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Abstract  
Background: Ubiquitin, an 8.5 kDa peptide that marks other proteins for proteasomal degradation, tags defective sperm dur-
ing epididymal passage. Thus, sperm ubiquitination is a universal marker for sperm defects and can be used as a sperm func-
tion test. The objective of the present study was to examine the relationships between sperm ubiquitination and clinical se-
men parameters, using simplified immunofluorescence assays in order to establish ubiquitin as a biomarker of male infertility.  
Methods: Semen samples from 100 couples attending Avicenna Infertility Clinic, Tehran, Iran, were collected and analyzed 
according to WHO criteria. Each sample was washed and adjusted at 106 sperm/ml concentration. Sperm were coated on 
slides, using cytospin centrifugation and were fixed in buffered formaldehyde. Subsequently ubiquitinated spermatozoa 
were evaluated by direct immunofluorescence microscopy using FITC-labeled anti-ubiquitin antibodies. After counting at 
least 200 sperm per sample, while employing light microscopy, the percentage of ubiquitinated spermatozoa was recorded 
on the same fields through epifluorescence microscopy.  
Results: Negative correlations were obtained between sperm ubiquitination and sperm count (r=-0.278, P< 0.001), sperm 
concentration (r=-0.37, P< 0.001), viability (r=-0.407, P< 0.001), sperm morphology (r=-0.509, P< 0.001), rapid progres-
sive motility (a) (r=-0.246, P< 0.001) and slow progressive motility (b) (r=-0.474, P< 0.001). There was a positive correla-
tion between ubiquitinated sperm and the percentage of immotile spermatozoa (r=0.486, P< 0.000).  
Conclusion: Increased sperm ubiquitination is inversely associated with good semen quality parameters, supporting the use 
of ubiquitin as a biomarker for evaluation of human sperm quality. 
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Introduction 
Ubiquitin, a small peptide of 8.5 kDa, is a uni-
versal marker for proteolysis found in all tissues 
and organisms (1, 2). Its widespread presence 

and extremely conserved structure indicate that 
it may play a vital role in cell metabolism. It has 
the property of binding covalently to cellular ac-
ceptor proteins in the form of mono or poly ubiq-
uitin chains and targets such ubiquitinated sub-
strates for endocytosis and/or proteolytic degrada-
tion by the multi-subunit protease, the 26-S pro-
teasome (3, 4). 
The ubiquitin system has been implicated in the 

control of cellular functions as varied as proteoly-
sis, antigen presentation (5), membrane receptor 
endocytosis (6), transcriptional control (7), apop-

tosis and pathology of various diseases includ-
ing Alzheimer’s (8) and HIV viral infection (9).  
The reproductive functions of ubiquitin are just 
now starting to emerge (10, 11). Recently an im-
portant role for sperm protein ubiquitination has 
been postulated (12). These authors proposed 
the existence of an ubiquitin-dependent sperm 
quality control mechanism, acting in the mam-
malian epididymis, site of sperm maturation and 
storage. Immunofluorescence assay using anti-
ubiquitin antibody, disclosed that defective sper-
matozoa along with contaminants of cellular ori-
gin, including round and elongated spermatids, 
leukocytes and cellular debris become ubiquiti-
nated on the surface proteins through their epidi-
dymal passage (13).  
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Several independent reports have shown that 
ubiquitin is secreted by the principal cells of the 
epididymal epithelium into the epididymal lumen 
(12, 14). Ubiquitin is also a major protein of 
human seminal plasma (15). Some spermatozoa 
seem to be disposed of by the epididymal epi-
thelium, explaining why the percentage of ubiq-
uitinated spermatozoa decreases from the cor-
pus to the cauda of epididymis (12). A portion 

