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Molecular cloning and identification of mouse
epididymis-specific gene mHong1, the homologue
of rat HongrES1

Shuang-Gang Hu1,*, Han Du1,*, Guang-Xin Yao1 and Yong-Lian Zhang1,2

Previous studies have shown that rat epididymis-specific gene HongrES1 plays important roles in sperm capacitation and fertility. In

this study, we cloned the mouse homologue gene by sequence alignment and RT-PCR methods and designated it as mHong1. The

mHong1 gene is located on chromosome 12p14, spanning five exons. The cDNA sequence consists of 1257 nucleotides and encodes a

419 amino-acid protein with a predicted N-terminal signal peptide of 20 amino acids. The mHong1 mRNA shows similarity with

HongrES1 in the expression patterns: (i) specific expression in epididymal tissue, especially in the cauda region; and (ii)

androgen-dependence but testicular fluid factor independence. Its protein product shows 71% similarity with HongrES1 and contains

a classical serpin domain as does HongrES1. A polyclonal antibody against mHong1 with high specificity and sensitivity was raised.

Like HongrES1, the mHong1 protein shows a checker-board expression pattern in the epididymal epithelium and is secreted into the

epididymal lumen. The mHong1 protein shows higher glycosylation than HongrES1. Although both of them are deposited onto the

sperm head surface, mHong1 is localized to the equatorial segment, which is different from that of HongrES1. The mHong1 protein can

be removed from the sperm membrane by high ionic strength and therefore can be classed as an extrinsic membrane protein.

Collectively, we conclude that mHong1 is the homologue of HongrES1 and the present work paves the way for establishing animal

models to elucidate the precise functions of HongrES1 and mHong1.
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INTRODUCTION

The epididymis contains a long coiled tubule responsible for sperm

transport, protection, storage and maturation.1 It has been shown that

some epididymis-specific secretory proteins associate with spermato-

zoa and play important roles in sperm maturation.2–4

HongrES1, a new member of the serpin family, was cloned from the

rat epididymis by our laboratory.5 It is specifically expressed in the

cauda epididymidis and secreted to the lumen and deposited on the

sperm head surface. Knockdown of HongrES1 by RNAi in vivo leads to

accelerated capacitation but does not affect sperm motility and the

acrosome reaction. The about 50% knockdown of HongrES1 protein

expression results in impaired fertility, i.e., a considerable decrease in

litter size and blastocyst number and the appearance of dead or small-

sized offspring and regressing implanted embryos. These results indi-

cate that HongrES1 is a novel and key regulator of sperm capacitation

and male fertility.6

In HongrES1 gene knockdown male rats, there are mainly three types

of spermatozoa, i.e., those with heads fully, partially and not covered by

HongrES1 protein. These HongrES1 binding differences may account

for the above-mentioned phenotypes. To clarify the function of

HongrES1, it is better to obtain HongrES1 null spermatozoa, but it

was impossible to isolate them from the HongrES1 knockdown rats.

Therefore, production of HongrES1 knockout mice is the optimal

method for which the cloning, identification and characterisation of

mouse homologue of HongrES1 is needed.

Recently, the HongrES1-like protein has also been identified in the

guinea pig. It was localized to the cauda epididymidis and deposited

on the anterior sperm acrosome region. Removal of this protein

from the guinea pig sperm surface is associated with capacitation

and hyperactivation.7

In this article, we describe the cloning of the HongrES1 homologue,

named mHong1, from the mouse epididymis and the characterisation

of this gene at both the mRNA and protein levels.

MATERIALS AND METHODS

Animals

Healthy adult male C57BL/6 mice (body weight: 20–25 g) and adult

male New Zealand white rabbits (body weight: 2.5 kg) were purchased

from the Animal Center of the Chinese Academy of Sciences

(Shanghai, China). Experiments were conducted by following a pro-

tocol approved by the Institute Animal Care Committee. The protocol
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conforms to internationally-accepted guidelines for the humane care

and use of laboratory animals.

DNA and protein sequence analysis

The rat HongrES1 sequence (GenBank accession number NM_181630)

was used as the sequence to interrogate the mouse genome in the

National Center for Biotechnology Information. Two fragments of

the genome (224 bp and 657 bp), producing significant alignments,

were retrieved. Two pairs of primers (forward primer FP1: 59-AAGG-

AGAAGGGTTCCCTTGGTTGC-39; reverse primer RP1: 59-CTGAA-

ACCTGTCTGCCAGTGGCT-39; forward primer FP2: 59-CCTCAT-

CCCTGTGTACTTCGGGT-39; reverse primer RP2: 59-AACTCTG-

CTACAACTCAGGTAGTG-39) were synthesized on the basis of the

sequences of the two fragments.

