozymes HIZEZ WY 75 A4S S7HAZ7] Wi

o2 AAAH wEkd Ca09 wol7l ¥Ale AWnds S7H7= a3t

S HAS W 3 FHo] dojye= Aoz dEA 9 tHTanaka et al., 2013).
Ay, Zgidelate] F Zdo] gz HlE] Ao dojubA] &k
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g4 glom, ¥, 2, pH, S4=d ==, #4

Pk

2B Ao et
lysozyme &4 o] thgstA YeEbdTtH(Saurabh and Sahoo, 2007).

F=oA lysozymes c-type (chicken or conventional type), g-type
(goose-type) 18] il i-type (invertebrate type)2 &2 A Z7F9 lysozyme©]
ZA6=d], L & oFolE c-typed} g-typed lysozyme©] <43t} Hikima,
2000). ©] c-typed} g-type lysozymeS 1% Al L SAl o S art
A= Aoz dyy o (Itami et al., 1992; Yousif et al.,, 1994; Hikima et
al., 2001; Minagawa et al.,, 2001; Zheng et al., 2007), £3] c-type
lysozyme< calcium-binding lysozymel. & & Z43 Agsls
tHWang, 2008). wpehx] Zrgo] MHAH ISl lysozyme /gl 919
S e Ao duEo] B AHA lysozyme T SAHS 53
7vakdlth. 1 A3 "ol AlZEl=ef AlBe} v4] B osfaro] {HXA| o 2ol
g4 E5F controlitol] Hlske] {Fo]2Ql xpolE YEFRI M (FK0.05), H

S 29l cortisole] W3le} 40 {2

H
WS o83 ALY A2 Be AT AHAE vFolrol ATy %

G Aol FHE FE L AU olFsk Baw st Axe B4 3
B9 BEE 5 93 o2 3 MAHS AWs f4 T FEAAFOEN
9% sEdAY WA AREE BAE e Ao Andd

_58_



2 AT AL Rl Ca0F FF A uehlb: 4ed WaE HAs] 9
sho] wools) slqolm Fiste] @S AYHAL

1A Ggof)l AFEEE o8kl A Wl CaO%7F $XE control(0

_IQl_
YElA] gEkot}t CaOwollAl s% JEdoz Frtshe AL & & Aok |
o A#H FEARe lysozyme 4] Ao A= 4 mMad 8 mM CaOtoll Al

ggor Frkshe AL HAT & AQow, MPOS AL 7 1F 1ol

q
SOl olg% UYL AFE WelA AP FHol Bol olFofAE oF F
ek, et 4 £3E ol
M R ggel A8 B AS5E 5@ Q989 28 oA A

=2
o Zgs A7kete] wolshs WRlexR HdS st 1 Ay o U

IS
oy
ol
©
o
e
5
=3
=X
BY
=
E
ol
ol
&
i
oy
X
©
BY
o
S
Jo
o
(e]
fr
|
N
.l
ol
A%
(e]
=
x>
05}
—

AT FolHRl Apol= vk "AS €A, obrinl A, A



g o] controlstol

e

BRI

3=
b=

= A=

el

WY

7

A HAE 24

A ALES e gl

o

T

=

AL

3 controls™ol] A

S

of A

A A+l V. anguillarum ¥ E. tardasS <19
uebA CaOE Ab

1t

2

5T

s
_foO

Ho
i
o
o
|

]

=

=

TE "Eer Cal

[

So o F7149l A7} Aalsojop

R

o A

o
o
B

S

o

_60_



=
e
El
e
re

Berg A. 1968. Studies on the metabolism of calcium and strontium in
freshwater fish. Relative contribution of direct and intestinal absorption.

Mem. Ist. Ital. Idrobiol. Dotto Marco de Marchii 23, 161-169.

Casillas E and Ames W. 1985. Serum chemistry of diseased English sole
Parophrys vetulus Girard, from polluted areas of Puget Sound,

Washington. J Fish Dis 8, 437-449.

