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Cloning and Characterization of a Novel Gene SRG-L Expressed in Late Stages
of Mouse Spermatogenic Cells
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Abstract        A cDNA expressed specifically in late stages of mouse spermatogenic cells during spermato-
genesis was cloned by using overlapping RT-PCR and RACE. The cDNA contained an open reading frame
(ORF) of 2625 base pairs that encoded an 874 amino acids protein. Comparison analysis of amino acid
sequence showed 91% and 80% identity to a rat homologue XP-226242 and a monkey homologue BAB63115
respectively. The expression of the mRNA was only observed in pachytene spermatocytes, round, and
elongating spermatids. We named this gene as SRG-L (spermatogenesis related gene expressed in the late
stages of spermatogenic cells,  GenBank accession No. AY352586). The tissue-specific analysis showed that
the SRG-L was highly expressed in spleen and testis. The results suggested that SRG-L might play special
roles during spermatogenesis, particularly related to meiosis and spermiogenesis. Analysis of the amino acid
sequence showed there was a coiled-coil region near the N-terminal region and rich phosphorylation sites,
suggesting SRG-L might function as a transmembrane protein mediating signal transduction. This study also
demonstrated that gene cloning by RT-PCR was applicable and convenient when its homologous gene was
known.
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Spermatogenesis is a continuum of spermatogonia
renewal and proliferation, meiosis, and spermiogenesis
in mammalian. First the stem cells (primitive type A sper-
matogonia) divide to preleptotene primary spermato-
cytes, which develop to leptotene primary spermatocytes,
zygotene primary spermatocytes, and pachytene and
diplotene primary spermatocytes in sequence. Then the
diplotene primary spermatocytes go through two meiotic
divisions, and produce round spermatids. Subsequently,
round spermatids enter spermiogenesis and undergo
major morphological changes to form morphologically
and functionally differentiated spermatozoa [1]. An
assortment of unique events happened during spermato-
genesis, including meiosis, genetic recombination, hap-
loid gene expression, formation of the acrosome and flagel-
lum, and remodeling and condensation of chromatin. These
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complex processes as well as the morphogenetic variations
require a number of germ cell stage-specific gene pro-
ducts and a precise and well-coordinated program of gene
expression [2].

During spermatogenesis, the genome was extensively
reorganized in meiosis and DNA compaction. Homolo-
gous chromosome pairing and DNA recombination is
involved in meiosis. After meiosis, the haploid genome is
compacted within the sperm head to a volume of about
5% of a somatic cell nucleus. This remarkable repackag-
ing event is achieved by replacing histones with basic
proteins, which are known in round spermatids as transi-
tion proteins and in elongating spermatids as protamines
[3]. Meiosis and spermiogenesis are governed by highly
specialized molecular mechanisms including many spe-
cific genes. The list of genes expressed specifically in the
mammalian spermatogenesis is rapidly growing. 2701 se-
quence clusters in the NCBI Mouse UniGene database
(http://www.ncbi.nlm.nih.gov/UniGene/Mm.Home.html)
are identified to contain cDNAs specifically from sper-
matogenic cell library [2]. However, most of these ESTs
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are only 300 to 600 bp in length, very few have been
confirmed by other methods to be expressed in testis or
male germ cells or to play specific roles in meiosis, and
even fewer have been demonstrated to be involved in
spermiogenesis. Recent progress in molecular biology has
stimulated the investigations on spermatogenesis. The
identification and isolation of germ cell-specific molecules
in testis have been finished by using suppression subtrac-
tive hybridization [4,5], differential display [6,7], and
cDNA microarray techniques [8,9]. The identification of
genes encoded proteins that play specific roles in different
steps of germ cell development should shed new light on
the mechanisms of spermatogenesis. In our previous stu-
dies [9,10], we happened to find a 330 bp fragment whose
expression was dramatically up-regulated in late stages of
spermatogenic cells during spermatogenesis and was high
homologous to a testis gene of rat and monkey [11].

In present study, we designed a series of primer pairs
based on the sequences of the conserved regions of the rat
and monkey homologous gene cDNA and used RT-PCR
and 3'-RACE techniques to amplify a cDNA SRG-L that
expresses specifically in the late stages of spermatogenic
cells. DNA sequencing showed that it was a novel cDNA.
Its stage-specific expression characteristics indicated that
this gene might be involved in meiosis and spermiogenesis.
It would be worthwhile for further functional analysis to
expand the understanding of spermatogenic mechanisms.

