International Journal of Andrology, 1988, 11, pages 349-360

Effects of differentiation state and post-castration
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and mRNA levels
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Summary

The epididymis of the viviparous lizard secretes large amounts of proteins among
which L-proteins are prominent components. It undergoes great morphological and
physiological modifications during its testosterone-controlled annual cycle. The
effects of testosterone on L-proteins synthesis and L-mRNA concentrations were
studied in cultures of organs regressed after castration. Of three tested serum
supplements (2% Ultroser, 10% fetal calf serum, 10% calf serum) calf serum was
shown to be essential for androgen-specific control of L-proteins synthesis. The
duration of castration governed the in-vitro response to testosterone principally at
the level of L-proteins synthesis. The onset of synthesis was delayed in 2-month
post-castration explants, compared with 1-month post-castration explants, and was
dissociated from appearance of the mRNA. This suggests that there is translational
control of secretory proteins in the regressed epididymis. Conversely, the response
to testosterone at the mRNA level was delayed in explants from animals castrated
during a non-secretory state, compared with explants from animals castrated at the
onset of secretion. These results, together with other data, suggest that expression
of the L-proteins is under multifactorial control and that the influence of multiple
controlling elements varies with the stage of differentiation.

Keywords: testosterone, castration, epididymis, specific protein, androgen-
dependent mRNAs.

Introduction

The accessory organs of the male genital tract are known to be controlled by
androgenic hormones (Price & Williams-Ashman, 1961). However, the mechanisms
involved in the response to the withdrawal and the restoration of androgens are still
not well understood. The epididymis is one of the most important of these organs
because spermatozoa mature there (Bedford, 1975; Hamilton, 1975; Depeiges &
Dacheux, 1985). This maturation could occur in part through specific proteins and
glycoproteins secreted by epithelial cells under the influence of testosterone
(Cameo & Blaquier, 1976; Lea, Petrusz & French, 1978; Orgebin-Crist & Jahad,
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1978; Brooks & Higgins, 1980; Jones, Van Glos & Brown, 1981). These specific
proteins have been used to characterize the effects of testosterone on the
epididymis in vitro (Orgebin-Crist & Menezo, 1980; Klinefelter & Hamilton, 1984).

The viviparous lizard has a seasonal reproductive cycle with important changes
in the morphology and function of the epididymis. After post-mating degeneration
of the epididymis, the epithelium is first reconstituted by non-secretory small cubic
cells (stage 1). After several divisions, these cells get larger and begin to secrete
(stage 3) before they become hypersecretory in stage 6. This progression is
correlated with tissue testosterone levels (Dufaure et af., 1986). During the mating
period (stage 6), the epithelial cells hypertrophy and secrete about fifteen proteins
that mix with spermatozoa (Depeiges, Force & Dufaure, 1987). A major protein
has been identified, the L-protein (MW 19000}, which attaches to the head of the
sperm (Depeiges & Dufaure, 1983). This protein was described recently to consist
of a group of at least 10 antigenically related proteins (Depeiges, Morel & Dufaure,
1988). Two different cDNA clones (Lv123 and Lv132) were found to code for these
related proteins (Courty, Morel & Dufaure, 1986; and unpublished data) and were
used in the present work.

The effects of castration in morphology, L-proteins synthesis and L-mRNA
concentration depends on the time interval following castration and on the state of
epididymal differentiation at castration (Morel et al., 1986). In this report, using an
organotypic culture system (Dufaure & Gigon, 1975; Gigon, 1975), we show that
these same parameters influence the restoration of atrophied organs by testosterone
treatment in vitro.

Materials and methods

Animals

Adult males of the viviparous lizard, (Lacerta vivipara Jacquin), were collected in
the Massif Central (France) during two different periods of the sexual cycle (stages
1 and 3). Castration was performed via the abdominal route under ether
anaesthesia.

Organ culture

One, two and four months after surgery, animals were killed by decapitation. After
removal of the adrenals, the epididymides were cut into three fragments. The
explants were cultured as described by Lasnitzki (1970), using Medium 199 (Institut
Pasteur, Paris, France) supplemented with 10% calf serum, 10% fetal calf serum or
2% Ultroser G (IBF-LKB), respectively. The fetal calf serum was treated for
15 min with activated charcoal (1 mg/mg protein) then purified by two
centrifugations (2 min at 5000 x g). Testosterone (Sigma, St Louis, MO, U.S.A.)
dissolved in propylene glycol was added to the medium at a concentration of
150 nM. Cultures were maintained at 30°C under 5% CO, in air. The medium was
renewed after the first 24 h and every 2 days thereafter.

