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The estrogen-binding region of the cDNA for chicken
ER reveals a mRNA of 3.5 kilobases (kb) in rainbow
trout liver. The level of this messenger, which is very
low in the liver of naive male animals, can be in-
creased by estrogen stimulation. With this chicken
probe, we have isolated a clone from a X gt10 trout
liver cDNA library. The partial cDNA sequence, which
encompasses most of the coding region, shows two
domains of striking amino acid homology with hu-
man, avian, and Xenopus estrogen receptors (ERs)
(DNA binding region: 90%, Hormone binding region:
60%). With this specific probe rainbow trout ER, we
detected another messenger (4.5 kb) that is less
expressed than the 3.5 kb messenger. The kinetics
of stimulation of the two messengers is compared
with the kinetics of accumulation of vitellogenin
mRNA after E2 administration. This report consti-
tutes the first identification of ER mRNA from a fish.
(Molecular Endocrinology 3: 44-51, 1989)

INTRODUCTION

In the teleost liver, as in the liver of other oviparous
fishes, egg-yolk protein synthesis is under the control
of estrogen. It is assumed that estrogen acts through
an hepatic estrogen receptor (ER). In avians (1, 2),
amphibians (3, 4), reptiles (5), and fishes (6, 7) hepatic
ERs have been characterized to varying degrees and
shown to be necessary for the induction of vitellogenin.
The ER has been purified from several species—hu-
man, rat, chicken, and Xenopus—and the respective
cDNAs have been cloned (8-12). The ER has been
divided into six domains labeled A-F (10). The putative

0888-8809/89/0044-0051 $02.00/0
Molecular Endocrinology
Copyright © 1989 by The Endocrine Society

DNA-binding domain (region C) is characterized by its
high cystein and basic amino acid content. This region
is 100% homologous in chicken, man, and rat, and it
shows also a high homology with the human glucocor-
ticoid receptor and the product of the v-erbA gene (9,
10, 13, 14). The gene products probably belong to a
large family of potentially oncogenic hormone receptors
(15). The aim of our study is to characterize the gene
of the trout ER. Fishes are the first vertebrates to
evolve, and the comparison of sequence homologies of
rainbow trout ER (rtER) with other species could yield
interesting results: the evolutionary distance between
the fishes and other species is important; furthermore,
the rainbow trout lives in a cold environment (5-16 C)
and is not temperature regulated. Comparison of the
ER sequence of several species shows that the hor-
mone-binding domain is very highly conserved (90%
homology), whereas this domain appears more variable
(15-30% homology) in the other gene products of the
family. Therefore, a cDNA probe corresponding to this
part of the ER sequence is probably the most specific
for screening a heterologous cDNA library. We describe
here the cloning and partial sequencing of the rtER
cDNA and the estrogen induction of the corresponding
mRNA.

RESULTS

Identification of the Putative Estrogen mRNA in
Rainbow Trout Liver and Correlation of Expression
with Vitellogenin (Vg) mRNA

Northern analysis of trout liver and hen oviduct poly(A+)
RNA with the chicken probe, in Thomas's standard
conditions (Fig. 1A), shows that only the hen oviduct
RNA displays a band at 7.5 kilobases (kb). When the
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stringency of the hybridization medium was lowered
(Fig. 1B: 30% formamide), autoradiographic signals
from several trout RNAs are obtained. However, there
is no absolute means of identifying those corresponding
to the ER mRNA. Several different hybridization condi-
tions were tested, and the best results were obtained
at 65 C in the absence of formamide (see Materials and
Methods). Under these conditions (Fig. 2A), a unique
band of approximately 3.5 kb in trout liver RNA is
observed, whereas the specific band in hen oviduct
RNA is still seen at 7.5 kb (Fig. 2A, lane 1). The level of
the trout messenger is very low in the male unstimu-
lated animal but increases with estrogen stimulation
(Fig. 2A, lane 4). In vitellogenic females, the level is
quite identical to that of the stimulated male (compare
lanes 4 with 5 and 6 on Fig. 2A). Hybridization of the
same filter with the Vg probe shows that Vg mRNA is
present only in the females and in treated male fish (Fig.
2B) in which the level of the 3.5 kb mRNA is high.
These preliminary studies suggest that the 3.5 kb mes-
senger may be the putative ER mRNA in trout liver.

