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E3 ubiquitin ligase ASB17 is required for spermiation in mice
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Background: A major goal of spermiation is to degrade the apical ectoplasmic specialization (ES) junction 
between Sertoli cells and elongating spermatids in preparation for the eventual disengagement of spermatids 
into the lumen. E3 ubiquitin ligases mediate the process of ubiquitination and the subsequent proteasomal 
degradation, but their specific role during spermiation remains largely unexplored. 
Methods: Ankyrin repeat and SOCS box protein 17 (Asb17)-knockout mice were generated via a CRISPR/Cas9 
approach. Epididymal sperm parameters were assessed by a computer-assisted sperm analysis (CASA) system, 
and morphological analysis of testicular tissues were performed based on histological and immunostaining 
staining, and transmission electron microscopy (TEM). The interactions between ASB17 and Espin (ESPN) 
were predicted by HawkDock server and validated through protein pull-down and immunoprecipitation assays.
Results: We report that ASB17, an E3 ligase, is required for the completion of spermiation and that mice 
lacking Asb17 are oligozoospermic owing to spermiation failure. ASB17-deficient mice are fertile; however, 
spermatids exhibit a disorganized ES junction, resulting in retention within the seminiferous epithelium. 
Mechanistically, ASB17 deficiency leads to excess accumulation of ESPN, an actin-binding essential 
structural component of the ES. We determined that ASB17 regulates the removal of the ES through 
ubiquitin mediated protein degradation of ESPN.
Conclusions: In summary, our study describes a role for ASB17 in the regulation of cell-cell junctions 
between germ cells and somatic cells in the testis. These findings establish a novel mechanism for the 
regulatory role of E3 ligases during spermatogenesis.
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Introduction

Spermatogenesis is a well-organized process that encompasses 
the proliferation of spermatogonia, meiosis of spermatocytes, 
and differentiation of spermatids to generate mature 
spermatozoa (1). Ubiquitination, a major posttranslational 
modification in eukaryotes that determines protein stability 
and activity, controls cell remodeling and protein turnover 
during multiple stages of spermatogenesis, from the gonocyte 
to the differentiated spermatid stage (2). The outcome of a 
recent study provides evidence for the extensive involvement 
of ubiquitin ligases (E3) in mouse spermatogenesis: at 
least 29 different E3 enzymes are expressed in the testis 
and execute a diverse range of functions at different stages 
of spermatogenesis (3). In addition, definitive roles of E3 
enzymes during spermatogenesis have also been shown using 
mouse knock-out (KO) studies. For instance, disruption of E3 
ubiquitin-protein ligase HUWE1 depleted spermatogonial 
pools and caused a Sertoli cell-only histopathology (4); loss 
of ring finger protein 216 (RNF216) or ubiquitin protein 
ligase E3 component n-recognin 2 (UBR2) led to meiotic 
arrest and spermatocyte apoptosis (5,6); and deficiency 
of PHD finger protein 7 (PHF7) or ring finger protein 8 
(RNF8) caused aberrant nuclear condensation in elongated 
spermatids (7-9). In our previous study, we found that E3 
ubiquitin-protein ligase makorin-2 (MKRN2)-deficient mice 
exhibit spermiation failure and oligozoospermia (10), raising 
the possibility that spermiation also depends on ubiquitin-
based protein degradation as well.

Spermiation, also known as sperm release, is a complex 
process by which mature spermatids detach from the 
adluminal compartment and are released into the tubule 
lumen (11). During spermatogenesis, germ cells are 
transported by Sertoli cells, a somatic cell type found in 
spermatogenic tubules, across the seminiferous epithelium 
from the basal to the adluminal compartment, so that mature 
spermatozoa can be released during spermiation and enter 
the epididymis for further maturation (12). Yet, during this 
process the developing spermatids must remain attached to 
the epithelium via a specialized Sertoli-germ cell adherens 
junction (AJ) named the apical ectoplasmic specialization 
(ES) (13). The ES is an actin-based anchoring junction 
found uniquely in the testis at two distinct sites, termed 
the basal ES and the apical ES. The basal ES describes the 
interface between Sertoli cells at the blood-testis barrier, 
whereas the interface between Sertoli cells and elongating 
spermatids is designated the apical ES (14). Prior to 
spermiation, the apical ES, as characterized by hexagonally-
packed actin bundles sandwiched between the Sertoli cell 

