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a b s t r a c t
Ankyrin repeat domain 37 (Ankrd37), a protein containing ankyrin repeats (ARs) and a putative nuclear
localization signal (NLS), is highly conserved from zebraﬁsh to humans. In mouse testes, Ankrd37 protein was
initially present in the cytoplasm of elongating spermatids, and ﬁnally restricted to the nuclei of spermatozoa
during spermatogenesis. Ankrd37 bound to feminization 1 homolog b (Fem1b) as indicated by yeast twohybrid screening and co-immunoprecipitation assays. Ankrd37 facilitated the transport of Fem1b protein
from cytoplasm to nuclei in co-transfected CHO cells. In addition, the protein level of Ankrd37 was decreased
in a Fem1b dose-dependent manner as shown by the transfection experiments, and Ankrd37 was
ubiquitinated in the presence of Fem1b. As the nematode Fem-1 has been shown to target its downstream
effector TRA-1 for ubiquitin-mediated degradation, we report in the present study that mouse Fem1b targets
Ankrd37 for degradation in the same manner.
© 2011 Elsevier B.V. All rights reserved.

1. Introduction
Spermatogenesis is the process of male gamete production. It starts
from the mitotic division and differentiation of spermatogonia,
proceeds through the meiosis of spermatocytes and a dramatic
morphological change of spermatids, and then ends with the
production of highly specialized mature spermatozoa. Spermatogenesis
is highly organized and involves the expression and interaction of
numerous enriched or speciﬁc genes. Ankrd37, a gene highly enriched
in mouse testis, contains an ankyrin repeat domain (ANKRD) as
annotated by the NCBI Conserved Domain database. The ANKRD, is a
module composed of multiple copies of ankyrin repeat (AR), a
33-amino acid motif that mediates protein–protein interactions
(Bork, 1993). ANKRD-containing proteins could be enzymes, toxins,
and transcription factors, membrane receptors, to name a few, and
constitute one of the largest protein families (Bork, 1993; Mosavi et al.,
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2004; Sedgwick and Smerdon, 1999). Defects in ANKRD-containing
proteins have been linked to human diseases. For examples, deﬁciency
of ankyrin repeat elements on the short arm of chromosome 8 (8p11)
might be responsible for hereditary spherocytosis (Lux et al., 1990);
multiple mutations of cell cycle inhibitor p16 are strongly associated
with cancers (Ruas and Peters, 1998); a mutation in Notch3 is
associated with CADASIL, a hereditary adult-onset condition causing
stroke and dementia (Joutel et al., 1996). However, the function of
Ankrd37 has not been described. We started to identify its potential
binding partners by using yeast two-hybrid screening and pulled out
Fem1b from the testis cDNA library 5 times independently.
Fem1b is one of the mammalian homologs of the nematode C.
elegans sex-determining gene Fem-1, whose mutations cause feminization phenotypes of the male genotype. Fem-1 protein is of 656 amino
acid residues and also contains an ANKRD of six ARs on its N-terminus
(Spence et al., 1990). It was reported recently that Fem-1 is a substrate
recognition subunit (SRS) of the CUL-2-based ubiquitin ligase complex
(CBC) that targets the terminal effector of the sex determination
pathway, TRA-1, for degradation through the ubiquitin degradation
pathway (Starostina et al., 2007). Fem-1 proteins are highly conserved
among species. The three mammalian homologs, Fem1a, Fem1b and
Fem1c, share more than 30% amino acid identity with the nematode
Fem-1 and more than 40% identity with each other (Ventura-Holman
et al., 1998). Fem1b was identiﬁed through yeast two-hybrid screenings
as binding partner of several unrelated proteins, including Fas and
tumor necrosis factor receptor 1 (Chan et al., 1999), the putative
homeodomain transcription factor 1 (Phtf1, an integral membrane
protein associated with endoplasmic reticulum highly expressed in
testis) (Oyhenart et al., 2005), and Nkx3.1 (a prostate speciﬁc
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transcription factor) (Wang et al., 2008). The over-expression of Fem1b
in breast carcinoma cells induced apoptosis (Chan et al., 1999).
However, it was not believed to play an apoptotic role during
spermatogenesis according to authors in a second study (Oyhenart et
al., 2005). Fem1b was shown by mouse knockout results to play an
essential role in the development of prostate but not of testis probably
due to the complementary effect of Fem1c (Wang et al., 2008). Although
human Fem1b has also been characterized as the SRS of CBC (Kamura et
al., 2004), no substrate has been identiﬁed. In the present study, we
identiﬁed Ankrd37 as the ﬁrst substrate of mammalian Fem1b.
2. Materials and methods
2.1. Chemicals
If not stated otherwise, all reagents for cell culture were purchased
from Invitrogen (Carlsbad, CA) and Sigma-Aldrich (St. Louis, MO). The
Matchmaker library construction and screening kit were purchased
from Clontech (BD Biosciences. San Jose, CA). Anti-GFP antibody,
anti-Ub antibody, FITC-conjugated anti-rabbit antibody and protein A

