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Bisphenol A
DUAN Zheng-hua' > ZHU Lin' FENG Ming-fen' BU Wen-jun’ Lam Siew Hong® GONG Zhi-yuan’

1. Key Laboratory of Pollution Processes and Environmental Criteria Ministry of Education College of Environmental Science and
Engineering Nankai University Tianjin 300071 China 2. College of Life Science Nankai University Tianjin 300071 3. Department of
Biological Sciences National University of Singapore 117543 Singapore
Abstract The toxicity mechanism of bisphenol A BPA to zebrafish Danio rerio was studied in the molecular level by the method
of zebrafish microarray and quantitative real-time reverse transcription polymerase chain reaction qRT-PCR . Zebrafish embryos were
exposed to 0.5 1.5 and 4.5 mg/L BPA for 8 days since fertilization. The results from microarray and validated by qRT-PCR showed
that 50 specific genes were up-or down-regulated and dose-responses for them were significant p <0.05 . This study demonstrates the
genotoxicity of BPA. Moreover according to their function and pathway analysis it could support the mechanisms for the morphological
toxicity and metabolize turbulence observed in prophase study.

Key words zebrafish microarray quantitative real-time RT-PCR  bisphenol A BPA  toxicity mechanisms

A C,H,0, BPA

PC EP
25 9 10
1.7 GB 100 000 BPA DNA
60% . 20 90 iz
’ BPA
_BPA
4~6 13
BPA .
BPA "
’ BPA . US EPA US

Environmental Protection Agency

endocrine disrupting
. 2009-04-21 2009-07-07
chemicals EDCs 30470319
8 “ " 1981 ~

E-mail duanzhenghua@ mail. nankai. edu. cn

* E-mail zhulin@ nankai. edu. cn



A 809

BPA 50 wg kg d 7! 60 kg
2 L BPA
1.5 mg/L. “ ”
-
0.5 1.5
4.5 mg/L BPA 8 d
BPA
1
1.1
1:2
brine shrimps World
Aquafeeds USA 261 C /
14/10 1
pH
8.0
1.2
A Sigma-Aldrich USA
BPA
60 mg/L
0.01%
10 mg/L BPA
1.3
0.5 1.5 4.5
mg/L BPA 50
10 cm
BPA 50 mL
2/3 8 d
1.4 RNA
Trizol  Invitrogen Life Technologies
Carlshad CA US 50 8 d
RNA 260 280 230 nm
RNA . RNA D,/
Dy >1.9  D,y/D,y, >1.8. 1%
0.5 x TBE 60 V RNA
6 RNA
RT-
PCR
1.5
22 000

65 mer GenBank
mRNA Est
16 400 Compugen USA
Genome Institute of
Singapore GIS GIS

Aminoallyl-dUTP  Sigma-Aldrich USA
10 wg RNA cDNA.
Cy3 Amersham USA reference RNA

Amersham USA RNA

16 h MAUI USA .

GenePix 4000B
Instruments USA
Pro 4.0

Cy5

Axon
GenePix
Axon Instruments USA
lowess . Cy5/Cy3
>2  <0.5
mAbd Gene Ontology
RT-PCR 30%
marker gene
1.6 RT-PCR
3 pg RNA
Invitrogen USA

cDNA RT-PCR

Primer Premier 5.0

LightCycle 480 Roche Applied Science
Roche Applied Science

RT-PCR 95°C

5s 95C 10 s

10 s

60C
72C 5 s 35
PCR
LightCycle 480 .
6 B-ACTIN 274
1.7
6 . SPSS13.0
student-¢ SD
one way-ANOVA p <0.05

