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Studies on The Production of Reactive Oxygen Species (ROS) During

the Early Development Stage of Various Marine Fish Species
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Tablel Rearing condition in each experiment.
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Expt . . Tank  Antioxidant i Flowrate  Rearing i
No Fish species Date D) agert amount Interval ( %lday) eriod temperature
: El (@ tank) il (©)

. 30A 0.5
1 devil stinger 2003.5.25 0.5 90S 01 everyday 200 15days 19.3-22.7
2 devil stinger 2003.6.27 0.5 :;(())2 8? everyday 200 7days 23.7-24.7
3 devil stinger 2004.7.2 5 30A 5 everyday 100 10days  25.2-28.1
4 devil stinger 2004.7.2 4 30A 7 everyday 100 15days  24.3-26.2
APM 10 everyday
S devil stinger 2001.7.27 0.5 90s 0.1 everyday 100 7days 26.8-29.0
90s 0.1 alternate day
30A 0.5
6 marbled rockfish 2001.3.27 0.5 20A 01 everyday 200 7days 13.2-159
APM 10
7 marbled rockfish 2002.4.10 0.5 30A 0.5 everyday 200 10days 15.1-17.4
908 0.1
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Table 2 Specification of green tea extract used in this study

Grade THEA-FLAN 30A THEA-FLAN 90S

A light green to yellowish brown A yellowish brown to red brown

Description powder having a characteristic =~ powder having a characteristic
odor and taste odor and taste

Total Polyphenols min. 30% min. 90%

Epigallocatechin gallate (EGCg) min. 10% min. 40%

Caffein not more than 1%

Loss on drying not more than 6% not more than 6%

Residue on ignition not more than 15% not more than 5%

pH (1% sol) 5.0-6.0 4.5-5.5

Standard plate count per gram not more than 3000 not more than 3000

Coliforms Negative Negative

Arsenic ( As;O3) not more than 2ppm not more than 2ppm

Heaby metals ( as Pb) not more than 20ppm not more than 20ppm
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s+ 2 BT, EiR3, 4o\ Tar=—
TR X D EEERIE 21T 7o, BT Marine
agar2216 & TCBS £#z VT, 25 C, 120
e OB D% 2 0 =—%FH LT,

#H R

F=FaBERWEER 1~5 O&FKREY
Fig1 TR Lz, EBR 1 TIIERICEDIZED
KEEAVFIIRE L 2d>72Hb 0D 15 BS
R DAEFRRITHRED 155%, 17.0%I
XL 30A FRAXT 345 %, 90S MK T
42.6% & VTG A BB TEH -
77, EER2 TII5 BEB LV BEICHEX
TRENVENIE LR LT- 720 FEBR A&
T L7z, 7 BHICRT HAEFRRITHRX 0%
%t L 30A FRANXAS 82.8%, 90S AKX A 54.3%
VTN L BEEICE o T, R AEES
BiEE U CTAERE TITo 7253 Cid9 A
SITHRRR TREAVERFE LT-720, 10
HECEBREZET L, 10 BRIZHIT 5
AR 1.9%, 2.0%iZx L 30A BRI DOE

BRIT 553% & BEITE o T, RBRIEX
D 1 F X ERKIERCOIMEZFT- Tz
D, KE~WIEFRREORH, BEICBRKE
X & DT, MR X 2HETR O/
Mof, FBE3 LR UIRE VT To 7255
4THX10 BAETRERANVIELE B
S7=03, 12 B BITHRRK TR EAV LD FAE
LA LT, 15 BaICii) 2 AFRRITAEK
0% 2% L 30A HRINX 40.0% & BHEIZ R D -
Tro BRRERR3, 4 D30ATMRIL15 BST
BRI OTIMNEAET LTk GRS ik
L, 20 B ETILEER 1.7 TRERY BiF
oo R 90S DER RN E R H M E
HIZ APM & OHE AT~ 7250k 5 TlT, 12
IR ChoTmb DD 5 BEHEH 7T HAIT
DT TR T~WERFEEL, 7 BEICE
A AEFRRIIHBRD 17.5%, 214%IZx L
APM AR Ti% 40.1%, 44.4% & FEEIZE D>
o7, F7-7 BEICKIT 58 B IIIROATE
BT 46.4%, 33.9%, I HEIX T 36.3%,
207% &, BABNRIIEBHENIRB LT
APM FANRAZIZ T2 DD, RFHRX LV
bETENST,



w A
o o

N
o

Survival rate(%)

