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Identification and characterization of a spermatogenesis-related gene
Ubel in rat testis
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Abstract: A gene that could be potentially involved in spermatogenesis was identified and characterized by using suppression subtrac-
tive hybridization (SSH) and rapid amplification of cDNA ends (RACE) with total RNA from type A spermatogonia and pachytene
spermatocytes of rat. This gene consists of 3 433 base pairs (bp) with a complete open reading frame (ORF) of 3 171 bp and encodes
a putative protein containing 1 057 amino acids. The nucleotide sequence displays a 93% identity to mouse ubiquitin-activating
enzyme E1, Chr Y 1 (Ubelyl) and an 82% identity to human ubiquitin-activating enzyme E1 (UBE). The putative protein of this gene
contains an ubiquitin-activating enzyme signature 1 and an ubiquitin-activating enzyme active site, which are also existed in mouse
ubiquitin-activating enzyme E1, human ubiquitin-activating enzyme E1 et al. So we named this gene as Rattus norvegicus ubiquitin-
activating enzyme E1 (Ubel). The sequence of Ubel was submitted to GenBank and the accession number is EF690356. Reverse
transcription-polymerase chain reaction (RT-PCR) analysis showed that Ubel was specifically expressed in testis, while its expression
was not detected in heart, brain, spleen, lung, liver, muscle, kidney and ovary. Comparison of the expression of Ubel in different
developmental stages of testis and Sertoli cells (real-time PCR) indicated that Ubel was expressed more highly in spermatogonia than
in spermatocytes, spermatids and Sertoli cells. In conclusion, Ubel is a gene encoding rat ubiquitin-activating enzyme E1 and specifi-
cally expressed in testis, which might play a key role in ubiquitin system and influence spermatogenesis.
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Spermatogenesis is a complex cyclical process leading to
the formation of mature spermatozoa. Germ cells undergo
a series of unique stage-specific events including the mi-
totic proliferation of spermatogonial stem cells, meiotic
division of spermatocytes and spermiogenesis of haploid
spermatids!!l. These events take place in the seminiferous
tubules of the testis, in which spermatogonia and Sertoli
cells sit on the basement membrane, with spermatocytes
interior to spermatogonia, and spermatids and mature sper-
matozoa facing the lumen. The genes expressed in sper-
matogenesis encode proteins necessary to the development
of germ cells in specific stages. And many genes that regu-
late spermatogenesis have been studied via various me-
thods®*®, However, many aspects of the mechanism of
gene expression regulation in spermatogenesis remain
elusive. Thus identification of genes specifically involved
in spermatogenesis and analysis of the phenotypes and other
characteristics could provide insight into this developmen-
tal process.

The ubiquitin-activating enzyme has been found in yeast,
plants and mammals (including mouse, human, rabbit),
but has not been reported in rat. In this study, our research
group has found Ubel, which encodes the Rattus
norvegicus ubiquitin-activating enzyme E1 and is highly
expressed in testis. The characteristics and tissue distribu-
tion of Ube 1, its expression in different developmental stages
of testis and its possible correlation with spermatogenesis
were discussed.

1 MATERIALS AND METHODS

1.1 Isolation of type A spermatogonia, pathytene
spermatocytes, round spermatids and Sertoli cells

Male Sprague-Dawley rats, 9 days old, were purchased
from Weitonglihua Company (Beijing, China) for isolation
of type A spermatogonia and Sertoli cells. Testes were ex-
cised and decapsulated. The seminiferous epithelial cells
were dispersed and separated. Briefly, the decapsulated
testes were suspended in Dulbacco’s minimum Eagle’s
medium/F12 (DMEM/F12) containing collagenase (1.5 mg/
mL) and DNase (1 pg/mL), incubated at 34 °C for 15 min
in a shaking water bath operated at 100 cycles/min. After
twice washes in DMEM/F12 medium, seminiferous cord
fragments mostly devoid of interstitial cells were incubated
with DMEM/F12 containing collagenase (1.5 mg/mL),
hyaluronidase (1.5 mg/mL), trypsin (0.5 mg/mL) and
DNase (1 pg/mL) for 20-30 min under the similar
conditions. The disperse cells were washed twice with
medium and filtered through 80- and 40-\wm nylon mesh
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(Teco Inc., Briarcliff Manor, NY), successively. The se-
miniferous epithelial cells were separated by sedimentation
velocity at unit gravity at 4 °C, using a 2%-4% BSA gra-
dient in DMEM/F12 medium. The cells were allowed to
settle for a standard period of 2.5 h. Thirty-five aliquots of
15 mL volume each were examined at 90-s intervals. The
cells in each aliquot were examined under a phase contrast
microscope, and fractions containing cells of similar size
and morphology were pooled and spun down by low-speed
centrifugation and resuspended in DMEM/F12 medium.
The isolated type A spermatogonia were characterized by
light and electron microscopy and identified by immunocy-
tochemical and Northern blot analysis of c-kit receptort'®.
The pachytene spermatocytes and round spermatids were
isolated from adult rat testes by the same method described
above.

