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Abstract

The present study was carried out to identify physiological changes such
as blood components or antioxidant enzymes, protein levels, viability, and
hatching of egg after radiation exposure on the fertilized egg of Haliotis
discus hannai, Haliotis discus discus, and Paralichthys olivaceus.

In order to evaluate the effect of low radiation on the fertilized egg of H.
discus hannai and Paralichthys olivaceus, the radiation exposure was
performed at the level of O, 0.2, 0.4, 0.8, 1, 2, 4, 8, 10 and 20 Gy.

The physiological changes of H. discus hannai was analyzed at 1, 3, 6,
12, 24, 48, and 72 hours after irradiation, while analysis of the egg of
Paralichthys olivaceus was performed by development stages.

The experiment of high radiation on H. discus discus was tested to
determine LDsy and the physiological responses. This exposure was
performed at the level of O, 50, 100, 200, 400, and 800 Gy, the analysis of
irradiated groups was accomplished at 0, 1, 2, 3, and 4 weeks after the
exposure.

Low level of irradiation on H. discus hannai showed that the dropping
level of lymphocytes at the early stage after irradiation has recovered to
the normal. Distinctive protein was only expressed the control and 0.2
Gy-irradiated group for 21 kDa protein and the 0.2 Gy- and 0.4
Gy-irradiated group for 31 kDa protein.

The level of antioxidant enzymes increased directly after irradiation, the
value was reduced gradually until the end of experiment. Similarly, the
expression of HSP 70 mRNA was decreased the experiment groups except
10 Gy-exposed group.

As result of a long—-term breeding of H. discus hannai after irradiation, an
increase of growth was not determined. However, the 20 Gy-irradiated
group has shown a remarkable delay of growth.

Determination of LDsp and physiological changes for high dose of
irradiation on H. discus discus was determined that irradiation—induced
decline of circulating lymphocytes was linked to death. Antioxidant enzymes
has decreased gradually until the death, while the expression of HSP 70
mRNA has increased gradually. Finally, the LDso of H. discus discus was
revealed 30 ~40 Gy.
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The physiological changes of the fertilized egg of Paralichthys olivaceus
after low irradiation was determined that LLDso until larvae was about 8 Gy.

Irradiation of 8 ~ 20 Gy has induced a delayed cell cycle arrest. This is
going to distinguish a difference of protein expression on the irradiated egg.
As a result of the changes irradiation, the eggs was died after all.

The genes related growth was reduced at the early phase after
irradiation, levels of genes were rising to larvae stage.

These data has shown that radiation hormesis was not determined in H.
discus hannai, high dose of radiation was influenced a growth limitation
during long-term cultivation. High irradiation on the eggs of Paralichthys
olivaceus was induced cell cycle arrest and was linked to death.

However, it is necessary to evaluate a hormesis effect of irradiation on the
eggs of Paralichthys olivaceus.

This study was determined LDsg as an important point in radiation induced
mutation breeding of valuable breeding species. High dose of irradiation was
changed levels of DNA, RNA, and enzymes on the irradiated individuals, it
is linked to difference of protein, cellular function, and individual death
finally.

To obtain the practical benefits through radiation applied breeding for
marine organism, data for various species, research for radiation hormesis,
approach for overall evaluation, determination of generation effects, and

long—term observation need to be further evaluated.
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gz ¢ 542 AFMA F 0, 3, 6, 12, 24, 48 B 72 hAloll A& A%

l:lR

Ao 2 HE v 128 26GX 1/2¢ 1 ml FAE o]gsle] dANe AFH3 =
0.9% AAAAFE 108 FAste] I AAFS o] &dle] aolgls 42 A
3t (Fig. 3).



Fig. 3. Take a blood sample in abalone.



(1,000 rpm, 15 min, 4C)o 2oJ&) AW 2 JAAES A AsAL 72
A#+2](13,000 rpm, 20 min, 4TC)3F & FeHES bl a4 SAHE Al5E ALE

tATHFig. 4). @A S Lowry et al. (1951)9] "ie] wel 1% dd=

ol
S
5
8

4 BSA(bovine serum albumin)& AF&3t% spectrophptometers ©]-& 7
oA A (Fig. 5). SODE pyrogallol®] A& AFsl&o] AA|EH+= & A
3t= Marklund and Marklund (1974)8] W o=z =A3Poenm, 50 mM
phosphate buffer (pH 8.24) 1.3 méol] 2+ #Z2N 25 WS €2 T 45 u

83t 325 nme] I3
ol PR, aagidel 1 &el= w9 F9| pyrogallold] 43S 50% 9
Aste &Bao do AU (Fig. 6). CATENE AL H0.5 7|42 AHE3}
o] sectrophotometere] 23} 240 nm¥go A H.0.7F st & IAs= 3=
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nmol= YEFHATHFig. 7).
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Hepatopancreas or gill

Adding 100mhk
hd Phosphate buffer
Homogenizing (pH7.4) 4ml

)

Centrifugal seperation{4, 1,000 rpm, Smin)

! +«—— vortexing

Tpper phase

Centrifugal seperation(4, 13,000 rpm, Z20min)

Tpper phase

v

Sample for protein assay

Fig. 4. Extraction of protein.

sample for protein assay BSA standard soln.
(100w ) (100wl

Adding bml of diluted dve reagent

A 4

Incubation at room temperature
(Bt

Y

Measuring O.D. , .y of sample

Fig. 5. Procedures for protein assay by Lowery method.
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Adding 1.3ml (50mM phosphate buffer pHS.24)
+ zample ZHul

l

Zero Base

Adding 45ul of 3mk Pyrogallol

h

Measuring O.D. ,_5.; of samgple

Fig. 6. Procedures for measurment of SOD activity.

Adding desired volume of sample(Z20 ul of PMS)

Adding 1 ml
(67 mM phosphate buffer pH7.0)

Adjusting total volume to 2 ml

¥

Adding 2 ul of Hy0,{30%)

|

Measuring 0.D. ,_,y; of sample

Fig. 7. Procedures for measurment of catalase activity.
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6) RT-PCR &4

EA% ofztu] ZZA |  Tri-regent 500 wWE 7}3itt, SR Ao AR A8E
Astek & Lol A 57 WXt} Chloroform 100ut 7Hek $- E3tate] ALl
A 383 A ekt 44 FE](13,000 rpm, 4T, 10 min) %
o &7 5% 274 isopropanols WolA Eghrh 1087 Al WA F o
A#2(13,000 rpm, 4C, 10 min) v} FAHHE AASL 27FE 75% ethanol
S 1 m YA &3 & 4A#2(13,000 rpm, 4C, 5 min)gc}. o] 5 33 wHE3}
AR NS A AGta Ao 1A 7FE Hx|E}e] ethanols ZEA|71th o] 7] 9
DEPC 25t 9¥olA total RNAS ¥9th. FZE%€ total RNA= -70CelA Bas}
of Ay ARESI S, PROMEGAAFS] c¢DNARA kit¢l ImProm reverse
transcriptase kit A3800= o]&3lo] cDNA = A5ttt 4% cDNAES ZZ
A17171 918l A cDNA 2 ul, 10x PCR buffer 5 wf , MgCl 3 ul, dANTP 1 pul,

Rl

primer (sence) 1 ul (50 pmol), antisence 1 pf, Tag DNA polymerase 0.5 4
2 Nuclease-Free water 36.5 wE 233sle 94T+ 583 predenaturation
AAFE F 94TColA 1#3+ denaturation, 50l 4] 45%3} annealing, 72ColA] 1
7t extension £2ASZ 303 TZ3}aL, o] F 72TolA 587 o wHSA AL

HSP 70 mRNA®l tgt oligonucleotide primerE A% 3/d3s}SlaL
AHESE7] #1383 B-actin mRNAE A &8It (Table 1). PCRZ S3%E A= 1%
agarose gelollA 100VZ H7|9g&s st #elstsiem™, 100 bp DNA ladders
size markerZ A}F83}o] UV transilluminatorstoll Al ARZlS &3l o]n ] F4]