[IY
o

o

w b U
o O O

N
o

Survival rate(%)

[y
o

o

Survival rate(%)
— N (O3] B Ui
©O © © o o

o

RIFEKEABRSGIZEHE %3675 20104

(A)
15days

o O
o O

(B)
7Tdays

o O

[ ]

Survival rate(%)

N WA U1 O N
o

=
o o

o

Ul
o

N
o

15days

W
o

N
o

Survival rate(%)

[y
o

o
[
|

\'s N v
P &
oy o

Fig.1 Effect of antioxidant on the survival rate
of devil stinger. (A) Expt.1 , (B)Expt.2 ; W+
green tea extract (Teaflan 30A from Itoen Ltd
(Tokyo , Japan).) , I + green tea extract
(Teaflan 90S) , [ Control. (C) Expt.3 , (D)
Expt.4 ; W + Teaflan 30A , O Control ( E)
Expt.5 ; E + L-ascorbyl-2-phosphate
magnesium (APM) , @ +Teaflan 90S for
everyday , B + Teaflan 90S for alternate

day , OO Control.
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Fig.2 Growth of devil stinger at different days after hatching. Each plot and bar indicates
average and standard deviation, respectively. (A) Expt.1, (B) Expt.2, (C) Expt.3, (D) Expt.4,
(E) and (F) Expt.5.



Number of bacteria (CFU,”ml)

Fig.3 The number of bacteria in the rearing water by CFU assay
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Fig.4 The number of bacteria in the rearing water by CFU assay

with Marine agar 2216 medium.(Expt.4)
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Fig.7 Effect of antioxidant on the survival rate of marbled rockfish.
(A) Expt.6; 4+APM, B +Teaflan30A, W +Teaflan90S, [ Control. (B)Expt.7 ; W
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Fig. 8 Growth of marbled rockfish at
different days after hatching, Each plot
and bar indicates average and standard
deviation, respectively. (A) Expt.6, (B)
and (C) Expt.7.

Al IZERL, ZORBELT, LOREW
THRENUT WT AL E VR Y AR~
2L (APM) R, FiERL 3R <, APM
LORIEL Y L AFNRS CLRM72 ROk
FHEWZRWT, BRSO ZHHHE b
WY DEMIMFEDO~FELHEH TX 500
PIZOWTIlATz, =4 2B & Az EER
T Figl 1ORT X 912, EB 1 TiEeRic
EDHIFZEDOREADIUITFE LR T2,



FIFFANE

R 2~4 TIERAE L BSIERER D &
WCRRDHOOTRTOBERIZBWTRKE
WIEMNRAE L, 2 HaxlT T3RR3R
HNZF Ao TIRFEFRIM L T2, FUTH LESE
BRI ARgERIE Y ORI, = OREE
2 & BT ETOERIME T BB ITEE I
SEWVEFRRAHEE L2, 7258 S TiE
AR E APM O 2 fBlEZ AV CHl A
1To720, Wb E I LAt
PRI P~ AR SR IR IO < B TR
& ERROBRARLEZEEZOND, Th

5 OFERITA = 2 BIFROEFE KIHAE
H¥E 721X APM OWThziRmL T~
FEEFEEIHHIT ARNH Y, mEICHE
55 THECIER] B~WEfilic B S LT
WATEREMA R L TWA, £-[EREMED
ABRRIIEBTRMX EHBRE DD x5 B
MEEChHolzZ &b, A=A Bl
AOFEIIFN RIS O IR 252
WASRB XA, ZOMICEL TISEEA
HUZTAE L CWO DR O I BE 2
RN, METRMETH A 9,

