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Abstract

Globozoospermia is a severe form of teratozoospermia characterized by round-headed spermatozoa with 
an absent acrosome, an aberrant nuclear membrane and midpiece defects. Globozoospermia is diagnosed by the 
presence of 100% round-headed spermatozoa on semen analysis, and patients with this condition are absolutely 
infertile.  The objective of this study was to investigate the differences in protein expression between human round-
headed and normal spermatozoa.  Two-dimensional (2-D) fluorescence difference gel electrophoresis (DIGE) 
coupled with mass spectrometry (MS) was used in this study.  Over 61 protein spots were analysed in each paired 
normal/round-headed comparison, using DIGE technology along with an internal standard. In total, 35 protein 
spots identified by tandem mass spectrometry (MS/MS) exhibited significant changes (paired t-test, P < 0.05) in 
the expression level between normal and round-headed spermatozoa.  A total of nine proteins were found to be 
upregulated and 26 proteins were found to be downregulated in round-headed spermatozoa compared with normal 
spermatozoa.  The differentially expressed proteins that we identified may have important roles in a variety of 
cellular processes and structures, including spermatogenesis, cell skeleton, metabolism and spermatozoa motility.
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1    Introduction

Globozoospermia is a severe form of teratozoosper-
mia characterized by round-headed spermatozoa with 
an absent acrosome, an aberrant nuclear membrane and 
midpiece defects.  This alteration was shown by analys-
ing a population of infertile men who were all part of 
the same family and had a history of consanguinity.  No 

abnormalities on the physical examination of affected 
males or peculiarities in the case history have previously 
been associated with globozoospermia.  Total globo-
zoospermia is diagnosed by the presence of 100% round-
headed spermatozoa on semen analysis and patients with 
this condition are always infertile.  The introduction 
of intracytoplasmic spermatozoa injection (ICSI) tech-
nology has provided a fertility treatment for patients 
suffering from certain spermatozoa defects, such as 
globozoospermia.  Pregnancy with globozoospermic, 
acrosomeless spermatozoa delivered by ICSI was first 
reported in 1994 [1].  Since then, more successful at-
tempts at ICSI with globozoospermic spermatozoa 
have been reported [2–5].  However, both fertilization 
and pregnancy rates are significantly lower in ICSI 
performed with globozoospermic spermatozoa than 
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are observed with ICSI in general [6, 7].  Furthermore, 
abnormal spermatozoa morphology might be associ-
ated with genetic alterations in the spermatozoa, which 
could have adverse consequences on patients’ offspring 
and future generations.  Since the first reported globo-
zoospermia case was described, more descriptions of 
morphological and aetiological abnormalities have been 
detected in globozoospermic spermatozoa [8].  In some 
cases, an increased number of spermatozoa cells with 
fragmented DNA have been observed in globozoosper-
mic patients [9, 10].  Recent studies have shown that 
globozoospermia is associated with cytogenetic abnor-
malities such as chromosomal aneuploidies [11].  Ru-
bes et al. [12] found that the number of round-headed 
spermatozoa cells is significantly increased in the ejacu-
late of smokers.  In addition, specific Y-chromosome 
microdeletions have been found in patients with globo-
zoospermia.  Although several hypotheses, including 
autosomal dominant, autosomal recessive, monogenic 
and polygenic gene mutations, have been suggested 
as possible causes of globozoospermia, the specific 
aetiology of globozoospermia is unclear.  A genetic 
component seems to be part of the picture, because this 
rare syndrome has been identified in multiple members 
of the same family on several occasions [13].  Patients 
with globozoospermia showed a wide spectrum of ab-
normal semen characteristics.  Thus, it is probable that 
multiple genetic components contribute to the disorder.  
Few genetic lesions have been linked to globozoosper-
mia and most of them affect germ cell acrosome bio-
genesis.  Several candidates, including those originally 
believed to be involved in the regulation of the sperma-
tozoa head morphology, have been identified as genes 
specific for male infertility.  The Csnk2a2 [14], HIV-1 
Rev-binding protein (Hrb) [15] and Golgi-associated 
PDZ and coiled–coil motif-containing protein (GOPC) 
[16], are of particular interest, because the phenotypes 
of Csnk2a2, Hrb and COPC-null mice are very similar 
to those of humans with globozoospermia.  In addition 
to being infertile, the spermatozoa produced by these 
three knockout mice are primarily round-headed and 
lack acrosomes.  However, genetic research on globo-
zoospermia is still in its infancy.  In 2004, Luo et al. [17]  
acquired 16 spermatozol spots that were differentially 
expressed in normal and round-headed spermatozoa.  
The authors identified eight of them, but the identified 
proteins were quite limited because of technologi-
cal limitation, thus, further research was needed to 
strengthen this study.