The cDNA fragments of mHong1 were amplified by RT-PCR.

Total RNA isolated from the mouse epididymis was reverse-tran-

scribed by SuperScript reverse transcriptase (Gibco/BRL, Grand

Island, NY, USA) as per the manufacturer’s recommendations.

The cDNA fragments of 224 bp, 653 bp and 1524 bp were amplified

by PCR with primers FP1/RP1, FP2/RP2 and FP1/RP2, respectively,

with Ex-Taq (Takara, Dalian, China). The full-length cDNA

sequence was obtained by 59-rapid amplification of cDNA ends

(RACE) and 39-RACE (protocol of the FirstChoice RLM-RACE

kit; Ambion, Austin, TX, USA).

RNA extraction and Northern blot analysis

Total RNA was extracted from mouse tissues with Trizol (Invitrogen,

Grand Island, NY, USA) by following the manufacturer’s instructions.

Northern blot analysis was performed as described previously.8 Fifteen

micrograms of total RNA from each sample were loaded in each lane.

Probes were 32P-labelled mHong1 cDNA fragments (1–224 bp and

872–1524 bp, used only for Figure 1; 225–871 bp, used in all

Northern blot experiments). A 18s r-RNA hybridisation signal was

used as a loading control. Radio-autographs with pronounced differ-

ences in expression were analysed by densitometry.

Castration and androgen replacement

Adult (8-week-old) male C57 mice were castrated bilaterally under

sodium pentobarbital anesthesia. The mice were divided into nine

groups (six mice per group), each killed at different days after castra-

tion (0, 1, 3, 5 and 7 days) and 1, 3, 5 and 7 days after a single injection

of testosterone propionate (5 mg kg21 body weight) given to the 7-day

castrated mice. Epididymal samples for each group were pooled for

RNA extraction. Pooled serum samples from every group were sent to

Shanghai Zhongshan Hospital for measurement of testosterone con-

tent by radioimmunoassay.9

Efferent duct ligation

Adult (8-week-old) male C57 mice were anaesthetized with sodium

pentobarbital and the efferent ducts of the left testis of each animal

were ligated with silk thread (braided silk sutures, size 5/0) at their

junctions with the extratesticular rete testis, avoiding damage to the

regional blood vessels. As controls, the right testes were manipulated

similarly to the left testes, but the efferent ducts were not ligated. The

mice (n55) were killed 2 weeks after surgery. Ligated and control

epididymides were dissected out and processed for Northern blot

analyses.

Anti-mHong1 polyclonal antisera

The cDNA fragments coding for the C-terminal peptide (230–418

amino acids) were amplified by PCR by using the following primers:

the forward primer was 59-GCTAGCACCAATATCCTGGTA-39, and

the reverse primer was 59- AAGCTTTCAGGGACGATGTAC-39. The

fragment with a NheI site at its 59 end and a HindIII site at its 39 end

was inserted into the pET28 (a) vector (Novagen, Darmstadt,

Germany). The expression vector was constructed according to the

standard protocol in the pET expression manual (pET System

Manual, tenth edition, http://www.novagen.com). The recombinant

protein in the inclusion bodies was induced by IPTG in the strain

Escherichia coli BL21 DE3 (Novagen). The purification of the recom-

binant protein from inclusion bodies was performed as described

previously.10 The antisera were obtained by our modified immuni-

sation methods.11 Antigen (600 mg) was injected into rabbits on days

1, 3 and 28. On the thirty-fifth day, the antisera were harvested from

the carotid artery.