agarose were purchased from Santa Cruz Biotechnology (Santa Cruz,
CA). Anti-Flag antibody was purchased from Sigma-Aldrich.
2.2. Recombinant protein expression and polyclonal antibody production
The mouse Ankrd37 cDNA fragment (amino acids 95–159) was
subcloned in-frame into the pGEX-4T1 vector with the N-terminus
tagged with GST peptide. The GST fusion protein was expressed in
Escherichia coli strain BL21 and puriﬁed by using a GSTrap FF column
(Amersham Pharmacia. Piscataway, NJ). The antibody was produced
and puriﬁed as previously described (Shi et al., 2009).
2.3. Preparations of RNA and reverse transcription-polymerase chain
reaction (RT-PCR)
Total RNAs from various mouse tissues as well as testes at different
stages of development were extracted for RT-PCR analysis. The primer
pair, 5′-CTGTTGCTTAGTTGCAACTT-3′ and 5′-AACACTTTCTCTTCATCACT3′, was used to detect Ankrd37 mRNA expression.

Fig. 1. Expression of Ankrd37 in mouse testes. A. Ankrd37 gene was highly transcribed in many tissues including uterus, testis and ovary as detected by RT-PCR. B. Expression proﬁle of
Ankrd37 mRNA in developing mouse testes. The RT-PCR analysis showed that Ankrd37 was abundantly expressed from 7 dpp, and that its expression level increased from 7 dpp to
adulthood. C. Localization of Ankrd37 protein in the cytoplasm of round and elongating spermatids at stages IX–X seminiferous tubules. D. At stages of VII–VIII seminiferous tubules,
Ankrd37 protein was restrained to the nuclei of spermatozoa while its most protein staining disappeared during the process of spermiogenesis. E. Localization of Ankrd37 protein in
the nuclei of mature spermatozoa isolated from epididymis. The same sections were counterstained for DNA with DAPI, and the staining signals were merged together. Images of C
and D were captured using a ﬂuorescence microscope (Nikon) with scale bar representing 50 μm. Images of E with scale bar representing 20 μm were captured using a laser confocal
microscope (Zeiss), and the immunostaining signals were merged together with their phase-contrast signals.
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2.4. Yeast two-hybrid screening
Yeast two-hybrid screening was performed by using the Matchmaker library construction and screening kit with slight modiﬁcation
(Shi et al., 2009). The bait plasmid was constructed by subcloning
mouse Ankrd37 cDNA fragments encoding the full length peptide into
pGBKT7.
2.5. Co-immunoprecipitation
To perform the in vivo binding assay, Ankrd37 and Fem1b cDNA
fragments were subcloned into pFlag-cmv4 and pEGFP-N1 vector to
construct Flag-Ankrd37 and Fem1b-GFP tagged plasmids respectively.
Subsequently, the two tagged plasmid vectors were co-transfected in
HEK293T cells using Lipofectamine 2000 according to the manufacturer's instruction (Invitrogen). The procedure for co-immunoprecipitation was performed as previously described (Shi et al., 2009).
To detect ubiquitination of Ankrd37 protein, HEK293T cells were
transfected with pFlag-Ankrd37 and pCMV-HA-Ub, or pFlag-Ankrd37,
pCMV-HA-Ub and pFem1b-GFP. After 24 h, the transfected cells were
treated with 10 μM MG132 for 12 h, and then harvested and lysed in
lysis buffer (1% Nonidet P-40, 50 mM Tris-HCl, pH 7.4, 10% glycerol,
150 mM NaCl, 1 mM EDTA, pH 8.0) with a protease inhibitor cocktail