Proteins are the direct executants of cells and 
organisms.  To know the exact proteome of round-
headed spermatozoa and how it differs from that of 
normal spermatozoa would not only help to investigate 
round-headed spermatogenesis and its underlying 
pathophysiology but also assist further research on the 
identification of the aetiological factors underlying 
male infertility.  Thus, it is of great research interest to 
identify a group of proteins with consistently changing 
expression levels, whose function may reveal insight 
into the critical events that occur during the disease 
progression of globozoospermia, as they may be valuable 
in terms of identifying potential therapeutic targets.  
In this study, we performed a comparative analysis 
of spermatozoa proteins found in normal and round-
headed spermatozoa using the novel two-dimensional 
(2-D) fluorescence difference gel electrophoresis (DIGE) 
technique.  We identified a group of proteins that were 
up- and downregulated in round-headed spermatozoa 
as compared with normal spermatozoa, and subsequent 
bioinformatic analyses indicated that these proteins may 
have important roles in a variety of cellular processes and 
structures, including spermatogenesis, cell signalling, 
cell skeleton and metabolism.

2    Materials and methods

2.1  Materials
Cy2, Cy3, Cy5, immobilized pH gradient (IPG) 

strips and IPG buffer were purchased from GE Health-
care (Little Chalfont, Bucks, UK).  Thiourea was 
purchased from Fluka (Buchs, Switzerland).  Urea, 
CHAPS (3-[(3-cholanidopropyl)dimethylammonio]-1-
propanesulfonate), DTT (1, 4-dithio-DL-threitol) and 
the Bradford assay kit were purchased from BioRad 
(Bio-Rad Laboratories, Hercules, CA, USA), and the 
complete protease inhibitor cocktail tablet was pur-
chased from Roche (Mannheim, Germany).  Modified 
trypsin (sequencing grade) was obtained from Promega 
(Madison, WI, USA).  All other chemicals and bio-
chemical reagents used were of analytical grade.

2.2.  Collection of spermatozoa samples
All samples used in this research were obtained 

with informed consent from every donor and with the 
approval of the National Human Reproduction Ethic In-
vestigation Committee.  The round-headed spermatozoa 
samples were obtained from a patient who has exclu-
sively round-headed acrosomeless spermatozoa cells, 
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as determined by light and electron microscope.  The 
globozoospermia spermatozoa used in this study were 
obtained from 20 ejaculates from one patient with this 
syndrome.  Normal spermatozoa samples were obtained 
from 12 fertile donors with proven fertility.  Normal 
spermatozoa samples were obtained by masturbation 
after 4–6 days of abstinence.  Each donor donated three 
separate samples.

2.3  Spermatozoa isolation
Spermatozoa cells were isolated from the semen 

using a 1-step Percoll gradient (75%) and performing 
centrifugation at 600 × g for 30 min.  Spermatozoa with 
potentially contaminated cells were recovered from the 
75% interface.  The spermatozoa pellet was collected 
and washed with phosphate-buffered saline (PBS) 
thrice by centrifugation at 600 × g for 10 min at room 
temperature.  After the last centrifugation, the sperma-
tozoa were pooled, frozen immediately and stored in 
liquid nitrogen until use.

2.4  Solubilization of spermatozoaatozoa
Spermatozoa were routinely lysed in lysis buffer 

(7 mol L-1 urea, 2 mol L-1 thiourea, 4% CHAPS, 
10 mmol L-1 Tris and 5 mmol L-1 magnesium ac-
etate) with one complete protease inhibitor cocktail 
tablet added per 50 mL of lysis buffer [18].  After 
centrifugation at 12 000 × g for 30 min at 4ºC, all 
non-solubilized material was removed.  The protein 
concentration was determined with a Bradford assay 
kit (BioRad) using albumin diluted in lysis buffer as 
the reference standard.  The supernatant was used for 
1-D electrophoresis either immediately after prepara-
tion or stored at −80ºC for future use.