All chemicals were purchased from Sigma Chemical Co.
(St. Lout, MO).

1.2 RNA extraction

The total mRNAs of spermatogonia, spermatocytes, sper-
matids and Sertoli cells were extracted respectively ac-
cording to the TRIzol RNA isolation protocol (Gibco-BRL,
Grand Island, NY) with DNase I to eliminate DNA
contamination. The reaction containing 20 pg total RNA,
10 U RNase-free DNase I (Gibco-BRL) and 10 U RNasin
(Promega) was carried out at 37 °C for 30 min and ex-
tracted with phenol and chloroform. The quality and con-
centration of RNA samples were verified by EB-stained
agarose gel electrophoresis and spectrophotometer analysis.

1.3 Suppression subtractive hybridization (SSH) and
generation of subtracted cDNA libraries
SSH was performed based on the original procedures of
Diatchenko et al. Following the instructions of the PCR-
Select cDNA Subtraction Kit (BD Biosciences) and the
SMART PCR cDNA Synthesis Kit (BD Biosciences),
SMART cDNA from pathytene spermatocytes was used
as the ““‘driver’” sample and the corresponding cDNA from
type A spermatogonia as the ‘‘tester’” sample. To estimate
the efficiency of subtraction, PCR was performed on the
subtracted and unsubtracted PCR product with B-actin 5’
and 3’ primers. Aliquots of the samples were taken after
18, 23, 28 and 33 cycles of PCR amplification and the
products were analyzed on a 2% agarose gel. If subtrac-
tion was efficient, transcripts of housekeeping genes should
be significantly reduced.

The final PCR products were cloned into pGM-T easy
vector (TTANGEN) to generate subtracted cDNA libraries.
After overnight growth on agar plates, 576 individual
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bacterial colonies each for forward- and reverse-subtracted
libraries (1 152 total colonies) were individually transferred
with sterile toothpicks to 96-well microplates containing
100 pL LB medium with ampicillin (100 pg/mL) per well.
After overnight growth, all isolated colonies were stored in
60% glycerol at -80 °C until differential screening.

1.4 Dotting blot

Clones containing subtracted cDNAs were screened for
false-positives with a PCR-Select Differential Screening Kit
(BD Biosciences). Nylon membranes were blotted with
candidate cDNAs amplified from SSH. Each duplicate set
of membranes was screened with ¥P-labeled probes from
forward- and reverse-subtracted cDNAs. Membranes were
prehybridized, hybridized and washed according to the
manufacturer’s instructions.

1.5 Screening of genes differentially expressed in type
A spermatogonia and pathytene spermatocytes

Clones confirmed by dotting blot analysis to be differen-
tially expressed were sequenced by using an ABI 377 auto-
sequencer at AuGCT Biotechnology (Beijing, China). The
sequences were then blasted in GenBank (http://www.ncbi.
nlm.nih.gov) by using the software Blast to determine the
homology among various species and locations in
chromosomes. The nucleotide and deduced amino acid
sequences were also analyzed by using NCBI-ORF Finder
(http://www.ncbi.nlm.nih.gov), DNAMAN, Prosite Data-
base (http://www.expasy.ch/prosite/) and SMART soft-
ware (http://smart.embl-heidelberg.de/).

1.6 Rapid amplification of cDNA ends (RACE)
Full-length sequence of Ubel was obtained by using 3’-
Full RACE Core Set Ver.2.0 (TaKaRa) and 5’-Full RACE
Kit (TaKaRa).
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1.6.1 3’-RACE

The first strand cDNA was synthesized using 1 pg total
RNA and an oligo dT-3 site adaptor primer provided by the
RACE kit in a total volume of 10 pL. The cDNA was then
amplified using the adaptor primer (included in the RACE
kit) and the gene specific primers (Table 1). Both outer
and inner PCR was performed as following procedure: 3
min at 94 °C, 30 cycles of 30 s at 94 °C, 30 s at 56 °C, 1
min at 72 °C, and then 10 min at 72 °C. The inner PCR
products were resolved on an agarose gel and the appro-
priate band was excised, purified, cloned into pGM-T vec-
tor (TTANGEN) and sequenced.