Identification of the HER cDNA Clone and
Sequence Homology with Other ERs

Since rtER protein is present at only a few hundred
molecules per cell in control male rainbow trout liver
cells, we prepared a X gt10 library from vitellogenic
females, in which the ER concentration per cell is about
8 to 10 times higher (6). Five x 105 recombinants were
obtained and amplified in Escherichia coli hf1 (BNN91
strain). This cDNA library was screened with the estro-
gen-binding region (700 nucleotides) of the chicken ER
cDNA. Four x 104 recombinants were analyzed first

and several positive clones were detected. One of them
(X rtER), which hybridized with the 3.5-kb mRNA pre-
viously observed, was chosen for further analysis. The
insert was found to be 2700 base pairs (bp) in length,
and its 5'-end showed a very much stronger hybridi-
zation with the chicken probe than the 3'-end. The
insert was subcloned in Bluescript plasmid rtER (PrtER)
and, after mapping (data not shown), the 5'-end of the
cDNA was inserted in M13 mp18 and mp19 vectors for
sequencing. The 5'-end of the insert contains an open
reading frame. Figure 3 shows the 1278 nucleotides of
this 5'-end coding for 425 amino acids.

A polyadenylation signal and a poly(A) tail (result not
shown) are present at the 3'-end of the 2.7 kb fragment.
Therefore, the 3'-noncoding sequence of this rtER mes-
senger is only 1400 nucleotides. Amino acid sequence
comparison (with a LGBC Macintosh program) of the
PrtER (Fig. 4) with other ER sequences: human ER
(hER) (8) chicken ER (cER) (10), and Xenopus ER (xER)
(12) shows a high homology in the DNA and estrogen-
binding regions. A window of four residues was used
and a dot plotted for a match of four or more identical
residues. The program therefore generates a diagonal
line where any homology between the two sequences
is found. Figure 5 shows that the homologies found
between rainbow trout and the other species are similar
to those found between hER and cER. According to
the nomenclature of Krust et al. (10) the cDNA we have
isolated contains only the C, D, E, and F regions of the
trout ER. The comparative primary structures of the
four ERs are represented with dashes (-). This structure
shows that the sequence of clone PrtER starts from
the ninth amino acid of the C region, which is the most
conserved domain (>90%) of the trout receptor. Of the
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Fig. 1. Northern Blot Analysis
Poly(A+) RNA were prepared from trout liver, chicken liver, and oviduct as described in Materials and Methods. Ten micrograms

of poly(A+) RNA from chicken oviduct and liver (respectively, lanes 1, 2) and 10 ng poly(A+) RNA from trout liver of female, 24-h
E2-stimulated female, naive male, and 24-h E2-stimulated male (respectively; lanes 3, 4, 5, 6) were separated on a denaturing
glyoxal agarose gel, transferred to a nylon membrane, and hybridized with the chicken probe in Thomas's standard conditions (A),
or in 30% formamide (B). The size of cER mRNA is estimated with the RNA ladder from BRL (Gaithersburg, MD).
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Fig. 2. Characterization of Putative mRNA rtER and Correla-
tion with Vg mRNA in Liver

Lane 1, Two micrograms of poly(A+) RNA from chicken
oviduct, or 20 ^g poly(A+) RNA from trout liver, (lanes 2, 3)
two different naive males, (lane 4) 24-h E2-stimulated male,
(lanes 5, 6) two different females were separated on a dena-
turing glyoxal agarose gel, transferred to a nylon membrane,
and hybridized with the chicken probe at 65 C (A) and auto-
radiographied for 11 days at -70 C, or hybridized with Vg
probe in Thomas's condition (B) and autoradiographied about
20 min.

