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Cloning and in situ hybridization analysis of estrogen
receptor in the developing gonad of the red-eared slider
turtle, a species with temperature-dependent sex
determination
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Mary reptiles exhibit temperature-dependent sex determination where the incubation tarmperature of the egg
determines the gonadal sex of the individual. If exogenous estrogen is administered during the temperature-
sensitive period to embryos incubating at a male-producing temperature, the temperature effects can be over-
ridden and females will be produced. Inhibiting production of endogenous estrogens at female-biased
incubation temperatures results in embryos developing as males rather than females. Thus, estrogen-
estrogen receptor-dependent machanisms appear to play a key role in female sex determination. The present
sludy characterized the expression of the estrogen receptor during the critical pariod of temperature sensitiv-
ity in the red-eared slider turtle, Trachemys scripta. Polymerase chain reaction was used to amplify estrogen
receplor cOMA. A portion of the estrogen receptor cDMA was used to produce probes for in situ hybridization
analysas to localize and quantitate levels of estrogen receptor mRNA at different stages of development in
embryos from different incubation temperalures. Estrogen receptor mRMA is expressed in the gonadal
tissues of both putative males and pulalive females even before the gonads begin 1o resclve as ovaries or
lesles. There is a greater abundance of estrogen receptor mRAMNA in putalive females at the beginning of the
temperature-sensitive period as compared to putative males. In embryos lrom a fernale-producing incubation
lemperature, levels of estrogen receptor mRMA are higher in the beginning of the temperature-sensitive
window compared to levels after the ovary is differentiated. These resulls support the hypothesis that
astrogen-estrogen recepltor dependent processes are important during sex determination and gonadal

differentiation in temperature-dependent sex determination.
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Introduction

In reptiles with temperature-dependent sex determi-
nation (TSD), embryonic incubation temperature
determines whether the individual will be male or
female. In the red-eared slider turtle (Trachemys
scripta), a TS0 species, constant temperatures below
28.6°C induce all male hatchlings while temperatures
above 29.6°C produce all female hatchlings.
Increasing incubation temperature within the narrow
28.6-28.6°C range between these two groups results
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in increasing female : male ratios (reviewed in Crews
et al. 1994). Shifting eggs from low to high tempera-
tures (and vice versa) established a window of sensi-
tivity in which the effects of the initial incubation
temperature could be reversed (Wibbels et ai. 1991).

Extensive studies using stercid hormone treat-
ments or inhibitors of steroid production suggest that
temperature may be acting by regulating the steroid
environment that directs gonadal differentiation (see
Crews 1994 or Crews ef al 1924 for review),
Application of exogenous sex steroids to the egg is
also capable of reversing sex: estrogens and the
aromatizable androgens testosterone (T) and andro-
stenedione (AE) produce females at male-biased in-
cubation temperatures, Cytochrome P450 aromatase
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is the enzyme that converts T to estradiol (E2) and AE
to estrone (E1). Administration of the non-stercidal,
specific aromalase inhibitors CGS 169494 and CGS
20267 (Ciba-Geigy, Summit, NJ, USA) to eggs incu-
bating at a female-producing temperature will reverse
the temperature effects on sex determination, produc-
ing a significant number of male hatchlings {Crews &
Bergeron 1994; Dorizzi et al 1294; Rhen & Lang
1994; Wibbels & Crews 1994). At a female-biased
temperature (which narmally results in = 80%
female: 20% male), only males were produced after
aromatase inhibitors were administered. Stopping the
production of estrogens therefore was enough to stop
the production of fermales.

Using autoradicgraphic procedures, Gahr et al
(1982} demonstrated that *H-E2 is concentrated in the
liver, the adrenal-kidney (mescnephros)-gonad (AKG)
complex, and in some bony structures in the develop-
ing embryc. This pattern occurred in embryos from
both male- and female-producing incubation temper-
atures, at stages in the beginning of the temperature-
sensitive period, as well as during and after gonadal
differentiation. That estrogen concentrating tissues
are found during the crilical period of sex determina-
lion supports the hypothesis that estrogen-ER depen-
dent mechanisms may have a role in female sex
determination.

