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Abstr act
Sertoli cells provide the cytoarchitectural support and microenvironment necessary for the process of spermatogenesis and have a central
role in male sex determination. Characterization of Sertoli cell specific gene products provides insight into the unique functions of this
testicular cell type. The current study reports the identification of a novel Sertoli cell gene product that is termed Sertoli cell specific gene
(SERT). The SERT cDNA sequence shows no homology to any of the known gene sequences in the GenBank database. Some homology
was found with short sequences in the expressed sequence tag (EST) database. A motif analysis demonstrates a signature to an RNA binding
protein sex lethal (sx1) involved in Drosophila sex determination. The expression pattern of SERT was examined with reverse transcription
polymerase chain reaction (RT-PCR) and Northern blot analysis. SERT expression was found to be specific to the testis and absent in other
tissues examined. In the testis, the approximate 1.5-kb SERT transcript was localized to the Sertoli cells. A 1.1-kb spliced form of SERT was
also identified by reverse transcription polymerase chain reaction analysis. The genomic structure analysis demonstrates the presence of at
least three exons with 85% sequence homology between mouse and rat sequences. Treatment of cultured Sertoli cells with follicle
stimulating hormone (FSH) significantly increased the expression of SERT mRNA levels. The potential role of SERT in Sertoli cell function
was investigated with the use of a transferrin promoter reporter construct. Transferrin expression is a marker of Sertoli cell differentiated
function. An antisense oligonucleotide to SERT significantly inhibited FSH and cAMP induced transferrin promoter activation, while control
oligonucleotides had no effect. In summary, a novel gene product expressed primarily by Sertoli cells, SERT, was identified with a potential
RNA binding protein motif similar to sex lethal that appears to have a role in maintaining hormone (e.g. FSH) actions in Sertoli cells.
D 2003 Elsevier B.V. All rights reserved.
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1. Intr oduction
Sertoli cells are the testicular epithelial cells involved in
male sex determination and testis morphogenesis. In the
adult, Sertoli cells form the seminiferous tubules that
provide the cytoarchitectural support and microenvironment
for developing germ cells (Skinner, 1991). This microenvi-
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ronment is created through the expression of many different
gene products (Griswold, 1988). Sertoli cell gene products
include growth factors, metabolic enzymes, transport proteins such as transferrin and androgen binding protein,
proteases, and structural components (Skinner, 1991; Griswold, 1988). The gonadotropin follicle stimulating hormone
(FSH) is considered the primary endocrine hormone required for the regulation of Sertoli cell function (Means et
al., 1980). FSH has been shown to regulate the expression of
most Sertoli cell genes including the expression of the FSH
receptor, androgen binding protein (ABP), transferrin, plasminogen activator and aromatase (Skinner, 1991; Grisworld,
1988; Means et al., 1980). The signaling mechanism by
which FSH acts on Sertoli cells involves the cyclic AMP
protein kinase A pathway (Means et al., 1980; Kangasniemi
et al., 1990; Suire et al., 1995). Promoter of analysis of most
Sertoli cell genes indicates the absence of a consensus cyclic
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AMP response element (CRE) site (unpublished observation). Interestingly, the response element that was found
conserved was an E-box response element. The E-box
response element is utilized by the transcription factors of
the basic helix-loop-helix (bHLH) family (Murre et al.,
1989). bHLH transcription factors are considered to be
master regulatory genes, which can initiate and maintain
cellular differentiation (Jan and Jan, 1993). Recent observations involving the over-expression of a negatively acting
bHLH protein Id (Chaudhary et al., 1997) and mutations in
the E-box of promoters (Chaudhary and Skinner, 1999a)
have suggested that these proteins are required to maintain
Sertoli cell differentiated functions.
The two ubiquitously expressed bHLH proteins (Murre
et al., 1994), the E2A gene product E47 (Henthorn et al.,
1990; Shen and Kadesch, 1995) and REBa (Klein et al.,
1993; Chaudhary and Skinner, 1999b) were shown to be
expressed in Sertoli cells (Chaudhary and Skinner, 1999b).
To identify Sertoli cell specific bHLH transcription factors,
a Sertoli cell complementary DNA (cDNA) library was
screened with the conserved bHLH domain of REBa .
Screening of the rat Sertoli cell cDNA library with the
REBa bHLH domain resulted in the identification of the
full-length REB gene and an additional clone with no
homology to REBa . Sequence analysis of this clone, termed
SERToli Cell Specific Gene (SERT), demonstrated no
sequence homology to either the basic helix-loop-helix
domain or other known cDNA sequences in the GenBank.
A sequence motif analysis demonstrates similarity to an
RNA binding protein sex lethal (sxl) involved in Drosophila
sex determination. Sex-lethal (sxl) is an RNA binding
protein that is expressed in female Drosophila flies and
controls sex determination and X-chromosome dosage compensation (Gebauer et al., 1997; Gorman and Baker, 1994;
Sanchez et al., 1994). Sex-lethal appears to regulate splicing
and influence the translation of target mRNAs. Recently,
interactions between sex-lethal and bHLH proteins involved
in Drosophila sex determination (sisB or scute) have been
established (Yang et al., 2001).
The current study examines the nucleotide sequence of
SERT and its predicted amino acid sequence. The expression profile based on Northern blot analysis and reverse
transcription-polymerase chain reaction (RT-PCR) suggests
that SERT is primarily expressed by Sertoli cells. The
inhibition of the reporter gene driven by the transferrin
promoter with an antisense oligonucleotide to SERT suggests SERT is important in mediating hormone (i.e. FSH)
actions in Sertoli cells.

