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Proteomic analysis reveals dysregulated cell
signaling in ejaculated spermatozoa from infertile
men
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Dysfunctional sperm maturation is the primary reason for the poor sperm motility and morphology in infertile men. Spermatozoa from
infertile men were fractioned on three-layer density gradient (80%, 60%, and 40%). Fraction 1 (F1) refers to the least mature stage
having the lowest density, whereas the fraction 4 (F4) includes the most dense and morphologically mature motile spermatozoa.
Fraction 2 (F2) and fraction 3 (F3) represent the intermediate stages. Proteins were extracted and separated by 1-dimensional gel.
Bands were digested with trypsin and analyzed on a LTQ-Orbitrap Elite hybrid mass spectrometer system. Functional annotations
of proteins were obtained using bioinformatics tools and pathway databases. A total of 1585 proteins were detected in the four
fractions of spermatozoa. A dysregulated protein turnover and protein folding may lead to accumulation of defective proteins
or proteins that otherwise would have been eliminated during the process of maturation, resulting in the impairment of sperm
function. Aberrant chaperone expression may be a major contributing factor to the defective sperm function. Androgen receptor was
predicted as a transcription regulator in one of the networks and the affected pathways were chaperone-mediated stress response,
proteosomal pathway, and sperm function. The downregulation of key pathways and proteins which compromises the fertilizing

potential of spermatozoa may provide insight into the mechanisms that lead to male infertility.
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INTRODUCTION
Male infertility is a multifactorial condition and there is no identifiable
cause in 50% of the cases. The human testis produces spermatozoa at
a rate of 1000 cells per second and these cells are highly differentiated
and unique.! Spermatozoa originate from the complex process of
spermatogenesis in three major steps as follows: (1) proliferation
and differentiation of spermatogonia; (2) divisions during the
spermatocyte stage; and (3) spermiogenesis. Spermiogenesis involves
major morphological and molecular changes, including the removal
of cytoplasm, formation of the acrosome and flagella, mitochondrial
rearrangement, and nuclear remodeling. During mid-spermiogenesis,
the nucleus of the round spermatid changes from spherical to a
unique elongated and flattened shape. This reshaping protects the male
genome during sperm transport and also facilitates the penetration of
spermatozoa into ovum. Thus, spermatozoa are terminally differentiated
and possess specialized organelles.* However, they undergo maturation
during epididymal transit to acquire the ability to fertilize.?
Spermatozoa have different pathologies from those of somatic cells,
which result in different sperm phenotypes in the ejaculated semen.
Seven sperm phenotypes have been detected in human semen from
electron microscopy, which include spermatozoa with dysplasia of the
fibrous sheath, nonspecific flagellar defects, immotile cilia, acrosomal
hypoplasia, defective chromatin condensation and compaction,

pin head, and even sperm cells without heads.* These conditions
cannot be identified by routine semen analysis or functional tests
since the deficiencies demonstrated by these methods are secondary
manifestations of an underlying pathology.

The generation of high-quality spermatozoa is governed by a
number of selective mechanisms within the testes and epididymis.® The
dramatic changes that occur during spermiogenesis, sperm maturation,
and capacitation involve loss and gain of specific proteins.®* Recently,
we have reported that distinct proteomic signatures distinguish
high-quality spermatozoa from their low-quality counterparts in fertile
donors.’ Improper spermatogenesis produces abnormal spermatozoa
that are generally earmarked for elimination by apoptosis and appear
in the ejaculate when they escape apoptosis. Furthermore, differential
localization of Fas, a membrane receptor of the tumor necrosis factor
family that initiates apoptosis, also segregates the spermatozoa into
different subsets.’®!! Thus, spermatozoa marked for apoptosis are
of lower reproductive potential than their unmarked counterparts.
Defects in epididymal maturation lead to increased morphological
abnormalities in the spermatozoa and poor sperm motility.>'>!?
In addition, immature spermatozoa exhibit metabolic alterations,
presence of excess cytoplasm in the ejaculate, increased production
of reactive oxygen species (ROS), lipid peroxidation, and DNA
fragmentation.>"*
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Sperm preparation methods such as density gradient separation
are routinely used to obtain highly motile and morphologically normal
sperm for assisted reproductive technology (ART). Spermatozoa
separated on a three-layer density gradient (40%, 60%, and 80%)
demonstrate cell-to-cell variation in both fertile and infertile men.’
Spermatozoa were separated into four fractions on the basis of their
density and maturity. The lowest level of ROS production and DNA
damage correlates with morphologically normal, motile spermatozoa
obtained in the mature subset from fertile men compared with abnormal
spermatozoa from infertile men.""'° Different subsets of spermatozoa
obtained from the ejaculate of fertile men after separation on a
three-layer density gradient differ in their proteome profile.” We have
demonstrated an increasing trend in proteins involved in key biological
processes during sperm maturation such as reproductive cellular
process, gamete production, motility, oxidative phosphorylation, and
energy metabolism. A decreasing trend was seen in the expression of
proteins that were involved in key biological processes such as protein
synthesis, protein transport, and response to oxidative stress.’

Division of spermatozoa into phenotypes or subsets is of
importance in the evaluation of its true fertility potential, particularly
when using testicular spermatozoa for intracytoplasmic sperm
injection (ICSI). A recent review by Esteves et al.'” documented that
infertile couples may benefit from ICSI with testicular spermatozoa
instead of ejaculated spermatozoa if the male partners exhibit high
sperm DNA fragmentation (SDF) in the ejaculate. We have also
demonstrated that proteins critical for sperm maturation, motility,
and fertilization are involved in biological processes that are activated
or suppressed in different subsets of spermatozoa from fertile men.’
However, the underlying pathways and the distribution of proteins in
immature and mature sperm from infertile men have not been explored
utilizing a proteomic approach. The present study is a continuation
of our previous report on fertile donors deciphering the proteomic
signatures in the spermatozoa of infertile patients to understand the
underlying mechanism(s) of defective sperm maturation.

PATIENTS AND METHODS

Patients

Following the approval of the study by the Institutional Review
Board (IRB) of Cleveland Clinic (Cleveland, OH, USA), semen samples
were collected from 11 infertile men. Men with leukocytospermia (Endtz
test positive) and female factor infertility were excluded. All enrolled
patients provided written consent to participate in the study.

Sample collection and semen analysis

Semen samples were examined according to 2010 World Health
Organization (WHO) criteria.’® All specimens were collected by
masturbation after sexual abstinence of 48-72 h and were allowed
to liquefy for 20 min at 37°C before further processing. Following
liquefaction, manual semen analysis was performed, including
evaluation of presence of round cells, presence of white blood cells by
the peroxidase test (Endtz test), viability, and morphology as previously
described.’

Separation of sperm phenotypes and proteomic analysis

For separating immature and mature spermatozoa, a three-layer
density gradient was used as described earlier.’ It consisted of 2 ml
of 40%, 60%, and 80% of the upper layer, intermediate layer, and
lower layer, respectively. The three layers were reconstituted from
the stock (100%) solution of the gradient with the SpermRinse
medium (Vitrolife, San Diego, CA, USA). The stock gradient was an
antibiotic-free bicarbonate and HEPES-buffered medium containing
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silane-coated, colloid silica particles. The SpermRinse medium was a
bicarbonate and HEPES-buffered medium containing human serum
albumin and gentamycin as an antibiotic (Vitrolife, San Diego, CA,
USA). The three-layer gradient is a slight modification of the 2-layer
density gradient method routinely used for preparing sperm for ART
techniques, especially intrauterine insemination.” Briefly, 1-2 ml of
liquefied semen sample was carefully loaded on the 40% gradient
and centrifuged at 300 g for 20 min. The resulting interfaces between
the seminal plasma and 40% (fraction 1), 40% and 60% (fraction
2), 60% and 80% (fraction 3), and the 80% pellet (fraction 4, mature
fraction) were carefully aspirated, resuspended in human tubal fluid
media (HTF, Irvine Scientific, Santa Ana, CA, USA), and centrifuged
at 300 g for 7 min. The pellets of each fraction were resuspended in
0.5-1 ml HTE and the total sperm count, motility, and morphology
were assessed again.

Sperm proteins from two individual samples and one pooled
(from four individuals after normalization for spermatozoa
number and protein content) sample were dissolved in RIPA lysis
buffer (Sigma-Aldrich, St. Louis, MO, USA) supplemented with
proteinase inhibitor cocktail (Roche, Indianapolis, IN, USA). Protein
concentration was determined by the Bicinchoninic acid (BCA)
kit (Thermo, Rockford, IL, USA). Proteins were extracted and
separated by 1-dimensional gel electrophoresis. Bands were digested
with trypsin and analyzed on a LTQ-Orbitrap Elite hybrid mass
spectrometer (Thermo) system as described.” Each sample was run in
triplicate and the average was taken.

Database searching and protein identification

Tandem mass spectra were extracted by Proteome Discoverer
(version 1.4.1.288, Thermo Fisher Scientific, San Jose, CA, USA).
Twelve tandem mass spectrometry or MS/MS samples (3 runs per
sample) were analyzed by using Mascot (version 2.3.02, Matrix
Science, London, UK), Sequest (version 1.4.0.288, Thermo Fisher
Scientific), and X! Tandem (TheGPM, thegpm.org; version CYCLONE
2010.12.01.1). Mascot, Sequest, and X! Tandem were set up to search
the human database (33 292 entries) assuming the digestion enzyme
trypsin. To validate MS/MS-based peptide and protein identifications,
Scaffold (version Scaffold 4.0.6.1, Proteome Software Inc., Portland,
OR, USA) was used. Peptide identifications were accepted if they could
be established at >95.0% probability by the PeptideProphet™ algorithm
with Scaffold delta-mass correction.”

Quantitation of the relative abundance of protein in spermatozoa

The relative abundance of sperm proteins was determined by comparing
the number of spectra, termed spectral counts (SC), used to identify
each protein. The numerical values used in the quantitation correspond

to the normalized spectral abundance factor (NSAF, SC/[ZSC] x

protein length). NSAF approach was applied before relative protein

quantification.? Differentially expressed proteins (DEPs) were obtained
by applying different constraints for significance tests or fold change
cutoffs from the average SC of the protein from multiple runs.’

The categorization of overall abundance along with the filtering criteria

used for differential expression analysis is summarized below:

1. Very low abundance: spectral count range 1.7-7; P < 0.001; and
NSAF ratio >2.5 for overexpressed and <0.4 for underexpressed
proteins

2. Low abundance: spectral count range 8-19; P < 0.01; and NSAF
ratio >2.5 for overexpressed and <0.4 for underexpressed proteins

3. Medium abundance: spectral count range 20-79; P< 0.05; and NSAF
ratio >2.0 for overexpressed and <0.5 for underexpressed proteins



4. High abundance: spectral counts >80; P < 0.05; and NSAF
ratio 21.5 for overexpressed and <0.67 for underexpressed
proteins.

Bioinformatic analyses

Functional bioinformatics analyses were done with publicly
available tools such as Gene Ontology (GO) annotations from GO
Term Finder (http://search.cpan.org/dist/GO-TermFinder/),! GO
Term Mapper (http://go.princeton.edu/cgi-bin/GOTermMapper),
UNIPROT (The UniProt Consortium; http://www.uniprot.
org/), Database for Annotation, Visualization and Integrated
Discovery (DAVID; http://david.niaid.nih.gov), and proprietary
software packages such as Ingenuity Pathway Analysis (IPA from
Ingenuity” Systems; https://www.qiagenbioinformatics.com/products/
ingenuity-pathway-analysis/) and MetaCore™ (GeneGo Inc., Encinitas,
CA, USA) to identify the cellular distribution of proteins and
differentially affected processes and pathways.

Statistical analyses

The results were expressed as mean + standard deviation (s.d.). To
compare the differences between different fractions of the ejaculate, we
used Jonckheere-Terpstra test (or Jonckheere’s trend test). It is similar
to the Kruskal-Wallis test where the null hypothesis is that several
independent samples are from the same population. However, there is
no priori ordering of the populations from which the samples are drawn.
When there is a priori ordering, the Jonckheere-Terpstra test has more
power than the Kruskal-Wallis test. In this test, there is no issue of
normality and does not require log transformation of the data. The
statistical analysis was performed using the MedCalc (version 17.9.7,
MedCalc Software bvba, Ostend, Belgium). For IPA and MetaCore™,
the right-tailed Fisher’s exact test was used. Differences were considered
statistically significant for P < 0.05.

RESULTS

Semen analysis

Total sperm count (TSC), presence of round cells, motility, and total motile
sperm count (TMS) before and after density gradient centrifugation
are shown in Table 1 and Figure 1. The TSC (x10°% mean * s.d.)
recovered in F3 and F4 was similar (32.51 + 25.78 and 34.32 + 32.53,
respectively) and significantly different (P = 0.004665) from the TSC in
the prewash sample (79.98 + 84.58) (Figure 1a). There was a significant
decrease (P < 0.000001) in the number of round cells (median, 25" and
75 percentiles) from the prewash sample (1.90 [1.07, 3.75]) to that of
F3(0[0,0]) and F4 (0 [0, 0]) (Figure 1b). Spermatozoa recovered from
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F4 displayed the highest average motility (63.0 [53.5, 83.1]) compared
with F1, F2, and F3 followed by F3 (36.6 [32.3, 43.2]) compared
with F1, F2, and F4 (P = 0.000001) (Figure 1c). A higher recovery
of TMS (x10° spermatozoa) was observed in F4 (23.46 + 23.39) than
F3 (12.68 + 11.90) (Figure 1d).

