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We previously demonstrated in vitro that mamma-
ian follicle-stimulating hormone (FSH) stimulates the
roliferation of newt secondary spermatogonia and
heir differentiation into primary spermatocytes. In
he current study, we isolated a cDNA from newt testis
hat encodes a FSH receptor (FSH-R). The total se-
uence homology in the deduced protein of the newt
as approximately 70% with mammalian FSH-Rs.
ammalian cells, transiently transfected with the

loned newt FSH-R cDNA, displayed specific binding
o [125I] human FSH and cAMP accumulation, indicat-
ng that the cloned cDNA encodes a functional newt
SH-R protein. Northern blot analysis revealed a sin-
le transcript of approximately 3.0 kb length that was
ynthesized in testicular somatic cells (mainly Sertoli
ells) from spermatogonial to spermatid stages with
he highest level expressed during the primary sper-
atocytes stage. These results demonstrate that FSH

timulates newt spermatogenesis through the FSH-R.
his study, as far as we know, reports for the first time

he cloning of an amphibian FSH-R cDNA. © 2000

cademic Press

Key Words: follicle-stimulating hormone; receptor;
loning; cDNA; functional expression; spermatogene-
is; newt; amphibian.

Gonadotropins (GTH) are pituitary hormones regu-
ating folliculogenesis, ovulation (1) and spermatogen-
sis (2–5) in vertebrates. The GTHs are glycoproteins
nd include follicle-stimulating hormone (FSH) and
uteinizing hormone (LH) that have been identified in

ammals, avians, amphibians and some teleost fishes
6). FSH and LH bind to specific receptors on the sur-

1 To whom correspondence should be addressed at Department of
aterials and Life Science, Graduate School of Science and Technol-

gy, Kumamoto University, Kurokami 2-39-1, Kumamoto 860-8555,
apan. Fax: 81-96-342-3437. E-mail: abeshin@gpo.kumamoto-u.ac.jp.
121
nitiating and maintaining spermatogenesis (4, 7). The
iochemical effects of FSH in mammals are mediated
hrough its interaction with its receptor that is specif-
cally expressed in Sertoli cells (8, 9).

We previously showed in organ cultures of newt tes-
es that mammalian FSH stimulates the proliferation
f secondary spermatogonia and their differentiation
nto primary spermatocytes (10, 11). Furthermore, ex-
eriments involving spermatogonia cultured alone or
ith testicular somatic cells revealed that this stimu-

ation of germ cells by FSH is mediated through Sertoli
ells (12). These results indicated that FSH is a major
egulator of amphibian spermatogenesis as it is in
ther vertebrates.
The FSH receptor (FSH-R) belongs to a superfamily

f receptors that act through interactions with
-proteins, as do the receptors for LH/CG (chorionic
onadotropin) and thyroid stimulating hormone (TSH)
13). These receptors in the superfamily contain seven
ransmembrane domains and a large glycosylated ex-
racellular domain required for interaction with the
omplex heterodimeric structure formed by the a and b
ubunits of these hormones. Binding of the hormones
o the receptor activates a G-protein, which then stim-
lates the membrane-bound adenylyl cyclase, result-

ng in the elevation of the intracellular cAMP concen-
ration (13).

FSH-R cDNAs have been cloned from several species
f mammals (14–20) and chicken (21, 22). In the case of
uail and reptiles the extracellular domains of the
SH-Rs were cloned (23, 24). Recently, the cDNA
tructure of amago salmon GTH receptors (sGTH-Rs)
as determined (25, 26), but no studies have been

eported on amphibian FSH-Rs.
Our long-range goal is to determine the molecular
echanism of FSH’s action. To this end, in the current

tudy, we cloned a cDNA for a FSH-R in newt, charac-
0006-291X/00 $35.00
Copyright © 2000 by Academic Press
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eins in cells transfected with the cDNA, and examined
ts expression in various tissues by the reverse
ranscription-polymerase chain reaction (RT-PCR), as
ell as its expression in testes by Northern blot and
T-PCR analysis.

ATERIALS AND METHODS

Animal and reagents. Adult male newts (Cynops pyrrhogaster),
ollected during winter and early spring, were purchased from a
ealer (Hamamatsu Seibutsu Kyozai Ltd. Hamamatsu, Japan). All
hemicals were obtained from Nacalai, Kyoto, Japan, unless other-
ise stated.