2 % (Labworks 4.5)2 ©]-&3Fo] mRNAS] WS sl

oZ
o,

==

Table 1. Oligonucleotide of primers for RT-PCR

RINA species Expected size Primer sequence

O -GACHCAGATCATGTTYGARACC-3

f-actin mRNA a4obp 5 -CCTTCTGCATRCGGTCAGC-3"

5'-CAGGACTTCTTCAACGGCAAG-3'

HSRIOHRNA “0ptD 5'-GTGCTCTTGTCEACAGCTGA-3'

bp: base pairs
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7) SDS-PAGE &4

A& op7tu & AFste] 3 ¢+5-8 9 100 mM phosphate buffero] A &
UolA & Este] AA4E#](12,000 rpm, 15 min, 4T) 3ttt AEHS 2:1 A
% 2 X Laemmli sample buffer (80 mM Tris—HCI (pH 6.8), 2% SDS, 12% B
-mercaptoethanol, 15% glycerol ¥ 0.012% bromphenol blue)ol] &34 90T
o] o] £XzelA] 33t boiling ¥ F Laemmli (1970)9] ®Hel whe} SDS-PAGE
S 2AAEETE. 7.5~10% polyarylamide gel S AFg3lo] 250V, 55mA=E 4A17F
B AVIFES AAG F AAd (0.136% coomassie briliant blue R-250,
45% methanol % 10% acetic acid)olA] 407+ AAstaL | 7.5% methanol,

7.5% acetic acidolA] EMEFTHTable 2, 3). Ex% =g FFohwlzao

=3

myosin (200 kD), B-galacosigase (116 kD), phospholylase b (97 kD), bovine
serum albumin (66 kD), ovalbumin (45kD) % carbonic anhydrase (31kD)E A}

S8kl

Table 2. Compositions of reagents related to SDS gel

solution Component
Acrvlamide A Acrvlamide 22.2 8
Methylene-bis—Acrylamide 0.6 g
Adjust to 100 ml
Lower gel buffer 18.15g Tris baze adjusted to pH 8.8 Final volume 100ml
(4> concentrated) with 6N Hl Tris 1.BM
Upper gel buffer 6g Tris base adjusted to pH 8.8 Final volume 100ml
(4% concentrated) with 6N HCl Tris 0.5M
10% SDS SDS(sodium dodecyl sulfate) 10 g
Distilled water Adjust to 100 ml
10% APS Ammonium persulfatel APS) 0.1g
Distilled water 1ml
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Table 3. Regents for preparing for SDS-PAGE

Lower gell 7.5, 10% Upper zel 39,
Acrylamide A 12.12 ml 16.2 ml Acrylamide A 2.7 ml
Water 14.16 ml 10.08 ml Water 12 ml
Lower gel buffer 9 ml 9 ml Lower gel buffer 5 ml
10% APS 0.36 ml 0.36 ml 10% APS 0.2 ml
10% 3D3 0.36 ml 0.36 ml 10% 5D 0.2 ml
TEMED 0.036 ml 0.036 ml TEMED 0.02 ml

Total volume 36.036ml 36.036ml Total volume 20.12ml

8) Western blot 4]

Western blot2 Towbin et al. (1979)e] HI'HS- W 33s}e] AASAHFig. 8).
SDS-PAGE® ¢J3)] #2le @z 15Vel A 4A]7F F<F nitrocellulose (NC)2Ho.
2 HAAMAZ] 3 ponceau S £ (0.2% ponceaus, 3% trichloroacetic acid %
3% sulfosalicyclic acid) 2 AALES sHelstdrl. 2 T Ao H|E0)7d AFgS
7] 98l 3% bovin serum albumin® 0.05% Tween 20°] 3% 0.1M Tris
buffered saline (TTBS, pH7.4)& ©]&38e 40% A2olA oFslA EE5HA
blocking A% th. Blocking®] €% % HSP70 (Sigma, H5147)cf thdt &AE NC
ol H7Eeke] 1AIRE ok Aol M ke §, TBS-T (0.05% Tween 20 in
TBS)®= 58X 33 A& 3%tk Alkaline phosphjatase—conjugated goat
antimonuse 1gGZE 1At F<oF Ao wj%star TBS-T fHoz 5 A3

<, DAB(0.1%)¢} 0.03% H.0.7} $Hr¥ PBS (pH7.2)2 2218 f- %3830t}
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Plate electrode. Cathode(-) I

Whatman paper ' !

sDE—polvacrvamide gel |II II|
FYDF membrane

Whatman paper

Flate electrode. Cathode(+)

Fig. 8. Set up of Whatman paper (blotting paper), gel and PVDF
between the plate electrodes. Blotting paper and PVDF are
used in the same size as the gel.

9) BAA

2} 2ol

A dold Azl Wi gel #olAk fi= SPSS A H7IA Al %
ANOVAZ EA4{8te], Pgko] 0.06H T 22 495 folsitta #Asgivh. v

2 s
Aol A% WurEzAgros vehigeh
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Survival rate (%)

Fig

1onp L L i B L =
glR ¢
—— 0 Gy —B=—2.00Gy
60 ——02Gy —a—40Gy
—o— (04 Gy —— 8.0 Gy
—— 08 &y —— 100 Gy
40 T —— 10 Gy —— 200 Gy
2E F
O [ I i I i ]
0 3 6 12 24 48 Te
Time (h)

9. Survival rate of juvenile abalone (H. discus
the exposure of gamma radiation.
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1-2) d¥= 4 3}

ARG

O+

A

EN

AFR Qlg AR dg Wel: 2AF Oholle 1~20 Gy
Z70 Gy)EY FoAor agh s &9 & 5 AAH(Table 4, K0.05). o
ARk 3holl A= 107 20 GydlA = dlE27(0 Gy)Rt §94¢ Hag sl
2 GyolAl= freldo=m ke 21s g8k th(r<0.05). 10% 20

W20 Gy)ET FoAQl HAag 2SSl ai(x0.05), o F2= thx7-9
FHA Aol Bl A ki) a2gla 6holl e ShelME Fol & $ dAd

=2 T
0.8 1 GyollAl tHx7(0 Gy)EY Fo A<l S7HE gl & 5 AATHPK0.05).

2

kv

Table 4. Variations of hemolymph factors of abalone (H. discus hannai)
reared with different dose radiation

Doge (Gy) 0h ih Eh 1Zh ¢dh 48 h T2 h

0 182032 173x0.28 1.70+0.07 169006 1.70+0.23 LE3£0.08 1784023
0.2 162+0.08 1632028 1.63%£0.30 1714024 1624006  LG62£0.35  1.80+0.16
0.4  159+0.34  L56£0.18 1.58£0.26 1692004 153x0.17 1562014 1.630.19
0.8  Le60x0.20  1.95%0.34 2.03+0.23% 1688062 1.59+0.49 LED£0.48  1.73£0.27
10 163£0.23% 1614029 187+0.22% 1562042 1.48%0.15 L6048 1634023
20 1.4520,16% 20420284 1814031 163045 1492012 1492020 1724026
4.0 1.62+0.08% 1.74x0.35 162034 176021 1.31+0.41 1352039 1.E3+0.09
8.0 13640224« 1.54+0.29  1.80+0.43 1.56+0.30 1.56+0.22 136+0.25  1.60+0.1F
10,0 1.43+0.21% 1.47+0.24% 1.45+0.16% 1.53£0.14% 1.4540.17 1.42+0,30 1.6340.19

20,0 1.35#0.14%  1,4840,21% LBA0.14% 1.48£017#k 1461017  1,33£0.37 1534013

The values are meant 3D, (n=3), *F<0.05
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Ab AFEE 049 8 Gy

=z

WARD ALl wE SOD&E A

10).

A 2 WIS 724

Xé]fs

v}

AT

7}

Ath(Fig. 10-A).