membrane and the cisternae of endoplasmic reticulum, 
surrounds the acrosome of an elongating spermatid and 
mechanically grasps the nuclei of the spermatid (15,16). As 
spermiation proceeds, the apical ES structure is disassembled 
and replaced by tubulobulbar complexes (TBCs) (17). These 
changes are facilitated by the endocytosis of the ES proteins 
so that the target proteins can be degraded or recycled to 
assemble new ES (18,19). However, the molecular regulators 
that mediate the dynamic changes of apical ES during 
spermiation remain elusive.

ASB17 is one of 18 members of  the ankyrin repeat and 
suppressor of cytokine signaling (SOCS) box containing 
protein (ASB) family, for which all of the ASB proteins 
contain two functional domains, a C-terminal SOCS box 
and an N-terminal ankyrin repeat (20). The SOCS box 
recruits elongin B/C, Cullin-2/5, and RING-box proteins 
Rbx1/2 to form the Elongin–Cul–SOCS (ECS) E3 
ubiquitin ligase complex, promoting the target proteins for 
polyubiquitination and subsequent proteasomal degradation, 
while the ankyrin repeat directs substrate recognition (21). 
Expression profiling of ASB17 in 16 human tissues and  
14 mouse tissues by Northern blot has shown that ASB17 
is expressed exclusively in the testis, suggesting a potential 
role of ASB17 in spermatogenesis (22,23). Recently, using 
a gene KO approach, Yang et al., have shown that ASB17-
deficient mice undergo normal testicular development 
and fertility (24). However, ASB17 deficiency leads to a 
significant reduction of apoptosis in germ cells and prevents 
spermatogonial apoptosis as induced by etoposide in vivo. 
Mechanistically, the authors found that ASB17 mediated 
the ubiquitylation and degradation of two anti-apoptotic 
factors, BCLW and MCL1 in vitro (24). Taken together, 
the above data suggests that ASB17 plays a minor but not 
crucial role during spermatogenesis.

Herein, we report that ASB17 acts as a molecular switch 
to regulate the ES junction assembly and spermiation. 
Specifically, we demonstrate that ASB17 interacts with the 
ES protein Espin (ESPN) and directs its ubiquitination 
in vivo. Our study proposes a novel mechanism for the 
regulatory role of E3 ubiquitin ligases during spermiation. 
We present the following article in accordance with the 
ARRIVE reporting checklist (available at https://dx.doi.
org/10.21037/tau-21-789).

Methods

Mice

Mice were maintained in a specific-pathogen-free 

https://dx.doi.org/10.21037/tau-21-789
https://dx.doi.org/10.21037/tau-21-789


4322 Shen et al. ASB17 is required for spermiation

  Transl Androl Urol 2021;10(12):4320-4332 | https://dx.doi.org/10.21037/tau-21-789© Translational Andrology and Urology. All rights reserved.

environment at Nanjing Medical University. All animal 
experiments were conducted in accordance with the 
National Institutes of Health Guide for the Care and 
Use of Laboratory Animals,  and approved by the 
Animal Ethical and Welfare Committee of Nanjing 
Medical University (No. IACUC-2004020). To generate 
Asb17-KO mice, two sgRNAs were designed based on 
exon 1 of Asb17. The target sgRNA sequences were 
5 ' -GTGCGAATACCATTCTGTACTGG-3 '  and 
5'-GAAAGGTAATCCTGACTTCGTGG-3', respectively. 
Cas9 mRNA and sgRNAs were co- microinjected into zygotes 
of CD-1 mice and transferred into pseudo-pregnant recipients 
according to our previously reported procedure (25,26). The 
genotype of Asb17 was identified by PCR amplification and 
further Sanger sequencing using the following primers (forward 
5'-CTGTGACTGAGGAATGGCAGCAT-3' and reverse 
5'-GTATGGCGTAAGGCAAGGTCTGT-3').