Protein extracts and Western blot analysis

Total protein extracts of mouse tissues were prepared as described

previously.12 For the epididymal epithelial, luminal fluid and sperm

protein extraction, the mouse epididymis was separated into three

regions: caput (segments 1–5), corpus (segments 6 and 7) and cauda

(segments 8–10), epididymal segments being numbered according to

the classification of Johnston et al.13 The different epididymal regions

were finely minced in phosphate-buffered saline (PBS; Gibco/BRL)

supplemented with a protease inhibitor cocktail (Pierce, Rockford, IL,

USA) and were incubated for 20 min at 37 uC to allow sperm release

from the epididymal tubules. The supernatant containing spermato-

zoa and luminal contents was centrifuged at 500 g for 5 min; and the

final supernatant was collected as luminal fluid protein extract and the

sperm pellets were washed three times with cold PBS. The epididymal

debris was also washed three times with cold PBS to remove the resid-

ual luminal fluid and spermatozoa. The tissue debris and sperm pellet

were lysed with 1% (w/v) SDS supplemented with a protease inhibitor

cocktail (Pierce) for 30 min and then centrifuged at 12 000 g for

15 min. The supernatants from each were collected as epithelial and

sperm protein extracts, respectively.

Figure 1 Cloning of the full-length mHong1. (a) The rat HongrES1 cDNA

sequence was used to interrogate the mouse genome. Two fragments (224 bp

and 653 bp) with significant similarity were obtained. On the basis of the

sequences of these two fragments, two pairs of primers (FP1/RP1, FP2/RP2)

were synthesized. (b) Amplification of cDNA fragments of mHong1 by RT-PCR.

The cDNA fragments of 224 bp, 653 bp and 1524 bp were amplified with primers

FP1/RP1, FP2/RP2 and FP1/RP2, respectively. (c) Northern blot analysis of

mHong1 mRNA in the epididymis and testis probed with different cDNA regions

(1–224 bp, 225–871 bp and 872–1524 bp). 18s rRNA was used as loading

control. Ep, epididymis; Te, testis.
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Total protein extracts for each sample (12 mg) were separated on

12% (w/v) SDS–PAGE gels and semidry-blotted to polyvinylidene

difluoride membranes (Amersham Pharmacia Biotech, Piscataway,

NJ, USA). The polyclonal antiserum against mouse mHong1 recom-

binant protein was used as the primary antibody (dilution 1 : 10 000).

The second antibody was a goat horseradish peroxidase-conjugated

anti-rabbit immunoglobulin G (dilution 1 : 20 000; CalBiochem,

Darmstadt, Germany). The peroxidase activity was demonstrated with

the ECL analysis system (Amersham Pharmacia Biotech).

Peptide N-glycosidase F treatment

Peptide N-glycosidase F treatment was performed by the procedure

described previously.9 Briefly, 20 mg of total tissue protein extracts was

treated and in the control sample no enzyme was added. The reaction

products were then detected by Western blot analysis by using

mHong1 polyclonal antisera.

Immunohistochemical staining of tissues

Tissue section preparation and immunohistochemical staining were

performed as described previously.12 Primary and secondary anti-

bodies were diluted in PBS containing 10% (v/v) normal goat serum.

The 1 : 200 diluted anti-mHong1 antiserum was applied to the tissues

overnight at 4 uC and after the tissues were washed, 1 : 200 diluted

horseradish peroxidase-conjugated goat anti-rabbit immunoglobulin

G was applied before incubation for 1 h at room temperature. As a

negative control, serial sections were subjected to the same procedure,

with normal rabbit serum replacing the primary antibody.

Indirect immunofluorescence staining of proteins associated with

spermatozoa

The epididymides were separated into caput, corpus and cauda, as

indicated above. The different segments were minced briefly in PBS

and incubated at 37 uC for 15 min. The supernatants were carefully

removed and centrifuged at 500 g for 5 min. The sperm pellets were

washed twice with PBS and resuspended in 4% (w/v) paraformalde-

hyde at 37 uC for 10 min for fixation. After being washed with PBS, the

spermatozoa were placed on polylysine-coated slides and air dried.

The slides were blocked for 1 h at room temperature with 10% (v/v)

goat serum in PBS. They were then incubated in polyclonal anti-

mouse mHong1 serum (diluted 1 : 400 in PBS containing 10% (v/v)

goat serum) overnight at 4 uC, with pre-immune rabbit serum as the

control. After three washes with PBST (PBS containing 0.2% (v/v)

Tween-20), the corresponding second antibody was applied (FITC-

conjugated anti-rabbit immunoglobulin G, 1 : 600 diluted in PBS

containing 10% (v/v) goat serum). The slides were washed three times

with PBST and mounted in 80% (v/v) glycerol. Slides were examined

in an Olympus BX-52 microscope.