Incubation and preparation of soluble proteins
At the end of the culture period, the organs were incubated in 300 nl Eagle’s
medium with 40 Ci/ml *S-methionine (specific activity > 1000 Ci/mmol) for 4 h
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at 30°C under 5% CO; in air. After rinsing with 0.12 M Tris-HCI buffer, pH 7.2 at
4°C, homogenization in the same buffer and centrifugation at 12 000 X g for
10 min, supernatants were collécted and stored at —80°C. Total soluble proteins
were measured by the method of Lowry et al. (1951) using bovine serum albumin
(BSA) as standard.

Measurement of radioactivity and electrophoresis
A solution of 5 pl soluble protein was spotted onto a square (1 X 1 cm) of 3 mm
Whatman paper impregnated previously with 10% trichloracetic acid (TCA). After
three washes with 5% TCA (one 5-min wash at 90°C and two other 5-min washes on
ice) and two washes with ethanol, the radioactivity incorporated into the precipitated
proteins was determined by scintillation counting.

Proteins (50 000 d.p.m. acid-precipitable radioactivity) were analysed by
sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) on a
discontinuous gradient (12.5% — 18%) (Laemmli, 1970). The gels were impregnated
with 2, 5-diphenyl-oxazole (PPO) for fluorography (Laskey & Mills, 1975). Dried
gels were exposed to Kodak X-Omat S films for 8 days at —80°C, then fluorograms
were scanned on an LKB laser densitometer (Ultroscan XL).

RNA extraction

After tissue homogenization of eight epididymides in 560 ul 50 mm Tris HCI,
pH 7.5, 10 mm EDTA, and 5 M guanidium thiocyanate, RNAs were precipitated
with 3.5 M LiCl over 36 h at 4°C. After two centrifugations and washings with 3 m
LiCl, total RNAs were extracted according to Cathala et al. (1983) and precipitated
by ethanol and sodium acetate at —20°C.

Probes

Two clones were used: Lv123 and Lv132. They were pBr322 plasmids containing a
cDNA insert corresponding to the L-proteins mRNA (for clone Lv132 see Courty
et al., 1986). With these two clones all the mRNAs that correspond to the L-proteins
can be detected. Plasmid DNA was labelled by nick translation with o*’p-dATP
(Amersham, Amersham, U.K.) according to Rigby er al. (1977) (specific activity
= 108 d.p.m./ug DNA).

RNA dot blot hybridization

RNA pellets were dissolved in 10% formaldehyde, 10 X standard saline citrate (SSC)
(1 x SSC = 0.15 m Na(l, 0.015 m sodium citrate, pH 7). Samples were heated for
15 min at 50°C and chilled immediately on ice for denaturation. RNA was spotted
onto a nitrocellulose sheet previously equilibrated in 10 X SSC. Following sample
application, nitrocellulose was dried for 2 h at 80°C. Filters were hybridized for 24 h
at 42°C in 20 mm sodium phosphate (pH 6.5), 5 X SSC, 1 x denhart (0.02% Ficoll,
0.02% polyvinyl pyrolidone, 0.02% BSA), 50% formamide, 6% dextran sulphate,
0.1% SDS, with 5 x 10° c.p.m. of nick-translated plasmid probe per ml. After
three washings in 2 X SSC and three washings in 0.5 x SSC, filters were exposed to
Kodak X-Omat S films at —80°C for autoradiography. Changes in L-mRNA
amounts were assessed by scanning the films on an LBK laser densitometer
(Ultroscan XL, Bromma, Sweden).
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Microscopy

Before culture, one epididymis was fixed in 2% glutaraldehyde in 0.1 m phosphate
buffer, post-fixed in 1% osmium tetroxide in the same buffer and then embedded in
Epon. Semi-thin (1-pm) sections were stained with toluidine blue and photo-
graphed under a light microscope.

Statistical methods
The significance of differences between means was calculated using Student’s ¢-test
and analysis of variance.