2.5  Protein labelling with Cy-Dye DIGE fluor
Samples were labelled with three Cy-Dye DIGE 

fluors, Cy2, Cy3 and Cy5.  This process was carried out 
according to the Ettan DIGE user’s manual (18-1164-
40 Edition AA, GE Healthcare).  A total of 50 µg of 
protein sample was labelled with 400 pmol of Cy3 or 
Cy5.  An internal reference standard, consisting of two 
mixed samples used in the experiment, was labelled 
with Cy2.  The labelling reaction was conducted on 
ice for 30 min under dark conditions.  Reactions were 
quenched by the addition of 10 mmol L-1 lysine and 
incubated for 10 min on ice under dark conditions.  
The labelled samples were pooled and prepared for the 
subsequent steps in the experiment.  To demonstrate 

the reproducibility and reliability of our results, each 
sample was separated twice on separate gels.

2.6  Protein separation by 2-D fluorescence DIGE
Two-D electrophoresis was performed as described 

earlier with several minor modifications [19].  IPG 
strips (24 cm, PH3-10 and NL) were hydrated in hydra-
tion buffer (8 mol L-1 urea, 4% CHAPS, 20 mmol L-1 

DTT, 1% v/v IPG buffer and a few grains of bromphe-
nol blue) and incubated with labelled samples under 
dark conditions.  The first-dimension IEF was per-
formed using an Ettan IPGphor System (GE Healthcare) 
for a total of 65 kV h-1 at 20ºC.  After the IEF, the IPG 
strips were equilibrated in the equilibration solution 
(6 mol L-1  urea, 30% glycerol, 2% sodium dodecyl sul-
phate and 50 mmol L-1  of Tris-Cl, PH 8.8) containing 
1% w/v DTT for 15 min and then in the same solution 
containing 3% IAA  instead of DTT.  Second-dimension 
separation was performed at 2 W per gel at 1ºC (Ettan 
DALT12 system, GE Healthcare) using hand-cast 12.5% 
gels.  Voltages and currents were continuously monitored 
throughout all runs for quality control.

2.7  Scanning of DIGE-labelled images
Labelled proteins were visualized using the 

Typhoon 9410 imager (Amersham Biosciences).  The 
Cy5 images were scanned using a 633-nm laser and a 
670-nm band pass (BP) 30 emission filter.  Cy3 images 
were scanned using a 532-nm laser and a 580-nm 
BP30 emission filter.  Cy2 images were scanned using 
a 488-nm laser and a 520-nm BP40 emission filter.  
The narrow BP emission filters ensured that there was 
negligible crosstalk between fluorescence channels.  All 
gels were scanned at 100 µm resolution.

2.8  Image analysis
The scanned fluorescent gel images Cy-Dyes 

were analysed using DeCyder Differential Analysis 
Software (Version 5.02, GE Healthcare/Amersham 
Biosciences).  DeCyder is an image analysis program 
for spot detection, matching and quantitation of images 
generated using the Ettan DIGE system.  Differential 
in-gel analysis (DIA) was used to calculate protein 
abundance variations between samples on the same gel.  
The resulting spot maps were then analysed through 
biological variation analysis to provide statistical 
data on the differential protein expression that existed 
between the normal and round-headed groups.  The 
Cy3:Cy2 and Cy5:Cy2 DIA ratios were used to 
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calculate average protein abundance changes, and 
paired t-test P-values for the variances of these ratios 
were calculated for each protein pair across all samples.  
The benefit of the internal reference standard is that 
it increases the investigator’s confidence in results 
obtained from different gels.

2.9  Spot picking and enzymatic digestion
Separate preparative gels were run to obtain suf-

ficient amounts of protein for mass spectrometry (MS) 
analysis.  The gels were fixed and stained with colloidal 
coomasie brilliant blue (cCCB) [20].  Proteins of inter-
est (those with a greater than twofold difference in spot 
volume ratio, P < 0.05), as defined by 2-D DIGE/DeCy-
der analysis, were excised from the cCBB-stained gels 
manually for modified in-gel tryptic digestion proce-
dure.  In brief, gel pieces were first destained with 50% 
acetonitrile (ACN) and 25 mmol L-1 of ammonium bi-
carbonate, then all destained spots were dried in a vacu-
um pump, reduced by 10 mmol L-1 DTT (composed of 
50 mmol L-1 NH4HCO3) for 30 min at 56ºC, followed 
by replacement of DTT with 55 mmol L-1 IAA solution 
(made up with 50 mmol L-1 ammonium bicarbonate) 
and alkylation for 30 min under dark conditions.  Then, 
the spots were dehydrated in 100 mmol L-1 NH4HCO3, 
digested using trypsin digestion work solution (T 6 567, 
Sigma) and incubated for 15–18 h.  Supernatants were 
collected, vacuum-dried and dissolved in 50% ACN 
and 0.1% trifluoroacetic acid (TFA) for MS analysis.