Co-localization studies combining autoradiography
with immunccytochemistry led to the discovery that
the antibodies to human ER (H2225py and H2265py),
which are immunoreactive in a wide variety of species
representing every vertebrale class, including lizards,
snakes, and alligators, consistently fail to recognize
turtle ER (M. Gahr & 0. Crews. unpubl. data). If there
are significant differences in the amino acid sequence
between mammalian and turtle ER, such differences
may be responsible far the failure of these mammalian
antibodies to bind the turtle ER. It is important then to
identify the estrogen receplor (ER) in the embryo, and
o determine which cells express these key proteins
relative to the pericd of sex determination and
gonadal differentiation.

The present study sought 1o determine the location
of cells expressing ER mRNA in the developing repro-
ductive system of the red-eared slider. Through a
guantitative analysis, the abundance of ER mRMNA was
examined and compared across developmental
stages and across different incubation temperatures.
Reverse-transcription followed by PCR {polymerase
chain reaction; RT-PCR) was used to clone portions of
cDMNA of the estrogen receptor (ER) in the red-eared
slider. These clones were used as probes in the in situ
hiybridization assays to detect cell populations
expressing ER in the developing gonad.

Materials and Methods

Animals

Freshly laid eggs from the red-sared slider turtle,
frachemys scripla, were obtained commercially
{Robert Kliebert, Hammond, LA, USA). After transport
to the laboratory, they were held at room temperature
until we established embryo viability by candling of
eggs. The eggs were randomized (o eliminate any
clutch effect, then placed in groups of 30 in coverad
frays containing maistenad vermiculite (vermiculite:
water, 1:1). Egq trays were placed in reach-in incuba-
tors (Precision, Chicagao, IL, USA) programed ta main-
tain a constant temperature of 26.0, 28.2 or 31.0°C.
Temperature fluctuations were monitored daily by
checks on incubator programing, a computerized
data Ilogger (HOBO temperature logger, Onset
Computer Corporation, Pocasset, MA, USA), and a
calibrated incubator thermemetar, During the entire
period of incubalion, egg trays were rotated daily from
shelf to shelf to avoid any effects of a temperature
gradient within the incubator. Egg development was
manitored by candling and dissecting representative
2ggs to verify developmental characternistics specific
to & particular stage (Yntema 1968).

Tissue colleclion

Three developmental slages were sampled: stage 15,
in the beginning of the temperature-sensitive pericd
(TSP}, stage 19, during the TSP; and stage 23, well
after the TSP. When the embryos reached one of these
developmental stages, they were anasthetized in ice,
killed with rapid decapitation and dissected under a
dissecting microscope. The AKG complex was
removed and immediately frozen in liquid nitrogen, all
within 1-2 min of decapitation to maintain RNA integri-
ly. Frozen AKG samples were stored at —B0C until
use for in situ hybridization.

Cloning and sequencing

Computerized sequence analysis soltware (Micro-
genie, Beckman, Fullerton, CA, USA) was used to
compare published sequences of the ER of human
(Green et al. 1986; Gresne et al 1988), rat (Koike et
al. 1987), chicken (Krust et al. 1986: Maxwell ef al
1987). frog (Weiler et al. 1987}, and trout {Pakdel ef al.
19889) that show highly conserved aminc acid
sequences. Because of such conservation in
sequence in other vertebrates, DMNA primers designed
from the DMA-binding domain and the steroid-binding
domain were selected to generaie turtle cDNA clones
of ER using RT-PCRA. The primers used were: primer G
5'-GGATG)CA(TC)AACTIGA{TCITA{TC)ATGTG-3'
from the DMA binding domain and primer U:
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Fig. 1. Upper: Schemalic diagram of functional domains of the estrogen receptor cOMA (adapted from Evans 1988) with a depic-
tion of our clones and subclones generated to characterize the wrtle ER. Lowear: Comparison of the deduced protein sequence of
Trachemys scripta estrogen receplor 10 published sequences of ER of other species (see text for references). Quilined regions are
highly conserved. with shading indicating identical aming acids. The hings region covers amino acids 21-96 and is indicated by
arraws above the actual sequence.
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S'TCCAT(TG)CC(CT)TT(AGITT(AG)CTCAT-3' from the (Promega, Madison, Wi, USA) resulting in three inde-
steroid-binding domain; bases in parentheses indi- pendeant clones spanning 0.8kb. The clones were
cate degenerate positions. Southern blot analysis was sequenced using Sequenase, wversion 2.0 (United
performed on the PCR products, using chicken ER States Biochemical, Cleveland, OH, USA) and ana-
cDONA as a probe for confirmation {data not shown). lyzed with the Microgenie software to compare o ER
Resulting cDMNA were cloned intc pGEM 7zf+ genes of other species,