1.6.2 5’-RACE

The gene specific outer and inner primers (Table 1) were
designed based on the sequence of the internal conserva-
tive fragment. About 2 pg total RNA was reacted with
alkaline phosphatase (calf intestine), tobacco acid
pyrophosphatase, 5’-RACE adaptor, T4 RNA ligase and
reversely transcribed using random 9mers and reverse tran-
scriptase M-MLV (RNase H’). Both outer and inner PCR
was performed at 94 °C for 30 s, 56 °C for 30 s, 72 °C for
1 min with 30 cycles. The amplified products were re-
solved on an agarose gel and the appropriate band was
excised, purified and cloned into pGM-T vector followed
by sequencing.

1.7 RT-PCR

Total RNAs from adult rat multi-tissues (heart, brain, spleen,
lung, liver, muscle, kidney, ovary and testis) were pre-
pared as described above. The cDNA templates for RT-
PCR analysis were synthesized from the total RNA ac-
cording to the instruction of the first strand cDNA synthe-
sis kit (TaKaRa). The cDNAs were amplified with the

Table 1 Primers used for RT-PCR, RACE-PCR and real-time PCR

Gene Primers Sequences
Ubel 3’-RACE outer primer 5’-ACTCAAGATTCGCTACCTACTC-3’
3’-RACE inner primer 5’-TTCATTGTGGCAGCATCCAACCTC-3’
5’-RACE st outer primer 5’-AAAAGAATCCAGTTGTTGGTGAC-3’
5’-RACE 1st inner primer 5’-CTGGAGTAGGTAGCGAAGTCTTGAGT-3’
5’-RACE 2nd outer primer 5’-CTGCTGGATGTTGTGAGAATAC-3’
5’-RACE 2nd inner primer 5’- CCTTCA AACTCATCCCGAGCCCATTCTA-3’
RT-PCR 5’-TCATGGAGCGGACACTG-3’
5’-CCTTCTCGAAATCAATGGG-3’
real-time PCR 5’-GCTCTATTCCTTCTTTATG-3’
5’-AATGTCGTCTCCACTCTCA -3’
P-actin 5’-CCCTGTATGCCTCTGGTCGTA-3’

5’-CCATCTCTTGCTCGAAGTCT-3’
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specific primers in Table 1 and PCR was performed by
denaturation for 5 min at 94 °C, 30 cycles of 95 °C for
40 s, 56 °C for 40 s and 72 °C for 40 s, and then 72 °C
for 10 min. The B-actin mRNA was also amplified as
positive control. The PCR products were analyzed by
electrophoresis.

1.8 Real-time PCR

Total RNAs from three different spermatogenic cells and
Sertoli cells were prepared as described above. The cDNA
templates for real-time PCR analysis were synthesized as
described above. Real-time PCR was conducted using
SYBR Green PCR Master Mix Reagent (SYBR Premix Ex
Taq kit, TaKaRa) by an ABI 7700 Sequence Detection Sys-
tem (PE Applied-Biosystems). The reaction was performed
ina volume of 25 pL containing primers, SY BR Premix Ex
Taq and cDNA templates. PCR was carried out with 40
cycles at 95 °C for 15's, 52 °C for 30 s, and 72 °C for 30 s.
The B-actin was used as internal control under the same
conditions. To obtain relatively accurate results, each tem-
plate of different spermatogenic cells and Sertoli cells was
processed in three tubes in the same PCR mixture. The
2-*%tmethod was used to analyze the relative changes in
Ubel gene transcription. The Ubel Ct values were firstly
normalized by subtracting the Ct value obtained from the
B-actin control (ACt = Cty,; -
centration was determined by 2724, The primer pairs used

Ct,onror)- The relative con-

in real-time PCR analysis were listed in Table 1. Diffe-
rences among groups were determined by SPSS 10.0
software.

2 RESULTS

2.1 Isolation of different germ cells and Sertoli cells
It is difficult to isolate highly purified spermatogonia, be-
cause they are only about 1% among adult testis cells and
10% among immature testis cells. Jia MC, the corresponding
author of this paper, successfully established the method
to separate the highly enriched spermatogonia from the
testis of 9-day-old rats in Dym’s laboratory!'®.. The purity
of approximately 90% of spermatogonia and Sertoli cells
from testis of 9-day-old rats, spermatocytes and sperma-
tids from testis of adult rats were separated respectively.

2.2 SSH and dotting blot

To screen the stage-specific expression genes during the
processes of spermatogenesis, SSH combined with dot-
ting blot hybridization was performed and 36 differentially
expressed cDNA fragments were obtained. Among them,
3 cDNA fragments were identified as positive different
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expression EST (expression sequence tag). They were
cloned and sequenced using an automated DNA sequencer
(ABI373A).

The efficiency of subtraction was evaluated by PCR am-
plification of a housekeeping gene, B-actin. Figure 1 showed
that the B-actin fragment was detectable after 28 cycles of
amplifications in the subtracted sample, while it was clearly
detectable in the unsubtracted sample after 18 cycles. Par-
tial results of differential screening for the subtracted li-
braries were showed in Fig.2.