High-salt solution treatment of spermatozoa

Mature C57 mice were killed and the epididymides were then removed

and the caput, corpus and cauda segments were separated as indicated

above. These segments were then minced in PBS at 37 uC and the

sperm suspensions were filtered through cheesecloth (mesh size:

120 mm), divided into equal parts and centrifuged at 500 g for

10 min. The cells were washed once more in the same manner and

then resuspended in either 0.5 ml PBS or 0.5 ml 0.5 mol l21 NaCl and

0.0l mol l21 sodium phosphate buffer at pH 7.2 (high-salt solution).

The spermatozoa were incubated for 15 min at 37 uC and the suspen-

sions centrifuged at 500 g for 10 min. The pelleted spermatozoa were

then examined by indirect immunofluorescence.

RESULTS

Cloning and sequence analysis of mHong1 cDNA

Two mouse homologous fragments (224 bp and 653 bp) were

obtained after a BLAST search in the mouse genome by using the

rat HongrES1 cDNA sequence (Figure 1a). On the basis of the mouse

genomic sequence, four primers (FP1, RP1, FP2 and RP2) were

designed and used to amplify the cDNA fragments by RT-PCR with

mouse epididymal total RNA. The correct 224 bp and 653 bp frag-

ments were amplified with primers FP1/RP1 and FP2/RP2, respect-

ively and checked by automated sequencing. A 1524 bp cDNA

fragment, which covered 224 bp and 657 bp fragments, was also amp-

lified with primers FP1/RP2 (Figure 1b). On the basis of the sequence

of this 1524 bp fragment, a gene-specific primer was designed, and the

sequence toward the 39 end was extended by 63 bp through 39-RACE

reactions. The full-length cDNA of mHong1 was 1587 bp. A polyade-

nylation signal (AATAAA) was located at 1548–1553 bp, 16 bp

upstream of the poly (A) tail.

To identify the molecular size of the transcript of this mouse

mHong1, total RNA isolated from the mouse epididymis and testis

was analysed by Northern blotting. By using three different cDNA

fragments (1–224 bp, 225–871 bp and 872–1524 bp) as probes, two

transcripts of different size, one being about 1.6 kb and the other 3.7 kb,

were obtained (Figure 1c). We performed the 59-RACE to identify the

extra sequence of the larger form of 3.7 kb, but no sequences were

obtained (data not shown). In this study, we focused on the 1.6 kb

transcript which is similar to HongrES1 in size.

The gene of mHong1 was located on mouse chromosome 12. It

spanned 7336 bp and consisted of four introns and five exons

(Figure 2b). As shown in Figure 2a, mHong1 contained a 1257 bp

open reading frame encoding a protein with 418 amino acids.

The N-terminal 20 amino acids may form a signal peptide, as pre-

dicted with the SignalP 3.0 Server (http://www.cbs.dtu.dk/services/

SignalP/). Cleavage of this peptide would lead to a mature protein

of 398 amino acids with an estimated molecular mass of 44.7 kDa

and isoelectric point of 10.0. Seven potential N-glycosylation sites

were predicted at N31, 151, 223, 228, 263, 322 and 383. Seven other sites of

potential post-translational modification are present in this sequence:

four protein kinase C phosphorylation sites located at T32SR, T139LK,

S317FK and S324LK; and three N-myristoylation sites located at

G96LGFGV, G103ALDAK and G127IHTGS. A serpin signature from

the 380th to 390th amino-acid residues was found by the software at

the site: http://myhits.isb-sib.ch/cgi-bin/motif_scan (Figure 2c). A

BLAST search in the GenBank protein database shows that mHong1

protein shares 71% similarity to rat HongrES1.

mHong1 mRNA is predominantly expressed in the epididymis and

upregulated by androgen but not other testicular factors

To determine the tissue expression pattern of mHong1, we performed

Northern blot hybridisation on the RNA samples prepared from 14

different tissues of adult male mice. As shown in Figure 3a, mHong1

mRNA was predominantly expressed in the epididymis, and a weak

signal in the vas deferens could also be detected. No signal was

observed in other tissues. mHong1 mRNA was highly regionalized

and predominantly expressed in the corpus and cauda epididymidis

without expression in the caput region.