TR R OAFRDRIC OV CIE,  EhR
3 OIMBXIZKITARENRLS, HWINEX &
DEEENENTE -5 BELUKE, THLEE
DETEK 0956 mm IELTRY, 0=
FASICHET S L 1—2 ASICHEY TS L
EZzo6nb (Fig2), LaL, IMEX &M
RRICBIT 2 KEAVEOFE A OREICE
RO 2T, ZDOZ LTS EOKE~
WIERREZESHEBT AT — VOBV KBk L
TV, 7o BAFRPNEOERIC X 5D
TR OER, Fl2 XL EYFHE
RERICHET DMESLT 2@ L LTEE
T ATREME AR LN D,

— 5T, ITHRATKDHEBRIZONT
XA ESRIE MR, TSI LY
R ONTAFRO~OIEIFHINRIL, 7%
OPFERIFRIT LD DO TIHRNT L2 LA
LlpoTe (Fig3,4,5,6), AMFECEEA Lok

W E A E O WA BE ABARIZ 51T AIS TR R B AT B Y AR BB ZE

KT 7 7T o ofEERHC LD L, B
EREA R LIRS OERBEO B RIITT
7T 30A OBE, 0.1-5%, 90S DA,
0.05-03% & ST\ 5, FAEFERBRIZVTHR
TE SLDEIENDRAGEEREIL 1 ppm 35
X TR02 ppm THHDOT, Tih LTS
& AR D EINERE CHEDRN AL
IR T DITLBROFERTH D EEZ BN
Do
BT AN 2 EOEBRTY, Fig7 IR
T X S IR £ 7213 APM BVINR 04
FRRIIX RN U CHEEICE <. ~WD3E
PN L A=A a P 0RE & RO S
DL, ERMBEE % -8k 7 T,
0.1 g IRINXDAFRIRIT 0.5 g BIIXIZ i L
TETLH->TERY, B IOHETHLERMY
DIERIFRIREBOH D Z LIRS T,
FROBEEC OV COEERBIMS, &R
B BN -T2 ZTR 6T, SRIOERD
RINEOFH CIIREICEE L2V, D7
< & HERALE MIFTZ LidanboEEX
b5 (Figs),
PRBAHGE TRV 2 APM Ofi#Ei% 50 g T
25,000 A, AEERS CEEIER LZ5E,
FRBAKE 1k H7=0 20 g #d 5 & 5,000 H
NEHRE L LTEREINDZ LITRY,
FERA L~V TOFAEE LW, —F, fF%
FHiY G777 0ABLIOT T T T
90S ; WY (BR) GREEE) Offigi, %
NZEH 6,000 H, kg, 55,0001, kg THD,
AL R CHINEIS CER L2546, #E
KE 1kl 7= OREIL30A 26 [, 90S A3
11 ATHY, HEMEHOTINT X5 ~3E
PR A2 ZRTIUE, EEFSTHL HIC
HERATREREE TH D EEZBND,
BHFFEORERVRT L DL, A=At
X OV RO KRE~ OIS <
APM DOFANZ XL 0 BEEICHHRI S D 2 &b
5, AT REA~VIEICE L TR—OEK
EREoTERY, Witk [HERLIEA) 236



R RK ARSI Je k&

ELTn5EEXLND, ZDX 72~
REOF ) IRMEmD 1| SIHEMRRETHA 9,
EMERFRITAE BN TITEICHE L T DR,

T AIVEVERR Y S I EROFER b E
£7213 SOD, ¥ 7 —PEOFEVEESRIC L
DIBEIIEREEEDONRT A RHEYIT
BEELHEFEL D, D L LE~LZ DX k
VAP BT TIEEDNT L AZRA L
L, WO BRI 2B 2 TRENC 3
A LU TG R D AERIR 2 7o A— V% B
BT EFEE Y UMb 2L 0EYE
DGR SN TWS, BE B FEEAERE
BT D NBRCHEE S - R BRI