Cloning of newt FSH-R cDNA. Degenerate primers were synthe-
ized that correspond to the peptide sequences conserved in the
xtracellular region of mammalian FSH-Rs. Two regions (HEIR-
EKA and FNPCEPIM) of the extracellular region of mammalian
SH-Rs were selected. The sequence of the set of primers for PCR
ere 59-CAYGARATHMGNATHGARAARGC-39 and 59-CATDATR-
CYTCRCANGGRTTRAA-39. Using oligo(dT)-primed cDNAs pre-
ared from testes poly(A)1-RNA as a template, PCR amplification
as performed for 40 cycles. A PCR cycle consisted of 1 min at 94°C,
0 sec at 45°C, and 1 min at 72°C. The PCR products were analyzed
n 2% agarose gel and subcloned in a pT7Blue T-vector (Novagen,
adison, WI, USA). To obtain a cDNA clone containing the newt
SH-R cDNA, we performed Southern hybridization using the de-
enerate oligonucleotides [59-SATDGARGCHRRCYTYACMTAYCC-
AGCCAYTGCTGTGCHTTYRC-39] that correspond to the peptide

equence (residues 264–278) of human FSH-R (14). Recombinant
lasmid was loaded on agarose gel and blotted onto Hybond-N1

ylon membrane (Amersham Pharmacia Biotech, Buckinghamshire,
ngland) and then hybridized with [32P] labeled degenerate oligonu-

leotide. Hybridization to and washing of the membrane were per-
ormed according to the method of Benedum et al. (27). Positive
lones contained 800 bp of insert cDNA, and their sequences were
etermined by BigDye terminator cycle sequencing ready reaction
PE Biosystems, Foster, CA) using a DNA sequencer (Model 310, PE
iosystems, Foster, CA).
As the nucleotide sequence of the 800 bp fragment revealed a high

omology to those of mammalian FSH-R, this fragment was used as a
robe for screening a newt testis cDNA library. A positive clone was
solated, and its insert cDNA was excised with EcoRI and XhoI and
ubcloned in pBluescript II SK(2). The cloned cDNA was sequenced as
escribed above. All sequence data were obtained for both strands and
eposited into the DDBJ data bank with the Accession No. AB005587.

Construction of expression vectors. For expression studies, a
DNA containing the entire coding sequence for the newt FSH-R
as amplified from the cDNA library clone using a set of primers

59-ACTCGAGATGTCTCTGGCCATCCTTTGC-39) containing XhoI
leavage site and 59-CGGATCCTTAGTTCAAGTTATTCAGAGG-39
ontaining BamHI site). Thirty thermal cyclings for PCR amplifica-
ion were performed with Pfu DNA polymerase (1 min at 94°C, 1 min
t 52°C, and 2.5 min at 72°C). An amplified cDNA (2.1 kb) was
leaved with XhoI and BamHI and inserted into pcDNA 3.1(2)
Invitrogen, Carlsbad, CA). Authenticity of this cDNA was confirmed
y sequencing.

Ligand-binding assay. COS-7 cells, a mammalian cell line, were
aintained in Dulbecco’s Modified Eagle’s Medium (DMEM, Nissui,
okyo, Japan) supplemented with 10% FCS. 2 3 106 cells were
eeded in 75 cm2 tissue-culture flasks 1 day before transfection and
ransfected with the plasmid (15 mg) using DEAE-dextran methods
s described by Gonzalez and Joly (28). Three days after transfec-
ion, cell membranes were prepared according to Yarney et al. (17).
he membrane preparation (100 mg) in 25 mM Tris–HCl (pH 7.2)
ontaining 10 mM MgCl2 and 0.1% BSA was incubated overnight at
122
arious concentration of unlabeled human FSH or LH (Calbiochem,
a Jolla, CA) in a total volume of 300 ml. The reaction was stopped by
he addition of ice-cold 25 mM Tris–HCl (pH 7.2, 1 ml) containing 10
M MgCl2 and 0.1% BSA. Bound hormone was separated from the

nbound by centrifugation at 10,000g for 10 min. The radioactivity
f the pellet was counted using an automatic gamma counter (1480
izard, Wallac OY, Turku, Finland). Total and nonspecific binding

.10% of the total binding) were determined by adding [125I] human
SH in the absence or presence of excess unlabeled human FSH. In
ll the assessments of [125I]FSH binding, only vector-transfected cells
ere incubated as negative control.