Unsubtracted Subtracted
Lane 1 2 3 4 M 5 6 7 8
Cycles 18 23 28 33 18 23 28 33

Fig. 1. Reduction of B-actin abundance by PCR-select subtraction.
PCR was performed on the unsubtracted (lanes 1-4) or subtracted
(lanes 5-8) secondary PCR products with B-actin 5” and 3” primers.
Lanes 1, 5: 18 cycles; Lanes 2, 6: 23 cycles; Lanes 3, 7: 28 cycles;
Lanes 4, 8: 33 cycles. Lane M: 100 bp DNA marker.
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Fig. 2. Partial results of differential screening for the forward subtrac-
tive library. 4: Membrane A was hybridized with cDNA probes
made from reverse subtracted products. B: Membrane B was hybri-
dized with cDNA probes made from forward subtracted products.
Membrane B was identical to the corresponding A. The arrows desi-
gnate the positive clones screened from the forward subtractive

library.

2.3 Cloning and analysis of Ubel cDNA clone

One new EST screened by SSH, which was predomi-
nantly expressed in spermatogonia, was used as probe. To
obtain the full length of the gene, RACE method was used
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and finally cDNA ends of 2 607 bp and 426 bp were ampli-
fied by 5’-RACE and 3°-RACE respectively. According to
the analysis by using ORF Finder of NCBI, the full-length
cDNA of Ubel gene is 3 433 bp, consisting ofa 169-bp 5’
untranslated region, a 90-bp 3’ untranslated region and a
3 171-bp open reading frame (ORF), encoding a 1 057-
amino acid protein. The 3’ untranslated region (3’UTR)
possesses typical low G+C content and a putative
polyadenylation signal ATAAA is detected 11 bp upstream
from the poly(A) tail. The full nucleotide and deduced amino
acid sequences of Ube ] were displayed in Fig.3. The Ubel
nucleotide sequence displays a 93% identity to mouse
ubiquitin-activating enzyme E1, Chr Y 1 (Ubely!) and an
82% identity to human ubiquitin-activating enzyme E1
(UBEI). The cDNA sequence of this gene is deposited in
GenBank. The accession number is EF690356.
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2.4 Feature of Ubel amino acid sequence

Ubel encodes a 1 057-amino acid putative protein with
predicted molecular weight of 11.78 kDa and isoelectric
point 5.32. The putative protein displays a 91% identity to
mouse ubiquitin-activating enzyme E1, Chr Y 1 (Ubelyl)
and an 85% identity to human ubiquitin-activating enzyme
E1 (UBEI). Analysis of the amino acid sequence by using
DNAMAN software revealed that the protein had no typi-
cal transmembrane domain, suggesting that Ubel protein
may be a soluble protein. The protein contained an ubiquitin-
activating enzyme signature 1 (PS00536) and an ubiquitin-
activating enzyme active site (PS00865). The ubiquitin-
activating enzyme signature 1 was located at 410-418 aa
and the ubiquitin-activating enzyme active site was located
at 629-637 aa (Fig.3). So we named this gene as a Rattus
norvegicus ubiquitin-activating enzyme E1 (Ubel).
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GAAAATCTITGTTCCTCG TG TGAGGACGCGGACGCGCCTTTTGTGGAAGGAGTTTCTGALDL
AAACTGGTCAGGGACCTGAAGGTGGAGGCTGCACCATCCTGGGACCACGTCTTCGAGGAARA

