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V-set and immunoglobulin domain containing 1 (VSIG1) is 
a newly discovered member of the junctional adhesion 
molecule (JAM) family; it is encoded by a gene located on 
human chromosome X and preferentially expressed in a 
variety of cancers in humans. Little is known about its 
physiological function. To determine the role(s) of VSIG1 
in mammalian spermatogenesis, we first generated a spe-
cific antibody against mouse VSIG1 and examined the 
presence and localization of the protein in tissues. RT-
RCR and Western blot analysis of the mouse tissues indi-
cated that VSIG1 was specifically expressed in the testis. 
Furthermore, the results of our trypsinization and bioti-
nylation assays strongly support the assumption that 
VSIG1 is localized on the testicular germ cell surface. In 
order to determine whether VSIG1 is capable of participa-
tion in homotypic interactions, we performed a GST-pull 
down assay by using recombinant GST-fusion and His-
tagging proteins. The pull-down assay revealed that each 
GST-fusion Ig-like domain shows homotypic binding. We 
further show that mVSIG1 can adhere to the Sertoli cells 
through its first Ig-like domain. To identify the protein that 
interacted with cytoplasmic domain, we next performed 
co-immunoprecipitation analysis. This analysis showed 
that ZO-1, which is the central structural protein of the 
tight junction, is the binding partner of the cytoplasmic 
domain of mouse VSIG1. Our findings suggest that mouse 
VSIG1 interacts with Sertoli cells by heterophilic adhesion 
via its first Ig-like domain. In addition, its cytoplasmic do-
main is critical for binding to ZO-1. 
 
 
INTRODUCTION 
 
Mammalian spermatogenesis occurs in the seminiferous epi-
thelium, which is composed of Sertoli cells and germ cells 

(Wang and Cheng, 2007; Yan et al., 2007). The interaction 
between spermatogenic and Sertoli cells as well as that be-
tween elongated spermatids and Sertoli cells is tightly regulated 
by junctional adhesion molecules (JAMs) which are involved in 
various biological processes such as fertilization, neurogenesis, 
tumorigenesis, and spermatogenesis (Inoue et al., 2005; Takai 
et al., 2003; Urase et al., 2001; Wakayama et al., 2001).  

Members of the JAM family have a unique structure: they 
contain an N-terminal signal peptide domain, immunoglobulin 
(Ig)-like domains, transmembrane and cytoplasmic tail domains, 
each of which has distinct functions (Arrate et al., 2001). The 
extracellular Ig-like domains interact with neighboring cells in a 
homophilic or heterophilic manner. In addition, the PDZ-binding 
motif of their cytoplasmic tail domain has been reported to be 
important in the tight junction (TJ) assembly (Wakayama and 
Iseki, 2009). Although members of the JAM family are exclu-
sively present in the testis, their precise roles in spermatogene-
sis and fertilization have not yet been completely explored.  

Recently, the Scanlan research group has classified human 
VSIG1 (hVSIG1), which was originally known as A34, as a 
member of the JAM family; VSIG1 is composed of two extracel-
lular Ig-like domains, a transmembrane domain, and a cyto-
plasmic domain (Scanlan et al., 2006). VSIG1 is expressed in a 
variety of cancers and in the testis; hence, it seems to be a 
candidate for antibody-based diagnostics and therapeutics 
(Scanlan et al., 2006). Interestingly, the C-terminal peptide of 
mouse VSIG1 (mVSIG1), unlike hVSIG1, is similar to peptide 
motifs known to interact with PDZ protein domains, such as 
those contained in zonula occludens-1 (ZO-1) and other 
membrane-associated guanylate kinase (MAGUK) proteins 
(Gonzalez-Mariscal et al., 2000).  