Results

Early studies on the regulation of the lizard epididymis have shown that
testosterone (150 nm) is the most efficient androgen stimulating in-vitro regressed
explants (Gigon, 1975; Depeiges, Betail & Dufaure, 1981). In this work the ability
of regressed explants to respond to 150 nm testosterone was examined by
measuring the mRNA concentration for the L-proteins and their synthesis.
Initially, the effects of various serum supplements on the explant responses were
checked.

Effects of various serums on proteins synthesis in vitro

Epididymides were obtained from animals 4 months after castration at stage 3. The
profiles of **S-methionine incorporation were similar, regardless of the supplement
added to the medium (Fig. 1). The incorporation rate peaked after 2 days.
Thereafter, the rate decreased slowly and 5 days later reached a level close to that
measured at the beginning of the culture experiments. Testosterone had no effect
on the incorporation rate in the presence of caif serum (Fig. 1c) or fetal serum
(Fig. 1b). Conversely, in the presence of Ultroser (Fig. 1a)}, testosterone resulted in
an incorporation rate 50% higher than that of cultures maintained in the absence of
this hormone. After 7 days of culture in the presence or absence of 150 nm
testosterone, the explants were incubated for 4 h with (**S)-methionine. In the
presence of calf serum, testosterone induced the incorporation of *°S-methionine
into L-proteins (Fig. 2g), an effect that was not observed with Ultroser (Fig. 2¢). In
the presence of charcoal-stripped fetal calf serum, L-proteins synthesis occurred in
the absence of testosterone (Fig. 2d), but when testosterone (150 nm) was added,
the rate of L-proteins synthesis was increased by a further 50% (Fig. 2e).

Effects of stage of castration and of androgen withdrawal time

Animals were castrated during stages 1 or 3. At stage 1 (Fig. 3a), the epithelium
consisted of a single layer of cubic, non-secretory cells. One month after castration
(Fig. 3b), the epithelium had thickened, causing a pseudostratified appearance,
and the cell nuclei were irregular in shape. Cell debris was noted in the lumen,
indicating the onset of degeneration. Two months after castration (Fig. 3c), the
signs of degeneration were more noticeable; possible lysozomal vacuoles were
observed. The lumen was totally obstructed and the thickness of the epithelium had
decreased. At stage 3 (Fig. 3d), the epithelial cells had begun to hypertrophy and
secretion granules were visible in some cells. One month after castration (Fig. 3e),
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Fig. 1. Effects of various serum supplements on overall protein synthesis by explants of lizard
epididymis. Three regressed explants from lizards castrated 4 months earlier (stage 3) were cultured for
2, 4,7, 10 and 15 days in the presence ( ) or absence (_ _ _) of 150 nm testosterone. The explants
were cultured in medium 199 containing 2% Ultroser (a), 10% fetal calf serum (b) or 10% calf serum
(c). Overall protein synthesis was measured after labelling for 4 h in the presence of **S-methionine by
counting the radioactivity incorporated in the soluble proteins (means + SEM). "P < 0.05, compared
with control without testosterone (. . . .) (Student’s r-test).

the epithelium was disorganized, a lumen was absent and the cells were filled with
lysosomal vacuoles. Two months after castration (Fig. 3f), the epithelium was in a
phase of reorganization. Cells were arranged in a single layer around the lumen.
Lysosomal vacuoles were still present in some cells. One and two months after
surgery, the explants were cultured for 2, 5 or 10 days in the presence or absence of
150 nm testosterone (medium 199 + 10% calf serum). The amount of scluble
protein (Table 1) did not change during the 10 days of culture, regardless of the
time period (1 or 2 months) following castration. However, the amount of soluble
proteins was significantly different between the experiments performed after
castration at stages 1 and 3, suggesting a stage effect. Incorporation of radioactivity
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Fig. 2. Effects of various serum supplements on the synthesis of L-proteins. Labelled proteins (50 000
d.p.m. per lane) obtained as described in Fig. 1 were submitted to one-dimensional SDS-PAGE
(12.5-18%) and revealed by fluorography. (a) Fluorographic pattern of labelled epididymal proteins
from lizards castrated 4 months earlier (stage 3); other lanes show the patterns obtained after 7 days of
culture in the presence of: (b) and (c) 2% Ultroser, (d) and (e) 10% fetal calf serum, or (f) and (g) 10%
calf serum. The explants were cultured with (+T) or without (—T) 150 nM testosterone. Arrows indicate
the L-protein band.

did not change during the culture period (Table 1). Incorporation was greater in
explants cultured for 1 month following castration at stage 3 than in those cultured
for 1 month following castration at stage 1 (P < 0.05). Addition of testosterone
significantly enhanced the amount of soluble protein in explants cultured at stage 3,
but had no effect on the rate of protein synthesis, thus suggesting an effect on
protein turnover.