M S &8 S

1z1 GAGAAAGTACGAAGAGAGCGACAGGGAGCGCAAACAGGCACCAGCATTGATGTCCAGCTC
is1 GGTCCTGTCCAAGAAACGC AGAGTGTCTGGACCTGACTCTGAGGTGGATTCTAGTTGGCC
¥ L 35 K K R R ¥ 5 ¢ P D 5 E ¥ D 5 S5 W P
z241 TTCTACCCATTCTGTGATGTTTGGCGCACCCCCAGGGCCAARCAGCGGAATGTCAAAARR
s T H &8 ¥ m F 6 A& P P G P N &8 G M S K N
301 CAAGGAAATGGATATAGATGAAAGCCTTTACTCCCGCCAGCTGTATGTACTAGGTCATGA
K E m D I D E S5 L ¥ 8 R @& L Y ¥V L G H E
361 GGCAATGAAACATC TCCAGACGTCCAGTGTACTGATATCAGGCCTGCAGGGTCTGGGTGT
A M K H L @ T s 8 ¥ L I S 6 L Q@ G L G V
421 GGAAATTGCCAAGAATATCATCCTTGGTGGGGTCAAGGCTGTCACTCTCCATGACCAGGG
E I A K W I I L 6 G ¥ K A ¥V T L H D Q@ G
451 CACTGCCCAGTGGGCTGATC TGTCTTCCCAGTTCTACCTGCATGAGGAAGATATTGGCAA
T A Q@ W A D L § 5 @ F Y L H E E D I G K
541 AAATCGAGCTGAGGTATCCCAACCACGCCTTGCTGAACTCARCAGTTATGTTCCTGTGCA
N R & E ¥V 8§ @ P R L A E L N S Y ¥V P ¥V H
501 CACTTACACTGGACCTCTAGTTGACGACTTCCTTAGTGGTTTTCAGGTGGTGGTTCTTAC
T ¥ T 6 P L ¥ D D F L S8 ¢ F @ V ¥ ¥V L T
661 CAACACTCCTTTGGAATATCAGCTGCAGGTGGGTGAATTCTGCCATAGCCATGGAATCAA
N T P L E ¥ @ L @ ¥ G E F C H S H G I K
7zl GCTGGTAGTAGCAGACACTCGGGGCCTAGTTGGACAACTCTTCTGTGACTTTGGAGAGGA
L v v A D T R GG L ¥ G @ L F C D F G E E
751 AATGATTCTCACTGATGCAAATGGAGAACAGCCACTCAGTGCTATGGTTTCAATGATCAC
m T .. T D & MW 6 E @ P L S A N ¥ S M I T
841 TAAGGAGAATCCAGGGATTGTCACCTGCTTGGAGGARAACCCGGCATGGATTTGAAAGTGG
K E N P G I ¥ T € L E E T R H G F E &5 G
s01 TGACTTTGTCTCTTTCACAGAAGTTCAAGGCATGAGTGAACTGAATGGCATTGGTCCTAT
D F ¥ § F T E ¥V @ G M S E L N G I G P N
o961 GGAGATCAAAGTTCTGGGTCCCTATTCCTTTAGTATCTGTGATACCTCCAGCTTCTCTGA
E I K v L ¢ P ¥ 8 F 8 I ¢ D T s S8 F S8 E
1021 GTACACCCGTGGAGGCATTGTCAGTCAAGTGRAAAGTATCTCAGAAGATCAGTTTTAAATC
¥ T R 6 G I VvV 8 @ ¥ K ¥ 5 @@ K I §8 F K S
1081 CCTAGTTGCCTCGCTOGCAGAGCCAGAGTTTGTGATAACAGATTTTGCTAAGTGCTGTCG
L ¥v A 58 L A E P E F ¥ I T D F A K C C R
1141 CCCTGCTCAGCTCCACATTGGC TTCCAGGCCCTGCATCAGTTCTGTACTCAGCACAGCAG
P A Q@ L H I G F @ A L H Q@ F € T @ H S R
1201 GCCTCCTCGGCCCCATAATGAGGAGGATGCTGCAGARATGGTGACCTTAGCACAGGCSTGT
P P R P H N E E D A A E M ¥V T L A Q A V
1261 GAATGCTCAATCTTTGCCAGCAGTCCAGCAGGATTGCCTAGATATAGACCTCATCCGGAR
N A @ 5§ L P A ¥V @@ @ D C L D I D L I R K
1321 GTTGGCCTATGTAGCAGCTGGGGATCTGGCACCCATGAGTGCTTTCATTGGTGGTTTGGC
L A Y ¥V A A G D L A P M S A F I G G L A
1381 TGCCCAGGAGGTCATGAAGGC TTGTTCTGGAAAGTTTATGCCTATTAGGCAGTGGCTGTA
A @ E v M[E & C S G K F M P[I R Q@ W L ¥
1441 CTTTGATGCCCTCGAATGTCTCCCGGAGCACRAGAGTGGCCTTCATGGAAGATAAGTGCCT
F D A L E € L P E H R ¥V A F M E D K C L
1501 GCCGCGCCAGAMCCGT TACGATGGGCAAGTGGCGGTATTTGGATCAGACCTACALGAGADR
P R @ N R ¥ D 6 Q@ ¥V A ¥V F G § D L Q@ E K
1561 GCTTGGCAASCAGAASTACTTCCTGGTAGGTGCAGGTGCCATTGGTTGTGAGCTGCTCAL
L ¢ K @ K ¥ F L ¥ G¢6 A G A I G C© E L L K
1621 GARCTTTGCCATGATTGGCCTTGGC TGTGGAGAGGGTGGAGAAATCACAGTTACAGACAT