2. Mater ials and methods
2.1. Isolation of Sertoli cells
Sertoli cells, peritubular cells and germ cells were isolated from the testis of 20-day-old rats as previously

described (Whaley et al., 1995). The isolated Sertoli cells
were then plated under serum-free conditions in 150 20mm tissue culture dishes (Nunclon) at a concentration 108
cells/plate. Cells were maintained in a 5% CO2 atmosphere
in Ham’s F-12 medium (Gibco) with 0.01% BSA at 32 j C.
Sertoli cells were treated with either FSH (100 ng/ml; oFSH-16, National Pituitary Agency) or vehicle alone
(Ham’s F-12, Control). The cells were cultured under
serum-free conditions for a maximum of 5 days with a
media change and treatment after 48 h of culture. Cell
number and viability did not change during the culture in
the absence or presence of treatment.
2.2. RNA preparation
Total RNA from freshly isolated or cultured Sertoli cells
was isolated and purified using Trizol Reagent (Sigma). The
whole tissue (skeletal muscle, brain and de-tunicated testis)
in Trizol Reagent (5% w/v) was homogenized in a tissue
homogenizer (Tissue Tearor, Biospec). Total RNA was then
isolated from the cell lysate and whole tissue homogenate
following the manufacturer’s protocol for RNA isolation
using Trizol Reagent. The final RNA pellet was dissolved in
distilled water at a concentration of 1 mg/ml.
2.3. Sertoli cell cDNA library
The unidirectional rat Sertoli cell cDNA library was
constructed in HybriZapII by Stratagene from poly (A)+
RNA isolated from purified Sertoli cells of 20-day-old rats.
The HybriZap library is primarily designed not only for use
in the yeast two-hybrid screening but also allows for
nucleic acid screening. The standard procedures for nucleic
acid screening were followed as mentioned elsewhere
(Sambrook et al., 1989). The REBa probe was digested
from the pBluescript plasmid using the restriction enzyme
KpnI and SacI, dephosphorylated and end labeled with g
P32-ATP and T4 polynucleotide kinase. A total of 1.5 106
individual plaques were screened with the 170-bp REBa
PCR fragment under conditions of low stringency as
described earlier (Ausubel et al., 1996). Briefly, low stringency hybridization were performed at 45 j C in aqueous
solution containing 2% SDS. The positive clones were
validated by performing a secondary and tertiary screen
under conditions similar to those used in the primary
screen. The excision of the HybriZap phage containing
cDNA of interest was performed (Stratagene, San Diego,
CA). The excision resulted in the pAD plasmid containing
the cDNA of interest. The pAD plasmids were analyzed by
restriction mapping and sequencing. The internal sequences
were obtained by designing nested primers in forward and
reverse orientation after every 200 bp of nucleotide sequence. The consensus sequence of SERT from at least
three separate sequences was subjected to FASTA and
BLASTn search against known sequences in GenBank
and EST databases.
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2.4. Polymerase chain reaction and 5V race
Total RNA (2 Ag) was reverse transcribed in a final
volume of 20 Al using standard procedures. The reverse
transcriptase reaction was carried out at 37 j C for 1 h. PCR
was performed using the GeneAmp kit (Perkin Elmer Cetus)
with 30 cycles as follows: 94 j C, 1 min (denaturation); 58
j C, 2 min (primer annealing) and 72 j C, 1 min (primer
extension). Each PCR reaction contained 250 pg reverse
transcribed DNA. After amplification, the product of each
reaction was subjected to electrophoresis through 1.5%
agarose gel in buffer and the products were visualized by
ethidium bromide staining.
The primer pair sequences used to investigate the presence of SERT in various tissues by RT-PCR were deter-
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mined empirically and synthesized from commercial
sources. The primer pairs were designed to amplify a 728bp region (Fig. 1). The possible contamination of RNA with
DNA was monitored by performing the RT reaction without
MMLV reverse transcriptase. The absence of any product in
the amplification reaction using such a reverse transcribed
preparation indicated the absence of any contaminating
DNA in our RNA samples. The sequence and position of
the primers were as follows: SERT 5V primer (260)—
5VTCC TGC TCT GAC ACT TCC AGT T; SERT 3Vprimer
primer (987)—5VAGC TGA CCC ATA ATT GAT GCA C.
Each reverse transcription reaction was performed using
three different samples. The PCR-based amplification reactions were carried out in duplicate on each reverse transcribed RNA sample. Simultaneous PCR reactions were