2.10  Matrix-assisted laser desorption/ionization-Time 
of Flight/Time of Flight analysis
Peptides were mixed with MALDI matrix (7 mg mL−1 
CHCA (α-cyano-4-hydroxycinnamic acid), 0.1% TFA 
and 50% ACN) and spotted onto 192-well stainless steel 
MALDI-target plates.  Samples were then analysed us-
ing an ABI 4600 Proteomics Analyzer MALDI-TOF/
TOF mass spectrometer (Applied Biosystems).  For MS 
analyses, 1 000 shots were typically acquired for each 
spot, whereas for tandem mass spectrometry (MS/MS) 
analysis, 2 500 shots were acquired.  MS/MS analyses 
were performed using air at a collision energy of 1 kV 
and a collision gas pressure of 2.061028–3.061027 Torr.  
The MASCOT search engine (version 1.9, Matrix Sci-
ence) was used to search all of the tandem mass spectra.  
GPS Explorer software (version 2.0, Applied Biosys-
tems) was used to create and search files within the 
MASCOT search engine for peptide and protein identifi-
cation.  Protein identifications were accepted when the 

observed and predicted pIs (isoelectric points) and Mrs 
(relative molecular weights) were consistent and scores 
indicated non-random identifications at a significance 
level of P < 0.05.

2.11  Immunofluorescence staining for verification
We chose spermatozoa protein associated with 

the nucleus on the X chromosome (SPANXa/d) for 
verification because of the important role it has in 
spermatogenesis and spermatozoa maturation.  Immun-
ofluorescent staining was performed on the same slide 
with spermatozoa from both the patient and the healthy 
control.  To permeabilize the cells, the slide was incu-
bated in methanol for 10 min and then rinsed with PBS.  
To block non-specific protein binding, the slide was 
incubated in normal goat serum.  Slides were incubated 
with anti-SPANXa/d serum (1:200, Abcam), diluted 
in PBS with 1% bovine serum albumin and washed 
with PBS thrice.  Then, the slides were incubated with 
a rhodamine-conjugated secondary antibody (1:100, 
Santa Cruz Biotechnology) for 1 h at room temperature.  
The slides were fixed in 4% paraformaldehyde and ex-
amined by differential interference contrast.

3    Results

3.1  Sample preparation and DIGE analysis
The ultimate goal of this study was to identify 

a group of proteins that were responsible for globo-
zoospermia.  For this purpose, 2-D DIGE was used 
to generate protein expression profiles from the sper-
matozoa of a patient with globozoospermia and the 
spermatozoa of normal controls.  Spermatozoa samples 
were homogenized as described in Section 2.2.  In 
one gel, protein extracts were labelled with either Cy3 
(normal) or Cy5 (round-headed) fluorescent dye; in the 
other gel, the samples were labelled with the opposite 
dyes.  Both gels with a Cy2-labelled sample contained 
an equal mixture of all samples.  The interchangeable 
use of either Cy3 or Cy5 for either sample has been 
established in previous studies [20].  After 2-D gel elec-
trophoresis, the Cy2, Cy3 and Cy5 channels were indi-
vidually imaged from the gels using mutually exclusive 
excitation and emission wavelengths (Figure 1), and the 
images were analysed using DeCyder as described in 
section 2.6.  In total, 1 056–1 061 unique protein spots 
were detected by DeCyder Differential Analysis Soft-
ware.  Intergel matching was performed through the 
inclusion of the internal standard on each gel.  Those 
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protein spots that were located at the same position in 
different gels were matched and a total of 61 protein 
spots (5.7%) were determined to have a > two fold 
difference in volume ratio (38 were increased and 23 
were decreased) (Figure 2).  This indicates that there 
were remarkably similar protein expression profiles 

Figure 1. Schematic description of the mixing of separately 
labelled samples onto the same gel, with subsequent independent 
Cy-dye imaging for data analysis. The representative two-
dimensional (2-D) difference gel electrophoresis (DIGE) image 
of the two pools (24 cm, PH3-10, normal limits [NL]). Protein 
extracts (50 mg each) were covalently conjugated to two different 
fluorescent dyes, and the extracts were pooled and separated on 
the same gel. The first (horizontal) dimension was a PH 3–10 non-
linear focusing gradient and the second vertical dimension was 
a 12.5% homogenous SDS polyacrylamide gel. Cy2 (blue) was 
conjugated to proteins used as an internal standard in all samples. 
In one gel, Cy3 (green) was conjugated to proteins from the round-
headed sample (A) and Cy5 (red) was conjugated to proteins 
from the normal sample (B). In another gel, proteins from the 
normal sperm sample were conjugated to Cy3 (C) and proteins 
from the round-headed sperm sample were conjugated to Cy5 (D).  
(A) Mixed sample labelled with Cy2; (D) Round-headed sperm 
labelled with Cy3 in gel 1; (c) Normal sperm labelled with Cy5 in 
gel 1; (D) Normal sperm labelled with Cy3 in gel 2; (E) Round-
headed sperm labelled with Cy5 in gel 2.