On the basis of the structure of the mVSIG1 protein, we pre-
dicted that its Ig-like domains play an important role in cell-cell 
interaction, whereas its C-terminal domain is needed for TJ 
assembly. In the present study, we generated a specific poly 
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clonal antibody against mVSIG1 to order identify the expression 
pattern and subcellular localization of this protein and thereby 
gain insights into its biological function. In addition, by using 
biotinylated Sertoli cell membrane proteins, we showed that 
mVSIG1 binds to Sertoli membrane protein. Furthermore, our 
co-immunoprecipitation experiments confirmed the direct inter-
action between mVSIG1 and ZO-1 though a PDZ binding motif 
in the C-terminal domain of mVSIG1. 
 
MATERIALS AND METHODS 

 
Total RNA extraction and reverse transcriptase- 
polymerase chain reaction (RT-PCR) 
Total RNA was extracted from various mouse tissues by using 
Isogen (Nippon Gene, Japan), as described before (Nishimura 
et al., 2002). Five micrograms of total RNA was reverse-
transcribed to cDNA with the SuperScript III First-Strand Syn-
thesis System (Invitrogen). Polymerase chain reaction (PCR) 
amplification was carried out using EX Taq DNA polymerase 
(Takara, Japan) according to the manufacturer’s instructions. A 
tenth of the first-strand cDNA reaction mixture was used as 
PCR template. PCR primers were designed for amplification of 
the mouse VSIG1 and Vps35 genes (GenBank Accession nos. 
NM_030081 and NM_022997, respectively). The primers for 
VSIG1 were 5′-AGTATGGTGCAAGTGACC ATC-3′ and 5′-
TTGACTAAGACAGTGACGTC-3′ and the primers for Vps35 
were 5′-GAATTCAGTGAAGAGAATCATGAA CCCT-3′ and 5′-
TTGGGCCCTTAAAGGATGAGACCTTCAT AG-3′ (Kim et al., 
2008). 
 
Antibodies 
The fragment encoding the first Ig-like domain of VSIG1 (resi-
dues 269-336) was amplified by PCR, introduced into the 
pCold (Takara, Japan) vector, and expressed in Escherichia 

coli BL21 (DE3) cells. The recombinant His-tagged proteins 
were emulsified with Freund’s complete adjuvant (Sigma-
Aldrich), and injected intradermally into female New Zealand 
white rabbit. After fractionation of antisera with ammonium sul-
fate (0-40% saturation), anti-VSIG1 was affinity-purified on a 
sepharose 4B column coupled with the first Ig-like domain of 
VSIG1 proteins fused to glutathione S-transferase (GST), as 
described previously (Kim et al., 2003). Polyclonal anti-JAM-C 
and monoclonal anti-mouse ADAM2 antibodies were pur-
chased from Santa Cruz and Chemicon (Oh et al., 2009). 
 
Purification of testicular germ cells 
Testicular tissues from 3- to 4-month old mice were minced 
with a razor blade in 4 mM Hepes-NaOH, pH 7.4, containing 
140 mM NaCl, 4 mM KCl, 10 mM glucose, and 2 mM MgCl2, 
filtered through a nylon mesh, and centrifuged at 1,200 × g for 
10 min at 4°C as described (Kim et al., 2003). The cell pellet 
was suspended in the same buffer, and the suspension was 
put on a 52% Percoll gradient (Amersham Biosciences) in the 
above buffer and centrifuged at 11,000 × g for 10 min at 4°C. 
Testicular germ cells (TGC) was then recovered from a white 
band near the top of the gradient and washed three times with 
phosphate-buffered saline.  
 
Preparation of protein extracts 
Various mouse tissues, TGC, cauda epididymal sperm and 
testis (aged 10, 15, 20, 25, 40 and 90 days) were subjected to 
a lysis buffer consisting of 20 mM Tris-HCl, pH 7.4, 1% Triton 
X-100 (TX-100), 150 mM NaCl, and 1% protease inhibitor cock-
tail (Sigma-Aldrich, USA) for the extraction of proteins, after 
keeping on ice for 2 h. After centrifugation at 10,000 × g for 10 

min at 4°C, proteins in the supernatant solution were deter-
mined using a Coomassie protein assay reagent kit (Pierce, 
USA) by the Bradford method (Bradford, 1976). 
 