Histological analysis

For light microscope assessment, samples were fixed 
in modified Davidson’s fluid, dehydrated, and paraffin 
embedded. Sections (5 μm-thick) were cut, mounted on 
glass slides, deparaffinized with xylene, and stained with 
hematoxylin-eosin (H&E). After dehydration through 
a series of graded ethanol baths and clearing in xylene, 
samples were mounted and viewed under a bright-field 
microscope (Axioskop 2 plus, Carl Zeiss, Oberkochen, 
Germany). For ultrastructural examination, 4% (vol/vol) 
glutaraldehyde-fixed testes were postfixed with 2% (wt/vol) 
OsO4 and embedded in Araldite. Sections (80 nm-thick) 
were analyzed using a transmission electron microscope 
(JEM-1410, JEOL, Tokyo, Japan).

Computer-assisted sperm analysis (CASA)

Sperm were collected from the cauda epididymis of 
adult mice and then incubated with a warm human tubal 
fluid culture medium containing 10% bovine serum 
albumin (BSA) for 5 min.  Parameters including sperm 
concentration, motility, and progressive motility were 
analyzed using a Hamilton Thorne’s sperm analysis system 
(Beverly, MA, USA). Sperm morphology evaluation was 
carried out as described previously (27).

Fertility test

Adult males of Asb17 wild-type (WT, +/+), heterozygous 

(+/−), and KO (−/−) were continuously mated with WT 
females at a ratio of 1:2 for 3 months. The presence of 
vaginal plugs was recorded and the number of pups born 
were counted for subsequent statistical analyses.

Immunofluorescence

Immunofluorescence staining was performed as described 
previously (28,29). Testicular sections were deparaffinized 
and rehydrated. Endogenous peroxidase activity was 
blocked by incubation in 3% hydrogen peroxide for 15 min 
at 37 ℃. After antigen retrieval in sodium citrate buffer, 
sections were blocked and incubated overnight at 4 ℃ with 
primary antibodies (Table S1). After three washes with 
phosphate-buffered saline (PBS), sections were incubated 
with Alexa Fluor series secondary antibodies (Thermo 
Scientific, Waltham, USA) and images were captured on a 
Zeiss laser confocal microscope (LSM800, Carl Zeiss).

RNA isolation and Real-time quantitative PCR

Total RNAs from testicular tissues were extracted using 
an RNeasy Plus Micro Kit (74034, Qiagen, Duesseldorf, 
Germany) following the manufacturer’s protocol. cDNA 
was reverse transcribed using a PrimeScript RT reagent 
Kit (Vazyme, Nanjing, China) and then processed through 
a SYBR Green-based StepOne-Plus real-time PCR system 
(Applied Biosystems, Foster City, CA, USA) with 18S 
rRNA as a normalization control. Primers targeting Espn 
and 18S rRNA have been previously listed (26).

Terminal deoxynucleotidyl transferase-dUTP nick-end 
labeling (TUNEL)

Apoptotic cells were detected according to our previously 
described procedure (30). In brief, paraffin testicular 
sections were deparaffinized, rehydrated, and treated 
with proteinase K (10 μg/mL) for 10 min. Subsequently, 
the slides were reacted with BrightRed Labeling Buffer 
(Vazyme, Nanjing, China) for 1 h at 37 ℃. After washing 
with PBS thrice, sections were stained with 4’,6-diamidino-
2-phenylindole (DAPI) before being mounted. Images were 
then analyzed using a LSM800 confocal laser microscope 
(Carl Zeiss).