Carragher JF and Sumpter JP. 1991. The mobilization of calcium from
calcified tissues of rainbow trout (Oncorhynchus mykiss) induced to

synthesize vitellogenin. Comp Biochem Physiol A Physiol 99, 169-172.

Cleveland P and Hickman Jr. 1968. Glomerular filtration and urine flow in
the euryhaline outhern flounder Paralichthys lethostigma, in seawater. Can

J Zool 46, 427-437.

Chavez-Sanchez C, Martinez—Palaclos CA, Martinez-Perez G and Ross
LG. 2000. Phosphorus and calcium requirements in the diet of the

American cichlid Cichlasoma urophthalmus (Gunther). Aquac Nutr 6, 1-9.

Chen CY, Wooster GA and Bowser PR. 2004. Comparative blood
chemistry and histopathology of tilapia infected with Vibrio vulnificus or
streptococcus iniae or exposed to carbontetra chloride, gentamicin, or

coppersulfate. Aquaculture 239, 421-443.

Flik G, Fenwick JC, Kolar Z, Mayer—-Gostan N and Wendelaar Bonga SE.

1986. Effects of low ambient calcium levels on Ca2+ flux rates and

_61_



internal calcium pools in the freshwater cichlid teleost Oreochromis

mossambicus. J Exp Biol 120, 249-264.

Flik G and Verbost PM. 1993a. Calcium transport in fish gills and
intestine. J Exp Biol 184, 17-29.

Flik, G, Velden JAV, Dechering KJ, Verbost PM, Schoen-makers TJM,
Kolar ZI and Wendelaar Bonga SE. 1993b. Ca®" and Mg®" transport in
gills and gut of tilapia, Oreochromis mossambicus: a review. J. Exp. Zool.

265, 356-365.

Flik G, Klaren PH, Schoenmakers T.J, Bijvelds MJ, Verbost PM.
Wendelaar Bonga S.E. 1996. Cellular calcium transport in fish: unique and

universal mechanisms. Physiol Zool 69, 403-417.

Furuichi M, Furusho 'Y, Hossain MA, Matsui S and Azuma R. 1997.
Essentiality of Ca supplement to white fish meal diet for tiger puffer. J

Fac Agr Kyushu Univ 42, 69-76.

Gordon RB. 1968. Distribution of transaminases (Aminotransferases) in the
tissue of the Pacific salmon (Oncorhynchus) with emohasis on the
properties and diagnostic use of glutamic oxaloacetic transaminase. J Fish

Res Bd Can 25, 1247-1268.

Herberger AL and Loretz CA. 2013. Morpholino oligonucleotide
knockdown of the extracellular calcium—sensing receptor impairs early

skeletal development in zebrafish. Comp Biochem Physiol A Mol Integr
Physiol. 166, 470-481.

_62_



Herrmann-Erlee MPM and Flik G. 1989. Bone: Comparative studies on
endocrine involvement in bone metabolism. In: Vertebrate Endocrinology:

Fundamentals and Biomedical Implications. Academic Press, New York,

U.S.A., 211-243.

Hickman CP, JR. 1968. Ingestion, intestinal absorption and elimination of
seawater and salts in the southern flounder, Paralichtys lethostigma. Can.

J. Zool. 46, 457-466

Hikima J, Hirono I and Aoki T. 2000. Molecular cloning and novel
repeated sequences of a c-type lysozyme gene inJapanese £ounder

(Paralichthys olivaceus).Marine Biotechnolog 2, 241-247.

Hikima J, Minagawa S, Hirono I and Aoki T. 2001. Molecular cloning,
expression and evolution of the japanese flounder goose-type lysozyme
gene, and the lytic activity of its recombinant protein. Biochim Biophys

Acta 1520, 35-44.

Hossain MA and Furuichi M. 1999. Dietary Calcium Requirement of Giant
Croaker Nibea japonica. J Fac Agr Kyushu Univ 44, 99-104.