Culture response obtained 1 month after castration at stages 1 or 3. In explants from
lizards castrated at stage 1, the Lv123-mRNAs were significantly present only 5
days after the culture onset. Their concentration increased two-fold between day 5
and day 10 (Fig. 4a) while L-protein synthesis increased three-fold (Fig. 4c). No
difference between the treated and untreated explants was found using the Lv132-
mRNA. In explants from lizards castrated at stage 3 both the Lv123 and Lv132
mRNAs were already detected 2 days after the culture onset (Fig. 4b). The Lv123
increased seven-fold up to day 10, while the Lv132 increased two-fold. L-protein
synthesis increased seven-fold during the same time interval.

Culture responses obtained 2 months after castration at stages 1 or 3. The appearance
of the L-mRNAs over time (Fig. 5a and b) was identical to that of the 1-month
post-castration cultures (Fig. 4a and b), and the concentrations at the end of culture
(day 10) were about the same as in the first experiment. However, the response in
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Fig. 3. Histological appearance of the epididymis before and after castration. (a—) Castration
performed at stage 1: (a) control at stage 1, (b) 1 month after castration, (c) 2 months after castration;
(d-f) castration performed at stage 3: (d) control at stage 3, (e) 1 month after castration, (f) 2 months
after castration. X 600.

terms of L-protein synthesis was delayed until day 10 for stage 1 (Fig. 5c) and
until day 5 for stage 3 (Fig. 5d). Furthermore, incorporation rates in the L-band on
day 10 were two-fold lower in this experiment (Fig. 5) than in the former (Fig. 4).

Discussion

Androgens are known to enhance overall protein synthesis and to induce specific
proteins (Mainwarring, 1977). In the lizard, as in the rat (Orgebin-Crist & Menezo,
1980), the rate of protein synthesis in vitro is biphasic, regardless of the conditions
of supplements. The inclusion of androgens in the culture medium provoked
different responses depending on the culture conditions. Thus, androgen-
dependency of overall protein synthesis was observed only in the presence of
Ultroser, while in the presence of calf serum, testosterone enhanced the amount of
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Table 1. Effects of stage, time since castration and testosterone on the protein synthesis and amounts

. Soluble proteins  *S-methionine incorporation
Time Added (pg/organ) (pM/organ)
after Culture time testosterone
castration (days) (150 pm) Stage 1 Stage 3 Stage 1 Stage 3
1 month " - 314 £ 13 367 + 12 0.20+£0.01 0.58%0.11
< + 339+ 6 386 + 18 0.22£0.02 0.51 +0.06
5 - ND 277 + 26 0.16 £ 0.02 0.52+£0.07
+ ND 310 £ 18 0.24 £0.08 0.62%0.18
10 - 281 + 28 316 + 18 0.26 £0.03 0.47+0.06
+ 307 £ 10 360+ 15 0.30£0.06 0.63+0.09
2 months \ - 225 + 28 313+ 18 0.27+£0.04 0.31%0.01
- + 228 + 35 350 £ 10 0.27+0.05 045+0.08
5 - 237+ 13 351+ 17 0.34 £0.03 0.30+0.02
+ 280 + 20 360 £ 12 0.41 £0.04 0.40%0.03
10 - 195 + 16 388 + 41 0.23+0.06 0.21+0.04
+ 212+ 19 460 + 59 0.30+£0.08 0.26 +0.03

Values are means = SEM.

One or two months after castration during stages 1 or 3, explants were cultured for 2, 5 and 10 days
with or without 150 nm testosterone. Soluble protein concentration was determined by the method of
Lowry et al. (1951). >*S-methionine incorporation was assessed by TCA precipitation and scintillation
counting (see Materials and methods section). ND = Not determined.