5

st A%

=
[}

ol A

7 74 vhe

7ok =70 Gy)7k HI=® A7t

T

fi%e)
o7
o
ol

)
—_
file)

(A)25

(um urajord Surfimm) qos

Lo
1
]

(oss weoad Bur/lount) Lyo

Time (h)

(CAT) activity in abalone (H. discus hannai) reared

Fig. 10. Change of superoxide dismutase (SOD) and catalase
with different dose radiation.
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1-4) HSP 70 mRNA & =ko] w3}

E3k HSP 70 mRNAS] #H&L2 =70 Gy)o AgFolA A5 Yevdes As &
A8tATH(Fig. 11). A HSP 70 mRNA &S B-actin mRNAZ 7]Fo2
W AAE Rl thFig. 12). WARE A A5 gife] HSP 70 mRNAZE
Fatda, 49F 20 GyollAE HSP 70 mRNA7ZF 7438t AL ol 49
TE2 A3 1247744 HSP 70 mRNA7ZF 749t 712 gelaqith. agn &
4 3}

B 72A7bE 10 GyE A9 AdFES HSP 70 mRNAZ} #H4dtE AS el

o

o|N
N

B-actin (520bp) HSP70 (400bp)

Dh 3h 6h 12h 24h48h72h 0h 3h Eh 12h 24 hd8h72h

et N e

0 Gy
BRaay

0.4 Gy
0.8 Gy
1.0 Gy
2.0 Gy
4.0 Gy
8.0 Gy

10.0 Gy
20.0 Gy

!
!

!

{
!
1

Fig. 11. Effect of gamma radiation on B-actin mRNA and
HSP 70 mRNA of gill in abalone (/. discus discus).
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300 r —+—0Gy —B—200Gy
——0.Z Gy —— 4.0 Gy
—— 0.4 Gy —— 5.0 Gy
H..250 | —e—0.8Gy—%10.0Gy
o8 —m— 1.0 Gy ——20.0 Gy
|
o, 8 i
S 8 200
T3
Ao
= I LTUN
2
5 Eé 100
Q
s
50 B
0 |
0 &) & 112 24 45 T
Time (h)

Fig. 12. Effect of gamma radiation on HSP 70 mRNA of gill
in abalone ([ discus discus).

=
21 kDa FZollA 12A17Ao] @ o] FHishAl 2= A A vHFig 13-A,
B), tt& AdF 5ol = FHEA Rl A= Atk AM AR A F 0.2
o} 0.4 Gyol 31 kDa Lol A 270 Gy)olA F3lo] YepA] 15 x| ¢S
gl do] el 21 gelelth(Fig. 13-B, O).
A WA AR mE HSP 70 w@d #dS glsly] 95k western
blot= AAISATE SFAIRE WAR FAbEFo] gk HSP 70 @A A3 F8 7t

A A FEA A YEFA] Skt (Date not shown).
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kDa M 0h 3h Bh 12k 24h 48h T2k M Oh 3h Bh12h 24h48h 72h M 0h 3h 6h 12h 24h 48h T2h
200

116
a7

M 0h 3h Bh 1Zh 24h48h T2h

il
i

21

M 0h 3h 6L 1¢h24h 48h T2k M Oh 3h Gh12h 24h4Bh 7h
¥Da M 0h 3h Gh 18k 24h 46k 72k M 0k 3h 6h12h 24h 48k 72h

200

118
a7

kDa

200

118
a7

M 0k 3h 6h12h 24k 46k T2h

6

il

Fig. 13. Protein expression of abalone (/. discus hannai) after the exposure
of gamma radiation.

A:0Gy, B: 0.2 Gy, C:04 Gy, D : 0.8 Gy, E : 1.0 Gy
F:20 Gy, G:4.0 Gy, H: 8.0 Gy, I:10.0 Gy, J: 20.0 Gy
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A7 S AP Table 59F #uh Ad 7IRF St SAE HAE 2

1.7 %R, 7 @& fdiES 3¢
2 493 89 322 %= dElwu. pHE it
7.76~7.922 dAsA Ut &E44AD0)E Bt
Ae 7.4~7.7 mg/LE LASA Ve

16.8 T ¥t 718 @H& 4208 39 13,1 C A3, & =8 8¢9 27.
3
2

Table 5. The change of temperature, salinity, pH, DO during the experiment

Month Date Templ'c) Salinity(%) pH OX?;;ESI?&EQU
2004,2.2 o 3.7 7.91 7.6

37 13.1 3.2 7.84 7.4

44 145 3.3 7.76 78

5,2 16.1 I8 7.92 7.5

8.8 27.4 3.3 779 7.7
2005110 147 31 7.92 7.4
Meant 8D, 202541011 I1.6540.70 7845011 75540.21
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2-2) ZF&(shell length) W3}

20043 29H-E 20059 197FA 48F F<b F21 Ao ALS3 zF et A
5 x99 7+ 4% A3} Table 63 2t}
AER o] Zt a7)e] Wes Auud, A8 AF Al Z; Aeae] Hy e

Zpol 7F WERRTH(X0.05). AFF RS 48F Ao A ARE AuEH AF A&
Al z7¢l 0 Gy 3.43£0.15 mm, 0.2 Gy A@+2 3.47£0.23 mm, 0.4 Gy

]

n9L

& 3.37£0.28 mm, 0.8 Gy A¥TES 3.4510.14 mm, 1 Gy AI+FL
45+0.19 mm, 2 Gy 23S 3.4840.25 mm, 4 Gy A3 3.444+0.14 mm,
Gy A¥7S 3.48+0.19 mm, 10 Gy A3S 3.4340.12 mm, 20 Gy AL
€ 3.42+0.12 mmollAd WET 0 Gye 5.79+0.45 mm, 0.2 Gy AFLL
5.33+£0.56 mm, 0.4 Gy A&+& 5.1840.72 mm, 0.8 Gy 2Ad&
mm, 1 Gy A¥7S 547+0.32 mm, 2 Gy AATFLS 5.54+0.24 m
T2 5.66+0.33 mm, 8 Gy A¥w 558+0.61 mm, 10 Gy A<
5.174£0.54 mm, 20 Gy A& 4.80£0.47 mm= AF 33k 2 A A
el zto]l2 B txT¢ 0 GyE 2.36£0.3 mm, 0.2 Gy= 1.86+0.33 mm, 0.4
Gy: 1.81£0.44 mm, 0.8 Gyx 2.2940.46 mm, 1 Gy= 2.02+0.13 mm, 2 Gy
£ 1.811£0.24 mm, 4 GyE 2.2240.19 mm, 8 GyE 2.104£0.42 mm, 10 Gy:
1.74+0.42 mm, 20 Gy 1.38+£0.35 mm SIth. AFFENA WAL Ao =
< 20 GyolA Aol =gAl YeFRtoh(P<0.05).

o w
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Table 6. Variations of shell length (cm) for juvenile abalones reared
with different dose radiation in the farm

Dose (Gy) 0 week 4 week i week 12 week 26 week 43 week
0 3.43£0.15 3.5340.14 3.8310.15 4.0540.19 4.760.24 5.73£0.45
0.2 3.4740.23 3.5240.24 3.7240.32 3.8540.27 4,380,682 5.33£0.56
0.4 3.3740.28 3.43£0.26 3.6540.32 3774034 428064 5.18£0.72
0.8 3.4540.14 3.5440.15 3.6140.18 404024 470046 5.7410.60
1.0 3.4540.19 3.5340.21 3.6040.59 3.9840.27 447056 5.4740.32
2.0 3.48£0.25 3.62£0.25 3.83£0.21 4.040.23 4.74£0.17 5.5440.24
4.0 3.4440.14 3.56£0.17 3.6040.19 4,130.35 464047 5.66£0.33
8.0 3.48£0.19 3.60£0.20 3.6740.19 4.0320.2 454050 5.580.61
10.0 3.4340.12 3.4740.16 3.6440.22 3.8240.27 447067 5.1740.54
2.0 3.4240.12 3.4440.20 3.6240.15 39540147 41440337 4804047