Overall protein abundance

The relative abundance of the identified proteins in the sperm samples
was quantified. For higher accuracy of proteomic results, the protein
abundance should be similar between the analyzed samples. The range
of total SC was 31188-51131 which showed that the abundance of
proteins in these samples was similar.

Distribution of proteins in different fractions

All fractions, i.e. F1, F2, and F3 were compared with mature fraction F4.
A total of 1585 proteins were identified in the four fractions together.
Among those, 1202, 1140, 1129, and 890 proteins were detected in F1,
F2, F3, and F4, respectively. By comparing the F1 and F4 proteomes,
136 proteins were overexpressed in F1, 177 were underexpressed in
F1, 158 were unique to F1, and 51 were unique to F4. When F2 was
compared with F4, 113 proteins were overexpressed in F2, 111 were
underexpressed in F2, 114 were unique to F2, and 24 were unique to
F4. Comparison of F3 versus F4 showed 89 proteins overexpressed
in F3, 53 underexpressed in F3, 38 unique to F3, and 8 unique to F4.
All the four fractions were compared to identify the differentially
expressed proteins (DEPs). Of the 656 DEPs, 75 proteins showed an
increasing trend from fraction F1 to F4 (Supplementary Table 1), while
279 showed a decreasing trend (Supplementary Table 2).

Identification of functional proteins
The Reactome pathway analysis showed that the majority of DEPs
were involved in metabolism, particularly protein metabolism, disease
processes, gene expression, and signal transduction (Figure 2a). The
percentage of proteins involved in various pathways that were either
underexpressed or showed a decreasing trend or were overexpressed
and showed an increasing trend from F1 to F4 is shown in Figure 2b.
The functional annotations from use of the DAVID tool and their
enrichment analysis with the number of key proteins involved are
presented in Supplementary Table 3. F1 was characterized by proteins
involved in translation, elongation, protein transport, oxidoreductase
activity, reproductive processes, spermatid development/differentiation,
and regulation of apoptotic pathways. The proteins identified in F2 are
involved in cell differentiation, protein—protein interactions, protein
transport and localization, oxidoreductase activity, spermatogenesis,

Table 1: Semen parameters hefore and after separation on a 3-layer density gradient

Parameter PW Fl1 F2 F3 F4 P
Motility (%) 45.40+18.84 7.716.82 21.21+7.35 35.78+13.48 64.46+18.12 0.000001¢
47.0 (29, 61) 6.6 (3.5, 7.8) 21.4(17.1, 24.4) 36.6 (32.3, 43.2) 63.0 (53.5, 83.1)
F1, F2, F4 F2, F3, F4, (PW) F1, F3, F4, (PW) F1, F2, F4 F1,F2, F3 <0.00001°
Total sperm 79.98+84.58 12.96+18.35 20.14+17.70 34.32+32.53 32.51+25.78 0.004665°
count (x10°) 61.80 (30.20, 81.60)  8.85(1.78, 15.40)  17.00 (7.75,22.80)  26.50 (13.30, 35.20)  27.45 (11.60, 52.20)
F1, F2 F3, F4, (PW) (PW) F1 F1 0.00007¢
Total motile 102.87+92.06 0.79+1.17 3.98+3.75 12.68+11.90 23.46+23.39 0.000002:
sperm (x10°) g5 93 (33.65, 154.87)  0.199 (0.16, 1.00) 2.79 (1.59, 4.20) 10.79 (4.00, 18.18) 10.90 (7.54, 35.96)
F1, F2, F3, F4 F2, F3, F4, (PW) F1, F3, F4, (PW) F1, F2, (PW) F1, F2, (PW) <0.00001°
Round cells 1.90 (1.07, 3.75) 1.35 (0.60, 3.20) 0.30 (0.10, 0.70) 0(0,0) 0 (0, 0) <0.000001°
(x10° mi-) F2, F3, F4 F2, F3, F4 F1, F3, F4 F1, F2, (PW) F1, F2, (PW) 0.28496°

Values are meanzs.d. and median (25" and 75" percentiles). Comparison between PW and different fractions was done by Kruskal-Wallis test; "post hoc analysis for differences was

done by Jonckheere-Terpstra trend test. P<0.05 was considered statistically significant. F1:

least mature stage having the lowest density; F2, F3: intermediate stages; F4: includes the

most dense and morphologically mature motile spermatozoa. s.d.: standard deviation; PW: prewash
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gonad development, and proteolytic pathways. The key processes of F3
proteins include generation of precursor metabolites and integration

o
Round cells (x 10°)
O AN W h OO N ®
T

4 izl

E ! —o—
F1__F2 F3 F4 PW F1__F2 F3 F4 PW
E Group m Group
90 £ 350
80r X 300}
70F €
$ ool §250-
> 50 §200—
g 40f 21500
28' . 2 100}
- o
10 E S0f o
- Lo 5
ot ! L | 5 Ob =t il n
FI__F2 F3 F4 PW F1__F2 F3 F4 PW
Group m Group

Figure 1: Semen parameters in four fractions compared to PW sample. (a) Total
sperm count (x108); (b) round cell count (x108); (¢) motility (%); and (d) total
motile count (x108) in F1-F4. PW: prewash; F1: least mature stage having
the lowest density; F2, F3: intermediate stages; F4: includes the most dense
and morphologically mature motile spermatozoa.
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of energy metabolism, oxidative phosphorylation, protein catabolic
process, and protein ubiquitination. Finally, the proteins identified in F4
were largely involved in reproductive functions (Table 2). The proteins
involved in intracellular transport, oxidation-reduction, cellular amino
acid catabolic process, and alternative splicing showed an increasing
trend from F1 to F4 (Supplementary Table 2). On the other hand, the
proteins involved in spermatogenesis, protein metabolism, cell cycle,
integration of energy metabolism, regulation of apoptosis, cell redox
homeostasis, translational elongation, and response to protein folding
showed a decreasing trend from F1 to F4 (Supplementary Table 3).

DEPs involved in various networks

The DEPs were further subjected to network analysis by using
IPA. A total of 161 pathways were linked to 279 proteins showing
a decreasing trend from F1 to F4. Among these proteins, 58 were
involved in cell death and survival, posttranslational modification, and
protein folding (Figure 2c). In addition, there were 58 proteins, mostly
molecular chaperones, which were involved in developmental disorder,
posttranslational modification, and protein folding (Figure 2d). A key
network was identified with 58 focal proteins involved in molecular
transport, protein trafficking, and cell cycle (Figure 2e), in which 18
proteins were involved in cell signaling, cancer, and cellular development
processes. The proteins showing an increasing trend from immature to
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Figure 2: DEPs in fraction 1 (F1) through fraction 4 (F4). (a) Reactome pathway showing the number of DEPs involved in various pathways in the four
fractions. F1 being the most immature and F4 the most mature. (b) Percentage of proteins in the data set that were increasing or decreasing for the different
pathways. (c) IPA network showing molecular chaperons that were involved in developmental disorder, posttransiational modifications, and protein folding.
(d) IPA network showing proteins involved in molecular transport, protein trafficking, and cell cycle and (e) IPA network showing molecular chaperons involved
in cell death and survival, posttranslational modifications, and protein folding. IPA: ingenuity pathway analysis; DEPs: differentially expressed proteins; F1:
least mature stage having the lowest density; F2, F3: intermediate stages; F4: includes the most dense and morphologically mature motile spermatozoa.

Full names of abbreviated proteins are presented in Supplementary Information.
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mature fraction (F1 to F4) were linked to 66 networks. The top networks
were lipid metabolism, small molecule biochemistry, and molecular
transport that included 25 proteins. Of these, 22 proteins participated in
cell-to-cell signaling and interaction, cellular function and maintenance,
and inflammatory response and 12 proteins were involved in cell death
and survival, cellular compromise, and cancer (Table 2).

Proteins involved in top pathways and upstream regulators

On the basis of the common genes, 15 top pathways showed an overlap
with each other and their translated protein product was shown to be
gradually underexpressed from immature to mature fractions, while 8
connecting signaling pathways were predicted (Figure 3). The proteins
identified in our data set were analyzed using MetaCore™ to predict the
upstream regulator(s) and the pathways involved (Figure 4a-4c). The
androgen receptor was predicted as one of the transcription regulators
and the pathways affected were chaperone-mediated stress response,
proteosomal pathway, and sperm function (Figure 4d).

DISCUSSION

We have previously reported the proteome profile changes in these four
subsets of immature and mature spermatozoa from fertile men separated
by three layer density gradient. Our results demonstrated that proteins
critical for sperm maturation are altered in stage specific manner in fertile
men. Of these, 4 proteins, namely, heat shock protein HSP701A, clusterin,
tektin 2, and tektin 3 were validated by western blot to corroborate the
proteomic findings.’ In this study, the goal was to compare the same
four subsets of immature and mature spermatozoa in infertile men to
understand why spermatozoa obtained in the mature fraction (F4),
which separate the good quality spermatozoa in terms of motility, TMC,
and even TSG, are still dysfunctional in achieving pregnancy. Therefore,
in this study, a high-throughput shotgun proteomic approach followed
by pathway analysis was used to understand the impaired molecular
mechanism involved in sperm dysfunction.

Despite the absence of effective transcription and translation,
spermatozoa undergo important functional transformation during
epididymal transit. These modifications are essential to produce
functionally efficient spermatozoa and depend on loss, modification,
or remodeling of existing sperm proteins in response to the signals
conveyed by the male reproductive tract. These signals are carefully
regulated by an array of gene products in a stage-specific manner in
which molecular chaperones play a key role.”>* Molecular chaperones
are structurally diverse proteins that are expressed nearly in all cells
in response to cellular stress.** In the present study, we observed that
two of the top three networks identified by IPA were associated with
underexpression of molecular chaperones. These networks were related
to posttranslational modification, protein folding, and molecular
transport. Furthermore, these networks were involved in protein
trafficking related to cellular processes such as cell cycle, cell survival,
cell death, and developmental disorder.

Proposed pathway 1

In the first network, eight proteins of the chaperonin-containing
T-complex/TCP1-ring complex (CCT2, CCT3, CCT4, CCT5, CCT6A,
CCT7, CCTS8, and TCP1), four HSP 70 family chaperones (HSPA2,
HSPA1L, HSP90AA1, and HSP8), and three members of the
co-chaperonin DNAJ (DNAJAI, DNAJB1, and DNAJC3) were
identified as key proteins (Figure 2c). Vesicular trafficking is conducted
by gene products of Bardet-Biedl syndrome (BBS) and McKusick-
Kaufman syndrome (MKKS).?*%* Disruptions of BBS or MKKS genes
result in male infertility owing to the failure of flagellum formation in
spermatozoa.”** The chaperonin-containing T-complex/TCP1-ring
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complex as part of the BBS/CCT complex may play a role in the
assembly of BBSome, a complex involved in ciliogenesis regulating
transport vesicles to the cilia. These proteins also have a role in
the folding of actin and tubulin in vitro, and TUBB4B protein was
identified in this network. Our liquid chromatography (LC)-MS/MS
data also showed a decrease in tubulin (TUBB4B) as well as in both
dynein heavy and light chains (DYNC1H1 and DYNCILI1), further
corroborating the concept of flagellar disassembly. Owing to the defects
in flagellar disassembly, we did not find any change in Tektin (structural
components of outer doublet microtubules) proteins as reported by us
in spermatozoa of fertile men.’

The ribosomal subunits that include two translation elongation
factors (EEF1E1 and EEF1D) and two tRNA ligases (DARS and VARS)
identified in the network were also underexpressed. These are
responsible for linking aspartate and valine to their cognate tRNAs,
thus inhibiting the incorporation of these amino acids into the protein.
In fact, Talevi et al.*® have reported that treatment of spermatozoa
with aspartate in vitro enhances sperm motility in oligozoospermic
samples along with inhibition of DNA damage and membrane lipid
peroxidation.

The HSP family proteins identified in the network were inducible
by stress (e.g. HSPA1), constitutively expressed, or both (e.g. HSPH1,
HSPAS8, and HSP90AA1). Expression of some HSPs is developmentally
regulated or restricted to specific cells.”® HSPA2 is expressed on the
sperm surface, and it is essential for sperm membrane remodeling
during sperm-oocyte interaction. It may be used as a biochemical
marker of human sperm function and male fertility.** Levels of human
HSPA2 expression have been correlated with sperm maturity and
male fertility.*>* Therefore, a decline in HSPA2 expression may be
responsible for improper maturation, which was not so in our previous
study in fertile men.’