The significances of the effects were determined using an analysis of variance. The amount of
proteins was significantly higher (P < 0.05) in stage 3 than in stage 1 experiments and in testosterone-
treated explants when compared with untreated samples (stage 3). At 1 month after castration, the
incorporation of radioactivity was significantly higher (P < 0.05) at stage 3 than at stage 1.

Stoge | Stoge 3
L-mRNAs
5T (o) " (b)
q— -
3—
£ 2t
S
> | |
4 L-proteins
3 o0 o [ ()
<
3 F
2. -
I- -
[l Il n (1 ,
2 5 10 2 5 10
Days

Fig. 4. Effects of testosterone on the L-mRNAs concentrations and L-proteins synthesis in explants
cultured 1 month after castrations at stages 1 and 3. Regressed explants from lizard castrated 1 month
earlier (stages 1 and 3) were cultured using medium 199 + 10% calf serum in the presence or absence of
150 nm testosterone. Total RNA was extracted 2, 5 and 10 days after the culture onset and spotted onto
nitrocellulose sheets. The dots were hybridized to nick-translated plasmid DNA from Lv 123 (H) and
Lv 132 (E) clones. The autoradiographs were scanned and the absorbance values expressed as arbitrary
units. The differences between the values from testosterone-treated (a) and untreated (b) explants were
plotted 2. 5 and 10 days after the culture onset, the proteins were labelled for 4 h in the presence of
(**S)-methionine. Labelled soluble proteins (50 000 d.p.m.) were electrophoresed and revealed by
fluorography. The L-proteins band was scanned and the differences in absorbance values between control
(c) and treated (d) explants were expressed. Each histogram represents the mean of two experiments.
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Fig. 5. Effects of testosterone on the L-mRNAs concentrations and L-proteins synthesis in explants
cultured 2 months after castrations at stages 1 and 3. Regressed explants from lizard castrated 2 months
earlier (stages 1 and 3) were cultured using medium 199 + 10% calf serum in the presence or absence of
150 nm testosterone. Total RNA was extracted 2, 5 and 10 days after the culture onset and spotted onto
nitrocellulose sheets. The dots were hybridized to nick-translated plasmid DNA from Lv 123 (W) and
Lv 132 (&) clones. The autoradiographs were scanned and the absorbance values expressed as arbitrary
units. The differences between the values from testosterone-treated (a) and untreated (b) explants were
plotted. 2, 5 and 10 days after the culture onset, the proteins were labelled for 4 h in the presence of
{**S)-methionine. Labelled soluble proteins (50 000 d.p.m.) were electrophoresed and revealed by
fluorography. The L-proteins band was scanned and the differences in absorbance values between control
(c) and treated (d) explants were expressed. Each histogram represents the mean of two experiments.

soluble proteins without an effect on overall protein synthesis. These data show
that, depending on the supplement conditions, testosterone can regulate the
synthesis or turnover of proteins overall (Brooks, 1981). Testosterone binding-
proteins in calf serum could decrease the available testosterone concentration
below the threshold required for induction of overall protein synthesis, as addition
of 10% fetal calf serum to the culture medium decreased testosterone retention in
prostate explants by 40% and reduced the organ response (Lasnitzki & Franklin,
1972, 1975; Blaquier, 1973). Such an effect could explain the results of serum and
Ultroser, and also suggests a difference in the androgen threshold for protein
synthesis and turnover. The requirement of serum for L-protein synthesis suggests
that factors other than testosterone are needed for the expression of specific
proteins. Furthermore, use of fetal calf serum could add factors that are themselves
able to stimulate specific protein synthesis, thus masking the testosterone effect. It
is unlikely that these factors are steroids since the fetal calf serum was extracted
with activated charcoal before use. A growth factor present in fetal calf serum
could induce specific stimulation of L-protein synthesis, since serum proteins have
been reported to activate cell proliferation in vitro in the epididymal tail of the rat
(Majumder & Turkington, 1976).