Materials and Methods

Animals

Male and female Balb/c mice (80–100 days old) were
obtained from the Laboratorial Animal Center of Beijing
University (Beijing, China) and maintained in a tem-
perature- and humidity-controlled room on a 12:12 h
(L:D, light versus dark) photoperiod. The mice had free
access to food and water. Female mice were naturally mated
and observed at 12 h intervals, and the time of parturition
was recorded. The day of birth was designated as Day 0.
Litter size was adjusted to a maximum of 10 by removing
the appropriate number of female pups. All measures taken
for the mice referred to “Guideline for the Care and
Use of Laboratory Animals” established by the Chinese
Council on Animal Care.

Isolation of spermatogenic cells and mature sper-
matozoa

The isolation of spermatogenic cells was performed as

previously described [9]. Male Balb/c mice of different
days were used for the isolation of different spermato-
genic cell types: 6 day for primitive A spermatogonia,
9 day for type B spermatogonia, 14 day for preleptotene
spermatocytes, 21 day for pachytene spermatocytes, 35 day
for round spermatids, and 56 day for elongating spermatids.
The number of mice used was 25, 25, 20, 15, 10, and 6,
respectively. Mice were anesthetized with CO2 and killed
by cervical dislocation. The testes were obtained and
decapsulated. The seminiferous tubules was cut into small
pieces and disaggregated with collagenase (Sigma, St.
Louis, MO). The tissue was dissociated to disperse germ
cells by pipetting gently with a pasteur pipette, and the
cell suspension was centrifuged at 80 g for 10 min. The
pellet was then washed twice with PBS, filtered through a
filter cloth (200 mesh), and resuspended in 20 ml PBS
solution containing 0.5% bovine serum albumin. Cell
numbers were counted using a hemocytometer. 108 cells
were bottom-loaded into a cell-separator apparatus and
followed by a 2%–4% BSA gradient in RPMI 1640 (Gibco,
Grand Island, NY). After 3 h of velocity sedimentation at
unit gravity, the cell fractions were collected. The cell type
and purity in each fraction were assessed using light
microscopy according to the diameter and morphological
characteristics. The average purity for each cell type was
as follows: primitive type A spermatogonia, 94%; type B
spermatogonia, 90%; preleptotene spermatocytes, 88%;
pachytene spermatocytes, 95%; round spermatids, 96%;
and elongating spermatids, 92%.

Mature spermatozoa were isolated from epididymides
of 10 adult male Balb/c mice. Mice were anesthetized
with CO2 and then euthanized by cervical dislocation. The
epididymides were obtained and cut into pieces, then
incubated with gentle agitation at room temperature in
10 ml PBS for 10 min to disperse the spermatozoa. The
suspension was then centrifuged at 500 g for 2 min to
remove the tissues. The supernatant was further centrifuged
at 1000 g for 10 min. The pellet of spermatozoa was washed
twice with PBS and resuspended in PBS.

Total RNA preparation

Total cellular RNA were isolated from different stage
spermatogenic cells, and total tissue RNA were extracted
from brain, heart, lung, thymus, liver, kidney, spleen, testis,
and ovary of adult mice. RNA was isolated using the
TrizolTM reagent (Gibco) according to the manufacture’s
protocol. For total cellular RNA, 5–10×106 cells were
incubated in 1 ml TrizolTM Reagent at room temperature
for 10 min; for total tissue RNA, 50 mg of tissue was
homogenized in 1 ml TrizolTM reagent and incubated at
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room temperature for 10 min. Then add 0.2 ml of chloro-
form into the mixture, shake vigorously, and incubate
it for 3 min at room temperature. After centrifugation at
12,000 g at 4 °C for 15 min, the upper aqueous phase was
transferred into a new microfuge tube and the RNA was
precipitated with 0.5 ml isopropanol at room temperature
for 10 min. After washing with 75% ethanol and vacuum-
drying, the RNA pellet was resuspended in DEPC-treated
water. Total RNA was then treated with RNase-free DNase
to eliminate DNA contamination at 37 °C for 20 min,
1 unit RQ1-DNase (Promega, Madison, WI) for 1–5 µg
of RNA. The RNA quality and concentration were assessed
using agarose gel electrophoresis and spectrophotometer.
Total RNA pellet was dissolved in DEPC-treated water
and stored at –80 °C prior to use.