The values are meant 5.0, (n=3), *F <0,05
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2-3) ZFE(shell width) ¥ 3}

Al ggatels UERHATHPL0.05). A 12F Aol A = AR AFEEO]
10, 20 GylA = dHEad Fo420 A% Aol HEbATH<0.05). A 265
Ao A=z vlustls w10 GyollA = oAl At 7F gl 0
GyollA= 1254t o] /oAl AAAtelE HEHATIK0.05). HFFE
48FA o A58t ARE Aurd AE AJF A gizatel 0 Gye 2.29+£0.10 mm,
0.2 Gy 282 2.31£0.20 mm, 0.4 Gy A+ 2.20+£0.17 mm, 0.8 Gy 23
T2 2.46%£0.42 mm, 1 Gy A3 2.29£0.12 mm, 2 Gy A3+ 2.26£0.12
mm, 4 Gy A8+ 2.22£0.09 mm, 8 Gy A¥+2 2.32£0.11 mm, 10 Gy &
P2 2.26£0.08 mm, 20 Gy A2 2.23£0.06 mmoA tixzTd 0 Gye
4.00£0.22 mm, 0.2 Gy Ad7 3.64+0.41 mm, 0.4 Gy A+ 3.53+£0.46
mm, 0.8 Gy A3+ 3.99£0.31 mm, 1 Gy AF+2 3.76£0.20 mm, 2 Gy
P2 3.82+0.11 mm, 4 Gy AP+ 3.84+0.38 mm, 8 Gy AP+
3.80£0.35 mm, 10 Gy A+ 3.55+0.27 mm, 20 Gy Agd+ 3.22+£0.33
mmz AF . 7 AATE AFAEY AolE B dxad 0 Ge
1.71£0.12 mm, 0.2 GyAd+2 1.33£0.21 mm, 04 Gy 2@+ 1.
mm, 0.8 Gy 43872 1.11+£0.31 mm, 1 GyAdT 1.47+£0.08 mm, 2 Gy A&
TS 1.4440.11 mm, 4 Gy A7 1.62+0.27 mm, 8 Gy A+ 1.48+0.24
mm, 10 Gy A3+ 1.29£0.19 mm, 20 Gy2 ¥+ 0.99£0.27 mm It A3
B A WAL ZAREFO] =& 10, 20 GyellA Aol =g Al JERETHIX0.05).

o

_26_



Table 7. Variations of shell width (cm) for juvenile abalones reared with
different dose radiation in the farm

Dose (Gy) 0 week 4 week 8 week 12 waek 26 week 48 week
0 .29+ 0.10 2.35£0.09 2.59+0.10 2.7h+0.08 3.27£0.13 4.00£0.22
0.2 2.31£0.20 2.3540.21 254026 2.54£0.27 3.04£0.42 3.6440.41
0.4 2.20£0.17 2.24£0.17 240020 2541027 2.97£0.41 3.5310.46
0.8 e46£0.42 2.35£0.11 2.67£0.14 2.73£0.16 3.23£0.29 3.99£0.31
1.0 229012 2.36£0.11 258012 2.68+0.15 3.05+0.29 3.7640.20
2.0 226012 235012 254014 2.64+0.14 3.20£0.10 3.8240.11
4.0 22009 2.29£0.13 251018 2.66x0.22 3.140.29 3.840.38
8.0 2.32£0.11 2.38£0.08 258014 212015 3.10£0.30 3.8040.35
10.0 2.26£0.08 2.31£0.05 e AB£0.07T  28B£0.127 308038 3.56£027 "
20.0 2.23£0.06 2.24£0.08 23840077 2474007 281#0.227 3224033

The values are mean£5.D, (n=3), *7 <0,05
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2-4) S % (total weight)2] W3}t

A% Fo] H4E Table 894 1wt disl ol A A4 A 4@ BE T

S 4754+0.43~5.29+0.96 g2 hELIHE F9 2 FFHafolE AT AFS 4

FALE ez el FoHR]l TFAFol= T A 8FA o= Ae
T Aol dlE2w I Hlusls W 20 GyE AQdE BE Aol fo

0 Gye 4.93+£0.75 g, 0.2 Gy Ag+e 5.19£1.11 g 04 Gy AL
4901098 g, 0.8 Gy H¥TL 4.7540.43 g, 1 Gy AL 4.97+0.74 g, 2

y A¥Te 4901094 g 4 Gy AITES 4.83+0.79 g, 8 Gy AIdFL
5.2910.96 g, 10 Gy 232 4.9840.67 g, 20 Gy HA+S 4.92+0.52 gollA
T2 0 Gye 25.8245.25 g, 0.2 Gy A&TS 21.28+6.84 g, 0.4 Gy A+
£19.7248.15 g, 0.8 Gy H&TL 26.0945.05 g, 1 Gy A&TL 20.34+4.91 g,
2 Gy A¥TS 23534311 g 4 Gy HITLS 27.2946.10 g, 8 Gy HITLL
24.05+7.06 g, 10 Gy A3 18.7814.15 g, 20 Gy HIATL 14.7314.02 g2
A% skl ZF A¥ad T3] AelE B dixaiel 0 G= 20.14+5.25 g,
0.2 Gy A% 16.09%£5.73 g, 0.4 Gy A+ 14.82+7.17, 0.8 Gy AFL&
21.34+4.62 g, 1 Gy A& 15.37+4.17 g, 2 Gy AT 18.63+2.17 g, 4
Gy A¥ae 22464531 g, 8 Gy A¥Te 18.7616.10 g, 10 Gy Ad+<
13.80+3.48 g, 20 Gy AFTL 9.8143.50 g A}t AT SN WA A
o] 2 20 GyolA 7ol =gA e THP<0.05).

)

(@)
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Table 8. Variations of total weight (g) for juvenile abalones reared with
different dose radiation in the farm

Dose (Gy) 0 week 4 week b week 12 week 26 week 48 week
0 4.930.75 B.12£0.83 T.41+1.02 8.50+1.06 1250+2.06  25.8245.25
0.2 51594111 B.05£1.30 7.19£1.70 T.58+2.05 1037372 21.2846.84
0.4 4,90+0.98 h.80£L.28 7.08+1.41 T.49+1.82 0.27+4.04  19.7248.15
0.8 4754043 B.27£0.78 7.53+1.18 8.6821.58 12.19+3.15  26.0945.05
1.0 497074 B.05£0.97 7.33£1.28 7.93+1.30 10.60+3.65  20.3444.91
2.0 4.90+0.94 B.40+1.21 7.26+1.35 8.07+1.21 11794141 23534311
4.0 483079 E.43£1.6 T.28+1.8 B.22xle 12.68+4.6 27,2961
8.0 5.2940.96 B.46£1.15 7781162 8.2021.61 10.83+3.23  24.0547.06
0.0 498067 5.95£0.98 B.64x1.12 T.20£1.57 10854437 18784415
z0.0 4924052 b.64£0.83 B.l1at0h4 " 65420647 7972158 147324027

The values are meant 5.0, (n=3), *# <0.05
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2-5) A=5

/\E]_

i

d

1 =

ke

Fig.

%=

y AT AES0] 97.78 % 121l 4854 1 Gy, 4

Gy, 10 Gy A3d+ES HAAE st AEEo] 98.89 %, 97.78 %, 98.89 %= 7t

2ottt A9 T8 7hA tixzatel vlsl 1 Gy, 4 Gy, 10 Gy, 20 Gy 28«5

salgloy, MAbd 2A1S] WE FAd AEE AT wolx %

Survival Rate (%)

Fig.