The effects of androgen manipulation on mHong1 mRNA expres-

sion were analysed by Northern blot analysis. As shown in Figure 3b

and 3c, mHong1 mRNA in the epididymis was dramatically decreased

in abundance concomitant with the drastic decrease in serum tes-

tosterone after castration. After the administration of testosterone to
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Figure 2 The cDNA and deduced amino acid sequence analysis and the intron–exon structure of mHong1. (a) The mHong1 open reading frame contains 1257 bp

coding for a 418-amino acid protein, and the initial and terminal codons are boxed. The protein contains a putative signal peptide (in italics) with a cleavage site

between amino acids 20 and 21. The N-glycosylation (N31, 151, 223, 228, 263, 322 and 383) sites are shadowed grey. The serpin motif from 380th to 390th amino acid is in

bold and boxed. (b) The mHong1 gene diagram shows the relative lengths of exons 1–5 and intervening introns. The shadowed grey box represents the open reading

frame of mHong1 mRNA. (c) Amino-acid sequence alignment of mouse mHong1 and rat HongrES1. Dashes show alignment gaps. The conserved serpin motif

residues are indicated by grey box.
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mice that had been castrated for 7 days, mHong1 mRNA gradually

returned to nearly normal levels in parallel with serum testosterone

restoration.

Testicular factors other than testosterone from the testis play an

important role in regulating epididymal gene expression.14,15

Fourteen days after unilateral efferent duct ligation, mHong1 mRNA

levels in the ligated and unligated epididymis were almost identical to

each other (Figure 3d and 3e).

The native status of mHong1 protein in the epididymis

To characterize mHong1 at the protein level, we generated a rabbit

polyclonal antiserum against the recombinant C-terminal peptide of

mHong1. The sensitivity and specificity of the antiserum was exam-

ined by Western blot analysis. As shown in Figure 4a, as little as

0.5-ng C-terminal antigen could be readily detected by the antiserum

at a 1 : 20 000 dilution. Two proteins were detected in the extract

from the epididymis but not in the testis or other tissues (Figure 4b),

which is consistent with the tissue distribution pattern of the

mHong1 mRNA. The sizes of both proteins (molecular mass:

<54 kDa and 57 kDa) were larger than the deduced mature

mHong1 protein (molecular mass: 47.4 kDa). After deglycosylation

of the tissue protein extracts by N-glycosidase, only one band of

about 47 kDa was detected by Western blot analysis (Figure 4f),

which is identical to the deduced size.

Regional, cell-specific expression and secretory activity of mHong1

in the epididymis

As shown in Figures 4c and 5, mHong1 was detected in the corpus and

cauda regions of the mouse epididymis but not in the caput region. In

Figure 5a, it is seen that there is a gradually increasing immunoreacti-

vity in the epithelium and lumen from the proximal corpus to the

distal cauda region. The magnified images in Figure 5b show that no

signal was found in the caput region (Figure 5b), and the immuno-

reactive signal in the epithelium and lumen was strong in the cauda

region (Figure 5b, b8 and b9) and moderate in the corpus region

(Figure 5b, b4-b7). It is noteworthy that not all the epithelial cells

Figure 3 Tissue distribution, androgen-dependent and testicular factor-independent expression of mHong1 mRNA by Northern blot analysis. (a) Total RNAs (15 mg

per lane) from various tissues were used. The mHong1 mRNA is highly expressed in the mouse epididymis, especially in the corpus and cauda, and weakly expressed

in vas deferens but not in the other tissues. Cap, caput; Cor, Corpus; Cau, Cauda; Te, testis; Ep, epididymis; Va, vas deferens; Sv, seminal vesicle; Li, liver; He, heart; Ki,

kidney; St, stomach; Br, brain; In, intestine; Th, thymus; Sp, spleen; Lu, lung; Ad, adrenal. (b) Northern blot analysis of adult mouse epididymal RNAs from pre-

castration (d0) and bilateral castration for 1,3, 5 and 7 days (d1, d3, d5 and d7) as well as for 1, 3, 5 and 7 days after the initial injection of testosterone propionate to the

7-day castrated rats (d711, d713, d715 and d717). The total RNAs were pooled from six animals at each time point. (c) The relative expression levels of mHong1

mRNA (hybridisation density of mHong1 mRNA/18s ribosomal RNA) in the mouse epididymis and the serum testosterone level (expressed in nmol l21) during

androgen manipulation. (d) Northern blot analysis of mHong1 mRNA and 18s rRNA in the epididymis of efferent duct-ligated mice and control mice. The left side of

each rat epididymis (1L, 2L, 3L, 4L) was ligated, and the other side (1R, 2R, 3R, 4R) served as the control. The RNAs were pooled with four animals per group. (e) The

relative expression levels of transcripts (hybridisation density of mHong1 mRNA/18s ribosomal RNA) in the mouse epididymis.
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expressed mHong1, and the epithelium presented a checker-board

protein staining pattern.

