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) vtgl & X (ID: ENSDARG00000016825) % 11 5|
W, 35N Hindl M1 BamH 1 MY 407 55 P1, 5
GCTGCAAGCTTACTAATAGGAAGCCAACGAAG
GACC 3'; P2, 5' CTCGGATCCGCTACAGTCA-
AGGCAAGCACAACAGC 3'.
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Fig. 1 Amplification of vtgl promoter from zebrafish
genome DNA
M: DNA marker; /: PCR product (1.7 kb).
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HIPK, AILZ 1.7 kb A4 kb 1) 2 477, 5 TUMAH
(B 2). 0 B BRI EAT I, 19 2% DNA 541
231720 bp (K 3), 5 Trust Sanger Institude B & ff1
O P TOI  vegl JEDAEE XS, &I 95% IR UR.
TESS % ff (http://www.cbil.upenn.edu/cgi-bin/tess/
tess?’RQ=MRZ-seq&job=W0535009472&is=1&nr= 50
&att=beg& fr=0&mask=-1) 114 7 HiX Bt )7 51 v i %
IR e, RIIELETo e b I Ry e A
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Fig. 2 Restriction analysis of pEGFP-vtgl
M: DNA marker; 7: pEGFP-vtgl; 2: pEGFP-vtgl digested with Hind Il
and BamH | ; 3: PCR product.

~1707 ACTAATAGGA AGCCAACGAA GGACTTTAAG CAATIGTGCAA CCAACTGGTT AAAAGCCTTGL CAGCTGCATT CAGCACAACT
C/EBP 1/2 ERE
1627 TGCAATCAAT CTACAGATGA CTATTTAGAC AAGTGTACAG AACATTAAAT AGTCCAACCG TGAAGAGATA AAGGAATGAC
API
~1547  AAGCATCTCC ATCTTTTCTT ATGAAACCAT ATTTCTAGTT TTTGCAATAT TCCTAAGATG GAAAACACTT [GCAAACAICAG
C/EBP HNF
1467 ATTAAAACAT AGAACTTTAT CAAAGATGAC ATCCATATTT CTGTTTCCAC TGCAATTTAA GGGTGACAGA TACAAAAATA

-1387 CTCAATCTCT GGGATGACAT TATAAAAATG CAAAAATCTA CATCTCAGTT TTGTCAGGAT TAAGTTGAAA ATTGTCAGCC

~1307 ATCCATTT|GT TAATIGGTGAC TAACAATCO TGCAAGAACT GTAAGAAAAG TACAATAGCA TATCATCAGC ATAGCAATGA
HNF API HNF
-1227 TAAGACACAA ATTTAAAGCT GCTAGTATTG TTGCTTAGAG AAAGTGTATA CAAATGAAAC AGAAGAGAGC CTAGCACAGA
AP1
—-1147 AACTTGAGGC ACGCACAGGA CAGAGGAACA GAGTCTGACA TGTGAGTTCC TATGGACACA GAAAAACTCC TGTCACCAAG

-1067 ATAGGAGGAT AACCAGAGCT GTCCCACTAT TCCCACCAIGA GAATGCAATG TCTTTATTAA AGTGCAGTGA TCAACATTGT

SP1
-987  CAAAATCTAC ACTAATATCC AGCAAAACCA GCACATACTA |ATTACCT|GCA TGCCATTAAA AGATCATACT TAAGACAACT
AP1
-907  TGGAACAAAC AACAA[GGGTC AGTCACAAAA TACCAGGTCT ACCAAACCAT TTACACCCCT TTTTTATTTT TTCCAAATAC

APl
—-827  ACAAACAGTT GTCAAAATGT ACATTATGTG GACAATAAAT ACAGTTAAAT ATGACTTGGT GTAAATAAAA GTTAAAAAGG

=747  CATGCTGCCC_AGCTGTGTTC TTTCACCTTT GCTTATAACA GGTTATTGTA GNTGTCTTGT TGTTACTTAT ATTAGGCCTA
1/2 ERE
-667  TTTTGTGTAT ATGCCAAAAA CCTTGGCCAA TTATTAAGTA AAAAAAAATA TTAGGCTAAC ATTGACATCA CTTATAAAAA

—-587  ATAATTTCTT AAAACTCATA CATATTTGCC TTAGCCCCGG TAGAAAAATA |ATTGCACAGT| GCCTGGTTCC ATACCCATAC

SP1 C/EBP
-507  CATCAATGGG ATTTATGCAT TGGTTGCTAT GTAAATGAGA TGTTACATCT ACAGTATGTT CTT|TAATTTG TGTTATCAGA
HNF
—-427  AAATCATGCA CCAAAACTTA AAAACAAAAA ATGCACCAAA AATTATGTAA| ATCTGCCTGT TTAGTTAAAT CTGGCCTTAA
HNF C/EBP