(Sigma-Aldrich). Subsequently, an aliquot of the cell lysate was
incubated with anti-FLAG M2 agarose resin (Sigma-Aldrich) for 4 h at
4 °C with gentle agitation. The resin was then washed ﬁve times with
PBS. The pulled-down protein complexes were then examined by
Western blotting analysis using anti-Ub antibody (1:1000) or antiFlag antibody (1:2000).
2.6. GST-pull down
Full length Ankrd37 cDNA fragment was subcloned into pGEX-4T1
vector to construct GST-Ankrd37 tagged plasmid. GST and GSTAnkrd37 proteins were produced in E. coli BL21 and puriﬁed using
GSTrap FF column. For the GST pull-down assay, GST and GSTAnkrd37 fusion proteins were immobilized on glutathione sepharose
beads by incubating them together for 1 h at 4 °C, the beads were then
washed four times with TEN100 buffer (20 mM Tris–HCl, 1 mM EDTA,
100 mM NaCl, pH 7.4). Fem1b-GFP fusion protein was over-expressed
in HEK293T cells, and total protein lysates of the cells were extracted
with lysis buffer (150 mM NaCl, 50 mM Tris–HCl, 0.5% Nonidet-P40,
pH 8.0) with a protease inhibitor cocktail and incubated with the
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beads for 2 h at 4 °C. The beads were washed four times with lysis
buffer and then suspended in SDS sample buffer. Protein lysates were
separated by SDS-PAGE and immunoblotted with anti-Ankrd37 or
anti-GFP antibody.
2.7. Immunohistochemistry and immunocytochemistry
Immunostaining procedures for mouse frozen testicular tissues
and mature spermatozoa were performed as previously described
(Shi et al., 2009). Rabbit pre-immune serum was used as negative
control. To investigate the subcellular localization of Ankrd37, two
Ankrd37 cDNA fragments, one containing the entire coding sequence,
the other lacking the putative NLS (130–150 amino acids delta), were
ampliﬁed and subcloned into pDsRed2-N1 vector to construct RFP
fusion plasmids, respectively. The whole encoding length of mouse
Fem1b cDNA fragment was also subcloned into pEGFP-N1 to construct
GFP fusion plasmid aiming to detect the functions of their interaction.
Ankrd37-RFP and/or Fem1b-GFP fusion proteins were expressed in
cultured CHO cells, and protein subcellular localizations were
examined under a laser confocal microscope (Zeiss). Furthermore,
the whole encoding length of mouse PCNA cDNA fragment was
ampliﬁed and subcloned into pDsRed2-N1 vector to construct PCNARFP fusion plasmid. Subsequently, PCNA-RFP and Fem1b-GFP fusion
plasmids were co-transfected in CHO cells as negative controls to
eliminate artifacts of co-transfected system.
2.8. Western blot analysis
Equal amounts of protein (20–50 μg total protein/lane) were
loaded and separated by SDS-PAGE. After the proteins were
transferred to polyvinylidene ﬂuoride (PVDF) membranes, the
membranes were blocked and incubated with primary antibodies,
followed by incubation with HRP-conjugated secondary antibody.
Proteins were visualized by Enhanced Chemiluminescence kit (Pierce.
Rockford, IL).
2.9. Data analysis and statistics
Band density was analyzed and normalized with internal control
using the Quantity One software. Values were represented as mean ±
SEM of 3 separate experiments. Statistical analysis was performed
with SPSS (version 13.0; SPSS Inc., Chicago, IL), and one-way ANOVA