Sodium dodecyl sulfate-polyacrylamide gel  
electrophoresis (SDS-PAGE) and Western blot analysis 
Proteins were denatured by boiling for 3 min in the presence of 
1% sodium dodecyl sulfate; these denatured proteins were 
separated by SDS-PAGE, and transferred onto Immobilon-P 
membranes. After the blots were blocked with 2% skim milk, 
they were incubated with primary antibodies for 2 h, and sub-
sequently with horseradish peroxidase-conjugated secondary 
antibodies for 1 h. Then, immunoreactive proteins were de-
tected with an ECL Western blotting detection kit (Amersham 
Biosciences) (Kim et al., 2010). 
 
Trypsinization and Biotinylation of mouse testicular  
germ cells 
Spermatogenic cells were washed 3 times with Phosphate-
buffered saline (PBS) and kept on ice for 0, 10, 20, 30 and 40 
min in PBS containing 500 μg/ml trypsin (Sigma-Aldrich). The 
trypsinized spermatogenic cells were immediately washed 5 
times with PBS containing 1% protease inhibitor cocktail 
(Sigma-Aldrich) and lysed as described above. The spermato-
genic cells (2.5 × 107

/ml) were kept at room temperature for 30 
min in PBS containing 1 mM sulfo-NHS-LC-biotin (Pierce). The 
biotinylated spermatogenic samples were washed 3 times with 
PBS and lysed with the above lysis buffer. Dialysis was subse-
quently carried out to remove unbound-biotin from the bioti-
nylated spermatogenic cell extracts. Biotin-labeled proteins 
were subjected to SDS-PAGE under reducing conditions and 
then Western bolt analysis (Kim et al., 2010).  

 
Recombinant VSIG1 domains 
Expression vectors of each domain of mouse VSIG were con-
structed in pCold (TaKaRa, Japan) or pGEX4T1 (Amersham 
Biosciences) vectors, which were tagged 6x His or GST. PCR 
was conducted using cDNA clones encoding VSIG1 as a tem-
plate with the following 3 sets of primers: the first Ig-like domain, 
5′-AAGAATTCACTGTTGGATCTAATGTTACTCTTCT-3′, and 
5′-AACTCGAGGGTGCCAACTTTTTTCTCAGT-3′; the second 
Ig-like domain, 5′-AAGAATTCGGATCCTATTTCCTTGTC-3′ 
and 5′-AACTCCAGTGGCCGTGTTGAA-3′; cytoplasmic tail do-
main, 5′-TTGAATTCAAATCCAAGCAGCAGAAGAAT-3′ and 
5′-AACTCGAGTGCCTTAACTGTATCCTCTC-3′.  

Each GST-fused or His-tagged construct of the first Ig-like, 
second Ig-like and cytoplasmic tail domains were sequenced 
correctly and were expressed in E. coli BL21 (DE3). The result-
ing transformants were cultured, and protein expression was 
induced by addition of IPTG (final concentration, 0.5 mM) for 3 
h at 22°C. The cells were pelleted and washed with PBS. The 
cell pellets were resuspended in 0.3% TX-100 in PBS contain-
ing 1% protein inhibitor cocktail (Sigma-Aldrich) and sonicated 
with VCX 130 (Sonics & Materials) on ice. After centrifugation 
at 16,000 × g for 10 min, the supernatant solutions were ap-
plied to Ni-NTA agarose (Novagen, USA) and GST- sepharose 
4B (GE Healthcare). The beads were washed with the binding 
buffer and subjected to elution. The eluted samples were dia-
lyzed at 4°C by PBS.  
 