We found HSPA1A to be downregulated from F1 to F4 in this
study in infertile men as well as in our previous study in fertile donors.
HSPA1A plays a pivotal role in the protein quality control system,
ensuring the correct folding of proteins, re-folding of misfolded proteins,
and controlling the targeting of proteins for subsequent degradation.
It maintains protein homeostasis during cellular stress through two
opposing mechanisms: protein refolding and degradation.*

The other HSPs and DNA]J family proteins are reported to
affect spermatogenesis or sperm function.? Proteins responsible for
mitochondria-mediated cell death (FAM162) and the negative regulator of
mitochondrial respiration (TRAP1) were also downregulated (Figure 2c).
Therefore, this network indicates that during the process of sperm
production and maturation in infertile men, there is an impairment of
the stress response protein that is demonstrated by the underexpression
of chaperones in the network. This may lead to defects in the formation
of the flagella and abortive apoptosis. Therefore, though the spermatozoa
obtained in the most mature fraction (F4) appear normal, they are
incapable of proper functioning after ejaculation.

The above findings were corroborated by the second predicted
network (Figure 2d) showing deregulated posttranslational
modification and protein folding, leading to developmental
disorder.

Proposed pathway 2

The most important proteins were thioredoxins and peroxiredoxins
which are reported to be abundantly expressed in developing
spermatocytes.” Thioredoxin domain-containing protein 2 (TXNDC2)
is a spermatid-specific thioredoxin-1 (also known as Sptrx-1) which is
found exclusively in the tail of elongating spermatids and spermatozoa.*
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Table 2: Key proteins showing an increasing trend of expression from fraction 1 (F1: most immature) through faction 4 (F4: most mature) involved in
structural assembly of spermatozoa, spermatogenesis, reproduction, sperm motility, energy metabolism, and oxidation-reduction processes

Processes Proteins Protein Name Normalized Spectral Count NASF ratio
Reproduction and ADAM29 Disintegrin and metalloproteinase 0 1.3 7.0 17.3 0 0.08 0.40
spermatogenesis domain-containing protein 29
ADAM30 Disintegrin and metalloproteinase 23.0 25.0 31.3 42.0 0.55 0.59 0.75
domain-containing protein 30
AK7 Adenylate kinase 7 7.7 17.3 24.0 38.3 0.20 0.45 0.63
ATP1A4 Sodium/potassium-transporting ATPase subunit 46.0 93.0 105.3 131.3 0.35 0.71 0.80
alpha-4
BSPH 1 Binder of sperm protein homolog 1 0.7 4.0 7.3 9.7 0.069 0.417 0.76
CABYR Calcium-binding tyrosine 0 104.7 138.0 175.3 0 0.60 0.79
phosphorylation-regulated protein
CCIN Calicin 0 0 33.7 50.7 0 0 0.66
GAPDHS Glyceraldehyde-3-phosphate dehydrogenase, 128.7 139.0 207.7 254.7 0.50 0.55 0.81
testis-specific
IDH1 Isocitrate dehydrogenase [NADP] cytoplasmic 0 5.7 2.0 5.3 0 1.06 0.37
1IZUMO1 Izumo sperm-egg fusion protein 1 2.7 19.7 23.0 50.0 0.05 0.39 0.46
KCNU1 Potassium channel subfamily U member 1 0 0 4.0 5.7 0 0 0.71
RSPH 1 Radial spoke head 1 homolog 27.0 36.3 49.0 49.0 0.55 0.74 1.00
SPACA1 Sperm acrosome membrane-associated protein 1 0 6.0 6.3 6.3 0 0.95 0
SUN5 SUN domain-containing protein 5 0 0 3.7 4.0 0 0 0.92
Sperm motility ATP1A4 Sodium/potassium-transporting ATPase subunit 46.0 93.0 105.3 131.3 0.35 0.71 0.80
alpha-4
CCDC39 Coiled-coil domain-containing protein 39 0 3.7 4.0 5.7 0 0.65 0.71
DNAH1 Dynein heavy chain 1, axonemal 0 18.3 18.3 18.7 0 0.98 0.98
GAPDHS Glyceraldehyde-3-phosphate dehydrogenase, 128.7 139.0 207.7 254.7 0.50 0.55 0.81
testis-specific
Cilium morphogenesis, AK7 Adenylate kinase 7 7.7 17.3 24.0 38.3 0.2 0.45 0.63
axoneme assembly and  cagyYR Calcium-binding tyrosine 0 104.7 1380 1753 0 0.60  0.79
cilium movement phosphorylation-regulated protein
CCDC39 Coiled-coil domain-containing protein 39 0 3.7 4.0 5.7 0 0.65 0.71
DNAH1 Dynein heavy chain 1, axonemal 0 18.3 18.3 18.7 0 0.98 0.98
DNAI2 Dynein intermediate chain 2, axonemal 0 8.7 12.0 15.7 0 0.55 0.77
RSPH 1 Radial spoke head 1 homolog 27.0 36.3 49.0 49.0 0.55 0.74 1
SEPT7 Septin-7 0 0 5.7 6.0 0 0 0.94
Cell recognition ADAM30 Disintegrin and metalloproteinase 23.0 25.0 31.3 42.0 0.55 0.59 0.75
domain-containing protein 30
CRTAC1 Radial spoke head 1 homolog 0 0 5.0 10.7 0 0 0.47
DYNLL2 Dynein light chain 2, cytoplasmic 17.7 31.7 33.0 54.7 0.32 0.58 0.60
IZUMO1 Izumo sperm-egg fusion protein 1 2.7 19.7 23.0 50.0 0.05 0.39 0.46
KCNU1 Potassium channel subfamily U member 1 0 0 4.0 5.7 0 0 0.71
Carboxylic acid AASS Alpha-aminoadipic semialdehyde synthase, 2.3 1.0 3.7 15.7 0.15 0.06 0.23
metabolic process mitochondrial
ACAD8 Isobutyryl-CoA dehydrogenase, mitochondrial 2.0 7.0 12.7 15.7 0.13 0.45 0.81
ALDH9A1 4-trimethylaminobutyraldehyde dehydrogenase 61.0 74.7 113.0 115.0 0.53 0.65 0.98
CRAT Carnitine O-acetyltransferase 48.3 51.3 66.7 112.3 0.43 0.46 0.59
DPEP1 Dipeptidase 1 6.0 9.3 11.3 17.0 0.35 0.55 0.67
GAPDHS Glyceraldehyde-3-phosphate dehydrogenase, 128.7 139.0 207.7 254.7 0.50 0.55 0.81
testis-specific
GSTO2 Glutathione S-transferase omega-2 7.3 15.3 38.7 43.7 0.17 0.35 0.88
HIBCH 3-hydroxyisobutyryl-CoA hydrolase, mitochondrial 2.0 7.3 10.0 13.0 0.15 0.56 0.77
IDH1 Isocitrate dehydrogenase [NADP] cytoplasmic 0 5.7 2.0 5.3 0 1.06 0.37
MUT Methylmalonyl-CoA mutase, mitochondrial 3.3 10.3 11.7 16.0 0.21 0.64 0.73
Contd....
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Table 2: Contnd...
Processes Proteins Protein Name Normalized Spectral Count NASF ratio
Oxidation-reduction AASS Alpha-aminoadipic semialdehyde synthase, 2.3 1.0 3.7 15.7 0.15 0.06 0.23
process mitochondrial
ACAD8 Isobutyryl-CoA dehydrogenase, mitochondrial 2.0 7.0 12.7 15.7 0.13 0.45 0.81
ALDHO9A1 4-trimethylaminobutyraldehyde dehydrogenase 61.0 74.7 113.0 115.0 0.53 0.65 0.98
CHDH Choline dehydrogenase, mitochondrial 3.7 13.3 15.0 24.7 0.15 0.54 0.61
CRAT Carnitine O-acetyltransferase 48.3 51.3 66.7 112.3 0.43 0.46 0.59
GAPDHS Glyceraldehyde-3-phosphate dehydrogenase, 128.7 139.0 207.7 254.7 0.50 0.55 0.81
testis-specific
GSTO2 Glutathione S-transferase omega-2 7.3 15.3 38.7 43.7 0.17 0.35 0.88
HTATIP2 Oxidoreductase HTATIP2 7.3 9.3 10.3 5.0 1.47 1.87 2.07
IDH1 Isocitrate dehydrogenase [NADP] cytoplasmic 0 5.7 2.0 5.3 0 1.06 0.37
MUT Methylmalonyl-CoA mutase, mitochondrial 3.3 10.3 11.7 16.0 0.21 0.64 0.73
SLC25A4 ADP/ATP translocase 1 1.0 2.0 4.7 6.7 0.15 0.30 0.70

NASF: normalized spectral abundance factor.

TXNDC?2 transiently associates with the longitudinal columns of the
fibrous sheath during sperm tail assembly but does not remain as a
permanent component of the fibrous sheath in the mature sperm cell.””
Although the expression of this protein showed a gradual decline from
F1 to F4, still its presence in the most mature fraction implies defects
in sperm flagella, which corroborates the findings in pathway 1 and
our previous study regarding the expression of tektins.® Similarly,
peroxiredoxin 4 (PRDX4) (Figure 2d) is present as a membrane-bound
form only in testes, and the unprocessed form may be involved in
acrosome formation during spermiogenesis.*® Peroxiredoxins are
involved in hydrogen peroxide-mediated signaling in spermatozoa®
and prevent oxidative stress during capacitation.”” PRDX4 knockout
mice showed elevated spermatogenic cell death via oxidative stress."!
We observed a decrease in the expression of voltage-dependent
mitochondrial outer membrane ion channels (VDAC1, VDAC2,
and VDAC3) along with mitochondrial ATP synthase complex
subunits (ATP5I, ATP5F1, and ATP5]). These findings suggest
mitochondrial dysfunction, which may lead to oxidative stress and cell
death as mentioned above. In addition, underexpression of isocitrate
dehydrogenase (IHD1), lipoprotein lipase (LPL), and apolipoprotein
Al (APOA1) may be responsible for impaired lipid metabolism.
This may result in altered lipid profile of the sperm membrane that
in turn may affect fertilization.*> Furthermore, underexpression of
dynactin (DCTN2), contractin (actin-related protein 1 homolog
A [ACTR1A]), and F-actin capping protein (capping protein Z line
alpha [CAPZA]) observed in our study maylead to defects in microtubule
packaging and centrosome formation. Since the spermatozoon donates
its centriole during fertilization and is essential for cleavage, these
spermatozoa from infertile patients may not be able to initiate cleavage
in embryos after fertilization. One of the major groups from the network
that we identified were the endoplasmic reticulum-specific protein
suppressor enhancer lin-12 1 like (SEL1L) and endoplasmic reticulum
protein 29 (ERP29) along with the Ras-related proteins RBA6A and
RAB7A. The presence of these proteins suggests impaired membrane
traffic from the Golgi apparatus toward the endoplasmic reticulum. In
addition, proteins involved in posttranslational modification and folding
of proteins such as chaperones (HSP90B1, HSPA5, calnexin [CANX],
calreticulin [CALR]), protein disulfide isomerase (prolyl 4-hydroxylase,
beta polypeptide [P4HB], and protein disulfide isomerase-associated
3 [PDIA3]), peptidyl prolyl-cis-trans isomerase (FK506-binding
protein [FKBP]), and serine-threonine phosphatase (peptidylpropyl
isomerase B [PPIB]) were also identified in this network. Thus, an

endoplasmic reticulum stress may be responsible for improper protein
formation leading to developmental disorders in the proteins obtained
in F4 fraction in infertile men.