=347  ATGTATACAT AAAAATAAAT TTTTAATTAA TTACATCTAT TTATAAGTAT CTATGTATAA AACATCTACT GCATCAGTAT

—-267  TATTTTATTA CTGAAAAATA ATAACCTTTT TATATATAAA AGATTGGCGA TCATTTTACT GTGTACATTG GCAAAAATAA

-187  TGACATCATG ACAGGCCAGG TTAACCTAAC CTCTGGAGAT ATTTTTGTTC AAATAACCAA GTCTTAACCT GTGTGCAGTT

-107  TTTTTTTTTA CTTGTTTAAA GACTTA AATTAAT TTAAGAACTA ATACTTGGTC AGCAAGAAAA TCACTATAAA
HNF

-27 AGACCCGATA CTCTCAAGAG TTCTTCACAA ACCACCAGCC
C/EBP

Fig. 3 Transcriptional elements at 5'-upstream of vtgl gene
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Fig. 4 Green fluoresce and vtgl in the liver of larval zebrafish treated with EE2
All of the fish were 5 days post fertilization. (a, d) Treated with Ing/L EE2 for 4 days; (b, e) Treated with 0.001% alcohol for 4 days

as solvent control; (c, f) In the system water as blank control; (a, b, ¢) Observed through fluorescence microscope, as red arrow

indicating, only (a) had green fluorescence in liver; (d, e, f) Whole amount in-situ hybridization with the digoxingenin labeled RNA

probe, as red arrow indicating, only (d) was stained in liver.

23 HERBMIEMETE

2.3.1 RT-PCR ¥l EGFP il vtgl (3t £ ik, X
PO FE IR J5 BTy, 20 Tl EROWE 252 281 JHE 0 ¢
TG AR AU SR 90 15 4%, ¥ 5 dpf. #2
IS RNA, BT 5, [F] I EGFP Al vigl %7
ST P T PCR ¥4, K20 EGFP A vigl (1) 3%
ik, FHINZ PO. RT-PCR 77455 5 b ok J1e v Uk
WiEl's, &l 5ah EGFP 4 14 =4), Kl 5b J vigl

@ M2 3 45 (b) M 2 3 4.5

Fig. 5 RT-PCR analysis of the co-expression of vtgl and
EGFP genes
(a) Expression of EGFP gene; (b) Expression of vtglgene. M: DNA
marker; 2: RT-PCR product from zebrafish treated with 1ng/L EE2
without fluorescence; 3: RT-PCR product from zebrafish treated with
solvent; 4: RT-PCR product from zebrafish treated with 1ng/L EE2 with
fluorescenc; 5: PCR product of pEGFP-1 as positive control; the arrows
indicate the RT-PCR products of acidic ribosomal phosphoprotein

which was used as an internal control.
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X W AR R B A0 AT AR AL AT, AT vigl 1
FakHAL. W 4 Proas, M 1 ng/L EE2 463 5 K
Jei > Hifa (5 dpf) (19 I A7 45 S P b 45 45 TR O
W (8 4d)s 1SS R BRI AR I (] 4e) BOAL
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Fig. 6 Amplification of EGFP gene from genome DNA of
transgenic zebrafish

M: DNA marker; /: PCR product of pEGFP-1 as positive control; 2:

Amplification from the genome DNA of wild type fish as negative

control; 3, 4, 5: PCR products of EGFP gene from the genome DNA of

transgenic zebrafish.
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Development of a Transgenic Zebrafish in Which The
Expression of EGFP Is Driven by vtgl Promoter”

CHEN Hao, YANG Jian, WANG Yue-Xiang, JIANG Qiu, XU Hui, SONG Hou-Yan™

(Department of Molecular Genetics, Shanghai Medical School and Key Laboratory of Molecular Medicine,
Ministry of Education, Fudan University, Shanghai 200032, China)

Abstract Environmental estrogens (EEs) are synthetic chemical compounds and plant-derived substance that are
capable of imitating the functions of natural in vivo estrogen hormones. It has been known that estrogenic
endocrine disrupters, which can cause intersexuality and reproduction decline in animals and human, can also
induce synthesis of female-specific proteins such as vitellogenin (vtg) in male and juvenile fish. To establish a
novel in vivo test system for rapidly detection of estrogenic chemicals, a transgenic zebrafish has been developed.
First, the expression vector pvtgl-EGFP by ligating a 1.7 kb zebrafish vtgl promoter to a reporter gene EGFP
(enhanced green fluorescent protein) was constructed. Next, the pvtgl-EGFP DNA was microinjected into one-cell
stage embryos of the zebrafish. Then the embryos were raised and divided into three groups: group one (blank
control) remained in embryo media; group two (solvent control) and group three were subject to continuous
exposure of 0.001% alcohol and 1ng/L 17a-ethinylestradiol (EE2), respectively. The three groups were observed
for GFP expression with fluorescent microscopy every 12 h. Green fluorescence was first observed on day 5 in the
livers of group three larvae, while it was observed neither in group one nor group two. Furthermore, RT-PCR and
whole in situ hybridization experiments were performed and concurrent accumulation of vtgl and EGFP mRNAs
in larvae after EE2 exposure were observed, which indicated that the expression of EGFP transgene was driven by
the vtgl promoter. Last, by amplifying EGFP gene from the genomic DNA of fluorescent fish, it was verified that
the EGFP transgene had been inserted into the genomic DNA of these fish. Through observing green fluorescence
in these transgenic fish, the presence of estrogenic substance in the water can be easily detected. The transgenic

zebrafish offers an easy to use tool for effective monitoring of environmental estrogens.

Key words transgenic zebrafish, green fluorescent protein, vitellogenin, promoter, environmental estrogens
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