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Sex steroid hormones secreted by the gonads play a central role in the reproduction of all
vertebrates. In addition to direct effects on gametogenesis, sex steroid hormones are important in
sexual development, brain organization, and sexual behavior. The actions of sex steroid hormones
are mediated primarily by ligand-dependent transcription factors, or receptors which bind to
specific sequences of the DNA and alter the transcription rates of nearby genes. We have used the
polymerase chain reaction to amplify ¢cDNA fragments of the estrogen receptor, progesterone
receptor and androgen receptor from the unisexual whiptail lizard, Cnemidophorus uniparens. The
lizard steroid hormone receptors share a high degree of sequence homology to the steroid hormone
receptors of other vertebrates. Ribonuclease protection assays demonstrate that both estrogen
receptor mRNA and progesterone receptor mRNA are increased in the oviduct during vitellogenesis
and after estrogen treatment. This report demonstrates the utility of the polymerase chain reaction
to generate species specific probes for comparative molecular studies and provides the first report

of cDNA sequences for reptilian steroid hormone receptors.
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INTRODUCTION

Sex steroid hormones secreted by the gonads play a
central role in the reproduction of all vertebrates. In
addition to direct effects on gametogenesis, sex steroid
hormones are important in sexual development, brain
organization, and sexual behavior. The actions of sex
steroid hormones are mediated primarily by ligand-
dependent transcription factors which bind to specific
sequences of the DNA and alter the transcription rates
of nearby genes [1-5]. These receptors are members of
an ancient superfamily of genes that evolved from a
common ancestral gene prior to the divergence of the
vertebrate taxa. Steroid receptor cDNA’s have now
been cloned in several species representing diverse
vertebrate groups (see references for Fig. 5). The
sequences of these genes reveal a common structural
organization and very strong sequence homology in
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certain functional domains across species. This highly
conserved nature of certain sex steroid receptor
domains, especially of those coding the steroid- and
DNA-binding portions of the proteins, facilitates the
cloning of these genes for use in molecular studies in
unconventional animal models.

Comparative studies in endocrinology and neuro-
endocrinology are useful for identifying generalities as
well as novelties in sex steroid hormone action. Our
laboratory has focused on the reproductive physiology
and behavior of reptiles, particularly Cnemidophorus
uniparens, a unisexual species of whiptail lizard inhab-
iting the desert grasslands of Arizona and New Mexico.
Our interest in the effects of sex steroid hormones on
the reproductive biology of whiptail lizards prompted
us to clone fragments of the sex steroid receptors from
lizard tissue.

Based on sequence information available from other
species, we used the polymerase chain reaction (PCR)
to amplify fragments of the estrogen receptor (ER),
progesterone receptor (PR), and the androgen receptor
(AR) from C. uniparens. Sequence analysis indicates a
high degree of sequence homology between the reptil-
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ian receptor genes and those of other vertebrates.
The ER and PR clones were then used to generate
probes to analyze ER-mRNA and PR-mRNA ex-
pression and regulation in whiptail oviduct. These
clones have also proven useful in the analysis of steroid
receptor expression and regulation in the lizard brain.

The sequences provided here are the first sex steroid
receptor sequence data to be published for reptiles and
should be useful for other investigators attempting to
generate homologous probes for comparative endocrine
studies. These results also demonstrate the utility
of the relatively simple PCR method for generation
of these probes for examining sex steroid receptor
expression.

MATERIALS AND METHODS
Animals

Adult C. uniparens were captured near Portal, Ari-
zona (U.S.A.), transported to the University of Texas,
and housed in environmental chambers as previously
described [6]. All animals were housed in groups of
four in 29 gallon aquaria. Each aquarium was supplied
with a heat lamp, water dish, a small board for basking
and cover and sand as substrate. Animals were fed
crickets or meal worms three times per week. Some of
the animals used in the gene regulation study were
ovariectomized as previously described [6], allowed to
recover for 1 week, injected with 0.5 ug of 17f-estra-
diol 3-benzoate (Sigma) in 10 ul of Steroid Suspension
Vehicle (SSV; National Cancer Institute, Bethesda
MD), or 10 ul of SSV without steroid, and tissue
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was taken 24 h after treatment. All animals were killed
by rapid decapitation. Dissected tissue was frozen
immediately on dry ice and stored at —80°C until
use.