To examine whether mHong1 is a secretory protein, protein

extracts of the epididymal epithelial cells and luminal fluid from the

different regions were analysed by Western blot analysis. The mHong1

protein was present in both the epithelium and lumen of the corpus

and cauda regions (Figure 4c and d).

Immunolocalisation of mHong1 on spermatozoa

Indirect immunofluorescence staining showed that mHong1 was con-

centrated over the equatorial segment region of spermatozoa (Figure 6b).

In the cauda, most spermatozoa could bind mHong1, whereas only a

small percentage of spermatozoa in the corpus showed a weak fluor-

escence; caput spermatozoa did not show fluorescent staining (Figure 6a).

mHong1 can be removed from the sperm surface by high-salt

treatment

To demonstrate how mHong1 interacts with the sperm surface, cauda

spermatozoa were treated with high-salt solution or PBS and were ana-

lysed by indirect immunofluorescence staining. As shown in Figure 6c,

after high-salt solution treatment, no mHong1 immunostaining signal

could be detected on the sperm surface, but after PBS treatment, the

immunostaining signal was not decreased from that of the untreated cells.

DISCUSSION

In the present study, we identified and characterized the mHong1 gene

in the mouse epididymis at both the mRNA and protein levels. From

the data on the genomic structure, the amino-acid sequence and its

tissue distribution, mouse mHong1 can be certainly identified as the

homologue of rat HongrES1.

During our study, a predicted gene, Gm46, located in the Serpin

cluster of the chromosome 12, was annotated by the Human and

Vertebrate Analysis and Annotation project. This gene is shown to

be orthologous to HongrES1 and its sequence is identical to that of

mHong1. However, no information about its expression, distribution,

regulation and function was provided in this gene term.

The mHong1 gene is also recognized as a new member of serpin

family owing to its typical serpin domain. But, as with HongrES1,

whether mHong1 is functionally related to the epididymal fluid pro-

teinase inhibitors must remains a matter for speculation, since the

amino acids in the hinge region of the reactive centre loop of

mHong1 were large residues (Val, Asp, Glu), which is different from

the small residues of traditional inhibitory serpins.16

Our results suggest that mHong1 mRNA expression is regulated by

testosterone in vivo. Androgenic regulation on gene expression is

mediated by androgen receptor, a nuclear receptor that belongs to

the ligand-inducible transcription factor superfamily. The binding

of the androgen receptor to specific cis-acting DNA regulatory

elements named the androgen response element results in the

modulation of the target gene transcription. We searched the tran-

scription factor binding sites in the proximal promoter region

(1000 bp-long stretch of 59 upstream region) with Genomatix

software and found three stretches resembling the androgen

response element consensus sequence GGWACANNNTGTTCT

Figure 4 Western blot analysis of mHong1 native protein in tissues. (a) Rabbit polyclonal antisera were raised against mHong1 C-terminal peptide (antigen) and the

sensitivity of the antibody towards antigen was verified by Western blotting: 0.1, 0.5, 2 and 5 ng of antigen peptide were loaded. (b) Protein extracts (12 mg per lane)

from various tissues were analysed. Te, testis; Va, vas deferens; Sv, seminal vesicle; Li, liver; He, heart; Ki, kidney; St, stomach; Ep, epididymis; Ad, adrenal; Lu, lung;

Sp, spleen; Th, thymus; In, intestine; Br, brain. (c–e) Western blot analysis of mHong1 in epithelium (c), lumen (d) and sperm (e) protein extracts from caput (Cap),

corpus (Cor) and cauda (Cau) epididymidis. GAPDH was used as an internal control in (c) and (e). The same amount of protein was separated by electrophoresis and

stained by Coomassie blue to demonstrate equal loading in (d). (f) The change of molecular masses of mHong1 protein in total tissue protein of cauda epididymidis

before (2) and after (1) deglycosylation by peptide N-glycosidase F (PNGase-F).
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in either orientation: -648, CATGCTGACCTTGTTCTGT; -654,

AAGGTACATGCTGACCTTG; -784, CAGGATGTCTCTGTTCTTG.

Therefore, mHong1 gene expression may be directly regulated by

androgens at the transcriptional level, but its expression is indepen-

dent of the presence of testicular factors other than testosterone

(Figure 3b–e).