Immunoprecipitation assay 
TM4 cells (2.5 × 107

/ml) were kept at room temperature for 30 
min in PBS containing 1 mM sulfo-NHS-LC-biotin (Pierce). The 
biotinylated TM4 cells were washed 3 times with PBS and 
lysed with the above lysis buffer. Dialysis was subsequently 
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Table 1. Primer sequences for GFP -fused VSIG domains 

 Sense primer (5′ to 3′) Anti sense primer (5′ to 3′) 

VSIG1 AACTCGAGATGATGGTGTTTGCATTTTGGA AAGAATTCTGCCTTAACTGTATCCTCTC 

Cyto AACTCGAGAAATCCAAGCAGCAGAAGAAT AAGAATTCTGCCTTAACTGTATCCTCTC 

D-Cyto AACTCGAGAAATCCAAGCAGCAGAAGAAT AAGAATTCCTGGGGATCAGGCTCAAGCTC 

Cyto, Cytoplasmic tail domain; D-Cyto, deletion of PDZ binding motif in cytoplasmic tail domain 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
PDZ-binding is represented by closed circles. The asterisks indicate cysteine residues, which are predicted to form a disulfide bond. 
 
 
A                             B 
 
 
 
 
 
 
 
 
 
                            C 
 
 
 
 
 
 
 
 
 
 
carried out to remove unbound biotin from the biotinylated TM4 
cell extracts. Biotin-labeled proteins were precipitated with im-
mobilized streptavidin beads (Pierce) and then green fluores-
cent protein (GFP) -fused VSIG1 was added. The resulting 
pellet extracts were denatured and analyzed by SDS-PAGE 
and Western bolts using aiti-mVSIG1 and anti-GFP (Santa 
Cruz) antibodies. For analysis of the binding motif of the cyto-
plasmic tail domain in VSIG1, GFP-fused proteins were ampli-
fied by PCR using primers (Table 1). These fragments were 
cloned into the pEGFP vector. To express GFP-fused protein, 
NIH3T3 cells were cultured in Dulbecco’s modified Eagle’s 
medium supplemented with 10% fetal bovine serum. 
 
RESULTS 

 
Sequence comparison between mouse VSIG1 and human 
VSIG1 
On the basis of our in silico analysis using gene information 
from NCBI, the DNA sequence indicated that mouse VSIG1 is 
synthesized as single-chain proteins comprising 407 residues 

with a calculated molecular mass of 44,013 Da, which is pre-
dicted to contain multi-domains, including a signal peptide; an 
extracellular domain; a transmembrane domain; and cytoplas-
mic tail domain. Compared with human VSIG1, mouse VSIG1 
possessed an approximately 20- residue extra sequence at the 
cytoplasmic tail domain (Fig. 1). In particular, the Ser/Thr-X-Val/ 
Ile motif known to be mediated by ZO-1, the central structural 
protein of the tight junction, is present only in mouse VSIG1. 
The sequences of the first and second Ig-like domains showed 
81.3% and 79.7% similarity, respectively, between mouse and 
human VSIG1, while the sequence of the cytoplasmic tail do-
main showed 45.3% similarity, which was relatively low com-
pared to the similarity for the Ig-like domains. The overall ho-
mology was 68% between human and mouse VSIG1.  

 
Expression and subcellular localization of VSIG1 in mouse  
spermatogenic cells 
Reverse transcriptase-polymerase chain reaction (RT-PCR) 
analysis indicated that mouse VSIG1 is expressed specifically 
in the testis (Fig. 2A). To further examine the expression pattern  

Fig. 1. Amino acid comparison

between human and mouse

VSIG1. Amino acids identical

between the two proteins are

represented by shaded boxes.

Arrows indicate putative starting

points of the signal sequence,

the first Ig-like domain (Ig 1), the

second Ig-like domain (Ig 2), and

cytoplasmic tail domain (C.T.).