Figure 2. A representative image showing the differential protein 
expression of normal and round-headed human sperm. The red 
circles represent the locations of differentially expressed protein 
spots. Using differential in-gel analysis (DIA), the Cy2, Cy3 
and Cy5 images of each gel were merged, spot boundaries were 
automatically detected and normalized spot volumes (protein 
abundance) were calculated. Using biological variation analysis 
(BVA), matching of the protein spots across two gels was per-
formed after several rounds of extensive landmarking and auto-
mated matching. After BVA, up to 36 spots were found to have 
differential expression between the two pools (P < 0.01, AV > 3).

in these two pools.  When the volume-ratio threshold 
was set at threefold, only 35 (3.4%) (Table 1) of the 
spots showed differential expression between the two 
pools.  The vast majority of proteins fell into three 
main functional classes: cell skeleton, metabolism and 
motility (Figure 3).

Figure 3. Differentially expressed proteins identified between 
normal and round-headed spermatozoa. The functional 
classification is based on Gene Ontology (GO) annotations.
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Table 1.  Proteins with a threefold difference in expression in round-headed and normal sperm as identified by Matrix-assisted laser 
desorption/ionization-Time of Flight/Time of Flight*.
                                                                                                                                                                                         Change in regulation
Spot	                  Protein name	        IPI	            Mr	          Score        Sequence    coverage in round-
							                  headed sperm
  1	 A-kinase (PRKA) anchor protein 4	 157 860	 95 842	 234	 9	 Up
  2	 Clusterin precursor	 291 262	 53 031	 205	 9	 Up
  3	 ALB protein	 216 773	 46 442	 74	 2	 Up
  4	 Testis-specific gene A2 protein	 103 777	 35 159	 62	 4	 Up
  5	 Sperm protein	 22 057	 97 407	 230	 9	 Up
  6	 Glutathione S-transferase Mu 3	 246 975	 26 998	 154	 15	 Down
  7	 Triosephosphate isomerase 1 variant	 465 028	 31 057	 374	 26	 Down
  8	 Isoform 1 of triosephosphate isomerase	 797 687	 26 938	 347	 24	 Down
  9	 Isoform 2 of triosephosphate isomerase	 451 401	 27 451	 244	 19	 Down
10	 30 kDa protein	 746 832	 29 976	 237	 19	 Down
11	 22 kDa protein	 796 633	 22 711	 237	 17	 Down
12	 RcTPI1 (fragment)	 383 071	 27 211	 128	 13	 Down
13	 Actin, cytoplasmic variant 1	 21 439	 42 052	 157	 14	 Up
14	 Actin, cytoplasmic variant 2	 21 440	 42 108	 157	 14	 Up
15	 ACTG1 protein	 794 523	 28 478	 114	 10	 Up
16	 Actin-related protein T2	 154 776	 42 074	 94	 11	 Down
17	 Outer dense fibre of sperm tails 2 isoform 2	 642 221	 73 977	 75	 14	 Down
18	 Outer dense fibre of sperm tails 2 isoform 1	 171 245	 93 823	 71	 15	 Down
19	 Outer dense fibre of sperm tails 2	 643 280	 89 161	 69	 14	 Down
20	 Outer dense fibre protein 2	 1 758	 96 140	 81	 18	 Down
21	 Prolactin-inducible protein precursor	 22 974	 16 847	 127	 11	 Up
22	 Isoform 2 of triosephosphate isomerase	 451 401	 27 451	 66	 1	 Down
23	 94 kDa protein	 22 057	 96 072	 38	 2	 Down
24	 Isoform 1 of A-kinase anchor protein 4 precursor	 157 860	 95 842	 119	 2	 Down
25	 Isoform 2 of A-kinase anchor protein 4 precursor	 333 264	 94 811	 119	 2	 Down
26	 Asparaginase-like 1 protein	 555 734	 32 406	 140	 2	 Down
27	 Isoform 1 of tubulin a-2 chain	 179 709	 50 612	 43	 1	 Down
28	 Isoform 2 of tubulin a-2 chain	 218 345	 46 935	 43	 1	 Down
29	 Similar to a-tubulin	 410 402	 50 568	 43	 1	 Down
30	 a-tubulin isotype H2-a	 552 356	 50 615	 43	 1	 Down
31	 46 kDa protein	 743 604	 47 147	 43	 1	 Down
32	 Sperm protein associated with the nucleus  C	 6 961	 11 052	 47	 1	 Down
		      on the X chromosome
33	 Sperm protein associated with the nucleus 	 186 783	 11 088	 47	 1	 Down
		      on the X chromosome A
34	 SPANX-B	 760 825	 11 834	 47	 1	 Down
35	 Sperm acrosome membrane-associated 	 8 910	 32 693	 168	 3	 Down 
		      protein 1 precursor
Abbreviations: IPI, international protein index; Mr, relative molecular weight.
*The spot number listed in this table is not in accordance with the spot number listed in Figure 3.
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3.2  Protein identification
Targeted proteins (Figure 4) were excised from the gel 