100 =

JO8
—o— 0 Gy
—— .2 Gy
—&— (1,1 G
g5 - —h— 1.8 Gy
—=— 1.0 G¥ S
—l- 2.0 Gy
—a— 4.0 Gy
| —o— 2.0 Gy
97 —— 10.0 Gy
—h— Z20.0 Gy
98 1 1 1 l J
0 4 3 1=z =Z6 45

Weelks
14. Survival rates of juvenile abalones (H. discus hannai)

after the exposure of gamma radiation.
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DA YA AL UlE A% WEAALGe LD H1sy] $Iste] Aol
AR 0~47F EQF WY FAHYh A A AFE LA

(shelter)sh 52 Wulo] #2 T¥o] Qu, feBoR W 58 A3} U

et al., 1987; Gale, 1990; Adams, 1984).

gz + 54L& AFMAl F 0, 3, 6, 12, 24, 48 B 72 hAd] HES A%
o 2Ry vlE 74 26GX 1/29 1 ml FAIE ol &3l e AHe &
0.9% A=Az 108 3)Xste] I ALaS ol &3t okl 45 A

e

Fqabstg A RS A&t SOD 2 CATE zhzh BA38it). 92 4
% § °F 0.1 g5 0.9% NaClell 33] Al g thg KCl (1.17%)< 3 100 mM
phosphate buffer (pH 7.4)E H7}ste] #23} 51, #+43E A5 A4AEY
(1000 rpm, 15 min, 4CT)ell o8] AW X IHAES AASAT. T2k oA o
AEE] (13,000 rpm, 20 min, 4C)% § s ds st a4 SHE AIEZ A

stk @A SRS [owry et al. (1951)9 W wEl 5 dwA =L

S
5
S
=2
2

BSA(bovine serum albumin)& A}8-3}¢] spectrophptometerE ©]& 75
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S48t SODE pyrogallol®] A& Abs&o] JAH = S 5743t Marklund
and Marklund (1974)9] WHow =H3sH o™, 50 mM phosphate buffer (pH
8.24) 1.3 meell g &N 25 s ¥ F 45 e 3mM progallol &4 F
7}3te] spectrophotometerE ©|-&3to] 325 nme oA SAHSR L, a42EA
o] 1 &9 w&d F9 pyrogallole] 4t8tE 50% fAlsh= ase] Fo= As)
A, CATEAE SAHL Ho0.E 7|82 AFE3}e] sectrophotometere] &3] 240
nm3Fol A He0.7F o] FHaidtes FFEEA G4 GHEE S
Nelson and kiesow (1972)¢] * AstR o, g4 Ao G9=
3 1 mge] @uizoe] wkg3ste] BUAIZl HyOx& nmol= e AT

é
o
off
— !
£
_IIN'
[l

6) RT-PCR 4]

=

A% olrtu] ZH o] Tri-regent 500 W= 713t} SR 7ol A 2 A 8BS
Aehgt & Lol A 57 WX gt} Chloroform 100ut 7hek $ E3ate] A2
A 387F WA e AAEE(13,000 rpm, 4C, 10 min) & A NS ThE tube
of %A %9 A7kt isopropanols WolA E@gith. 10#3F A2 WA £ A
A#2(13,000 rpm, 4C, 10 min) $t}. FAHAE AASL 27FE 75% ethanol
S 1 m Eojx &3 & dAEe(13,000 rpm, 4C, 5 min)gt}. o5 33] wHESH

A NS A A ALo]A 1A 7FES BFX|E}o] ethanolS ZHAZITH o] 7]9)
DEPC 25ut WolA total RNAS ¥ttt FE4 total RNAE -70TCeA ®at
of Ay AREsI o™, PROMEGAAFS] c¢DNAZA kit¢l ImProm reverse
transcriptase kit A3800< ©]83to cDNA = AT A4 ¥ cDNAES %
A17171 9184 cDNA 2 ul, 10x PCR buffer 5 w , MgCl 3 ul, dANTP 1 pul,

Rl

primer (sence) 1 ul¢ (50 pmol), antisence 1 @, Tag DNA polymerase 0.5 0
2 Nuclease-Free water 36.5 wE =338t 94TCoA 583+ predenaturation
AAF & 94TCoIA 133+ denaturation, 50CellA] 45%3} annealing, 72ColA 1
7+ extension A Z 303 TF3}aL, o] F 72TColA 587 o WA AL

HSP 70 mRNAo®l tgt oligonucleotide primerE A% §A33st3la, FAHUx=
AHE3t7] 918l B-actin mRNAS A1 %83itH(Table 1). PCR2 %8 th=S 1%
agarose gelollA 100VZ H7]9& 3t #elstsom™, 100 bp DNA ladders
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7AYo A dojd Azl thEk o] Folxt HH
ANOVA= FAste] | Pgto] 0.05HT 22 A5-&

Aol Ayt Bt EEAxE A o2 e AT
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3. A3

1 AEE st

0~800 Gy Az WA ZALe] tlg 7hebd o] &2 dZ27(0 Gy)dll ¥
800 GyellA= WA ZAF 15941 AFE©] 100%3 21 400 Gyoll A= BARA
ZA} 189 A o] AbgEo] 100%$tHFig. 15). WA ZAF 100 GyeF 200 Gyoll A1
= 2194 AFgEo]l 100%ATE WA 2AF 50 Gye 3094 AMgES] 100%%

g

—o—0 Gy

—4—50.0 Gy
A= 100.0 Gy
—&— 200.0 Gy
- 400.0 Gy
- 2000 Gy

Survival rate (%)

0 3 B 9 1z 1% 18 21 24 27 30
Dawv

Fig. 15. Survival rates of juvenile abalones (H. discus discus)
after the exposure of gamma radiation.
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Table 9. Variations of shell length (cm) for juvenile abalones reared with
different dose radiation in the farm

Dose (Gy) 0 week 1 week ¢ week Jweek 4 yreck
0 h.17 1G85 5171024 B.1620.24 B.1710.25 5.1620.24
50.0 4.9740.19 4.9640.21 4.97+0,19 4,9940.20 5.06£0.09
100.0 4.82£0.36 481+0.37 4,81£0.37 4,90+0.50
200.0 5.04£0.57 5.04£0.57 5.0420.57 5.0520.74
400.0 4.8440.19 4844017 4,84+0.17
§00.0 4,910.16 4,900.17 4.880.21
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lo,

ARG AR S 2~4F Atolol ApgstE AAEC] TASAAL AE 717 4F

¢ W20 Gy)ollH e FoH<Q1 dZAko]7E gt

Table 10. Variations of shell width (cm) for juvenile abalones reared with
different dose radiation in the farm

Dose (Gy) 0 week 1 week ¢ week Iweek 4 week
0 3.4820.14 3451015 347£0.13 3.4810.13 34710, 14
50.0 3.3310.16 3.3210.16 SRR 3.4410.41 3.4510.0¢
100.0 3.3440.21 3324021 3.3210.20 3.3820.29
200.0 3.4710.37 3.4610.38 3.4810.37 3.4810.44
400.0 3.2920.18 3.29%0.19 3292047
800.0 3.3210.09 3.33t0.10 3.2810.11
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Table 11. Variations of total weight (g) for juvenile abalones reared with
different dose radiation in the farm

Dose (Gy) 0 week 1 week ¢ week Iweek 4 week
0 15.622.44 15.82.41 15.922.45 16,0230 16,0274
50.0 14.0%2.18 14,842.37 Late ik 14,5%2.37 14,540.49
100.0 13.712.81 13,6272 13.52.77 14,6377
200.0 16.626.30 17.016.23 16.916.52 17.047.28
400.0 13:5¢1°78 13.9+1.85 1362188
800.0 139411 14,210,851 14.210.99

_45_



oA AL AR 913 Ftgro] W= WALA ZAF 0Fol A 0~800 Gy o
=

T(0 GyRT fFolAoz adt S 2 & & futhFig. 16). AP 153}
A= dE2TO GyE A3 A Ag+<2l 50, 100, 200, 400 2 800 GyolA
Foldd AE FASATHIK0.05). 2FA A= 4002} 800 GyelA w243 7
2% B PSS sglon, 35l AR 1003 200 Gy AF oA B4 F ALY
S 1 & F AAJTHFK0.05). 452X = 50 Gy AFTE= st Ads &