Many genes in the epididymis exhibit highly regionalized expression

that is thought to be critical for epididymal function.17 In our work,

mHong1 showed region-specific expression pattern, but its expression

pattern was somewhat different from that of HongrES1, whose mRNA

and protein were both exclusively expressed in the cauda region. Any

biological significance for the observed species differences in HongrES1/

mHong1 is unknown. The differential expression patterns may be indic-

ative of different roles of these two proteins in sperm maturation.

About 150–200 proteins are estimated to be secreted by the epidi-

dymal epithelium,18 but few of them have been shown to function in

sperm maturation. The principal characteristic of these secretory pro-

teins is high polymorphism, both in molecular weight and isoelectric

point. Most of them are secreted in the proximal part of the epididy-

mis. In the boar, the protein secretion in the caput, corpus and cauda

epididymis represents 83%, 16% and 1% respectively of the overall

secretion of the epididymis.19 In our work, mHong1 protein was iden-

tified as a corpus- and cauda-specific secretory protein and especially

rich in cauda lumen (Figure 4c and d). It is also a polymorphous

protein as judged by the appearance of a 57/54 kDa doublet band

(Figure 4b) in the epididymal protein extracts detected by Western

blots because of the high glycosylation.

Although HongrES1 protein shares 71% similarity to mHong1, it is

quite different from mHong1 in post-translational modifications.

Compared with the deduced band, only one higher MW band of

HongrES1 was detected in rat epididymal protein extracts by

Western blots.6 After deglycosylation, an about 2 kDa shift in mole-

cular mass of the HongrES1 band was detected.6 It was found that

there were seven N-glycosylation sites in the mHong1 amino acid

sequence, but only three for rat HongrES1. This is accounted for by

the different extents of glycosylation of mHong1 and HongrES1.

While the role of the glycosylated isoforms of mHong1 remains

unknown, it is conceivable that glycosylation is related to mHong1

protein activity, such as folding, secretion, transport and interaction

with the sperm surface.

It is well established that the sperm plasma membrane undergoes

substantial remodelling to induce sperm maturation during epididymal

Figure 5 The region-specific localisation of mHong1 in the mouse epididymis. (a) The expression pattern of mHong1 in the whole mouse epididymis. Bars52 mm. (b)

The magnified photographs for individual fields of (a): initial segment (b1), caput (b2), distal caput (b3), proximal corpus (b4), corpus (b5, b6), distal corpus (b7),

proximal cauda (b8) and distal cauda (b9). Bars550 mm.
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transit.20 Some of these surface changes result from interactions with

proteins produced by the epididymis.21,22 In the present study, we

observed that mHong1 can be deposited onto the sperm equatorial

segment (Figure 6a and b). The sperm-binding pattern of mHong1

is significantly different from that of HongrES1 in rat and guinea pig

spermatozoa,6,7 so they probably have different functions in reproduc-

tion. In the rat, HongrES1 covered the whole sperm head region; and as

a decapacitation factor, it is thought to enable spermatozoa to acquire

capacitation at the right time and right place. In the guinea pig,

HongrES1 is localized to the anterior sperm acrosomal region.

During capacitation, HongrES1 is lost gradually and is removed com-

pletely after the acrosome reaction. Therefore, removal of HongrES1

during capacitation may be required for guinea pig sperm activation. It

is well documented that the equatorial segment is of considerable func-

tional importance for fertilisation;23,24 therefore, mHong1 may be

involved in the fertilisation process. Further experiments will be needed

to test this hypothesis.

The mHong1 protein can be removed from sperm membrane by

high ionic strength and therefore can be classed as an extrinsic mem-

brane protein. The requirement of elevated ionic strength for the

removal of the mHong1 protein is also consistent with the idea that

its binding to the sperm surface is receptor-mediated. At this time,

nothing is known about what the receptors of mHong1 on sperm are.

It is noteworthy that mHong1 is a hydrophilic glycoprotein, being rich

in positively-charged amino acids and attached glycans, so we hypo-

thesize that hydrophilic interactions with negatively-charged sperm

membrane receptors are responsible for the attachment of mHong1 to

the sperm surface. Further study will be needed to check this hypo-

thesis and search for the receptors.

Taken together, our results allow us to identify mHong1 as the homo-

log of HongrES1, and our work paves the way for establishing animal

models to elucidate the precise functions of HongrES1 and mHong1.
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