and digested with trypsin as described in Section 2.7.  To 
identify these proteins, MALDI-TOF/TOF MS/MS was 
used and 35 satisfactory results were obtained.  As there 
might have been the same proteins in two different spots, 
we identified 36 spots and generated 35 mass spectra 
results.

3.3  Immunofluorescence staining
The characteristics of the SPANXa/d proteins were 

verified, including their subcellular localizations and 
their theoretical molecular weights.  Immunofluores-
cence staining was performed to determine the subcel-
lular localization of the SPANXa/d proteins in both nor-
mal (A) and patient (B) spermatozoa using anti-SPANX 
immunoreagents.  In normal spermatozoa, SPANXa/d 
staining was observed in the posterior head, was associ-
ated with the cytoplasmic droplet and was localized in 
the nuclear vacuoles.  In globozoospermia, SPANXa/d 
staining was observed in the posterior head and was as-
sociated with the nuclear envelope (Figure 5).

4    Discussion

In this study, we assessed interclass variations in 
the spermatozoa proteome by analysing the spermato-
zoa samples of a patient with globozoospermia and 12 
normal spermatozoa samples using 2-D fluorescence 
DIGE technique.  Although there are a number of stud-
ies that have used proteomic technologies to analyse the 

Figure 4. A 2-D gel of human sperm samples showing the 
location of the differential protein annotations prepared for 
identification. The gel was stained with coomassie brilliant blue.

Figure 5. Immunofluorescent/differential interference contrast 
(DIC) micrographs of normal and patient spermatozoa stained 
with 4',6-diamidino-2-phenylindole (DAPI) for DNA (blue) and 
rhodamine red-X for SPANXa/d protein (red). (A)–(C): Normal 
spermatozoa; (D)–(F): Globozoospermia; scale bars = 10 µm.

spermatozoa proteome with regard to spermatozoa 
composition and motility, to our knowledge, this is the 
first study to assess the qualitative and quantitative dif-
ferences in protein expression between round-headed 
and normal spermatozoa.  We used DIGE for protein 
separation and peptide mass fingerprinting by MALDI-
TOF/TOF for protein identification.  A total of 1061 
protein spots were detected using the DeCyder software 
in which there was differential expression between nor-
mal spermatozoa and round-headed spermatozoa, and 
61 (5.7%) of these protein spots were up- or downregu-
lated at least twofold in the round-headed spermatozoa 
as compared with the normal spermatozoa.  When the 
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volume-ratio threshold was set at threefold, 36 (3.4%) 
of the spots showed differential expression between the 
two pools, with 22 and 14 that were up- and downregu-
lated, respectively.  This result is helpful, because it 
indicates that the absence of acrosome is merely the 
morphological difference between normal spermatozoa 
and round-headed spermatozoa, and that, in fact, 
multiple factors and proteins are implicated in 
globozoospermatogenesis.  The differentially expressed 
spots were cut out, digested and analysed by the MAL-
DI-TOF method.  A total of 35 proteins corresponding 
to 36 spots were identified using peptide mass profiling 
and matching the findings to the databases.  According 
to their associated properties, these proteins largely fell 
into three main functional categories: cell skeleton 
(20%), metabolism (29%) and motility (21%).  One 
possible explanation is that compared with normal sper-
matozoa, round-headed spermatozoa are more fragile, 
and these differentially expressed proteins might be ei-
ther the cause of round-headed spermatogenesis or the 
result of round-headed spermatogenesis.  Nearly half of 
the proteins identified in the study are spermatozoa-
specific genes.  It is well known that spermatozoa-spe-
cific proteins have key roles in spermatogenesis, sper-
matozoa maturation and fertilization.  During mamma-
lian fertilization, the acrosomal and plasma membranes 
of the spermatozoa interact with the egg vestments.  
Spermatozoa surface molecules located on the plasma 
membrane are involved in the recognition of the zona 
pellucida protein during the early process of spermato-
zoa–egg interaction (primary binding) [22].  We identi-
fied spermatozoa acrosome membrane-associated pro-
tein 1 (SAMP1) in both gels, and it was found to be ex-
pressed in lower levels in the globozoospermia patient.  
SAMP1 is an acrosomal membrane-associated member 
of the glycosylphosphatidylinisotol-anchored Ly-6/
uPAR family of glycoprotein receptors.  The Ly-6/
uPAR receptors mediate multiple physiological proc-
esses, including cellular activation, macrophage migra-
tion, trophoblast implantation, angiogenesis and even 
tumour cell invasion [23].  However, the underlying 
molecular mechanisms responsible for these physiolog-
ical functions are largely unknown.  On the basis of the 
functions of the other members of this family, such as 
SAMP14 and SAMP32 [24, 25], SAMP1 may serve as 
orphan receptor on the acrosomal membrane and partic-
ipate in proteolytic or adhesive events.  The fact that 
this protein was expressed in lower amounts in the glo-
bozoospermia patient allowed us to propose the follow-