RNA extraction and cDNA synthesis

Total RNA was extracted from oviduct and kidney
tissue using a variation of the procedure described by
Chomczynski and Sacchi [7]. Briefly, approx. 100 mg
of oviduct or kidney tissue was homogenized with a
polytron in 10 vol (v/w) of denaturation solution (4 M
guanidinium thiocyanate, 25 mM sodium citrate, 0.1 M
2-mercaptoethanol, 0.5% N -lauroylsarcosine). After
homogenization, 1/10th vol of 2 M sodium acetate (pH
4.0), and an equal vol of a mixture of water-saturated
phenol—chloroform—isoamyl alcohol added and vor-
texed as described by Chomczynski and Sacchi [7].
After 15 min incubation on ice to precipitate the DNA,
the mixture was centrifuged at 10,000 g and the
aqueous phase removed and precipitated in 1009
isopropanol. The pellet was then resuspended in 300 ul
of denaturation solution, extracted with buffered
phenol~chloroform-isoamyl (25:24:1) and reprecipi-
tated in 100%, isopropanol. The resulting pellet was
washed for 15 min in 75%, ethanol at room temperature
to remove any residual guanidinium salts and, finally,
resuspended in 100 ul of RNase-free water. The RNA
was quantified using spectrophotometry and the in-
tegrity of the sample assessed by visual inspection on
a denaturing agarose gel.

Complementary DNA for ER and PR amplification
was synthesized from the 10 ug RNA extracted from
oviduct tissue using random hexamer primers and

DNA Hormone
Binding Binding
1 183 250 309 595
hER Vi i
L4 4 L
215 523
ER1P 928 bp - ER2
1 565 632 681 933
vy |
583 927
PR1 I 1047 bp -} PR2
1 556 623 666 918
hAR vy |
/7 |
547 618 750 895
AR44 ARl 399 bp -w@f AR2 -} 2R3

Fig. 1. Schematic illustrating the positions of the primers used to amplify the whiptail estrogen receptor,

progesterone receptor and androgen receptor cDNA fragments. The structures of the human estrogen

receptor (hER), progesterone receptor (hPR) and androgen receptor (hAR) are illustrated to demonstrate the

relative position of the primer sequences used to amplify the lizard sequences. The numbers positioned above

and below the human receptor structures are amino acid sequence positions for the human estrogen receptor
[8), progesterone receptor [12] and androgen receptor [14].
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GlyHisAsnAspTyrMetCysProAlaThrAsnGlnCysThrIleAspLysAsnArgArg

LysSerCysGlnAlaCysArgLeuArgLysCysTyrGluvalGlyMetMetLysGlyGly
AAAAGCTGCCAGGCTTGCAGGCTTCGCAAATGCTATGAAGTTGGAATGATGAAAGGTGGA

IleArgLysAspArgArgGlyGlyArgIlleLeulysHisLysArgGlnArgGluGluHis
ATTCGGAAAGATCGCAGAGGTGGCCGAATACTGAAACATAAGCGGCAGAGAGAAGAACAT

AspAsnArgAsnAlaGlyAlaIleValGluArgArgSerProAsnLeuTrpProSerPro
GATAACAGGAATGCAGGGGCTATAGTTGAGAGAAGGAGCCCCAATCTTTGGCCAAGTCCT

LeuMetIleThrHisAsnLysLysAsnSerProAlal.euSerLeuThrAlaAspGlnIle
CTAATGATCACACACAACAAAAAGAATAGCCCAGCTCTGTCTCTGACTGCCGATCAGATT

ValSerAlalLeuleuGluAlaGluProProValValTyrSerGluTyrAspProSerArg
GTTAGTGCCTTGCTAGAAGCTGAGCCACCTGTCGTTTATTCCGAGTATGATCCTAGCAGG

ProPheSerGluAlaSerMetMetThrLeuLeuThrAsnLeuAlaAspArgGluLeuVal
CCTTTCAGTGAAGCTTCTATGATGACGCTGTTGACCAACCTCGCTGACCGAGAACTGGTG

HisMetIleAsnTrpAlaLysArgValProGlyPheValAspLeuSerLeuHisAspGln
CACATGATCAACTGGGCCAAAAGAGTTCCAGGGTTTGTGGATTTATCACTCCATGATCAG