74 amino acids in this region, 69 and 68 are identical
with those of xER and cER DNA binding regions, re-
spectively. As in the other species, we found a high
number of cysteins (eight residues) and basic amino
acids (Arg, lys). All these residues are remarkably con-
served except the lysine residue number 226 of xER
and cER or 231 of hER, which is replaced by an arginine
residue in the rainbow trout.

Another very well conserved region in the other spe-
cies is the hormone-binding domain, which is less con-
served in rainbow trout (rtER/xER, 58%; rtER/cER,
62%; rtER/hER, 60%). Nevertheless, this very long
region (>250 amino acids) shows two areas (from
amino acid 329-450; and from amino acid 486-546)
where the homology is higher (71% and 83%, respec-
tively). For the two other regions (D and F), the homol-
ogy between species is less important—especially in
the rainbow trout, in which the comparison gives a

homology between 14% and 22%. Figure 6 gives the
hydropathic index of the C, D, E, and F domains in the
different species. The profiles indicate that there is also
a good conservation of the protein structure, with a
highly hydrophilic C region and a relatively hydrophobic
E region.

Identification and Estradiol (E2) Stimulation of Two
ER Messengers in the Liver of Rainbow Trout

Using the PrtER cDNA insert, we analyzed the charac-
teristics of the corresponding trout mRNAs. Male rain-
bow trout were injected with E2 (500 ^g/kg BW). The
livers were removed and frozen in liquid nitrogen ac-
cording to the time course of Fig. 7A. Poly(A+) RNA
was prepared from 500 ng total RNA and submitted to
Northern analysis (16). Figure 7A shows that the 3.5-
kb mRNA, which was previously detected with the
chicken probe, is induced by estrogen. In addition, a
second messenger (4.5 kb) can also be detected with
this probe. The level of this 4.5 kb messenger is lower
than that of the 3.5 kb, but their inductions follow
parallel time courses. After E2 administration, the level
of both messengers increases for 12 h. The beginning
of induction is observed after 1-2 h. By comparison,
(Fig. 7B), the induction of Vg mRNA starts only 5-6 h
after hormone injection.

DISCUSSION

The preliminary results of hybridization of the chicken
probe with trout liver poly(A+) RNA under high strin-
gency conditions shows no specific mRNA; whereas,
under the same conditions, chicken oviduct and liver
poly(A+) RNA display a 7.5-kb specific band. This result
shows that homology between cER and trout ER
mRNA is probably less conserved than in other studied
species: cross-hybridization between human and
chicken was previously observed in the same condition
(13). In contrast, low-stringency hybridization results in
the appearance of additional bands in trout liver by
Northern analysis but there was no absolute means of
identifying a specific ER mRNA. Under intermediate
conditions of stringency, we succeeded in showing a
putative ER mRNA in trout liver whose physiological
characteristics are in agreement with the properties of
ERs (low level in the naive male, induction with E2). We
have isolated and partially sequenced a cDNA clone,
corresponding to the rtER mRNA, that represents the
first steroid hormone receptor to be sequenced from a
fish. The comparison between the sequences of the
rtER and the ER of three other species shows that the
homology is not conserved in an homogeneous way all
along the molecules, but that two domains are highly
conserved (region C and E corresponding to DNA and
hormone binding, respectively). These two functional
domains, which are absolutely necessary for full acti-
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1 TGCHGCGRCTTTGCCTCTGGGTRCCHCTHCGGflGTTTGGTCCTGCGflGGGCTGCflflRGCC
I C S D F R S G V H V G U U S C E G C K R

61 TTCTTCRRflflGGflGCRTCCflRGGTCHCflHTGRCTRCflTGTGCCCTGCGflCTHRCCflGTGT
2 1 F F K R S I Q G H H 0 V I 1 C P R T H Q C

121 RCflHTGGflCflGGflflTCGTRGGRRGflGCTGCCflGGCRTGCCGCCTCflGHRRGTGTTflTGflfl
U T t i D R N R R K S C Q R C R L R I C C V E