Proposed pathway 3
The third network demonstrated a deregulated molecular
transport, protein trafficking, and cell cycle. In the present study,
we identified nuclear transport receptor IOP5 or importin-5
and alpha karyopherins such as KPNA2, KPNA3, KPNA4, and
KNPNB. These karyopherins are expressed in specific stages during
spermatogenesis in the spermatogonium (KNNA1, KPNA2, and
KPNA3), spermatocyte (KPNA2, KPNA3, and KPNA4), round
spermatid (KPNA3 and KPNA4), and elongating spermatids (KPNA2
and IPO5).” These importins were all underexpressed in ejaculated
sperm in our study. This finding suggests that together with RNA
GTPase they may be responsible for impaired import of testis specific
H1 histone (HIST1HI1T). HIST1HIT is required for less compaction
of nuclear DNA during meiosis and is subsequently replaced
by protamines. Thus, these importins may play a role in nuclear
abnormalities that may eventually render the spermatozoa incapable
of fertilization or successful completion of postfertilization steps.
The other two important proteins involved in exosome-mediated cargo
delivery were ANXAI and ANXA2.* These were underexpressed in this
network. It is hypothesized that sperm maturation in the epididymis and
regulation of sperm function are mediated by regulatory RNAs that are
delivered by exosomes.”* In fact, Yang et al.* reported the presence of
annexins in the seminal exosomes. Thus, an improper delivery of regulatory
factors to the spermatozoa via exosomes might result in sperm dysfunction.
Proteasomes present in mammalian sperm play a pivotal role during
fertilization. The enzymatic activity of the proteasome is modulated
by protein kinase A and is involved in the progesterone-induced
acrosome reaction. Furthermore, after capacitation, the acrosomal
proteasomes facilitate the degradation of zona pellucida glycoproteins
leading up to fertilization.*” In this network, we identified eight
subunits of 26S proteasome (PSMC3, PSMC4, PSMC6, PSMD5,
PSMD?7, PSMD8, PSMD11, and PSMD13). One of the nodal proteins,
matrix-metalloproteinase (MME) or Neprilysin, was also identified in
the network. Pinto et al.*® reported that tachykinins present in human
spermatozoa participate in the regulation of sperm motility, and their
activity is regulated by Neprilysin. Another nodal protein involved
in this network was 14-3-3 protein theta (YWHAQ) adapter protein
which has been implicated in the regulation of a large spectrum of both
general and specialized signaling pathways,* thus implying a signaling
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Figure 3: Fifteen overlapping pathways and eight connecting signaling pathways were predicted based on the identified common genes. Their translated
protein products were underexpressed starting from F1 to F4. F1: least mature stage having the lowest density; F2, F3: intermediate stages; F4: includes
the most dense and morphologically mature motile spermatozoa. Full names of abbreviated proteins are presented in Supplementary Information.
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Figure 4: The biochemical process networks of the differentially expressed proteins generated by MetaCore™ software using a transcription regulation
algorithm. The biochemical process regulation networks were ranked by a value and interpreted in terms of GO. Gene network illustrates proteins and
interactions of the differentially expressed proteins. MetaCore™ pathway analysis predicting androgen receptor as the major regulator and pathways involved
were; (a) chaperone-mediated stress response; (b) sperm function; (e) proteosomal pathway; and (d) predicted impaired androgen receptor signaling in
spermatozoa of infertile patients. GO: gene ontology; F1: least mature stage having the lowest density; F2, F3: intermediate stages; F4: includes the most
dense and morphologically mature motile spermatozoa. Full names of abbreviated proteins are presented in Supplementary Information.

YWHAB HSPB1

failure in F4 fraction in our study. We identified 15 overlapping
networks on the basis of mutual genes that were affected during the
process of maturation in these infertile patients. These networks may
be responsible for poor sperm quality.

MetaCore™ pathway analysis
While IPA reports protein-protein interactions, MetaCore™ is an
integrated software suite for functional analysis of experimental data
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of human protein-protein interactions, protein-DNA interactions,
transcription factors, and signaling and metabolic pathways including
disease and toxicity. The top pathway affected during maturation
was identified to be mediated through TXN, PRDXI, signaling
adaptor molecules (YWHAQ and YWHAB), and the molecular
chaperons (HSP90AA1, HSP90B1, HSC70, HSPA5, DNAJA1, DNAJ2,
DNAJB1, DNAJB11, DNAJC3, and STIP1). Taken together, all the
networks and pathways described above suggest that the spermatozoa



at different stages of maturation suffer from endoplasmic reticulum
stress (ER stress) due to accumulation of unfolded or misfolded proteins
as a result of underexpressed chaperone and proteasome activities,
which will lead to induction of oxidative stress and abortive apoptosis.
This is corroborated by the fact that the Clusterin is not differentially
expressed in the spermatozoa of infertile men like that reported
for fertile men.’ Clusterin isoforms are responsible for differential
regulation of apoptosis where the nuclear form promotes the process
and the mitochondrial form opposes the process (Uniprot). In fertile
men, its proper expression prevented apoptosis of mature spermatozoa
where the mitochondria are intact and eliminated the spermatozoa
with nuclear defects. Therefore, it is suggested that the process was
impaired in infertile men leading to abortive apoptosis. Taken together,
the cells that may appear morphologically mature may carry structural
anomalies in the cytoskeleton, microtubules, and flagellum, thereby
affecting the function of the spermatozoa. Androgen receptor is a
transcription regulator. The presence of the AR in human spermatozoa
has been demonstrated by Western blot and immunofluorescence
assay.”® AR is also localized in the head region.”! In addition to
stimulating cell growth, androgens or the AR plays an important role
in apoptosis involving both intrinsic and extrinsic pathways. Short
exposure of ejaculated spermatozoa to androgens produces an increase
in AR phosphorylation, especially on the 110 kDa band which is the
less expressed isoform in sperm cells.”!

Taken together, all the networks and pathways described in the
present study show that the spermatozoa at different stages of maturation
suffer from ER stress due to accumulation of unfolded or misfolded
proteins as a result of underexpressed chaperone and proteasome
activities. This may lead to induction of oxidative stress and abortive
apoptosis.* Thus, although the spermatozoa in F4 fraction may appear
morphologically mature and exhibit good motility and morphology
following separation on density gradient as is the case during intrauterine
insemination or in vitro fertilization, these sperm can potentially carry
structural anomalies in the cytoskeleton, microtubule, and flagellum,
thereby affecting the functional capabilities of the spermatozoa.
A limitation of our study was that we could not perform the western
blot validation of the MS-spectrometry data as the quantity of protein
from the fractions, particularly F3 and F4, was insufficient.

In conclusion, the results of the present study show that a defective
signaling cascade is responsible for the defective sperm function
observed in infertile patients, particularly a decline in mitochondrial
function and oxidative phosphorylation in the most mature
fraction (F4), implying a state of energy deprivation. Furthermore,
a dysregulated protein turnover and protein folding may lead to
accumulation of defective proteins or proteins that otherwise would
have been eliminated during the process of maturation and thus result
in the impairment of sperm function. The present study provides
mounting evidence that aberrant chaperone expression may be a major
contributing factor to the defective sperm function seen in many cases of
male infertility. Our study also identified the involvement of AR as the
core player in the downregulation of the signaling leading to production
of defective spermatozoa incapable of fertilization. Future studies
conducted in larger study population are necessary to examine the
distribution of proteins in infertile men with different clinical diagnosis
such as varicocele and validate the important proteins to further help in
understanding the underlying pathology of male infertility.
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Supplementary Table 1: Proteins showing an increasing trend during sperm maturation

Protein Uniprot mw F1 F2 F3 F4
number
kDa Average SC  Average SC  Average SC  Average SC

Actin-like protein 9 Q8TC94 46 0.0 5.0 8.3 50.3
AMY-1-associating protein expressed in testis 1 Q77479 90 0.0 0.0 3.0 4.3

Calcium-binding tyrosine phosphorylation-regulated protein isoform C 075952 41 0.0 104.7 138.0 175.3
Calicin Q13939 67 0.0 0.0 33.7 50.7
Cartilage acidic protein 1 isoform B precursor QINQ79 70 0.0 0.0 5.0 10.7
Coiled-coil domain-containing protein 39 Q9UFE4 110 0.0 3.7 4.0 5.7

Disintegrin and metalloproteinase domain-containing protein 29 preproprotein Q9UKF5 93 0.0 1.3 7.0 17.3
Dynein heavy chain 1, axonemal Q9P2D7 488 0.0 18.3 18.3 18.7
Dynein heavy chain 12, axonemal isoform 1 Q6ZR08 357 0.0 8.7 12.0 15.7
Fibronectin type Il domain-containing protein 8 Q8TC99 36 0.0 3.0 15.0 26.7
Fibrous sheath-interacting protein 2 J3QTJ6 790 0.0 0.0 2.3 13.0
GLIPR1-like protein 2 Q4G1C9 29 0.0 15.3 16.7 20.0
Isochorismatase domain-containing protein 2, mitochondrial isoform 1 P50213 22 0.0 56.3 60.7 60.7
Isocitrate dehydrogenase [NAD] subunit gamma, mitochondrial isoform A precursor 075874 43 0.0 5.7 2.0 5.3

Leucine-rich repeat and 1Q domain-containing protein 4 Q53EV4 64 0.0 3.0 6.7 13.3
Leucine-rich repeat-containing protein 23 isoform A A6NMS7 40 0.0 11.0 16.3 18.0
leucine-rich repeat-containing protein 48 isoform A Q08722 61 0.0 15.7 30.7 52.7
Mitochondrial thiamine pyrophosphate carrier Q10713 36 0.0 2.3 8.7 9.0

Poly(ADP-ribose) glycohydrolase ARH3 Q15365 39 0.0 2.7 2.3 9.0

Potassium channel subfamily U member 1 ABMYU2 130 0.0 0.0 4.0 5.7

Protein FAM205A Q6ZU69 148 0.0 0.0 11.7 39.3
Septin-7 isoform 1 Q16181 51 0.0 0.0 5.7 6.0

Sodium/potassium-transporting ATPase subunit beta-1 P05026 35 0.0 0.0 2.7 2.7

Speriolin isoform 1 Q9HBV2 62 0.0 6.0 6.3 6.3

SUN domain-containing protein 5 Q8TC36 43 0.0 0.0 3.7 4.0

Tripartite motif-containing protein 42 Q8IWZ5 83 0.0 0.0 1.3 10.7
Uncharacterized protein LOC730159 precursor 21 0.0 0.0 5.7 6.7

WD repeat-containing protein 52 isoform 1 Q9GZS3 214 0.0 15.7 17.0 24.0
Bovine seminal plasma protein homolog 1 precursor Q07572 16 0.7 4.0 7.3 9.7

Probable Xaa-Pro aminopeptidase 3 isoform 1 Q9NQH7 57 0.7 6.3 16.0 16.7
ADP/ATP translocase 1 P12235 33 1.0 2.0 4.7 6.7

3-hydroxyisobutyryl-CoA hydrolase, mitochondrial isoform 1 precursor Q6NVY1 43 2.0 7.3 10.0 13.0
Actin-like protein 7A Q9Y615 49 2.0 8.0 15.3 42.0
Isobutyryl-CoA dehydrogenase, mitochondrial Q9UKU7 45 2.0 7.0 12.7 15.7
Alpha-aminoadipic semialdehyde synthase, mitochondrial Q9UDR5 102 2.3 1.0 3.7 15.7
Izumo sperm-egg fusion protein 1 precursor Q8IYV9 39 2.7 19.7 23.0 50.0
Mitochondrial-processing peptidase subunit alpha precursor Q10713 58 2.7 4.7 5.7 16.7
Radial spoke head protein 3 homolog Q86UC2 64 2.7 20.0 24.7 31.3
Adenylate kinase domain-containing protein 1 isoform 1 Q5TCS8 221 3.3 39.0 58.3 58.7
Methylmalonyl-CoA mutase, mitochondrial precursor P22033 83 3.3 10.3 11.7 16.0
Sorting and assembly machinery component 50 homolog Q9Y512 52 3.3 5.7 10.7 18.3
Choline dehydrogenase, mitochondrial Q8NE62 65 3.7 13.3 15.0 24.7
Cytochrome b5 domain-containing protein 1 Q6P9GO 27 4.0 9.7 10.7 11.7
Dynein intermediate chain 2, axonemal isoform 1 Q9GZS0 69 4.0 17.3 20.0 21.7
Peptidyl-prolyl cis-trans isomerase-like 6 isoform 1 Q8IXY8 35 4.0 13.7 18.3 22.7
Putative transferase CAF17, mitochondrial precursor Q5T440 38 5.3 11.7 14.7 17.7
Dipeptidase 1 precursor P16444 46 6.0 9.3 11.3 17.0
Glutathione S-transferase omega-2 isoform 1 Q9H4Y5 28 7.3 15.3 38.7 43.7
Integrin alpha-M isoform 1 precursor P11215 127 7.3 19.0 0.0 0.0

Oxidoreductase HTATIP2 isoform A precursor Q9BUP3 30 7.3 9.3 10.3 5.0

Adenylate kinase 7 Q96M32 83 7.7 17.3 24.0 38.3
Actin-related protein M1 Q9BYD9 41 9.0 19.7 44.7 70.0
Sodium/potassium-transporting ATPase subunit alpha-1 isoform A P05023 113 9.0 12.3 16.3 19.0
SPRY domain-containing protein 7 isoform 1 Q5W111 22 9.3 10.3 13.0 20.7
EF-hand domain-containing protein KIAA0494 075071 55 9.7 28.0 34.7 41.7
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Protein