RT-PCR

First-strand cDNA was synthesized from total RNA of
various tissues and spermatogenic cells. 2 µg total RNA
from each sample was reversely transcribed to synthesize
first-strand cDNA using MMLV reverse transcriptase
(Promega) at 37 °C with random hexamer for 1 h. 2 µl
product was used as template for the subsequent PCR
amplification with specific primers. Primers were designed
according to the rat and monkey homologous gene cDNA
sequences, and were described in Table 1. The location
and orientation of the primers were shown in Fig. 1. A
590 bp fragment of β-actin gene was amplified as the
control using the specific primers (forward primer, 5'-
AGCCATGTACGTACGTAGCCATC-3', and reverse
primer, 5'-ATCTTCATGGTGCTAGGAGC-3'). First-
strand cDNA PCR conditions were: denaturation for 60 s
at 94 °C, annealing for 60 s at temperature various upon

different genes, and extension for 90 s at 72 °C, 25 cycles
for β-actin gene fragment, and 30–35 cycles for other
cDNAs;  extension for 10 min at 72 °C. The reactions were
carried out in a total volume of 25 µl containing 1.25 u
Taq DNA polymerase (Takara, Japan), 1 µM sense primer
and 1 µM antisense primer, 200 µM dNTP in 1×buffer on
a Tpersonal thermocycler (Biometra, Germany).

3'-RACE

3'-RACE was performed using 3'-full RACE core set
(Takara) according to the manufacturer’s instructions.
Total RNA was extracted from Day 35 mouse testis with
TrizolTM reagent (Gibco) and was treated with RQ1-DNase
(Promega). The first strand cDNA was synthesized using

Fig. 1        The positions of different primer pairs for RT-PCR in
the cDNA template
Expected sizes of six fragments were amplified using primers (arrows) as follows:
1F and 1R primers for a 330 bp fragment, 2F and 2R primers for a 1122 bp
fragment, 3F and 3R primers for a 448 bp fragment, 4F and 4R primers for a 280
bp fragment, 5F and 5R primers for a 523 bp fragment, 6F and 6R primers for
a 561 bp fragment, respectively. 3'-RACE primer was designed to amplify the
3' end of cDNA.

P1

P2

P3

P4

P5

P6

1F
1R
2F
2R
3F
3R
4F
4R
5F
5R
6F
6R

5'-AAGAGGAAGATCGCATCCTGGA-3'
5'-CATCCTCCTCAGTCAAGGACAG-3'
5'-CCACACTGATGCCCTAC-3'
5'-GGATGGCCAGGTTTGAAG-3'
5'-ACGCTCCAGAATGGAGGTCC-3'
5'-ACGCTCCAGAATGGAGGTCC-3'
5'-CCTGCACGTGGACTACTTCAA-3'
5'-GCTCTGTGATTTTCACAATGGGC-3'
5'-CAATGACCGAATACTATCAAGG-3'
5'-CGCTTGGTGTCATAGATGG-3'
5'-CCAGTATGAGACCATGATTC-3'
5'-CTCATGAGCCAGGTACTTCAG-3'

849–870
1157–1178
414–430
1519–1536
1–20
429–448
1514–1534
1762–1784
1653–1674
2157–2175
2023–2042
2564–2584

330

1122

448

280

523

561

Primers Sequences Locations Fragments (bp)

Table 1        Oligonucleotides used as primers for RT-PCR amplification
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5 µg total RNA and an oligo dT-3 sites adaptor primer
provided by the RACE kit in a total volume of 20 µl. After
reverse transcription, PCR was performed using the
adaptor primer and the gene specific forward primer: 5'-
AGAGCTGGCTCCACTGAAGTACCTGGC-3', corre-
sponding to nucleotides 2551–2577. The PCR parameters
were as follows: 94 °C for 30 s, 52 °C for 30 s, and 72 °C
for 1 min, for 35 cycles; followed by 72 °C for 10 min.

PCR product sequencing and analyzing

The products of PCR were subjected to 1.0% agarose
gel electrophoresis and visualized by ethidium bromide
staining, then purified from the gels using QIAEX gel
extraction kit (Qiagen) and cloned into the pGEM-T easy
vectors (Promega). The sequencing of PCR products
was done with ABI PRISM BigDyeTM terminator cycle
sequencing ready reaction kit (PE Applied Biosystems,
USA) on an ABI PRISMTM 377XL DNA sequencer. The
sequence of the cDNA was assembled by removing the
overlapping sequences between fragments. Homology
analysis of the assembled cDNA of SRG-L was done
according to BLAST program and DNAMAN soft. The
deduced amino acid sequence was searched against
ExPASy Proteomics tools for possible functional domains.