of abnormal ubiquitinated sperm that are found 
in the ejaculate are considered to have escaped 
from epididymal degradation and are character-
ized by main defects of head and/or axoneme 
(12, 13). Based upon the above observations, 
sperm-ubiquitin tag immunoassay (SUTI) was de-
signed as a highly sensitive flow cytometric as-
say to reveal defective sperm, regardless of 
whether or not their defects were detectable by 
light microscopic evaluations. 
It has been shown that increased semen ubiq-
uitination is associated with poor sperm quality 
parameters (16). Moreover, it was found that 
sperm ubiquitination increases in patients af-
fected by dysplasia of the fibrous sheath (17). It 
also appears that the ubiquitin-dependent sperm 
quality control, residing in the epididymal epithe-
lium, has the ability to detect spermatozoa with 
apoptotic or necrotic DNA (18). All these stud-
ies have been performed by employing flow cy-
tometric techniques without distinguishing be-
tween spermatozoa and other semen components 
such as leukocytes and cellular debris. Recently a 
conflicting result has been reported (19) which 
indicates a positive correlation between sperm ubiq-
uitination and good quality of semen parameters 
after excluding the ubiquitinated inclusion of se-
men components in oligoasthenoteratozoospermia. 
We aimed to validate further sperm ubiquitina-
tion as a suitable marker of sperm quality in in-
fertile men with different etiologies, using ubiq-
uitin immunofluorescence assay by simple micro-
scopic screening of human samples.  
 
Materials and Methods 
Reagents  Polyclonal anti-ubiquitin antibodies 
were developed in rabbit, using polyubiquitin as 

an immunogen. polyubiquitin was prepared by glu-
taraldehyde polymerization of ubiquitin (Sigma-
Aldrich, Germany) according to Deutsch’s pro-
cedure (20). Anti-ubiquitin antibodies were pu-
rified from rabbit serum using affinity chromatog-
raphy. Purified antibodies were conjugated with 
Fluorescein Isothiocyanate, isomer I (FITC) (Sigma-
Aldrich, Germany). Bovine serum albumin (BSA) 
and formaldehyde were purchased from USB 
(USB, Ohio) and BDH Chemicals (BDH, England), 
respectively.  
Semen collection and preparation     Semen 
samples were collected from 100 infertile men 
undergoing routine semen analyses in the an-
drology laboratory of Avicenna Infertility Clinic 
(AIC), Tehran, Iran, in compliance with board-
approved human subject protocols. Briefly, a 
sample was produced on-site by masturbation into 
a sterile plastic specimen cup. The samples were 
allowed to liquefy at 37° C for 20 min prior to 
analysis. Subjects were instructed to abstain from 
ejaculation for at least 48 h prior to producing 
the semen. The sperm parameters were analyzed 
prior to immunofluorescence assay by conven-
tional light microscopic evaluation, using WHO 
criteria (21) for sperm counts, motility and mor-
phology. All semen evaluations were performed 
only by one expert laboratory technician. 
Immunofluorescence assay     Raw semen 
samples were washed three times by centrifuga-
tion through PBS. One hundred microliters of 
washed spermatozoa containing 106 sperm were 
attached to microscopy slides, using cytospin 
centrifuge (Thermo, Shandon, PA), 300 g for 5 
min and allowed to air dry for 15 min in room 
temperature. Slides were submerged in 2% for-
maldehyde in PBS and fixed for 40 min. Slides 
were blocked for 15 min in 5% normal rabbit 
serum in phosphate buffered saline. One per-
cent BSA in PBS was used for washing and 
diluting the antibodies. After washing, the sam-
ples were incubated for 1 h with 50 microliter 
of FITC-conjugated affinity purified rabbit anti-
ubiquitin antibody (15µg/ml). Finally, slides were 
washed twice for 5 min with washing buffer and 

