DNA
1)
RNA cDNA
20
2)
2
2 1
3)
2 2 RNA
RNA 3)
2 3 1st strand cDNA
1st strand cDNA 3)

2 4 PCR

PCR 3)
Primer3 program (

Rozen and Skaletsky,2000) ( )
2 5 CcDNA

22 RNA

cDNA
Agilent
1) (44K>=<4 Pack, 36,398
Agilent )

2)RNA Nanodrop ND-1000
3) Agilent DNA
Microarray Hybridization Oven
4) Agilent DNA Microarray Scanner
5) Feature Extraction ver10.7
6)

-Agilent One Color Spike Mix Kit
-Agilent Quick-Amp Labeling Kit 1color
-QIAGEN RNeasy Mini kit-Agilent Gene
Expression Hybridization kit

-Agilent Gene Expression Wash Buffer 1
-Agilent Gene Expression Wash Buffer 2
-Agilent 10% Triton X-102

1)RNA DNA
RNA  (500ng)
RNA

( One-Color Microarray-
Based Gene Expression Analysis (Quick Amp
Labeling), ver 5.7)

One-Color

Spike-Mix



One-Color Spike-Mix 500ng
RNA MMLV-RT Moloney Murine
Leukemia Virus Reverse Transcriptase
T7 Promoter primer

cDNA cDNA
T7 RNA polymerase cRNA 40
2 Cyanine 3
(Cy-3)-CTP Cy-3
cRNA Cy-3 cCRNA QIAG
EN RNeasy Mini Kit NanoDrop
ND-1000 cRNA
Cy-3
Cy-3 cRNA 10

9pmol/ug
1.65 pg Cy-3
cRNA (60 30 )
1

(10rpm) 65 17
10%
Triton X-100 0.005%
Wash Buffer 1 Wash Buffer 2
Agilent DNA Microarray Scanner
Feature Extraction

(QC report)

2)

GeneSpring GX 10.0 (Agilent )

4 Gene Spring

Agilent (
One-Color Microarray-Based Gene Expression
Analysis, ver 5.7)
Threshold raw signals to 1.0

NormAlization Algorithm: Percentile Shift
Shift to percentile: 75
75 percentile

(Raw data) G )
3 Gene
Spring flag (“P (Present)” “M (Marginal)” “A
(Absent)”)
“Absent” “A” Gene Spring
flags “Absent”
“Marginal” “M”
“Absent” “Marginal”
“P( )
26
3)
3
31
24 48
0.5
2
24
5 4 7,712
6,317
48
5 2 5

,383 443



3 2
PCR 20
3.3
331
3311
48
20
2378T4CDD, 123478H6CDD,
08CDD lpg/l 48
CYP1A1
TEF

2378T4CDD TEF=1
CYP1A1,UDPGT, AhR2a, AhRR
1 TEF

PCDDs  Co-PCB 123478H6CDD TEF
=0.1, O8CDD TEF=0.0003

CYP1A1 TEF C
ACHD1, RAR-o,ER-al 2

()

3312

Pb 1mg/L RAR-a,
ER-a 2 CDC37, HSP70, MT

Metallothionein 4

Hg 0.5mg/L MTF1,
Tropomyosin, HSP90a 3 TBP,
TNF-R, CDC37, HSP70, MT, ependyminl
4

Al 10mg/L
ERBp 1

UDPGT,
CACHD1, RAR-a, ER-a

2
332

3321

33211 2378T4CDD Pb

2378TACDD Pb
2378T4CDD 0.1pg/L Pb 1mg/L
CYP1A1 AhRR 2
1
UDPGT AhR2a

RAR-a, ER-a
2378T4CDD(0.1pg/L)
, Pb(1mg/L)

100%
33212 2378T4CDD  Hg

2378TACDD Hg
2378T4CDD 0.1pg/L Hg 0.5mg/L
CYP1A1 AhRR 2

20

1
HSP70 4
2378T4ACDD(0.1pg/L)
» Ho(
0.5mg/L) 3
1
: 100%
33226



2378 T4CDD PCB126

2378T4CDD Pb 2

378TACDD Hg PCB126+Hg

100% P
CB126+Pbh 2 Pb+Hg
0% RAR-a
RAR-a
4
20
5

1) Zhang Z., Hu J. Development and Valida
tion of Endogenous reference Genes for

Expression Profiling of Medaka (Oryzias
latipes) Exposed to Endocrine Disrupting
Chemicals by Quantative Real-Time PC
R. Toxicol. Sci. 95(2). 356-368 (2007).