Uniprot mMw
number

FI1

F2

F3

F4

kDa Average SC  Average SC  Average SC  Average SC
Uncharacterized protein KIAA1683 isoform A Q9HOB3 147 12.0 49.3 62.0 81.0
Serine/threonine-protein phosphatase with EF-hands 1 isoform 1 014829 76 13.0 31.7 32.7 61.0
Casein kinase Il subunit beta P67870 25 16.7 20.0 26.0 34.3
Deoxyguanosine kinase, mitochondrial isoform A precursor Q16854 32 17.0 20.0 32.0 40.3
Fibrinogen-like protein 1 precursor Q08830 36 17.0 19.7 30.0 39.7
Dynein light chain 2, cytoplasmic Q96FJ2 10 17.7 31.7 33.0 54.7
Disintegrin and metalloproteinase domain-containing protein 30 preproprotein Q9UKF2 89 23.0 25.0 31.3 42.0
Radial spoke head 1 homolog Q8WYR4 35 27.0 36.3 49.0 49.0
Izumo sperm-egg fusion protein 2 precursor Q6UXV1 25 29.7 29.7 36.7 46.3
Coiled-coil domain-containing protein 147 Q5T655 103 32.7 53.3 60.0 76.7
Actin-related protein T2 Q8TDY3 42 33.0 59.0 64.7 87.0
Protein FAM71B Q8TC56 65 41.3 60.0 81.0 103.3
Sodium/potassium-transporting ATPase subunit alpha-4 isoform 1 Q13733 114 46.0 93.0 105.3 131.3
Beta-galactosidase-1-like protein precursor Q6UWU2 74 48.3 63.7 71.3 105.3
Carnitine O-acetyltransferase precursor P43155 71 48.3 51.3 66.7 112.3
4-trimethylaminobutyraldehyde dehydrogenase P49189 56 61.0 74.7 113.0 115.0
Glycerol kinase 2 Q14410 61 118.3 148.3 151.0 171.7
Stress-70 protein, mitochondrial precursor P38646 74 121.7 130.3 140.7 206.7
Glyceraldehyde-3-phosphate dehydrogenase, testis-specific 014556 45 128.7 139.0 207.7 254.7
F1: fraction 1; F2: fraction 2; F3: fraction 3; F4: fraction 4; SC: spectral count; MW: molecular weight
Supplementary Table 2: Proteins showing a decreasing trend during sperm maturation
Protein Uniprot Mw F1 F2 F3 F4
number
kDa  Average SC Average SC Average SC Average SC
Lactotransferrin isoform 1 precursor P02788 78 2260.0 1810.3 1407.3 299.3
Endoplasmin precursor P14625 92 1002.0 609.0 436.7 246.0
Tubulin beta-4B chain P68371 50 927.3 707.3 457.3 406.3
78 glucose-regulated protein precursor P11021 72 875.7 528.0 506.7 368.7
Heat shock protein HSP 90-alpha isoform 1 Q86SX1 98 777.7 680.7 531.0 385.7
Semenogelin-2 precursor PO7900 65 712.0 397.7 170.0 70.0
Heat shock-related 70 protein 2 P54652 70 707.7 596.0 326.7 276.0
Protein disulfide-isomerase A3 precursor P30101 57 622.3 389.3 367.7 212.0
Tubulin alpha-3C/D chain Q13748 50 598.0 474.3 284.7 264.7
Hypoxia up-regulated protein 1 precursor Q9Y4L1 111 509.3 331.7 173.7 80.3
60 HSP, mitochondrial P10809 61 482.3 283.3 66.3 57.0
Aminopeptidase N precursor P15144 110 363.7 258.3 95.0 54.0
Importin-5 B3KWG6 126 348.3 172.7 61.0 48.7
Semenogelin-1 preproprotein 000410 52 336.7 212.3 166.0 87.7
Calreticulin precursor P04279 48 291.7 195.0 192.0 110.3
RuvB-like 2 P27797 51 287.0 208.3 110.3 71.7
Actin, cytoplasmic 1 Q9Y230 42 285.3 164.0 84.0 61.3
Uncharacterized protein Clorf56 precursor P60709 37 263.7 103.3 30.7 29.7
Heat shock 70 protein 1-like Q9BUN1 70 258.3 236.3 183.3 130.0
Prostatic acid phosphatase isoform TM-PAP precursor P34931 48 249.7 151.7 69.7 33.3
Elongation factor 1-gamma P15309 50 247.3 167.0 128.0 80.7
Phosphoglycerate kinase 2 P26641 45 240.7 199.0 176.7 145.0
Calmegin precursor P07205 70 229.7 94.7 14.0 0.0
Calnexin precursor 014967 68 227.3 130.7 64.7 39.3
Protein disulfide-isomerase precursor P27824 57 222.7 131.0 79.7 35.3
Importin subunit beta-1 P07237 97 217.0 78.3 47.7 28.7
T-complex protein 1 subunit beta isoform 1 Q14974 57 200.3 139.7 46.0 27.0
T-complex protein 1 subunit gamma isoform A P78371 61 199.0 106.7 27.0 24.7
T-complex protein 1 subunit eta isoform A P49368 59 193.0 144.0 58.3 35.0
Vesicular integral-membrane protein VIP36 precursor Q99832 40 192.7 118.3 82.0 59.7
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Protein Uniprot Mw F1 F2 F3 F4
number
kDa  Average SC Average SC Average SC Average SC
T-complex protein 1 subunit theta Q12907 60 189.3 126.7 48.0 33.0
Valyl-tRNA synthetase P50990 140 176.3 95.7 91.0 20.0
Cullin-associated NEDD8-dissociated protein 1 P26640 136 168.0 138.0 82.3 53.7
T-complex protein 1 subunit delta Q86VP6 58 162.0 98.7 44.3 30.3
Heat shock 70 protein 1A/1B P50991 70 147.7 93.7 39.7 11.7
Heme oxygenase 2 P0O8107 36 145.3 30.3 0.0 0.0
Neprilysin P30519 86 141.7 107.0 37.0 23.0
Histone H2B type 1-A P08473 14 137.3 73.7 35.3 0.0
Cytoplasmic dynein 1 heavy chain 1 Q96A08 532 136.7 135.3 2.3 0.0
60S acidic ribosomal protein PO Q14204 34 136.3 61.0 33.0 30.3
Heat shock cognate 71 protein isoform 1 P05388 71 122.7 72.7 47.7 41.0
Transmembrane emp24 domain-containing protein 10 precursor P11142 25 122.7 72.0 71.0 54.0
Protein disulfide-isomerase A6 precursor P49755 48 119.0 84.0 43.7 23.7
Peroxiredoxin-4 precursor Q15084 31 118.0 85.7 83.3 56.0
Calcium-binding tyrosine phosphorylation-regulated protein isoform A Q13162 53 117.0 26.7 22.0 21.7
Fatty-acid amide hydrolase 1 075952 63 114.0 83.3 77.7 73.3
Peroxiredoxin-6 000519 25 109.7 77.3 14.7 2.0
Stomatin-like protein 2 P30041 39 105.3 72.7 28.0 25.7
T-complex protein 1 subunit epsilon QouJzZ1 60 104.0 58.7 31.3 15.3
T-complex protein 1 subunit zeta isoform A P48643 58 103.7 74.3 23.0 11.7
cAMP-dependent protein kinase type ll-alpha regulatory subunit P40227 46 100.0 82.7 59.0 42.3
ATP synthase subunit b, mitochondrial precursor P13861 29 99.7 86.0 35.3 37.3
Ras-related protein Rab-14 P24539 24 95.0 46.3 30.0 12.7
Dehydrogenase/reductase SDR family member 7 precursor P61106 38 93.3 47.7 10.0 0.0
Prostate-specific antigen isoform 1 preproprotein Q9Y394 29 91.7 23.0 3.0 0.0
Voltage-dependent anion-selective channel protein 2 isoform 2 P07288 32 91.0 19.7 11.3 8.3
Arachidonate 15-lipoxygenase B isoform D P45880 76 90.7 89.3 27.3 7.7
Heat shock 70 protein 4L 015296 95 88.7 43.3 28.3 17.0
Bifunctional aminoacyl-tRNA synthetase 095757 171 87.3 65.0 45.3 19.7
Histone H1t P07814 22 86.0 37.3 8.7 3.7
Peroxiredoxin-1 P22492 22 85.0 42.7 34.3 17.0
T-complex protein 1 subunit alpha isoform A Q06830 60 83.7 77.3 37.7 15.7
Transmembrane emp24 domain-containing protein 9 precursor P17987 27 82.0 51.7 23.0 19.0
Endoplasmic reticulum resident protein 44 precursor Q9BVK6 47 81.3 50.7 41.7 26.7
Importin subunit alpha-2 Q9BS26 58 80.3 56.7 45.0 35.0
Nuclear pore complex protein Nup93 isoform 1 P52292 93 78.7 65.7 31.7 22.0
General vesicular transport factor p115 Q8N1F7 108 75.0 14.3 4.7 1.0
Polyadenylate-binding protein 1 P11940 71 72.0 5.3 0.0 0.0
Creatine kinase B-type P12277 43 71.0 51.0 6.0 0.0
Elongation factor 1-delta isoform 1 P29692 71 69.7 26.3 6.3 5.7
Mesencephalic astrocyte-derived neurotrophic factor precursor P55145 21 69.7 34.0 26.0 8.3
Reticulocalbin-2 precursor Q14257 37 69.7 26.0 0.0 0.0
Peroxisomal membrane protein 11B isoform 1 096011 28 67.7 23.0 10.7 4.3
Calmodulin P62158 17 66.7 52.7 41.3 38.3
Heat shock protein beta-1 P04792 23 66.0 41.7 4.3 1.0
14-3-3 protein theta P27348 28 64.3 55.7 18.0 5.3
26S proteasome non-ATPase regulatory subunit 13 isoform 1 Q9UNM6 43 64.3 48.3 19.7 5.0
Peptidyl-prolyl cis-trans isomerase B precursor P23284 24 63.0 28.3 20.3 9.0
Annexin A4 P09525 36 62.0 33.3 25.0 15.3
Protein ERGIC-53 precursor P49257 58 61.7 29.0 7.0 1.3
60S ribosomal protein L12 P30050 18 60.3 23.3 13.0 11.3
Exportin-2 P55060 110 60.0 39.7 16.0 11.3
cAMP-dependent protein kinase type I-alpha regulatory subunit P10644 43 58.3 37.7 20.7 8.0
Ras-related protein Rab-11B Q15907 24 58.3 26.0 9.7 0.0
Testis-expressed protein 101 isoform 1 Q9BY14 29 58.3 43.0 28.3 20.7
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Protein Uniprot Mw F1 F2 F3 F4
number
kDa  Average SC Average SC Average SC Average SC

Ecto-ADP-ribosyltransferase 3 isoform A precursor Q13508 44 58.0 48.7 46.0 12.3
Ras-related protein Rab-6A isoform A P20340 24 56.3 18.0 1.3 0.0

T-complex protein 1 subunit zeta-2 isoform 1 Q92526 58 56.3 32.0 22.7 11.3
Voltage-dependent anion-selective channel protein 3 isoform 1 QoY277 31 56.0 10.0 5.7 0.0

CD177 antigen precursor Q8N6Q3 46 55.7 35.3 5.3 0.0

Uncharacterized protein KIAA2013 precursor Q81YS2 69 54.3 34.0 33.3 23.7
Glutamate carboxypeptidase 2 isoform 1 Q04609 84 53.0 39.0 1.3 1.0

Sperm surface protein Spl7 Q15506 17 53.0 35.3 19.7 14.0
Endoplasmic reticulum resident protein 29 isoform 1 precursor P30040 29 52.3 33.0 19.3 5.7

NADH-cytochrome b5 reductase 3 isoform 2 PO0387 32 51.7 34.0 31.3 20.7
Protein sel-1 homolog 1 isoform 1 precursor QoUBV2 89 51.3 23.3 9.3 0.0

26S proteasome non-ATPase regulatory subunit 11 000231 47 49.7 36.0 8.0 7.0

Annexin A2 isoform 2 P07355 39 48.3 24.3 13.3 2.0
DnaJ homolog subfamily B member 11 precursor Q9UBS4 41 48.0 29.3 27.7 7.7

26S proteasome non-ATPase regulatory subunit 7 P51665 37 47.3 36.0 13.0 2.0
Phosphoglycerate mutase 2 P15259 29 47.3 29.3 24.7 20.0
Histone H2A type 1-A Q96QV6 14 47.0 28.0 19.0 11.3
Receptor expression-enhancing protein 6 Q96HR9 21 45.3 31.0 20.7 12.0
Alpha-actinin-4 043707 105 44.7 29.3 21.7 14.7
Melanoma inhibitory activity protein 3 precursor Q5JRA6 214 44.3 10.7 7.0 1.3
Axonemal dynein light intermediate polypeptide 1 014645 32 43.3 35.0 29.7 0.0
Chitinase domain-containing protein 1 isoform A Q9BWS9 45 43.3 25.3 8.0 6.0
Ras-related protein Rab-1A isoform 1 P62820 23 42.7 12.0 5.3 3.3
Cytochrome c oxidase subunit 5B, mitochondrial precursor P10606 14 42.3 22.7 20.0 15.7
60S ribosomal protein L4 P36578 48 41.3 4.0 0.0 0.0
Peroxiredoxin-2 isoform A P32119 22 40.3 20.0 7.0 3.7

Annexin Al P04083 39 39.3 27.3 19.7 14.0
Ribonuclease inhibitor P13489 50 39.3 12.7 12.3 3.3
DnaJ homolog subfamily A member 2 060884 46 38.3 29.7 17.7 13.0
60S acidic ribosomal protein P2 P05387 12 38.0 12.0 9.7 8.7