Turtle m
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Fig.2. Upper: Schematic compariscn of the ER cDMA o the e-form and (o the p-form of the rat ER. The alignment begins with the
nucleotide (nt) of the rat ER thal corresponds to the first nt of our IER clones. The horlzomtal black bars represent the cOMA sequences
for each gene, with the numbers on the top and botiom line indicating the ni. Small vertical lines perpendicular to the rat sequence
bars indicate extra nt that are nol present in the tER cDMA; white lines in the rat sequence bars indicate non-conserved nt regions
when compared to 1ER. The rat a-form is clearly more similar to the tER than iz the B-form. Lower: Mucleotide sequence of 1!-u:
portion of the turlle ER (1ER) cOMA characterized in the present study. PCR primears used 10 genarate the clones are indicated with

underlining.
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Probe preparation

In situ hybridization probes were prepared from
JBPCR1A (332 bp, see Figs 1.2). Sense and anlisense
riboprobes were synthesized by transcription with Sp6
and T7 polymerase, incorporating *S-CTP (NEM Du
Pont, Boston, MA, USA) at a specific activity of
10°-10%d.p.m./ug probe. ‘Cold" antisense compaetitar
probes were prepared by incorporating *H-UTP {NEN
Du Pont) of low specific activity (10°-10"d.p.m./ug) to
facilitate quantitation. After degrading the cDNA tran-
scription template, the probes were then purified by
two rounds of ethanol precipitation with ammonium
acetale. The yield of the synthesized probe was cal-
culated from counting the final product on a liquid
scintillation counter (Beckman) and dividing the
counts by the specific activity of the probe.

Tissue preparation and Rybridization

The AKG was cross-sectioned at 20um on a refrig-
erated cryostat (2800 Frigocut, Reichert-Jung,
Mussloch, Germany). The sections were melted onto

RNase-free poly L-lysine-coated microscope slides
and allowed to dry at room temperature prior to stor-
age at - 80°C with desiccant. At the time of the assay,
tissue sections were fixed in 4% paraformaldehyde,
followed by rinses with phosphate-buffered saline
(FBS). Sections were then treated with freshly pre-
pared frielhanolamine and acetic anhydride and
rinsed in 2 x 55C, followsd by dehydration in ethanol
and delipidation in chloroform. The airdried samples
were then prehybridized overnight at 45°C in a
hybridization solution containing 50%
formamide, 10% dextran sulfate, 0.3mol/lL NaCl,
10mmal/L Tris-HCI (pH 8.0), 1 mmollL EDTA, 1 x
Denhardt’s solution, 10mmeol/L dithiothreitel, and
2.5mg/mL tRMNA. Hybridization was carried out under
the same conditions, except that tANA was reduced
to 0.5mg/mL and an ER-specific ¥S-labeled probe
was added at a final concentration of 0.3ug probe =
length (kb)/mL. Bolh prehybridization and hybridiza-
tion were carried out in airtight containers lined with
wel paper towels to keep the chamber humid.
Following hybridization, sections were washed in

Fig.3. Histological and in sifu hybridization sections of oviduct from a stage 23 embryo al a female-producing temperature show-
ing localization of tER. (&) Light-field microscopy. (B) Dark-field microscopy of the same section following in situ hybridization with the
*5-labeled 1ER antisense probe, (C} Subsequent seclion of oviduct from the same animal following i silu hybridization with *S-
labelad 1ER sense probe. (D) Subseguent section of aviduat from the same animal following im sifu hybridization with **5-labaled (ER
antisense probe plus 100-fold excess non-radicactive antisensa probe. (E) Subsequent section of aviduct from the same animal fal-
lowing in sifu hybridization with *5-labaled (ER antisense probe after the seclions ware degraded with RMase. Bar, 100pum.
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increased siringency washes [0 remove non-specific
signal and dehydrated in alcohol, then air dried, The
slides were then dipped in Kodak NTB-2 autoradio-
graphic emulsion, dried, and exposed at 4°C. After 2
weeks, slides were developed in D-19 developer (East-
man Kodak, Rochester, NY, USA), fixed, and rinsed
in water. Sections were immediately slained using
hemaloxylin-eosin staining, then coverslipped using
Fermount {Sigma Chemical Co., St Louis, MO, USA).