Hossain MA and Furuichi M. 2000a. Essentiality of dietary calcium

supplement in redlip mullet Liza haematocheila. Aquac Nutr 6, 33-38.

Hossain MA and Furuichi M. 2000b. Necessity of calcium supplement to
the diet of Japanese flounder. Fish Sci 66, 660-664.

Hossain MA and Furuichi M. 2009. Absorption of 45calcium from

seawater by marine fishes in relation to dietary calcium. J Asiatic Soc

_63_



Bangladesh Sci 35, 9-18.

Hossain MA and Yoshimatsu T. 2014. Dietary calcium requirement in

fishes. Aquac Nutr 20, 1-11.

Tanaka H, Shibano K, Monji Y, Kuwayama T and Iwata H. 2013. Liver
Condition Affects Bovine Oocyte Qualities by Changing the Characteristics
of Follicular Fluid and Plasma. Reprod Dom Anim. 48, 619-626.

Ichii T and Mugiya Y. 1983. Effects of a dietary deficiency in calcium on
growth and calcium uptake from the aquatic environment in the goldfish,

Carassius auratus. Comp. Biochem. Physiol. 74A, 259-262.

Itami T, Takehara A, Nagano Y, Suetsuna K, Mitsutani A, Takesue K and
Takahashi Y. 1992. Purification and characterization from Ayu skin mucus.

Nippon Suisan Gakkaishi. 58, 1937-1944.

John FC and John PS. 1991. The mobilization of calcium from calcified
tissues of rainbow trout (Oncorhynchus mykiss) induced to synthesize

vitellogenin. Comp Biochem Physiol A Mol Integr Physiol 99, 169-172.

Jolles P and Jolles J. 1984. What's new in lysozyme research?. Mol Cell
Biochem 63, 165-189.

Kettle AJ, Gedye CA, Winterbourn and CC. 1993. Superoxide is an
antagonist of anti-inflmmatory drugs that inhibit hypochlorous acid

production by myeloperoxidase. Biochem Pharmacol..45, 2003e10.

Lowry OH, Rosenbrought NJ, Farr AL and Randall RJ. 1951. Protein

measurement with the Folin—phenol reagent. J Biol Chen 193, 265-275.

_64_



Minagawa S, Hikima J, Hirono I, Aoki T and Mori H. 2001. Expression of
Japanese flounder c-type lysozyme c¢cDNA in insect cells. Dev Comp

Immunol 25, 439-445.

Mugiyva Y and Watabe N. 1977. Studies on fish scale formation and
resorption—II. Effect of estradiol on calcium homeostasis and skeletal

tissue resorption in the goldfish, Carassius auratus and the killifish,

Fundulus heteroclitus. Comp Biochem Physiol A Physiol 57, 197-202.

Parry G. 1966. Osmotic adaptation in fishes. Biol. Rev 41, 392-440.

Paterson CR. 1978. Calcium requirements in man: a critical review.

Postgrad Med J 54, 244-248.

Persson P, Sundell K and Bjornsson BT. 1994. Estradiol-17induced
calcium uptake and resorption Iin juvenile rainbow trout, Oncorhynchus

mykiss. Fish Physiol Biochem 13, 379-386.

Persson P, Takagi Y and Bjornsson BT. 1995. Tartrate resistant acid
phosphatase as a marker for scale resorption in rainbow trout
Oncorhynchus mykiss: effects of estradiol-17treatment and refeeding.

Fish Physiol Biochem 14, 329-339.

Persson P, Johannsson SH, Takagi Y and Bjérnsson BT. 1997.
Estradiol-17and nutritional status affect calcium balance, scale and bone

resorption, and bone formation in rainbow trout Oncorhynchus mykiss. J

Comp Physiol B 167, 468-473.

_65_



Pickering AD. 1998. Stress reponses of farmaed fish. In: Black KD,
Pickering AD. editors. Biology of farmed fish. Sheffield: Sheffield
Academic Press, 222-243.