Results and Discussion

Stage-specific and tissue-specific expression patterns
of SRG-L

The highly ordered process of spermatogenesis requires
a precise and well-coordinated program that regulates the
constantly changing patterns of gene expression. There are
three principal ways that male germ cell-specific transcripts
and proteins are produced. The first is by expression of
genes only in spermatogenic cells with homologs expressed

in somatic cells. The second is the expression of unique
genes without any homologs expressed in the somatic
cells. The third is the expression of variant transcripts.
These variants are transcribed from genes also expressed
in somatic cells, but are often smaller or larger than their
somatic cell counterparts, which is the result of using one
or more alternate transcript start sites, transcript splice sites,
exons, or polyadenylation signals.

The identification of spermatogenic stage-specific ex-
pressed genes is an endeavor to understand the molecular
mechanisms of spermatogenesis. In our previous study
on the gene expression profiles of mouse spermatogenesis
with cDNA microarrays and RT-PCR methods, we
happened to obtain a 330 bp cDNA fragment that was up-
regulated during spermatogenesis. As shown in Fig. 2(A),
no expression signal could be observed in primitive type
A spermatogonia, type B spermatogonia, and preleptotene
spermatocytes, whereas the significantly intensified
signal was detected in pachytene spermatocytes, round,
and elongating spermatids. Then signal declined to un-
detectable level in mature spermatozoa. Fig. 2(B) showed
the tissue distribution of the transcript for SRG-L by RT-
PCR. Its mRNA was predominantly expressed in the mouse
testis and spleen, faintly expressed in kidney, ovary, and
thymus. Sequencing and blasting of the fragment revealed
that this was the cDNA fragment of a novel gene and was
highly homologous to cDNA of a rat testis gene (XM-
226242, 90%) and a monkey testis gene (AB070170, 75%).
This expression characterization suggested that it might
be a novel mouse spermatogenesis-related gene.

Cloning of cDNA of SRG-L by overlap RT-PCR

In order to obtain the sequence of full-length cDNA or
ORF of SRG-L, we designed 10 primer pairs according to
the conserved sequences of rat and monkey homologous
gene cDNAs and tried to amplify the fragments as long as
possible by RT-PCR. However, the expected fragments

Fig. 2        The stage-specific and tissue-specific expression of a 330 bp fragment by RT-PCR
(A) Spermatogenic cells in different stages. 1–7, RNA from primitive type A spermatogonia, type B spermatogonia, preleptotene spermatocytes, pachytene spermatocytes,
round spermatids, elongating spermatids, and mature spermatozoa, respectively; (B) Tissue-specific expression. 1–9, RNA from kidney, lung, ovary, spleen, thymus,
heart, testis, liver, and brain, respectively.
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could be amplified only using 6 primer pairs (Table 1).
Among them, primer pair 1 (1F, 1R) was firstly used
to amplify a 330 bp fragment [Fig. 2(A)] to confirm our
microarray results. With primer pair 2, we obtained a 1122
bp fragment which covered the sequence of the 330 bp
fragment (Fig. 1). This result demonstrated that our stra-
tegy was feasible. With other four primer pairs, we amp-
lified 448 bp, 280 bp, 523 bp, and 561 bp segments,
respectively. All the cDNA fragments showed same stage-
specific expression patterns in spermatogenic cells, sug-
gesting that they were from a same gene. We named this
novel gene as SRG-L. The transcript of SRG-L was not
detectable in primitive type A, type B spermatogonia, and
preleptotene spermatocytes (Fig. 3). Whereas abundant
mRNA was detected in pachytene spermatocytes, round,
and elongating spermatids, but the signal disappeared in
mature spermatozoa. All the PCR products were extracted
from the gels and inserted into pGEM-T easy vectors and
sequenced. By removing the overlapping sequences, a 2584
nt cDNA was obtained, which included start codon ATG
but not the 3' poly(A) tail. Then 3'-RACE was applied to
complete the 3' end of the cDNA. A 302 bp fragment con-
taining a poly(A) tail was obtained by 3'-RACE (Fig. 4).
Finally, the 2831 nt full-length cDNA was assembled by
removing the overlapping sequence. As shown in Fig. 5,

Fig. 3        Stage-specific expression analysis of different frag-
ments by RT-PCR
RNAs were prepared from different stages of spermatogenic cells. 1, primitive
type A spermatogonia; 2, type B spermatogonia; 3, preleptotene spermatocytes;
4, pachytene spermatocytes; 5, round spermatids; 6, elongating spermatids; 7,
mature spermatozoa. All fragments were detected only in pachytene spermatocytes,
round spermatids, and elongating spermatids.