Analysis

Final results were analyzed using dark field micros-
copy. Specific labeling is defined as clusters of silver
grains lying over stained AKG cells at a density af
three times that of background. Quantitation of speci-
fic tissue areas and cells was carried out using the

University of Washington Grain Counting program,
varsion 1.102. For each individual AKG, the imaging
systerm was programed to select the five highest
labeled cell clusters within the gonadal tissues, then
count the silver grains per cell. For background con-
trals within each AKG cross-section, the system then
repeated the selection and counting process for cell
clusters in the kidney. The grains per cell for the less-
labeled kidney section was subtracted from the grains
per cell for the attached gonadal section to give a
measure of mRMNA abundance (grains per cell) for
each individual animal. A preliminary assay was con-
ducted in 1995 (n=5 or 6 per group) with a larger
assay following collection of more tissue samples (n=
8-12 per group) in 1996, The background (kidney)
grains per cell between the two assays were com-

Fig.4. Histological and in sifu
hybridization sections of turtle
gonadal ridges from embryos at a
iemale-producing incubalion tem-
perature (31°C), indicating ER
mBRMA expression. These are pho-
tographs of individual embryos 1o
demonsirate specific localization.
They may not, therefore, ba repre-
zanlalive of the mesn values of
tER mRMNA expression for each
group, The lop row (4,8) are from
an embrya in the baginning of the
lemperature sensilive pariod, or
TSP, (stage 15). The second row
(C,0) are from an embryo during
the TSP (stage 19). The botiom
row (E,F) are from an embryo after
the TSP (stage 23), when the
gonad has differentiated inte an
ovary. Bar, 100 pm.
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pared using a Students Hest. Mean grains per cell
were determined for each group (defined by develop-
mental stage and incubation temperature). Three-way
analysis of variance (AMNOVA) was used o compare
means of all the groups, followed by hierarchical two-
way AMOWVA to determine if significance came fram
differences in the ER mRNA levels of different stages,
different incubation temperatures, or from each assay.
All statistics were performed using Systat 5.2.1,

Results

Cloning and sequencing

The aming acid sequence comparisan of the turtle ER
(IER) cDMA to other species showed that tER had the

Fig.5. Histological and in situ
hybridization sections of turtle
ganadal ridges from embryos at a
male-producing  incubation  em-
perature (26°C). indicating ER
mRMA expression. Thase are pho-
tographs of individual embryos to
demonsirate specific localization.,
They may not, therefore, be repre-
sentative of the mean values of
{ER mEMNA expression for each
group. The top row (AB) are from
an embryo at the beginning of the
lemperalure sensitive period, or
TSP, (stage 15). The second row
(C.D) are from an embryo during
the TSP (stage 19). The boltom
row (E,F) are from an embryo aftar
the TSP (stage 23), when the
gonad has difterantiated into a
testis. Bar, 100 pm.

characteristic conservation of amino acid seguence
in the DNA (100%) and stercid-binding {>90%)
domains, but had greater difference in the less con-
served hinge region (Fig. 1, lower). This degree of
homology would characterize the present clone as
ER. Comparison of tER cOMA to the two forms (o« and
) of ER that have bean identified (Kuiper ef al. 199G)
shows that we characterized the putative o form (Fig.
2, upper). The fragment used far in situ hybridization
prokes is the subclone JBPCR1A from nt1-392 (Fig. 2,
lower).

In situ validation

Sections hybridized to the *S-labeled ER antisense
probe showed intense specific localization of silver
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grains over the cells in the gonadal ridges and in the
differentiated gonads, but net in the adrenal or kidney
cells. There was no specific signal over the back-
ground level in the adjacent tissue section that had
been hybridized to the *S-labeled ER sense probe.
The specific labeling of the antisense probe was elim-
inated by the addition of 100-fold excess ‘cald’ anti-
sense competiter probe and by RMase pre-treatment
(Fig. 3).