181 GTGGGGRTGGTGRRRGGRGGCTTGCGTRRGGRCCGCGGTGGGCGGGTTCTCRGGRRGGRT
6 1 U G n U K G G L R K 0 R G G R U L R I C D

241 RRGCGGTRTTGTGGCCCTGCTGGTGRCRGRGRGRRRCCTRCGGTGRCCTGGRGCRCRGGR
8 1 K R V C G P R G D R E K P T U T U S T G

301 CRGCGCCCTCRGGRCGGGGGTRGGRRCRGCRGCRGCRGTCTCRRTGGTGGTGGRGGRTGG
1 0 1 Q R P Q D 6 6. R N S S S S L N G G G G U

361 CGTGGGCCCRGRRTCRCCRTGCCTCCTGRRCRGGTGCTGTTCCTGCTGCRGGGGCRGRCT
1 2 1 R G P R I T f 1 P P E Q U L F L L Q G Q T

121 CCGGCCCTGTGTTCTCGTCRGflflGGTGGCCCGCCCCTflCflCRGflGGTCflCCflTGflTGRCC
H I P R L C S R Q K U R R P V T E U T n n T

181 CTGCTCflCCRGCHTGGCTGflCflRGGflGCTGGTGCflCflTGRTCGCTTGGGCTflflGflflRGTfl
161 L L T S n fl 0 K E L U H 0 I fl U fl K K U

511 CCRGGTTTCCHGGRGCTGTCTCTCCRTGflCCRGGTGCRGCTGCTGGflGflGTTCCTGGCTG
1 8 1 P G F Q E L S L H 0 Q U Q L L E S S U L

601 GRGGTGCTGflTGflTCGGRCTJflTRTGGCGGTCCflTCCflCTGCCCTGGGRRflCTCflTCTTC
2 O t E U L H I G L I U R 5 t H C P G K L I F

661 GCCCflGGRCCTCRTRCTGGRCRGGflGTGHflGGGGflCTGTGTGGflGGGTRTGGCTGflGHTC
2 2 1 R Q D L I L D R S E G 0 C U E 6 H R E I

721 TTCGRCflTGCTCCTGGCCflCTGTGTCTCGCTTCGGCflTGCTTRflflCTGflflGCCTGRGGflG
2 1 I F 0 n L L f l T U S R F G f 1 L K L K P E E

781 TnGTGTGCCTCflflflGCCRTCRTCTTGCTCflflCCCTGGTGCCTTCTCCnCTGTTCCflflC
261 F U C L K fl I I L L H P G R F S F C S H

811 TCTGTGGRGTCCCTCCRCRRCRGCTCGGCRGTGGRRRGCRTGCTGGRCRRCRTCRCCGflC
281 S U E S L H H S S fl U E S 0 L D H I T D

901 GCCCTCHTCCflCCRCflTCflGCCflTTCRGGRGCCTCTGTGCHGCflGCflGCCCRGHCGGCflG
3 0 1 R L I H H I S H S G R S U Q Q Q P R R Q

961 GCCCflGCTCCTGCTCCTGCTCTCRCflCflTCRGflCflTHTGRGCRflCflRRGGCflTGGRGCHC
321 fl Q L L L L L S H I R H n S H K G n E H

1021 CTTTflCflGCflTflflRRTGTRRGflRCflRflGTGCCTCTGTflCGRCCTGCTCCTGGRGflTGCTG
3 M L . V S I K C K N K U P L V D L L L E R L

1081 GRCGGTCflCCGGCTCCflflGCCCCflGGCflRflGTGGCCCflflGCTGGGGRflCRGflCCGRGGGC
3 6 1 D G H R L Q R P G K U R Q R 6 E Q T E 6

1111 CCCTCTRCCRCCRCTflCCflCCTCCflCRGGCTCCflGCflTflGGGCCGflTGCGflGGCflGCCflG
3 8 1 P S T T T T T S T G S S I G P n H G S Q

1201 GRTflCCCflCflTCRGflRGCCCTGGTTCCGGGGTRCTCCRGTnTGGCTCCCCCflGCTCflGRC
1 0 1 0 T H I R S P G S G U L Q V G S P S S D

1261 CRGRTGCCCRTTCCGTGR
121 Q n P I P *

Fig. 3. Nucleotide Sequence and Predicted Amino Acid Se-
quence of the 5'-PrtER Insert