N F A ™M I 66 L G C G E &G G E I T ¥ T D N

To be continued
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GGACACCATTGAGAAGTCAAACCTGAACAGACAGTTTITCTCTTTCGCCCCTGGGATGTCAC
D T I E K S N L N R @ F L F R P W D ¥ T
AADATTALMGTCTGAGACTGCTGCTGCAGCAGTACGTGACATAAATCCACACATCAGGGT
KE L E S E T A A A A ¥V R D I N P H I R ¥
GTGCAGCCACCAGAATCGAGTAGGCCCTGAGACAGAACACGTCTATGATGATGACTTCTT
C S H @ N R VYV G P E TEH YV Y D DD F F
CCAAAMCC TGEGGATGG TG TGGCCAATGC TC TAGACAATG TGGATGCTCGAT TATACATGGA
Q N L D 6 ¥ A N A L D N v D A R L Y M D
CCGCCEGTTG TG TT TACTATCGTAAGCCTCTGC TGGAATCCGGCACATTGGGCACCAALGSS
R R C ¥ ¥ ¥ R K P L L E S 6 T L 6 T K &
CAACGTGCAAG TGGTTGTTCCC TITICTTGACAGAATC TTACAGCTCTAGCCAGGACCCACC
N v @ v v v P F L T E S ¥ S S S @ D P P
TGAGAAATCCATCCCCATC TGCACACTGAAGAACTTCCCCAATGCCATTGAGCATACCCT
E K S I[P _ T € T 1. K N F PIN A& I E H T L
GCAGTGGGC TCGGGATGAGTT TGAAGGACTGTTCAAGCAGTCAGCCGAAAATGTTAACCA
Q W A R D E F E 6 L F K @ S A E N ¥V N @
ATACCTCATGGACCCCAAGTTCATGGAGCGGACACTGCAGCTAGCTGGCACCCAGCCTTT
¥ L m D P K F M E R T L @ L A G T @ P L
GGAAGTACTGGAGGC TATACAGTGCAGCCTGGTCCTGCAGAGGCCACAGACTTGGGCCGA
E ¥ L E A I @ € S L ¥ L @ R P @ T W A D
CTGTGTGACTTGCGGGC CTACCAGCACTGGCACACCCAGTATTCTCACAACATCCAGCAGTT
C ¥V T W A ¥ @ H W H T @ Y S H N I @ @ L
G TG A A A TTCCC TC CAGACCAGC T TACAAGCTCTGCGGGGTACTTTTTITGGTCAGGACC
L H N F P P D @ L T S S 66 ¥ L F W S8 G P
TAAACGC TG TCCACATCCACTCACCTTTGACACAAACAATCCCCTACATCTGGATTATGT
K R C P H P L T F D T N NP L HL D ¥ ¥V
TATGGCTGCTGCCAACCTGTTTGCTCAGACATACGGACTAGAAGGGTCCCAGGACTGTGC
m A A A N L F A @ T Y 6 L E G S @ D C A
TGEGC TG TGACCACACTCCTGCAGTCTCTGCCAGCCCCCAAGTTTGCTCCCALGTCTGGCAT
A ¥V T T L L @ 8 L P A P K F A P K S G I
CAGGATCCATGTTTC TGAACAGGAGC TGCAGAGTACCAGTGCCACAGTCGATGACAGCCA
R I H Vv S E @ E L @ 8§ T S8 A T Vv D D S H
CCTAGAGGAACTCAAGACTTCGC TACC TACTCCAGACAGGATGC TTGGATTCAAGATGCA
L E E L K T s L P T P D R M L G F K M H
TCCCAT TGAT T TCGAGAMA GGATGATGACLGC AL C TTTCACATGGATTITCATTGTGGCAGC
P I D F E E D DD S N F H M D F I ¥V A A
ATCCAACC TCCGGGCAGAAAMC TATGACATTCCCCCTGCAGACCGGCATAAGAGCAAMLCT
S N L R A E N ¥ D I P P A DR H K S K L
GATTGCAGGGAAGATCATCCCAGC TATTGCAACCACTACATCAGCTGTAGTTGGCCTCGT
I A G E I I P & I A T T T S A V VvV 6 L ¥
GTGTCTGGAGC TG TATAAGCGG TGGTTCAGGGTCACCAACAACTGGATTC TTTTAAAAACAG
C L E L ¥ K V vV @ 6 H @ @ L D S F K N S
TTTTATCAACTTGGCTCTGCC T TITCTITCAGC TITCTCTGCACCTCTAGCTCCAGSGGTATCA
F I N L A L P F F S F S A P L A P 6 Y H
CCAGTACTATGATAGALAMGTGGACATTGTGCGGGATCGTTTTGATGTGCAGGGACTGCAALCC
Q@ ¥Y ¥ DR K w¥ T L W D R F D ¥V @ 6 L @ P
TAGTGGGTGAAGAGATGACCCTCAAGCAGTTTC TAGACTACTTTAAGACAGAGCACAAGCT
S 6 E E M T L K @ F L D Y F K T E H K L
GGAAATCACC ATACTATCCCAGGGTGTGTITCCATGCTCTATTCCTTICTITITATGCCAGCCAC
E I T I L S @ 6 ¥ 8 M L Y S F F M P A T
CAAACCCCAGGAACGGTTGGATCAGCCGATGACAGAGATTGTGAGCCGTGTGTCAAAGCG
K P @ E R L D @ P M T E I ¥ S R ¥V S K R
GAAACTGCGGGCCAGCACGTGAAGTCCCTTGTGTTTGAGCTGTGCTGCAACAATGAGAGTGG
E L 6 @ H Vv K 8 L ¥v F E L € € N N E S G
AGACGAC ATTGAAGTTCC T TATG TACGATACATCATCGGCTIGATCTCTTACTGACTCCAT
D DI E ¥V P ¥ vV R Y I I 6 =
TCTTTCAGTTCTGTCAGTTTGTACCALAAMNCCTTTCTAGTTGTGATLALAMND  CTGATTTCAG
AAbhb DD DDA DR
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Fig. 3. The nucleotide sequence and deduced amino acid sequence of ubiquitin-activating enzyme 1 (Ubel). The initiation and stop codons are