53675 20104

IZ& o TT L HHRE Criia <, KIE, FREE,
K, BIREEE, KE, FEKFTOMERE
B HWHFBREHOERNA h Lo ih—iC
R0 HBHLEZ LN, REFEBREICH
K9 2 MR E IR R OMFRUCEIER 22 & 2
—VE 525 LTS, BB LE ORI
& O RE~WOFEDIH] S DB OVWTER
BADSFIREIZ 2 D, S1RITA =A a2 BB LU
Y IFRICOWTEIRRELEDOFE, F0
RECIBRIZAIEMEERIC L 2 ks F &
BITOW TR EITV, TEMEEESR &~
VWIEE DEED VIZOWTHLNI T &N
VEBETHD,



MAFIRE © M ACEERE OIS BRI BT BTG BR R R AT B (LA R BT 98

BIE BER6EOFRICLIEER
REE

BoROHFRIZ LY, IT7x L 2B8EICET
HAMHY OEEKR~ORINC LY F=F=
BHAOAEREPM ETHZ L2 RHEL, 1§
MR (Reactive Oxygen Species : LAF, ROS)
DREAWIEIZEE L OO S AREEZ S LT
23, ROS FEAEDIEEIRIS J U DIERE/R A 1T
B G 2MT 725 TRV,

HY =, A2V Inermis japonicus (3B AT
XEBLLEREORVRETHY, FE
HEELU DPOKERBRGOHIGREE
VE—NII S OB EEESITOMESL
WEROAA TS EZATHD, LHILNR
5, ZhbofEETIUIX LB =
FaBLEE LI RE~NNELRZTHED
EMZFERIZELEBH I TR,
B U= NoT, AP, AV, FL
TEDMOREDOFRADRBEMNHERE T
ROS ZEAT D DNENETHND T LITH
BREEVY, ZOELEN LA CIIRIFFRAT

BAEMTONTWEKELEERED S H
F=Fdza¥, I, AN, eH
Epinephelus septemfasciatus, 7 7 7 Takifugu
rubripes, < % A Pagrus major ® 6 FRFED{FH
(DWW TEMBRSR DL FEFRCT 21T 2 72,

HHRELVFE

R AWFFEClT 6 EOWERSE, =3
aP, h¥A, AN, wNE, KT TT,
T HANZOVWTIHE Lz, A=A 2 BIIERF
B Ak EERBR G DR FKFE TR OB
O BREINC LV BONTIRE RV, b
B I BRNED O I S TR O RIR
WA D BREFCL VIFaEE, AV
IRIEAROBEAEE CERTORENOH
R L VIFREET, v " ZITRIEAKR

DOUEELEE CERR LI-8A» D A TREIC L
DEREINELST-, N T T T A AITONT
RN BRI A EEE ) ORI 5T,
INLOBIXOFARAIIHBAKEIC
5000-10000 Bkl DEETIVE L, I
B KA KR 10-100%, B THEAK LTz, FE
BREB P ORBTAKBERA =4 2T
207213°C, B = 148-162°C, A 3v
153-163°C, =% 21.1251°C, +5 77
17.8-182°C, %1 163-184°CTH -7z, £E
FHILA D LT ZTHlROFRER LA THL L
7t%, fFROREICGE T T 5~15 fEiR,ml
W5 5K 9 1 B 1ERREE LT, 7RIEEKIE
NHERIRINC 1020 BOY > Tvady,

MS222 CHERE 13T, JTRERA% CRE 2
ELT,

{2 FROROS T 5720
\ZERLEE ROS FrRR 1 —7 L0122 (Foeht
T 2R LUALFER BT 21T o 72,
W71 BE 96 KR T A R L— FOD Iwell
2175 plOEKE EBITIEL, EHIZ30
7 H ok F % TRII7T  Microplate
Luminometer (Applied Biosystems) CilI7E L7z,
LO12 iZRIERRIED S 2 R ICHKIEE 05 1M
B EHNBOA Vs =T LV
miz,