mounted in 50% Glycerol/PBS. Counts of 200 
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spermatozoa were made to get an estimate of 
ubiquitinated spermatozoa. For each sample, sperm 
were counted through light microscope and the 
percentage of ubiquitinated sperm was recorded 
on the same fields using epi-fluorescent microscope 
(Zeiss, Germany). All the images were captured 
by a digital camera (1200 DXM Nikon, Japan).  
In order to ascertain that the sperm immunofluo-
rescence signals were indeed due to surface sperm 
ubiquitination and were not related to constitu-
tively sperm internal proteins, coated slides were 
treated with 1% Triton X-100 in PBS for 60 min, 
prior to incubation stage. Finally, ubiquitinated 
sperm were compared in permeabilized and non-
permeabilized spermatozoa. 
Negative controls of immunofluorescence assay in-
cluded the following: a) Sperm coated slides treated 
with affinity purified IgG, labeled with FITC. The 
purified IgG was prepared from normal rabbit 
serum b) Two types of anti-ubiquitin antibodies 
(FITC-labeled and unlabeled anti-ubiquitin anti-
bodies) were used. In the first step, we used unla-
beled anti-ubiquitin antibodies to mask ubiquiti-
nated proteins on the sperm surface. In the next 
step, FITC labeled anti-ubiquitin antibodies were 
applied to detect cross reactivity of affinity puri-
fied anti-ubiquitin antibody with other protein. 
Statistical analysis     The significance level (P) 
of the difference in the percentage of ubiquiti-
nated spermatozoa between the two groups was 
determined by Mann-Whitney test. Correlations 
between the percentages of ubiquitin immunore-
active sperm and semen analysis parameters were 
evaluated by calculating Pearson’s correlation 
coefficient (r). A backward multiple linear regres-
sion analysis was performed to identify which 
independent variables (among semen parameters) 
could explain a significant amount of variation in 
the sperm ubiquitination. All statistical analyses 
were carried out using SPSS, version 11.5 (SPSS 
Inc, USA, IL). 
 
Results 
The studied population consisted of 100 men 
from infertile couples, 42 of whom were oli-
goasthenoteratozoospermic (sperm concentra-

tion less than 20×106 sperm/ml, sperm motility 
less than 50% and normal sperm morphology 
less than 30%). The rest of the cases (58 cases) 
had acceptable normal semen parameters ac-
cording to the WHO criteria. The age of oligoas-
thenoteratozoospermic males ranged between 23-
52 yr (mean 34.95±6.9) and the ones in the nor-
mal group ranged between 20-63 yr (mean 35.69± 
7.8). No significant differences were found be-
tween the mean ages of the two groups. Sperm 
ubiquitination of semen samples were evaluated 
using appropriate fluorescent conjugates of poly-
clonal antibodies against human ubiquitin. Clini-
cal profiles of the subjects and mean percent-
ages of ubiquitinated sperm are summarized in 
Table 1. The most common pattern of ubiquitin 
localization included ubiquitination of whole sperm 
head and ubiquitination of the acrosomal region 
(Fig.1). Most ubiquitinated spermatozoa showed 
relatively little intensity of ubiquitin signal on their 
tails. Along with spermatozoa, other contami-
nants of cellular origin such as leukocytes were 
ubiquitinated and thus were recognizable by anti-
ubiquitin antibodies. Immunofluorescence analy-
sis of permeabilized spermatozoa showed that 
nearly all spermatozoa were ubiquitinated. No fluo-
rescent signal was detected in negative control 
slides (Fig.1-C′) 
The mean percentage of ubiquitinated spermato-
zoa in the oligoasthenoteratozoospermic (OAT) 
group showed significant increase compared to the 
normozoospermic group. The average sperm ubiq-
uitination in the normal and the OAT groups were 
1.91±2.37 and 7.68±6.6 respectively (Table 1). 
The difference in the percentage of ubiquitinated 
spermatozoa between two groups was significant 
(P< 0.05). Out of 58 men with normal semen pa-
rameters, seven had higher ubiquitin measure-
ments, compared to the mean percentage of ubiq-
uitinated sperm in the oligoasthenoteratozoospermic 
cases. Negative correlations were found between 
sperm ubiquitination and rapidly progressive mo-
tility (grade a) (Fig. 2-A), slowly progressive mo-
tility (grade b) (Fig. 2-B), normal morphology 
(Fig. 2-D) viability (Fig. 2-E), sperm concentra-
tion (Fig. 2-F) and sperm counts (Fig. 2-G). 
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Positive correlations were also determined between 
ubiquitinated sperm, the percentage of immotile 
sperm (grade d) (Fig. 2-C) and immature germ 
cell counts (Fig.2 H). The correlation coefficients 
and P for correlation analysis are shown in Table 
2. The backward multiple linear regression analy-
ses demonstrated that sperm ubiquitination is more 

correlated with sperm morphology. It was shown 
that per unit increase in percentage of normal mor-
phology would result in 0.187 reduce in percent-
age of ubiquitinated sperm (B= -.187, SD= 0.0032, 
P< 0.001). No significant correlation was found 
between the percentage of ubiquitinated sperm 
and the percentage of non-progressive motility. 