Fig. 2. Identiﬁcation of Fem1b as an Ankrd37-binding protein. A. The physical interaction of Ankrd37 with Fem1b was conﬁrmed by GST-pull down assays. The lysates of HEK293T
cells transfected with Fem1b-GFP plasmid were pulled down by GST or GST-Ankrd37 and immunoblotted with anti-GFP or anti-GST. B. Their interaction was further conﬁrmed by
Co-IP. Total lysates of HEK293T cells co-transfected with Flag-Ankrd37 and Fem1b-GFP plasmids were co-immunoprecipitated with nonspeciﬁc IgG or anti-GFP antibody.
Subsequently, the captured protein complexes were immunoblotted with anti-GFP, anti-Flag antibodies.
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Fig. 3. Subcellular localization of Ankrd37 and its effect on Fem1b distribution in CHO cells. A. Ankrd37-RFP fusion protein (containing entire coding sequence of Ankrd37) mainly
distributed in the nucleus in a speckled pattern and also weakly present in the cytoplasm in transfected CHO cells. B. The subcellular localization of Ankrd37Δ-RFP fusion protein
(truncated form with deletion of the putative NLS sequence) changed from the nucleus to the cytoplasm in transfected cells. C. Fem1b-GFP fusion protein demonstrated a
cytoplasmic localization in transfected cells. D. Fem1b-GFP fusion protein co-localized with Ankrd37-RFP in the nucleus of the cells co-transfected with Fem1b-GFP and Ankrd37-RFP
fusion plasmids. E. Ankrd37Δ-RFP fusion protein could not facilitate Fem1b-GFP translocation from cytoplasm to nucleus when both of them were co-expressed in CHO cells. F.
PCNA-RFP and Fem1b-GFP fusion plasmids were co-transfected into CHO cells as negative controls. Subcellular localization of Fem1b-GFP was not altered by PCNA-RFP in the cotransfected system. The nuclei of cultured CHO cells were stained with DAPI, and the images were captured using a laser confocal microscope (Zeiss). Scale bar = 10 μm.

was used to analyze the data in different groups. Values less than 0.05
(p b 0.05) were considered as signiﬁcant.
3. Results
3.1. Sequence analysis and spatial–temporal expression of mouse
Ankrd37
Mouse Ankrd37 protein (NP_001034651) is of 159 amino acids
and contains an ANKRD of two and half ARs as predicted by Pfam

analysis (PFAM database, http://pfam.sanger.ac.uk/). It was predicted
by PSORT II software to contain a putative nuclear localization signal
(NLS) from positions 139 to 145 (PVLRQKR) and to localize to the
nucleus. Orthologs of Andrd37 protein were identiﬁed from zebraﬁsh
to humans (Supplementary Fig. 1).
According to RT-PCR results, mouse Ankrd37 was transcribed in
some tissues including testis, ovary, uterus, kidney, liver, but not in
others (Fig. 1A). Its expression in testis was detected right after birth,
and increased after 7 days post partum (dpp) (Fig. 1B). Immunohistochemistry results indicated that Ankrd37 protein was present in the
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Fig. 4. Effect of Fem1b on the protein level of Ankrd37 in co-transfected HEK293T cells. A. The expression of Fem1b protein resulted in decrease of the protein level of Ankrd37
protein at a dose-dependent manner. HEK293T cells were co-transfected with 1 μg (35 mm dish) of pFlag-Ankrd37 plasmid along with increasing amounts of pFem1b-GFP plasmid.
Total cell lysates were immunoblotted with anti-Flag, anti-GFP or anti-actin, respectively. The immunoblotting assays were performed on different membranes which were loaded
with equal amount of proteins. B. Ankrd37 protein had no effect on the level of Fem1b protein when HEK293T cells were co-transfected with 1 μg (35 mm dish) of pFem1b-GFP
plasmid along with increasing amounts of pFlag-Ankrd37 plasmid. C. No change of Flag-Ankrd37 protein level was observed in response to the increase of GFP. HEK293T cells were
co-transfected with pEGFP-N1 and pFlag-Ankrd37 fusion plasmids as negative controls. Expression of beta-actin served as loading controls. *P b 0.05, **P b 0.01.

cytoplasm of elongating spermatids of the stages IX–X seminiferous
tubules while it was restrained to the nuclei of spermatozoa of the
stages VII–VIII tubules and mature spermatozoa isolated from
epididymis (Figs. 1C–E). Pre-immune serum was used as negative
control and no speciﬁc signal was detected (data not shown).

3.2. Physical interaction between Ankrd37 and Fem1b
Yeast two-hybrid screening was employed to identify potential
binding partners of mouse Ankrd37 from mouse testis, and Fem1b was
captured ﬁve times independently. The interaction between Ankrd37
and Fem1b was ﬁrst conﬁrmed by the growth of yeast cells cotransfected with Ankrd37 and Fem1b genes on selective medium that
does not support the growth of yeast cells in the absence of the
interaction between these two proteins. The interaction was further
conﬁrmed by their co-immunoprecipitation (co-IP) from the lysates of
HEK293T cells that were co-transfected with FLAG-Ankrd37 and
Fem1b-GFP plasmids, as well as by GST-pull down assays (Figs. 2A
and B).