ERELRTFEMSICIIBE FAD
ROS EADGFTEZRET 57280, 557t
FIE BB ARER Y T H A A CCD AT

(AR h=7 ) 2R LB ELR T
BREE S W BIE 2T o7, W iFaE AT
A RT T AEIZHEET%, 10 uMDLO12 %
WINLEBICHET © 1 oMoREEIT- 72,

FAEPEBM (760 ROS EEDBIIZ
DWTHRZES 720, {8 ROS AL
M 2B DR EZR T2, 100 u
gml D=V GV U ALREBA ST
A 2T 24 BEEOER R, (LR EBIE
35 & L BT, Marine agar2216 35tz v 7z
CFU 1 PGB KR OMERR 23 LTz,



TR IR K EE A BRI I FE

w R

Fig9 2=k 9iz, 6AEOSMUFA (0
BE) Wi bbFZReeErL, Zhbik

100 U/ml @ SOD #ANC

400
3 o~
52 300
2 2
22 a0
E 2 100
R
= 8
U SN’
L 25000 -
g 2 20,000 -
éﬁ 15,000
£ £ 10,000
= .2 5,000

<
E5 o
U\./

1,200 -

8~
52 900 -
2 <
2 E 600
£ 2 300
;=
= = 0
@]

30 B S ) &

A

o,

0 10

20 30

E

0 10 20
Time (min)

30

#36%  20104F

o 7230 S3RDILEFER D/ — o b3
JERED B — 7 fEITRATEIC L > TENEILKR
L ARSTCOER, VI ERHET S &
INHOBBEOH T, A=Y IRRC
LIV ThHoT,

1,500
1,200
900
600
300

0

5,000 -
4,000 -
3,000 -
2,000 -

1,000

1,500 -

1,200

900 -
600 -
300 -

0 10 20
Time (min)

30

Fig.9 Patterns of LO12-mediated chemiluminescence responses of 0 day post-hatch larva of marbled
rockfish (A), black rockfish (B), devil stinger (C), sevenband grouper (D), tiger puffer (E), and red

seabream(F).
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Fig.10 Time course of chemiluminescence response levels of larvae of six species during
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Fig.11 Location of ROS generation in several marine fish larvae. Black rockfish(A),(B),(C),(D),
Marbled rockfish(E), (F), Tiger puffer(G), Devil stinger(H), (1), (J). (D),(F): In the presence of SOD. Each
bar indicates 500pum.
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Fig. 12 Effects of antibiotics on the number of bacteria in rearing seawater, and
chemiluminescence response of several marine fish larvae.
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Fig.14 Relationship between the number of embryos and chemiluminescence response intensity.
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Fig.15 Time course of 1.012-mediated chemiluminescence response of the fertilized egg and

unfertilized egg of devil stinger.
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Fig.16 Location of ROS generation in embryo of devil stinger. Scale bar
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Fig.17 Effects of various agents on L012-mediated chemiluminescence response of the
embryo of devil stinger.
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Fig.18 Immunobloting analysis of the embryo proteins with the

primary antibody against human neutrophil cytocrome 5558 large
subunit (gp91phox) of NADPH oxidase.
Lane A, embryo; Lane B, RAW264.7 cells (mouse macrophage

cell line).
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Fig.19 Time course of chemiluminescence response levels during the development from the fertilized

egg to aged larvae. @Control, O+PMA 0.1pg/ml
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Fig.20 Relationship between the chemiluminescence response intensity and the number of

death in the rearing tank.
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Fig.21 Time course of L012-mediated chemiluminescence response of the embryo of

devil stinger during embryogenesis.
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Summary

Studies on the Production of
Reactive Oxygen Species (ROS)
During the Early Development
Stage of Various Marine Fish
Species