Intracellular cAMP assay. The expression vector was transfected
nto COS-7 cells as described in the ligand-binding assay. Sixteen to
8 h after transfection, the cells were replated (5 3 104 cells/well,
4-well tissue culture plates). At 69–72 h posttransfection, the cells
ere washed with DMEM (1 ml) and then incubated in DMEM (250
l) containing 0.5 mM 3-isobutyl-1-methylxanthine (Sigma Chemi-
al Co., St. Louis, MO) for 15 min at 37°C. Increasing concentrations
f ovine FSH or LH (Sigma) were then added and the cells were
ncubated for 30 min at 37°C. The assay was terminated by aspira-
ion of the medium. Cell lysis and measurement of intracellular
AMP concentration were carried out using BIOTRAK cAMP enzyme
mmunoassay (EIA) system (Amersham Pharmacia Biotech) accord-
ng to the manufacturer’s protocol. In all the assessments of cyclic
MP production, only vector-transfected cells were incubated as
egative control. All measurements were performed in triplicate and
ean and standard errors were calculated.

Northern blot analysis. Total RNA was prepared from testis frag-
ents by the guanidinium thiocyanate-phenol–chloroform method

29). Twenty micrograms of total RNA were electrophoresed in a 1%
ormaldehyde agarose gel and blotted to a nylon membrane,
ybond-N1 (Amersham Pharmacia Biotech). Digoxygenin-labeled
ntisense newt FSH-R cRNA probes were prepared by in vitro tran-
cription (Boehringer-Mannheim, Mannheim, Germany) of a sub-
lone of cDNA, corresponding to nucleotides 715–1308 (DDBJ Acces-
ion No. AB005587). Hybridization was carried out at 68°C overnight
n the hybridization solution {0.2 M Na2HPO4 (pH 7.2), 1 mM EDTA,
0% SDS, 0.5% blocking reagent (Boehringer-Mannheim)}. After hy-
ridization, the membranes were washed with 23 standard sodium
itrate (SSC) containing 0.1% SDS. A final wash was performed with
.13 SSC containing 0.1% SDS at 68°C. The immunological detec-
ion of the signal was carried out according to the manufacturer’s
nstruction (Boehringer-Mannheim).

RT-PCR and Southern blot analysis. Fractionation of somatic
ells (mostly Sertoli cells, 98% somatic cells and 2% germ cells) and
erm cells (98% germ cells and 2% somatic cells) from testicular
ragments was carried out as described previously (12). Total RNA
as prepared from the isolated testicular cells and several other

issues as described in Northern blot analysis. One microgram of
otal RNA from several tissues, testicular somatic cells or germ cells
hat had been treated with DNase I (Gibco-BRL, Tokyo, Japan) were
everse-transcribed using an oligo(dT) primer with the Thermoscript
T-PCR system (Gibco BRL, Tokyo, Japan). PCR was carried out
ith KOD DNA polymerase (Toyobo Co., Ltd., Osaka, Japan). The
rimers used for newt FSH-R and b-tubulin genes were: FSH-R F,
9-CTGTGGGTTCCAGTTTCGGATGCCA-39; FSH-R R, 59-GATTAA-
TGGTATTTGAGGCTCGGAAG-39; b-tubulin F, 59-GGGAAGTA-
TCAGCGATGAG-39, b-tubulin R, 59-AGGAGTGGGTCAGCTGG-
AT-39. The annealing temperatures were 61°C for FSH-R and 55°C

or b-tubulin, and 30 cycles (FSH-R) and 25 cycles (b-tubulin) were
erformed. The PCR products were separated on agarose gels, trans-
erred to Hybond-N1 nylon membranes (Amersham Pharmacia Bio-
ech) and detected by Southern hybridization. Labeling of the
DNA probe as well as hybridization and detection of signals were
arried out using the AlkPhos direct system (Amersham Pharmacia
iotech).
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DNA Cloning and Structure of Newt FSH-R