ValHisLeuLeuGluCysAlaTrpLeuGlulleLeuMetIleGlyLeuValTrpArgSer
GTCCATCTACTGGAATGTGCCTGGTTAGAGATACTGATGATTGGATTAGTGTGGAGATCA

ValGluHisProGlyLysLeuLeuPheAlaProAsnLeuleuLeuAspArgAsnGlnGly
GTGGAACATCCAGGAAAGCTACTGTTTGCTCCTAACCTACTCTTGGACAGGAATCAAGGA

LysCysValGluGlyPheValGluIlePheAspMetLeuLeuAlaThrSerSerArgPhe
AAGTGCGTTGAGGGTTTTGTGGAAATATTTGACATGCTGCTGGCTACTTCTTCTCGCTTT

ArgMetMetAsnValGlnGlyGluGluPheValCysLeulysSerIleIleLeuLeuAsn
CGAATGATGAATGTCCAAGGGGAAGAATTTGTGTGCCTTAAATCCATCATCCTACTCAAT

SerGlyIleTyrThrPheLeuSerSerThrLeulysSerLeuGluGluLysAspHisIle
TCTGGTATCTATACATTTCTTTCCAGCACTTTAAAGTCATTGGAAGAAAAGGACCATATC

HisArgValLeuAspLlysIlelleAspThrLeulLeuHisLeuMetAlaLysSerGlyLeu
CATCGTGTTCTGGACAAAATCATTGACACTTTGTTGCATTTGATGGCCAAGTCAGGCCTC

SerLeuGlnGlnGlnHisArgArgLeuAlaGlnLeuLeuLeulleLeuSerHisPheArg
TCTTTGCAGCAGCAGCATAGACGGTTGGCTCAGCTCCTTCTCATTCTTTCCCACTTTAGG

HisMetSerAsnLysGlyMet
CACATGAGCAACAAAGGCATGGA
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Fig. 2. Nucleotide sequence and predicted amino acid sequence of the whiptail estrogen receptor PCR

fragment (LYCUER 1). The sequences with a dotted underline at the beginning and end of sequence are the

primers. The single solid underlined sequence is an EcoR I sight and the double underlined sequence is the

Hind III site used to subclone the receptor to aid in sequencing and to produce the ribonuclease protection
assay probe.

M-MulLV reverse transcriptase using the First Strand
Synthesis Kit (Strategene). Complementary DNA for
the AR amplification was synthesized from 9.2 ug of
RNA extracted from kidney tissue using the AR3
primer (below) and M-MuLV reverse transcriptase
using the Superscript first strand synthesis kit (Gibco
BRL).

Polymerase Chain Reaction (PCR)

Primer sequences used for PCR amplification were
chosen on the basis of sequence homology comparisons
between published amino acid sequences for each re-
ceptor;: ER—human [8], chicken [9], rat [10]; PR—rab-
bit [11], chicken [12], human [13]; and AR—rat and
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CysGlySerCysLysValPhePheLysArgAlaMetGluGlyGlnHisAsnTyrLeu

CysAlaGlyArgAsnAspCysIleValAspLysIleArgArgLysAsnCysProAlaCys
TGTGCTGGGCGGAATGATTGCATTGTGGATAAAATTCGTCGGAAGAACTGTCCTGCGTGT

ArgLeuArgLysCysCysGlnAlavValMetValLeuGlyGlyArgLysPheLysLysPhe
CGATTAAGGAAGTGCTGCCAAGCTGTTATGGTGCTGGGAGGTCGCAAATTTAAGAAGTTT

AsnLysVallysValLeuArgAlaLeuAspValValAlalLeuGlnGlnProThrValLeu
AATAAAGTCAAAGTTCTACGCGCGTTGGATGTTGTGGCACTCCAACAGCCCACAGTCCTT

ProAsnGluHisGlnThrLeuValGlnArgLeuSerTyrSerProThrGlnAspValGln
CCCAATGAACACCAAACCTTGGTACAGAGGCTGTCTTATTCTCCGACTCAAGATGTTCAA

PheIleProProleulleSerIleLeuGlnSerIleGluProGluvalvValTyrAlaGly
TTTATTCCTCCGCTGATCAGCATCTTGCAAAGCATCGAGCCAGAAGTGGTCTATGCAGGT