Protein pull-down and immunoprecipitation

The full length of mouse ASB17 protein was expressed as a 
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6*His fusion protein in E. coli using the pET-28a vector and 
affinity purified with a Ni-NTA Resin (TransGene, Beijing, 
China). The resin-ASB17 protein complex was incubated 
with testicular lysates on a roller for 30 min at 4 ℃. Then 
the resin-protein complex was washed with 1X Wash 
Buffer (50 mM sodium phosphate, 300 mM NaCl, 0.01% 
Tween-20) and eluted with 1% SDS buffer for 15 min at 
98 ℃. Samples were stored at −20 ℃ before use for western 
blot analysis. For immunoprecipitation (IP) assays, testicular 
tissues were lysed with RIPA buffer (Beyotime, Nantong, 
China) and precleared with the protein A-Sepharose 
(Invitrogen, Carlsbad, CA, USA), then incubated with the 
anti-ESPN antibody overnight. The lysates were incubated 
with the protein A-Sepharose for 2 h at 4 ℃, and the 
precipitants were washed with PBS, eluted with 1% SDS 
buffer, and resolved by SDS-PAGE.

Western blot

Testicular lysates and immunoprecipitated proteins 
were separated by SDS-PAGE and transferred onto a 
polyvinylidene difluoride membrane as previously reported 
(31,32). The membrane was blocked and incubated 
overnight at 4 ℃ with the indicated primary antibodies 
(Table S1). The membrane was washed and incubated at 
room temperature for 2 h with secondary antibodies. The 
signals of the detected proteins were visualized on the 
SuperSignal West Femto Chemiluminescent Substrate 
detection system (Thermo Scientific).

Statistical analysis

All experiments were independently repeated for three 
times. Quantitative data are presented as mean ± standard 
deviation (SD). Statistical analysis was examined using 
Student’s t-test or one-way ANOVA with P<0.05 (*).

Results

ASB17 is distributed at the apical ES junction of the mouse 
testis

We first analyzed the Asb17 mRNA transcript profile in 
multiple murine tissues. Bioinformatic analysis showed that 
Asb17 was predominantly expressed in the testis (Figure S1A),  
which was further validated using reverse transcription PCR 
(RT-PCR) analysis (Figure S1B). The above findings were 
highly consistent with previous work (22,23).

To better understand the role of Asb17 in testes, 
we generated mice with ubiquitous knockout of Asb17 
(Asb17-KO) by using CRISPR/Cas9-based gene editing 
to cause an 8-bp deletion in exon 1 of Asb17 (Figure 1A). 
Asb17-KO mice were confirmed by PCR amplification 
and further Sanger sequencing (Figure S2). Moreover, 
immunofluorescence staining analysis of testes in wild-
type (WT) showed an obvious distribution of ASB17 
protein around spermatid heads, while in KO mice, the 
fluorescence signal was undetectable, suggesting an absence 
of ASB17 protein in KO testes (Figure 1B). To uncover 
the precise location of ASB17 relative to spermatid heads, 
we performed co-immunostaining of ASB17 and PNA 
(acrosome marker) (Figure 1C) or F-actin (ES junction 
maker) (Figure 1D) in elongated spermatids. The results 
revealed that ASB17 was located outside of the acrosome, 
but co-located with F-actin, indicating that ASB17 was 
distributed in the apical ES junction.

Asb17−/− mice are fertile

In line with previous findings (24), Asb17-KO mice were 
viable, and fertility tests revealed normal fertility in Asb17-
KO adult males, compared with WT or heterozygous (+/−) 
mice (Figure 2A). The testes weight was comparable between 
Asb17-KO and WT mice (Figure 2B,2C). However, compared 
with WT, epididymal sperm analysis based on CASA revealed 
a significant decrease in sperm concentration in Asb17-
KO (Figure 2D), whereas sperm motility was not altered  
(Figure 2E,2F). In addition, sperm morphology evaluation was 
also comparable between the two groups, as demonstrated by 
optical microscopy (Figure 2G,2H) or transmission electron 
microscopy (TEM) (Figure 2I). We therefore concluded 
that deficiency of ASB17 caused oligozoospermia in mice, 
although this had no effect on male fertility.