=
O

ASAUTH(K0.05). L BAd & 2ARR Qlste] A7t A gla Abge] o

(12104
= L ——L0.0 Gy —m—400.0 Gy
E ~—100.0 Gr—g—a00.0 Gy
ﬁ 3:5
¥ L
B i
5 4.B
o L
=
Q‘ -
E 1.5
=
18 n
& !
v 0.5
]
] 1 Z 5 4
Weeks

Fig. 16. Variations of hemolymph factors of abalone (/. discus
discus) reared with different dose radiation.
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A AR 2ALR Q18ke] SODSF CATEAE Bels) £ A3}, SOD &9 7
F =0 Gyl vzl frel Al Aol yehA] <IATk(Fig 17-A).
25 A= A (0 Gy)HET froAom A4 AL &4 & 5 AATHIKO0.05).
3~4FA e AT ES Fasth AFgErslth
CATEAE A A% 20 Gyl Hls] folAl Afol= vehuA]l vt
(Fig. 17-B). 154 S7Hd &= 254 744 Fasilvh iza 3FA5E o
3}

A3A FAFDO, ABEE AFAAA FaF F Ak tP0.05).

d

ol
(¢

7) HSP 70 mRNA &= ¥ 3}

udg YA ZAbe] wE HSP 709 WEtE #Esty] flete] M Alzhd
2 oprin] A WMES AHE3Sle] RT-PCRS A8t 2 A3 RT-PCRE
&g HSP 70 mRNA®] ode tix27(0 Gy)ot AN AF gl= A (Fig.
18).13 A4 HSP 70 mRNA &S B-actin mRNAE 7|02

A Fig. 19). HETO Gy)& AFAQ] #HA2E I & F AW, AF T
Al HSP 70 mRNA7} #+A8tthrt S7he

k= -4
AL Fasirht 3FATE St g8 5+ Al
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_% it —— 0Gy —e—200.0 Gy

2 ——50.0 Gy —=—400.0 Gy

) 3t —e—100.0 Gy—8—-800.0 Gy

b

=

2 /i

3 ——
0 1 Z 3 4

Weeks
(%104
(B)1.48

—— 000Gy —o-200.0 Gy
1.2 - ——50.0 Gy —m—400.0 Gy
: ——100.0 Gv—g—800.0 Gy

128

CAT (nmol/mg protein sec)
[}
(e
|

0.4
0.2 T
'l 1 1 I—_\___‘@ 1
0
0 1 2z 3 4
Weels

Fig. 17. Change of superoxide dismutase (SOD) and catalase
(CAT) activity in abalone (/. discus discus) reared
with different dose radiation.
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B-actin mRNA (590bp) HSP70 mRNA (400bp)

0 50.0 100.0200.0400.0800.0 0 50.0 100.0200.0400.0800.0

0 week
1 week
& week

3 week

4 week

Fig. 18. Effect of gamma radiation on P-actin mRNA and HSP 70 mRNA
of gill in abalone (/. discus discus).

160 1
140
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100 [

—— 0Gy —o—200.0 Gy
——50.0 Gy —=—400.0 Gy
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¥ L] T
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(]

=
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Weelks

Fig. 19. Effect of gamma radiation on HSP 70 mRNA of gill
in abalone (H. discus discus).

_49_



A A {FA A SRS AREslth = AR 0, 50, 100, 200, 400,
800 Gy A& AFuistu WAL SE&ATAE A FALete] A4 #ists o
olr7] 9l5te] ksl @49l SODeF CAT, Al ol 71zteg 283k= HSP 70
mRNA 1831 WAL 9o g7t 5 SAAA B3t
AT AR ZAbel] wE AFEEL giE2T0 Gyl Hls] 800 GyolAE #HARA
ZAF 158 Ao AFgEo] 100%92™ 400 GyolA = WARAY ZAF 184 A0l A&
o] 100%J k. WA ZAF 100 GyeF 200 Gyddl A= 21€44 AFdEe<] 100%3 -
WAL 24} 50 Gye 3094 AFgEO]l 100%%th. 1A aAE WARA Al
e 7hEA 5] LDsoe 30~40 Gyell EAFThIL Al H otk ALY ZALd
3t LDso2 AM 2.5~4.5 Gy, 7l 3.5 Gy, 9%°] 6 Gy, E7] 8 Gy, /N7 7
Gy, AE°] 15 Gy 283l %59 23 Gyt 7l th(Kang et al., 1996).
FEERUE 2 LDsog UEYE RS & 5 U " A4, 4F AT
& 4FF oA ol YEFA ke
A% WA AR Qg ] wiseE WA 2AF 0F oA 0~800 Gy
dE2T0 GyRTE fFoyom 7hAag AL 2 & 5 Atk 2AF 1FA A=
HZTO0 Gy ALd » 235l 50, 100, 200, 400 L 800 GyolA H2#<l
BHQ18 I TH(P0.05). 252kl & 4003 800 GyollA 343 Hadt 3 A
Fe sFATHPK0.05). 3FAFel A = 1003 200 Gy HATolA #Zad F AAS
stel & 4= QIATHIK0.05). 4F Ao = 50 Gy AT Fasith AbgS 2hels)
ATHPK0.05). AF PAPAS AR Qste] A7t Hastglar Aol o] &
AE RS FAGTh o= WA RAFR Qlste] 35Tt §A43] AskE o
o WAl FEH S U FE 7P 97e (w0 HE RS 23 @
T AA T (Knag et al., 1996).
St AAAA Astetd wgs Fujsty] witel Eivt AR ofs] &4
= YA HHW o]=el oste] Fujy e whgo] dojd & giA "Hvh ey v
ek WAbA ] o dFol A B ompel o], A4 AbAlE WAl thd A Aol A

mim

r-ﬂ:
o
lo
il
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A AFEY 5AE B4}

a0 TH wE EZAsA7IE b "edt A Be zko)7t lth(Kang
et al., 1996). ;A& WAbA 2ALR <lale] SODSF CATEAES Fels) &

SOD &4l A9 A A% gjx27(0 Gy)dll 13l

ok 2FAE dE20 Gy)ET foAoex A AS g1 T o AN
(/<0.05). 3~4FAell ddass Fasia APdsisivh CATaERE A A5 o
Z(0 Gy)ol Hlsl el Al zbeol= YERA] btk 154 SUHE a4 253

aAE AL AL whE A Wo] 71zko ' A83l= HSP 70 mRNAC] ¥ 3}
& #Esr] fste] AR Add EE2 oprbu] A A AMES HEd}
T-PCRS AAJ8Ity. 21 23 RT-PCRZ 53 HSP 70 mRNA¢] #de thz
T Gy)gt Aol AR gelwdet. 284 HSP 70 mRNA 2d& B-actin
mRNAE 7|Eo=2 yetd ZA3E gl AdatddA] A A% HSP 70
T Abek Ao AlmEY, 53] 50 GyolAle A
sttt 3FAIRE SUbstthrE Ed  Aich WA GFe WA, ARE,
Az 54 S et b FFoE UEpdTh(Hall, 2000). = AT WARA
Z AR QEe] HSP 70 mRNAZ} 27] Wo] @& o2 2&adda Amslr]s o
"ok sHAIE A Ao ® A% AlES] A AR HSP 70 mRNAZE $743 %
A= APgstThaL Abs o] Xt
oo A= AT WA RALR 7R Bl §Fo] FAg LDso>

30~40 Gy olstz YEwth. do Hats Boks W, Aol 2 tollM AL

A, Azke] AUEA gastrl Adss 2<% $0skerh. HSP 70 mRNAL
AN nAY 24 A% gasAu SRt F7EEA Abdehs A

24 F A wel 7 dke] Fkekehrh WAL 24}
P oy Algratin AbrEold. odd A%

.
ul

fru
ro
ot
o2
o
o
fru
X
He
1o
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IV. Axg OCo WAL ZAV7} A X (Paralichthys olivaceus)