ing hypotheses: (1) SAMP1, a basic protein almost ex-
clusively located on the equatorial segment or inner 
plasma membrane of spermatozoa, appeared to be near-
ly absent in globozoospermic cells.  This finding may 
indicate that there is an impaired development of the 
spermatozoa-specific skeleton.  SAMP1 may therefore 
influence both the formation of the acrosome and the 
shape of the nucleus; (2) SAMP1 may participate in 
acrosomal vesicle fusion; and (3) as a result of the acro-
someless.  At the same time, the SPANX protein and 
Outer dense fibre protein 2 (ODF2) were found to be 
expressed in lower levels in globozoospermia.  Human 
SPANX genes comprise of a gene family with five 
known members (SPANX-A1, A2, B, C and D).  These 
highly similar paralogous genes cluster on the X chro-
mosome at Xq27 and are usually expressed in normal 
testis and some melanoma cell lines.  They are ex-
pressed in post-meiotic spermatids and encode highly 
charged proteins localized to the post-acrosomal peri-
nuclear theca [26, 27].  SPANX genes are remarkable in 
that they have undergone duplication on the X chromo-
some, while exhibiting, in normal tissues, testis-specific 
expression and RNA/protein localization exclusively in 
post-meiotic spermatids [29].  The hominoid SPANXa/d 
proteins are first detected in the nuclear envelope of 
early round spermatids in the Golgi phase of acrosomal 
biogenesis and reach their greatest distribution within 
the nucleus in cap-phase round spermatids before nu-
clear condensation.  As nuclear condensation and elon-
gation proceed, SPANXa/d proteins migrate as distinct 
post-acrosomal domain of the nuclear envelope towards 
the base of the nucleus.  In mature spermatids, the pro-
teins then associate with the redundant nuclear enve-
lope within the residual cytoplasm.  The SPANXa/d do-
main of the nuclear envelope is thus caudal to the acro-
some and reorganizes as acrosome biogenesis progress-
es, ultimately constricting into the redundant nuclear 
envelope.  In globozoospermia, one or more of the 
spermatozoa-remodelling mechanisms that occur dur-
ing spermatogenesis seem to be impaired.  Acrosome 
formation and nuclear elongation have been studied in 
particular detail in globozoospermia patients.  The low-
er levels of SPANX proteins expressed in globozoosper-
mia patients may explain the absence of the acrosome.  
Baccetti et al. [9] postulated that the acrosomal gran-
ules may be formed in round-headed spermatozoa but 
subsequently degenerate.  He observed that the acro-
somic vesicle does attach to the nuclear membrane but 
degenerates in the late spermatid stage, leaving a pouch 
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of membranes and small vesicles located on top of the 
nucleus.  Moreover, SPANX genes are preserved as 
functional messages and he suggested that these genes 
may confer a selective advantage during spermatid nu-
clear morphogenesis.  The lack of SPANX proteins was 
therefore postulated as a possible cause of this malfor-
mation of the acrosome.  ODF2, which was also identi-
fied in this study, is associated with spermatozoa struc-
ture.  It is a major protein component of spermatozoa 
tail outer dense fibres [29, 30].  As some evidence sug-
gests that some genetic changes may occur in patients 
suffering from globozoospermia, lower expression of 
SPANX proteins in the patient indicates that the expres-
sion of the SPANX may be downregulated because of 
the dysfunction of several unknown genes.  The most 
popular view is that the SPANXa/d protein is responsi-
ble for the acrosome biogenesis process.  The lower 
level of expression of SPANXa/d observed in globo-
zoospermia patients, as well as the ectopic expression 
of SPANX (it is displaced from the base of the nucleus 
to the nuclear periphery in round-headed spermatozoa, 
which is where it is located in round spermatids during 
normal spermatogenesis), indicate that the nuclei of the 
spermatids stop differentiating in globozoospermia pa-
tients, meaning that the acrosome stops forming.  There 
is strong evidence to support the view that SPANXa/d 
proteins may have an essential role in acrosome forma-
tion.  In addition, ODF2 was also identified as a wide-
spread component of the centrosomal scaffold and was 
found to associate preferentially with the appendages 
of the mother centriole [31].  In 1990, Baltz et al. [32]  
hypothesized that instead of being directly involved in 
the induction of progressive motility, the ODF seem to 
have a modulatory influence on spermatozoa motility.  
ODF proteins may be necessary for the maintenance of 
the elastic properties of the spermatozoa tail and may 
provide tensile strength that is necessary to protect the 
spermatozoa tail against shearing forces encountered 
during epididymal transport and especially during ejac-
ulation.  Previous studies have also shown that the ab-
sence of one or more ODF proteins might be the basis 
for non-functional tails that could therefore affect sper-
matozoa motility, leading to the use of the outer fibre 
protein as a marker of male infertility [33].  The lower 
expression levels of ODF2 that we observed in round-
headed spermatozoa could explain the tail fragmenta-
tion and low motility of round-headed spermatozoa.  
Some proteins associated with the cytoskeleton have 
abnormal expression in round-headed spermatozoa, 