Complete spermatogenesis, but spermiation failure in 
Asb17−/− mice

We next assessed germ cell development within the 
seminiferous epithelium using H&E staining. Similar to 
WT, Asb17-KO testes exhibited complete spermatogenesis, 
displaying all stages of the spermatogenetic cycle (Figure 3A). 
However, at stage IX of the seminiferous epithelium, when 
all mature spermatozoa have been released from the lumen 
in WT, many mature spermatozoa were still retained in the 
seminiferous epithelium of ASB17-deficient mice. Moreover, 
the retained spermatozoa persisted until stage XI (Figure 3A  

https://cdn.amegroups.cn/static/public/TAU-21-789-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TAU-21-789-Supplementary.pdf
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Figure 1 Generation of Asb17−/− mice. (A) Schematic diagram of CRISPR/Cas9-mediated Asb17 gene editing. (B) Immunostaining of ASB17 
in Asb17+/+ and Asb17−/− adult testes. In Asb17+/+ testes, ASB17 is mainly distributed around spermatid heads (asterisks). Meanwhile, in several 
spermatogonia, ASB17 can also be labeled (arrows). Scale bar, 20 μm. (C) Co-immunostaining of ASB17 and PNA in elongating spermatids. 
Scale bar, 10 μm. (D) Co-immunostaining of ASB17 and F-actin in elongating spermatids. Scale bar, 10 μm. ASB17, Ankyrin repeat and 
SOCS box protein 17; PNA, Peanut agglutinin.
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and Figure S3). Spermiation failure always results from a 
disorganized apical ES; we therefore performed F-actin 
staining in Asb17-KO and WT testes. As shown in Figure 3B, 
at stage IX, the apical ES first appeared as a highly ordered 
stack of filamentous (F)-actin-containing hoops around 
the apical region of the elongating spermatid nuclei of step 
9; these were easily observed in both Asb17-KO and WT  

(Figure 3B). However, the F-actin bundles in Asb17-KO 
testes were unable to disassemble and were still surrounded 
by the retained mature spermatozoa (Figure 3B). Taken 
together, our data revealed that ASB17 is not required for the 
formation of the apical ES, but is required for its removal.

To further determine the above findings, we examined 
the ultrastructure of the testes using TEM. In WT 
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Figure 2 Asb17−/− mice are fertile. (A) Fertility test of Asb17+/+, Asb17+/− and Asb17−/− males. n=3. P>0.05. (B) Gross morphology of 
representative testes from adult Asb17+/+ and Asb17−/− males. Scale bar: 5 mm. (C) Testis/body weight. n=4. P>0.05. (D) Sperm concentration 
in Asb17+/+ and Asb17−/− mice. n=3. *, P<0.05. (E) Sperm motility in Asb17+/+ and Asb17−/− mice. n=3. P>0.05. (F) Progressive ratio in Asb17+/+ 
and Asb17−/− mice. n=3. P>0.05. (G) Sperm abnormality in Asb17+/+ and Asb17−/− mice. n=3. P>0.05. (H) H&E staining of cauda epididymal 
sperm in Asb17+/+ and Asb17−/− mice. Scale bar, 20 μm. (I) TEM analysis of cauda epididymal sperm in Asb17+/+ and Asb17−/− mice. Axoneme 
with typical “9+2” microtubule are indicated with red arrows. Scale bar, 1 μm. Ac, acrosome; Nu, nucleus; ASB17, Ankyrin repeat and SOCS 
box protein 17.
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mature spermatozoa, the F-actin bundles were completely 
removed from the acrosome region, whereas in KO mature 
spermatozoa, the apical ES synchronously stretched along 
with the acrosome, as characterized by the presence of the 
F-actin bundles (Figure 3C). These data suggest that the 
aberrant F-actin organization in apical ES may be a major 

cause of the spermiation failure observed in Asb17-KO testes.