3.3. Ankrd37-dependent nuclear localization of Fem1b
The presence of a NLS in mouse Ankrd37 suggests that it may be a
nuclear protein. To test this prediction, we expressed the RFP-fusion
proteins of full-length (Ankrd37-RFP) or Ankrd37 with its NLS being
deleted (Ankrd37Δ-RFP, deleted from positions 130 to 150) in CHO
cells. As expected, Ankrd37-RFP was localized in the nucleus in a
speckled manner while Ankrd37Δ-RFP was localized in the cytoplasm
(Figs. 3A and B). To examine the interaction between Ankrd37 and
Fem1b in transfected cells, Fem1b-GFP fusion protein was expressed in
CHO cells in the presence of Ankrd37-RFP or Ankrd37Δ-RFP. Consistent
with what was reported by others (Oyhenart et al., 2005), Fem1b-GFP
by itself was localized in the cytoplasm (Fig. 3C). However, it colocalized with Ankrd37-RFP in the nucleus (Fig. 3D). As controls,
Ankrd37Δ-RFP and the RFP-fusion protein of the unrelated nuclear
protein PCNA (PCNA-RFP) did not change the cytoplasmic localization
of Fem1b-GFP (Figs. 3E and F). Therefore, one consequence of the
physical interaction between the nuclear protein Ankrd37 and the
cytoplasmic protein Fem1b in transfected cells is the translocation of
Fem1b from the cytoplasma to the nucleus.
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3.4. Reduction of Ankrd37 protein level by Fem1b
As Fem-1 has recently been reported to be a SRS of CBC and to
target TRA-1 for degradation through the ubiquitin degradation
pathway in nematodes, we set out to check whether Ankrd37 was a
target of Fem1b. Flag-Ankrd37 and Fem1b-GFP plasmids were cotransfected into HEK293T cells and their protein levels were checked
by Western blotting assays. Keeping the amount of Flag-Ankrd37
plasmid constant while increasing the amount of Fem1b-GFP plasmid,
the protein level of Flag-Ankrd37 decreased gradually and the
decreases became signiﬁcant when the amount of Fem1b-GFP
plasmid was raised above 0.8 μg in the 35-mm dishes (Fig. 4A). In
contrast, the protein level of Fem1b-GFP was not affected by the
changes of the amount of Flag-Ankrd37 (Fig. 4B). As a negative
control, the protein level of Flag-Ankrd37 did not change in response
to the increase of GFP (Fig. 4C).

3.5. Ubiquitination of Ankrd37 by Fem1b
To prove that the degradation of Ankrd37 by Fem1b is mediated by
ubiquitination, the ubiquitination of Ankrd37 in the absence or
presence of Fem1b was examined by Western blotting assays. After a
series of trail-and-error experiments, we found that several prerequisites must be met in order to observe the ubiquitination of
Ankrd37 in HEK293T cells: the presence of exogenous ubiquitin
(pCMV-HA-Ub), the treatment of cells with proteasomal inhibitor
MG132 before cell lysate was made (Guo et al., 2008), and the
concentration of Ankrd37 protein immunoprecipitated using anti-

Fig. 5. The degradation of Ankrd37 protein by Fem1b was mediated by ubiquitinmediated proteolysis pathway in HEK293T cells. A. HEK293T cells were co-transfected
with pFlag-Ankrd37 and pCMV-HA-Ub, or pFlag-Ankrd37, pCMV-HA-Ub and pFem1bGFP plasmids. Total Cell lysates were immunoprecipitated with anti-Flag antibody and
immunoblotted with anti-Flag. B. Total Cell lysates were immunoprecipitated with antiFlag antibody and immunoblotted with anti-Ub and anti-GFP, respectively. The band
with a presumed molecular weight of 80 kD (asterisk) was probably not related to
Ankrd37 because it was detected in HEK293T cells both in the presence and absence of
pFem1b-GFP.

FLAG antibody. Under these conditions, ubiquitination of Ankrd37
was observed only in the presence of Fem1b (pFem1b-GFP) (Fig. 5).