TyrAspAsnThrGlnProGluThrProSerIleLeul.euThrSerLeuAsnGlyLeuCys
TATGACAACACGCAACCAGAGACTCCAAGCATTTTGTTGACCAGCCTCAATCAGTTGTGT

GluArgGlnLeuLeuCysValValLysTrpSerLysSerLeuProGlyPheArgAsnLeu
GAAAGGCAACTTCTCTGTGTAGTCAAGTGGTCCAAATCGTTGCCAGGATTTCGGAATTTG

HisIleAspAspGlnIleThrLeulleGlnTyrSerTrpMetAsnLeuMetValPheAla
CATATTGACGATCAGATAACCCTTATCCAATATTCATGGATGAACTTAATGGTCTTTGCC

MetAlaTrpArgSerTyrLysHisValSerGlyGlnMetLeuTyrPheAlaProAspLeu
ATGGCCTGGAGATCTTACAAGCATGTCAGTGGCCAGATGCTGTATTTTGCACCTGATCTA

IleLeuAsnGluAspGlyIlleArgGlnLysMetLysGluSerSerPheTyrSerLeuCys
ATATTAAATGAGGATGGAATAAGACAGAAGATGAAAGAATCATCGTTCTACTCACTATGC

LeuSerMetTrpArgIlleProGlnGluPheValLysLeuGlnLeuThrAlaGluGluPhe
TTGTCCATGTGGCGGATACCACAAGAGTTTGTCAAATTACAACTAACCGCTGAAGAGTTC

LeuCysMetLysAlaLeuLeuleuLeuSerThrIleProLeuGluGlyLeuArgSerGln
CTTTGCATGAAGGCCTTGCTTCTTCTAAGCACAATACCGTTGGAAGGTCTCAGAAGCCAA

GlyGlnPheAspGluMetArgSerSerTyrIleArgGluLeuvallysAlaIleGlyLeu
GGCCAGTTTGATGAAATGAGATCAAGTTACATTCGAGAACTAGTCAAAGCCATTGGGTTG

ArgAlalLysGlyValValAlaSerSerGlnArgPheTyrGlnLeuThrLysLeuMetAsp
CGGGCGAAGGGAGTTGTGGCTAGCTCTCAACGTTTCTACCAGCTGACAAAACTGATGGAC

SerMetHisAspleuValLysGlnlLeuHisLeuPheCysLeuAsnThrPheLeuGlnSer
TCCATGCATGATCTTGTGAAACAACTCCATCTGTTCTGTTTGAACACATTTCTCCAGTCC

ArgAlaleuCysIleGluPheProGluMetMetSerGluvVallleCysAlaGlnLeuPro
CGGGCTTTGTGCATTGAATTTCCAGAGATGATGTCAGAAGTAATCTGTGCGCAACTTCCC

GlnAsnProAlaGlyMetValLys

1020 AAAATCCCGGCAGGGATGGTGAAACC

Fig. 3. Nucleotide sequence and predicted amino acid sequence of whiptail progesterone receptor PCR
fragment (LYCUPR 3). The sequences with a dotted underline at the beginning and end of sequence are the
primers. The solid underline is the Hinc II site used to subclone the receptor to produce the ribonuclease
protection assy probe. The double underlined amino acids are residues which appear to be an insertion since

they are not found in human, rat or chicken PR sequences.



Reptilian Sex Steroid Receptors 265

human [14]. The position and orientation of the
primers are illustrated in Fig. 1. The primers used to
amplify ER and AR were degenerate primers. How-
ever, the primers used to amplify PR were not degen-
erate primers since analysis of the cDNA sequences of
human, chicken and rabbit indicated that the regions
used to generate the primers were 1009, conserved
at the nucleotide level. The primer sequences are
as follows: ER1, 5-GG(AGT) CA(CT) AA(CT)
GA(TC) TA(TC) ATG TG-3; ER2, 5-TCC
AT(GT) CC(CT) TT(AG) TT(AG) CTC AT-3,
PR1, 5-CCT GTG GAA GCT GTA AAG TCT
TC-3’; PR2, 5-GGT TTC ACC ATC CCT GCC
A-3%; AR, 5-TG(TC) TA(TC) GA(AG) GCI GGI
ATG AC-3; AR2, 5-CCA (IC)CC CAT NGC
(AG)AA NAC CAT-3; AR3, 5-GCC ATC AT(CT)
TCI GG(AG) AA(GA)-3’; AR4, 5’-CC(IC) AU(UCA)
GA(UC) UA(UC) UA(UC) UU(UC) CC-3’ where
bases in parentheses denote degenerate positions, I
represents inosine and N represents a degenerate pos-
ition containing all four nucleotide possibilities. These
primers were purchased from the Midland Certified
Reagent Company (Midland, TX).