ASB17 interacts with ESPN

ESPN, or Espin, is an actin-binding protein that is responsible 
for the dynamic remodeling of actin bundles (33). ESPN-1, 
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Figure 3 Spermiation failure in Asb17−/− mice. (A) H&E staining of testis sections in Asb17+/+ and Asb17−/− mice. The epithelial cycle can be 
divided into 12 stages according to the morphological changes of the germ cells. At stages IX to XI, the retained mature spermatozoa were 
found in Asb17−/− testes as indicated with black arrows. Scale bar, 20 μm. (B) Phalloidin labeled F-actin staining of testis sections in Asb17+/+ 
and Asb17−/− mice. Elongating spermatids of step 9 are indicated by yellow arrowheads, while the retained mature spermatozoa in Asb17−/− 
testes are indicated with white arrows. Scale bar, 20 μm. (C) TEM analysis of mature spermatozoa in Asb17+/+ and Asb17−/− testes. The 
retained actin bundles in Asb17−/− mice are indicated with red arrows. Scale bar, 1 μm. ASB17, Ankyrin repeat and SOCS box protein 17.
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the largest isoform, was first identified in the Sertoli cell-
spermatid ES junction, while other shorter spliced isoforms 
(ESPN-2B, ESPN-3A, and ESPN-4) were shown to be 
expressed in other actin bundle structures, such as hair cells 
and Purkinje cells (34,35). By co-immunostaining of ESPN 
and ASB17 in testes, we observed that ASB17 co-localized 
with ESPN at the apical ES (Figure 4A). Moreover, in 
Asb17-KO testes, we observed marked accumulation of 
ESPN in the retained mature spermatozoa (Figure 4B), 
suggesting that ASB17 was required for ESPN degradation 
during spermiation. To further elucidate the interactions 
between ASB17 and ESPN, we employed the HawkDock 
server (36) to predict ASB17-ESPN interactions. As shown 
in Figure 4C, the 3D structures of ASB17-ESPN complexes 
were predicted by HawkDock and visualized by PyMOL 
(version 2.1.0). The binding interface was formed by the 
residues 87-234 of ASB17 and bound to the residues 271-
330 of ESPN (Figure 4D); the key residues for protein-
protein interactions (PPIs) are provided in Table S2. 
According to protein sequence information on UniProt 
(https://www.uniprot.org/), the binding interface of ASB17 
contained the ankyrin repeat that was responsible for 
substrate recognition, while the binding interface of ESPN 
also encompassed the ankyrin repeats that were reported 
for protein binding (37,38). To ascertain the bioinformatic 
results, we performed ASB17 protein pull-down assay. 
Indeed, the results revealed that ASB17 interacted with 
ESPN (Figure 4E). We therefore speculated that ESPN was 
a direct substrate of the E3 ligase ASB17.

ASB17 ubiquitinates ESPN in vivo 

Western blot analysis confirmed markedly increased protein 
levels of ESPN in Asb17-KO testes (Figure 5A,5B), whereas 
ESPN mRNA levels in Asb17-KO testes levels were similar 
to the WT, according to q-PCR analysis (Figure 5C), 
suggesting that ASB17 destabilized RAI14 protein. Finally, 
we assessed ESPN ubiquitination in the testis. ESPN-IP 
followed by western blot analysis for total ubiquitin revealed 
significantly lower levels of poly-ubiquitinated ESPN in 
Asb17-KO testis compared with the WT (Figure 5D). Taken 
together, the results indicate that ASB17 ubiquitinates 
ESPN protein for its subsequent degradation.

Discussion

In addition to the known roles of ASB17 in promoting 
spermatogenic cell apoptosis (24), in the present study, we 

uncovered a novel mechanism in spermiation involving 
ASB17-mediated ubiquitination and degradation of the ES 
associated protein, ESPN. Consistent with the previous 
work (24), we found that Asb17-KO males were fertile and 
showed complete spermatogenesis. However, we also showed 
that Asb17-KO males exhibited oligozoospermia, which was 
considered to be a major result of spermiation failure found 
in Asb17-KO. Specifically, ASB17 supports the removal 
of the ES by adding degradation-linked poly-ubiquitin 
chains to the actin-binding protein ESPN. This ensures the 
dynamic remodeling of the ES during spermiation. ASB17 is 
therefore required to maintain normal sperm release, and its 
depletion results in spermiation failure owing to the aberrant 
accumulation of ESPN (Figure 6).