 
 

Table1: Demographic (a), clinical semen quality (b), sperm ubiquitination (c) data of 147 male included in the present study 
 

Subject parameters                                Oligoasthenoteratozoospermia                       normozoospermia 

(a)Demographic 
Number of cases                                                            42                                                                    58 
Age a                                                                         34.95± 6.9                                                      35.69 ± 7.8 

 
(b)semen quality 
Sperm count(106 sperm)a                                         80.5±  159.8                                                   430.7 ±277 
Concentration (106 sperm/ml)a                                 7.2 ± 5.57                                                       130.2 ± 81 
Viability(live) %a                                                     80 ± 10.3                                                        92.28±3.6 
Normal morphology %a                                          13.86 ± 8.41                                                     39.8±11.4 
Motility 
Rapidly progressive motility %a                               2.7 ± 5.6                                                         11.47± 8.1 
Slowly  progressive motility %a                               8.14  ± 7.9                                                      25.69± 6.6 
Non progressive motility% a                                   25.36±  13.64                                                   22.8± 12.4 
Immotile %a                                                             65.07± 18.8                                                     39.8± 11.4 

 
(c)sperm ubiquitination 
Ubiquitinated sperm % a                                            7.68± 6.67                                                     1.91±2.37 

a These parameters are an average ± SD. 

 
 

Table 2: Correlation analysis of the relationship between the percentages of ubiquitinated sperm and standard semen parameter 
 

Variables r P 

Sperm count (sperm/ejaculate) 

Sperm concentration (sperm/ml) 

Normal morphology (%) 

Rapidly progressive motility (%) 

Slowly progressive motility (%) 

Non progressive motility (%) 

Immotile sperm (%) 

Immature germ cell (%) 

Viability (%)  

- 0.278 

-0.37 

-0.509 

- 0.246 

-0.474 

-0.073 

0.486 

0.469 

-0.407 

0.005 

0.000 

0.000 

0.014 

0.000 

0.471 

0.000 

0.000 

0.000 

                         r. Pearson’s correlation coefficient. 
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Fig. 1: Sperm ubiquitination as shown by light (A, B) and immunofluorescence microscopy (A′ B′). Negative control using 
FITC-IgG(C, C′) 
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Fig. 2: Scatter plots between percentage of ubiquitinated sperm of 100 semen samples, and percentage of rapidly progres-

sive motility (A), Slowly progressive motility (B), Immotile sperm (C), Normal morphology (D), Viability (E), Sperm 
concentration (×106 sperm/ml) (F), Sperm count (×106sperm/ejaculate) (G) and Immature germ cell (H) . Pearson’s 

correlation coefficients are reported in Table 2 
 

Discussion 
In the present study, the percentage of ubiq-
uitinated sperm were evaluated in 58 normo-
zoospermic and 42 oligoasthenoteratozoo-
spermic cases, using a simplified immunofluo-
rescence analysis technique. The study focused 
on the possible differences in sperm ubiquit-
ination between two groups and relationship 
of sperm ubiquitination with semen parameters.  
The significant increase found in the average 
percentage of ubiquitinated sperm of oligoas-