Fig. 1. The nucleic acid sequence of SERT isolated from a rat Sertoli cell cDNA library (HybriZAP). The box at the 5Vend represents the sequence used to
generate the antisense oligonucleotide. The underlined base pairs near the 3Vend show the consensus poly A signal. The arrows represent the primers used to
generate oligonucleotides for PCR amplification of SERT. The sequence enclosed within inverted arrowheads represents the SERT splice deletion in the 300-bp
PCR product obtained with the primers shown with arrows. This sequence has been submitted to GenBank (Accession No. AF077195) and is a consensus of a
minimum of three separate sequence analysis.
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also carried out using primers designed to rat cyclophilin to
monitor the efficiency of the PCR. Rat cyclophilin was
faithfully amplified in all the PCR reactions indicating the
consistent quality of the RT and PCR reactions (cyclophilin
primers: 5V
-CTG CTG GGG AAG AGG AGA GGA GAA
C-3Vand 5V
-GAG TGG TGG GCA GGT GTC TT-3V(105
bp). The data presented is representative of three different
RT-PCR reactions carried out in duplicate.
5VRapid amplification of cDNA ends (RACE) was
performed using the 5VRACE kit (Gibco BRL) on the total
RNA obtained from FSH-treated Sertoli cell cultures. SERT
specific antisense primer-1 (SSAP-1: 328– 350 bp) was used
to convert the Sertoli cell RNA to cDNA. After the first
round of amplification with SSAP-1 as 3V primer the PCR
reaction (diluted 1:1000) was re-amplified using SERT
specific antisense primer-2 (SSAP-2: 270 – 293 bp). The
PCR product was electropheresed on an agarose gel and
the single band of approximately 100 bp was excised and
purified. An aliquot of the 100 bp band was subcloned into
pGEM-TEZ vector (Promega) and another aliquot diluted
1:1000 was used as a template for a third round of PCR
using SERT specific antisense primer-3 (SSAP-3: 143 – 163
bp). The 100-bp PCR product from this reaction was also
subcloned into PGEM-TEZ and sequenced.

site of translation (Idzerda et al., 1986). Sertoli cells were
cultured in 24-well cell culture plates for 48 h and transfected with the reporter gene construct by the calcium
phosphate method coupled with hyper osmotic shock
(10% glycerol) as previously described (Whaley et al.,
1995). In each experiment, the transfection efficiency was
monitored by transfecting the Sertoli cells with a plasmid
containing the h -galactosidase gene driven by a CMV
promoter. Subsequent staining and counting the cells
expressing h -galactosidase (blue color) resulted in 25%
transfection efficiency. The antisense oligonucleotide to
SERT (phosphorothioate modified, 0.4 AM) was added to
the Sertoli cells 4 h following transfection, and then cells
were subsequently treated with FSH. The antisense was
added to the culture wells every 12 h for a total period of 48
h followed by the cells being harvested for the CAT assay as
previously described (Whaley et al., 1995). The oligonucleotide sequences used are: SERT antisense 5V
-GGGTGGTAAATCCGGG-3V
; SERT sense 5V
-CCCGGATTTACCACCC3V
; and SERT Scrambled 5V
-GGGATGGAGTCTAGC-3W
.
The average conversion of CAT substrate for treated cells
ranged between 20% and 30%. This assay was found to be
linear with the protein concentration used.
2.7. Sequence motif analysis