The numbers on the left designate the position of the nu-
cleotides and amino acids starting with an open reading frame.

vation of transcription and which have been very well
characterized by mutational analyses and transient
expression (17), are present in rtER. The DNA binding
domain is the most highly conserved domain in other
species (>98%) and in rainbow trout (92%). This region
shows a distribution of cysteine and basic amino acid
residues identical to that of other species and also
contains the consensus sequence established by Weiler
ef a/. (12) for the DNA binding regions of hormone
receptors. These characteristics are related to the zinc
finger structure proposed for 5S gene transcription
factor TF HI A (11, 18). Last, the results of hydropath-
icity plots show that this domain is highly hydrophilic,
as are all the DNA binding domains of the steroid
receptors.

The hormone binding domain (region E) is less well
conserved in rainbow trout, (60%) although this domain
does contain two smaller areas with greater homology
(70% and 80%). The hydropathicity plots show that this
domain is relatively hydrophobic, as in other species.

We have previously shown that the relative affinity of
diethylstilbestrol for ER in trout liver is about five times
lower than E2 itself (7), whereas DES is considered to
be the strongest competitor for ER in other species.
We have also shown that diethylstilbestrol gave only
65% of Vg mRNA induction in primary trout hepato-
cytes culture when compared to E2 (19). These results
are in agreement with the differences observed in the
structure of the hormone-binding domain of the rainbow
trout. The variation of homology may be related to the
fact that rainbow trout lives in cold water, which could
change the dissociation constant of the hormone-pro-
tein complex. In this respect it will be interesting to
investigate whether the sequence of hormone-binding
domain is different in tropical fishes.

The most important difference between rtER and that
of other species is perhaps the size of the mRNA. In
addition, two inducible mRNAs were detected in the
liver of rainbow trout. The kinetics of stimulation with
estrogen shows that the time course of induction is
very similar for the two mRNAs; this suggests that they
are both ER mRNAs. We also observe a delay of several
hours between the kinetics of the rtER mRNAs and the
Vg mRNA. This result is in agreement with previous
work (20), in which the authors show that the time
course of the appearance of xER protein precedes the
kinetics of accumulation of Vg mRNA.

It is possible that the two rtER mRNAs are tran-
scribed from the same gene and that the size difference
is due to polyadenylation signals. But there is also the
possibility that these two messengers are transcribed
from different genes and the ratio of the expression
from the two genes is under the control of additional
factors. We have investigated the presence of ER mes-
senger in five different species of salmon (unpublished
results); in all these species the two messengers are
present, but their proportion varies from one species to
another. It will be also interesting to analyze whether
the expression of the two messengers varies during
rainbow trout development.
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Fig. 4. Comparison of the Amino Acid Sequences of rtER Clone with C, D, E, F Regions of hER, cER, and xER
The amino acid sequences were compared by a matrix analysis that used a window of four residues and a dot plotted for a

match of four or more identical residues. The program (LGBC Macintosh) therefore generates a diagonal line where any homology
between the two sequences is found, a, Comparison of the amino acid sequences between cER and hER. b, Comparison of the
amino acid sequences between rtER and hER. c, Comparison of the amino acid sequences between rtER and cER. d, Comparison
of the amino acid sequences between rtER and xER.

Therefore, the difference in the size of the mRNA for
rtER compared with that of other species is only a
difference in the noncoding region. In other species, the
size of the 3'-noncoding region is more than 4000
nucleotides, whereas in rainbow trout this sequence is
only 1400 nucleotides for the 3.5 kb messenger, which
is the most abundant. This difference is sufficient, there-

fore, to explain the smaller size of the rtER mRNA. The
comparison of the sequences in the 3'-noncoding re-
gion shows that there is no significative homology (data
not shown); this implies, therefore, that this portion of
the gene was not subjected to evolutionary pressure
with regard to the function of the receptor. On the other
hand, this sequence is perhaps very important for
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Rainbow trout
Xenopus
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175
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M 1 R—]
M 1 R_.
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Eg LISA-MEAEA-IVY-EHDSTK-LS-AS NL—R N R VD-T H CA
Eg M-SA—EAEP-IVY-EYDPN—FN-AS NL—R N R VD-T H CA
DQ M-SA—DAEP- I -Y-EYDPT—FS-AS—G NL—R N R VD-T H CA