in italic. The trailing signal (ATAAA) is underlined. Ubiquitin-activating enzyme signature 1 (PS00536) and ubiquitin-activating enzyme active
site (PS00865) are boxed.

2.5 Expression of Ubel in nine different tissues
RT-PCR analysis of RNA from nine different tissues (heart,
brain, spleen, lung, liver, muscle, kidney, ovary and testis)
showed that Ubel was only expressed in testis (Fig.4).

2.6 Expression of Ubel in different spermatogenic
cells and Sertoli cells

To detect the expression of Ubel mRNA in different sper-
matogenic cells and Sertoli cells, SYBR Green-based quan-
titative PCR was conducted to analyze the expression of

cytes, round spermatids and Sertoli cells respectively. The
224 method was used to evaluate the relative quantity of
Ubel gene transcription. The 224 values of Ubel were
0.03230, 0.00706, 0.00786, 0.00129 in spermatogonia,

spermatocytes, round spermatids and Sertoli cells,

Ubel mRNA in type A spermatogonia, pathytene spermato-  (Fig.5).

respectively. These values were analyzed by SPSS 10.0
software and were significantly different from each other
(P<0.01, ANOVA). These results suggested that the ex-
pression of Ubel was strong in spermatogonia and very
weak in spermatocytes, round spermatids and Sertoli cells
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Fig. 4. Expression of Ubel in nine different tissues and different spermatogenic cells and Sertoli cells by RT-PCR. A4: Expression of Ube! in nine
different tissues with Ubel sequence-specific primers. Expression of Ubel was only found in the testis and the PCR product was 450 bp. B:

Ubel cDNAs were amplified in spermatogonia, spermatocytes, round spermatids and Sertoli cells. Ubel was more highly expressed in

spermatogonia than that in spermatocytes. There was no Ube! expression in spermatids and Sertoli cells. $-actin in corresponding tissues and
cells were displayed in the bottom panel of 4 and B as control. Lane 1, heart; Lane 2, liver; Lane 3, spleen; Lane 4, lung; Lane 5, kidney; Lane
6, muscle; Lane 7, brain; Lane 8, ovary; Lane 9, testis; Lane 10, spermatogonia; Lane 11, spermatocytes; Lane 12, round spermatids; Lane 13,

Sertoli cells; Lane M, Marker.
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Fig. 5. Arepresentative amplification plot of real-time PCR (4) and quantitive comparison of the expression of Ube! in different spermatogenic
cells and Sertoli cells (B). The 24 values were 0.03230, 0.00706, 0.00786, 0.00129 in spermatogonia, spermatocytes, round spermatids and
Sertoli cells, respectively. These values were analyzed by SPSS 10.0 software and were significantly different from each other (”P<0.01 vs

spermatogonia, ANOVA).
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3 DISCUSSION

SSH is a widely used method for separating DNA mo-
lecules that distinguish two closely related DNA samples!.
The development of the SSH procedure has led to the iden-
tification of many genes that are differentially regulated in
various cell and tissue types. Here we screened the genes
which were differentially expressed in isolated testicular
type A spermatogonia and pathytene spermatocytes by SSH.
As a result, we found a new gene in rat, Ubel, which was
predominately expressed in spermatogonia and expressed
weakly in spermatocytes.