2)

, (2010).
3)

9  210-215 (200
9)

AhR: aryl hydrocarbon receptor

AhRR: AhR repressor

cDNA: complementary deoxyribonucleic acid
Co-PCBs: Co-planar Polychlorinated biphenyls
CYP1ALl: cytochrome P450 1A1

DMSO: dimethyl sulfoxide

DNA: deoxyribonucleic acid

GC-MS: Gas Chromatography Mass Spectro
meter

MRNA: messenger RNA

PCDDs: Polychlorinated dibenzo-p-dioxins
PCDFs: Polychlorinated dibenzofurans

RNA: ribonucleic acid

RT-PCR: reverse transcription-PCR

RXR: retinoid X-receptor

TEF: Toxicity Equivalency Factor (

)
TEQ: Toxicity Equivalency Quantity ( )



PCR

No. Gene (abbreviation) GenelD Forward primer (5-3) Reverse primer (5-3)
1 CYP1A1 CPIA1_ORYLA TGGTTTTTGGTCTGGGAAAG TGAATCATGATCGCCAAAAA
2 EF-Ta TCa5642 GGAGGCCAGCGACAAGATGAGC ACACGGCCGACAGGGACAGTTC
3 [3-actin TC55265 CACTCTGAGCGCCGTCACACACAG TGACACCCTGGTGCCTGGGGCGAC
4 AhRIb-1 Q90WO03_ORYLA ACATCCAGGGCAGACTCAAG ATGTTCTTGGTGCGGATTTC
5 AhR1b-2 ENSOE‘SSOODDD TCCAGGGCAGACTCAAGTTC GGTCCTGATCTCCAGAATGG
6 AhR2a ENS)S;ESOOOOO GTCGCCTGAAGTTTCTCCAT TCCAGCTTGTGTTTGGTCTG
7 AhR2b ENS‘)?E;GQZOCGGO TCAGGGACGGCTGAAGTATC AGCATTTTGGCTCGGATCT
8 ANRR PDCD6 GCTTTGCCTTGGTGGTGAG GCGGTCGTCTATGTGGATGT
9 ependyminl EPDR1 GAGCATGGTGATGTTCCAGA CTTCCTGTCCGACCACTCCT
10 ependymin2a ENSO?J‘Z?ZOODDD GAAGCTGACAGCCTATGCAA CAGCAGAGCATCAAAGTGGA
1 ependymin2b ENS)?;?’GSSOOOOO TGAGATCGATGATGCCAAAC TCAGGCAACTTTCCATACCA
12 HSP90a HSPIOAAT CGCATGAAGGACAACCAGAA GGCGTTCCACAAAAGCAGAG
13 HSP90b HSP90B1 TGGGACTGGGAACTGATGAA AGCCGTGAAGTGGATGTGAG
14 p23 PTGES3 GTCTTGGAGGAGCTGACAATGA ATCTGTGCGTTTGTGTTTGGA
15 CDC37-1 ENSOE;;SOODDD GAGGAGAATCAGGCCAACAC AGTGTCTGCCACTTGGGTTT
16 CDC37-2 ENS)EQLQGGSOOOOO ATCCGGAGAATCAGGGAAAC TCACAGCTCTGTGTCTGCTG
17 TATA-box binding protein (TBP) NPA418451 GGAACGGGAGAAGCACAAA TACGGCATCATGGGACTGAA
18 TBT-binding protein TC59386 CTCCTGCTTGCTGGGATTTT CACTTCAGAGGCGATGTTGG
19 TNF-R AV668946 GCAACTCCCAACACTCATTCC TTTTTGCCTTCTCGCTCCAC
20 ER-a ESRL CCACCCAGCCACCACTATCT AGCCCTCACAAGACCACACC
21 ER-f Q8UW75_ORYLA TACCAGCAAGGGTGTGAGGA GGGCAGATGTAGTCGGTGTG
22 RAR-. Q755V5_ORYLA GCATCATCAAGACGGTGGAG GAGGAGTTGGTTGGCGAAAG
23 HSP70 HSP71_ORYLA GATCACCATCACCAACGACA CTTCTCCACCACCCTCTTCC
24 Metallothionein (MT) MT_ORYLA CTGCGACTGCTCCAAAACTG TGGCACGTTAAATCCAAAGG
2 Metal regulatory transcription MTFL TCTCCTCCCTCCTCATCCAC AACTCATCTGCCACCAGCAA
factor 1 (MTF1)
26 AGXT AGXT (20f 2) CCGAAAAGGGGTTGGAAGAG CAGCATCTCCCTCCAGTCGT
27 VWFA and cache domain- CACHD1 TTTACATCAACCTGCCCAACC AGTTCACATCCACCCCAACC
containing protein 1 Precursor
28 UDPGT ENS)?;S‘;OOOOO CAGTGAAGCCGATGGACAAA GGAGGTCAGAAACACGAGCA
29 Tropomyosin TPM1 (dpha) GCAGCAGAGGACAGAAGCAA GATCCAACTCCTCCTCAACCA
30 glutathione S-transferase alpha 5 GSTAS CCTCTCTGGACCCGTTTACCT CGGCTGTGGCTTCCTCTTAC
31 VEGF-R Q75WK4_ORYLA AGGAAGGGACCAGGATGAGG GGGCTGTGTTGATGGGTATG
24
chemicals effective genes Up-regulated Down-regulated The specific
exposed for 24 hr for analysis genes ( >2-fold) | genes (<0.5fold) | regulated genes
2378TCDD 27,880 1411 113 1,524
123478HxCDD 27,601 585 362 A7
PCB77 27,639 657 180 837
PCB126 27,322 200 334 584
PCB180 27,586 246 267 513
Pb 25,741 367 514 881
Cu 26,577 1,001 1,273 2,274
Hg 25,501 2,655 2,257 4,912
Cd 26,874 590 967 1,557
Total 7,712 6,317 14029