The transmembrane domain is

underlined. The possible motif of

Fig. 2. Characterization of VSIG1. (A) RT-

PCR analysis. Total RNA was isolated from

various mouse tissues and subject to RT-

PCR analysis with primers specific for mouse

VSIG1 and VPS35. (B) Western blot analy-

sis. Proteins in Triton X-100 extracts from

various mouse tissues were separated by

SDS-PAGE under reducing conditions and

subjected to Western blot analysis using

mVSIG1 and VPS35 antibodies. (C) The

expression pattern of mVSIG1 during sper-

matogenesis was examined by Western blot

analysis using protein extracts from testis

samples of various ages (10, 15, 20, 25, 40,

and 90 days). 
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Fig. 3. Subcellular localization of mVSIG1. Testicular germ cells 

were (+) or were not (-) treated with biotin (left) or trypsine (right) 

and subjected to Western blot analysis using mVSIG1, JAM-C, and 

Vps35 antibodies. Arrows indicate the biotinylated mVSIG1 and 

JAM-C forms which are localized on the cell surface. 
 
 
of mVSIG1 in testicular germ cells (TGC), we generated a poly-
clonal antibody against the first Ig-like domain of mVSIG1. The 
mVSIG1 antibody immunoreacted with the 60-kDa protein in 
TGC and no immunoreactive signal for mVSIG1 was found in 
the cauda epididymal sperm extracts and mouse Sertoli cell line 
TM4 (Fig. 2B). Further Western blot analysis was carried out 
using the mouse testis extracts obtained at different times after 
birth. mVSIG1 was detected in the postnatal mouse testis at the 
15th day, and the protein level gradually increased during germ 
cell development (Fig. 2C).  

The cellular localization of mVSIG1 in mouse testicular germ 
cells was examined by biotinylation and trypsinization assay 
using the mVSIG1 antibody. Biotinylation of surface proteins on 
testicular germ cells resulted in slow migration of the mVSIG1 
and JAM-C on SDS-PAGE, and the intracellular protein VPS35 
was not biotinylated (Fig. 3). When the trypsinization assay was 
carried out using testicular germ cells, the levels of 60-kDa 
mVSIG1 were negligibly low in the sample in 10 min, but not 
the level of VPS35 was affected (Fig. 3). Therefore, mouse 
VSIG1 is localized on the testicular germ cell surface.  
 

 

 

mVSIG1 mediates homophilic adhesion 
To determine whether mVSIG1 forms complex, we generated a 
glutathione S-transferase (GST)- recombinant protein of each 
Ig-like domain and cytoplasmic tail domain (Fig. 4A). The puri-
fied proteins were denatured by SDS under mild non-reducing 
conditions. Coomassie brilliant blue (CBB) staining clearly 
showed that each Ig-like domain formed homo-complex (Fig. 
4B). To further examine whether these Ig-like domains crossre-
act with between the first Ig-like domain and the second Ig-like 
domain, we performed a pull-down assays using GST-fused 
and His-tagged Ig-like domains. The His-tagged first Ig-like 
domain was incubated with Ni-NTA agarose beads in the pres-
ence of GST-fused first Ig-like domain or GST-fused second Ig-
like domain, and the pellets were then subjected to immuno-
blotting with and antibody specific to GST (Fig. 4C). The GST-
fused first Ig-like domain was not detected in the His-tagged 
second Ig-like sample. However, the GST-fused first Ig-like 
domain was detected in the His-tagged first sample. The results 
of molecular interactions showed that the first Ig-like domain 
could interact with itself but not with the second Ig-like domain 
and vice versa.  

 
Interaction between spermatogenic and Sertoli cell is  
mediated by the first Ig-like domain 
To examine whether mVSIG1 can interact with a Sertoli cell 
membrane protein to mediate adhesion between the spermato-
genic and Sertoli cell, we carried out immunoprecipitation (IP) 
assay using biotinylated-TM4 surface proteins. After the bioti-
nylated TM4 cell surface proteins were precipitated with strep-
tavidin beads, mVSIG1 blotting was observed in the pellet (Fig. 
5A). This shows that mVSIG1 did interact with a Sertoli cell 
membrane protein. To further confirm whether the first Ig-like 
domain mediates interaction between spermatogenic cells and 
Sertoli cells, we carried out IP analysis from biotinylated-TM4 
surface proteins. As shown in Fig. 5B, biotinylated protein(s) 
only binds to the first Ig-like domain. These results suggested 
that the first Ig-like domain is required for Sertoli cell interaction. 
 