WLEVLMIGLIWRSIHCPGKLIrAQDLILDRSEGDCVEGIIAEIFDMLLATVSRFGMLKLKPEEFVCLKAIIL
1—v V S—PN-L Ng-R LV VT-AT—R-MR-RG 1 S
1 v MEH L—PN-L Ng-K V AA—R-MN-gG
1 v MEH-V—L--PN-L Ng~K V S E-MN-QG

LNPGAFSFCSNSVESLHNSSAVESMLDNITDALIHHISHSGASVggQPRRQAQLLLLLSHIRHMSNKGMEH
—S-VYT-L-STL EDTDLIH1I—K-I-T-V-FMAX—L-L Q—L 1
--S-VYT-L-STLK—EERDYIHRV—K T LMAK—L-L H—L 1
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LYSIKCKNKVPLYDLLLEMLDGHRLQAI
M V A—IHT-

_ N M V A H—
M V A H—

GKVAgAGEgTEGPSTTTTTSTGSSIGPMRGSgDTHIRSPGSGV
KDKTTTgEEDSR - P P VN-A-PCLgpYYTN-EEV-Lg-T-*
AASSA-PMEE-N RNgL—APA—HSLgSFYINSKEEESMgNTI*
TSRGG-SVEETDQ-HLA-AGST—HSLQKYYITGEAEGFPAT-*

LQYGSPSSDQMPIP*

Fig. 5. Alignment of the Amino Acid Sequences of the C, D, E and F Domains of the rtER, xER, cER, and hER
The PrtER sequence was positioned to yield the maximum homology between those sequences. The identical amino acids

between PrtER clone and these ER are shown by clashes (-). In region C the cysteine residues are indicated by black spots (•).

mRNA translation and stability of the messenger, as
suggested by recent work (21).

MATERIALS AND METHODS

Animals and Treatments

Male and female rainbow trout (Salmo gairdnerii) weighing
250 g were supplied by a trout farm (Gournay-Sur-Aronde,
Oise, France), and kept in recycled water (22). The hens were
supplied by a local farm (Les Clariaux, Amanlis, Ille-et-Vilaine,
France). Male rainbow trout were stimulated using a saline
(NaCI, 0.9%) injection of E2 (0.5 mg/kg BW).

Poly(A+) RNA Preparation and Northern Analysis

Trout livers and hen oviducts were removed and immediately
frozen in liquid nitrogen. They were stored at -80 C until use.
Total RNA was extracted with a modification of the Auffray
and Rougeon technique (23). The poly(A+) RNA were obtained
after chromatography of the tptal RNA on oligo(dT)Tris acryl
M (I.B.F.) (24) and were subjected to 1 % agarose (type I low
EEO, Sigma Chemical Co, St. Louis, MO) gel electrophoresis
in denaturing conditions (16, 25). The RNA was transferred to
nylon membrane (Pall Biodyne) essentially as described by
Thomas (26).

Labeling of the cDNA Probes

Chicken Probe The 2.1 kb chicken oviduct cDNA clone
containing the complete open reading frame of ER (10) was
kindly provided by Chambon [Laboratoire de Genetique Mo-
leculaire des eucaryotes du C.N.R.S., Strasbourg, France].
We subcloned a 0.7 kb H/ndlll fragment containing estrogen
binding domain in the SpL vector, which was previously de-
phosphorylated. The insert was labeled by nick translation
(Amersham Kit N 5000) using a32P dCTP 800 Ci/mmol (Amer-
sham, UK).

Rainbow Trout Probe The 2.7 rtER cDNA insert was labeled
with the random primer labelling kit (Boehringer).

Vg Probe The plasmid PSG Vg 509 (27), containing a 2.2 kb
fragment of cDNA from the terminal 3'-end rainbow trout Vg
mRNA, was labeled by nick translation.