4. Discussion
In the present study, we deﬁned in details the interaction of two
ANKRD-containing proteins, Ankrd37 and Fem1b, both of which were
highly expressed in male germ cells. We identiﬁed Fem1b as a binding
partner of Ankrd37 and showed that their interaction resulted in
Ankrd37 degradation through the ubiquitin-mediated proteolysis
pathway. Fem1b has been reported to interact with proteins of diverse
families but no apparent molecular pathways have been uncovered.
Indeed, a clear biochemical mechanism had not been proposed even for
the nematode Fem-1 until recently although it had long been known to
play a critical role in sex determination. Fem-1 was reported to target
TRA-1 for ubiquitin-mediated degradation as a SRS of the CBC in
nematodes (Starostina et al., 2007). Fem1b was also a component of
CBC in human (Kamura et al., 2004). The present study not only
provided strong evidence that mouse Fem1b was involved in ubiquitinmediated proteolysis, but also identiﬁed Ankrd37 as its ﬁrst substrate.
The observation that Ankrd37 protein was cytoplasmic in
spermatids but nuclear in spermatozoa implies that subcellular
translocation is one of the mechanisms by which its function is
regulated. Given the observation that Fem1b translocated into the
nucleus from cytoplasm of transfected CHO cells in the presence of
Ankrd37, Ankrd37 probably regulates the activity of Fem1b-based
CBC by acting as a transporter. Alternatively, Ankrd37 executes its
functions independent of Fem1b in the nucleus.
It was reported recently that Ankrd37 was a direct target gene
regulated by hypoxia-inducible factor 1 (HIF1) (Benita et al., 2009),
suggesting that its function might be related to hypoxia. HIF1 is a
heterodimeric transcription factor composed of two basic helix–loop–
helix proteins — HIF1α and HIF1β. HIF1 regulates the transcription of
hundreds of genes in a cell type-speciﬁc manner in response to
hypoxia. At high oxygen concentration, HIF1a is hydroxylated by
prolyl hydroxylase domain protein 2 (PHD2) and factor inhibiting
HIF1 (FIH1), which induce its inactivation as a transcription factor. At
low oxygen concentration, the hydroxylation of HIF1a does not occur
and it partners with HIF1b to activate the transcription of its target
genes (Schoﬁeld and Ratcliffe, 2004; Semenza, 2007). Because of the
blood–testis barrier (BTB) in the seminiferous tubules and the
consumption of oxygen by mitotically active spermatogonia outside
the BTB, the luminal regions are probably hypoxic compared with the
basal regions. Therefore, post-meiotic germ cells have to equip
themselves with a hypoxia adaptation system. In line with this,
HIF1a protein was induced by hypoxia in mouse germ cells and a postmeiotic germ cell speciﬁc mRNA isoform was highly expressed in
elongated spermatids (Marti et al., 2002). The authors thought that
HIF1a might also play a role in oocytes after fertilization that occurs in
a hypoxic environment because the protein was highly expressed in
the heads of spermatids and in the midpiece of the ﬂagellum of
spermatozoa. Therefore, it is not surprising that Ankrd37, a direct
target of HIF1a, is also highly expressed in the heads of spermatozoa
and probably involved in hypoxic adaptation both in post-meiotic
germ cells and/or in fertilized eggs.
Interestingly, we have identiﬁed FIH1 as another binding partner
of Ankrd37 through the yeast two-hybrid screenings (data not
shown). Although FIH1 was ﬁrst identiﬁed as a binding partner and
hydroxylase of HIF1a (Cockman et al., 2009; Mahon et al., 2001;
Schoﬁeld and Ratcliffe, 2004), it was reported to hydroxylate many
ANKRD-containing proteins (Cockman et al., 2009). These observations strongly suggest that Andkrd37 is regulated at both transcriptional and post-translational levels by the hypoxic adaptation system.
It is important to clarify whether it is indeed hydroxylated by FIH1 and
whether such a hydroxylation, if it occurs, activates or inhibits the
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function of Ankrd37. More importantly, the function of Ankrd37 in
male germ cells and/or fertilized oocytes should be investigated.
In summary, the physical interaction between Ankrd37 and Fem1b
as well as the ubiquitin-dependent reduction of Ankrd37 by Fem1b has
been demonstrated in the present study mainly by expression in the
HEK293T cell line. Ankrd37, a highly conserved protein throughout
evolution, is probably also regulated by ubiquitination in addition to
hydroxylation at the post-translational level. Although we are unable to
detect the interaction of these two proteins in the testis by assays such
as Co-IP due to the lack of proper antiserum, this should be conﬁrmed in
the future study with a high priority.
Supplementary materials related to this article can be found online
at doi:10.1016/j.gene.2011.06.025.
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