      Fig. 4        Amplification of 3' cDNA end by 3'-RACE
A 302 bp fragment was obtained with a gene specific forward primer and the 3
sites adaptor primer. M, molecular marker; 1, product of 3'-RACE.

this cDNA clone had a complete sequence for initiation
of translation, with an “A” at the –3 position and a “G” at
the +4 position, namely AGAATGG, as proposed by
Kozak [12]. It contained a complete ORF of 2625 bp,
with the start codon ATG at position 11 and stop codon
TGA at position 2635, encoding a protein of 874 amino
acids (AAQ55489). The sequence of this cDNA had been
deposited in GenBank (Accession No. AY352586).

To further explore the possible function of SRG-L, the
amino acid sequence of SRG-L was analyzed by ExPASy
proteomics. Result showed that the putative protein had a
calculated molecular weight of 102,729 Da and pI=5.35.
A coiled-coil region located near the N-terminal region
was a common trans-membrane domain. The entire
protein was rich in phosphorylation sites. However, N-
terminal signal peptide, mitochondria targeting sequence,
endoplasmic reticulum membrane retention signal, RNA
binding motif, zinc finger domain, and leucine zipper
structures were not found. These results indicated that
SRG-L was probably a trans-membrane protein and
might function in signal transduction. Multiple sequence
comparison among different species showed that the
ORF of SRG-L had 91% and 82% similarity to the
corresponding cDNA regions of a rat and a monkey gene,
respectively. Furthermore, the deduced amino acid
sequence of encoded protein was 91% and 80% identity
with the corresponding rat protein (XP-226242) and
monkey protein (BAB63115), respectively (Fig. 6). These
data showed the evolutional conversation of SRG-L among
vertebrates, and suggested a functional importance of this
gene in mammalian spermatogenesis.
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Fig. 5        Nucleotide sequence of cDNA for SRG-L
The cDNA had 2831 nt with an ORF of 2625 nt. Start codon was underlined. Stop codon was boxed. “Kozak motif” was shaded. Poly(A) signal was double underlined.

Fig. 6        Comparison of deduced amino acid sequences of SRG-L with the rat protein (XP-226242) and monkey protein (BAB63115)
Identical amino acid residues in the three proteins were shaded.
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SRG-L may be involved in mammalian meiosis and
spermiogenesis

The differentiation of haploid, species-specific shaped
spermatozoon from testicular stem cell is a marvelous
process. No other cell type has been found to undergo such
great morphologic changes till now. The expression of
specific genes in spermiogenesis should be first initiated
at least in the primary spermatocytes to form the meiosis-
specific apparatus necessary for chromosome pairing,
molecular recombination, and chromosome segregation.
In the spermatids, that meant the late stage of spermato-
genesis for round spermatid to transform into mature
spermatozoon, some proteins specifically for the morpho-
logic change would be expressed [13]. As a result of struc-
tural changes, many post-meiosis genes are transcribed and
many testis-specific proteins also are synthesized for
spermiogenesis [14]. Previous reports demonstrated that
many genes, including CREMτ [15,16], TB-RBP (testis
brain RNA-binding protein gene) [17], Trf2 (TBP-related
factor 2 gene) [18–20] and some zinc finger genes
[21–24], were expressed at specific stages during sper-
matogenesis. These genes play pivotal roles in meiosis or
spermiogenesis. CREMτ activates the transcription of
testis-specific genes and is found at high levels in pachytene
spermatocytes onwards. TB-RBP attaches mRNAs to
microtubules by binding to conserved elements in the
3' untranslated regions (UTRs) of specific testis mRNAs
such as Prm1, Prm2 and Gapd-s and suppresses their
translation. High level of TB-RBP mRNA was detected
in meiotic and postmeiotic cells, with the highest levels
in pachytene spermatocytes and round spermatids of
the mouse. Trf2 is a protein belongs to the general trans-
cription initiation complex, and Trf2 mutation elicits a
complete arrest of late spermiogenesis and increases
haploid cell apoptosis. Its expression was detected in the
late pachytene spermatocytes and round spermatids. Our
results demonstrated that the expression of SRG-L had
similar pattern to these genes. Expression of SRG-L was
apparently induced in pachytene spermatocytes, round, and
elongated spermatids, which appeared at late meiotic
prophase, and during spermiogenesis. This stage-specific
expression pattern suggests that the gene we identified in
this work is most likely involved in meiosis and
spermiogenesis.

In summary, we cloned the cDNA of a novel gene
SRG-L which was expressed in the late stages of spermato-
genic cells by RT-PCR method and 3'-RACE. Its expres-
sion pattern suggests that it is likely involved in meiosis
and spermiogenesis. According to the amino acid sequence

analysis, SRG-L may play roles in signal transduction.
Further functional studies of this gene may provide insight
into mechanisms of spermatogenesis.
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