Podok P, Wang H, Xu L and Lu. 2014. Characterization of
myeloid-specific peroxidase, keratin 8, and dual specificity phosphatase 1
as innate immune genes involved in the resistance of crucian carp
(Carassius auratus gibelio) to Cyprinid herpesvirus 2 infection. Fish

Shellfish Immunol. 41, 531-540.

Rao PP, Joseph KV and Rao KJ. 1990. Histopathological and biochemical
change in the liver of a fresh water fish exposed to heptachlor. J Nat

Conserv 2, 33-137.

Renfro JL, Dickman KG and Miller DS. 1982. Effect of Na+ and ATP on
peritubular Ca transport by the marine teleost renal tubule. Am J physiol.

243, 34-41.

Saurabh S and Sahoo PK. 2008. Lysozyme: an important defence molecule

of fish innate immune system. Aquac Res 39, 223-239.

Schmidt-Nielsen B and Renfro JL. 1975. Kidney function of the American
eel Anguilla rostrata. AM J physiol 228, 420-431.

Schoenmakers TH J M, Verbost PM, Flik G and Wendelaar bonga, SE.
1993. Transcellular intestinal calcium transport in freshwater and
seawater fish and its dependence on sodium/calcium exchange. J. exp.
Biol. 176, 195-206

Subcommittee on Fish Nutrition, National Research Council. 1993. Nutrient

_66_



Requirements of Fish. Academy Press, Washington, D.C., U.S.A.

Sundell K and Bjornsson BT. 1988. Kinetics of calcium fluxes across the
intestinal mucosa of the marine teleost, Gadus morhua, measured using an

in vitro perfusion method. J Exp Biol 140, 171-186.

Yeo IK and Mugiya Y. 1998. Effects of calcium agonists on vitellogenin
induction by estradiol-178 in primary hepatocyte culture in the rainbow

trout, Oncorhynchus mykiss. Fish Sci. 64, 443-447.

Yousif AN, Albright LJ and Evelyn TPT. 1994. In vitro evidence for the
antibacterial role of lysozyme in salmonid eggs. Dis Aquat Org. 19,

15-19.

Zheng W, Tian C and Chen  X. 2007.  Molecular characterization of
goose—type lysozyme homologue of large vellow croaker and its
involvement in immune response induced by trivalent bacterial vaccine as

an acute-phase protein. Immunol Lett 113, 107-116.

Zu MJ. 2004. Comparison of Morphological and Nutrient Composition of

Scale Between Cultured and Wild and Released Black Sea Bream,

Acanthopagrus schlegeli. Yosu National University, Yosu, Korea.

_67_



o Aol MAl TS v 2 ul| o

VII. #HAFe] =

==
i)

A 7F &7

N
=

Ak AbEE HEolgych 7bg WA

<H

A7Ape] A

1

s

[e)
T =2

o] W %

P A
A1
S|

°©

3]
=

A,

o o) oy Axw ol A

e ZhAjolw &

=]
&2

)
5

1

[Eis=

| =obAA Ui ue AFE"EY Y 2e]ar ofHell Ao}

avhe

AA A

Al ok e ghel ARl )
o3

]

A

—_—

dom, dqom, qgol, A, ¥

KeR
N

i,

o]
o

E]E
Ho

o
)

—
o

X

B 2ol

F QU el UR g,

=]

b okl

)3

A4 =

X

o

i

i

==
1o

N

"o
o
olo

B!

upAElo R AR @

Aol wEE SR

_68_



S oAb R Ak S AEE ohu, ginh, gFe], ol AW Yy
AR, ea A Ades S8 gy, gacmel A
Sol AL AFets 2 duel GoluAE Aol B elw A
FUTh 257 o] A7k o) Aol Azl | A gol AW YT sma

=gt o RE g AT s A HAEYh AR,

_69_



	...


<startpage>11
...
</body>