The present study describes the use of two cDNA clones that are able to bind to
all of the identified mRNAs coding for the L-proteins (Courty et al., unpublished
data). It appears that testosterone regulates the concentration of specific mRNAs
in the lizard epididymis, as has been observed recently in the rat (Brooks er al.,
1986). It corroborates previous results obtained in the prostate (Mpanias, Hiremath
& Wang, 1985; Parker, Hurst & Page, 1985), seminal vesicles (Moore et al., 1984)
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and kidney (Berger ef al., 1986) of several mammals. The rate of L-proteins
synthesis in organs maintained with testosterone followed approximately the
change of the L-mRNA levels, suggesting that it is in part controlled by the
concentration of mRNA. However, a discrepancy existed in cultures made
2 months after castration. Although alterations of gene expression at various
control levels (mRNA splicing or transport; Darnell, 1982) could explain such
discrepancies, it has generally been interpreted as a clue to translational regulation
(Kistler, Ostrowski & Kistler, 1980; Brooks et al., 1986; Morel et-al., 1986). These
discrepancies were observed 2 months after castration and seem to be related to the
degree of cellular atrophy. This translational control could result from the presence
of factors preventing translation (Brooks er al., 1986) or from an absence of
elements necessary for the translation of such mRNAs. The membranes of the
rough endoplasmic reticulum (RER) and associated factors are necessary for the
translation of mRNA coding for secretory proteins (Garoff, 1985). In the lizard
epididymis, contrary to what is seen in rat seminal vesicles (Fawell & Higgins,
1984), a delay between accumulation of specific mRNA and development of the
RER (determined by microscopy, unpublished data from this laboratory) exist at
stage 1 of the annual cycle. At this stage, no L-protein was synthesized while the
mRNA was translatable in vitro (Courty et al., unpublished data). Two levels of
control could be involved in this temporal discrepancy, the synthesis of the RER
proteins and associated factors or their assemblage. It will be necessary to evaluate
the importance of these levels of control in the regulation of L-proteins synthesis
during the early phases of testosterone stimulation in the lizard.

The mRNA responses to testosterone were delayed in tissues from animals
castrated at stage 1, compared with tissues from animals castrated at stage 3. This
indicated the existence of differences in organ testosterone responsiveness between
these two groups of castrated animals. The differences could either affect the initial
steps of androgen action (binding to receptor, rate of 5a reduction, or receptor-
binding to nuclear acceptors; O’Malley, 1984) or later steps (mRNA turnover;
Cato, 1983). Viviparous lizards have a seasonal reproductive cycle during which
important changes in the morphology and function of the epididymis are observed
(Dufaure et al., 1986). In this study castration was performed at two different
stages of the sexual cycle. The period following castration at stage 1 corresponded
to the pre-hibernation period in the wild, whereas the period following castration at
stage 3 corresponded to the pre-mating period (Dufaure et al., 1986). The
discrepancies between cultures from stages 1 and 3 could be due either to the
maintenance of some pre-existing differences during castration, or to divergent cell
changes after castration. In animals with seasonal cycles, components other than
androgens are known to change during the cycle, particularly under the influence of
environmental conditions (Reiter, 1980). Thus, the physiological status prevailing
during the post-castration period was markedly different between the two cases. It
is possible that plasma components other than those of testicular origin may
influence some epididymal functions. We are presently testing the effects of other
steroid hormones on L-proteins gene(s) expression. Our current results emphasize
the importance of the stage of differentiation of the epithelial cells for the
expression of these genes.



Testosterone effects on the epididymis in vitro 359

Acknowledgments

We thank V. Ravet, A. Lenoir and F. Grath for assistance during this work, which
was supported by a grant from CNRS (ATP n°® 8305 et 6933 ‘Organisation et
expression du génome’) and by the Fondation pour la Recherche Médicale.

References

Bedford, J. M. (1975) Maturation, transport and fate of spermatozoa in the epididymis. In: Handbook
of Physiology. Sect. 7, Endocrinology, Vol. 5. pp. 303-317. American Physiological Society,
Washington.

Berger, F. G., Loose, D., Meisner, H. & Watson, G. (1986) Androgen induction of messenger RNA
concentrations in mouse kidney is posttranscriptional. Biochemistry, 26, 1170-1175.

Blaquier, J. A. (1973) An in vitro actions of androgens on proteins synthesis by epididymal tubules
maintained in organ culture. Biochemical and Biophysical Research Communications, 52,
1177-1183.

Brooks, D. E. (1981) Metabolic activity in the epididymis and its regulation by androgens. Physiological
Review,61, 515-554.

Brooks, D. E. & Higgins, S. J. (1980) Characterization and androgen-dependence of proteins associated
with luminal fluid and spermatozoa in the rat epididymis. Journal of Reproduction and Fertility,
59, 363-375.