Prostate and testis expressed protein 1 precursor Q8WXA2 14 37.7 29.7 24.7 22.7
60S ribosomal protein L6 Q02878 33 37.0 18.0 4.0 1.0
Lon protease homolog, mitochondrial P36776 106 36.7 24.3 11.3 17.0
Stromal cell-derived factor 2-like protein 1 precursor Q9HCN8 24 36.3 27.0 23.7 13.0
Proteasome subunit beta type-1 P20618 26 36.0 31.0 24.7 12.3
Myosin light polypeptide 6 isoform 1 P60660 17 35.0 21.3 0.0 0.0
Histone H2A-Bbd type 2/3 POC5Z0 13 34.7 20.3 0.0 0.0
Voltage-dependent anion-selective channel protein 1 P21796 31 34.3 21.0 7.7 0.0
Serine/threonine-protein phosphatase 2A 65 regulatory subunit A alpha isoform P30153 65 34.0 28.0 5.7 4.7

Alpha-centractin P61163 43 33.7 26.3 10.0 0.0
40S ribosomal protein S9 P46781 23 33.3 12.3 4.0 0.0
Signal peptidase complex subunit 3 P61009 20 33.0 21.3 18.3 14.0
Importin subunit alpha-3 000505 58 32.7 22.0 18.3 10.7
Calpain small subunit 1 P04632 28 32.3 20.3 1.0 0.0
26S proteasome non-ATPase regulatory subunit 8 P48556 40 31.7 24.7 5.7 4.3
Nucleobindin-2 precursor P80303 50 31.3 21.0 18.7 0.0
Synaptogyrin-2 043760 25 31.3 17.0 9.0 9.0
Cytoskeleton-associated protein 4 Q07065 66 30.7 17.7 0.0 0.0
Myosin regulatory light chain 12A P19105 20 30.7 21.3 2.0 0.0
Ras-related protein Rab-7a P51149 23 30.7 13.7 11.7 6.7
Syntaxin-12 Q86Y82 32 30.7 10.7 0.0 0.0
DnaJ homolog subfamily B member 1 P25685 38 30.0 12.3 10.3 10.0
Leucine zipper transcription factor-like protein 1 QINQ48 35 30.0 14.0 2.3 0.0
Peroxisomal membrane protein 11C Q96HA9 27 30.0 19.3 2.7 0.0
Nicastrin precursor Q92542 78 29.7 23.0 18.3 11.0
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Protein Uniprot Mw F1 F2 F3 F4
number
kDa  Average SC Average SC Average SC Average SC
Cytosolic nonspecific dipeptidase isoform 1 Q96KP4 53 29.3 19.3 5.0 0.0
40S ribosomal protein S8 P62241 24 29.0 4.3 2.0 0.0
Protein FAM162A Q96A26 17 28.7 18.0 16.0 12.3
Ras-related protein Rab-18 QINP72 23 28.0 7.0 0.7 0.0
Erlin-1 075477 39 27.7 21.7 11.7 8.7
26S protease regulatory subunit 10B P62333 46 27.3 20.3 8.3 5.7
Eukaryotic translation initiation factor 3 subunit A Q14152 167 27.0 15.0 2.0 0.0
Peptidyl-prolyl cis-trans isomerase A P62937 18 27.0 4.7 0.0 0.0
Nucleophosmin isoform 1 P06748 33 26.7 10.0 0.0 0.0
Hsc70-interacting protein P50502 41 26.3 24.7 16.3 7.3
Heat shock protein 75 , mitochondrial precursor Q12931 80 26.0 17.3 0.0 0.0
Platelet-activating factor acetylhydrolase precursor Q13093 50 25.0 16.7 0.0 0.0
Galectin-3-binding protein precursor Q08380 65 24.7 12.7 11.7 5.0
Hemoglobin subunit beta D9YZU5 16 24.7 13.0 8.3 7.3
40S ribosomal protein SA P08865 33 24.0 2.7 0.0 0.0
Poly(rC)-binding protein 1 Q15365 37 24.0 3.7 0.0 0.0
Serine/threonine-protein phosphatase 2A catalytic subunit beta isoform P62714 36 24.0 15.0 7.7 0.0
Probable inactive serine protease 37 isoform 1 precursor A4D1T9 26 23.7 13.3 1.7 0.0
40S ribosomal protein S16 P62249 16 23.0 5.7 1.3 0.0
40S ribosomal protein S25 P62851 14 23.0 3.0 1.7 0.0
Cytoplasmic dynein 1 light intermediate chain 1 Q9Y6GO 57 23.0 17.0 0.0 0.0
Normal mucosa of esophagus-specific gene 1 protein Q9C002 10 23.0 10.7 7.3 3.0
Sorbitol dehydrogenase Q00796 38 23.0 17.0 12.7 0.0
26S protease regulatory subunit 6A P17980 49 22.7 20.7 13.0 3.0
Alkyl dihydroxyacetone phosphate synthase, peroxisomal precursor 000116 73 22.7 5.0 0.0 0.0
Mitochondrial import receptor subunit TOM22 homolog QINS69 16 22.7 10.7 0.0 0.0
Anterior gradient protein 2 homolog precursor 095994 20 22.3 6.7 0.7 0.0
Gamma-glutamyltranspeptidase 1 precursor P19440 61 22.3 4.0 0.0 0.0
40S ribosomal protein S13 P62277 17 22.0 4.3 0.0 0.0
60S ribosomal protein L14 P50914 23 21.3 5.0 0.0 0.0
Dynactin subunit 2 Q13561 45 21.3 14.3 8.0 0.7
Prostate stem cell antigen preproprotein D3DWI6 12 21.3 13.0 0.0 0.0
40S ribosomal protein S15a P62244 15 21.0 10.3 6.7 6.0
60S acidic ribosomal protein P1 isoform 1 P84098 12 21.0 11.7 8.7 0.0
60S ribosomal protein L19 P84098 23 21.0 5.0 0.0 0.0
Arginyl-tRNA synthetase, cytoplasmic P54136 75 21.0 9.7 4.3 0.7
Glutathione S-transferase P P09211 23 21.0 11.3 6.3 0.0
GTP-binding nuclear protein Ran P62826 24 21.0 6.3 4.3 0.0
60S ribosomal protein L13 isoform 1 P26373 24 20.7 2.3 0.0 0.0
Protein S100-A9 P06702 13 20.3 11.3 0.0 0.0
Talin-1 Q9Y490 270 20.3 19.3 0.0 0.0
Endoplasmic reticulum-Golgi intermediate compartment protein 1 Q969X5 33 20.0 6.7 0.0 0.0
F-actin-capping protein subunit alpha-1 P52907 33 20.0 11.3 5.7 0.0
60S ribosomal protein L15 isoform 1 P61313 24 19.7 3.7 0.0 0.0
Nucleoporin NUP53 Q8NFH5 35 19.3 6.0 0.0 0.0
26S protease regulatory subunit 6B isoform 1 P43686 47 19.0 13.7 10.3 3.7
Lipoprotein lipase precursor P06858 53 19.0 18.3 0.0 0.0
Perilipin-3 isoform 1 060664 47 19.0 4.3 0.0 0.0
Gastricsin isoform 1 preproprotein P20142 42 18.7 22.3 11.0 7.7
ERO1-like protein beta precursor Q86YB8 54 18.3 14.7 0.0 0.0
Transmembrane emp24 domain-containing protein 1 precursor Q13445 25 18.3 11.7 5.3 3.0
Glutamate dehydrogenase 1, mitochondrial precursor P0O0367 61 17.7 6.0 0.7 0.0
Importin subunit alpha-4 000629 58 17.7 17.3 9.0 5.3
NADH dehydrogenase (ubiquinone) 1 alpha subcomplex subunit 10, mitochondrial precursor 095299 41 17.3 9.0 1.3 1.3
Peptidyl-prolyl cis-trans isomerase FKBP2 precursor P26885 16 17.3 10.0 0.0 0.0
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number
kDa  Average SC Average SC Average SC Average SC
Protein S100-A8 P05109 11 17.3 9.7 0.0 0.0
Stress-induced-phosphoprotein 1 P31948 63 17.3 11.0 0.0 0.0
Transmembrane emp24 domain-containing protein 5 isoform 1 precursor Q9Y3A6 26 16.7 10.3 0.0 0.0
60S ribosomal protein L27a P46776 17 16.3 7.7 0.0 0.0
Isocitrate dehydrogenase [NADP] cytoplasmic 075874 47 16.3 9.0 2.7 0.0
Lysosome membrane protein 2 isoform 1 precursor Q14108 54 16.0 6.7 0.0 0.0
Mitochondria-eating protein Q8TC71 61 16.0 10.7 7.3 6.0
NADH dehydrogenase [ubiquinone] 1 beta subcomplex subunit 8, mitochondrial precursor 095169 22 16.0 7.0 0.0 0.0
40S ribosomal protein S14 P62263 16 15.7 2.3 0.0 0.0
60S ribosomal protein L11 isoform 1 P62913 20 15.7 7.3 0.0 0.0
Protein canopy homolog 2 isoform 1 precursor Q9Y2BO 21 15.3 7.3 4.0 0.0
Translocon-associated protein subunit alpha precursor P43307 32 15.3 12.0 8.0 7.7
60S ribosomal protein L22 proprotein P35268 15 15.0 8.3 4.0 1.3
Cysteinyl-tRNA synthetase, cytoplasmic isoform C P49589 95 15.0 2.7 0.0 0.0
Abhydrolase domain-containing protein 16A isoform A 095870 63 14.7 11.3 0.0 0.0
COP9 signalosome complex subunit 8 isoform 2 Q99627 18 14.7 5.0 0.0 0.0
Golgi apparatus protein 1 isoform 2 precursor Q92896 136 14.7 14.0 7.7 2.3
S-phase kinase-associated protein 1 isoform B P63208 19 14.7 7.3 0.0 0.0
Transcription elongation factor B polypeptide 1 isoform A Q15369 12 14.7 5.7 3.7 1.3
26S proteasome non-ATPase regulatory subunit 5 Q16401 56 14.0 5.7 0.0 0.0
14-3-3 protein sigma P31947 28 13.7 10.7 0.0 0.0
Coatomer subunit zeta-1 P61923 20 13.7 4.3 0.0 0.0
Eukaryotic translation initiation factor 3 subunit E P60228 52 13.7 3.3 1.3 0.0
Neutrophil gelatinase-associated lipocalin precursor P80188 23 13.7 7.0 0.0 0.0
Aspartyl-tRNA synthetase, cytoplasmic P14868 57 13.3 12.0 5.3 1.0
Chloride intracellular channel protein 1 000299 27 13.3 5.7 3.7 0.0
Programmed cell death protein 6 075340 22 13.3 11.3 8.7 3.3
Signal recognition particle receptor subunit beta Q9Y5M8 30 13.3 5.0 0.0 0.0
14-3-3 protein beta/alpha P31946 28 13.0 6.3 0.0 0.0
Cathepsin D preproprotein P0O7339 45 13.0 6.0 0.0 0.0
Phosphoglycerate kinase 1 PO0558 45 13.0 12.0 8.7 0.0
Protein-tyrosine phosphatase mitochondrial 1 isoform 1 Q8WUKO 23 12.7 7.7 0.0 0.0
Ras-related protein Ral-A precursor P11233 24 12.7 8.3 3.7 0.0
Low molecular weight phosphotyrosine protein phosphatase isoform C P24666 18 12.3 3.3 0.0 0.0
NADH dehydrogenase [ubiquinone] 1 beta subcomplex subunit 4 isoform 1 095168 15 12.3 9.0 0.0 0.0
ATP synthase-coupling factor 6, mitochondrial isoform A precursor P18859 13 12.0 7.0 7.0 3.3
CDGSH iron-sulfur domain-containing protein 2 Q8N5K1 15 12.0 6.0 0.0 0.0
HD domain-containing protein 2 Q7Z4H3 23 12.0 6.7 0.0 0.0
Ubiquitin carboxyl-terminal hydrolase isozyme L3 P15374 26 12.0 3.3 2.3 0.0
15 selenoprotein isoform 1 precursor 060613 18 11.7 7.7 0.7 0.0
40S ribosomal protein S6 P62753 29 11.7 4.3 0.0 0.0
Coiled-coil-helix-coiled-coil-helix domain-containing protein 3, mitochondrial precursor QINX63 26 11.7 6.0 5.3 4.3
Protein FAM166A Q6J272 36 11.7 6.0 0.0 0.0
Serine/threonine-protein phosphatase PGAM5, mitochondrial isoform 1 Q96HS1 32 11.7 8.0 0.0 0.0
DnaJ homolog subfamily A member 1 P31689 45 11.3 4.3 0.0 0.0
Eukaryotic translation elongation factor 1 epsilon-1 isoform 1 043324 20 11.3 8.0 2.7 2.7
Protein S100-A11 P31949 12 11.3 8.7 2.3 0.0
Histone H1.4 P10412 22 10.7 5.0 0.0 0.0
Peroxisomal biogenesis factor 16 isoform 1 Q9Y5Y5 39 10.7 1.7 0.0 0.0
Selenoprotein T precursor P62341 22 10.7 4.7 0.0 1.0
ATP synthase subunit e, mitochondrial P56385 8 10.3 8.3 3.0 0.0
Torsin-1A-interacting protein 1 Q5JTV8 66 10.0 5.7 0.0 0.0
DnaJ homolog subfamily C member 3 precursor Q13217 58 9.7 8.0 0.7 0.0
Myoferlin isoform B QI9NZM1 233 9.7 2.7 0.0 0.0
NADH dehydrogenase [ubiquinone] iron-sulfur protein 5 043920 13 9.7 9.0 1.0 2.0

Contd...