Hybridizations

According to the text, Thomas's standard conditions (26) were
also used to hybridize with the cER, rtER, and Vg probes.

Specific hybridization conditions were used to show the
putative rtER mRNA and to screen the A gt10 library with the
cER probe. The filters were prehybridized (6x SSC, 1x Den-
hardt's solution, 10 ITIM NaH2PO4 pH 7, 0.1% sodium dodecyl
sulfate (SDS), heat denatured yeast tRNA, 50 jug/ml) for 6 h
at 65 C and hybridized (6x SSC, 5x Denhardt's solution, 10
mM NaH2PO4, pH 7, 0.1% SDS, heat-denatured yeast tRNA
50 Mg/ml) containing nick translated and heat-denatured probe
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Fig. 6. Hydropathic Profiles of the C, D, E and F Regions of
Four ER Protein

The profiles for rtER, xER, cER, and hER were displayed
by computer using the algorithm of Kyte and Doolittle (31) with
a window of seven amino acids; positive and negative values
on the ordinate indicate hydrophilic and hydrophobic degrees,
respectively. The four regions (C-F) are indicated at the top of
the panel.

for 20 h at 65 C. After washing at 68 C four times, 30 min
each, in 6x SSC, 10 mM NaH2PO4, pH 7, 0.1% SDS followed
by two times, 30 min each at 68 C in 1 x SSC, 0.1 M NaH2PO4,
pH 8.4, 0.5% SDS, the membranes were autoradiographied
at -70 C.

Preparation and Screening of Trout Liver cDNA Library

One microgram of mRNA poly(A+) from a female trout liver
was used for double stranded ds cDNA synthesis. The ds
cDNA was synthesized by the method of Gubler and Hoffman
(28) with Amersham's cDNA synthesis system.

EcoRI sites in cDNA were methylated by EcoRI methylase
(Biolabs, Beverly, MA) and the cDNA was ligated to the EcoRI
linker (Amersham), then digested with EcoRI, and fractionated
by gel filtration on a sepharose 4B (Pharmacia, Piscataway,
NJ), column. The largest fractions were pooled, ligated to X
gt10 vector (29) at a molar ratio of 1:1 (cDNA :X phage DNA),
and packaged in vitro (Promega Biotec's packaging system,
Madison, Wl).

The phages were plated onto E. coli hfl (BNN9 strain); 5 x
105 recombinants were obtained and amplified. Four x 10"
recombinants were plated onto E. coli hfl, with 2000-3000
phages/8.5-cm-diameter Petri dish. Duplicate filters (Hybond-
N, Amersham) were screened with the chicken probe (106

cpm/filter) in the hybridization conditions described above.
Several positive clones were detected, identified, and char-

acterized by hybridization with Northern blot of mRNA poly(A+)
from trout liver.
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Fig. 7. Estrogen Regulation of rtER mRNAs Level and Corre-
lation with Vg mRNA in Trout Liver

Male rainbow trouts (250 g each) were injected by E2 (500
Mg/kg BW) at time 0 h. At the indicated times (0.5, 1, 1.5, 3,
6, 12, 24 h) after injection, the animals were killed and the
livers were removed, poly(A+) RNA was prepared from 500 fig
total RNA and separated on a denaturing formaldehyde aga-
rose gel, transferred to a nylon membrane, and hybridized in
Thomas's condition with rtER probe (A) and autoradiographied
about 1 day, or with Vg probe (B) and autoradiographied about
4 h. Hybridization of the membrane with actin probe reveal
equivalent amount of poly(A+) RNA in each lane.

Sequencing

One clone (X rtER) containing a 2.7-kb insert hybridized with
a 3.5-kb messenger in Northern blot. The insert of X rtER
clone was subcloned into the EcoRI site of Bluescript (Genofit)
plasmid (PrtER) and mapped. The 5'-regions were subcloned
into the Mi3mp18 and M13mp19 cloning vectors and sequenced
by the dideoxy sequencing method (30) on both strands of the
DNA with Sequenase Kit (USB).
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