2.5. Northern analysis
Total RNA from Sertoli cells, germ cells, and peritubular
cells were isolated as described above using Trizol-Reagent
(Sigma). Approximately 10 Ag of total RNA was fractionated on a 1% formaldehyde-agarose gel. Following fractionation, the RNA was transferred onto Nylon membrane
(Hybond N+, Amersham) in 10 SSC buffer and UV-cross
linked as described previously (Sambrook et al., 1989). The
membranes were then prehybridized in Quick Hybridization
buffer (Stratagene) for 30 min at 60 j C. The SERT probe
was prepared by random priming with the 1250-bp SERT
probe digested from the SERT PAD plasmid with Sma1.
The hybridization was carried out at 60 j C for 1 h with gelpurified 32P labeled SERT probe. The membrane was
subsequently stripped and rehybridized with rat cyclophilin.
All the probes were labeled using prime-it II kit from
Stratagene. The densitometric values obtained for SERT
blots used Imagequant Digital Image analysis system (Molecular Dynamics, Sunnyvale, CA) and were normalized to
values of the constitutively expressed rat cyclophilin.
2.6. Transfections
The CAT reporter plasmid (pUC8-CAT) containing 581
bp ( 581 bp mTf-CAT) of the proximal mouse transferrin
promoter was generously provided by Dr. G. Stanley
McKnight (University of Washington, Seattle, WA) (Idzerda
et al., 1986). The mouse transferrin promoter used in the
present study included the transcriptional initiation site of
the transferrin gene, which is 54 bp upstream of the start

GCG DNA analysis software package was used to
generate the restriction map and translation to the corresponding protein sequence. FASTA and tBlastn (NCBI
BLAST) against GenBank, Entrez, and SRS links was used
to generate homology table of SERT. The MOTIF and
PATTERNS analysis package available on the World Wide
Web was used to identify motifs in the SERT sequence.
Phosphorylation patterns in SERT were determined by
PROSITE analysis.

3. Results
3.1. SERT cloning and sequence
Based on the observation that the bHLH domain is
highly conserved, a rat Sertoli cell cDNA library was
screened with the 170-bp bHLH domain PCR product of
REBa . The screening of the library resulted in the identification of a full-length clone of the REBa gene (Chaudhary
and Skinner, 1999b), a spliced variant of the REBa gene
and additional clones. One of the clones was named SERT.
SERT had no recognizable basic helix-loop-helix domain
(based on consensus motif search GCG analysis) and
showed no homology to the REBa nucleotide sequence
(Fig. 1). Therefore, SERT was identified due to apparent
interactions involving random short nucleotide sequence
similarities. The nucleotide sequence of SERT revealed an
insert of 1396 bp. The consensus SERT nucleotide sequence
was determined by sequencing at least three times from both

J. Chaudhary et al. / Gene 324 (2004) 79–88

ends. The 5Vto 3Vorientation of SERT was established by
identifying the poly (A) site and tail. A consensus poly (A)
site (ATTAAA) was present towards the 3V end of the
sequence which was followed by a Poly (A) region (Fig.
1). The presence of SERT in Sertoli cells was also confirmed by RT-PCR using internal 5Vand 3Vprimers (SERT
5Vand SERT 3V
; Fig. 1). Similar results were obtained when
RT-PCR was performed using primers designed towards the
5Vand 3Vends of SERT. The PCR product was obtained by
using SERT 5Vand 3Vprimers (Fig. 1) and then sub-cloned,
sequenced and found to have 100% similarity with the clone
isolated from the library screen. This confirmed that SERT
is expressed in Sertoli cells. The SERT nucleotide sequence
was deposited into GenBank (accession number
AF077195). Computer search using BLASTn and
tBLASTX for the matching sequences in the GenBank,
including updates and EST databases, against SERT as a
query sequence revealed partial sequence similarity with
GenBank sequences AA901007 (rat) andAI549485 (rat).
The homology with these EST sequences is indicated by the
filled horizontal bar while the hatched bar indicates partial
sequence homology (Fig. 2A). The EST sequences came
from testis and embryonic libraries such that Sertoli cell
expressed genes were part of the libraries.

83

The presence of a poly A signal and a poly A tail at the
3V end suggests no additional sequence is present at the
3Vend than that reported in Fig. 1. This was confirmed by
analysis of the 3’ sequence. 5V RACE was performed in
order to determine if additional sequence is present at the 5’
end of SERT. 5V RACE revealed the presence of an
additional 69 base pairs towards the 5V end resulting in
the total SERT length of 1465 bp. The nucleotide sequence
was translated in all three forward reading frames to
predict the protein encoded by SERT. The largest open
reading frame (ORF) of 227 bp coding for a protein with
75 amino acids was observed between the nucleotide bases
1210 and 1437 (Fig. 2B) and was designated B. The
presence of the ATG start site at the nucleotide position
1210 suggests that SERT may have a long 5V untranslated
region. This B open reading frame also had a methionine
as the initial amino acid residue. The second largest open
reading frame had no ATG start site and was also in frame
1 (ORF A, Fig. 2B). The lack of a start site for (ORF A)
was also confirmed with a rat genomic sequence comparison, AC110699. The protein predicated to be encoded by
this (frame A) sequence displayed short sequence similarity to Rhodopsin like G-protein coupled receptor and AAA
protein (ATPases), but no major sequence similarity or