thenoteratozoospermic group was similar to 
the previous findings (17, 22), demonstrated 
increased semen ubiquitination in patients with 
dysplasia of fibrous sheath and porcine distal 
cytoplasmic droplets. This result also confirms 
studies which have claimed ubiquitin-cross-
reactive sperm surface proteins to be appar-
ently a marker for semen abnormalities (16). 
Increased sperm ubiquitination were also found 
in seven normozoospermic subjects. This may 
probably be because semen analyses have 
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limited values in revealing hidden sperm ab-
normalities. In other words, anti-ubiquitin an-
tibodies could bind to many sperm with in-
trinsic, hidden defects that would not be de-
tected by light microscopic evaluations. Hence, 
further sperm analytical tests could be per-
formed to determine ultra-structural sperm ab-
normalities (mitochondrial damage, DNA dam-
age, etc) and the exact correlations between 
sperm ubiquitination and sperm functional pa-
rameters. This issue will be considered in our 
future study.  
By using the present subjective immunofluo-
rescence technique, we were able to exclude 
other ubiquitinated semen components such as 
debris, immature germ cells and leukocytes.  
The present method for the detection of 
ubiquitinated spermatozoa is the modified pro-
tocol, previously described for bull sperm (12). 
Modifications include antibody source and the 
use of cytospin centrifugation, rather than poly 
L lysine-coated slides for sperm cell attach-
ments. The source of anti-ubiquitin antibodies 
used in the present study was polyclonal 
antibodies generated against human polym-
erized ubiquitin. Compared to the epitope spe-
cific monoclonal antibodies, which are limited 
in their affinity ubiquitinated protein epitopes, 
the applied antibodies in this study may rec-
ognize broader ranges of sperm ubiquitinated 
proteins. However, further investigation may 
be needed to determine if using different epi-
tope-specific ubiquitin probes will verify the 
presence of ubiquitin-protein conjugates on 
the surface of spermatozoa. To make the pro-
cedure simpler for clinical settings, the applied 
immunofluorescence assay has been stream-
lined by using anti-ubiquitin antibody; conju-
gated with Fluorescein Isothiocyanate (FITC).  
Since many intrinsic substrates such as mito-
chondrial membrane proteins (23, 24) and 
nuclear histones (25, 26) become ubiquiti-
nated during spermatogenesis, no permeabi-
lization occurs during immunofluorescence as-
say procedures. Therefore, it is presumed that 
the observed staining was due to anti-ubiq-

uitin immunoreactive proteins on the sperm 
surface. In addition, the increased immunofluo-
rescence signals, detected following detergent-
permeabilization of spermatozoa of the same 
samples, further confirms the fact that the 
immunofluorescence labeling of spermatozoa, 
in the main procedure, were obtained in the 
absence of permeabilization.  
When the percentage of ubiquitinated sperm 
in 100 men with different infertility etiologies 
were evaluated, a negative correlation was 
found with good quality of sperm parame-
ters. The resulted negative correlation, con-
firms similar studies performed by Ozanon 
(27) using immunofluorescence based assay. 
This negative correlation also implies that the 
biological sperm ubiquitination system in epidi-
dymis will specifically tag defective spermato-
zoa. This result also suggests that by exclud-
ing ubiquitinated cell debris and other ubiq-
uitinated contaminants of seminal plasma, 
sperm ubiquitination positively relate to poor 
quality of semen parameters. 
Our analysis was not in agreement with the 
results of Muratori (19) which found posi-
tive correlation between sperm ubiquitination 
and good quality of semen parameters through 
flow cytometric assays (excluding some apop-
totic ubiquitinated bodies). They found a posi-
tive correlation between sperm ubiquitination 
and good quality of semen parameters, which 
indicates that ubiquitination is a normal proc-
ess in spermatozoa maturation. However, their 
result was inconsistent with the previously 
studied role of ubiquitin in fertilization and ga-
metogenesis (10, 28) and the global role of 
ubiquitin in proteolytic degradation of mis-
folded and damaged proteins.  
Although it is likely that defective sperm are 
ubiquitinated, it is not clear how such sperm 
are recognized by ubiquitination machinery. 
The analyzed correlations between sperm Ubiq-
uitination and semen parameters may help us 
to realize the mechanism of this machinery.  
According to the backward multiple linear re-
gressions, among standard semen parameters, 
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the variable mainly influencing sperm ubiq-
uitination is morphology. This analysis may 
imply that morphology has a critical role in 
targeting abnormal spermatozoa. The data is 
also in agreement with Sutovsky studies re-
ported that ubiquitin immunoreactivity meas-
ured by SUTI assay correlated closely with 
sperm count and percentage of abnormal mor-
phology (16).    
Sperm ubiquitination is a smart system at mo-
lecular levels in recognizing abnormal sper-
matozoa and marking them for elimination 
during epididymal transit. Using such biologi-
cal systems as predictive sperm functional 
tests, have the benefit of more accurately de-
tecting intrinsic sperm abnormalities. The pre-
sent subjective immunofluorescence assay can 
be completed by flow cytometry trials, pro-
viding the means for objective quantification 
of ubiquitin measurements in sperm samples. 
Such flow cytometric analyses could be per-
formed by double staining of spermatozoa 
with FITC labeled anti-ubiquitin and specific 
antisperm antibodies, in order to reduce false 
positive results, which are attributed to ubiq-
uitinated contaminants.  
In summary, the present subjective immuno-
assay of sperm-surface ubiquitination provides 
a promising approach to semen evaluations 
in clinical settings. In contrast to the existing 
subjective assays, this technique may pro-
vide a reliable and measurable parameter of 
suboptimal semen quality, acquired prior to 
sperm discharge from urogenital tract.  
 