Brooks, D. E., Means, A. R., Wright, E. J., Singh, S. P. & Tiver, K. K. (1986) Molecular cloning of
¢DNA for two major androgen-dependent secretory proteins of 18,5 kilodaltons synthesized by
the rat epididymis. Journal of Biological Chemistry, 261, 4956-4961.

Cameo, M. S. & Blaquier, J. A. (1976) Androgen-controlled specific proteins in rat epididymis. Journal
of Endocrinology, 69, 47-55.

Cathala, G., Savouret, J. F., Mendez, B., West, B. C., Karin, M., Martial, J. A. & Baxter, J. D. (1983)
A method for isolation of intact translationally active ribonucleic acid. DNA, 2, 329-335.

Cato, A. C. B. (1983) How do steroid hormones function to induce the transcription of specific genes?
Bioscience Reports, 3,101-111.

Courty, Y., Morel, F. & Dufaure, J. P. (1986) Realisation d’une banque d’ADNc correspondant a des
protéines androgenodependantes de I'épididyme de Lézard. Compres Rendus Académie des
Sciences, Paris, 302, 647-650.

Darnell, J. E. (1982) Variety in the level of gene control in eukaryotic cells. Nature, 297, 365-371.

Depeiges, A., Betail, G. & Dufaure, J. P. (1981) Time course of appearance in vivo and in vitro of a
specific epididymal protein controlled by testosterone. Biology of the Cell, 42, 49-55.

Depeiges, A. & Dacheux, J. L. (1985) Acquisition of sperm motility and its maintenance during storage
in the lizard ( Lacerta vivipara). Journal of Reproduction and Fertility, 74, 23-27.

Depeiges, A. & Dufaure, J. P. (1983) Binding to spermatozoa of a2 major soluble protein secreted by the
epididymis of the lizard ( Lacerta vivipara). Gamete Research, 4, 401-406.

Depeiges, A., Force, A. & Dufaure, J. P. (1987) Production and glycosylation of sperm constitutive
proteins in the lizard Lacerta vivipara. Evolution during reproductive period. Comparative
Biochemistry and Physiology, 86, 233-240.

Depeiges, A., Morel, F. & Dufaure, J. P. (1988) Identification of an epididymal immunorelated protein
family; sequential appearance under testosterone stimulation. Biochimica et Biophysica Acta,
964, 383-387.

Dufaure, J. P., Courty, Y., Depeiges, A., Mesure, M. & Chevalier, M. (1986) Evolution and
testosterone content of the epididymis during the annual cycle of the lizard (Lacerta vivipara).
Biology of Reproduction, 36, 667-675.

Dufaure, J. P. & Gigon, A. (1975) Action des hormones androgenes sur Pépididyme d’un Reptile
Lacertilien ( Lacerta vivipara). Effet de la testostérone et de ses principaux métabolites en culture
organotypique. General and Comparative Endocrinology, 36, 23-29.

Fawell, S. E. & Higgins, S. J. (1984) Androgen regulation of specific mRNAs, endoplasmic reticulum
and golgi-system. Molecular and Cellular Endocrinology, 37, 15-27.

Garoff, H. (1985) Using recombinant DNA techniques to study protein targeting in the eucaryotic cell.
Annual Review of Cell Biology, 1, 403-445.

Gigon, A. (1975) Effets de micro-doses de testostérone et de 5 «-DHT sur I'épididyme du lézard
castré, en culture organotypique. Experientia, 31, 1470-1471.



360 F. Morel, Y. Courty and J.-P. Dufaure

Hamilton, D. W. (1975) Structure and function of the epithelium lining the ductuli efferentes, ductus
epididymidis and ductus deferens in the rat. In: Handbook of Physiology. Sect. 7, Endocrinology,
Vol. 5. pp. 259-301. American Physiological Society, Washington.

Jones, R., Von Glos, K. I. & Brown, C. R. (1981) Characterization of hormonally regulated secretory
proteins from the caput epididymis of the rabbit. Biochemical Journal, 196, 105-114.

Kistler, M. K., Ostrowski, I. M. O. & Kistler, W. S. (1980) Developmental regulation of secretory
proteins synthesis in rat seminal vesicle. Proceedings of the National Academy of Sciences of the
United States of America, 78, 737-741.