Fig. 2. (A) Graphic alignment of the SERT (open box) sequence and the EST database sequences, Accession No. AA901007 and AI549485. In the alignment,
a closed box indicates exact match and hatched box partial match. Inverted arrows indicate the potential splice sites and directional arrows indicate the
location of the sequencing primers. The major restriction sites are indicated. (B) Diagram of the SERT reading frames with nucleotide number listed. The
vertical lines in the reading frame boxes indicates stop codon sites and the inverted triangles start sites. The inverted arrows above frame 1 indicates the splice
sites. The shaded open reading frame (ORF) A and B are shown in reading frame 1 and the predicted amino acid protein sequence for ORF A and B are
presented. The sequence in the ORF-B protein in bold faced type identifies the putative eukaryotic RNA binding protein region RNP-1 signature motif with
similarity to sex-lethal (sxl).

84

J. Chaudhary et al. / Gene 324 (2004) 79–88

motif in the database. In addition to ORF A and ORF B in
reading frame one, an additional ORF was also observed
between 400 and 600 bp in reading frame three. This ORF
had no discernable motif and was within the splice site. No
other ORF in any of the other frames was as large, had
consensus start and stop sites, nor a methionine as the initial
residue. Since the open reading frame indicated B was the
largest and had a start site and methionine it was presumed
to be the product of this SERT transcript. Sequence analysis
of the SERT protein revealed a sex lethal (sx1) RNA
binding protein motif as indicated by the bold sequence
shown in Fig. 2B. This is a putative eukaryotic RNA
binding protein RNP-1 signature sequence. Further analysis
of the SERT gene products is required to confirm protein
expression and/or assess if only a functional RNA is
produced.
A computer search of the rat and mouse genome database
demonstrates complete homology of SERT with the rat
genomic clones AC110699, AC128310 and AC111510.
The mouse genomic sequence AL928638, chromosome 2
had a high degree (85%) of homology to the rat SERT
sequence. The genomic organizations of the rat and mouse
sequences are shown in Fig. 3. The rat sequence contains
three exons between 1 – 354, 355 –418 and 419 – 1444. The
rat and mouse genomic sequences are under construction so
we have used our own tentative base pair numbering for
SERT at this time. The ORF B is located within the third
exon and was found to be approximately 85% conserved
between rat and mouse (Fig. 3B). The RNP-1 consensus
RNA binding protein motif was conserved between the
species. A 1.5-kb potential promoter region of the rat
genomic sequence was identified and helped support the
genomic configuration (data not shown). NCBI– human
genome blast search using rat SERT-1 as a probe failed to
identify any human homolog (Blastn, Tblastx).
3.2. SERT expression
Northern blot analysis of whole testis RNA with random
primed SERT as a probe suggested that the SERT transcript
size is approximately 1.5 kb (Fig. 4A). This transcript size
matches the predicted size from the sequence analysis. The

Fig. 4. (A) Expression of SERT 1.5-kb mRNA (upper panel) and
cyclophilin (lower panel) mRNA as determined by Northern blot analysis
in freshly isolated Sertoli cells (Fresh SC), cultured untreated Sertoli cells
(Control SC), cultured FSH-treated Sertoli cells (FSH SC), whole testis
(Testis), muscle, brain, kidney and lung. (B) Analysis of the SERT
expression as determined by densitometric scan of the Northern blot and
presented as the mean F S.E.M. The expression of SERT was normalized to
the constitutively expressed gene cyclophilin (1B15). A representative of
three different experiments is shown in A and data is combined for B and
all data in B was found to be statistically different from control ( P < 0.01)
using a Student’s t-test.

size of the transcript detected on the Northern blot was
calculated from known standards. Northern blot analysis
demonstrated that the SERT transcript is highly expressed in