For the amplification of the ER fragment, optimum
conditions for PCR amplification was determined to
be 2mM MgCl,, 0.2 mM dNTP, and 20 pmol primer
per 100 ul reaction. Each sample was overlain with
100 ul of mineral oil to minimize evaporation. One-
tenth of the cDNA synthesis reaction was used in each
PCR sample. Prior to the addition of Taq polymerase,
the sample was denatured at 92°C for Smin. then
cooled to 50°C to allow annealing of the primers. Five
units of Tag polymerase (Promega) was added and the
samples were carried through the following thermal
cycle for 30 cycles: 3min extension at 72°C, 1 min

denaturation at 92°C and 1 min at 50°C for primer
annealing.

Amplification of the PR ¢cDNA fragment was per-
formed as described for ER with the exception of the
thermal cycle which was as follows: 3 min extension at
72°C, 30 s denaturation at 94°C and 1 min at 54°C for
primer annealing. The AR ¢cDNA fragment was am-
plified using a nested primer strategy with primers AR4
and AR3 and one tenth of the cDNA reaction (1 ul)
being used in a first round PCR. One 1 ul of this
first-round PCR reaction was then used in a second
round amplification using primers AR1 and AR2. The
PCR conditions were as for ER except that 4 mM
MgCl, was used, the denaturation step was at 94°C,
and primer annealing was at 53°C. Analysis of the PCR
products on agarose gels revealed bands of the appro-
priate size fragments.

Cloning and sequencing

The PCR amplified ER ¢cDNA fragment was blunt-
end cloned into the Sma I site of the pGEM 7f+
(Promega) to generate a 928 bp clone (LYCUER 1).
The PCR amplified PR and AR fragments were cloned
into the pCRII plasmid supplied in the TA Cloning
Kit (Invitrogen), resulting in a 1047 bp PR clone
(LYCUPR 3) and a 399 bp AR clone (JGCUAR 1).
This cloning strategy proved much more efficient than
the blunt end cloning used for the ER fragment. In
order to aid in sequencing, LYCUER 1 and LYCUPR
3 were subcloned utilizing internal restriction enzyme
sites. The clones were sequenced using the Sequenase
2.0 Kit (USB). The sequences were analyzed and the
predicted amino acid sequences were produced with
the aid of the computerized sequence analysis program
(Microgenie, Beckman).

CysTyrGluAlaGlyMetThrLeuGlyAlaArgLysLeulysLysLeuGlyAsnLeuLys

1 TGTTACGAGGCGGGGATGACGCTTGGAGCCCGCAAGTTGAAGAAGCTTGGCAACCTGAAG
MetGlnGlyGluGlyGluAlaAlaGlyProSerSerProThrGluGluGlnAlaProLys
61 ATCCAGGAGGAAGGGGAGGCTGCTGGCCCCTCCAGCCCCACCGAAGAGCAGGCGCCCAAG
LeuThrValSerHisValAspSerLeuGluCysGlnProllePheLeuAsnValLeuGlu
121 TTGACCGTGTCACACGTGGACAGCCTAGAATGCCAGCCCATCTTCCTCAACGTCCTGGAA
AlaIleGluProGlyValValCysAlaGlyTyrAspAsnAsnGlnProAspSerPheAla
181 GCCATCGAGCCTGGCGTGGTTTGTGCGGGATACGACAACAACCAGCCGGATTCCTTCGCC
ThrLeuLeuThrSerLeuAsnGluLeuGlyGluArgGlnLeuValHisValValLysTrp
241 ACGCTCCTGACCAGCTTGAACGAGCTTGGCGAGAGACAGTTGGTCCACGTCGTCAAATGG
AlalysAlaLeuProGlyPheArgAsnLeuHisValAspAspGlnMetAlaIleIleGln
301 GCGAAAGCTTTGCCAGGGTTCCGCAACTTGCATGTGGATGACCAGATCGCCATAATTCAG
TyrSerTrpMetGlyLeuMetValPheAlaMetGlyTrp
361 TACTCCTGGATGGGCCTGATGGTCTTTGCTATGGGCTGG