Ubel gene is 3 433 bp in length and encodes a 1 057-
amino acid putative protein. The Ubel nucleotide sequence
displays a 93% identity to mouse ubiquitin-activating en-
zyme E1, ChrY'1 (Ubely!) and an 82% identity to human
ubiquitin-activating enzyme E1 (UBE!). Comparison of
amino acid sequence of Ubel protein with that of mouse
Ubelyl, human UBE1 and wheat ubiquitin-activating en-
zyme E1 indicates that all of them contain the characteris-
tic ubiquitin-activating enzyme signature 1 (PS00536) and
ubiquitin-activating enzyme active site (PS00865). Hence,
we consider Ubel protein as a rat ubiquitin-activating en-
zyme E1 protein that might play key roles in ubiquitin
system.

The salient features of Ube! transcription were: (1) While
Ubel was expressed specifically in testis, its expression
was not detected in other tissues of rat; (2) Ubel was
expressed predominantly in spermatogonia and weakly in
spermatocytes and round spermatids; (3)Ubel was ex-
pressed weakly in Sertoli cells; (4) In the present context,
the important feature of Ubel expression was that it was
highly expressed in spermatogonia and that subsequently
there was suppression of expression in spermatocytes and
round spermatids. The stage-specific and tissue-specific
expression characteristics of Ubel indicated that it was
probably involved in rat spermatogenesis.

Spermatogenesis is a complex system leading to the for-
mation of mature spermatozoa which can be divided into
three distinct stages: the mitotic proliferation of spermatogo-
nial stem cells, meiotic division of spermatocytes and sper-
miogenesis of haploid spermatids!"l. The transition from
the somatic cell-like phenotype of spermatogonia to the
unique and motile phenotype of fully differentiated sper-
matids during mammalian spermatogenesis requires regu-
lated proteolysis and organelle degradation. The ubiquitin-
proteasome pathway (UPP) fulfills necessary requirements
for the substrate specificity and developmental program-
ming of proteolysis within the differentiating male germ
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cells. Consequently, a set of genes that encode for testis-
specific or alternatively spliced, unique ubiquitin-activating
and -conjugating enzymes, along with polyubiquitin genes
and those encoding for proteasomal subunits are expressed
during spermatogenesis. Some of these genes, if disrupted,
lead to altered or arrested spermatogenesis!'>'?,

The UPP requires the sequential action of three enzymes:
ubiquitin-activating enzyme E1, ubiquitin-conjugating en-
zyme E2 and ubiquitin-protein ligase E3. E1 catalyzes the
formation of a thiol ester bond between the C-terminal gly-
cine of ubiquitin and a cysteine residue of E1. Then acti-
vated ubiquitin moiety is transferred to E2. E2 ligates
ubiquitin directly to substrate proteins with or without the
assistance of E3!'%. Varied roles of the UPP in cellular phy-
siology and pathology include the endoplasmic reticulum-
associated quality control during protein sorting into the
secretory pathway (ERAD)!"), antigen presentation!'®, cell
cycle control™ and apoptosis.

As the first enzyme in the pathway, ubiquitin-activating
enzyme E1 plays an essential role in yeast since the dele-
tion of the yeast ubiquitin-activating enzyme E1 enzyme
called UBAL is lethal®”. Ubel protein may regulate diverse
events of spermatogenesis through UPP pathway. Ubiquitin-
mediated proteolysis activated by the ubiquitin-activating
enzyme El is involved in different steps and processes
during speratogenesis. Ubiquitin-activating enzyme E1 is
highly conserved in yeast, plants and mammals (including
mouse, human, rabbit)* 1. Our research has found the
ubiquitin-activating enzyme E1 in rat.

It is known that progression through the cell cycle de-
pends on the specific proteolysis of cyclin. Different cyclins,
specific for the G-, S-, or M-phase of the cell cycle, accu-
mulate and activate cyclin-dependent kinases (Cdks) at
appropriate time during the cell cycle, and then they are
degraded, causing kinase inactivation. Thus they conform
the transition of each phase. All cyclins are degraded through
the ubiquitin-proteasome pathway!'®!. The ubiquitin-
activating enzyme E1 plays a key role in cell-cycle pro-
gression?, So the role of ubiquitin system on cell-cycle
control would influence the mitosis of spermatogonia in
testes. Our study showed that the Ubel gene was just
highly expressed in spermatogonia, which might start the
ubiquitin pathway and regulate the proliferation of
spermatogonia.

Ube that we have identified is a rat ubiquitin-activating
enzyme E1 gene specifically expressed in testis, so it may
play key roles in spermatogenesis and male fertility. We
are going to use RNA interference to knock down Ubel
gene expression in the rat in vivo to investigate the effect
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of Ubel in spermatogenesis. We predict that the further

investigation of Ubel would promote insight into mamma-

lian spermatogenesis.
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