Fig. 3. Genomic sequence of SERT diagrammatically representing exon/intron association derived from the rat genomic sequences AC111510, AC110699 and
AC128310) and mouse genomic sequence AL928638). The numbering for the three SERT exons is presented and length of introns shown in the shaded boxes.
The numbers above the bar indicate approximate length of genomic sequence (bp). The numbers below the bar indicate potential exon/intron boundaries. ORF
B within exon three is indicated with an open box.
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the testis (Fig. 4). Localization of SERT in testicular cell
types suggests that SERT is primarily expressed in Sertoli
cells (Fig. 4A). The expression of SERT in cultured Sertoli
cells was subjected to a densitometric scan. The Northern
blot densitometric scans demonstrated that the expression of
SERT by Sertoli cells is up regulated by treatment with the
gonadotropin FSH (Fig. 4B). A constitutively expressed
gene cyclophilin (1B15) was used to normalize this data.
The only tissue with appreciable expression of SERT is the
testis. This observation was extended recently with the
information that the SERT gene product is present on the
Affymetrix Gene Chip. Using a micro-array analysis of
Sertoli cell gene expression, we confirmed that FSH promotes Sertoli cell SERT gene expression (data not shown).
An RT-PCR with SERT specific primers and RNA
obtained from testis and various other tissues was performed
to further analyze the specificity of SERT expression. As
shown in Fig. 5, SERT expression (728-bp band) was
observed only in the testis and not in other tissues. This
observation complements the Northern blot data and suggests that SERT is highly testis specific. No expression
above background was observed in the ovary, kidney, brain,
muscle, lung, spleen, heart or prostate (Fig. 5). The 18S and
28S RNA profile is shown to assess RNA integrity and
concentration used. A cyclophilin RT-PCR of the same
samples demonstrated constitutive expression in all RNA
samples and equal amounts of RNA being analyzed (Fig. 5).
The 105-bp cyclophilin PCR band is shown in Fig. 5. The
analysis revealed that SERT was only expressed in the testis
among the tissues investigated. A large 4-kb PCR band was
also observed in several tissues such as heart and lung (Fig.
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5). The 4-kb PCR product was subcloned and sequenced but
showed no homology to the SERT sequence (data not
shown) indicating it was apparently due to nonspecific
priming. The SERT expression was also observed in the
embryonic day 18 testis and in the testis of the new born rat
(day 0) (Fig. 5) by RT-PCR analysis using primers pairs
reported in Fig. 1. Two additional PCR bands at approximately 400 and 300 bp were periodically observed in the
testis (data not shown). Subsequent subcloning and sequencing of these two bands revealed the 400-bp band as
nonspecific. Interestingly, the 300-bp band was a splice
variant of the SERT 728-bp PCR product. The 403-bp
splicing between 419 and 824 bp (Fig. 1, sequence within
inverted arrows) resulted in the 300-bp band seen in the
PCR. Observations suggest that SERT may have one or
more spliced forms. It is possible that more spliced variants
of SERT exist based on the observation that the EST
sequence A901007 matched SERT at three different regions
(Fig. 2), but PCR analysis did not detect these splice
variants. Interestingly, Northern analysis only revealed a
single transcript (Fig. 6). Since the Northern analysis (Fig.
6) only detected the one 1.5-kb transcript and the 300-bp
PCR splice variant product was only detected periodically, if
splice forms exist they are at negligible levels compared to
the full-length 1.5-kb transcript.
SERT expression by RT-PCR (Fig. 5) was also observed
at low levels in the freshly isolated peritubular cells and
germ cells. These freshly isolated cell preparations often
have contaminating Sertoli cells, but further analysis is
required to confirm lack of expression by other testicular
cell types. Using a peritubular cell preparation found not to

Fig. 5. Expression of SERT as determined by RT-PCR analysis in embryonic day 18 testis (e18), day 0 testis (d0), day 20 testis (d20), freshly isolated Sertoli
cells (Fresh), cultured untreated Sertoli cells (Cont), cultured FSH-treated Sertoli cells (FSH), germ cells (Germ) and peritubular cells (Peri) from the testis of
postnatal 20-day-old testis and various tissues as indicated. pAD-SERT plasmid (SERT plasmid) was used as a positive control to show that the primers
amplified a 728-bp region within the 5Vand 3Vprimers (shown by the arrows in Fig. 1): The middle panel shows the 18S and 28S bands in the RNA used for
RT-PCR. The bottom panel shows the cyclophilin RT-PCR of the same samples to assess RNA amount and integrity, with 105-bp band indicated. A
representative of three different experiments is shown.
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contain contaminating Sertoli cells, the RT-PCR SERT
product was not found in these peritubular cells (data not
shown). Therefore, Sertoli cells appear to be the principle
site of SERT expression, but further analysis is required to
confirm lack of expression by other testicular cell types.
3.3. SERT function
The final experiment involves an analysis of the role of
SERT in Sertoli cells. An antisense oligonucleotide approach was utilized to investigate the functional significance
of SERT. Cultured Sertoli cells from 20-day-old rats were
transfected with a CAT reporter construct driven by the
proximal 600 bp of the mouse transferrin promoter. A
significant increase in the CAT activity was observed when
the Sertoli cells were treated with FSH (Fig. 7). In the
presence of the antisense oligonucleotide to SERT, the FSHstimulated CAT activity was significantly decreased and was
comparable to untreated control cells (Fig. 7). Similar
results were obtained when Sertoli cells were treated with
the cAMP analog dibutyryl cAMP (dbcAMP) (Fig. 7). No
such decrease in the CAT activity was observed in the
presence of a control scrambled SERT antisense oligonucleotide, suggesting the effect of the SERT antisense oligonucleotide on FSH- or dbcAMP-stimulated CAT activity
was sequence specific and not procedural. The presence of
the antisense oligonucleotide had no effect on the CAT
activity of non-stimulated (control) Sertoli cells. The specificity of the inhibitory effect of the SERT antisense oligonucleotide on the transferrin promoter activation was also
further confirmed by treating the Sertoli cells transfected
with the transferrin promoter with an oligonucleotide complementary to SERT antisense oligonucleotide (sense SERT).