To isolate a cDNA for a newt FSH-R, we performed
CR with degenerate primers containing the se-
uences present in the conserved extracellular domain
f mammalian FSH-Rs. Using cDNAs from newt testis
s templates, we obtained a faint signal with 800 bp of
CR products that we subcloned in plasmid vectors.
orty recombinant plasmids were screened with a syn-
hetic degenerate 45-mer oligonucleotide derived from
he reported extracellular region of human FSH-R.
ne positive clone was isolated and the nucleotide

equence was determined. The deduced amino acid
equence is 61% homologous to human FSH-R. With
he PCR product as a hybridization probe, we isolated
cDNA clone containing the entire coding region of a

ewt FSH-R from a testis cDNA library. This clone is
075 bp in length and encodes a 696 amino acid residue
ontaining a signal peptide of 17 amino acids at the
-terminal region. The mature protein is predicted to
e 679 amino acids with a molecular mass of 77 kDa.
The predicted protein of the newt FSH-R contains a

arge extracellular domain and seven transmembrane
omains, structures also present in the G-protein-
oupled receptor family (Fig. 1). The extracellular do-
ain in the newt FSH-R contains ten cysteine residues

Cys-18, -24, -31, -187, -274, -275, -291, -341, -349, -359),
onsidered necessary for folding the protein (30),
nd five potential N-linked glycosylation sites
Asn-46, -190, -198, -267, -292). In mammalian FSH-Rs
wo of the three conserved N-linked glycosylation sites
n the extracellular domain are required for proper
olding of the protein (31). As 10 cysteine residues and
wo glycosylation sites (Asn-190, -292) are conserved
n the newt FSH-R at the same positions as in mam-

alian FSH-Rs, it is likely that these motifs are
lso required for proper folding of the newt protein.
here are two additional N-linked glycosylation sites

Asn-46, -267) in the newt FSH-R that are not present
n mammalian FSH-Rs. Although the biological sig-
ificance of these additional glycosylation sites is
nknown, one site (Asn-46) is conserved in amago
almon’s GTH-RI (sGTH-RI) and the chicken’s FSH-R,
nd another site (Asn-267) is conserved in amago
almon’s sGTH-R.
The transmembrane domain in newt FSH-R con-

ains two cysteine residues in the first and second
xtracellular loops that are predicted to form an in-
ramolecular disulfide bridge (32). The acidic-Arg(R)-
romatic motif (ERW, position 469–471), considered
mportant in the interaction between the receptor and
-proteins in mammals (33), is also present in newt
SH-R. This motif is conserved in receptors from newt
o mammals but not in amago sGTH-RI. These results
uggest that the FSH-Rs in tetrapods of mammals,
hickens and newts have a common signal transduc-
123
otif. In addition, there are consensus sites (Thr-558
nd Ser-599) for protein kinase C phosphorylation in
he third intracellular loop and the sixth transmem-
rane domain. The cytoplasmic domains contain three
ysteine residues and a potential protein kinase C
hosphorylation site (Thr-635); one of the cysteine res-
dues is conserved from amago sGTH-RI to mamma-
ian FSH-Rs, but the phosphorylation site is conserved
nly from amago sGTH-RI to chicken FSH-R.

omparison of Amino Acid Sequence

The amino acid sequence of the newt FSH-R was
ompared with those of some vertebrates (Fig. 1). The
omplete amino acid sequence of newt FSH-R was 69–
0% and 72% homologous with mammals and chicken,
espectively, but only 48% with amago sGTH-RI. How-
ver, the amino acid sequence of the transmembrane
omain of newt FSH-R shared a high sequence identity
ith mammals, chicken and amago salmon (82–83, 86,
nd 68%, respectively). But the extracellular domain of
ewt FSH-R shared a low amino acid sequence identity
ith the mammalian and chicken FSH-Rs and amago

GTH-RI (60–62, 63, and 35%, respectively) and the
east homology with mammalian LH receptors (less
han 52%).

hylogenetic Analysis

To determine if the newt FSH-R was phylogeneti-
ally related to other glycoprotein hormone receptors,
e compared its amino acid sequence in the transmem-
rane domain with that in sea anemone, Drosophila,
mago, newt, chicken, rat, and human (Fig. 2). A phy-
ogenetic tree was constructed by the neighbor-joining

ethod (34), using the Phylogeny Inference Package
PHYLIP) version 3.573c (35). The distance matrices
ere calculated with the Dayhoff PAM matrix of the
ROTDIST program in the PHYLIP. The robustness of
he tree was assessed by 100 bootstrap resamplings.
he analysis revealed that newt FSH-R, mammalian
nd chicken FSH-Rs formed a group with the bootstrap
alue of 100%, but sGTH-RI and tetrapod FSH-Rs,
hough clustered, were not related to newt FSH-R with
igh statistical confidence (58%).