Our findings provide novel insight into the role of E3 
ligases during spermiation. In eukaryotes, autophagy and 
ubiquitination are thought to be the two main pathways 
for protein degradation; therefore these pathways may 
contribute to the degradation of the ES (18,19,39). For 
instance, PDZ and LIM domain protein 1 (PDLIM1), 
a negative cytoskeleton organization regulator, can be 
degraded through the autophagy protein 5 (ATG5) or 
the ATG7-mediated autophagy-lysosome pathway. In 
Atg5-KO or Atg7-KO mouse testes, PDLIM1 was found 
to be significantly accumulated in the apical ES region, 
thus finally causing disruption of apical ES assembly and 
spermiation failure (40). Besides autophagy, growing 
evidence from in vitro and in vivo experiments exists, 
indicating that ubiquitination also directs dynamic 
remodeling of cell junctions (41). Studies by Liu and Lee 
show that ubiquitination regulates the bioavailability of 
targeted junction proteins at the site of cell-cell contact, 
resulting in the opening and closing of cell junctions (42). 
Fujita et al. report that Hakai, an E3 ubiquitin ligase, targets 
E-cadherin and thus triggers ubiquitination and degradation 
of the E-cadherin complex in the adherens junction (43). In 
addition, an E2 ubiquitin-conjugating enzyme (UBE2J1) 
KO mouse line was generated that appeared to have 
defective spermiation (44), suggesting that sperm release 
depends on the ubiquitin proteasome system (UPS). In our 
previous study, we found that the E3 ligase MKRN2 was 
located in the apical ES, and KO of Mkrn2 in mice led to 
the disarrangement of the apical ES and spermiation failure, 
and finally caused oligoasthenozoospermia (10). Although 
the study delineates a direct role of E3 ligase on the 
regulation of the ES and spermiation in vivo, the definitive 
substrate of MKRN2 involved in UPS remains unknown. 
To the best of our knowledge, ASB17 is the second E3 

https://cdn.amegroups.cn/static/public/TAU-21-789-Supplementary.pdf
https://www.uniprot.org/
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Figure 4 ASB17 interacts with ESPN. (A) Co-immunostaining of ASB17 and ESPN in testes. Scale bar, 20 μm. (B) Immunostaining of 
ESPN in Asb17+/+ and Asb17−/− testes. Elongating spermatids are indicated by yellow arrowheads, while the retained mature spermatozoa 
in Asb17−/− testes are indicated with white arrows. Scale bar, 20 μm. (C) Predicted 3D structures of ASB17–ESPN complexes. The cartoon 
mode represents the backbone and secondary structures. The surface mode represents the solvent accessible surface area. ESPN and ASB17 
are labeled as orange and blue, respectively. The binding residues between ESPN and ASB17 are labeled as red and purple, respectively. 
(D) Magnification of the binding interface. (E) Protein pull-down assay. His-tagged ASB17 and its negative control (his-tagged GFP) were 
purified from E. coli with a Ni-NTA Resin and incubated with testicular lysates. The protein complexes were resolved by SDS-PAGE and 
detected by western blot analysis. ASB17, Ankyrin repeat and SOCS box protein 17; ESPN: Espin.
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ligase required for the dynamic remodeling of the apical ES 
in the testis. Our study identified a novel mechanism for the 
physiological role of E3 ligases during spermiation. 

Transcript level analysis of Asb17 at different stages 
of postnatal testicular development reveals that Asb17 is 
expressed from the third week and reaches the peak at the 
fourth week onwards (23,24), which corresponds to the 
stage of spermatid development. In line with this expression 
pattern, in the current study, using immunostaining, we 
found that ASB17 was mainly distributed in the apical ES 
of the testes. Meanwhile, ASB17 fluorescence signals were 
undetectable in Asb17-KO mice, further validating the 
specificity of the antibody against ASB17. Unfortunately, 
the commercial antibody against ASB17 was not suitable 
for western blot or IP analysis, so we carried out ASB17 
protein pull-down experiments to identify its interacting 
proteins. Alternatively, transcript level analysis of Asb17 