48

chemicals effective genes Up-regulated Down-regulated The specific
exposed for 48 hr for analysis genes (>2-fold ) | genes (<0.5-fold) | regulated genes
2378T4CDD 28,864 74 50 124
123478H6CDD 28,668 348 97 445
0O8CDD 29,161 814 51 865
PCB77 29,076 1,009 81 1,090
PCB126 29,190 368 42 410
Pb 28,312 2,463 67 2,530
Al 29,123 307 55 362
Tota 5,383 443 5,826
. Gene
Biomaker .
Group No. symbol or Gene title
y Ensemble Gene ID
1 CYP1Al CP1A1_ORYLA Cytochrome P450 1A
2 UDPGT |ENSORLG00000013131 UDP glucuronosyltransferase
1 3 AhR1b-1 Q90WO03_ORYLA Aryl Hydrocarbon Receptor 1
4 AhR2a ENSORLG00000000135 Aryl Hydrocarbon Receptor 2
5 AhRR ENSORLG00000005309 AhR Repressor
6 ER-B Q8UW75_ORYLA Estrogen receptor beta
VWFA and cache domain-containing
7 CACHD1 CACHD1 protein 1 Precursor (Cache domain- Ca
2 containing protein 1)
8 RAR-a Q75SV5_ORYLA Retinoic acid receptor alpha
9 ER-a ESR1 Estrogen receptor
10 VEGF-R Q75WK4_ORYLA VEGFR
11 AGXT AGXT(2 of 2) Alanin-glyoxylate aminotransferase
3 12 MTF1 MTF1 Metal-response transcription factorl
13 Tropomyosin| ENSORLT00000009777 Tropomyosin
14 HSP90 ENSORLG00000017525 Heat shock protein hsp90
15 TBP Q8UWB4_ORYLA TATA-box binding protein
16 TNF-R  |[ENSORLT00000020294 TNF receptor
4 17 CDC37 CDC37(10f 2) Hsp90 co-chaperone Cdc37
18 HSP70 HSP71_ORYLA Heat shock 70 kDa protein 1 (HSP70-1)
19 MT MT_ORYLA metallothionein
20 Ependyminl EPDR1 Ependymin related protein 1