Supplementary Table 2: Contd...

Protein Uniprot Mw F1 F2 F3 F4
number
kDa  Average SC Average SC Average SC Average SC
Up-regulated during skeletal muscle growth protein 5 Q961X5 6 9.7 6.0 6.0 4.7
Neutrophil defensin 1 preproprotein P59665 10 9.3 6.7 3.0 0.0
Protein FAM3C precursor Q92520 25 9.3 3.3 0.0 0.0
Cytochrome b-c1 complex subunit 9 isoform A Q9UDW1 7 9.0 4.7 0.0 0.0
Eukaryotic translation initiation factor 3 subunit F 000303 38 8.7 5.7 0.0 0.0
Sorcin isoform B P30626 20 8.7 4.7 0.0 0.0
Thioredoxin isoform 1 P10599 12 8.7 4.7 0.0 0.0
Apolipoprotein A-I preproprotein P02647 31 8.3 5.3 3.7 0.0
Calcium and integrin-binding protein 1 Q99828 22 8.3 2.7 0.0 0.0
Sperm-associated antigen 4 protein QONPE6 48 8.3 7.3 5.7 3.3
D-3-phosphoglycerate dehydrogenase 043175 57 8.0 3.7 0.0 0.0
Metalloproteinase inhibitor 1 precursor P0O1033 23 8.0 3.0 0.0 0.0
Eukaryotic translation initiation factor 3 subunit M Q7L2H7 43 7.7 6.3 0.0 0.0
Glutaredoxin-related protein 5, mitochondrial precursor Q86SX6 17 7.7 3.0 5.0 2.0
Guanine nucleotide-binding protein G (1)/G (S)/G (T) subunit beta-1 P62873 37 7.7 3.3 0.0 0.0
UPFO733 protein C20rf88 Q9BSFO 11 7.7 3.0 0.0 0.0
Phosphoglycolate phosphatase A6NDG6 34 7.3 2.7 0.0 0.0
Prostate- and testis-expressed protein 4 POC8F1 11 7.3 4.7 0.0 0.0
Synaptogyrin-4 095473 26 7.3 6.7 5.7 0.0
Macrophage migration inhibitory factor P14174 12 7.0 4.0 1.3 0.0
LYR motif-containing protein 4 isoform 1 Q9HD34 11 6.7 3.0 0.0 0.0
Uncharacterized protein C13orf16 Q8N6KO 17 6.7 3.3 1.7 1.3
26S proteasome non-ATPase regulatory subunit 4 P55036 41 6.3 4.7 0.0 0.0
thioredoxin domain-containing protein 2 isoform 2 Q86VQA3 60 6.3 4.0 0.0 0.0
Serine/threonine-protein phosphatase 4 regulatory subunit 1 isoform A Q8TF05 107 6.0 4.3 0.0 0.0
WD repeat-containing protein 61 Q9GZS3 34 5.7 5.0 0.0 0.0
DDB1- and CUL4-associated factor 7 P61962 39 5.3 3.0 0.0 0.0
Translin-associated protein X Q99598 33 5.0 3.3 0.7 1.0
Protein SEC13 homolog isoform 2 P55735 34 3.7 2.3 1.3 0.0

F1: fraction 1; F2: fraction 2; F3: fraction 3; F4: fraction 4; SC: spectral count; HSP: heat shock protein; MW: molecular weight



~pJU07)

s1sA|joa10.d
‘Juswdolanap
peuod ‘uoijessusd
alowed ‘Aynijoe
9SBJONPAIOPIX0
‘uoljezi|eoo| pue
uodsuey uiajold
‘suoljoelaiul
ulsloid-ulaioid
‘Uoljeljusiayip
199 ‘Juswdo|anap
WIapo3od

pue siwiapidy

sisojdode

10 uolje|ngal
‘uonenuaiaIp
Auswdojanap
priewJads
‘ssao0.d
aAI10npoudal
‘Rynioe

() Buipuiq 1030e40d
‘(€) Burpuiq juawe|iy
uijoe ‘(G) Supulqg
dWAZUB02 (ZT) AlIAI0e
Je[noajow [einjonis
‘(9) U0318|8YS01AD JO

JuaN}iIsuod [eInjonAS 70y ‘(72) 1dS

(G€)

3ulpulq ap1308|onuoqli
auund ‘(g) Buipuiq
dSH ‘(¥¥) Buipuiq
8p1303IoNU ‘(ZT) AHIAI30R

(8€)

(9) uoizonpoidai
[enxes “(0T) ¥3 “(0T)
9se30NPaJopPIX0 ‘(0T)
apipdad ysuesy ((21)

A1IA110B JeIndsjow
[ean3oniis ‘(1)
1109 3102 (GT)
u033|a¥s0340 (9T1)
uolipuoyd0w ‘(1)
uollenw asessip ‘(12)
9||auedio papunoq
-auelquiawuou
Je[n|j@oeJiu|

‘(€2) uolje|Ajeoy

(92)

43 '(£2) uoijejsued
‘(€9) 1050142 *(22)
sIsayjuAsolq uisloid

(01) 43
‘(12) ®|/auesdio
papunoq
-sueiqIBWUOU
Je|njjaoeiiul
‘(8) 8|dIsen
papunoq
-auelquiaL
‘(€1) Yed
[[SEIENNolS]
‘91
uolipuoyd0}w
(®) 41'(2)
juswe|ly uljesay

(GT) snjosjonu
‘(g€) uswn|
9||puedio
Je|n||aoeiul
‘(61)
snjejedde
13109 “(92)
uoLIpUOYI0}IW
(41)
U019]9%S03A2
3|ngnioJolw
‘(zz) adojanua
9||puedio
‘(€€) ¥3 (€9)
9||puedio
papunog
-sueiquIBWILOU
‘(€9) 10s034d
‘(7€) xo|dwod

(¢) sisoydode jo uoie|n3ai
‘(g) ssao0.4d 21j0geIRD
utajoid Je[n||ad Ul panjoaul
sishj0a104d ‘(€) sueiquidW
43 (€) Buipuiq juswe|ly
uijoe (g) uoljenjualsyip
X3S ‘(€) Juswdo|anap
peuos ‘(g) urjewoiyd ‘(g)
Alquiasse awosoa|onu ‘(1)
urewop gpueH-43 ‘(9)
wisjuesio Je|n|jadl3nw e ul
$59204d aAI30Npoudal (9)
uolyonpoidai |enxas (8)
9]9ISaA papunog-sueiqIsW
‘() uoijezijedo| urajoid ‘(6)
podsuesy uiajold () ullesay
‘(8) Juswe|ly s1eIpawLILIU|
(92) uoupuoydoHwW
‘(T2) Med |e3a|oysoikd ‘(£ 1)
U033]9%s03A0 8|NgN30IIW (E)
uoljerjuaiayyipuswdolanap
pijewJads ‘(g) uoizonpoidal
wsiuesio Je|n|@d13nw
‘(1) sisauagdolewdads ‘(g)
uoijonpoidai [enxas ‘(£ 1)
sisojdode jo uoijendal ‘(61)
Uyiesp |99 ‘(£) sisejsoswoy
xopai |92 (9) A3isud pue
sa}ljogelaw Josinoaid Jo
uoljesauad (1 1) uiejoidodi)
‘(9) esed1Hsey (11)
uotiejAysw ‘(¢7t7) Bulpuiq IN
‘(8) 9||auedJo ul uoljez||edo|
ursjold (€) d¥S (11)
siseuadoiq xa|dwod urejoid
“81) Alquasse xa|dwod
Je[noajowoioew “(G1)
Jodsuel} pajeIpaw-a|dISan
‘(9) Hodsueuy 1310943
{(0T) Hodsueu} 8]21SaA 13|05
‘(Geg6) Hodsuely 91 ‘(92)
43 ‘(92) AHAioe 9|ndsjow

(9) uoizonpoidai
|enxas ‘(g) uoljeziuedio
juswe|l} d1eIpawIaiu|
‘(6) uoljezi|eao| uiaoid
‘(6) Modsueuy uisjold
‘(G) uolenuaslip

1199 |e1jayyda ‘(0T)
uo13oNPaJ-UOoI3BPIX0
() 1uswdo|anap
WwJIapo3as (g)

1uswdo|ansp siwiapidl

(LT)

sisojdode jo uoijen3al
‘(6T) Yiesp 1199 (8)
uolle|sueJ} Jo uoije|n3dai
‘(8T) uoi3onpai
uoiepIxo ‘(¢)
uoljezi|edo| uisjold
“(g1) Alquasse xa|dwod
Je[noajowoioew
Je[n|jad (0 T) Modsueiy

(€)

uoljepes3ap n|i-naj-|ea

‘(€) wsljogelaw ayeanAd

‘(1) snsojewayihie

sndn| o1wa1sAs ()
9oUBUSIUIBW BJBWOID] 24

() Bunjojen

aueiquisw ‘(1) Aemyyed
se1eqelp (62) X9 (£2)
suiejoid Jo 18\ (12)
uolje|n3dai |euolje|sues)
paleipaw-y1n (£2)
uoI3o84ul BZUBN|UI

‘() wsljoqelaw

9SBJONpaIopIxo ased]D ‘(£1) Bulpuiq ‘(T¢) swosoqu (82) urajoid |eanjonuis ‘(g) Bulpuiq 3[21SaA 18109 (GZ) auotyieln|s ‘() Hodsuely

‘UodsueJy uiaoid 419 “(82) 8uipuiq (62T) TAA  Uuleloid-03[onuoqU ‘(22) -09[onuoqu VYNY (12) Siseyiufsolq yodsuely Jenjj@oeiiul JB[NOISBA Ul SUOIJORIB}UI

‘uorpesuold YNY ‘(1) swosoqu (OvT) TTAV uoijesuola [euolje|suel} ‘(02) Hungns ursjoud ‘(1g) swosoqu ‘(£2) uonesuel} {(zg) JYYNS ‘(€) Hodxa
uolje[suel]  JO JUBNIISUOD [BINJONIIS “(e71) xed ‘(20T1) uolie|f1eoy |ewosoqiy ‘(z2) uoiieduo|a |euolje|sued]  UoIlL3UOID |eUOIIR|SURI| urajold ‘(TZ) swosoqry 14

pajosje
sAemyjed/suoizouny sutaj04d Jjo Aliolew

/sassa00.d Aoy jo 3IM pajeIdosse a.e jey} 19sejep
sy8Iysiy Arewwing suoizouny Aay Sg41 doj $811082]80 [BPUOIJOUN  UOIJEI0] JBINj8)  S81i088]1ed jeuoijouny payoliug S955900.d A2y sAemyjed As)| a/dwes

(¥4 usnosyy L4) ssasoid

uoneinjew eozojewsads ysnosy} aimeww woiy passaidxa suiajosd 1oy A1aA0osiq pajesdajul pue uonezijensip ‘uonelouuy loy aseqejeq Suisn suonejouue jeuonauny i ajqel Aejuawajddng



~pJU07)

3uronds
ENEIET]
‘sseoo.d
J1j0ge1ed ploe
oujwe Jejn||ad
‘uojonpai
uoljepIxo
‘podsuely
Je|n||adediu|

uolyonpoidai

(9)

Sulpulqg uol wnisaugew
‘() Buipuig uol
wnissejod ‘(G) 3uipuiq
dWAzU202 ‘(ZT) Suipuiq
ap1109|onu aunnd ‘(g)
Ayni3oe aseplidadopua
-o|[eaw ‘(1 T) Sulpuiq
apisos|onu auund Y(G16
3uipuiq ap1josjonu

‘(%) A3IA1308 JojoW
a|ngnjosdIW (g) AyAIoe
ased |y Suidueyoxe

-wnissejod :wnipog

(2) siouop j0

(9)

A3J8ud pue sayljogqelow
J0SInda4d Jo uoljesaussd
‘(9) uoljonpoidai |enxes
‘(01) piyded yisuesy
‘(21) u03a|@)s0Ikd
‘(€1) 1100 paj10d ‘(GT)

(v2) Sulpulq ap13o8|onu

T4SH '(¥9) (GT) uolipuoyoow

TTAY ‘(0€) ‘(G1) uonelhieoe

140dA0 “(€T) ‘(£ T) uolipuoyooyw

NNro1dg3dd ‘(61) wse|doyko ‘(1¢)
“(1G) TAA 3ulo1|ds aAljeWIRY Y

xa|dwod ulsjoid jo

uolein3ai ‘(z) Aemyied

Buljeudis Soyadpay ‘(€)