Acknowledgements 
The authors would like to thank Mrs R Ghods, 
(M.Sc.) and Mr H Sadri Ardakani, (MD), for 
their comments on this study and Mr SB 
Hashemi (MD, MPH), for kindly editing the 
article. We are also grateful to the staff at 
Avicenna Research Center. This study was 
supported by the grant No. 885-33 from 
Academic Center for Education, Culture and 
Research (ACECR).  

The authors declare that they have no Con-
flict of Interests. 
 
References 
1. Hershko A, Ciechanover A (1998). The 

ubiquitin system. Annu Rev Biochem, 
67:425-79. 

2. Hershko A (1983).Ubiquitin: roles in pro-
tein modification and breakdown. Cell, 
34(1):11-2. 

3. Goldstein G, Scheid M, Hammerling U, 
Schlesinger DH, Niall HD, Boyse EA 
(1975). Isolation of a polypeptide that 
has lymphocyte-differentiating proper-
ties and is probably represented uni-
versally in living cells. Proc Natl Acad 
Sci USA, 72(1):11-5.  

4. Ciechanover A (1994). The ubiquitin-
proteasome proteolytic pathway. Cell, 
79(1):13-21. 

5. Gaczynska M, Rock KL, Goldberg AL 
(1993). Role of proteasomes in anti-
gen presentation. Enzyme Protein, 
47(4-6):354-69. 

6. Hicke L, Dunn R (2003). Regulation of 
membrane protein transport by ubiq-
uitin and ubiquitin-binding proteins. 
Annu Rev Cell Dev Biol, 19:141-72. 

7. Dhananjayan SC, Ismail A, Nawaz Z 
(2005). Ubiquitin and control of tran-
scription. Essays Biochem, 41:69-80. 

8. Perry G, Friedman R, Shaw G, Chau V 
(1987). Ubiquitin is detected in neu-
rofibrillary tangles and senile plaque 
neurites of Alzheimer disease brains. 
Proc Natl Acad Sci USA, 84(9): 
3033-6. 

9. Strack B, Calistri A, Accola MA, Palu 
G, Gottlinger HG (2000). A role for 
ubiquitin ligase recruitment in retro-
virus release. Proc Natl Acad Sci 
USA, 97(24):13063-8.   

10. Sakai N, Sawada MT, Sawada H (2004). 
Non-traditional roles of ubiquitin- pro-
teasome system in fertilization and ga-

www.SID.ir



Arc
hi

ve
 o

f S
ID

Iranian J Publ Health, Vol. 37, No.2, 2008, pp.32-40 
 

40 

metogenesis. Int J Biochem Cell Biol, 
36(5):776-84.  

11. Bebington C, Doherty FJ, Fleming SD 
(2001). The possible biological and 
reproductive functions of ubiquitin. 
Hum Reprod Update, 7(1):102-11. 