Fig. 7. Regulation of the 581-bp Tf promoter-CAT construct in Sertoli
cells by an antisense oligonucleotide to SERT (A-SERT), complementary to
sense oligonucleotide SERT (S-SERT), and scrambled SERT (SCR-SERT).
Cells were cultured in the absence (Control) or presence of FSH and
dibutyryl-cAMP (cAMP). The data is expressed as relative CAT expression
with respect to the activity of the untreated (Control) control set to 1 and
presented as mean + S.E.M. from three different experiments performed in
duplicate. ANOVA analysis is presented as different superscript letters
within a treatment group (Control, FSH, dbcAMP) being significantly
different with a P < 0.001.

As shown in Fig. 7, the presence of sense SERT also had
no effect on either FSH or dbcAMP stimulated activation
of the transferrin promoter. This control also demonstrated
that the inhibitory effect of the SERT anti-sense was not
procedural or due to a nonspecific oligonucleotide effect(s).
Combined data demonstrate the SERT antisense oligonucleotide treatment specifically inhibited the ability of FSH
or cAMP to activate the transferrin promoter. Therefore, the
presence of SERT appears to be necessary for FSH- and
dbcAMP-induced Sertoli cell function (i.e. transferrin promoter activation).

4. Discussion
4.1. SERT sequence characterization

Fig. 6. Northern blot analysis of Sertoli cells. The SERT 1.5-kb transcript
and cyclophilin (1B15) 1-kb transcript are shown in relation to the 18S and
28S RNA markers. A representative of three different experiments is
shown.