(€) ss9204d 21j0qe1Rd pIdi|

saJnjeusis a1Is ‘(1) siseuagdolewads
9AI10B Saseuly ‘(G) apndad yisuesy

uigloid ‘(G) sse204d dlj0qeIBW
|auIu0aIY} snioydsoyd ‘(G)
/aulIas - uolIpuUOY 20} W

‘(G) uononpoudal
wsiuedlo Je|nj|aolynuw

sutewoq *(v¢)
€40d4d0 ‘(91)

(€) wnj|adeyy
paseq
-8|NgnjoJoIW
‘(€) awauoxe
wnio ‘(£)
uol3osfoid
1139 (21)
U0}9|9)S03A0
‘(1) xa|dwod

urauAp ‘(£ 1)
UOLIPUOYIOH A

() Alqwasse xa|dwod
urgjoid ‘(17) uorzonpoidal
wsjuesio Je|n|@o1nw
‘(1) siseuadojewlads ‘(1)
uoljesous3d alowesd ajew ‘()
Ayjow (199 ‘(1) Modsuely uol
‘() Bulpuiqg uor wnissejod
(G) Aynzoe asepiidadol|eiaw
‘() podsuesy wnissejod
JWNIPOS ‘(€) awauoxe wn||1d
‘() sse@20.d 21j0qeIBW
apijoajonu aulnd ‘(1) AjAI3oe
Jojow 8|ngqn3oIdIW ‘() ulduAg

(€) uoja|axsod (g) Bulpulq
uolled ‘(1) sueiquawl

‘() @oepNS |90 {(8) |eudis
‘(G) pajaidas ‘(€) Aunijoe
aseuly uigjoid ‘(G) ssed0id
oljoqelaw ajeydsoyd {(G)
uolpuoyd0}w ‘(G) apiydad
1Isued} ‘() uoijonpoidal
|enxas ‘(1) uoljesousagd ajowed
dlew ‘(1) sisauadolewsads

(¥) Anow

1192 “(2) Aj13ow wusds
‘() sse204d 21j0qeIRD
aulwe ‘(g) A31eud pue
se}ljogejaw Josindauid
J0 uo|jesauad ‘(g)
Aemyied 3uijeudis
pajelpaw-uli3aiul ‘(1)
uoljesauss a1owed sjew
‘(1) siseuadojewads
‘(9) uoronpouidal
|enxas ‘(g) uolonpal
—uol3epIxo ‘(g) ssedo.d

a1j0qeled proe oljAxoglen

(2) ssao0.d 2138YUASoIq
2119A2049313Y ()
Alquiassesip xa|dwod
urajoid Jo uole|n3al
‘(G) sse204d 21j0qeIBW
snioydsoyd ‘(1)
uolyonpoidai |enxas
‘(1) uolesauald

alowed sjew ‘()
sisauagolewuads (G)

@)
wis||ogejaw aulue|e-ejeq
‘(€) uondiosgeas wnipos
paje|n3a.-auoJalsop|e
‘(€) wsljogelow
ajeuordoid ‘(1)
uoljepel3ap au1ona|os|
-aujonaj-auljen ‘(g)
aseas|p uojduluny ‘() puai}
Sploe oulwe Jo wsijoge}aly  Suiseasou

(2) ¢ uapuadap
-ulanauloed ‘olwse|doifo
‘S||90-| paleAljoe

10 J0]0B} JEB|ONU

‘(€) sploe oulwe jo

wsjuedio dnoi3 unyns uo 3uijoe 41V (22) () ase|oipAy ‘(G) uononpoudal wsiuedlio Je|nj|aolynuw wsijogelaw ‘(z) Aemyied
Je|n|@21nA ‘A11A1308 8SE1ONPBIOPIXD /7ATANYH ‘(TT) uole|f1ddy  ({7) 82eMNS |80 wsiuedlo Je|n||ad1}n|y e ul ssedoid aalzonpolday Buljeudis SoyadpaH 4
(€) 31942 122 1303w “(€)
suelquidWw Y3 ‘(€) Bulpulq
d1D ‘(g) ssed0.d d1j0qe}ed
utajoid Je[n||ad Ul panjoAul (€) saprosjonu
sisAj09104d ‘(G) Aemyied 10 wsijogeiaw ‘(G)
uoiednfuod |gn ‘(g) ajonoea wsijogeow A31sus
uoljeuiyinbign 2134] ‘(€) aWososA| ‘(g) ssed0id 10 uoleidaiul {(g)
utejoud ‘sseo0.d (£) A318ud pue (€) 2138Y3uAsolq apijoajonu ‘(1) $10}0BJ0D pUB SUIWER}IA
o1j0qe3ed ujajold so}ljogelaw Josindald aJod Jeajonu uoljesauag ajpwesd sjew ‘(1) JO wisijogeiaw ‘(g)
‘uonye|fioydsoyd O uoljesoudsd ‘(g) ‘(€) ureys sisaus3ojewnads ‘(g) ssedoud snajonu ojul podw|
9AI1BPIXO 9SB1ONPaIopIX0 ‘(Z1) KiojeJidsal oljogelaw pidijoydsoyd ‘() (¢) sseo0ud urajoid Jo wsijogeiaw
‘wsijogeiaw () Ayn13oe uopuoyd0W (1) ‘21 uoijesnluod uisjold [jews olj0qe}awW uiWelA ‘(6) ‘(1) siskjoa3oid
IYIETENT) aseJajsuely |Ap1josjonu adojanua a||auedio ‘(¥1) uolpuoyd0}w Aq uoieaiyipow uigjold (g) Uo13oNPaJ-UoI}ePIX0 pajeipaw-uljinbign
uoijes3ajul pue ‘(¥7) A}IA30e Japodsued) pe18408s ‘(GT) Hodsuel} ‘(g1) adojenus uorjeuiyinbign uisjoid (€) ‘(£) A318ud pue ‘() uoiejfioydsoyd
so}ljoqelow auelquiawisuel} ‘(z2) wseldoiko ‘(zz)  9puesio {(0T) uoljejfioydsoyd anijepixo ‘(g)  sajjogeiaw Josindaid JO  BAIFEPIXO ‘({7) Ws|jogelsw
J0sin2aid ‘(€) A3In110B Bsepixo uolie|A1e2e ‘(yv) suelquaw K}IAI30B 9SBIONPBIOPIXO (6) uoljesaus3 ‘(1) sseooid auipiwAd {(9)
JO UoljRIBUSY) 2-9W04Y20}L) Suioids anjeulaly  Jauul 9jjpuesiQ  dueJqUIBW JBUU] [BLAPUOYIOH A o1|0qe}aW |pISoa|INN aseas|p s,uoduiluny c4
pajosjje
sAemyjed/suoizouny sujejo.d jo Ajriolew
/s9ss9004d Aoy JO 3Im pajeidosse aJe jey] Josejep
siySiysiy fiewwing suorjouny Asy Sg41 dog $911089300 [EUOIJOUNS  U0I3BI0] JBN|j8)  SB1i1088]ed jeuoijouny payolIug S955900.d A2y sAemyjed As)| g/dwes

**puo) :¢ 3jqel Aeyuawajddng



sa}is Bulpulq J0joey uoidiosuel} :Sg41 ‘utejoid %ooys 3eay idSH ‘wninoijes dlwsejdopus (Y3 sisayjuased ay} Ul S| suleloud Jo Jaquinu ayj

3uip|o} urejold
0] asuodsal
‘uorjeduole
|euolje|suedy
‘sise}soaLoy
Xopal |99
‘sisojdode

J0 uolje|ngal
‘wsijogeiaw
A3Jaud Jo
uoljes3aiul ‘9]ohd

(9) A31A1308 JUBpIXOIUE
‘(8) Bulpuiq apiidad
(T1) Auninoe esed 19
(6) AHIAIzoR JapIodsuel}
urejoud ‘(1) Ajnioe
ased Y ‘(GT) Anaioe
asepiidad ‘(7g) Suipulq
uol wniofed *(09)
Bulpuiq apiiosjonu
‘(92) Ainjoe a|ndsjow
[eanjonais *(02)

(/1) ©SB1ONPAIOPIXO
‘(T2) 91942 [192

‘(12) Algwesse
xa|dwod uiejold (£2)
uolipuoyd0iW ‘(%2)
podsuedsy uiejoud ((G2)
ss920.d 2l1e}SOBWIOY
‘(Gg) uonesuofe
[euone|sued} ‘(£g)
sisojdode Jo uoije|n3a.
‘(82) sishjoa301d ‘(62)
sIsayjuAsolq uisjoid
‘(1€) Bulpulq uisjoid
papjojun (9t) ¥3 (€9)
Buipuiq ap(309|onu
‘(09) Ieudis (g9)
a||auedio papunoq
-auelquawUOU ‘(€8)

(€

Juswdo|anap |90 wiads (€)
uoljeljuaiayip pliewsads ‘(g)
Juswdojanap pliew.ads (GT)

uoljonpoudai |enxes ‘(Z1)
uoljesauss a1owed sjew ‘(1)
sisaua3ojewlads ‘(£2) yiesp

1199 o uone|ngdal ‘(g) AyAizoe
asepixosad ‘(€1) ulewop adAy

(€€) 8I01s8A
‘(0€) xo|dwod
urejoud
-09|onuoql
‘(9v) 43
‘(61) yungns
|ewosoqu
‘(6T)
awosoue|aW
‘(9¢)
uolipuoyd0}iw
(G9) 8||auesio

asejonpalopixo (11) A

puey-43 *(0z) uoliezijedo|

ulajoid Jen|@o {(GT) Hodsuel}

pajeIpawW-a|dIsan (82)
pajaJoes ‘(0z) Hodsuesy
urejoud Jejnj@oedIul (£ T)
11oe
asedl| Jo uollendal ‘(01)
uoljeuryinbign uisjoid jo
uolje|n3al aAlje3au ‘(9¢€)

uolpuoyd0pw (8g) ¥3 ‘(91)
ulajoid papjojun 0} asuodsal

(21) @suodsaJ ssaiis ‘(0T)
awoseajoid ‘(9) 0/dSH

(GT)

uoljonpoidai |enxes
‘(T2) 219h2 1199 “(12)
sisauadolq xa|dwod
ulgjoid ‘(Gg) sseoo0id
dljesoswoy ‘(£2)
sisojdode Jo uolje|n3a.
(82) siIskjoay0id

(T1) Aunijoe ased)|

Jo uolje|n3al ‘(9¢)
uoljez||eoo| uiejold
‘(Ge) Wodsueuy uiejold
‘(e1) sse20.d 21j0qe}RD
urajoid |ewosesjold
(Z1) siseisoawoy

(¥7) eyvdd e
slojesayljosd awosixolad
Aqg uoie|n3aJ auas Jo

wsiueyosw ‘() Aemyjed
uolid ‘(g) uone|ndal
a|pulds d13031W Ul uey Jo
9l04 ‘(66 uolle|Aloydsoyd
BAI3ePIX0 ‘(0Z) dwosoql
‘(6) awosesajosd

‘() uoljejuasaid

pue 3uisseo0id

uadiue ‘(g) Aemyied
swoseajoid uiyinbign
‘(0T) uonepei3ap
pajelpaw-awosesjoid
A ydz-yvd pajeniioe
Jo uonje|n3al ‘(¢g)
sAemyied sajaqelp
‘(1) spioe oulwe jo
wsljogeaw ‘(6T) 8|9kd
1189 '(91) wsljogejaw
A318u8 Jo uoljeI3elU|
‘(€1) sisoydode ‘(€T)
1M Aq Burjeudis ‘(Gg)

|12 ‘wssijogqeiaw aWos0q14 JO JUaNIISU0D |0S03140 ‘(£ 6) Wse|doikd papunoq ‘(£2) sisayjuhsolq urayoid xopai 192 (G2) uolje|ndaJ |euolje|suely
urajoud |ean3oniis (1€) ‘(/¥1) uolje|A}@0R  -BuRJIqUIBLIUOU ‘(Gg) uolie3uo|a |euolje|suesy uol3e3uo|a |euolje|suesy pajelpaw-y 1N ‘(8€) puai}
‘sisauaBojewlads  Suipuiq uiajoid papjojun (€2T) AAN ‘(TG 1) utejosdoydsoyd ‘(€8) 1050340 ‘(7€) Buip|o} u1gjoid ‘(7€) Bulp|o} ugjoid sulgjoid o wsijoqeld|y  Suisealdsq
po3ov)e
sAemyjed/suoizouny sujejoid jo ALiolew
/s8ss000.d Aay jo y3IM pajeloosse a.e jey] j9sejep
Sy8Iysiy Aewwing suoijouny Aay Sg41 dog $911089]00 [BUOIJOUN  UOIJEI0| JBINj[8)  S8li088]ed [euoijouny payoliug $855900.d Aoy sAemyjed Aoy a/dwes

**puody :¢ 3jqel Aeuawsajddng