also reveals that it is not expressed at the first or second 
weeks of postnatal testicular development (22-24), 
suggesting that Asb17 is not required for spermatogonia 
or spermatocyte development. In addition, few location of 
ASB17 was observed in spermatogonia or spermatocytes 
based on immunostaining in this study. However, Yang 
et al. found that KO of ASB17 significantly prevented 
spermatogonial apoptosis induced by etoposide in mice (24),  
thus demonstrating a role for ASB17 in promoting 
spermatogonial apoptosis. Taken together, these findings 
suggest that etoposide-induced apoptosis in spermatogonia 
may trigger expression of the pro-apoptotic factor ASB17.

Conclusions

In summary, this study presented the loss-of-function 
analysis of the role of E3 ligase ASB17 during spermiation. 
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Figure 5 ASB17 poly-ubiquitinates ESPN. (A) Western blot analysis of ESPN in Asb17+/+ and Asb17−/− testes. (B) Quantification of (A). n=3. 
*, P<0.05. (C) Q-PCR analysis of Espn in Asb17+/+ and Asb17−/− testes. n=3. P>0.05. (D) Poly-ubiquitination analysis of ESPN in Asb17+/+ and 
Asb17−/− testes. Testicular lysates were subjected to IP with anti-ESPN antibody. The immunoprecipitates were resolved by SDS-PAGE and 
detected using anti-ESPN and anti-ubiquitin antibody, respectively. ASB17, ankyrin repeat and SOCS box protein 17; ESPN, Espin; Ub, 
ubiquitin.
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We uncovered a novel mechanism in spermiation involving 
ASB17-mediated ES protein degradation and provided 
a potential therapeutic candidate for the treatment of 
spermiation failure.
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Supplementary

Table S1 Antibodies used in the study

Antigen Source Company Application Dilution Label RRID

ASB17 Rabbit Aviva IF 1:1,000 ES junction AB_10713532

ESPN Mouse BD IF; IP 1:200; 5 μg/IP ES junction AB_399174

Tubulin Rabbit Abcam WB 1:10,000 Loading control AB_2210403

His Rabbit Abcam WB 1:1,000 Tag AB_443105

Ubiquitin Mouse Santa Cruz WB 1:1,000 Ubiquitin chain AB_628423

PNA – Vector IF 1:50 Acrosome AB_2336642

Phalloidins – Thermo IF 1:200 F-actin AB_2632953

Asb17, ankyrin repeat and SOCS box protein 17; ESPN, Espin; PNA, Peanut agglutinin.

Table S2 Top10 binding residues

Class Residue_ID Binding free energy (kcal/mol) (total −48.85)

ESPN HIE-304 −6.58

ESPN TRP-272 −3.48

ESPN THR-330 −2.53

ESPN LEU-271 −2.12

ESPN ASP-303 −1.65

ESPN GLN-329 −1.20

ESPN ASP-311 −1.06

ESPN ARG-326 −1.05

ESPN GLY-306 −0.79

ESPN TYR-307 −0.64

ASB17 ARG-234 −4.02

ASB17 ARG-125 −3.44

ASB17 LEU-145 −3.38

ASB17 LEU-87 −2.31

ASB17 ARG-134 −2.23

ASB17 ASN-180 −2.11

ASB17 LEU-183 −2.10

ASB17 SER-146 −2.07

ASB17 GLY-147 −1.96

ASB17 LEU-152 −1.70

Asb17, ankyrin repeat and SOCS box protein 17; ESPN, Espin.
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A

B

Figure S1 Expression profiling of Asb17 in mice. (A) Bioinformatic analysis of Asb17 expression in multiple tissues and cells of mice. The 
data are acquired from the BioGPS database based on microarray analysis (http://biogps.org/). (B) RT-PCR analysis of Asb17 in multiple 
murine tissues. Asb17, ankyrin repeat and SOCS box protein 17.
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Figure S2 Sanger sequencing of Asb17 gene. Asb17, ankyrin repeat and SOCS box protein 17.

Figure S3 Quantification of tubules with “retained mature spermatozoa”. **P<0.01.