Fig. 4. Nucleotide sequence and predicted amino acid sequence of the whiptail androgen receptor (JGCUAR

1). The sequences with a dotted underline at the beginning and end of sequence are the primers.
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Ribonuclease protection assay

Tissue from two sets of animals were analyzed. The
ovariectomized, vitellogenic and postovulatory tissues
were collected to analyze changes in mRNA expression
as a function of ovarian condition while the ovari-

ectomized + O ug or ovariectomized + 0.5 ug EB tis-
sues were collected to determine the effects of estrogen
on mRNA expression (sce Fig. 6). Since the tissues
from the two groups were processed separately,
comparisons should only be made within the groups.
Ribonuclease protection assays (RPA) were performed

(a)

Estrogen Receptor

Lizard

Trout

Human  ------------ e -~ M ~---DDGEG-GEV-SAGDM-AA~----S
Chicken -—---——-=sommee—— Bt T EMM-Q----EEQ-S--GEASST-L-A-T--TS
Xenopus —---—— - e ——— L---——- KEEQEQK-DVDPS*-I-TASI-VN
Lizard PLMITHNKKNSPALSLTADQIVSALLEAEPPVVYSEYDPSRPFSEASMMTLLTNLADRELVHMINWAKRVPGFVDLSLHD
Trout -=~V-K-T--~~mmmm s M-———- DA-—-LI-—=—=~eom— e 1C i iatatnty G--N---
Human -—--KRS-~--L--————=~ M-~ DA---IL~---——~ T e L D L b DL Lt T--=
Chicken --VVK---—--———————-~ B-M-——m— e ) N- =N o e m e e e e T——-
Xenopus -*SVK*SM-L--V-----E-LI---M-—-A-I-~--H-STK-L~———==mm—m oo oo T-—-
Lizard  QVHLLECAWLEILMIGLVWRSVEHPGKLLFAPNLLLDRNQGKCVEGFVEIFDMLLATSSRFRMMNVQGEEFVCLKSIILL
Trout  -———~——=—me—mmmee M- e M- e L-———m———
Human ~ --~————mmmeommo— M---V--m e o] M-~ --L-

Chicken ------—-ooememme] Mo e e ] M-- - AA-—-—-- L-—————om -
Xenopus ——------—-——— V--I-=mmmm—mmm S——m—mm R-~—-L~~=—=m~ VT-AT--——~ RLR--—-I-—-==-=—-

Lizard NSGIYTFLSSTLKSLEEKDHIHRVLDKI IDTLLHUMAKSGLSLQQOHRRLAQLLL ILSHFRHMSNKGME

Trout me Ve e N-—-T~-----, A--T-—m oo I-—=mm-
Human Ve e T---I~----, A--T-~-—- Q~——m oo I---memmm-
Chicken ---V--—--——-—uc-—- R-Y--ommm—- g I--=mome-

Xenopus ---V--—--——- BE-—-DI-L--II-—-—~~-- V-F-—————————— Q- I-m——==
(b)

Progesterone Receptor

Lizard CGSCKVFFKRAMEGQHNYLCAGRNDCIVDKIRRKNCPACRLRKCCQAVMVLGGRKFKKFNKVKVLRALDVVALOQPTVLP

RAL —mm e ee L F---R-M---~G---P-SVAF-
HUIMAN = mm = o m e e e e e e e Grmmm e F-~--~R-V----A---P~-VGV-
ChicKen === = oo . e TR L~-M--V-Tmm* o ey A--Q