Receptor distribution

In all stages, at all termperatures tested, ER mRMA was
expressed in the urogenital tissues, but not in the
adrenal or kidney (Figs 4,5). Even before the gonads
began lo differentiate as ovaries or testes, presump-
tive gonads showed intense hybridization to antisense
ER mRMA. This signal remained specific to the
gonadal cells during genadal development, at all tem-
peratures tested. Gonadal differentiation was accom-
panied by differences in the localization of ER mRMNA.
Ovaries showed general distribution throughout both
the cortex and the medulla (Fig. 4), whereas the lestes
showed specific labeling over the testicular cords
(Fig.5).
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Fig.6. Mean grains per cell at embryonic stages relative (o the
temperature-sensitive period. Shown are the values for the
extreme temperatures (O, 26°C, male-producing; B, 31°C,
fernale-praducing). Significant ditferences comparing the tem-
peralure within stages are indicaled by arrows above the bars.
The box at the lop indicales the significant differences when
comparing stages within a lemperature.

Receptor quantitation

Three-way ANOWVA comparing temperature, develop-
mental stage, and assay effects showed significant
gffects (F=4.26; d.f. =4, P<0.01). At extreme tem-
peratures, in the beginning of the TSP {stage 15) when
the urogenital ridge was undifferentiated, ER mRMNA
levels were greater in embryos from 31°C than in
embryos from 28°C (F=10.81; df. =1, P<0.01; Fig.
). This relationship was reversed at the stages during
gonadal differentiation, where the 26°C gonads
showed higher ER mRBMA levels than the 31°C animals
(F=6.28; dif. =1; P<0.02). After the TSP had ended
and the gonads were differentiated (stage 23), the ER
mBMNA levels were not different across temperatures
(F=277:d.l.=1, P<0.11}. In comparing stages with-
in temperatures, the 31°C embryos showed a
decrease in the gonadal expression of ER mBMNA as
they went from beginning stages to the differentiated
stage (F=4.66, d.i. = 2; P<0.02). These stage-related
differences were not seen in the embryos from 26°C
(F=240; df =2; P<0.11).

Within the intermediate temperature (29.2°C), there
was no difference in the abundance of ER mRMNA
amaong the three embryonic stages sampled (F=1.15;
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Fig.7. Abundance of gonadal ER mRMNA across stages at
axtreme temperaturss (26°C, male; 31°C, female) relative to
the threshold temperature (29.2°C). The tER mBMNA levels at
threshold temperatures ware set 1o equal 100, The IER mANA
levels of the extreme temperalure groups were then adjusted as
a ratio of the carresponding stage fram the threshold tempera-
tures. The threshold temperatures in the 2 years that produced
the subjects of the present study resulled in an approximately
Gl ;40 fermale : male ratio.
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d.f.=2; P=0.33). In the beginning stage, gonadal ER
mRNA abundance in the embryos from 29.2°C was
slightly lower than both 26 and 31°C, but this differ-
ence was only significant compared to the putative
females (F=27.34; d.f. =1; P<0.01). During and afler
the TSP (stages 19 and 23, respectively), embryos
from the intermediate temperature fell between those
af the 26 and 31°C embryos, but these values were
not significantly different from either of the two
extreme temperatures. At 20.2°C, the stages before
visible gonadal differentiation contained both male
and fernale gonads in unknown proportions. If there
are already sex-specific genetic factors that cannot
be accounted for by macroscopic characteristics, this

may confound analysis. To examine the intermediate .

temperature effects, the means for the intermediate
temperature groups were set at 100 and the extreme
temperature means were adjusted proportional to the
adjusted intermediates (Fig. 7).