such as cytoplasmic actin and the tubulin α-2 chain.  It 
is well known that cytoskeletal proteins are involved in 
many important biological events, including cell move-
ment, signalling, transport and even maintaining mem-
brane shape.  The altered expression of these proteins in 
globozoospermic cells may relate to the pathogenesis of 
this disorder.  In addition, we also identified several en-
zymes associated with energy metabolism that had lower 
levels of expression in globozoospermic cells.  It is well 
known that ATP, which is consumed to support sperma-
tozoa movement, is partly produced by glycolysis.  Tri-
osephosphate isomerase can catalyse phosphodihy-
droxyacetone and G3P, and allow them to convert from 
one structure to the other, which is an important factor 
in the glycolytic cycle.  In our study, triosephosphate 
isomerase was expressed in lower levels in round-headed 
spermatozoa.  Thus, we presume that the glycolytic cy-
cle may be altered in these spermatozoa, which in turn 
may lead to a low spermatozoa motility rate in globo-
zoospermic cells.  In addition, some hormonal proteins 
and proteins with unknown functions have been shown 
to have abnormal expression patterns in globozoosper-
mic cells, including PIP, 94 KDa protein, 40 KDa pro-
tein and others.  These proteins may have some rela-
tionship to the pathogenesis of globozoospermia.  How-
ever, this hypothesis awaits further confirmation.  The 
present study used a proteomic approach to identify 
several proteins that are differentially expressed in glo-
bozoospermic spermatozoa samples as compared with 
normal spermatozoa samples.  The information ob-
tained may help elucidate the molecular mechanisms 
underlying spermatogenesis.  This information will also 
be useful in enriching the spermatozoa proteomics data-
base and providing a foundation for further research on 
single gene function of human round-headed spermato-
zoa.  Owing to the defect in the 2-D DIGE analytic 
process itself, in this experiment, we inevitably lost 
many low abundance proteins and some spermatozoa 
membrane proteins that are hard to extract, and those 
proteins may also participate in human round-headed 
spermatozoa formation.  The information regarding 
these proteins needs to be studied further.  Human 
round-headed spermatozoa formation results from mul-
tiple factors, rather than merely the absence of one or 
more proteins.  Thus, more research needs to be carried 
out to reveal its underlying pathophysiology.  It is there-
fore clear that research on globozoospermia is still in its 
initial stages, and that gene function analysis is needed 
to reveal the pathological mechanism underlying hu-
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man round-headed spermatozoa formation.
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