2.1
22 000

t-Test 50

- p <0.05 mAbd



810 31
1
Table 1  Primer sequences of target genes
/bp
Forward ATGGATGATGAAATTGCCGC
1 AT722041 B-ACTIN 200
Reverse AGTTGGTGACAATACCGTGC
Forward GCTCTGGGAATTTTAGGACTCATTG
2 AF359428 CLDNI 163
Reverse TTTTACACTGCTGCTGACCG
Forward CCGATGTGTGAGGTTGATTTTATG
3 CV576584 7ZGC 153172 . . o 165
Reverse TCCTGTGTGAATTTCTGTGGTC
Forward GTAGAGACAGACACATTTGGGAGTC
4 AF030560 FGF8A 184
Reverse AGCCTTCGTACTTCACATTCTG
Forward GGTTTCTGTGCCCAGATCACTC
5 Al437419 PAK2B 131
Reverse ATGCCCAATGACCAGATGTC
Forward ACCGTCAGCATGGAGACAGTAAC
6 BC076453 7ZGC 91895 157
Reverse GCTCAGTGAAGAAGTAGAGGACTG
7 BM185389 CSRP2BP Forward GTCTGTAAGGAAAGGGTTTTATCAG 175
Reverse AATCTCTGAGAGCAAACGCAG
Forward GTGTTAAACGGTCAGTTTCTGC
8 AW566954 TBXASI 130
Reverse CCTTGGCTTCTGGAGTGAAC
9 AW115780 STAUZ Forward CAGGTATGGGAGTCTGAAGGCAG 129
’ Reverse TGGGTTGCTGTTGCTGTCAG
Forward GTCAGGATGGGGTCAAAGTTCAGTC
10 BC053313 SP4 196
Reverse GGGTCGCTGTTGTTTCTGCC
1 CV486461 7GC 112337 Forward TATAAACCCAACAGAGGAGTCTGC 178
! Reverse CGATGAAGGCGTAGCGTTTG
SI CH211- Forward ATATTCATCTGTCCACGCACAC
12 AT641140 194
15406.2 Reverse TCCTTCTGAACCGCTTCCTC
Forward CCACCCCCTTACACCTGTAG
13 AY070229 EGR2A 197
Reverse ACTGCCATGTTGTCCCTTTG
Forward ACCTACACACGCAAACTGAAGAAAC
14 BC049470 APOEB 140
Reverse ATGTATGGCTGGAAACGGTC
Forward ATGTGGCGTTTGTCTTGTGTCTG
15 B1672229 NCLI 174
Reverse TGATCTTCTTGTGGACCATCG
Forward CAGAAGAGAGCCTGTAACACGG
16 BC076343 CALCA 213
Reverse CAATCAAAGAGGAACTGTGGAC
Gene Ontology BPA
BPA 8 d 6 BPA
DNA RNA ATP GTP
BPA addition 16
1 10 6
BPA 14 1.5 mg/L BPA
BPA
BCKDHA HSD17B4 TBXASI
CALCA CYP1X12
BPA BPA
PTK2. 1 7GC100933
BPA
ADAM9 ZGC85725 APOEB 4
NCL1
BPA
1.5 mg/L BPA . BPA
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2 RT-PCR !
Table 2 Quantitative real-time RT-PCR validation of microarray results
Diff Diff Diff t-Test t-Test t-Test
C2-C1 C3-C1 C4-C1 C2 C3 c4

AF359428 CLDNI M 0.4935 0.9115 0.4379 0.002 1 0.0023 0.124 0
R -0.8494 1.609 8 2.8769 0.3224 0.009 6 0. 000 2

CV576584 ZGC 153172 M 0.3554 0.7250 0.9155 0.0128 0.000 7 0.046 3
R 0.8276 1.107 1 1.486 1 0.016 0 0.004 0 0.000 3

AF030560 FGF8A M 0.1622 0.5452 0.2271 0.018 6 0.0010 0.270 6
R -0.2297 0.4737 0.3299 0.683 4 0.0226 0.1362

Al437419 PAK2B M -0.0611 0.479 8 0.5205 0.5816 0.004 2 0.048 4
R -0.2623 0.438 1 0.7263 0.4830 0.024 0 0.0017

BC076453 ZGC 91895 M 0.3169 0.5856 0.789 3 0.0018 0.0712 0.085 4
R 1.0559 0.9524 1.8670 0.074 0 0.060 6 0.001 6

BM185389 CSRP2BP M 0.8223 1.084 3 1.024 7 0.008 5 0.003 2 0. 000 4
R 0.4417 0.3902 0.861 8 0.009 4 0.0156 0. 008 2

AW566954 TBXASI M 0.270 0 0.7556 0.684 4 0.239 1 0.0050 0.0130
R 1.3637 1.906 9 2.1005 0.000 0 0.000 0 0. 000 0

AW115780 STAU2 M 0.6379 0.477 8 0.32238 0.001 5 0.034 4 0.354 8
R 0.1743 0.2335 0.365 4 0.164 9 0.206 9 0.0115

BC053313 SP4 M 0.3492 0.300 4 0.5833 0.0009 0.0224 0.0323
R 0.8117 0.8480 1.4280 0.0358 0.0322 0.003 2

CV486461 7ZGC 112337 M 0.3935 1.0616 1.1304 0.0383 0.0331 0.000 9
R 0.2400 1.0313 0.826 4 0.5921 0.0251 0.049 5

AI641140 SI CH211-15406.2 M 0.6263 0.4267 0.5778 0.016 4 0.000 4 0.020 0
R 0.5625 0.9758 0.599 7 0.054 4 0.0198 0.040 9

AY070229 EGR2A M 0.3124 0.4949 0.5158 0.0369 0.008 5 0.003 4
R 0.9820 1.1158 1.108 9 0.0003 0.048 5 0.004 9

BC049470 APOEB M 0.6817 1.2212 1.0158 0.059 2 0.0356 0.003 6
R 0.7710 1.2314 1.4807 0.0733 0.009 9 0.0017

BI672229 NCL1 M 0. 636 4 0.786 0 1.2297 0.0337 0.0242 0.002 0
R 0.8089 1.148 1 1.054 3 0.0003 0.0011 0. 000 0

BC076343 CALCA M 0.3341 0.4528 0.649 8 0.000 5 0.1365 0. 000 0
R 1.053 1 1.918 8 0.6950 0.009 3 0.0271 0.042 4

1M R RT-PCR Cl C2 0.5 mg/L BPA C3 1.5 mg/L BPA C4 4.5 mg/L
BPA p<0.05 Diff C2-C1 Diff C3-C1 Diff C4-C1 3
Cl t-Test C2 ¢-Test C3  ¢-Test C4 3 Cl
KEGG Www. genome. jp
3
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Fig.2 Hepatic toxicity of BPA to zebrafish
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