Discussion

The present study sought to determine when the
genes of estrogen receptors are expressed during
development, and further, if incubation temperature
modulates the expression of genes encoding these
receplors. We know estrogen production to be a prin-
cipal element of female sex determination as a result
of inhihition of aromatase, and therefore estrogen pro-
duction, inducing males af female-producing incuba-
tion temperatures (Crews & Bergeron 1994, Dorizzi et
al. 1994, Rhen & Lang 1994; Wibbels & Crews 1994).
Gonadal ER expression, therefore, would also be
expected during ovarian differentiation, Estrogen
receptor expression though, cannol be induced by
incubation temperature, as complete estrogen-
induced sex reversal can occur at male-inducing
incubation temperatures. Indeed, the present study
has shown that ER is also expressed in cells of
gonadal tissues of embryos from male-producing
incubation temperatures (Fig. 5). In the mouse as in
the lurtle, ER is present in the testes prior to pheno-
typic differentiation of the gonad (Greco et al. 1992).
In addition Lo its role in avarian development, ER prob-
ably plays an important role in male sexual differenti-
ation. Male mice born without the ER gene show
reduced testis size and decreased fertility (Lubahn et
&l 1993).

As shown in the present study, however, there are
differences in the relative amounts of ER mRBNA prior
lo differentiation of the urogenital ridge (Figs 6,7).
Gonadal cells in putative females are expressing more
ER mRMA than their putative male counterparts, The
higher temperature may be enhancing ER expression

during initiation of the ovary-determining cascads.
The greater ER mRNA levels then drop as the gonad
nears the end of the TSP and remains low after the
gonad has differentiated into an ovary, Embryos from
male-producing incubation temperatures express
consistent ER mBNA levels in all three stages of
gonadal development. In the rat, ER mRMA in the
brain is known o decrease in response to increased
E2 (Lauber et al. 1981). In this same study, sex differ-
ences in the basal levels of ER mRMNA corresponded
to sex differences in the ER protein. If tempearature is
acting by increasing embryanic estrogen production
as has been hypothesized (Fieau ef al. 1994, Salame-
Mendez ef all 1997), the decrease in gonadal ER
mARMA at a female-inducing incubation temperature
would support that relationship. Further investigation
into binding properties of the receptor may help eluci-
date the precise mechanisms invalved.

The pertion of tER cOMA used in the present study
may also bind ER-R if it is expressed in the turtle as in
the rat (Kuiper ef al 1996). Because we only have a
farm for the « form of 1ER, we were unable to distin-
guish ER expression as « or (. It is imporiant io note
that in rats, ER-B plays an important role in bolh male
and female gonadal functions. The ER expression
shown in the turlle gonads in the present study may
reflect a similar pattern as in the rat.

The current sludy also provides new data regard-
ing temperature differences in gene expression at dif-
ferent slages of embryonic development. Al the
beginning of the TSP, when the gonadal ridge is at its
maost plastic, there is a wide range of values for ER
mRNA abundance (grains per cell) in embryos from
all three incubation temperatures (26°C: range
30-121 grains per cell; 29.2°C: range 13-112 grains
per cell; 31°C: range 31-206 grains per cell). During
the TSP, however, the individual variability of the ER
mRMNA signal is reduced in those embryos incubating
at 31°C {range 40-102 grains per cell), while the 26°C
embryos still show considerable varability (range
28-252 grains per cell). The mRMA signal of the
embryos from the intermediate temperature fall
between the extremes (range 57-140 grains per cell).
Although these animals are all at the same morpho-
logical stages as determined by external characteris-
tics (Yntema 1988), underlying malecular events may
indicale a diflerence in developmental stage. Genetic
thermosensitivity relative to gonadal differentiation is
being studied in the Olive Ridley sea turtle
[Lapidochealys olivacea), indicating a similar dissocia-
tion of molecular and morphological timing (Merchant-
Larios ef al. 1997), These authors have proposed that
the initiaticn of sex differences is an extragonadal sig-
nal and that gonadal differentiation results from this
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signal. In the current study, the embryos from 31°C
(fernale) are only about 2-3 days from being irre-
varsible in terms of gonadal differentiation, whereas
the 26°C (male) gonads are 7-10 days from being
irreversible. The reduced wvariability of the 31°C
embryos may result from being well into the ovary-
determining cascade. If this ovary-determining path-
way includes a feedback mechanism through the ER,
it could explain the more coordinated expression
observed among these embryos at 31°C.