WAL o] Q1A o] w X = Fee X-XAo] WA E o] (Hall, 2000), Al T5% o

2EHEA A - H o w AP w=EE 7187F gobxlal, At

2]
e Bl SHME ol gk #Ado]l A ot

O

X9 g 22 o] &3h AR S UVel &¥] DNAERS Zdsled, dd7ts
HAH(SSB), °lT7te AYH(DSB), DNA-DNA cross links, DNA-©® & cross
|, 53] olE75 DNA Adte Aol o] zef== |4
Al o] (chromosome aberration), "4 WAl M|3EA} W o] (transformation) &
o] BESA FIE ZstE FE QoolthBelli et al., 2002). E3F o]F7}ct

5
DNA €48 DNA E37]4(DNA repair mechanism), AZF7]12] A A (cell cycle

)

linksE& %38l

arrest), Al3E3lAH(apoptosis) T3 TS Az AYE HAZE AFIH(Smith and
Fornace, 1995). 1 5<%t WAbdo]l AAd mX&= 93 digh Fr7te AAAMEAA
dojrt= Aspeha], st AA o Wt 9 fFx4 G ol dAE oA
k31 (Lindop, 1969), WAL o2 13t A 1A M apoptosis)et A|3E W3 o] wkel =b
€ 71d3d A9 WMol f-(Bentur et al., 1991; Lee et al., 2001)°] Waix = %
He g A7) o] Fo A gk

Am7hA 2] o5 AAA L ek WALA o] Gl w3k A= Ui LA W
AP ZAbel o7 A=, AF dEHM wAE AP GE dS wHAof
2 PGS AL HARA A (Kim et al., 2002), ZobAol] ZALE AHAGE 3

RAZS AEZF7] EAKim et al, 19992) B 7opidel AR w5 whgzo)

-
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G¥o] i GEAFTZEFESH)Q 9HKim et al, 1998) To] Hixar itk
gy AT G JFESAZY GRALE By gAol uel, 93 o
& NS YERRA W AR HFAEES AR Aol o] T FEHE
Aol Bial Fo] dtHSong et al., 2004).

dA= SEvEr Addeh A 2 Fad] Akl deE Exstar ok A7) 60
cn”7bA 373k @ ol 2] o] whEw | gro] Fopa] g-Eutel Bl g 1
W ooFoR AAAN ZAVE dids] Erh ey Ao ofFE = gAe] Azt
A 19873 X0 = 3,150%, 19929 ko= 2110802 djnity 74s
= Aol |dx AL AR 1977dRE A1ZFE o] 1980 tholl EolA

M A A (growth factor)s= in vitro, in vivoel QA SEAHEL AFo=E
Fxlets ACRA, dgE40o] ofd AoRE Ao dArt. AadAHFJAIGE), 43
437 AAHEGE), Aot 24 AAHFGE), 84 4<AAHPDGE), I8 /71
(interleukin) o] Slo] Wi EfFollA AAete] dHAaL vt IGF= H sk
A A FAEER(GHO] skl fixlske] GHel dA50289 dRE

st e Aol IGEE o 79 AAAAZA = ol A5 #AHs = 3o
2 Hauya Jridin, 2001). 3+, BMP2(Bone morphogenetic protein 2)&= X

g7ol AR A FEH|Eo] Az =2 @ Hezd 2 Ao AL
A AAFE =42 T stu= A7 miGAEAA Estet ddd FdAto|t

(Ebara, 2002).

kA 2 AFA e @A S5 A5 IGFI f+dxek BMP2 fHd2E AH
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1) A
Ao 288 JA AT THFNA FYUS sto] AFESTh AT A S
Hat 0.9£0.02 mel MAE ARgsAdd. Ad AT vg 19£0.4

WA TR, NG st thAE7ID 64M1E7], E)
71, Bul7], wiAEA 27, 71, 2] 9 Aoy R FRste] dnjgos st
MAZE 90%e)d A o] WesldlS wl 30~40 /MAE 1.5 ml tubeo] WoiA
=70Col A Byste] Ago] AEsllTh,

o
=
2
i
er

2) Wb 2}

,

8,10 @ 20 Gy Fxow ZAEAoH 77 Mag Fuo Yoy 1A

ZA e AT 2APA #-E Fricke dosimeter® & A 3 tHFig. 20).
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Ax AT 33t Af AZE2 10TCoAE 9F 165A1%F, 20T & oF 4847
oh. B3 3 90% o)’go] Ao7|7F #HE IS A5, AAE 50ml tube®

1 S ASsle] AA I8 T893 1.5 ml tubed] EojA -70C R#As}
A

Fig. 20. Gamma-ray irradiation (0~20 Gy) to fertilized eggs.

5) SDS-PAGE &4

wHAel sAadS AFste] 24 4589 100 mM phosphate bufferol] 4 & %A
Yol A &2 Faste] G4E2](12,000 rpm, 15 min, 4TC) 33 HFig. 21). A5 dS
2:1 ]2 2 X Laemmli sample buffer (80 mM Tris-HCl (pH 6.8), 2% SDS,
12% B-mercaptoethanol, 15% glycerol % 0.012% bromphenol blue)ol] £3]A]
7 90T o]del &ZoA 3%%F boiling 3 ¥ Laemmli (1970)9] Wil uhgh
SDS-PAGES 2A]8lSlty. 7.5~10% polyarylamide gel & A}&3ke] 250V,

56mA=R 4A17F &9t HA7IgEsS A & AMd (0.136% coomassie briliant
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blue R-250, 45% methanol ® 10% acetic acid)olA 403t 4

methanol, 7.5% acetic acidolA @23}t B4 S48 159N A2 myosin
(200 kD), B-galacosigase (116 kD), phospholylase b (97 kD), bovine serum
albumin (66 kD), ovalbumin (45kD) % carbonic anhydrase (31kD)E A}-&3}%3
t}.

6) RT-PCR &4

sZ2%" |gA FHT  Tri-regent 500 wE 7}3stch, SRl AR A|EE o
A8 T Aol A 57 WXt} Chloroform 100w 7Het $ E33te] A2
A 38ZF WA et A EE(13,000 rpm, 4C, 10 min) & A NS TFE tube
of &7 &% X7} isopropanols WolA ETFETE 1077F Aol WA & o
AE2(13,000 rpm, 4C, 10 min) b FH A4S A7 et A7k 75% ethanol
S 1 m ¥ojA &3 & dAF2(13,000 rpm, 4C, 5 min)$t}. o] & 33] wHESH

B NS AAsIAL A=A 1A e A8 ethanols SHAIZITE o 7]
DEPC 25u ¥o]A] total RNAE FIth. F5% total RNAE 70T~ H &3}
of Ago| AlE3IF e, PROMEGAAFS] cDNAFA  kit?l ImProm reverse
transcriptase kit A3800< o] &3lo] cDNA = A5t 4% cDNAE ==
A17171 #1341 cDNA 2 ul, 10x PCR buffer 5 ul , MgCl 3 ul, dNTP 1 ul,

K

primer (sence) 1 pl¢ (50 pmol), antisence 1 @, Tag DNA polymerase 0.5 4
2 Nuclease-Free water 36.5 w& &3 ste] 94TelA 5%t predenaturation
ANAZ T 94TCANA 187 denaturation, 50Col A 45%%F annealing, 72ColA 1
7+ extension 2A S 2 303 TF3}aL, o] F 72TColA 587 o WA AL
IGFI ¢} BMP2 mRNA°| w3t oligonucleotide primerE A2t A5, &
22 ARESE7] 918 B-actin mRNAE A1 #Fskolth(Table 12). PCRE F%4
E2 1% agarose geldlA]l 100VE H7]|9% 3o 288992m, 100 bp DNA
ladderE size marker®2 AFE3}le] UV transilluminatorshol A AR S #odsho] o]

vz B Zg g3 (Labworks 4.5)2 ©]83l9] mRNAS| waaks A st}

o,

22

_57_



Fertilized eggs

l Adding 100mhg
Phosphate buffer
Homogenizing (pHT7.4)

!