xpression of Newt FSH-R Protein

To determine whether the newt FSH-R cDNA ex-
resses a functional protein, we subcloned its entire
oding region in an expression vector. COS-7 cells were
hen transfected with these vectors and competitive
adioligand receptor assays were performed. Increas-
ng concentrations of unlabeled human FSH competed
ith [125I] human FSH (hFSH) for binding to the mem-
ranes (Fig. 3A). Likewise, human LH (hLH) competed
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FIG. 1. Alignment of the deduced amino acid sequences of the newt, human (14), ovine (17), rat (15), and chicken (22) FSH-Rs, and amago
almon GTH-RI (26). The signal peptide is underlined with dashed lines. Asterisks indicate cysteine residues. A highly heterologous region
s underlined with a solid line. Seven transmembrane domains are lightly shaded (numbered above with roman numerals). Potential
-glycosylation sites are surrounded by stippled boxes. Acidic-Arg(R)-aromatic motif (ERW) is indicated by an open box. Potential protein
inase C phosphorylation sites are double underlined.
124



w
n
F
c
o
t
T
f

a
o
T
h
t
s
F
a
w
b
g
b

s
f
r
f
h
F
F

tration as well as mammalian FSH-Rs, suggesting that
v
p

T

F
R
o

b
r
b
w
i
c
n
a
t

t
c
l
v

Vol. 275, No. 1, 2000 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
ith [125I] hFSH, but only at high concentrations. The
ewt receptor had a 50-fold higher affinity for human
SH than for human LH. Binding of labeled FSH to
ells transfected with the vector alone was less than 1%
f that bound by cells transfected with the vector con-
aining the cDNA for newt FSH-R (data not shown).
hese results indicate that the cloned cDNA encodes a

unctional newt FSH-R.
According to Dattatreyamurty and Reichert (36), the

mino acid residues 9–30 in the extracellular domain
f rat FSH-R comprise a specific FSH binding domain.
he corresponding sequence in newt FSH-R is highly
omologous with those in mammals, chicken and rep-
iles. Thus, our current results and those of others
uggest that in general this sequence is important for
SH binding in vertebrates. However, in rats there is
n additional site (residues 300–315) for interaction
ith FSH (37), but this sequence is highly heterologous
etween mammals and newt, suggesting that this re-
ion contributes little, if any, to hormone-receptor
inding in newt.
COS-7 cells containing the newt FSH-R increased

ignificantly their intracellular cAMP concentration
ollowing stimulation by ovine FSH (oFSH) but did not
espond to ovine LH (oLH) (Fig. 3B). As the cells trans-
ected with the vector alone did not respond to these
ormones (data not shown), we conclude that the newt
SH-R expressed in COS-7 cells can transduce the
SH signal in the cytoplasm to elevate cAMP concen-

FIG. 2. Phylogenetic tree of the amino acid sequences of the
ransmembrane domain of the glycoprotein hormone receptor family,
onstructed with the neighbor-joining method. Lengths of horizontal
ines indicate the genetic distance. The numbers indicate bootstrap
alues from 100 replicates.
125
ertebrate FSH-Rs have a common signal transduction
athway.

issue Expression of Newt FSH-R mRNA

We examined by RT-PCR the mRNA expression of
SH-R in several newt tissues (Fig. 4). A high level of
NA expression was observed in testis, a low level in
vary, and none in kidney, brain, spleen, and liver.

FIG. 3. (A) Competitive binding of [125I] human FSH to the mem-
ranes from COS-7 cells transfected with pcDNA-FSH-R cDNA. The
esults are expressed as the percentage of the maximal specific
inding observed in the absence of competitor. Nonspecific binding
as assessed with 1000-fold excess of unlabeled hormone. Three

ndependent transfection experiments gave similar results. (B) Cy-
lic AMP accumulation in COS-7 cells transiently transfected with
ewt FSH-R cDNA. Intracellular cAMP concentration was measured
s a function of hormone concentration. Each point is the mean of
riplicate determinations. C, without hormone.
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his expression pattern correlates well with that found
n mammals, chicken and amago salmon where
SH-Rs and sGTH-RI were expressed only in repro-
uctive organs. Although Kubokawa and Ishii (38) re-
orted gonadotropin-binding sites in amphibian liver,
e did not detect mRNA expression for FSH-R in newt

iver. It is possible that the cycles of PCR that we
erformed to amplify the FSH-R mRNA were too few
nd/or our experimental conditions were not appropri-
te for detecting low levels of FSH-R expression in the
iver.