Lizard NEHQTLVQRLSYSPTQDVQFIPPLISILQSIEPEVVYAGYDNTOPETPSILLTSLNQLCERQLLCVVKWSKSLPGFRNLH

Rat -—S~--G-~ITF-~N-EI-LV----NL-M--~-D--——-H-=-K-D-§-8-——-~———GE-—==§-— ==~ ———mmc o ==
Human  --S~A-S--FTF--G--I-L-----NL-M----D-I~--H-~-K-D-§-§-—-—~==—GE----§-————mmmommee -
Chicken D-T-S-T----F--N-EIP-V--M--V-RG-----=-——=== K-——-- §-————- 2 R
Lizard IDDQITLIQYSWMNLMVFAMAWRSYKHVSGQMLYFAPDLILNEDGIRQKMKESSFYSLCLSMWRIPQEFVKLOLTAEEFL
Rat =——mmmmemee S===-GLG-====mmmmmmmmmmmm e AL SIS PemQm e m e V-H----
Human  ———~=---mco o (. ¢ U R TemQmmmmmm vsQ-—--
Chicken —--~—--—mco—o S Grmmmmmmm e mm e HHR R e QL---—~ R--VSQ----

Lizard CMKALLLLSTIPLEGLRSQGQOFDEMRSSYIRELVKAIGLRAKGVVASSQRFYQLTKLMDSMHDLVKQLHLFCLNTFLOSR

Rat ——=V-me-N--m - S—~E-—cm—m———— I-————- Q-——-P-—-————— Li=~L===~—=——m Y———— I---
Human -—=V-——-N---omm T—-E-c-mmme I-————- Q-——-8--———— - L-NL~==~—==== Y- I---
Chicken -------- e SQFD-~-T———-—cm—— e em Q-———~ N o e e e e
Lizard ALCIEFPEMMSEVICAQLPKIPAGMVK
Rat ——AV——— e A-——m—— L=
Human -V A-———~—— L———--
Chicken --SV-———~——--~ A-——~—— L———=-

Fig. 5(a and b)—legend opposite.
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Lizard CYEAGMTLGARKLKKLGNLKMQGEGEAAGPS* ** SPTEEQAPKL’IVSHVDSLECQPIFLNVLEAIEPGVVCAGYDNNQPDSFA

Rat ————mmmmmme—em— - L-E---NSSAG* * *--~~DPSQ-M----IEGY---—---====—=————————H-—————==—
Human = ---—---—-=——m—mmmmm L--——m- SSTT*** e u TTQ---——- IEGY--=--~~-~- H --
Canary -—--—--=====--——mmm A-DDI~G~SS=***—— e oo VMIRI-GY~ -~~~ H--S-----S
XeNnopus —---—======mmm—— e A-E-LDWIFSAGRR-SKELSPGMGIPQLLE--S—~-~--~ v H -

Lizard TLLTSLNELGERQLVHVVKWAKALPGFRNLHVDDQOMATIIQYSWMGLMVFAMGW

Rat Ao V--

Human A--S-—--- R bttt V--

Canary N e e S~mmmmmmm e
Xenopus L--S-—-—-—--—-————---——- N--mooomo e S e

Fig. 5. Amino acid sequence homology of the lizard (a) estrogen receptor, (b) progesterone receptor and (c)

androgen receptor with receptors of other species. The sequences given were taken from the Genbank data

base and are referenced as follows: ER (trout, [28]; xenopus, [29]; chicken, [9}; human, [30]), PR (chicken, [12];

rat, [31]; human, [13]), and AR (rat, [32]; human, [33], Canary [34], Xenopus [Picard, Genbank accession
#x58955].

using the RPA II kit (Ambion, Austin, TX). Total
RNA was extracted from oviducal tissue as described
above. 20 ug of total RNA were used for sample. 20 ug
of yeast tRNA was used in the control to insure that
probe digestion was complete. Tissue samples repre-
senting each treatment group were pooled from 4
individuals prior to extraction. Antisense *?P-labeled
RNA probes were produced by in vitro transcription
using SP6 and T7 RNA polymerases from subclones
generated from the ER and PR clones. The subclones
were generated by cutting the original clones at the
Hind III site for LYCUER 1 and Hinc II site for
LYCUPR 3 to generate clones containing the 5" end of
each clone. Transcription of these clones produced
probes 372bp and 394 bp in length for ER and PR,
respectively. The results of each RPA were analyzed on
X-ray film and each assay was replicated at least 3 times
with similar results.