The present study reports the identification of a new gene
termed SERT that is primarily expressed by Sertoli cells.
This is one of the first apparent Sertoli cell specific genes
identified in the adult Sertoli cell. SERT was identified by
screening a ZAP-based Sertoli cell cDNA phage library with
a 170-bp sequence of the basic helix-loop-helix transcription
factor REB-alpha within the highly conserved bHLH domain. The absence of any similarity between the SERT
sequence and the REB alpha gene (Chaudhary and Skinner,
1999b) suggests that the identification of SERT was due to
nonspecific interactions in the Sertoli cell cDNA library
screening process.
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The total transcript size of SERT as determined by
sequencing of the cDNA clone, 5V RACE and Northern
blot analysis and appears to be approximately 1465 bp. The
longest open reading frame (as determined with the presence
of an ATG start site and N-terminal methionine) of 227 bp
coding for 75 amino acids between nucleotide 1210 and
1437 was observed in the first reading frame. The presence
of a strong consensus sequence for the vertebrate translation
initiation site (A/GNCATG) (Cavener and Ray, 1991; Tate
et al., 1996; Martin, 1994) around the start site at 1210 bp
further supports this open reading frame prediction. Analysis of additional RT-PCR products using SERT specific
primers resulted in the identification of a spliced form of
SERT. The longest open reading frame of the spliced SERT
was nearly identical to the longest open reading frame of the
unspliced form. The splicing results in a shorter 5V UTR,
however, this splice variant transcript was not observed on
the Northern blots of Sertoli cells or in any other tissues or
cells. Therefore, the expression levels of the splice form
appear to be negligible. Although the 5V UTR of SERT is
large, many examples of mRNA transcripts exist which
have unusually long 5V UTR. The average length of the
5VUTR in rodents is approximately 186 bp with a range
from 16 to 1786 bp (Pesole et al., 2001). Long 5VUTRs are
especially common in mRNA encoding regulatory proteins
like proto-oncogenes, growth factors, their receptors and
homeodomain proteins (Kochetov et al., 1998). The 5VUTR
of SERT also contains at least two in frame ATGs. Interestingly, low abundance mRNA show the presence of up to
three times more ATG sequences in the 5V UTR as compared to the high abundance mRNA. The presence of long
5V UTR and more than one ATG may hamper cap-dependent ribosomal scanning. Therefore, a number of these
mRNAs use an alternative mechanism of translation initiation, involving an internal ribosome entry site (IRES) (Van
der Velden and Thomas, 1999; Kozak, 1999). The long
5VUTR of an IRES can influence translational efficiency by
providing post-transcriptional regulation. The sequence
analysis also demonstrated the presence of a PEST sequence
(Rogers et al., 1986) suggesting it may have a short half-life
in the cells. Although speculative, observations predict that
SERT may be highly regulated and subject to post-transcriptional regulation. In a preliminary experiment, a coupled in vitro translation/transcription using SERT-1 cDNA
as template failed to give any detectable product (data not
shown). This observation warrants further investigation to
determine the SERT-1 protein product. Alternatively, the
observed absence of SERT-1 protein product in coupled in
vitro translation and transcription suggest that SERT-1
mRNA itself may have a functional role. Further analysis
of the SERT gene product requires antibody production for
protein detection and in vitro translation procedures to help
confirm translation of the protein product.
Although a sequence analysis of the SERT transcript
demonstrated no sequence homology with any known
genes, a motif analysis demonstrated a putative eukaryotic
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RNA binding protein RNP-1 signature sequence in the
protein. This sequence has similarity with sex-lethal (sxl)
that has been shown to be involved in Drosophila sex
determination (Gebauer et al., 1997; Gorman and Baker,
1994; Sanchez et al., 1994). Sex-lethal is an RNA binding
protein that has interactions with bHLH proteins in the sex
differentiation process in Drosophila (Yang et al., 2001).
Since Sertoli cells are the critical cell in male sex determination and have been shown to be dependent on bHLH
proteins, it is interesting to speculate that SERT may have a
similar type of function in the mammalian system as sexlethal in Drosophila. The ability of SERT to function as an
RNA binding protein, influence sex determination and/or
interact with Sertoli cell bHLH proteins remains to be
investigated.
4.2. Sertoli cell SERT expression, regulation and function
The expression profile of SERT observed by Northern
analysis and RT-PCR suggests that SERT is primarily
localized to the testicular Sertoli cells. No expression was
observed in the other tissues examined. Neither RT-PCR nor
Northern blot detected any SERT expression in any of the
tissues investigated, except the testis. The 4-kb RT-PCR
product in lung and heart was found to be nonspecific and
not related to SERT. Few Sertoli cell specific genes have
been identified. The earliest time point examined when
SERT expression is detected in the testis by PCR was at
embryonic day 18. The Northern blot data and its quantitation suggest that SERT expression is regulated by the
gonadotropin FSH. FSH is known to regulate most Sertoli
cell functions including post-natal cell proliferation and
pubertal cell differentiation. The cell specific expression of
SERT under the control of FSH suggests SERT may have an
important role in Sertoli cell differentiated functions. Further
analysis of SERT expression levels in the testis is required to
confirm Sertoli cell specific localization and association
with the hormonal regulation of Sertoli cell differentiation.
An antisense oligonucleotide was used to investigate the
functional significance of SERT. It was previously shown
that the activity of the mouse (Chaudhary and Skinner,
1999a) and human (Suire et al., 1995) transferrin promoter
is regulated by FSH in Sertoli cells. A significant reduction
in the FSH induced activation of the transferrin promoter in
Sertoli cells by a SERT antisense oligonucleotide suggests
the SERT transcript may have a role in mediating FSH
actions in Sertoli cells. The controls performed eliminated
the potential of nonspecific effects of oligonucleotides and
demonstrated a specific anti-sense effect. The ability of
SERT to influence Sertoli cell function can be at multiple
levels, which include transcription initiation, mRNA degradation and translation. Future studies will need to determine
how the SERT antisense oligonucleotide is acting to inhibit
Sertoli cell function. Alternatively, SERT RNA may act
similar to the steroid receptor co-activator SRA which
functions as an RNA present in an SCR-1 RNA complex
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that modulates nuclear receptor directed gene expression
(Lanz et al., 1999). Until a SERT protein product is
identified, the potential that it may be a functional RNA
product needs to be considered. The specific mechanism of
action and function of SERT remains to be elucidated.
In summary, the current study reports the isolation and
sequence of a novel Sertoli cell gene product, SERT, which
may be involved in maintaining Sertoli cell function and
FSH actions. This is one of the first Sertoli cell specific
genes identified to be expressed in adult Sertoli cells. The
genomic sequence for SERT is now under investigation to
assess promoter regulatory elements that may be involved in
Sertoli cell specific expression. The SERT promoter may
also be useful to achieve Sertoli specific expression of
various genes in transgenic animals. Further analysis of
SERT is anticipated to provide insight into Sertoli cell
function, FSH actions and potential molecular regulation
of male sex differentiation.
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