xpression of FSH-R mRNA during Newt
Spermatogenesis-Stage and Cell Type

To examine whether the expression of FSH-R mRNA
s stage-dependent, Northern blot analysis was per-
ormed on total RNA from newt testis fragments de-
ived from different stages of spermatogenesis, and a
ingle transcript of approximately 3.0 kb was detected
Fig. 5A). In contrast to newt testes, several species of
SH-R mRNAs (0.5–6.7 kb) were observed in chicken

22) and mammalian testes (16–18, 39). These differ-
nt species of transcripts are thought to originate from
ifferent polyadenylation sites and/or alternative splic-
ng (39–41). Thus, our current study indicates that the
egulation of spermatogenesis by FSH in newt testis is
impler than that in avians and mammals, as we found
nly a single species of mRNA for the FSH-R.
The synthesis and amount of newt FSH-R mRNA

uring spermatogenesis was stage-dependent (Fig.
A). The transcript was most abundant in the pri-
ary spermatocyte-stage and least in the sperma-

id-stage. Likewise, stage-dependent expression of
SH-R mRNA was observed in rat testis with a high

evel synthesized at stages I, XIII, and XIV (41, 42).
ifferences in testicular structure between newt and

at preclude a direct comparison of stages; how-
ver, stage-specific synthesis of FSH-R mRNA appears
o be required for both newt and mammalian spermato-
enesis.
To determine which cell type expresses FSH-R
RNA in newt testes, we performed RT-PCR using

FIG. 4. Tissue expression of FSH-R mRNA. One microgram of
otal RNA from testis (T), ovary (O), kidney (K), brain (B), spleen (S),
nd liver (L) was reverse-transcribed and amplified by PCR using
rimers FSH-R F and FSH-R R. The PCR products were loaded on
garose gel and analyzed by Southern blot analysis. b-Tubulin was
sed for control.
126
rom total RNA; the RNA was derived from highly
urified fractions of germ or somatic cells (mostly
ertoli cells) (Fig. 5B). As expected, we detected ex-
ression of FSH-R mRNA in somatic cells but barely
n germ cells, consistent with our previous findings
hat mammalian FSHs bind to membrane fractions
f somatic cells (mostly Sertoli cells) (43). Thus, FSH
cts in newt testis via Sertoli cells as it does in other
ertebrates.
The effect of FSH on mammalian spermatogenesis is

till complex. Recently, mice lacking the FSH-R were
hown to be fertile males but had testes reduced in size
nd weight (44, 45). Furthermore, the testes of such
nockout mice (FORKO) contained a significant in-
rease in the percentage of spermatogonia but a de-
rease in the percentage of elongated spermatids (46),
uggesting that FSH, though important for normal
permatogenesis, is not essential for initiating sper-
atogenesis. As mammalian FSH alone can stimulate

ewt spermatogenesis and its FSH signaling pathway,
he newt and mammalian pathways must be quite
imilar. This relationship should permit us to investi-
ate further the mechanism of FSH action in newt
estes—a simpler model with the advantage of a re-
ned in vitro organ culture (11) and a cell coculture
onsisting of spermatogonia and Sertoli cells (47).

FIG. 5. Expression of FSH-R mRNA in newt testis. (A) North-
rn blot analysis. Total RNA (20 mg) from testes fragments rich in
permatogonia (SG), primary spermatocytes (PC), and round sper-
atids (RT) were loaded on 1% agarose-formaldehyde gel. The gel
as stained with ethidium bromide (lower panel) and used for de-

ecting FSH-R mRNA (upper panel). The arrow indicates the posi-
ion of the FSH-R mRNA. Asterisks show the positions of ribosomal
NA (28S and 18S rRNA). (B) RT-PCR analysis. Total RNA (1 mg)

rom purified fractions of somatic (Sc, mostly Sertoli cells) and germ
Gc) cells was reverse-transcribed and amplified by PCR using prim-
rs FSH-R F and FSH-R R. The PCR products were loaded on
garose gel and analyzed by Southern blot analysis. b-Tubulin was
sed for control.
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