RESULTS AND DISCUSSION
Sequence analysis

The nucleotide and deduced amino acid sequences
for the lizard ER, PR and AR polymerase chain reac-
tion products are presented in Figs 2—4. In each case
the DNA-binding domain and the steroid-binding
domain of the lizard sex steroid receptors share a high
degree of sequence homology with other species
(Fig. 5). The hinge sequences are less conserved. The
most convincing demonstration that a putative sex
steroid receptor cDNA encodes the functional protein
is the cloning of the full-length transcript, followed
in vitro translation and characterization of the ligand
binding properties of the protein. While this was not
performed in this study, several lines of evidence
indicate that the sequences described do represent
fragments of the genes encoding the lizard ER, PR, and

Fig. 6. Representative ribonuclease protection assay results for ER- and PR-mRNA in whiptail lizard oviduct.

Hybridization of the probes with 20 xg of yeast tRNA produced no signal. For both ER- and PR-mRNA,

expression was highest in animals with elevated levels of estrogen, i.e. ovariectomized +0.5 ug estradiol
benzoate (EB) and vitellogenic animals.
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AR respectively. The sequence homology of each puta-
tive receptor fragment with those described in other
vertebrates is very high in the functionally important
steroid- and DNA-binding domains. Second, the pat-
tern of expression of these sequences in the whiptail
lizard brain [15] matches the strongly-conserved distri-
bution of steroid-concentrating cells in the lizard Anolis
carolinensis [16] and other vertebrates [17] and distri-
bution of ER-like immunoreactivity found in whiptail
lizard brain with the H222 ER antibody (M. Gahr and
D. Crews, unpublished data). Lastly, expression of the
putative ER- and PR-mRNAs are regulated by estro-
gen in discrete areas of the brain [18] and oviduct (see
results below).

The nucleotide and deduced amino acid sequence of
a fragment of the androgen receptor from C. inornatus,
a sexual ancestor of C. umiparens [19], has been de-
scribed previously [20]. Interestingly, the androgen
receptor sequence from the all-female, parthenogeni-
cally reproducing C. uniparens reported here shares
999%, homology with that of C. imernatus, suggesting
that AR function may be necessary for normal develop-
ment and reproduction in females.

Regulation of estrogen receptor and progesterone receptor
gene expression

In reptiles, as in mammals and birds, estrogen plays
an important role in preparing the reproductive tract
for reproduction [21]. In the whiptail lizard, ovulation
is preceded by vitellogenesis, during which estrogen
levels are elevated and oviducal mass increases approx.
5-fold [22]; this oviducal mass increase is estrogen
dependent in lizards [21]. Analysis of mRNA ex-
pression indicates that both ER-mRNA and PR-
mRNA in the oviduct are stimulated by estrogen.
Ovariectomized or postovulatory animals had little
ER-mRNA or PR-mRNA compared to estrogen
treated or vitellogenic individuals (Fig. 6). While the
upregulation of PR-mRNA by estradiol is consistent
with that reported in other species [11, 23, 24], the
upregulation of ER-mRNA by estrogen in the repro-
ductive tract is opposite to that found in rat [25] or
immature chickens [26]. However, our findings are
supported by measurements of oviducal estrogen and
progestin binding sites in ovariectomized estradiol-
primed females of the lizard Podarcis s. sicula [27]. A
single injection of estradiol increased Podarcis oviducal
ER binding approx. 5-fold in cytosolic and nuclear
fractions in 12-24h and PR binding 2-3-fold in
12-48 h. The difference in the regulation of ER-mRNA
expression in the oviduct of the lizard and the uterus
of the rat may be related to the species differences in
duration of the follicular phase. Unlike the female rat,
which has a 4 day ovarian cycle and experiences
elevated estrogen for a single day of that cycle, ovipar-
ous reptiles often experience elevated levels of estrogen
for days or weeks while the eggs are yoking. Thus, it
may be necessary to become increasingly sensitive

Larry J. Young et al.

rather than decreasingly sensitive to estrogen during
the follicular phase in the reptile.

Our data represents the first report of the molecular
cloning and sequence analysis of sex steroid receptor
gene fragments in reptiles. These data not only provide
valuable information on the sequence of the sex steroid
receptor genes of a reptile, but also illustrate how
species-specific molecular probes can be rapidly gener-
ated and used to examine tissue expression of these
receptors. The primers and methodology presented
here should be applicable to many vertebrate species.
This is also the first analysis of ER and PR gene
expression in the reproductive tract of reptile.
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