Klinefelter, G. R. & Hamilton, W. (1984) Organ culture of rat caput epididymal tubules in perifusion
chamber. Journal of Andrology, 5, 243-258.

Laemmli, U. K. (1970) Cleavage of structural proteins during the assembly of the head of bacteriophage
T4. Nature, 227, 680-685.

Laskey, R. A. & Mills, A. D. (1975) Quantitative films detections of *H and **C in polyacrylamide gels
by fluorography. European Journal of Biochemistry, 56,335-341.

Lasnitzki, I. (1970) The rat prostate giand in organ cuiture. In: Third Tenovus Workshop, Cardiff.
Some Aspects of the Aetiology and Biochemistry of Prostatic Cancer (eds K. Griffiths and
C. G. Pierrepoint), pp. 67-73. Tenovus workshop publications, Cardiff.

Lasnitzki, I. & Franklin, H. R. (1972) The influence of serum on uptake, conversion and action of
testosterone in rat prostate glands in organ culture. Journal of Endocrinology, 54, 333-342.
Lasnitzki, I. & Franklin, H. R. (1975) The influence of serum on uptake, conversion and action of
testosterone in rat prostate gland in organ culture. Journal of Endocrinology, 64, 289-297.

Lea, O. A, Petrusz, P. & French, F. S. (1978) Androgen-controlled specific proteins in rat epididymis.
International Journal of Andrology, Suppl. 2, 592-607.

Lowry, O. H., Rosebrough, N. J., Lewis-Farr, A. L. & Randall, P. J. (1951) Protein measurement
with the folin phenol reagent. Journal of Biological Chemistry, 193, 265-275.

Mainwarring, W. I. P. (1977) The mechanism of action of androgens. In: Monograph on Endocrinology,
Vol. 10. pp. 8-15. Springer-Verlag, Berlin.

Majumder, G. C. & Turkington, R. W. (1976) Regulation by testosterone and serum proteins of DNA
synthesis in the developing epididymis of the rat. Journal of Endocrinology, 70, 105-115.

Moore, J. T., Norvitch, M. E., Wieben, E. D. & Veneziale, C. M. (1984) Expression of a secretory
protein gene during androgen-induced cell growth. Journal of Biological Chemistry, 259, .
14750-14756.

Morel, F., Courty, Y., Mesure, M. & Dufaure, J. P. (1986) Effects of castration on the epididymis of a
non mammalian vertebrate: evolution of morphology, proteins synthesis, and of specific mnRNA
levels. Biology of the Cell, 58, 201-210.

Mpanias, O. D., Hiremath, S. T. & Wang, T. Y. (1983) Androgen regulation of prostatic binding
protein messenger RNA studied by using cloned complementary DNA. Molecular and Cellular
Biochemistry, 56, 145-154.

O’Malley, B. W. (1984) Steroid hormone action in eucaryotic cells. Journal of Clinical Investigation, 74,
307-312.

Orgebin-Crist, M. C. & Jahad, N. (1978) The maturation of rabbit epididymal spermatozoa in organ
culture: inhibition by anti-androgens and inhibitors of ribonucleic acid and protein synthesis.
Endocrinology, 103, 46-53.

Orgebin-Crist, M. C. & Menezo, Y. (1980) A continuous flow method for organ culture of rabbit
epididymis: morphology, amino-acid utilization, glucose uptake, RNA and protein synthesis.
Journal of Andrology, 1, 289-298.

Parker, M., Hurst, H. & Page, M. J. (1985) Organisation and expression of androgen-regulated genes in
mouse kidney. Annals of the New York Academy of Sciences, 437, 115-123.

Price, D. & Williams-Ashman, H. C. (1961) The sex accessory reproductive glands in mammals. In: Sex
and Internal Secretion (ed. W. C. Young), pp. 366-448. Williams & Wilkins, Baltimore.

Reiter, R. J. (1980) Seasonal reproduction: an expedient and essential artifice. Progress in Reproductive
Biology, 5, 1-4.

Rigby, P. W. J., Dieckman, M., Rhodes, C. & Berg, P. (1977) Labeling deoxy ribonucleic acid to high
specific activity in vitro by nick translation with DNA polymerase. Journal of Molecular Biology,
113, 237-251.

Received 12 March 1987; accepted 20 January 1988