Centrifugal seperation{4®, 1,000 rpm, 5Smin)

l «—— vortexing

Upper phazse

!

Centrifugal seperation(4, 13,000 rpm, 20min)

|

Upoper phase

!

Sample for protein assay

Fig. 21. Extraction of protein.

Table 12. Oligonucleotide of primers for RT-PCR

RNA species Expected size Primer sequence

| 5'-GOCAACAGGGAGAAGATGAC-3'
B-actin mRNA R20og 5 ACGTCGCACTTCATGATGC-3

5 GATCGCTCAGGTGTTGCTGG-3'
BMPZ mRNA 422bn 5'-GCTCTGCAGAGGTGATTAGCTCC-3"

b'-CGGACAGCACTCACTTTGC-3
URITARTA g 5'-CCTGCTCCTGTGCTTTGATC-3

bp: base pairs
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bole o,
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blastula gastrula 0. Initial O. middle

- Larvae

O. last

Fig. 22. Embryonic development of fertilized eggs (Paralichthys olivaceus).

Oranogenesis Orancgenesis Orancgenesis
Cleavage Blastula Gastula Initial Middle Last Larvae

c IS S
0z [T [ e
oa [T T AEET

0.8 | |

a‘ ﬁ E

Fig. 23. Development time of fertilized eggs after the exposure of gamma radiation.
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WA ZAL] mE PA S RehES Hsy] 91ste] 2 A 2A

-3t | JRAE Qs vk (Fig. 24). FHE2 270 Gyl W& 13} 4 Gyel

<7k SAINE FoH R Aol yEhA etk 8, 10 ZLelal 20 GyolM= o
270 Gy) & FejHez Fihgo] g s FRlHJAH(<0.05).

1or

Hatching rate (%)

......ﬁn.

C 0.2 0.4 0.8 1.0 2.0 4.0 ; 10,0 20.0
Dose (Gy)

Fig. 24. Hatching rate of fertilized eggs after the exposure of gamma radiation.
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»

WAL AL e g3 Ao AFEES 12A1%F o]FHE 8, 10 B 20
GyolA F7kel7] Al&tekdth. 20 GyellA= 24 h Aol & AbgEC] F2l =Y
tH(Fig. 25). 1 &S 107 8 Gy 02 ko Y] AdFoas =70
Gy)ot ztel7h etk WA ZALR Q1ske] AEFEdAA Aol YERYaL, Alzte] 7
et § B BAASI 7haetl aEa AEE BE 2043 o) ATEH A
BHAF7E A AlEe Fgo] YEhY] AlZETE o] 2 st & A

gro} AlEA o] dojit 8, 10 B 20 GyolA AbgE©] wolxlthal AlsE o]t

WX AR WA A} NS F8A7] A4 50~60% APES vehia

.

100
+0Gy EB10Gy
~ gp b =-02Gy +400Gy
E 4Gy 480Gy
% B0 =08 Gy 100Gy :
© | #-10Gy —20.0Gy
R
s 40
0
= 20 =
0

Fig. 25. Death individual of fertilized eggs after the exposure of
gamma radiation.
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Fig. 26. Protein expression of fertilized eggs after the exposure of
gamma radiation.
A: Cleavage, B: Blastula, C: Gastrula, D: O. initial, E: O. middle,
F: O. last, G: Larvae
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B-actin (540bp) IGFIO (542bp)

Cleavege Blastila Gastrula() fnftial O Middle O Last Larvae  Cleavage Elashis GastrulaO, fntisl O Middle O Last Larvae
0 Gy

0.2 Gy
0.4 Gy
0.8 Gy
1.0 Gy
2.0 Gy

4.0 Gy
8.0 Gy

10.0 Gy
20.0 Gy

- L
s —
i —
L]
s
- S
— -
— —
L

BMP2 (422bp)

Clesvaze Blastula Gestrula( nitis]l O Middle O Last  Larvas
0 Gy

0.2 Gy
0.4 Gy

0.8 Gy
1.0 Gy
2.0 Gy
4.0 Gy

8.0 Gy
10.0 Gy
20.0 Gy

Fig. 27. Effect of gamma radiation on PB-actin, IGFII and BMP2 mRNA
of fertilized eggs.
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250 -
——0 Gy —B8—-2.0 Gy
——0.2 Gy —&— 4.0 Gy
= . 200 8
g
=
o g
= @ 150 [
[, 2k}
Gl
=
5 5 100
% -q: i
5z
[ub]
2
50 -
O ]

Cleavage Blastula Gastrula Q. Inital O, Middle ©. Last Larvae
Development of ezgzs

Fig. 28. Effect of gamma radiation on IGFII mRNA of fertilized eggs.

250 ——0 Gy —=— 2.0 Gy
—— 0.2 Gy —a—40 Gy

——04 G5y —A—20 Gy
——0.8 Gy —%—10.0 Gy
200 B 100Gy ——20.0 Gy ;

o
o
T

Relative BMPZ/[-actin
mRNA Expression (%)
o
]
T

50

O 1 1 1 1 1 1 |
Cleavage Blastula Gastrula Q. Imitial O, Middle O. Last Larvae

Development of eggs

Fig. 29. Effect of gamma radiation on BMP2 mRNA of fertilized eggs.
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AR S 9a gl oluA el @ b Fejel Ad B AxL
d 5 otk PAAS AR ABA e 9P A3 gom, Y 5

A= Ak JFS AALeh olelF PAAS o] g3l WA hormesisS <l

A EAMo] KFo] tF LD AASRANA AR AL 1Y PAAS 2
Astgnh. FAR AtARe ABFAGH FARAL e ACE heht A

o] A THKim et al., 200).

WApel o g galE selsln ma 24 ge) AREde AuE 34 sl
44 wol AgH T 7 Ho] ¥t AxE Pole] Walolth. Al olAE WA
N A ARALY Bk AFoR Pl A, 53] Py £A W

718 whs 345t MEe 7es &A1 (Ferraris et al.,, 2002). ol#g &
Aol diste] Aol dAFstaAQl  superoxide dismutase (SOD)<%}
catalase (CAT) &= AAstd AE7s &3S Y= o= ddA doH
(Chance et al., 1979; Wendel and Feuerstein, 1981), A%< #AA-S A4
of EAsks BiA & 2 A2AYE Eaatel - OHZIE Frhaabate] AlE]

of ksl ~EY2AE fFsita ¢ Jth(Dubner et al., 1995). A4z W
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JA 22 WA ARl iR Jaoke] dAl= WEs] #E = gluh ARt

RT-PCRE &3&to] WA ZAbel tigh frxte] @rads dopr ity X3 Al
2o o] 23t WAk E UVer 9] DNAEGS Zestet, dd7ty da(SSB), o]
=7t AH(DSB), DNA-DNA cross links, DNA-T% 3 cross linksE< F23f
=d, 53] olF7lY DNA A W} os z#Ee= dMA o

Lo
0
i

(chromosome aberration), "|Z& WAl A|3ZA} W ol(transformation) &
b4 a7s z#sts T8 2<lolthBelli et al., 2002). WAL ZAbel] dig ~E

AAFQD HSP 70 mRNA &2 35l 45 #H5d= 2de S7ke
27 FJAFHJA R A FEe] AyEA x40 Gy) HlsAl stk 7her
= AAEY sdeA A5 HdY FUFeE AAVE SRJAHAAT, AdF

%
e woR wEe] Z7hsEA A AFEA. ol WA A} AFole &
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d 71¢18A4 fvh(Kang et al., 1996). FAES HALH %
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ghAQl WstE stuxt g9 9 bt g4 dwd W AEE AT Fsl
2= Gkl thefA FARSte] WALl tiE V2 ARE Atz A3l
FAstd. A5 92 AT AdF YA AR WE hormesis ¥
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