CYP1AL

——2378TACDD-48h (TEF=1) ——123478H6CDD-48h (TEF=0.1) ——08CDD-48h (TEF=0.0003)

CYP1Al TEF
TEF
(CACHD1,RAR-a, ER-a
(PCDDs; 1ug/L)
( DMSO 0.1%

HSP70 AhR2a
CDC37 ARRR
TNFR ERﬂ
HSPi{: RAR-a
Pb (1mg/L, 48hr) Hg (0.5mg/L, 48hr) Al (10mg/L, 48hr)
Pb, Hg, Al)
1) P (Img/lL) ,
2) Hg (0.5mg/L) : ,
3) AL (10mg/L) : ,
( DMSO 0.1%

n=3)



CYP1A1

AGXT

—— 2378T4CDD(0.1ug/L)+Pb(1mg/L); (48h)

=== 2378T4CDD (0.1ug/L)+Pb(1mg/L) (48h;

Pb (1mg/L)
-2
2378T4CDD;0.1ug/L(0.1ug-TEQ/L)  Pb;1mg/L
DMSO 0.1%
n=3)

——— 2378T4CDD(0.1ug/L)+Hg(0.5mg/L) (48h)

=== 2378T4CDD(0.1ug/L)+Hg (0.5mg/L

Hg (0.5mg/L)

-3
2378T4CDD;0.1ug/L(0.1ug-TEQ/L) Hg;0.5mg/L
DMSO 0.1%
n=3)



= 2378T4CDD(0.1ug/L)+Pb(1mg/L); (48h) = 2378T4CDD(0.1ug/L)+Hg(0.5mg/L) (48h) = PCB126(1ug/L)+Hg(0.5mg/I) (48h)

=== 2378T4CDD (0.1ug/L)+Pb(1mg/L)(48h; === 2378T4CDD(0.1ug/L)+Hg (0.5mg/L) (48 ; === PCB126(1ug/L)+Hg(0.5mg/L) (48h;

AGXT

— Pb-1mg/L +Hg0.05mg/L  (48h —_—
= 2378T4CDD+PCB126 mg/L+Hg0.05mg/L  (48h) PCB126(Lug/L)+Pb(1mg/L) (48h)

=== 2378TACDD+PCB126 ( === Pb-1mg/L +Hg0.05mg/L ( 48h) === PCB126(1ug/L)+Pb(1mg/L) (48h; )

( DMSO 0.1%
n=3)

A study of Environmental Toxic Evaluation Method ( )
using biomarker-gene expressions for exposure to dioxins and heavy metals
in early developmental stage embryos of Medaka (Oryzias latipes)
Katsumasa HANNO, Shoji ODA, Hiroshi MITANI, Tadashi YOSHIZAWA
Abstract
Early life stages are generally most sensitive to toxic effects. Our knowledge on the action of
manmade chemicals on the developing vertebrate embryo is, however, rather limited. We addressed
the ecotoxicogenomic response of genes in the medaka(Oryzias latipes) embryos in a systematic
manner by asking whether distinct chemicals would induce specific transcriptional profiles. We
exposed Medaka embryos in the early developmental stage to Dioxins Isomers for 48 hours,
respectively and after exposure, the biomarker-gene expression profiles were analyzed using
Quantative real-time PCR .

Keywords: medaka (Oryzias latipes), embryo, dioxin ,
biomarkers