Devil stingers (lnimicus japonicus) and

marbled rockfish (Sebastiscus marmoratus) are

economically important fish in Japan. These
fishes have been expected to be profitable species
for marine ranching because of their migratory
habits and high retail prices. Some hatcheries
have tried to establish seed stock, but they have
not been able to achieve stable production because
of cryptogenic mass mortality during the larval
rearing stage. Rearing conditions, egg quality,
feeding conditions, and diseases are suspected as
causes of this; however, the precise reason for this
mass mortality has yet to be elucidated. There
has been a report that the survival rate of the
marbled rockfish larvae was notably improved by
the addition of ascorbic acid into the rearing tank.
Based on the above report, 1 speculated that the
improvement in the survival rate was a result of
the antioxidant effects of ascorbic acid caused by
excess ROS. There has been little research about
the production of ROS by fish larvae, or about the
involvement of ROS in the survival rate of larvae.
Herein, 1 tried to accumulate an elementary
knowledge about ROS production of various
marine fish larvae, and to elucidate the effects of
the ROS level on the survival rate during the early
development stage.
1. To confirm an effect of antioxidant materials,
such as L-ascorbic acid phosphate
magnesium (APM) and a catechin rich green

tea extract, which are commercially available
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from Itoen(Ltd.), on the survival rate of devil
stinger and marbled rockfish larvae, rearing
experiments were performed. These materials
dramatically decreased the mass mortality of
the larvae without any negative effects on the
growth. The effectual additive amounts per
1kl of rearing water were 10g of APM, 0.5g
of Teaflan30A, and 0.1g of Teaflan90S,
respectively.

I investigated the production of ROS
utilizing chemiluminescence analysis on the
larvae of 6 marine fish species: devil
stinger; marbled rockfish; black rockfish

(Sebastes  inermis);

sevenband grouper
(Epinephelus septemfasciatus), tiger puffer

(Takifugu rubripes); and, red seabream

(Pagrus major). The larvae of these six
marine fish species produced ROS under
normal rearing conditions without extra
stimuli or inducers. These results suggest
that ROS generation is a common biological
feature of at least the fish species tested in this
study.

Since the addition of superoxide dismutase
(SOD) resulted in a significant disappearance
of chemiluminescence signals, the larvae of
these six marine fish species primarily
produced superoxide anions.

The larvae of these six marine fishes produce
ROS to considerably different extents. The
exact reason for these differences is unclear
now, it might reflect the different biological
characteristics of the ROS generation systems
in the various fish species. The devil stinget,
marbled rockfish, and black rockfish showed
much higher levels of chemiluminescence
responses than the others. Since it is known
that the survival rate of these fish species are
unstable because of sudden mass mortality

during the larval rearing stage, the higher
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level of ROS production of these fish species
may be somewhat linked to this incidence.

I examined the ROS production of the devil
stinger embryo. The embryo of the devil
stinger produced a certain level of ROS;
furthermore, when the soluble proteins
extracted from embryos were analyzed by
immunoblotting, using an antibody against
human neutrophil cytochrome 5558 large
subunit (gp91phox), a main band of
approximately 91 kDa was detected in the
cells of the mouse macrophage cell line
RAW264.7. These results suggest that the
devil stinger has an ROS generation system
that is already activated at a fairly early stage
of development, before the maturation of the
usual immune system.

The ROS levels of devil stinger larvae in a
rearing experiment for mass seed production
were monitored utilizing chemiluminescence
analysis during the initial 15 days. Although
the larvae escaped extinction, outbreaks of
mass mortality occurred two times out of six
rearing experiments. In two experiments,
the ROS levels surged for a while before
increasing mortality. These results suggest
that the mortality of larvae might be
predictable by monitoring ROS levels during
rearing.

The expression level of gp91phox was
analyzed by immunoblotting analysis during
embryogenesis of devil stingers. The variation
pattern of gp91phox were coincident with the
pattern of ROS generation, both the
expression of gp91phox and ROS generation
reached a peak at about 30 hours post
fertilization.

The high ROS level was observed in the fish
species prone to mass mortality; furthermore,
increases of ROS generation coincided with
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mortality in the case of the devil stinger.
These results demonstrate that an
environmental factor, such as infection with
some kind of bacteria trigger over production
of ROS, and excess ROS might cause mass
mortality.