Differential rates of sexual development may be
important to TSD species, In nature, unlike a labora-
tory incubator, nest temperatures may undergo daily
termperature fluctuations, This seemingly might inter-
rupt the sex detarmining process if the embryos are
switching between male- and female-inducing incu-
bation temperatures. The outcome of sexual differen-
tiation then, would depend on what temperature the
embryo experiences during the TSP In the logger-
head sea turtle (Carefta caretta), Georges &t al, (1994)
demonstrate mathematically that it is the proportion of
development that occurs above or below the thresh-
old temperature, The variability of ER mRNA levels in
the present study may be a reflection of synchronicity
that comes from being further along in development.
This would support the hypothesis that temperature
may interact with genetic factors in a positive feed-
back manner o delermine gonadal sex. This may not

be exclusive to TSD species as shown with mam-
malian sex determination and gonadal differentiation
in which events early in gonadal differentiation involve
support cells (Sertoli cells in testes, follicle cells in
ovaries), which then direct gonadal differentiation
{McLaren 1991),

Az estrogen-ER dependent processes may be crit-
ical to the mechanisms of TSO, it is important to exam-
ine any estrogen-ER differences between male- and
female-producing temperatures. As we begin to eluci-
date these differences, we can then look more close-
ly at the temperature range that produces varying sex
ratios for a better understanding of sex-determining
mechanisms. In embryos from stages 15 and 19, the
urogenital ridge cannot be distinguished as ovary or
testes by examination of histological differences,
There may, however, be essential differences in the
molecular process that would enable us to determing
at an earlier stage if the gonad is developing as a
testis or an ovary. At stages 12 and 23, gonadal ER
mRMNA levels per cell in embryos from the threshold
incubation temperature were between those of sither
the male- or female-producing incubation tempera-
tures (Fig. 6). Thus, the gonads may already be com-
mitted, and the ER levels reflect the genetic
processes that have been initiated.

Following differentiation of the gonads as ovaries or
testes (stage 23), sex-specific ER mBNA levels are

Fig.8. Light- and dark-fisld pic-
tures of an ovary (A,C) and a testis
(B,0 from two embryos incubated
at the threshald temperature thal
produces both sexes. Note the
higher signal of ER mRMNA per cel
in the medullary cords of the testis,
Bar, 50 pm.
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also evident. In the embryos from 26°C, the testes as
a group express more ER mANA per cell compared to
the ovaries in embryos fram 31°C. The ER-expressing
cells in the testes were concentrated in the medullary
region in the sex cords. In the embryos from 22.2°C
{n= 186}, two-thirds of the gonads were ovaries, and
these had a lower ER mRNA signal than did the testes
from the same group (Fig. 8). In mammals, one very
distinct difference in the functional aspects of the
gonads is in the timing sequence of gametogenesis,
Ovaries begin oocyte maturation before birth, and
hold all the primary oocyies in meiotic prophase until
puberty, after which they mature and are released in a
specific, endocrine-regulated mannear. Maturation of
the sperm cells, however, is not initiated until well after
birth, and sperm are then produced continucusly. In
addition to Leydig cells, spermatids and fully differan-
tiated spermatozoa are known to produce estrogen in
adult mice (Mitta ef al. 1923). The germ-cell esirogen
may serve as a regulatory signal sent back to the tes-
ticular cords for sperm maturation. Hence in the turtle,
the high levels of ER in the embryonic testis, concen-
trated in the medullary cords, may be involved in the
growth and regulation of spermatogenic cells,

Although the present study demonstrates that ER
mRMA is expressed differentially relative to tempera-
lure, embryonic stage, and sex in the developing
gonad, other studies indicate no such differences in
the concentration of radiolabeled E2 during embryo-
genesis (Gahr et al. 1992). One explanation might be
the presence in the AKG of other steroid-binding pro-
teins that may bind to E2. Extracellular proteins com-
parable to mammalian serum albumin, sex-steroid
binding protein (SSBF), or w-fetoprotein may have a
role in E2 concentration (Bern 1990), An SS5BP that
binds E2 has been identified in the painted turtle
(Chrysemys picta) by Salhanick and Callard (1280).
Although other species show a high positive correla-
tion between ER mRMA and ER protein levels, il is
possible that in the red-eared slider, the ER mRMNA
levels may not reflect the ER protein levels. In the
developing turtle there may be post-transcriptional
regulatory processes involved in ER expression.
Future assays with purified turtle ER will enable us to
examine characteristics of estrogen binding to answer
these questions.
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