12. Sutovsky P, Moreno R, Ramalho-Santos 
J, Dominko T, Thompson WE, Schat-
ten G (2001a). A putative, ubiquitin-
dependent mechanism for the recog-
nition and elimination of defective sper-
matozoa in the mammalian epidi-
dymis. J Cell Sci, 14(9):1665-75. 

13. Sutovsky P, Terada Y, Schatten G 
(2001). Ubiquitin-based sperm assay 
for the diagnosis of male factor in-
fertility. Hum Reprod, 16(2):250-8. 

14. Hermo L, Jacks D (2002). Nature's inge-
nuity: bypassing the classical secre-
tory route via apocrine secretion. Mol 
Reprod Dev, 63(3):394-410. 

15. Lippert TH, Seeger H, Schieferstein G, 
Voelter W (1993). Immunoreactive 
ubiquitin in human seminal plasma. J 
Androl, 14(2):130-31.  

16. Sutovsky P, Hauser R, Sutovsky M (2004). 
Increased levels of sperm ubiquitin cor-
relate with semen quality in men from 
an andrology laboratory clinic popu-
lation. Hum Reprod. 19(3):628-38. 

17. Rawe VY, Olmedo SB, Benmusa A, 
Shiigi SM, Chemes HE, Sutovsky P 
(2002). Sperm ubiquitination in pa-
tients with dysplasia of the fibrous 
sheath. Hum Reprod, 7(8):2119-27. 

18. Sutovsky P, Neuber E, Schatten G (2002). 
Ubiquitin-dependent sperm quality con-
trol mechanism recognizes spermato-
zoa with DNA defects as revealed by 
dua ubiquitin-TUNEL assay. Mol 
Reprod Dev, 61(3):406-13. 

19. Muratori M, Marchiani S, Forti G, Baldi 
E (2005). Sperm ubiquitination posi-
tively correlates to normal morphol-
ogy in human semen. Hum Reprod, 
20(4):1035-43.  

20. Deutsch HF (1987). Simplified methods 
for isolation of ubiquitin from erythro-
cytes. Generation of ubiquitin polymers. 
Int J Biochem, 19(11):1055-61. 

21. World Health Organisation (1999). WHO 
Laboratory Manual for the Examina-
tion of Human Semen and Sperm-
Cervical Mucus Interaction. 4th ed. 
Cambridge University Press. New York.          

22. Kuster CE, Hess RA, Althouse GC (2004). 
Immunofluorescence reveals ubiquiti-
nation of retained distal cytoplasmic 
droplets on ejaculated porcine sper-
matozoa. J Androl, 25(3):340-7.            

23. Sutovsky P, Moreno RD, Ramalho-Santos 
J, Dominko T, Simerly C, Schatten G 
(1999). Ubiquitin tag for sperm mito-
chondria. Nature, 402(6760):371-2.  

24. Sutovsky P, Moreno RD, Ramalho-Santos 
J, Dominko T, et al. (2000). Ubiq-
uitinated sperm mitochondria, selective 
proteolysis, and the regulation of mito-
chondrial inheritance in mammalian 
embryos. Biol Reprod, 63(2):582-90.  

25. Baarends WM, Hoogerbrugge JW, Roest 
HP, Ooms M, et al. (1999a). Histone 
ubiquitination and chromatin remodel-
ing in mouse spermatogenesis. Dev 
Biol, 207(2):322-33. 

26. Chen HY, Sun JM, Zhang Y, Davie JR, 
Meistrich ML (1998). Ubiquitination 
of histone H3 in elongating spermat-
ids of rat testes. J Biol Chem, 273(21): 
13165-9.          

27. Ozanon C, Chouteau J, Sutovsky P (2005). 
Clinical adaptation of the sperm ubu-
quitin tag immunoassay (SUTI): rela-
tionship of sperm ubiquitylation with 
sperm quality in gradient-purified semen 
samples from 93 men from a general 
infertility clinic population. Hum Re-
prod, 20(8):2271-8.           

28. Baarends WM, Roest HP, Grootegoed JA 
(1999b). The ubiquitin system in ga-
metogenesis. Mol Cell Endocrinol. 
151(1-2):5-16. 

www.SID.ir