The cytoplasmic tail domain of mVSIG1 associates with ZO-1 
In order to identify the possible PDZ binding motif of mVSIG1 
that interacts with ZO-1, we generated a cytoplasmic tail 
domain expression vector encoding a deletion of the Ser-Gly-
Val motif as well as wild-type VSIG1. NIH3T3 cells were trans- 

 

 
A                                   B 
 
 
 
 
 
 
 
 
 
 
 
 
 
                          C 
 
 
 
 
 

Fig. 4. mVSIG1 mediates homo-

philic adhesion and interaction

between Sertoli cell membrane

proteins. (A) Structure of VSIG1

constructs. (B) GST-fused recom-

binant domains. The GST-fused

proteins were subjected to SDS-

PAGE under non-reducing condi-

tions followed by CBB staining. (C)

GST-pull down analysis. Arrows

indicate homodimer forms for each

domain. GST-F. Ig, GST- the first

Ig-like domain; GST-S. Ig, GST-

the second Ig-like domain; GST-

CT, GST- cytoplasmic tail domain;

Ig 1-His, His tagged the first Ig-like

domain; Ig 2-His, His tagged the

second Ig-like domain. 
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A                      B 
 
 
 
 
 
 
 
 
 
Fig. 5. Protein complex between GFP-fused mVSIG1 and Sertoli 

cells. (A) The biotinylated Sertoli cell (TM4) surface proteins co-

precipitated with immobilized streptavidin beads; the resulting ex-

tracts were subjected to immunoblot analysis. Control, GFP-fused 

mVSIG1; lane 1, unbiotinlyated fraction; lane 2, biotinylated fraction. 

(B) Interaction between GST fusion the first Ig-like domain bioti-

nylated Sertoli cell surface protein. GST-Ig 1, GST- the first Ig-like 

domain; GST-Ig 2, GST- the second Ig-like domain. 
 
 
fected with expression vectors encoding both pEGFP-cyto-
plasmic tail, EGFP-deletion of Ser-Gly-Val in cytoplasmic tail 
domain and pEGFP-mVSIG1. Protein extracts from transfected 
cells were immunoprecipitated with antibodies to both GFP and 
ZO-1, and the immunoprecipitates were subjected to Western 
blot analysis (Fig. 6). The asterisk in Fig. 6 indicates that PDZ-
binding motif in mVSIG1 was slightly lower in molecular weights, 
compared with non-deletion form. GFP-mVSIG1 and the GFP-
cytoplasmic tail domain co-precipitated with the ZO-1, but nei-
ther the GFP nor GFP-mutant cytoplasmic domain co-preci-
pitate with ZO-1 under the same conditions. These results 
show that the PDZ-binding motif in the C-terminal of mVSIG1 is 
critical for binding to ZO-1. 
 
DISCUSSION 

 
Knock-out studies of JAM family members in mice have re-
vealed that the loss of spermatogenic cell-Sertoli cell interac-
tions leads to defects in spermatogenesis (Wang and Cheng, 
2007). Despite the abundant expression of VSIG1 in the human 
testis, its role in spermatogenesis remains unknown. In the 
present study, we characterized mVSIG1, which contains two 
immunoglobulin-like domains, one trans-membrane domain 
and one cytoplasmic domain. To elucidate the functions of this 
protein, we first raised a rabbit polyclonal antibody against the 
first Ig-like domain of mVSIG1. We found that mVSIG1 protein 
was specifically expressed in the mouse testis, but not in cauda 
epididymal sperm extracts and mouse Sertoli cell line TM4, 
indicating that mVSIG1 is probably involved in spermatogene-
sis rather than fertilization (Fig. 2B). Recent studies on mice 
with targeted null alleles of JAM family members have sug-
gested that these proteins function as cell adhesion molecules 
during spermatogenesis (Gliki et al., 2004; Inagaki et al., 2006; 
Yamada et al., 2006) and mediate homophilic or heterophilic 
interactions between spermatogenic and Sertoli cells by form-
ing homodimers on cell surface (Bazzoni, 2003). Consistent 
with these results, we present direct evidence of homotypic 
VSIG1 binding through its extracellular domains. Owing to its 
localization pattern in spermatogenic cells, mVSIG1 has been 
postulated to interact with Sertoli cells (Figs. 3 and 5). We have 
now shown that only the first Ig-like domain can bind with Ser-
toli cells. In contrast, the second Ig-like domain was found not 
to affect the binding of Sertoli cell. Since no expression of 
mVSIG1 in Sertoli cells, these results suggest that the first Ig-
like domain of mVSIG1 associates with Sertoli cells by hetero- 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Immunoprecipitation analysis of the interaction between 

mVSIG1 and ZO-1. The GFP-fused protein extracts from NIH3T3 

cells were immunoprecipitated with anti-GFP and ZO-1 antibodies 

and subjected to Western blot analysis using the antibodies indi-

cated on the left. Arrow indicates the mVSIG1 lacking PDZ binding 

motif in C- terminus. 
 
 
philic adhesion (Fig. 4). Indeed, cell adhesion molecule-1 
(CADM1) is one of the best-characterized members of the JAM 
family and is composed of three Ig-like domains, a transmem-
brane domain and a short cytoplasmic tail domain (Bazzoni, 
2003). Among the three Ig-like domains of CADM1, only the 
first Ig-like domain binds to Sertoli cells as a heterophilic man-
ner as well as a homophilic manner because CADM1 was de-
tected both Sertoli and spermatogenic cells, suggesting that its 
second Ig-like domain forms homodimer (Wakayama and Iseki, 
2009). mVSIG1 also may not only bind to another molecule on 
the Sertoli cells in a heterophilic manner, but also bind to mole-
cules on neighboring spermatogenic cells in homophilic manner 
via its first Ig-like domain. In agreement with the findings of 
previous studies, we suggest that the second Ig-like domain of 
VSIG1 may be important in forming homodimer. 

Proteins containing PDZ domains mediate protein-protein in-
teractions by interacting with short consensus motifs found at 
the free carboxyl terminus of transmembrane proteins, are pre-
dominantly present in the plasma membrane and have been 
reported to act as motifs required for TJ assembly (Songyang et 
al., 1997). The amino acid sequence of Ser/Thr-X-Val/Ile, which 
is found in the C-terminus of mVSIG1, is predicted to interact 
with PDZ domains. The cytoplasmic domain of JAM family 
members binds to the TJ-associated protein ZO-1, suggesting 
that this domain may be connected to the actin cytoskeleton 
(Fanning and Anderson, 2009). Thus, mVSIG1 is highly likely to 
possess similar binding activities. To further characterize the 
interaction between mVSIG1 and TJ assembly molecules, we 
generated a deletion form of Ser-Gly-Val in the C-terminus and 
confirmed that the mVSIG1-ZO-1 interaction depends on the 
Ser-Gly-Val motif. We believe that this motif may also partici-
pate in TJ assembly and sustain the adhesion established by 
the extracellular Ig domain. 

The physiological role of mVSIG1 in the interactions between 
spermatogenic cells and Sertoli cells or between spermato-
genic cells should be determined; this requires further research 
not only identify heterophilic interaction partner(s) but also pro-
duce mice that lack this gene, since these mice will be useful 
for elucidating the mechanism of spermatogenesis. 
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